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— About this book

India is currently the world's second-largest telecommunications market with a subscriber base of 1.20
billion and has registered strong growth in the last decade and a half. The industry has grown over
twenty times in just ten years. Telecommunication has supported the socioeconomic development of
India and has played a significant role in narrowing down the rural-urban digital divide to some extent.
The exponential growth witnessed by the telecom sector in the past decade has led to the development
of telecom equipment manufacturing and other supporting industries.
Over the years, the telecom industry has created millions of jobs in India. The sector contributes around
6.5% to the country's GDP and has given employment to more than four million jobs, of which
approximately 2.2 million direct and 1.8 million are indirect employees. The overall employment op-
opportunities in the telecom sector are expected to grow by 20% in the country, implying additional
jobs in the upcoming years.
This Participant handbook is designed to impart theoretical and practical skill training to students for
becoming Telecom Field Operations Coordinator in the Telecom Sector.
Telecom Field Operations Coordinator is the person who is responsible for ensuring the smooth
operation, upkeep, and reliability of telecom tower sites.
This Participant Handbook is based on Telecom Field Operations Coordinator Qualification Pack
(TEL/Q4100) and includes the following National Occupational Standards (NOSs):

1. TEL/N6208: Undertake Site Acceptance Testing
. TEL/N6209: Perform Preventive and Corrective Maintenance at Radio Locations
. TEL/N6210: Perform Change Management at Radio Locations
. TEL/N6500: Undertake Fault Rectification
. TEL/N6501: Undertake Configuration Changes, Upgrades and Node Back- up Activities
. TEL/N9109: Follow sustainable practices in telecom infrastructure management
. TEL/N9104: Manage Work, Resources and Safety at workplace

8. DGT/VSQ/N0101: Employability Skills (30 Hours)
The Key Learning Outcomes and the skills gained by the participant are defined in their respective units.
Post this training, the participant will be able to maintain, operate, and manage telecom tower sites
efficiently while ensuring safety, sustainability, and optimal network performance.
We hope this Participant Handbook will provide sound learning support to our young friends to build an
attractive career in the telecom industry.
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— Key Learning Outcomes | ¢
By the end of this module, the participants will be able to:

1.
2.
3.

Explain the role and responsibilities of the Project Engineer — 5G Network

Describe the various electrical and electronic components.

Prepare a list of the standard operating procedures (SOP) for using tools and equipment,
service, and minor repairs.

Discuss the documentation involved in the different processes of maintenance.

State the safety, health and environmental policies and regulations for the workplace and
telecom sites in general.
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UNIT 1.1: Telecom Sector in India

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Outline the growth of the Telecom Sector in India.

2. Describe the size and scope of the Telecom industry and its sub-sectors.

3. Describe the evolution of mobile networks, highlighting the transition from 4G to 5G.

4. Elucidate the key features and benefits of 5G technology, such as ultra-low latency, enhanced
bandwidth, and massive device connectivity.

5. Identify the primary components of 5G infrastructure, including gNodeB, fiber optic backhauls,
and antenna systems.

—1.1.1 Telecom Sector in India

India’s telecom sector has grown faster than the overall economy in recent years. As of 2025, the
country has over 1.2 billion subscribers, making it the second-largest telecom market in the world.
Broadband users have crossed 979 million, showing rapid digital adoption.

The sector continues to generate new jobs, especially in sales, supervisory, and managerial roles, driven
by 5G expansion, rising data usage, and rural market growth.

Key Segments
1. Network & IT Services — building infrastructure and connectivity.
2. Service Providers — offering mobile, internet, and digital services.
3. Retail & Distribution — ensuring product availability and customer engagement at the ground level.

The telecommunication sector is the backbone of India’s digital economy and has revolutionized human
communication by delivering high-speed voice and data services. With the rollout of 4G and 5G
networks, the industry continues to drive industrial, economic, and social growth. India is currently the
world’s second-largest telecommunications market, with over 1.2 billion subscribers as of mid-2025,
while broadband users have crossed 979 million, reflecting rapid digital adoption across both urban and
rural regions. The telecom sector not only connects people but also contributes significantly to India’s
GDP and is a major source of employment.

The industry has expanded rapidly, driven by privatization, liberalization, and globalization. With fierce
competition and rising customer expectations, telecom operators are investing heavily in improving
service quality, expanding broadband coverage, and ensuring customer satisfaction. Tele-density
reached 84.5% in 2025, while broadband subscriptions continue to surge. Infrastructure growth has
been equally significant, with mobile towers increasing to more than 720,000 by 2025 and Base
Transceiver Stations (BTS) crossing 2.5 million. The Department of Telecommunications (DoT) has set
ambitious goals for 100% village broadband connectivity, 70% fabrication of mobile towers, and 50 lakh
km of optic fiber rollout by 2024, strengthening India’s digital backbone.
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At the same time, the telecom sector is playing a transformative role in shaping future technologies.
The integration of 5G, cloud computing, artificial intelligence (Al), Internet of Things (loT), and big data
analytics is driving innovation across industries such as manufacturing, healthcare, logistics, and
education. However, this rapid digital transformation has also created a large skill demand. According
to the Telecom Sector Skill Council (TSSC), the industry faces a 28% demand-supply gap in skilled
professionals, particularly in areas like 5G deployment, mobile app development, Al/ML, and robotic
process automation.

To address this challenge, TSSC is actively training and developing a world-class workforce while
supporting the growth of telecom manufacturing, services, and distribution clusters. By bridging the
skill gap, India’s telecom sector is poised to further accelerate digital inclusion, create employment
opportunities, and contribute an estimated USD 450 billion to the economy between 2023 and 2040
through the adoption of 5G and emerging technologies.

—1.1.2 Various Sub-Sectors of the Telecom Industry

Telecommunication is a multi-dimensional industry. It is divided into the following subsectors

e Telecom Infrastructure - It is a physical medium through which all the data flows. This includes
telephone wires, cables, microwaves, satellites, and mobile technology such as fifth-generation
(5G) mobile networks.

e Telecom Equipment - It includes a wide range of communication technologies, from
transmission lines and communication satellites to radios and answering machines. Examples
of telecommunications equipment include switches, routers, voice-over-internet protocol
(VolP), and smartphones.

e Telecom Services — A service provided by a telecommunications provider or a specified set of
user- information transfer capabilities provided to a group of users by a telecommunications
system. It includes voice, data and other hosts of services.

e Wireless Communication - It involves transferring information without a physical connection
between two or more points.

e Broadband - It is wide bandwidth data transmission which transports multiple signals at a wide
range of frequencies and Internet traffic types, that enables messages to be sent
simultaneously and used in fast internet connections.
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Telecom Infrastructure

Sub-Sectors
of Telecom Equipment
Telecom Industry
Telecom Services
Wireless Communication
Broadband

Fig. 1.1.1: Telecom Sub-Sectors

The major segments within these sub-sectors include the following:

Wireless communications
Communications equipment
Processing systems and products
Long-distance carriers

Domestic telecom services

Foreign telecom services
Diversified communication services

—1.1.3 Major Service Players in Telecom Industry

Wireless Operators
Market Share in 2022 (Wireless Subscribers)
As of February 2022, with ~ 1,145 million (114.5 crore) wireless subscribers (including inactive):
e Jio: 35.4 % (= 402.7 million users)
e Airtel: 31.5 % (= 357.1 million)
¢ Vodafone-Idea (Vi): 23.2 % (= 263.6 million)
e BSNL: 10.0 % (= 113.8 million)
These figures sum to ~ 100 % across those four players in the wireless space in that period.
The below graph shows each of these telecom giants’ market share as of 2022.
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The below graph shows each of these telecom giants’ market

share as of 2025.
7.90%
17.80%
40.52%

33.70%

mBSNL =Vi = Airtel = Jio

Fig. 1.1.2: Market share of mobile telecom operators in India
Source: https://www.trai.gov.in/service-providers-view

As of May 2025, there are about 3.87 crores (38.7 million) wireline subscribers in India, according to
the Telecom Regulatory Authority of India (TRAI).
The below graph shows the market share of fixed-line telecom operators in India as of May 2025.

Sales
RCom
1%
. 0%

Tata Teleservice
]

Quadrant
1%

o Company = BSNL «lio = Airtel « MTNL = TataTeleservice w%i » Quadrant » RCom

Fig. 1.1.3: Market share of Fixed Line telecom operators in India
Source: https://www.trai.gov.in/service-providers-view
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to

Internet service providers (ISPs)
* An Internet Service Provider (ISP) is a company that provides individuals and organizations access

* theinternet and other related services. Below is the list of major ISPs in India (wired & wireless)

educational
institutions only)

Reliance Jio Airtel ACT Fibernet Hathway Vi
BSNL Intech crnI!ne private Alliance Broadband APSFL Asianet Broadband
limited
DEN Networks Kerala Vision Mu@ Internet RailTel Corp_o ration Sify
of India
Spectranet Tata Tata Play S Net GAILTEL
Communications
National Knowledge

Tulip Telecom ERNET Network (for PowerGrid CtrlS Datacenters

Ltd

Fig. 1.1.4: Major Internet Service Providers in India

are:

of TRAI.

TRAI - Telephone Regulatory Authority of India

Multiple regulatory authorities control the telecom sector in India. They

The Telecom Regulatory Authority of India, established in February 1997,
regulates telecom services in India. Its scope includes fixing/revising tariffs
for telecom services. The mission of TRAI is to create the environment
needed for the growth of telecommunication at a pace that will empower
India to play a major role in the emerging global information society.

One of the main objectives of TRAI is to provide a fair and transparent
policy that facilitates fair competition. In January 2000, the Telecom
Disputes Settlement and Appellate Tribunal (TDSAT) was set up to settle
any dispute between a licensor and a licensee, between two or more
service providers, between a service provider and a group of consumers,
and to hear and dispose of appeals against any direction, decision or order

—1.1.5 Regulatory Authorities in the Telecom Industry in India —
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TRAI Regulation on Call Centre
1. 121 - General information number - Chargeable Call
2. 198 - Consumer care number - Toll-Free Number
3. Service Request - a request made pertaining to the account for:
o Change in plan
o Activation/deactivation of VAS/ supplementary service/special pack
o Activation of service provided by the operator

o Shifting/disconnection of service/billing details

COAI - Cellular Operators Association of India

The COAI was set up in 1995 as a registered non-governmental and
non-profit society. COAl is the official voice for the cellular industry in
India, and it interacts on its behalf with the licensor, telecom industry
associations, man agreement spectrum agency and policy makers. The

L)
core members of COAI are private cellular operators such as Reliance oge
Jio Infocom Limited, Idea Cellular Ltd., Bharti Airtel Ltd., Aircel Ltd., ‘ OAI
Videocon Telecom, Telenor (India) Communications Private Ltd., and

Vodafone India Ltd., operating across the whole country.

. .
026202620

TDSAT - Telecom Disputes Settlement and Appellate Tribunal

It is a special body set up exclusively to judge any dispute
between the DoT and a licensee, between two or more service
providers, or between a service provider and a group of
consumers. An appeal against TDSAT shall be filed before the
Supreme Court of India within ninety days.

The Department of Telecommunications, abbreviated to DoT, is a
department of the Ministry of Communications of the executive

branch of the GOI. HRd m
The DoT promotes standardization, research and development,
private investment and international cooperation in matters relating
to telecommunication services. It acts as a licensing body, formulates
and enforces policies, allocates and administers resources such as
spectrum and number, and coordinates matters in relation to INDIA TELECOM
telecommunication services in India.
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—1.1.6 Evolution of mobile networks, the transition from 4G to 5G —

Mobile networks have undergone a remarkable evolution, with each new generation bringing
significant improvements in speed, capacity, and functionality. This progression, from 1G to 5G, has
transformed mobile communication from simple voice calls to a cornerstone of modern life.

Evolution of Mobile Networks

e 1G (1980s): The first generation of mobile networks was analog, offering basic voice calls only. It
was an initial step in wireless communication, but had poor sound quality, low security, and
limited capacity.

e 2G (1990s): This generation introduced digital technology, a crucial leap forward. 2G networks
enabled more secure and efficient voice calls, and, most importantly, brought us text messaging
(SMS). Data speeds were very slow, but it laid the foundation for mobile data services.

e 3G (Early 2000s): 3G brought the mobile internet to the masses. With faster data speeds, it made
web browsing, email, and basic video calls on mobile devices a reality. This generation was a
catalyst for the rise of smartphones and the mobile application ecosystem.

e 4G (2010s): 4G, specifically 4G LTE, provided a massive jump in speed and capacity. It was
designed as an all-IP (Internet Protocol) network, meaning all services, including voice calls
(VOLTE), were based on data packets. This led to a more reliable and faster experience, enabling
high-definition video streaming, online gaming, and the proliferation of social media on mobile
devices.

Transition from 4G to 5G

The transition from 4G to 5G is a fundamental shift, not just an incremental speed boost. While 4G
improved mobile broadband, 5G is designed to be a universal connectivity platform that can support
everything from smartphones to smart cities. The key improvements are in three main areas:

¢ Speed (Enhanced Mobile Broadband): 5G is significantly faster than 4G. While 4G has a theoretical
peak download speed of 100 Mbps, 5G can reach up to 10 Gbps. This means you can download a
full-length movie in seconds, not minutes.

e Latency (Ultra-Reliable Low-Latency Communication): Latency is the delay between sending and
receiving data. 4G latency is around 50-100 milliseconds, whereas 5G is engineered for an ultra-
low latency of as little as 1 millisecond. This is critical for applications that require near-
instantaneous response, such as autonomous vehicles, remote surgery, and real-time virtual
reality.

e Capacity (Massive Machine-Type Communication): 5G networks can handle a vastly greater
number of connected devices simultaneously. 4G can support around 100,000 devices per square
kilometer, while 5G can handle up to 1 million devices per square kilometer. This immense
capacity is essential for the growth of the Internet of Things (loT), where everything from smart
appliances to industrial sensors will need a reliable connection.

5G also introduces new technologies like Massive MIMO (Multiple-Input, Multiple-Output) and
network slicing. Massive MIMO uses a large number of antennas to send and receive more data
streams simultaneously, boosting efficiency. Network slicing allows operators to create dedicated,
virtual networks on top of the physical 5G infrastructure, tailoring performance for specific use cases
like an enterprise's private network or a public safety communication system.
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—1.1.7 Evolution of Telecom Technologies and Impact on
Communication Infrastructure

The evolution of telecommunication technologies has been a transformative journey, fundamentally
altering human communication and driving massive changes in global infrastructure. This progression,
from early analog systems to today's ultra-fast digital networks, is marked by significant leaps in speed,
capacity, and versatility.

i. The Early Eras: Analog and the Dawn of Digital

Era Key Technology Infrastructure Impact = Communication Impact
Pre-Electric (1790s) Semaphore, Telegraph Established initial fixed, [Enabled rapid long-
point-to-point networks [ distance, coded text
(lines/wires). communication.
Analog (1870s - 1980s) | Telephone, 1G Mobile Extensive deployment of | Introduced real-time
(AMPS) copper landlines and voice over distance
bulky, low-capacity cell | (telephone)and the first
towers. Submarine basic mobile voice calls.

cables for voice.

Digital Shift (1990s) 2G Mobile (GSM) Shift to digital switching | Introduced SMS (text
and transmission; messaging) and basic
greater network capacity | digital data services,
per cell site. improving call quality

and security.

ii. The Internet and Mobile Broadband Revolution
The transition to mobile internet brought about the most profound changes to the communication
infrastructure.
A. 3G (Early 2000s): The Dawn of Mobile Internet
e Technology: Increased data speeds (up to 2 Mbps initially) and spectral efficiency.
¢ Infrastructure Impact: Required upgrading cell towers and backhaul networks to handle
increasing data traffic. It necessitated the convergence of traditional telecom (voice) networks
with IP (Internet Protocol) networks.
e Communication Impact: Enabled mobile web browsing, email, and early multimedia content
consumption. It paved the way for the smartphone and the first mobile applications.

B. 4G/LTE (Late 2000s - 2010s): Mobile Broadband

e Technology: Focused on high-speed data (up to 100 Mbps or more), moving to an all-IP network
core.

¢ Infrastructure Impact: Massive expansion of fiber optic cables to connect cell towers, providing
the necessary high-capacity backbone. This was critical to support data-intensive services like
HD streaming.

e Communication Impact: Enabled high-quality video streaming, real-time social media, and
widespread adoption of applications requiring significant bandwidth, making the mobile phone
a primary computing and communication device.
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iii. The Modern Era: 5G and Beyond
5G marks a new paradigm shift, focused not just on faster consumer speeds but on enabling entirely
new classes of applications and connected devices.

5G Key Communication and Societal
L Infrastructure Impact
Characteristics Impact

Ultra-High Speed (up [Requires denser network of small cells Enables seamless AR/VR, 4K/8K

to 20 Gbps) (antennas) in urban areas, utilizing high- video, and complex data-
frequency millimeter-wave (mm-Wave) intensive applications.
bands.

Ultra-Low Latency Massive advancements in core network Critical for mission-critical

(as low as S\approx 1 |architecture, including Edge Computing applications: autonomous

\text{ ms}S) (data processing closer to the user). vehicles, remote surgery, real-

time industrial automation, and
lag-free gaming.

Massive Machine- Software-defined networking (SDN) and Supports the Internet of Things
Type network function virtualization (NFV) make [(loT) on an unprecedented scale
Communications the network more flexible and scalable. (smart cities, smart agriculture,
millions of connected sensors).
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— Notes
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UNIT 1.2: Roles and Responsibilities of Telecom Field Operations
Coordinator

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Explain the organizational hierarchy and key functions within a telecom service provider.

2. Describe the primary responsibilities of a Telecom Field Operations Coordinator, including
installation, maintenance, and fault management.

3. Discuss the importance of coordinating with technical teams, customers, and management to
ensure seamless operations.

4. Explain the role of industry standards and regulatory bodies in governing telecom operations.

5. Explain the key skills and competencies required for effective performance as a Telecom Field
Operations Coordinator.

—1.2.1 Telecom Field Operations Coordinator

The Telecom Field Operations Coordinator is a pivotal, mid-level role that acts as the central link
between the office (Network Operations Center, Engineering, and Project Management) and the
technical teams working on the network infrastructure in the field. They are essential for ensuring that
all on-site activities—such as new installations, routine maintenance, and emergency repairs—are
scheduled, resourced, and executed efficiently and on time.

This role requires a blend of logistical expertise, technical understanding, and strong communication
skills to coordinate people, equipment, and information, thereby minimizing network downtime and
maximizing service quality.

Primary Responsibilities
The Coordinator's duties are primarily focused on the seamless coordination and execution of field
work across the entire lifecycle of network equipment and services, encompassing installation,
maintenance, and fault management.
i. Installation and Deployment Coordination
The Coordinator manages the logistics of deploying new network elements, whether it's a new cell
tower, fiber optic run, or customer premise equipment (CPE).
Scheduling and Resource Allocation:
* Prioritize new installation projects based on urgency and resource availability (technicians,
specialized equipment).
e Schedule technicians and contractors for site visits, ensuring compliance with project timelines.
Logistics and Inventory Management:
* Ensure the required equipment and materials (e.g., radios, fiber spools, cabinets) are procured
and delivered to the correct site before the field team arrives.
e Track and manage the inventory of field assets.
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ii. Preventative and Corrective Maintenance
They coordinate the routine work required to keep the network healthy and the emergency work needed
when a problem arises.
Preventative Maintenance (PM) Scheduling:
e Plan and schedule routine site checks, equipment inspections, and software updates to prevent
future failures.
e Ensure PM work is performed within prescribed time windows to avoid service disruption.
Technician Dispatch:
* Serve as the first point of contact for field staff regarding on-site issues or scheduling changes.
* Dispatch the closest and most appropriately skilled technician for maintenance tasks.
Safety and Compliance:
e Confirm that all field activities, especially climbing towers or working with high-voltage equipment,
adhere to strict company safety protocols and regulatory standards.
iii. Fault (Incident) Management
* This is the most critical function, as it deals directly with service outages and customer issues
(trouble tickets).
Ticket Management:
* Receive, analyze, and prioritize trouble tickets (alarms) generated by the Network Operations
Center (NOC) or customer service.
* Convert technical alarms into actionable field work orders.
Troubleshooting Support:
* Provide remote support to field technicians by coordinating with engineering teams for higher-
level diagnosis.
* Continuously monitor the status of the fault ticket until resolution.
Escalation and Communication:
* Manage the communication loop—updating the NOC, management, and potentially the
customer on the status of a repair and the estimated time of restoration (ETR).
* Escalate long-duration or complex faults to senior management or specialized repair teams.
Post-Mortem Analysis:
* Collect and file all documentation related to the fault and the repair process for system records
and future analysis to identify root causes and prevent recurrence.

—1.2.2 Organizational Hierarchy and Key Functionsin a
Telecom Service Provider (TSP)

A Telecom Service Provider (TSP) operates a complex business model that includes owning physical
infrastructure, developing technology, managing large customer bases, and complying with strict
regulations. Consequently, its organizational structure is highly functional and layered to ensure
efficiency from strategic planning down to daily operations.
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1. The Organizational Hierarchy
The structure follows a typical corporate hierarchy, but the sheer complexity of the Network
Operations often creates a specialized functional focus.
A. Executive Leadership (Strategy & Governance)
This level sets the strategic direction, manages regulatory compliance, and is accountable to
shareholders/owners.
Roles: Board of Directors, CEO, CFO, COO, CTO, CMO.
Key Functions:
* Strategic Vision: Defining long-term goals, market position, and major investment decisions (e.g.,
5G rollout, mergers/acquisitions).
* Financial Health: Managing budgets, securing funding, financial reporting, and investor relations
(CFO).
* Regulatory Compliance: Ensuring adherence to licensing, spectrum rules, and government policy.
B. Core Operational Divisions (Execution)

These divisions are responsible for the day-to-day running of the business and service delivery. They are
the backbone of the TSP.

Division Key Responsibility Examples of Teams/Functions
Technology & Designing, building, Network Planning & Design (Architecture,
Network operating, and maintaining  [Capacity), Network Operations Center (NOC) (24/7
(CTO/C00) the entire physical network |Monitoring), Field Operations (Installation,

infrastructure. Maintenance, Fault Management).
Sales & Driving revenue by acquiring |Product Management (Defining service packages),
Marketing (CMO) |new customers and retaining |Market Research, Advertising & Branding, Sales
existing ones. Channels (Retail, Direct, Enterprise/B2B).
Customer Service |Handling all customer Call Center/Contact Center, Technical Support
& Experience inquiries, support, billing, and [(Level 1/2), Billing & Invoicing Support, Customer
complaints. Experience Management (CEM).
Information Managing internal corporate |Business Support Systems (BSS) (Billing, CRM),
Technology (IT) [systemes, billing platforms, Operations Support Systems (OSS) (Inventory, Fault
and OSS/BSS software critical [Management), Data Security.
to the business.

C. Support & Enabling Functions (Resources & Governance)
These functions provide the necessary infrastructure, people, and legal framework for the operational
divisions.
* Human Resources (HR): Talent acquisition, training, performance management, and
organizational development.
* Finance & Accounting: Managing cash flow, payroll, financial planning, and audit compliance.
* Legal & Regulatory Affairs: Managing legal risks, handling disputes, and interfacing with
regulatory bodies like the FCC or TRAI.
* Procurement/Supply Chain: Sourcing and purchasing all network equipment, IT hardware, and
consumables, and managing vendor relationships.
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2. Key Functional Descriptions
The core functions distinguish a telecom company from other large corporations:
A. Network Operations Center (NOC)
* Function: The central command center for the live network.
* Tasks: 24/7 real-time monitoring of all network elements (cell towers, switches, fiber lines); alarm
handling; diagnosing and coordinating the resolution of network faults to minimize downtime.
B. Network Planning & Design
* Function: The strategic and technical blueprint team.
* Tasks: Determining where to build new infrastructure (capacity planning), selecting the
appropriate technology (e.g., fiber vs. microwave backhaul), and ensuring the network design can
handle future traffic growth (e.g., 5G planning).

C. Product Management
* Function: Bridging the gap between technology capabilities and market demand.
* Tasks: Defining the services offered (e.g., 100 Mbps broadband plan, new IoT package),
determining pricing, and managing the entire product lifecycle from launch to retirement.
D. Business Support Systems (BSS)
* Function: Managing all customer-facing business processes.
* Tasks: Handling customer billing, charging, order management, and Customer Relationship
Management (CRM) databases. This ensures customers are correctly charged and managed.
E. Operations Support Systems (OSS)
* Function: Managing all network-facing operational processes.
* Tasks: Overseeing network inventory, provisioning (activating a new service for a customer), and

fault management (coordinating repairs). This is the internal system backbone of the network
team.

—1.2.3 Importance of Coordination, Standards, and
Skills in Telecom Operations

The successful operation of a telecom service provider (TSP) relies on three critical pillars: seamless
coordination between internal and external stakeholders, strict adherence to standards and regulations,
and the proficiency of its workforce.

i. The Importance of Coordination

Coordination is the process of synchronizing efforts to achieve a unified goal. In a complex, 24/7
environment like telecom, where infrastructure spans vast areas and multiple teams, effective
coordination is paramount to Service Level Agreement (SLA) adherence and customer satisfaction.
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Coordination with Technical Teams

* Goal: Efficient fault resolution and scheduled maintenance execution.

*  Why it Matters: The Field Operations Coordinator must coordinate with the Network Operations
Center (NOC) and Engineering. When an alarm triggers, the NOC alerts the Coordinator, who
must dispatch the right Field Technician with the correct tools and instructions.
Miscommunication here leads to increased Mean Time To Repair (MTTR), resulting in prolonged
outages.

* Example: A fiber cut occurs. The Coordinator must synchronize:

v" NOC: Verifying the exact geographical location and affected services.
v’ Field Teams: Dispatching the nearest fiber splicing crew.
v’ Logistics: Ensuring the spare fiber optic cable and splicing equipment are available
immediately.
Coordination with Customers

* Goal: Managing expectations and maintaining trust during service impact.

*  Why it Matters: Customers (both consumer and enterprise) depend on reliable connectivity.
During installations or outages, the Coordinator acts as the intermediary, providing accurate
Estimated Time of Restoration (ETR) and explaining the scope of work. Failing to communicate
clearly can lead to high churn and reputational damage.

* Example: For a planned network upgrade, the Coordinator informs the customer of the exact
time window for service disruption and ensures the work is completed within that communicated
window.

Coordination with Management

* Goal: Resource optimization, risk mitigation, and strategic alignment.

* Why it Matters: Management requires real-time status updates on critical network performance
indicators (KPIs) like availability and MTTR. The Coordinator provides the data necessary for
management to allocate capital expenditure (CAPEX) for new equipment or training budgets for
staff. They also escalate high-impact, prolonged issues that require executive decision-making.

ii. The Role of Industry Standards and Regulatory Bodies

Telecommunications operates under a comprehensive framework of rules and technical

specifications set by international and national organizations. This framework is essential for

interoperability, consumer protection, and fair market competition.

A. Regulatory Bodies (Governmental Oversight)
These national or international agencies govern the commercial, legal, and operational conduct of
TSPs. (Examples: FCC in the US, Ofcom in the UK, TRAl in India).
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Function Impact on Operations
Licensing & Spectrum Regulators assign radio frequencies (spectrum) for wireless
Management services. TSPs must operate within assigned frequency bands to

prevent signal interference with other operators (e.g., 4G/5G).

Tariff & Competition They prevent monopolistic behavior and ensure fair pricing. This
indirectly affects network planning by forcing TSPs to achieve
high cost efficiency.

Quality of Service (QoS) Regulators set minimum performance benchmarks (e.g.,
maximum dropped call rate, minimum broadband speed). TSPs
must report on these, directly tying Field Operations metrics to
legal compliance.

Consumer Protection & Privacy | Enforcement of data privacy laws (like GDPR) and rules on
customer billing and grievances. This mandates secure network
practices and transparent data handling.

iii. Industry Standards Organizations
These non-governmental bodies create the technical specifications that define how equipment works
together globally. (Examples: ITU, 3GPP, IEEE).

* Interoperability: Standards (like the GSM or LTE specifications defined by 3GPP) ensure that a
phone manufactured in one country can connect to a network built by a different vendor in
another country. This allows for global roaming and scale.

* Technical Consistency: Standards dictate physical and electrical characteristics (e.g., fiber optic
cable specifications, Ethernet protocols), ensuring all vendor equipment is compatible.

* Innovation: Standards bodies create technology roadmaps (e.g., moving from 4G to 5G),
providing a common direction for global research and development.

—1.2.4 Key Skills and Competencies for a Telecom Field
Operations Coordinator

To manage the complex coordination between technical fieldwork and strategic business objectives, the
Field Operations Coordinator must possess a specialized mix of technical and soft skills.
A. Core Technical Competencies
* Telecom Systems Knowledge: Fundamental understanding of the network architecture (core,
transport, access, and radio access networks - RAN), the difference between fiber optic,
microwave, and copper technologies, and basic network protocols (e.g., TCP/IP).
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Work Order & Ticketing Systems: Proficiency in using OSS/BSS (Operations/Business Support
Systems) software for managing trouble tickets, inventory, resource allocation, and reporting.
Service Level Agreements (SLAs) Knowledge: Deep understanding of the metrics (e.g.,, MTTR,
availability) that govern service contracts and how field activities directly impact them.

B. Essential Soft Skills

Exceptional Communication: The ability to translate complex technical jargon (from Engineering)
into clear operational instructions (for Field Teams) and non-technical status updates (for
Customers and Management).

Organizational and Time Management: The capacity to manage multiple competing priorities
simultaneously—e.g., dispatching an emergency fault repair while simultaneously coordinating a
planned installation.

Problem-Solving and Decisiveness: The ability to quickly assess a developing situation (like a
sudden site failure), make immediate logistical decisions (e.g., re-routing a technician), and
prioritize resources under pressure (Crisis Management).

Vendor and Contractor Management: Skill in overseeing and holding third-party contractors
accountable for quality of work and adherence to agreed-upon SLAs and safety standards.

— EXxercise

|

Short Questions:

1.

Describe the structure of the telecom sector and explain why it plays a critical role in national and
global connectivity.

Discuss how the evolution of telecom technologies has transformed modern communication
infrastructure.

Explain the key responsibilities of a Telecom Field Operations Coordinator in managing field
activities.

Describe the importance of coordination between technical teams, customers, and management
in ensuring smooth telecom operations.

Explain the role of regulatory bodies and industry standards in governing telecom services and
infrastructure.

Multiple Choice Questions (MCQs):
1. The telecom sector is essential because it:

a. Supports only entertainment services
b. Enables global communication and digital connectivity
Deals only with mobile repair

d. Operates without any regulations
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2. ATelecom Field Operations Coordinator is primarily responsible for:
a. Designing software applications
b. Field installation, maintenance, and fault management
¢. Manufacturing telecom hardware
d. Customer billing operations
3. Regulatory bodies in the telecom sector ensure:
a. Unlimited frequency use
b. Compliance with standards and fair operations
c. Increase in data consumption
d. Removal of all telecom rules
4. Effective communication with technical teams and customers helps a coordinator to:
a. Delay service activations
b. Improve operational efficiency and service quality
c. Reduce field staff
d. Eliminate documentation requirements
5. One key competency required for a Telecom Field Operations Coordinator is:
a. Advanced cooking skills
b. Strong technical knowledge and problem-solving abilities
c. Expertise in civil engineering

d. Film editing skills

Fill in the Blanks
1. The telecom sector forms the backbone of and digital communication networks.
2. The transition from 2G to 5G represents the of telecom technologies.
3. The organizational hierarchy in telecom companies ensures clear distribution of
and responsibilities.
4. Coordinating effectively with customers and field teams helps in reducing and
service downtime.

5. Regulatory bodies enforce telecom rules to maintain and service quality across
the sector.
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— Notes
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— Key Learning Outcomes | ¥
By the end of this module, the participants will be able to:

1. Explain the process of performing Site Acceptance Testing (SAT) and its importance in telecom
operations.

2. Demonstrate the steps involved in executing SAT, documenting results, and reporting non-
compliance issues.
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UNIT 2.1: Perform Site Acceptance and Compliance Testing

— Unit Objectives |©

By the end of this unit, the participants will be able to:
1. Explain the purpose and steps of Site Acceptance Testing (SAT).

2. Identify the tools used in testing, like E1 tester, Ethernet tester, VSWR meter, power meter, and
optical meter.

3. Describe different types of cables (RJ45, RS232, Hi-Speed USB) and their use in testing.
4. Explain the software needed for BTS and other network equipment.

5. Describe the role of equipment like Microwave, BTS, feeder cables, and fiber optics in network
setup.

6. Explain the importance of backup systems like DG sets, PIU panels, transformers, SMPS, air
conditioners, and battery banks.

7. Identify safety measures like grounding, weatherproofing, and proper electrical insulation.

8. Explain key network performance indicators like signal strength, latency, and interference levels.
9. List the steps for proper documentation and reporting of test results.

10. Describe best practices for testing, maintaining, and monitoring telecom sites.

11. Demonstrate how to check the functionality of required test equipment such as E1 tester,
Ethernet tester, VSWR meter, power meter, and optical meter.

12. Show how to ensure the compatibility of installed software versions on laptops and confirm
readiness for testing.

13. Demonstrate how to inspect physical infrastructure for adherence to standards, including shelter
condition, weatherproofing, grouting, cabling, earthing, and connector integrity.

14. Show how to conduct logical tests such as VSWR levels, alarm connectivity, and equipment
connectivity per site AT checklist.

15. Demonstrate how to coordinate with field teams to complete testing of passive infrastructure,
including antenna alignment, diesel generator functionality, SMPS condition, and battery backup
performance.

16. Show how to validate network performance by measuring key parameters such as signal strength,
latency, throughput, and redundancy mechanisms.

17. Demonstrate how to identify and document deviations from required specifications, flagging
critical issues needing immediate resolution.

18. Show how to report test outcomes to relevant stakeholders, including BSS/BTS engineers, the
NOC team, and project managers.

19. Demonstrate how to update site documentation with complete and accurate test records as per
organizational standards.

o
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—2.1.1 Introduction to Site Acceptance Testing (SAT)

Site Acceptance Testing (SAT) is a crucial, final phase in the deployment of telecommunications
infrastructure (such as a new cell site, network element, or data center installation). It is a formal
procedure conducted on-site by the client or end-user (or a third-party on their behalf) to officially
verify that the installed system or equipment meets the contractual specifications, quality standards,
and performance requirements before it is accepted for integration into the live network and
commercial use.

Site Acceptance Test

Factory Acceptance Test Equipment Delivery
((7:1] . : Involves transporting approved

L systems to the project site,

Verifies that equipment = ;
ensuring integrity and readiness.

performs to specification

: = oA
in the vendor’s facility
before shipment. O O
Site Installation
("M Installs equipment according
\_/
5

5

Handover to
Operations
Transfers fully tested and

approved systems to the .
client’s operations team for Site Acceptance Test (SAT)

production use Validates system performance

to design specifications, site
conditions, and safety
standards.

under real site conditions using
predefined test cases and criteria.

Fig. 2.1.1 Site Acceptance Test

i. Purpose of Site Acceptance Testing

The primary goals of SAT are to provide formal assurance that the newly deployed network element is
fit for purpose, safe, and ready for commercial operation.

Ensuring Site Readiness for Integration and Commercial Use:

SAT confirms that the site environment (power, cooling, access) and the installed equipment are
stable and ready to handle live traffic and integration into the existing network architecture.

It validates that the site is prepared for the final hand-over from the vendor/contractor to the
network operations team.

Verification of Installation Quality and Adherence to Standards:

It serves as a quality gate, ensuring that all physical installation work—from cable routing and
grounding to equipment mounting—follows engineering standards, manufacturer specifications,
and contractual obligations.

This is crucial for the long-term reliability and lifespan of the equipment.

Identifying Deviations to Prevent Performance Issues:

By performing rigorous testing, SAT detects any non-conformities or errors introduced during the
installation phase (e.g., incorrect fiber connections, high power loss, or software configuration
errors).
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e Catching these issues before commercial launch prevents outages, degraded service quality, and
costly rework later on.

* Ensuring Safety, Reliability, and Service Continuity:
» Safety checks (e.g., proper grounding, accessibility) protect personnel and property.
* Reliability checks confirm the equipment can operate faultlessly under expected load.

* Verifying failover mechanisms and power backup systems ensures service continuity during
unexpected events.

ii. Stages of the SAT Process
* The SAT process is systematic and progresses through physical checks to logical functionality
and finally to performance validation.
1. Pre-verification and Document Review:
* Reviewing all necessary paperwork, including the Scope of Work (SOW), Method of
Procedure (MOP), final as-built drawings, equipment delivery notes, and internal Factory
Acceptance Test (FAT) results.

* Confirming all planned equipment has been delivered and is physically present.
2. Physical Site Inspection (Walk-Through):

* Avisual inspection of the site to verify civil work, shelter/cabinet integrity, access control, fire
suppression systems, and overall cleanliness.

* Checking labeling consistency and security of the equipment.
3. Passive and Active Infrastructure Checks:

e Passive Checks: Verifying power connections, battery voltage, cooling systems (HVAC), and
proper grounding and earthing connections (essential for safety and performance).

e Active Checks: Ensuring active equipment (e.g., Baseband Units, Radios, Transmission
Equipment) has powered up correctly and that all indicator lights (LEDs) show normal status.

4. Test Equipment Functionality Check:

* Verifying that all specialized testing tools (e.g., power meters, spectrum analyzers, VSWR
meters, BERT testers) are calibrated and functioning correctly before use.

5. Logical Testing (Alarms, VSWR, Connectivity):

* Alarm Testing: Forcing and verifying major and minor alarms (e.g., pulling a power fuse) to
confirm they are correctly reported to the Network Operations Center (NOC).

* VSWR (Voltage Standing Wave Ratio) Testing: Measuring the reflected power in the antenna
feeder system to ensure cables and connectors are installed correctly and efficiently
transmitting power.

e Connectivity Testing: Verifying transport links (e.g., fiber or microwave) are established with
the core network and that protocols (like OSPF or BGP) are correctly exchanged.

6. Performance Testing (Signal, Latency, Throughput):

e Signal Measurement: Taking signal strength readings (e.g., RSSI, RSRP) to confirm coverage
area and quality.

* Latency Check: Measuring the round-trip delay to the core network or external servers to
ensure speed standards are met.

* Throughput Testing: Running standardized tests (e.g., using Iperf or speed test apps) to verify
data download and upload speeds match the contracted specifications.

'
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7. Documentation, Reporting, and Sign-off:

* Compiling all test results, including passing/failing status, logs, and captured screenshots.

* Creating a formal SAT Report detailing any identified deviations (punch list) and their
proposed resolution plan.

* Upon successful completion and resolution of all critical deviations, a formal Site Acceptance
Sign-off is executed by both the contractor and the client, marking the official handover.

* i. Overview of Testing Tools

—2.1.2 Test Equipment Used in Site Acceptance Testing (SAT) —

e Site Acceptance Testing (SAT) relies on specialized, calibrated test equipment to objectively
measure and verify the performance of the installed telecom infrastructure. The choice of tool
depends on the network element being tested (e.g., copper, fiber, or radio frequency).

*  The following are essential tools for a comprehensive SAT, each serving a distinct purpose
related to transmission, connectivity, or power efficiency.

Test Equipment Primary Function in SAT Network Element Images
Tested

E1l Tester Measures quality and errors [Legacy
on traditional copper-based |Access/Transport
digital lines (TDM) such as BER|Links
(Bit Error Rate).

Ethernet Tester |Measures throughput, Modern
latency, and packet loss on IP-|Backhaul/Transpor
based (Ethernet) links. t Links

VSWR Meter Measures reflected power Radio Access
from the antenna system to  |Network (RAN) /
ensure efficient signal Antenna System
transmission.
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RF Power Meter [Measures the actual output |Radio Access
power transmitted by the Network (RAN) /
radio unit (RRU/RRH). Radios

Optical Power Measures the strength of the |Fiber Optic Links
Meter (OPM) light signal received at the
end of a fiber optic cable.

Optical Light Inject (launch) a stable light  |Fiber Optic Links
Source (OLS) signal into the fiber optic

cable for the OPM to

measure.

A. E1 Tester

Used primarily for testing older, synchronous digital hierarchy (SDH) or Plesiochronous Digital Hierarchy
(PDH) links, often operating at speeds like $2.048 \text{ Mbps}S. Its main function is to confirm the link
quality by running a Bit Error Rate (BER) test to ensure data integrity.

B. Ethernet Tester

Indispensable for modern IP-based networks (which carry most data traffic). It verifies the performance
of the Ethernet link by generating traffic and measuring:

* Throughput: The actual data transfer speed.

e Latency: The delay in packet transmission.

» Jitter: The variation in packet delay.

* Packet Loss: The percentage of packets that fail to reach their destination.
C. VSWR Meter (Voltage Standing Wave Ratio)

This device measures the efficiency of the RF system (radio, cable, and antenna). A high VSWR
indicates a mismatch or fault (like a bent cable or poor connection), causing power to be reflected
back towards the radio instead of being radiated by the antenna. Low VSWR is essential for network
performance and equipment protection.




—eaaa Participant Handbook

D. RF Power Meter

* This meter is connected between the radio unit and the antenna feed line to measure the
precise power output from the radio. This reading must match the site design specifications to
ensure the cell site is operating within its intended coverage area and regulatory limits.

E. Optical Power Meter (OPM) / Optical Light Source (OLS)
* These two tools are used together to test fiber optic lines:

* OLS launches light at a specific wavelength (e.g., $1310 \text{ nm}S or $1550 \text{ nm}S) down
the fiber.

*  OPM measures the light strength received at the other end.

* The difference between the launched power and the received power is the optical loss
(attenuation), which must be below a specified threshold to ensure the fiber connection is
clean and properly spliced.

ii. Demonstration of Equipment Functionality (Practical Application)

* The effective use of SAT equipment follows a standard operational procedure to ensure accurate
and repeatable results.

Powering On, Calibration, and Self-Test
* Action: The technician powers on the equipment (e.g., the Ethernet Tester or VSWR Meter).

* Purpose: Most professional testing tools perform an internal self-test upon boot-up to ensure all
components are functional. If applicable (e.g., for some RF meters), a calibration procedure is
performed or verified using a known standard to guarantee measurement accuracy.

Configuring Modes and Test Parameters
* Action: The technician accesses the device menu to set the appropriate test criteria.

* Purpose: For an Ethernet Tester, the technician must configure the test duration, the traffic load
(e.g., $1000 \text{ Mbps}S maximum), and the accepted pass/fail thresholds for latency and packet
loss. For an OPM, the correct wavelength (S\lambda$S) must be selected to match the OLS.

Connecting to Respective Ports and Interfaces
* Action: The technician physically connects the test equipment to the system under test.
* Purpose:

* Fiber: The OLS is connected to the transmission port on one end, and the OPM is connected to the
receiving port on the far end. Cleaning the fiber connectors before connection is mandatory to
prevent false readings.

* RF: The VSWR meter is often connected between the radio unit and the antenna feed cable using
specialized RF connectors.

* Ethernet: The Ethernet Tester is connected directly to the relevant backhaul or network interface
ports (e.g., SFP/SFP+ port).
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Reading and Interpreting Test Results

e Action: The test is initiated, and the technician monitors the display for results.

* Purpose: The technician must interpret the values against the project's pass/fail criteria.

* Pass Example (Fiber): If the maximum allowed optical loss is $-2.0 \text{ dB}S, and the OPM reads
$-1.5 \text{ dB}S, the link passes.

* Fail Example (RF): If the maximum allowed VSWR is $1.5:1$, and the VSWR Meter reads $2.5:18,
the system fails, indicating a serious cable or antenna issue requiring immediate investigation and
repair.

* The final step is to save and print the test report as part of the official SAT documentation.

—2.1.3 Telecom Cables and Their Applications in Testing

Telecom Site Acceptance Testing (SAT) and general field operations rely on various standardized
cables to connect test equipment, laptops, and network elements for configuration, diagnostics, and
data extraction. The type of cable used is dictated by the interface ports on the equipment and the
required data speed or communication protocol.

i. Types of Cables

Cable Type

RJ45 Ethernet Cables

Primary Telecom Application

Data transport, network configuration,
high-speed file transfer, IP connectivity.

Key Feature

Uses 8 conductors (4 pairs); standard for
LAN and IP-based communications.

RS232 Serial Cables

Console access, initial configuration,
terminal emulation, low-speed log access.

Uses asynchronous serial communication;
typically uses a 9-pin (DB9) connector.

Hi-Speed USB Cables

Device-to-laptop connectivity, quick data
transfer, modern console access (via USB-
to-Serial converter).

High data throughput; standard for
connecting modern peripheral devices.

A. RJ45 Ethernet Cables
These are the most common cables in modern telecom, used for connecting devices that
communicate using the Internet Protocol (IP). They are vital for the backhaul and data interfaces of all
modern cellular base stations (BTS, NodeB, eNodeB, gNB).
* Standards: Categories like CAT5e, CAT6, or CAT7 specify the cable's performance, supporting
speeds from 15100 \text{ Mbps}S up to 2510 \text{ Gbps}S$.3
* Application: Connecting a laptop directly to an equipment management port (LMT - Local
Maintenance Terminal) for configuration or connecting the Ethernet Tester to a transport port
for throughput testing.
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T568A T568B

Fig. 2.1.2 RJ45 Ethernet Cables

B. RS232 Serial Cables
These legacy cables are still essential for console access and the initial configuration of network devices.
The RS232 protocol is robust and simple, making it ideal for low-level, command-line interface (CLI)
communication, even if the primary IP interface is not yet configured.
* Connection: Often uses a DB9 connector on one end and frequently terminates in an RJ45-style
connector (a rolled cable) that plugs into the console port of a router, switch, or BTS.
* Application: Performing a factory reset or accessing the boot-loader of a piece of equipment.

Fig. 2.1.3 RS232 Serial Cables

C. Hi-Speed USB Cables

USB (Universal Serial Bus) has become the standard for connecting many peripherals. Modern telecom

equipment may use USB for:

* Direct Management: Some newer radios or small cells feature a USB port for quick local
configuration using a standard laptop cable.

* Interfacing: The most common use is connecting a USB-to-Serial converter between a technician's
modern laptop (which lacks a physical DB9 port) and an equipment's traditional RS232 console port.
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Fig. 2.1.4 Hi-Speed USB Cables

ii. Use Cases in Testing

The cables described above facilitate critical tasks during SAT and troubleshooting by bridging the gap
between the test/maintenance device and the network equipment.

Laptop-to-BTS/NodeB/eNodeB Communication

e Cable Used: Typically RJ45 Ethernet for primary IP access, or RS232/USB-to-Serial for console
access.

* Use Case: The technician connects their laptop (running specialized vendor software) to the base
station for centralized configuration management, health monitoring, and control. This is the Local
Maintenance Terminal (LMT) connection.

Firmware Upgrades and Software Loading

* Cable Used: Almost exclusively RJ45 Ethernet.

* Use Case: Transferring large files, such as new operating system images or firmware updates, from
the technician's laptop or a local server to the network element. High-speed Ethernet is necessary
due to the large file sizes.

Configuration and Log Extraction

* Cable Used: RS$232/USB-to-Serial (for initial/low-level configuration and emergency log capture)
and RJ45 Ethernet (for routine configuration and bulk log transfer).

* Use Case:

* Configuration: Uploading or downloading configuration scripts to set up parameters like
frequency channels, power levels, or backhaul IP addresses.

* Log Extraction: Pulling detailed performance logs, error traces, and operational history from
the equipment's memory for fault diagnosis, which is crucial for root cause analysis during
SAT failures.
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Tester-to-Equipment Connectivity

* Cable Used: RJ45 Ethernet (for Ethernet Tester), specialized RF Coaxial Cables (for VSWR/RF
Power Meters), or Fiber Patch Cords (for OPM/OLS).

* Use Case: Physically connecting the specialized test devices to the specific interface ports for
performance validation. For instance, the Ethernet Tester must be connected via RJ45 to the
backhaul port to verify the transport capacity, while an OPM requires a fiber patch cord to
measure light levels

—2.1.4 Software Requirements for BTS and Network Equipment -

Effective operation, configuration, and maintenance of Base Transceiver Stations (BTS) and other
network equipment (like switches, routers, and eNodeBs) are entirely dependent on a suite of
specialized software tools. These tools allow technicians to interface with the hardware, load
configurations, monitor performance, and apply necessary updates.

i. Essential Software Tools

The Field Operations Coordinator and the technical teams rely on distinct categories of software for
daily tasks and Site Acceptance Testing (SAT):

* BTS Configuration Software: This is the vendor-specific Local Maintenance Terminal (LMT)
application provided by the equipment manufacturer (e.g., Ericsson, Nokia, Huawei, Samsung).

* Purpose: It offers a Graphical User Interface (GUI) for viewing health status, manually configuring
parameters (frequencies, power levels, cell IDs), provisioning services, and performing detailed
fault diagnostics specific to that hardware platform.

* Network Management Tools (NMT): These are centralized applications, typically residing in the
Network Operations Center (NOC), but sometimes accessible to field personnel for verification.

* Purpose: They provide a holistic, birds-eye view of the entire network. Tools like SNMP managers
allow for remote monitoring of alarms, performance metrics, inventory tracking, and centralized
configuration push/pull across thousands of sites.

* Firmware/Patch Updating Tools: Specialized software designed solely to manage the lifecycle of
the embedded operating system (firmware) on the network elements.

* Purpose: To securely and reliably transfer, load, and activate new software releases or security
patches on the BTS. These tools often manage the rollback process in case an update fails.

* Terminal Emulation Software (PuTTY, TeraTerm, SecureCRT): Lightweight, versatile programs used
to establish a connection to network devices via serial (RS232/USB-to-Serial), Telnet, or SSH
(Secure Shell) protocols.

* Purpose: Provides a Command Line Interface (CLI) to the equipment. This is essential for initial
configuration, troubleshooting when the IP network is down, and accessing low-level boot
procedures.
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Diagnostic and Monitoring Applications: A broad category including traffic generators (like Iperf) for
measuring throughput, protocol analyzers (Wireshark) for capturing and decoding network traffic, and
specialized tools for measuring RF performance.

* Purpose: To validate the performance metrics defined in the SAT (e.g., measuring latency,
verifying packet flow, and analyzing signal quality).

ii. Software Compatibility and Readiness

Before any SAT or maintenance job begins, the field technician must ensure all software, drivers, and
access credentials are fully prepared and compatible with the equipment being tested.

Verifying Version Compatibility:
* The version of the BTS Configuration Software on the technician's laptop must be compatible with
the specific firmware version installed on the BTS. Mismatching versions can lead to configuration
errors or the inability to connect.

* All necessary software updates must be downloaded and verified as stable before deployment.
* Installing Drivers for Testers and Cables:

* Modern laptops often require specific device drivers for USB-to-Serial converters, specialized test
equipment (like Ethernet Testers), and diagnostic dongles.

* Readiness Check: The technician must confirm the laptop recognizes and can communicate with
the hardware accessories before arriving at the site.

* Ensuring Licensing & Access Rights:

* Vendor-specific LMT software often requires a valid license key or security certificate to run or to
access advanced features.

e Technicians must have the correct credentials (usernames, passwords, security tokens) and the
required access rights (read-only vs. read/write/execute) to make changes to the live equipment.

* Backup of Configurations:

e A critical pre-task is to create a current backup (or a baseline save) of the equipment's
configuration file before making any changes, especially during a firmware upgrade or major
maintenance.

e Purpose: This provides an immediate, verified recovery point (rollback plan) if the new installation
or configuration fails during the SAT.

—2.1.5 Telecom Site Infrastructure Components

A modern cellular telecom site (often called a cell site or cell tower) is comprised of numerous
components categorized into Active Equipment (requiring power and processing information) and
Passive Equipment (providing physical connections and structure). These components work
synergistically to provide wireless communication services
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Fig. 2.1.5 Telecom Site Infrastructure

i. Active Equipment
Active equipment are the intelligent, powered elements responsible for generating, processing, and
transmitting the radio frequency (RF) signals and data traffic.
* Base Transceiver Station (BTS) / Baseband Unit (BBU) / Digital Unit (DU):
* Role: The core processing unit of the cell site. In 4G (LTE) and 5G networks, this component is
often logically split into the Baseband Unit (BBU) or the Digital Unit (DU).
* Function: Handles the complex digital signal processing (coding/decoding), manages
communication protocols, and routes traffic to the core network. It is the intelligence that
determines which user device communicates on which channel.

Fig. 2.1.6 Baseband Unit (BBU)
* Remote Radio Units (RRUs) / Remote Radio Heads (RRHs):

* Role: The radio frequency generation and amplification unit.

* Function: Located close to the antennas, the RRU converts the digital signals received from the
BBU/DU (over fiber optic cables) into analog radio waves for transmission, and vice versa. Placing
them high up minimizes signal loss compared to using long RF feeder cables.

—______o___________
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Fig. 2.1.7 Remote Radio Units (RRUs)
Microwave Radios (Optional):

* Role: Used when fiber optic cable is unavailable or cost-prohibitive for the backhaul link.

* Function: These transceivers transmit data via highly focused, high-frequency radio beams to
another cell site or a central point-of-presence (POP). They provide the backhaul connectivity.

Fig. 2.1.8 Microwave Radios

ii. Passive Equipment

Passive equipment requires no electrical power for its primary function and provides the physical
pathways, structure, and distribution of signals.
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Passive
Equipment

Description

1 Feeder Cables Thick coaxial cables that historically
carried both the RF signal and power
from the ground-level BTS up the
tower to the antenna (largely
replaced by fiber/RRU systems
today).

2 Jumpers Short, flexible coaxial cables used to
connect the RRU to the Antenna or
to connect passive equipment
components.

3 Connectors High-quality interfaces (e.g., DIN, N-

type, 4.3-10) used to ensure minimal -
signal loss at every connection point.

4 Fiber Optics Thin glass strands used to transmit
high-capacity data (up to or more)
between the BBU/DU at the base of i/ \ ‘
the tower and the RRUs at the top.

They are immune to electromagnetic

,A_
-

interference. [
5 SFP Modules Transceivers that convert the
(Small Form- electrical signal from the active

factor Pluggable) [equipment into a light signal for
transmission over the fiber and vice
versa. They determine the speed and
range of the fiber link.
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6 Antennas Convert the electrical signal received .
from the RRU into electromagnetic
waves (RF signal) that are radiated
into the cell coverage area, and vice
versa. Modern antennas are typically
directional (panel antennas) or active
(containing integrated radio units).

7 Alignment Units | Tools and brackets used to physically
adjust the antenna's orientation
(Azimuth) and vertical tilt
(Mechanical Tilt) to precisely control
the cell coverage area and minimize
interference.

iii. Role of Each Component in Network Setup
The successful integration of active and passive components defines the capabilities of the cell site:

* Signal Transmission and Reception (Air Interface):

* The BBU/DU processes user data.

* This data is sent via Fiber Optics to the RRU.

* The RRU converts the digital signal to an analog RF signal and amplifies it.

* The amplified signal travels via Jumpers to the Antenna.

* The Antenna radiates the signal across the air interface, and the process is reversed for signal
reception from user devices.

* Backhaul Connectivity:

*  The BBU/DU must send processed user traffic to the core network. This link is called the backhaul.

* This is achieved either via dedicated, high-capacity Fiber Optic lines connecting the BBU to a
central hub, or via a Microwave Radio link if fiber is not available.

* RF and Fiber Distribution:

* Passive components like Feeder Cables, Jumpers, and Fiber Optics physically distribute the
necessary power and signal links between the base (BBU) and the top of the tower (RRU and
Antenna). The quality of these passive elements (low loss, correct installation) directly determines
the effective radiated power and signal quality.

* Equipment Interoperability:

e Standard interfaces and components (like standardized SFP modules and RF Connectors) ensure
that different pieces of equipment, even from different vendors, can be connected and function
together, maintaining compliance with industry standards like those set by 3GPP.




Participant Handbook

—2.1.6 Power and Backup Systems

The power infrastructure at a telecom site is one of the most critical elements, ensuring the active
network equipment remains operational and stable, regardless of external power conditions. This
infrastructure is vital for achieving the high levels of uptime and reliability demanded by
telecommunications services.
i. Power Infrastructure
Telecom sites utilize a complex system to convert and condition external utility power, and a robust
backup system to maintain service during grid outages.
DG (Diesel Generator) Sets:
* Role: The primary long-term backup power source.
* Function: Automatically starts up when utility power fails for an extended period (typically after
the battery bank is exhausted or is about to be). The DG provides AC power to run the entire
site until grid power is restored or until the fuel runs out.

Fig. 2.1.9 DG (Diesel Generator) Sets

Transformers:
* Role: To step down the high-voltage AC electricity from the utility grid to a level suitable for the
site equipment.
* Function: Ensures the voltage level is appropriate and safe for the Power Interface Unit (PIU) and
other downstream power systems.

Fig. 2.1.10 Transformers
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PIU (Power Interface Unit) Panels:
* Role: The central switchgear and protective device for the site power input.

* Function: Distributes the incoming AC power (from the utility or the DG) to the site equipment,
while also providing protection via circuit breakers, surge arrestors, and monitoring sensors.

Fig. 2.1.11 PIU

SMPS (Switched-Mode Power Supply) Systems / Rectifiers:
* Role: To convert and condition the AC power into the necessary DC power required by the active
telecom equipment (BTS, RRUs, BBUs).
* Function: Telecom equipment typically runs on a nominal $-48 \text{V DC}S. The SMPS system
takes the incoming AC power, converts it to stable DC power, and simultaneously regulates the
voltage to charge the battery banks.

Fig. 2.1.12 SMPS

Battery Banks:

Role: The immediate, short-term backup power source.

Function: Automatically and instantly supplies DC power to the active equipment the moment utility
power fails. They bridge the gap between grid failure and the time it takes for the DG set to start up and
stabilize power (usually 5 to 15 minutes).




Participant Handbook

Fig. 2.1.13 Battery Banks

ii. Importance in Network Continuity

The robustness of the power and backup systems directly determines the quality and continuity of the
service provided by the TSP.
Ensuring Uptime During Grid Failure:

* The combination of Battery Banks (instantaneous backup) and DG Sets (long-duration backup)
ensures the network remains operational during planned and unplanned power outages. This is
crucial for meeting regulatory requirements and Service Level Agreements (SLAs) for network
availability.

Stable Power Supply to Sensitive Equipment:

* The SMPS system is vital for providing a clean, stable, and regulated $-48 \text{V DC}$ supply.
Fluctuations in input voltage (brownouts or spikes) from the utility grid are buffered and
conditioned, protecting the delicate and expensive active equipment from damage.

Preventing Alarms, Outages, and Hardware Failures:

* An unstable power environment can cause equipment to prematurely fail, trigger continuous
alarms (power supply unit failure, low battery), and lead to degraded network performance or
complete outages.

* Properly functioning backup systems and voltage regulation actively prevent equipment resets,
data corruption, and catastrophic hardware failures, ensuring the site equipment operates
within its specified electrical parameters. This is a primary focus during the Site Acceptance
Testing (SAT) of the power infrastructure.

—2.1.7 Safety and Compliance Requirements

Safety and compliance are non-negotiable requirements for all telecom field operations, especially
during Site Acceptance Testing (SAT). Non-compliance can lead to catastrophic failures, equipment
damage, service outages, and, most critically, serious injury or death.
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i. Key Safety Practices

These practices are embedded in the Method of Procedure (MOP) for every field activity and must be
verified during the SAT.
Proper Grounding and Earthing:
* Ensuring the entire site infrastructure—including the tower, shelter, cabinets, and all active
equipment (BTS, RRUs)—is correctly connected to the earth grounding system.
* Purpose: This directs lightning strikes and electrical fault currents safely into the ground,
protecting both personnel and sensitive electronics from damage. This is a primary SAT check.
* Weatherproofing of Shelters, Cables, and Connectors:

* Confirming that all outdoor connections (e.g., RRU-to-antenna jumpers) are properly sealed using
self-amalgamating tape and vinyl tape to prevent water and moisture ingress.

* Ensuring the site shelter or outdoor cabinet is sealed against rain, dust, and extreme
temperatures to maintain the required operating environment for the electronics.
Electrical Insulation Standards:

* Verifying that all power cables, busbars, and high-voltage connections are properly insulated,
segregated, and protected to prevent electrical shorts and accidental contact.

* This includes checking the integrity of cable jackets and ensuring adequate clearance between
power and signal cables.

Fire and Equipment Safety Adherence:

* Confirming the presence and functionality of fire suppression systems (e.g., fire extinguishers,
smoke detectors) within the shelter or cabinet.

* Ensuring adequate working space and clear access routes are maintained around equipment
panels.

PPE (Personal Protective Equipment) Usage on Site:

* Mandating and verifying that all technicians use required PPE, such as safety harnesses and
lanyards for tower climbing, hard hats, safety boots, insulated gloves for electrical work, and
safety glasses.

* The Coordinator ensures compliance with all site-specific safety plans.

ii. Physical Infrastructure Checks

* These are the core elements of the physical site inspection stage of the SAT, verifying the integrity
and quality of the physical installation.

* Shelter Condition:

* Checking the physical integrity of the shelter or outdoor cabinet, including the condition of walls,
roof, doors, locks, and ventilation systems.

* Goal: The enclosure must be secure and weatherproof to maintain the internal environment for
the active equipment.

Grouting and Mounting Integrity:

* Verifying that all equipment (indoor racks, outdoor cabinets, antennas, and RRUs) are securely
and levelly mounted according to the engineering diagrams.

e Checking the torque of mounting bolts and the grouting (sealing) around cable entry points to
ensure structural stability and water tightness.
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Cable Routing and Tagging:

Ensuring all cables (power, ground, fiber, and RF) are routed neatly, separated as necessary
(power separate from signal), and secured properly to cable trays or ladders.
Checking that all cables are clearly and permanently tagged/labeled at both ends with the correct
designation, making future maintenance and fault tracing quick and accurate.

Connector Health (Seating, Corrosion, Moisture):

Visually inspecting all cable connectors (RF, fiber, power) to ensure they are fully seated and
hand-tightened to the required specification.

Checking for any signs of corrosion, damage, or moisture ingress, especially on outdoor
connectors, which can drastically increase signal loss (high VSWR) or lead to short circuits.

—2.1.8 Network Performance Indicators (KPls)

Network Performance Indicators (KPIs) are essential metrics used in telecommunications to quantify the
quality, reliability, and efficiency of a network. During Site Acceptance Testing (SAT), these KPIs are
measured to verify that the new or upgraded infrastructure meets the required performance standards
before it goes live.

i. Critical KPIs to Be Measured

These metrics cover different aspects of the service experience, from signal quality to data speed and
network resilience.

Signal Strength (RSRP, RSSI):

RSRP (Reference Signal Received Power): The average power of the received reference signals,
typically used in 4G (LTE) and 5G networks. It's the most reliable indicator of signal strength.

RSSI (Received Signal Strength Indicator): The total power received by the mobile device antenna,
including both the desired signal and interference.

Purpose: Ensures the site provides adequate coverage and that the antenna system is functioning
correctly and radiating the signal with the planned power level.

Latency:

Definition: The time delay (measured in milliseconds, ms) for a data packet to travel from its
source to its destination and back (Round Trip Time, RTT).

Purpose: Low latency is critical for real-time applications like Voice over IP (VolP), video
conferencing, and online gaming. It is a key measure of the efficiency of the backhaul and core
network routing.

Throughput (Data Speed):

Definition: The actual volume of data successfully transferred over a connection per unit of time
(measured in Mbps or Gbps).

Purpose: Directly measures the user experience, ensuring the cell site delivers the promised
upload and download speeds as per the service package and network design.
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Interference Levels (SINR):

* SINR (Signal-to-Interference-plus-Noise Ratio): A measure of signal quality. It's the ratio of the
received signal power to the power of all noise and interference combined.

* Purpose: A high SINR indicates a clean, high-quality signal, essential for reliable communication.
Low SINR suggests interference from neighboring cells or other sources, which drastically reduces
data speed.

Redundancy Mechanisms (Failover and Load Sharing):

* Definition: Functional checks to ensure backup systems are active and working. Failover tests
confirm the system automatically switches to a redundant component (e.g., backup power or
backup link) when the primary one fails. Load Sharing tests ensure traffic is distributed evenly
across multiple active links.

* Purpose: Verifies network resilience and reliability to maintain service continuity during
equipment failure or peak traffic loads.

ii. Tools and Methods for KPI Measurement
Accurate KPl measurement during SAT requires specialized tools and methodologies.
Drive Test Tools:
* Method: A dedicated vehicle equipped with scanning receivers, specialized software, and multiple
testing phones travels throughout the cell site's intended coverage area.
* Purpose: To collect geographical data on signal strength (RSRP/RSSI), signal quality (SINR), and
handover performance across the entire area, mapping coverage gaps and interference zones.

Fig. 2.1.14 Drive Test Tools

—2.1.9 SAT Field Testing Procedures

The final stages of Site Acceptance Testing (SAT) involve rigorous field testing to verify both the logical
performance and the physical integrity of the entire site infrastructure. These procedures are critical for
confirming that the installed equipment is ready for live traffic and can withstand power failures.
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i. Logical Testing

Logical testing verifies the functional aspects of the installed hardware and ensures signals and alarms
are correctly transmitted throughout the system.

VSWR (Voltage Standing Wave Ratio) Measurement:

* Procedure: Using a dedicated VSWR meter or an integrated analyzer function, technicians
measure the reflected power between the Remote Radio Unit (RRU) and the Antenna.

* Goal: To ensure that reflected power is below the specified threshold (typically S\text{VSWR} <
1.5:1S). High VSWR indicates poor installation (bad connectors, bent cables, or faulty antenna),
leading to performance degradation and potential damage to the radio unit.

Alarm Connectivity Verification:

* Procedure: Technicians force critical alarms at the site (e.g., disconnecting an external power
source, simulating a fan failure, or triggering a door sensor).

* Goal: To verify that the alarms are correctly generated by the local equipment, transmitted over
the backhaul link, and successfully received and displayed by the central Network Operations
Center (NOC) with the correct severity and description.

Equipment Connectivity (BBU-RRU, Microwave links):
Procedure:

* BBU-RRU: Verifying the fiber optic link is established and stable, often checked via the Baseband
Unit (BBU) management port for correct SFP status and optical power readings.

* Microwave: Running Bit Error Rate (BER) tests or throughput tests using an Ethernet Tester
across the microwave link to ensure the required capacity and quality are achieved.

* Goal: To confirm high-speed data transfer between all active components is flawless.
Passive Infrastructure Validation:

* Procedure: Using an Optical Power Meter (OPM) and Light Source (OLS) to measure the optical
loss (attenuation) of the installed fiber runs (e.g., from the BBU to the main distribution frame
and to the RRU).

* Goal: To ensure fiber splicing and connector cleanliness are of high quality, keeping optical loss
below the specified threshold (e.g., typically less than $-1.0 \text{ dB}$ per kilometer).

ii. Coordination with Field Teams

These checks often involve specialized personnel (e.g., power technicians, tower climbers) and require
the Field Operations Coordinator to manage multiple teams simultaneously.

Antenna Alignment:

* Procedure: Using specialized antenna alignment units (AAU) or GPS-based tools, tower crews
precisely adjust the physical orientation (Azimuth) and vertical tilt (Mechanical Tilt) of the
antennas as specified in the Radio Frequency (RF) design plan.

* Goal: To ensure the signal is radiated precisely into the intended coverage area, maximizing
signal quality (S\text{SINR}S) and minimizing interference with neighboring cells.
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DG (Diesel Generator) Functionality Test:

* Procedure: The site's utility power is deliberately cut (simulated failure). The technician verifies
that the DG automatically starts, runs stably for a set period (e.g., 30 minutes), and that the
Power Interface Unit (PIU) correctly switches the load from the utility source to the DG.

* Goal: To confirm the DG is ready to provide long-term backup power.

SMPS and PIU Health Check:

* Procedure: Checking the output voltage of the Switched-Mode Power Supply (SMPS) / Rectifier
system to ensure it provides a stable $-48 \text{V DC}$S and is correctly regulating the charge
current to the batteries. The PIU is checked for correct breaker sizing and labeling.

* Goal: To ensure the active equipment receives clean, stable, and protected power.

Battery Backup Endurance Test:

* Procedure: After ensuring the DG is offline and locked out, the site is run entirely on battery
power. The technician verifies the battery capacity by measuring the time the active equipment
runs before the voltage drops to the low-voltage disconnect threshold.

* Goal: To confirm the battery bank provides the contractual or design-specified run-time (e.g., 4 to
8 hours), which is the critical bridge time until the DG can be refueled or utility power is restored.

—2.1.10 Documentation, Reporting, and Issue Escalation

The final and most critical phase of Site Acceptance Testing (SAT) is the rigorous process of
documentation, reporting, and issue escalation. This ensures that the physical work is formally
recorded, deviations are tracked and resolved, and all stakeholders are kept informed to facilitate the
final acceptance and network integration.

i. Documentation Requirements

A formal SAT sign-off requires a comprehensive package of verified documents that become the "As-
Built" record of the site.

¢ Test Result Sheets: Formal printouts or digital logs from all test equipment (e.g., Ethernet Tester,
VSWR Meter, OPM) confirming the results of logical and performance testing against the
specified thresholds.

e Site Photographs: Date-stamped photographic evidence detailing the quality of installation,
proper labeling, grounding connections, rack arrangement, and antenna mounting. These confirm
the physical infrastructure checks.

e (Cable Diagrams and Layout Updates: Any deviations from the original engineering drawings
regarding cable routing, port assighments, or power distribution must be captured in updated
"As-Built" diagrams.

e Software Version Records: A detailed list of the firmware versions and software licenses running
on all active equipment (e.g., BBU, RRU, Microwave Radio). This is crucial for version compatibility
checks.

e Equipment Serial and Asset Details: A record of the serial numbers, asset tags, and location within
the site for every major piece of active and passive equipment. This is essential for inventory

management (OSS).

'
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ii. Identifying and Reporting Deviations
Deviations are any faults, errors, or non-conformities found during the SAT that prevent the site from
being fully accepted.
¢ Non-Compliance Marking: All deviations must be clearly documented in a formal "Punch List" or
non-compliance report. The finding must reference the specific test procedure or standard that
was failed.
e Critical vs Non-Critical Observations: Deviations are categorized based on their impact:

o Critical: Issues that immediately affect network functionality, quality, or safety (e.g., failed
power system, high VSWR, or alarm connectivity failure). Critical deviations prevent sign-off
and require immediate resolution.

o Non-Critical: Cosmetic or minor logistical issues (e.g., a missing label, a slightly skewed
cabinet). These must be corrected but may not delay final acceptance if a formal resolution
planis agreed upon.

e Immediate Escalation Procedures: Any critical failure affecting network stability or safety must
be immediately escalated to the Field Operations Coordinator, NOC, and Project Manager,
following a predefined, documented escalation matrix to minimize service impact.

iii. Reporting to Stakeholders
Effective communication ensures transparency and accountability across all departments and partners
involved in the deployment.

e BSS/BTS Engineers: Receive the detailed test results and fault logs (e.g., VSWR values, alarm
outputs) to diagnose the root cause of any performance failures and plan the necessary
technical resolution steps.

e NOC Team (Network Operations Center): Informed about the official status (Accepted, Rejected,
or Conditional Acceptance) and the exact time the site is available for integration. They also
receive confirmation that all alarms are correctly reporting.

e Project Managers: Receive high-level summaries of the SAT outcome, ETR for any critical punch
list items, and confirmation of milestones achieved, which affects project timelines and
budgeting.

e Vendor Partners: Formally notified of any failed tests or deviations attributed to their
equipment or installation quality. They are responsible for rectifying the issues based on the
contract terms before the client proceeds with payment.

iv. Updating Site Records
The final step is integrating the approved SAT documentation into the company's long-term operational
systems.
e AT (Acceptance Test) Checklist Completion: The master SAT checklist is formally signed by the
field technician and the client representative, confirming all procedures were completed and
deviations were addressed.
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Digital Record Updates (OSS/NMS): Key configuration data, asset information (serial numbers),
and connectivity details are entered into the Operations Support Systems (OSS) and Network
Management Systems (NMS). This formalizes the asset for future maintenance and centralized
monitoring.

Version-Controlled Document Submission: All final "As-Built" documents, test reports, and sign-
off sheets are uploaded to a centralized, secure document repository. They are filed under strict
version control to ensure future reference and compliance audits rely on the most accurate,

accepted records.

— Exercise

1.

N

A. Short Answer Questions:

Explain the purpose of Site Acceptance Testing (SAT) and describe the key steps involved in
completing it.

Discuss the role of essential test tools such as E1 testers, Ethernet testers, VSWR meters,
power meters, and optical meters in telecom site validation.

Describe the use of different cable types—RJ45, R$232, and Hi-Speed USB—in testing telecom
equipment.

Explain the importance of safety measures like grounding, weatherproofing, and proper
electrical insulation during telecom site operations.

Describe the process and importance of documenting and reporting test results after site
testing activities.

B. Multiple Choice Questions:
1. The primary purpose of SAT (Site Acceptance Testing) is to:

a) Install new RF components
b) Verify that the site meets technical and operational requirements
c) Improve battery backup capacity

d) Replace feeder cables

2. AVSWR meter is used to measure:

a) Fiber link power
b) Voltage supply
c) Antenna feed line reflection levels

d) Ethernet bandwidth
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3. RJ45 cables are mainly used for:
a) DC power transmission
b) RF antenna alighment
c) Ethernet communication and device configuration
d) Optical signal testing
4. Backup systems such as DG sets, SMPS, and battery banks are critical because they:
a) Reduce weatherproofing needs
b) Ensure continuous site operation during power failures
¢) Boost microwave link frequency
d) Increase antenna height
5. Signal strength, latency, and interference levels are examples of:
a) Electrical hazards
b) Network Performance Indicators
c) Cabling types
d) Software tools

C. Fill in the Blanks:

1. A tester is commonly used for checking backhaul and transmission links during SAT.
Proper grounding and help prevent electrical hazards and equipment damage.
VSWR testing helps ensure correct alignment and cable integrity.

Complete and accurate records are required for site handover and compliance.
Measuring latency, throughput, and redundancy helps validate overall network

vk W
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— Notes
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— Key Learning Outcomes ¢

By the end of this module, the participants will be able to:
1.

Explain the importance of preventive maintenance in ensuring network performance.

. Demonstrate the steps to perform preventive maintenance and record findings.

2
3.
4

Explain the process of identifying and resolving faults at radio locations.

. Demonstrate corrective maintenance procedures and recordkeeping.
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UNIT 3.1: Perform Preventive Maintenance at Radio Locations

— Unit Objectives | ©

By the end of this unit, the participants will be able to:

1. Explain the purpose of preventive maintenance and its role in maintaining network uptime.

2. Identify different maintenance schedules like monthly, quarterly, and annual checks.

3. Describe common equipment at radio locations, such as BTS, antennas, and power supply units.

4. List the tools and test equipment needed, like screwdrivers, pliers, multimeters, VSWR meters, and

RF power meters.

Explain the importance of keeping records of maintenance activities and site conditions.

Describe safety protocols for working at radio locations, including handling equipment and

ensuring personal safety.

7. Show how to review the preventive maintenance schedule and site-specific checklists.

8. Demonstrate how to gather and inspect tools, test equipment, and spare parts before starting
maintenance.

9. Show how to check equipment for physical damage, cable connections, and power supply stability.

10. Demonstrate how to clean filters, fans, and vents to prevent overheating.

11. Show how to check battery health, earthing connections, and perform necessary software or
firmware updates.

12. Demonstrate how to test system performance after maintenance and ensure no alarms are
triggered.

13. Show how to document maintenance activities, record test results, and report findings to the NOC
and supervisor.

o wu

— 3.1.1 Introduction to Preventive Maintenance (PM)

Preventive Maintenance (PM) in telecommunications is a systematic, proactive strategy of regularly
inspecting, servicing, and testing network infrastructure to mitigate the risk of component or system
failure. Unlike corrective maintenance, which is performed after a fault occurs, PM is scheduled to keep
the network healthy and reliable.

i. Purpose of Preventive Maintenance

PM activities are designed to safeguard the substantial investment made in telecom infrastructure and
maximize its return through continuous, reliable operation.

e Ensuring Stability and Uptime of Network Services: This is the primary goal. By addressing
potential issues before they become critical, PM ensures the site remains operational, directly
contributing to high network uptime and reliability.

e Reducing Unexpected Failures: Routine checks catch subtle degradation—like corrosion on
terminals, minor cooling leaks, or weak battery cells—that would otherwise lead to sudden,
catastrophic failures. This changes the maintenance model from reactive to predictive.

¢ Extending Equipment Life: Regular cleaning, calibration (e.g., on power systems), and operating
within ideal environmental conditions prevent undue stress on active components (like RRUs
and BBUs), thereby significantly extending their useful operational lifespan.

e Improving Overall Network Performance: PM tasks, such as cleaning air filters and rectifying high
VSWR issues, ensure the equipment operates at peak efficiency, maintaining the target Key
Performance Indicators (KPIs) like data throughput and signal quality.
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ii. Importance in Telecom Operations
The successful deployment and continuous operation of telecom services hinge on effective PM,
making it a critical business function, not just a technical one.

e Minimizing Service Interruptions: Preventing interruptions is vital, as any downtime
immediately affects a large number of subscribers and can have implications for emergency
services.

e Reducing Corrective Maintenance Cost: Corrective maintenance (CM) is usually unplanned,
requiring rapid response, expensive emergency resources, and sometimes overtime pay. PM
reduces the frequency of CM, translating directly into lower operational costs (OPEX).

e Enhancing Customer Satisfaction: Uninterrupted, high-quality service builds trust and
customer loyalty. Reliable service is a key differentiator in a competitive market, reducing
customer churn.

e Supporting SLA Compliance: Telecom providers often have contractual agreements (Service
Level Agreements) with large enterprise customers that guarantee a minimum level of service
availability (e.g., 99.99% uptime). PM is the fundamental method for ensuring the network
meets these stringent contractual obligations and avoids financial penalties.

— 3.1.2 Maintenance Schedules and Planning

Effective management of telecom site reliability relies on structured maintenance schedules and
meticulous planning. This systematic approach ensures that necessary checks are performed at the
optimal frequency for various components, maximizing efficiency and uptime.

i. Types of Maintenance Schedules

Maintenance activities are categorized based on their complexity, criticality, and the typical lifespan
or servicing requirement of the equipment.

Monthly Preventive Checks:

e These are high-frequency, low-complexity checks focusing on quickly identifying minor issues
and monitoring environmental conditions.

e Examples: Checking site access security and lock integrity, visually inspecting fuel levels for the
Diesel Generator (DG), cleaning external cabinet filters, verifying the SMPS or rectifier control
panel logs for any minor alarms, and ensuring the air conditioning/ventilation system is running
when needed.

Quarterly Inspections:

e These are intermediate-frequency, medium-complexity checks that require more detailed
testing.

e Examples: Performing functional battery discharge tests (short duration) to confirm backup
readiness, detailed inspection and tightening of earthing and grounding connections, checking
weatherproofing integrity on all outdoor connectors (jumpers, feeders), and recalibrating basic
sensor thresholds.

Annual Comprehensive Audits:

e These are low-frequency, high-complexity inspections that often require site downtime or
specialized vendor teams.

e Examples: Full DG major service (oil change, filter replacement), detailed VSWR and RF Power
measurements using specialized test equipment, full fiber loss testing (OPM/OLS), calibration of
SMPS systems, and structural integrity checks of the tower and mounting hardware.
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ii. Review of Preventive Maintenance Plan
The success of scheduled maintenance hinges on thorough planning and coordination.
Understanding Site-Specific PM Checklists:
e Every telecom site is unique due to its technology (2G/3G/4G/5G), vendor hardware, backhaul type
(fiber/microwave), and environmental conditions.
e The Field Operations Coordinator must review and utilize the specific checklist designed for that
site to ensure all uniqgue components, power configurations, and required safety protocols are
addressed.

Scheduling Based on Site Criticality:

e Sites are prioritized based on their importance: Critical Sites (high-traffic capacity, hub sites, or sites
serving emergency services) receive priority scheduling and must be maintained during low-traffic
windows. Non-Critical Sites (low-traffic or redundancy sites) may have more flexible scheduling.

e Scheduling also considers logistics, grouping geographically close sites together to maximize
technician efficiency.

Coordinating with NOC and Field Teams:

¢ NOC (Network Operations Center) Coordination: The NOC must be informed of the exact date and
time PM work will occur. This is crucial for receiving work permits, suppressing non-service-
affecting alarms generated during the testing (e.g., when disconnecting $S\text{AC}S power for a DG
test), and coordinating any necessary traffic re-routing.

¢ Field Teams Coordination: Ensuring the right team (e.g., standard technician, tower climber, or
power specialist) is dispatched with the correct skills, tools, and replacement parts according to the
PM checklist.

— 3.1.3 The Role of Preventive Maintenance (PM) in Network
Uptime

Preventive Maintenance (PM) is a strategic, proactive approach that is fundamental to achieving and
sustaining high network uptime in telecommunications. It directly combats the leading causes of
service interruptions by addressing potential failures before they can escalate.

How PM Directly Contributes to High Uptime

Fault Prediction and Avoidance:

e PM shifts the maintenance model from reactive to predictive. Routine checks (e.g., quarterly
battery capacity testing, annual S\text{VSWR}S sweeps) identify subtle degradation in equipment
health.

e For example, an increase in the S\text{SMPS}$ charging current or a slight rise in a rectifier's
temperature indicates a component failure is imminent. PM catches this precursor to failure,
allowing for a scheduled replacement rather than an unscheduled, service-disrupting outage.

Mitigation of Environmental Threats:

e PM ensures the physical environment is safe and controlled. Cleaning air filters, checking cooling
systems (S\text{AC}S units), and sealing enclosures prevent equipment from overheating, which
is @ major cause of processor failure and thermal shutdown.

e Checking weatherproofing and grounding prevents moisture damage, corrosion, and catastrophic
failure from lightning strikes, all of which would instantly lead to downtime.
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Optimization of Backup Systems:
¢ Since power failure is the most common cause of downtime, PM focuses heavily on the backup
infrastructure.
e Regularly testing the Diesel Generator (DG) set (automatic start and load transfer) and
performing battery discharge tests ensures the site can seamlessly run during a utility outage for
the maximum duration, securing continuity of service.

Minimizing Corrective Maintenance (CM) Frequency and Duration:
¢ By performing high-volume, low-cost PM, the need for costly, disruptive Corrective Maintenance
is drastically reduced.
e When an issue is prevented, the Mean Time Between Failures (MTBF) increases, and the overall
network uptime percentage rises.
e Even if a fault occurs, the historical data collected during PM allows technicians to diagnose and
repair the issue faster, leading to a shorter Mean Time To Repair (S\text{MTTR}S).

— 3.1.4 Common Equipment at Radio Locations

e Base Transceiver Station (BTS) / Baseband Unit (BBU) / Digital Unit (DU): The core intelligence
unit for signal processing and routing, typically housed in a shelter or cabinet.

e Antennas: Receive and transmit RF signals over the air interface, mounted on the tower
structure.

e Remote Radio Units (RRUs): Amplifies and converts digital signals to RF, located near the
antennas to minimize loss.

e Power Supply Units (PSU) / SMPS (Rectifiers): Convert S\text{AC}S utility power to stable S\text{-
48V DC}S for active equipment.

e Battery Banks: Provide instantaneous backup S\text{DC}S power upon grid failure.

e Diesel Generator (DG) Sets: Provide long-term backup S\text{AC}S power during extended
outages.

— 3.1.5 Tools and Test Equipment Needed

Field technicians require a standard toolkit for mechanical and electrical checks, alongside
specialized test equipment.

Category Tools & Equipment Purpose
Mechanical | Screwdrivers, pliers, wrench set, cable cutters, General repair, assembly,
inspection mirror, cleaning supplies. securing connections, and

visual inspection.

Electrical/Po | Multimeter, DC clamp meter, insulation tester, Measuring voltage, current,
wer grounding resistance tester. checking continuity, and
verifying insulation health.

RF/Performa | VSWR Meter (or Site Master), RF Power Meter, Measuring signal integrity,
nce Optical Power Meter (OPM), Fiber Inspection transmitted power, and fiber
Scope. optic link loss.
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— 3.1.6 Maintenance Documentation and Record Keeping

Maintenance documentation and record keeping are non-negotiable parts of the preventive and
corrective maintenance process at any telecom site. These records transform raw field data into
actionable business intelligence, ensuring efficiency, accountability, and compliance.

i. Importance of Accurate Records

Accurate, detailed, and up-to-date records serve several critical operational and strategic functions
within a Telecom Service Provider (TSP).

Tracking Site Health History:

e Records establish a historical baseline for every piece of equipment. They show when a
component was last serviced, what its voltage or S\text{VSWR}S reading was at that time, and
when alarms started appearing.

e This history allows engineers to identify chronic issues (e.g., a power rectifier module that fails
every six months) versus isolated incidents, guiding targeted long-term solutions.

Supporting Troubleshooting:

e When a new fault occurs, technicians rely heavily on the last PM report and the "As-Built"
documents. Knowing the last stable reading of a component (e.g., the last recorded optical
power level) helps quickly isolate whether the problem is new or a gradual failure.

e This speeds up Mean Time To Repair (MTTR), directly minimizing network downtime.

Ensuring Compliance with Maintenance Standards:

e Documentation proves that the TSP has met both internal quality standards and external
regulatory requirements (e.g., safety checks, power output limits).

e These records are essential during internal audits, vendor warranty claims, and government
inspections.

ii. Types of Records

Field operations generate a variety of documents, all of which must be categorized, signed-off, and
digitally archived.

PM Checklists:

e The primary document confirming that every scheduled task was completed according to the
Method of Procedure (MOP). It includes sign-off sections for the technician and, sometimes, the
supervisor or client representative.

Test Reports:

e Formal output logs from specialized test equipment. This includes printouts or digital files

showing:

o VSWR readings and $\text{RF}S power measurements.

o Optical loss readings from the S\text{OPM}S.

o Battery capacity discharge logs and grounding resistance readings.

o S\text{Ethernet}s tester reports (latency, throughput, packet loss).
Photographic Evidence:

e Date-stamped photos of key areas, used to verify the quality of work. This includes images of:

o Before and after a repair or cleaning task.

o Properly taped weatherproofing on outdoor connectors.

o Cable routing and tagging.

o Evidence of a fault or damage (for insurance/security reports).
Inventory and Spare Parts Usage:

e A record detailing which spare parts (e.g., fuses, S\text{RRU}S modules, S$S\text{SFP}$
transceivers) were consumed during the maintenance visit.

e This record is vital for the Supply Chain/Logistics team to update the site inventory in the
S\text{OSS}S (Operations Support System) and ensure the technician's van stock is replenished.
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— 3.1.7 Telecom Site Infrastructure and Toolkit

A telecom radio location, or cell site, is a complex facility comprising specialized radio equipment,
power systems, protective enclosures, and the necessary tools and spares to maintain them.
i. Radio Access Equipment
This equipment is responsible for signal processing, transmission, and reception, handling all
communication with user devices.
BTS, NodeB, eNodeB, gNodeB: These terms denote the Base Station Controller across different
generations:
e BTS (Base Transceiver Station): The primary base station in 2G (GSM) networks.
e NodeB: The base station in 3G (UMTS) networks.
e eNodeB (evolved NodeB): The base station in 4G (LTE) networks.
¢ gNodeB (Next-Generation NodeB): The base station in 5G networks.
¢ Functionally, these units handle the core signal processing and routing of user traffic.
RRUs (Remote Radio Units) and Baseband Units (BBUs):
e BBU/DU (Digital Unit): The ground-based unit housing the digital brain that connects to the core
network and manages radio resources.
¢ RRU/RRH (Remote Radio Head): The unit placed near the antennas that converts the digital
baseband signal (from the BBU via fiber) into an analog radio frequency (RF) signal for
transmission.
Antennas and Feeders:
e Antennas: Convert the electrical signal into electromagnetic waves, radiating the service signal
into the coverage area.
e Feeders: Fiber optic cables connect the BBU/DU to the RRUs. Jumper cables (short coaxial
cables) connect the RRUs to the antennas.

ii. Power and Supporting Systems
These systems ensure continuous, stable power supply, which is critical for site uptime.
e SMPS (Switched-Mode Power Supply) and PIU (Power Interface Unit) Panels:
o SMPS (Rectifier): Converts utility S\text{AC}S power into clean, regulated $\text{-48V
DC}$S power, the standard operating voltage for active telecom equipment. It also
manages battery charging.
o PIU: The main electrical panel distributing power safely throughout the site, providing
surge protection and circuit breakers.
e Battery Banks: Provide instantaneous short-term backup power (typically 4—8 hours) to
ensure service continuity the moment grid power fails, bridging the gap until the DG starts.
e Diesel Generators (DG): The long-term backup power source, automatically starting to
provide S\text{AC}S power during extended utility outages.
e Air Conditioning (AC) Units: Essential for cooling the shelter or cabinet. Failure of the
S\text{AC}S unit can lead to equipment overheating and automatic shutdown.

iii. Environmental Components
These components protect the expensive active equipment from external threats and elements.

e Shelters and Enclosures: Weatherproof, secured structures (walk-in shelters or outdoor
cabinets) that house the indoor equipment (BBUs, power systems) and protect them from
theft, vandalism, and environmental damage.

e Ventilation Systems: Used to manage airflow and heat dissipation, supplementing or acting
as a backup to the S\text{AC}S units.

e Lightning Arrestors: Devices installed on the tower and power lines to safely divert high-
voltage surges caused by lightning into the grounding system, preventing damage to the
electronics.
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iv. Tools and Test Equipment
Field technicians require a comprehensive kit for maintenance, troubleshooting, and repair.
A. Basic Hand Tools
These are used for general mechanical work, assembly, and secure fastening.
e Screwdrivers, Pliers, Cutters, Crimpers: For general assembly, cable management, and
preparing cable ends.
e Spanners and Torque Tools: Used to tighten bolts and connectors to the exact specifications
required by the manufacturer. Torque accuracy is critical for proper S\text{RF}$ connection
seating and structural integrity.

B. Electrical and RF Test Equipment
These specialized tools are essential for accurate measurements during troubleshooting and Site
Acceptance Testing (SAT).

¢ Multimeter: Measures voltage (S\text{AC}/\text{DC}$) and current (using a clamp meter) and
performs continuity checks for basic electrical fault diagnosis.

e Clamp Meter: A type of multimeter that measures current (amperes) without physically
breaking the circuit.

e VSWR Meter (Voltage Standing Wave Ratio): Measures reflected power in the antenna
system, indicating the quality and efficiency of the antenna, jumper, and feeder cable
connections.

e RF Power Meter: Measures the actual power output of the RRU before it reaches the antenna,
verifying the transmitted power against the design specification.

e Optical Power Meter (OPM): Measures the light signal strength received at the end of a fiber
optic cable, essential for confirming the quality of fiber splices and connectors.

C. Spare Materials
Maintaining a stock of common spares minimizes repair time.
e Fuses, Connectors, Jumpers: Essential quick-replacement items for common faults (blown
fuses, damaged S\text{RF}$ or fiber connectors, or faulty jumpers).
¢ Cleaning Materials: Including specialized fiber cleaning kits (wipes, solvents) and air filters for
S\text{AC}S units and vents.
e Lubricants, Anti-Rust Spray: Used for preventive maintenance on DG components, cabinet
hinges, and protecting exposed metallic connections.

— 3.1.8 Safety Protocols for Radio Locations

Working at telecom radio locations involves significant risk due to high voltage electricity, non-

ionizing radiation (RF), and work at heights. Strict adherence to safety protocols is mandatory to

protect personnel and prevent damage to expensive equipment.

i. General Safety Rules

These rules form the foundation of on-site work and apply to all personnel before any maintenance

or inspection activity begins.

PPE Guidelines (Helmet, Gloves, Harness):

e Helmet (Hard Hat): Required at all times, especially in areas below climbing activity or near heavy
equipment, to protect against falling objects.

o Safety Footwear: Steel-toed boots are required to protect against dropped equipment and sharp
objects.

¢ Insulated Gloves: Must be worn when handling electrical equipment to protect against shock.

o Safety Harness: Essential for tower safety and any work performed at elevation (see section 6.3).

e Safety Glasses: Must be worn when working with batteries (acid), performing grinding, or
handling chemicals.
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Safe Handling of BTS and Power Equipment:

Never attempt to lift or move heavy equipment (like Baseband Units (BBUs) or Rectifier
Modules) without assistance or approved lifting devices.

Ensure all equipment panels are properly secured or locked to prevent accidental contact with
energized components.

Always treat electrical equipment as live until verified otherwise via Lockout/Tagout (LOTO)
procedures.

ii. Electrical Safety
Electrical hazards are the most common cause of serious injury and are strictly managed through
formal procedures.

Isolating Power Before Work:

The mandatory procedure is Lockout/Tagout (LOTO): The technician must manually de-energize
the circuit by opening the breaker, lock the breaker in the "off" position using a personal
padlock, and tag the lock with their name and contact information. This ensures the circuit
cannot be accidentally re-energized by another person.

Always verify the circuit is de-energized using a multimeter before touching any conductors.
Use of Insulated Tools:

Only use tools specifically rated for the voltage present, featuring non-conductive, insulated
handles. This provides a barrier against accidental contact with live wires or components.
Preventing Short Circuits:

Ensure all metal objects, jewelry, and loose clothing are secured.

Use non-conductive barriers or mats when working around open electrical panels.

Always cover exposed live terminals with insulating material when working nearby.

iii. Tower Safety
Working at heights requires specialized training, certification, and strict adherence to climbing
protocols.

Climbing Procedures:

Only personnel certified in Working at Heights and Tower Rescue are permitted to climb.

A climbing log or permit must be filled out before ascent, informing the supervisor and verifying
weather conditions. Climbing is prohibited during high winds, rain, or thunderstorms.

Always maintain "100% Tie-Off"—meaning the climber is connected to the tower structure by
at least one safety lanyard at all times.

Rope and Harness Checks:

The safety harness, lanyards, and ropes must be inspected before every use for wear, fraying,
cuts, or damaged stitching. Any damaged equipment must be immediately removed from
service.

Check all mechanical devices (carabiners, fall arrestors) for proper function.

Working at Heights:

Never work directly above another person unless necessary and the person below is notified.

All tools must be secured via tool lanyards to the climber's harness to prevent dropping hazards,
which could seriously injure personnel or damage ground equipment.

Be aware of and adhere to the RF exclusion zone around the antennas; power down RRUs
before working in the immediate vicinity.
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— 3.1.9 Pre-Maintenance Activities

Before a technician departs for a telecom site to perform Preventive Maintenance (PM), a crucial
preparation phase ensures the visit is efficient, safe, and effective. These pre-maintenance activities
prevent unnecessary return trips and potential safety hazards.

i. Reviewing PM Schedule and Checklists

Preparation begins with thoroughly understanding the planned work and the specific context of the
site.

e Verifying Scheduled Tasks:

o The Field Operations Coordinator or technician must review the Preventive Maintenance (PM)
Schedule to confirm the exact tasks required for the specific visit (e.g., is it a monthly filter
cleaning check or an annual DG and battery capacity test?).

o They verify the planned Method of Procedure (MOP) to understand the sequence of steps and
any required network coordination (e.g., if a temporary power cut or traffic re-route is
necessary).

e Understanding Site History and Old Reports:

o Reviewing the site's history, including the last PM report and any recent fault logs, is essential.

o Example: If the site frequently reports "Low Battery Voltage" alarms, the technician knows to
focus detailed checks on the SMPS rectifier modules and battery terminals, even if it's a routine
monthly PM. This shifts the focus from a generic check to a targeted maintenance effort.

ii. Gathering Tools and Equipment
Having the correct, functional, and calibrated tools and necessary spare parts on hand is critical for
successful single-visit maintenance completion.

e Assembling Test Devices and Tools:

o The technician must assemble the full array of required tools, which might include basic hand
tools (wrenches, screwdrivers), electrical tools (multimeter, clamp meter), and specialized test
equipment.

o For a comprehensive annual audit, they must ensure they have specialized devices like the
VSWR meter or the Optical Power Meter (OPM).

e Checking Calibration Dates:

o All specialized test equipment must have a valid and current calibration date. Using uncalibrated
equipment can lead to inaccurate readings (e.g., reporting a false pass on a S\text{VSWR]}S test),
resulting in long-term performance issues. The technician verifies the certificate of calibration
before loading the device.

e Collecting Spare Parts and Consumables:

o Based on the PM checklist and site history, the technician collects necessary spares and
consumables.

o This includes standard items (fuses, cable ties, cleaning materials) and site-specific items
(correct size air filters, replacement S\text{SFP}$ modules, or specific coaxial jumpers). This
stock ensures that any minor defect found can be immediately rectified during the PM visit.
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— 3.1.10 Post-Maintenance System Testing

After completing all Preventive Maintenance (PM) tasks—including cleaning, electrical checks, and
software updates—a final series of tests is mandatory. Post-Maintenance System Testing confirms
that the maintenance work did not introduce any new faults and that the site is fully optimized for
return to live service.

i. Performance Tests

These tests focus on the core functionality of the Radio Access Network (S\text{RAN}S) and its
signaling integrity.

BTS Operational Tests:

Access the Base Transceiver Station (BTS)/Baseband Unit (BBU) via the Local Maintenance
Terminal (S\text{LMT}S) software.

Verify the S\text{BBU}S is running the correct software version and that all associated Remote
Radio Units (S\text{RRUs}$S) are communicating correctly (all synchronization and link lights
are green).

Check S\text{KPI}$S counters (e.g., call setup success rate, traffic volume) for normalcy after
the PM activities.

Measuring Output Power and VSWR (Voltage Standing Wave Ratio):

Using the S\text{RF}S Power Meter, measure the output power of the S\text{RRU}Ss and
confirm the readings match the site design specifications.

Using the S\text{VSWR}$S meter or Site Master, perform a final sweep on the antenna system
to ensure reflected power is still below the acceptable threshold (typically S\text{VSWR} <
1.5:18). This is crucial to verify that the tightening of any S\text{RF}$S connectors did not
inadvertently cause an issue.

Alarm Verification:

Verify no new alarms were introduced by the maintenance work.

If any non-critical alarms were present before the S\text{PM}S, verify they have been cleared
or that the resolution plan is documented. A final alarm status check is reported to the
Network Operations Center (S\text{NOC}S).

ii. Validating System Stability
Stability tests ensure the site's backhaul and overall resilience are intact, especially after reboots or
updates.

Checking Microwave/Fiber Transmission:

If fiber is the backhaul, use the S\text{LMT}S to check the optical power levels (received
power) on the $\text{SFP}$ modules to confirm the link quality remains good.

If microwave is the backhaul, monitor the signal strength (S\text{RSSI}$) and the Bit Error Rate
(S\text{BER}S) for stability over a short monitoring period.

Run a throughput test using an Ethernet Tester (or internal tools) to validate that the backhaul
capacity is still meeting the committed service rate.

Monitoring for New Alarms:

The technician must monitor the site and the S\text{LMT}$ for a defined period (e.g., 15-30
minutes) after any major action (like a reboot or software update). This catches intermittent
issues or timing-related faults that only appear after a cycle of operation.

Ensuring Uptime After Reboot or Updates:

If a reboot was performed (often required after a firmware update), confirm that the
equipment reboots successfully, returns to operational status automatically, and correctly
loads the saved configuration.

Check the battery and S\text{DG}S systems one final time, simulating an S\text{AC}$ power
failure to confirm that the transfer switches and backup mechanisms are ready for an
emergency.




g Participant Handbook

— Notes




Telecom Field Operations Coordinator

UNIT 3.2: Perform Corrective Maintenance at Radio Locations

— Unit Objectives | ©

By the end of this unit, the participants will be able to:

1. Explain the importance of corrective maintenance in minimizing service disruptions.

2. Identify different types of faults and alarms, such as hardware failures, power outages, and link
failures.

3. Describe diagnostic tools like E1 testers and spectrum analyzers and their uses in fault detection.

4. Explain procedures for replacing faulty components, applying software patches, and restoring
service.

5. Discuss proper documentation and reporting protocols for corrective actions.

6. Explain escalation procedures for unresolved or complex faults. Show how to identify

alarms from the NOC and assess fault severity.

7. Demonstrate the process of gathering fault history and planning corrective actions.

8. Show the use of diagnostic tools like E1 testers and spectrum analyzers to identify issues.

9. Demonstrate how to replace faulty components such as TRX modules and feeder cables.

10. Show how to apply software patches or reconfigure equipment as needed.

11. Demonstrate testing system performance post-maintenance and ensuring alarm clearance.

12. Show the process of recording corrective actions, updating fault logs, and reporting resolutions to
the NOC and supervisor.

— 3.2.1 Introduction to Corrective Maintenance (CM)

Corrective Maintenance (CM) is the immediate, unplanned action taken to repair equipment or
systems after a fault, failure, or degradation has been detected. It is the reactive part of the
maintenance strategy, focused entirely on service restoration.

i. Purpose of Corrective Maintenance

The core purpose of CM is to manage and mitigate the negative consequences of unexpected
equipment failure.

e Restoring Interrupted Services Quickly: The primary objective of CM is to bring the failed network
element back into service as fast as possible. This is measured by the Mean Time To Repair
(MTTR).

e Minimizing Downtime and Customer Impact: By acting immediately, CM minimizes the duration of
the outage, thereby limiting service unavailability and the resulting dissatisfaction and financial
loss to the service provider.

e Ensuring Reliability of Telecom Infrastructure: While CM is reactive, successful and thorough
corrective action restores the infrastructure to its intended operational state, contributing to
overall network reliability until the next scheduled maintenance.
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ii. Importance in Network Operations

CM is a critical operational function that safeguards the business viability and quality of service
provided by the TSP.

¢ Preventing Prolonged Outages: Rapid diagnosis and repair procedures are essential. A complex
or unaddressed fault can quickly spiral into a prolonged, widespread outage, potentially
affecting connectivity for large user groups.

e Protecting Equipment from Further Damage: Certain faults, such as a failing cooling unit or a

severe S\text{VSWR}S (reflected power) issue, can rapidly destroy active equipment like a
S\text{Baseband Unit (BBU)}S or S\text{Remote Radio Unit (RRU)}S. Immediate CM isolates the
problem, protecting the adjacent healthy components.

e Supporting SLA Commitments: S\text{TSPs}S are bound by Service Level Agreements

(S\text{SLAs}S), especially with enterprise customers, which dictate maximum allowed
downtime. CM ensures the provider stays within these limits, avoiding costly financial penalties.

¢ Maintaining Network Quality and Performance: A faulty component often doesn't just fail; it

can degrade performance (e.g., high noise/interference). CM removes the faulty element,
restoring the network to its designed quality and performance metrics.

(0]

— 3.2.2 Types of Faults and Alarms

Faults and alarms are the primary mechanisms by which the network signals distress. Classifying these
events is crucial for the Network Operations Center (NOC) and the Field Operations Coordinator to
prioritize response and minimize service disruption.

i. Fault Classifications

Faults are classified to immediately determine the impact on service and the urgency of the required
corrective action.

Critical, Major, and Minor Faults:

Critical Faults: Result in immediate, widespread loss of service or present a significant safety
hazard. These require immediate, 24/7 dispatch and suspension of all other activities (e.g., total
power failure, BBU crash, total site outage).

Major Faults: Result in significant degradation of service quality or capacity, but the service is not
completely lost. These require high-priority dispatch within a few hours (e.g., failure of one
sector's RRU, high VSWR warning, high interference).

Minor Faults: Non-service-affecting or non-safety-critical issues that can be addressed during the
next scheduled visit or within a few days (e.g., cooling fan failure warning, low battery voltage
warning, single door alarm).

Passive vs. Active Component Faults:

Active Component Faults: Involve equipment that requires power and processing capability
(electronics). These are typically more complex to troubleshoot and repair (e.g., TRX, RRU, BBU
failure).

Passive Component Faults: Involve components that do not require power. These faults often
require mechanical repair or replacement (e.g., broken antenna mount, rusted grounding cable,
faulty fiber patch cord).
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ii. Common Telecom Fault Types
These are the most frequent causes of trouble tickets in a telecom network.
e Hardware Failures: The malfunction or complete failure of active processing and transmission
components.
o TRX (Transceiver): Failure of the radio unit component, primarily in older S\text{BTS}$ equipment.
o BBU (Baseband Unit) / RRU (Remote Radio Unit): Failure of the digital processing or S\text{RF}$
amplification units.
Microwave Units: Failure of the radio units used for long-distance backhaul transmission.
Power Outages and SMPS/PIU Failures:
Power Outages: Loss of S\text{AC}S utility grid power, triggering a shift to backup systems.
SMPS (Rectifier) / PIU (Power Interface Unit) Failures: Malfunction of the S\text{AC}S to
S\text{DC}S converter or the main power distribution panel, leading to unstable voltage or inability
to charge batteries.
e Battery or DG System Failures:
o Battery Failure: Low voltage or loss of capacity due to aging or cell failure, resulting in insufficient
runtime during an outage.
o DG (Diesel Generator) System Failure: DG fails to auto-start, runs out of fuel, or develops an engine
fault when backup power is needed.
e Transmission and Backhaul Link Failures:
o Physical cuts to fiber optic cables, microwave link misalignment, or failure of a key transport
router/switch, causing the site to lose connectivity to the core network.
¢ Environmental Faults: Issues related to the operating environment.
o Temperature: High temperature alarm (often due to AC unit failure), leading to potential
equipment thermal shutdown.
o Intrusion: Door alarms or fence alarms triggered by unauthorized access.

o

O O

—3.2.3 Alarm Types from NOC

Alarms generated by the Network Operations Center (NOC) are the critical warning signals that
indicate a fault or degradation somewhere in the telecom infrastructure. These alarms are classified to
help the Field Operations Coordinator prioritize and dispatch Corrective Maintenance (CM) teams
efficiently.

Classification of NOC Alarms

Alarms are broadly categorized based on the functional area of the site they affect:

1. Power Alarms (Most Frequent):

o S\text{AC}S Power Lost (Critical): Indicates failure of the commercial utility grid power. This
triggers the site to switch to battery backup and initiates the Diesel Generator (S\text{DG}S)
auto-start sequence.

o S\text{DC}$S Under Voltage (Major/Critical): The S\text{DC}S voltage supplied by the rectifier or
battery bank has fallen below a safe operating threshold. If this drops below the Low Voltage
Disconnect (S\text{LVD}S) point, the site shuts down.

e Rectifier/SMPS Fault (Major): Indicates a failure in one or more rectifier modules, meaning the
system cannot convert $\text{AC}S to S\text{DC}$ or charge the batteries effectively.

e Battery Low Voltage Warning (Minor): The batteries are discharging, and their voltage is
approaching the critical cut-off point, signaling an urgent need to restore S\text{AC}$ or start the

S\text{DG]S.
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2. Transmission Link Alarms:

e Optical Link Down / Loss of Signal (S\text{LOS}S) (Critical): Indicates a physical break in the fiber
optic cable or a failure in the S\text{SFP}S module, causing the site to lose connection to the core
network (backhaul failure).

e S\text{BER}S High (Bit Error Rate) (Major): The error rate on a digital link (S\text{E1}S or
Microwave) has exceeded the acceptable threshold, meaning data integrity is compromised, and
throughput will suffer.

e Microwave Link Misalighment (Major): The signal strength of the microwave link is degraded,
often due to high winds shifting the antenna dish.

3. Radio Frequency (S\text{RF}S) Related Alarms:

o S\text{RRU}S (Remote Radio Unit) Fault (Major/Critical): Failure of the S\text{RF}S amplification
and conversion unit, resulting in the loss of service on one or more cell sectors.

e High S\text{VSWR]}S (Voltage Standing Wave Ratio) (Major): Too much S\text{RF}S power is
being reflected back toward the radio from the antenna system, indicating a faulty antenna,
damaged cable, or bad connector. This triggers the S\text{RRU}$ to reduce power to protect
itself.

e Low Transmitted Power (Major): The S\text{RRU}S is transmitting below its designed power
level, causing a reduction in the cell coverage area.

4. Environmental and Security Alarms:

e Cabinet High Temperature (Major): The temperature inside the equipment cabinet or shelter has
exceeded the safe limit (often due to S\text{AC}S unit failure), risking equipment thermal
shutdown.

e Security/Intrusion Alarm (Minor/Major): A door or fence sensor has been triggered, indicating
unauthorized access or a potential security breach.

e Fire Alarm (Critical): Detection of smoke or heat within the enclosure, requiring immediate,
potentially life-saving response.

—3.2.4 Diagnostic Tools and Their Applications

Effective troubleshooting and corrective maintenance (CM) in telecommunications rely on a suite of
specialized diagnostic tools—from basic electrical meters to sophisticated spectrum analyzers—
complemented by software access to the network elements themselves.

i. Electrical and Hardware Diagnostic Tools

These tools are essential for verifying the physical integrity of the power supply and transmission lines.

e E1 Tester for Transmission Testing:

o Function: Used primarily to check the quality of traditional, copper-based E1/T1 digital transmission
links ($2.048 \text{ Mbps}S in S\text{E1}S).

o Application: The primary test is the Bit Error Rate (S\text{BER}S) test, which involves sending a
known data pattern over the link and counting the number of errors received. A high S\text{BER}S
indicates noise, line degradation, or a faulty line card, directing the technician to the source of the
link failure.

e Multimeter for Electrical Faults:

o Function: A basic, versatile tool used to measure voltage (S\text{AC}/\text{DC}S), resistance, and
continuity.

o Application: Essential for diagnosing power system faults: checking the S\text{AC}$ input voltage to
the S\text{SMPS}S, verifying the S\text{-48V DC}S output voltage, and checking fuses for continuity
(determining if they are blown).




Telecom Field Operations Coordinator g

e Clamp Meter for Current Measurement:

o Function: Measures electrical current (amperes) flowing through a conductor without breaking the
circuit.

o Application: Used to safely measure the total current draw of the site (load balancing check), the
charging current going into the battery bank from the S\text{SMPS}S, or the operating current of a
specific piece of equipment (e.g., an S\text{RRU}S) to check for overloads or short circuits.

ii. RF and Spectrum Tools

These are specialized tools used for diagnosing issues related to the radio transmission path and signal

quality.

e Spectrum Analyzer for Interference:

o Function: Displays the strength of radio frequency (S\text{RF}S) signals over a specified frequency
range.

o Application: Critical for identifying sources of external interference that may be degrading the SINR
(Signal-to-Interference-plus-Noise Ratio) and reducing data speeds. The analyzer allows the
technician to visualize the 'noise floor' and pinpoint unexpected signals.

Fig. 3.2.1 Spectrum Analyzer

e VSWR Meter for Feeder Cable Faults:

o Function: Measures the Voltage Standing Wave Ratio (S\text{VSWR}S), which is the ratio of forward
power to reflected power in the antenna system.

o Application: Diagnosing physical faults in the S\text{RF}S path (jumpers, feeder cables, and
antennas). A high S\text{VSWR}S reading (e.g., above $1.5:1$) points to physical damage, water
ingress, or improper termination/torquing of connectors.

¢ RF Power Meter for Signal Output Checks:

o Function: Measures the actual transmitted power (S\text{EIRP}S) output by the Remote Radio Unit
(S\text{RRU}S) before it is radiated by the antenna.

o Application: Verifying that the equipment is transmitting at the power level specified in the network
design. This confirms that the S\text{RRU}S itself is healthy and not power-limited due to a
protective shutdown.
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iii. Software-Based Diagnosis
Modern troubleshooting heavily relies on remote access and software data analysis, which is crucial for
determining the root cause before dispatching a technician.

Web GUI/CLI Access to BTS/MW Equipment:

Function: Provides remote access to the equipment's internal operating system using a web
browser (S\text{GUI}S) or a secure command line interface (S\text{CLI}$) via S\text{SSH]}S.
Application: Checking current alarms, viewing the live status of ports (S\text{SFP}$ health, link
status), verifying configuration parameters (e.g., S\text{Cell ID}$ or frequency settings), and
rebooting modules remotely.

Log File Analysis:

Function: Reviewing detailed historical records of equipment activity, faults, and performance
events stored locally on the Baseband Unit (S\text{BBU}S) or S\text{Microwave}$ unit.

Application: Identifying the sequence of events leading up to a failure (e.g., noting that an
S\text{RRU}S fault alarm was preceded by a series of high-temperature warnings) to determine
the ultimate cause.

Alarm History and Event Counters:

Function: Analyzing the S\text{NOC}S$'s database of past and recurring alarms for a specific site or
component.

Application: Pinpointing intermittent faults or chronic issues. If the "S\text{AC}S Power Lost" alarm
occurs every Tuesday at 3:00 S\text{PM}S, it indicates a scheduled grid test or power anomaly, not
an equipment failure. Event counters (e.g., the number of re-synchronizations) flag components
nearing the end of their lifespan.

—3.

Corrective Maintenance (S\text{CM}$) follows a stringent, four-step procedure designed to ensure
fault isolation, safe component replacement, and rapid service restoration.

i. Gathering Fault History

The diagnosis phase starts before the technician is dispatched, using historical data to narrow down
the possible causes.

2.5 Corrective Maintenance Procedures

Analyzing NOC Alarms: The Field Operations Coordinator reviews the current and active alarms
reported by the Network Operations Center (S\text{NOC}$S) to confirm the exact nature and
location of the fault (e.g., "High S\text{VSWR}S on Sector 2" or "BBU link down"). This immediately
identifies the primary affected system (S\text{RF}S or Baseband).

Reviewing Past Occurrences: Checking the site's S\text{OSS}S (Operations Support System)
database for past trouble tickets (S\text{TT}S) and maintenance logs. If the same fault (e.g.,
S\text{RRU}S power failure) occurred previously, it suggests a chronic issue or a specific failure
mode, guiding the technician's focus.

Studying Site-Specific Patterns: Analyzing any unique site characteristics, such as if the site runs on a
generator for a high percentage of the time (suggesting possible power quality issues) or if it's prone
to vandalism. This contextual information aids in planning.
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ii. Planning Corrective Actions
With a tentative diagnosis, the coordinator plans the logistics of the repair to ensure a single, efficient
site visit.

e |dentifying Affected Systems: Pinpointing all systems potentially impacted by the fault (e.g., a
S\text{PIU}$ failure affects the entire S\text{DC}$ plant and active equipment). This defines the
scope of the repair and subsequent testing.

e Determining Spare Parts and Tools Required: Based on the most likely root cause (e.g., if the
alarm is S\text{RRU}S Fault, a spare $\text{RRU}S module is required; if it's High S\text{VSWR]}S,
a new S\text{RF}S jumper cable is required). The correct diagnostic tools (S\text{OPM]}S,
S\text{E1}S$ tester, etc.) must be pre-checked and assembled.

e Coordinating with Field or Tower Teams: Scheduling specialized resources. For S\text{RF}$ cable
replacement or antenna work (e.g., S\text{VSWR]}S issues), a certified tower climbing crew must
be organized. For major power faults, a certified electrician/power specialist is needed.

iii. Component Replacement Procedures
Component replacement must follow strict safety and vendor-specific procedures to prevent further
damage.

e Safe Shutdown and Isolation: This is the most critical step. For any electrical work or component
replacement, the equipment must be safely de-energized and isolated using the Lockout/Tagout
(S\text{LOTO}S) protocol. This prevents accidental electrical shock and protects the component
from surge damage during handling.

e Replacing TRX Modules, RRUs, SFPs:

o S\text{TRX}/\text{RRUs}S: The faulty unit is safely disconnected (power, fiber, S\text{RF}S) and
unmounted. The replacement unit's serial number is recorded before installation.

o S\text{SFPs}$S (Small Form-factor Pluggable): These fiber transceivers are replaced by carefully
removing the fiber patch cord, releasing the S\text{SFP}S, inserting the new one, and
immediately cleaning and reconnecting the fiber cable.

e Replacing Feeder Cables, Jumpers, Connectors: Feeder and jumper replacement requires
mechanical precision. The new cables must be installed with proper bending radius, connectors
must be torqued to the manufacturer's specification, and all outdoor connections must be
weatherproofed (taped/sealed) immediately to prevent future moisture ingress.

e Replacing Fuses, Rectifiers, Batteries:

o Fuses: Only replace with a fuse of the exact same rating after investigating the cause of the blow.

o Rectifiers: Faulty modules in the S\text{SMPS}$ system are typically replaced one at a time while
the system is under load (hot-swappable), ensuring minimal disruption to S\text{DC}$ power.

o Batteries: Replacing individual bad cells or an entire bank requires LOTO on the $\text{DC}S bus
and specialized handling due to the weight and voltage of the batteries.

iv. Software Restoration Activities
When a fault is logical or software-related, specific restoration steps are taken.

e Applying Software Patches: If the fault is known to be caused by a software bug, the approved
patch is loaded onto the S\text{BBU}/\text{DU}S. The system is then commanded to reboot and
activate the new software version.

e Resetting or Reconfiguring Equipment: For configuration errors (e.g., an incorrect frequency set)
or minor software glitches, the technician may perform a soft reset of the affected module. They
then re-enter the correct configuration parameters based on the S\text{NOC}$S's golden
template.

e Restoring Default or Backed-up Configurations: If a configuration file becomes corrupted, the
technician must load the last verified backup configuration file onto the S\text{BBU}S to quickly
restore operational settings, followed by a reboot.

'
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—3.2.6 Escalation Procedures
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Escalation procedures are a vital component of Corrective Maintenance (S\text{CM}S), ensuring that
complex, critical, or time-consuming faults are rapidly moved from the initial field technician to higher
tiers of specialized expertise. This structured process prevents single faults from consuming excessive
resources or leading to prolonged outages.

i. When to Escalate

A fault must be escalated when the field technician or the Field Operations Coordinator determines the
issue cannot be resolved quickly or requires specialized resources not available on-site.

Complex Hardware or Software Faults:

Faults that require deep knowledge of the equipment's internal logic, firmware, or core network
protocols (e.g., a specific S\text{RRU}S power amplifier failure that needs vendor analysis, or an
unresolvable S\text{BBU}S clock synchronization error).

Faults that require specialized access or proprietary tools owned only by the Original Equipment
Manufacturer (S\text{OEM}S).

Repeated Recurring Alarms:

If the same alarm clears, then reappears shortly thereafter (e.g., an intermittent S\text{SFP}$S
failure or a power supply unit (S\text{PSU}$) that keeps failing self-test), indicating a deeply
rooted, non-obvious problem that requires S\text{Tier 2}$ or S\text{Tier 3}$ investigation.

Unresolved Power or Transmission Issues:

If a technician cannot restore the S\text{AC}S source, or if the S\text{BER}S (Bit Error Rate) on a
fiber/microwave link remains high after standard troubleshooting (cleaning connectors, checking
S\text{SFP}Ss). These issues often require centralized planning or vendor-specific diagnosis on
the transport equipment.

Exceeded MTTR Threshold:

If the fault is critical and the field technician exceeds the agreed-upon Mean Time To Repair
(S\text{MTTR}S) threshold (e.g., 2 hours for a critical site), the fault must be escalated to the
next level of engineering or management for resource allocation.

ii. Escalation Levels
Escalation typically follows a tiered system, moving from generalist field support to highly specialized
engineering expertise.

L1 Field Technician:

Role: The first responder, responsible for basic diagnostics, physical checks, simple component
replacement (e.g., fuses, S\text{SFPs}$), running pre-defined test scripts, and executing standard
S\text{CM}S procedures.

Escalates To: S\text{L2}S when the problem is complex or requires remote configuration/code
analysis.

L2 RAN/MW Engineer:

Role: Specialized domain expert (e.g., S\text{Radio Access Network (RAN)}S or
S\text{Microwave}$ transmission). They provide remote support to the S\text{L1}$ technician,
perform advanced log analysis, and conduct remote configuration changes or parameter tuning.
Escalates To: S\text{L3}$S when the fault involves an unknown software bug, hardware design flaw,
or requires vendor proprietary tools.

L3 OEM/Vendor Support:

Role: Highly specialized technical personnel provided by the equipment vendor (e.g., Ericsson,
Nokia). They have access to proprietary schematics, source code, and advanced diagnostic tools
that are not available internally.

Escalates To: Higher levels within the vendor's own R&D or engineering division if the issue is a
systemic product flaw.




Telecom Field Operations Coordinator

(0]

Corporate NOC or Engineering Team:
Role: Management and oversight. They are informed during major escalations to coordinate multi-
team efforts, approve emergency funding for spare parts, and manage external communications
(regulatory and customer reporting).

0

—3.2.7 Corrective Repair Activities

Corrective Repair Activities involve the specific, hands-on procedures executed by field technicians to
replace faulty physical components or apply necessary logical fixes to restore service following a
detected fault.

i. Hardware Replacement

Hardware replacement procedures must adhere to strict safety protocols, including Lockout/Tagout
(LOTO), especially when dealing with power or tower work.

TRX Module Removal and Installation:

Procedure: Used primarily in older Base Transceiver Stations (BTS). The technician identifies the
faulty Transceiver (S\text{TRX}S) module via the Local Maintenance Terminal (S\text{LMT}S).
Power is isolated, the faulty module is carefully unlatched and slid out, and the replacement
S\text{TRX}S (with the verified correct part number) is installed. The system is then powered up,
and the new module is configured and tested.

Criticality: Requires attention to the specific slot and port mapping to ensure the replacement is
correctly commissioned.

Feeder/Jumper Cable Replacement:

Procedure: Typically triggered by a sustained High S\text{VSWR}S alarm. The faulty cable
(S\text{feeder}$ or a shorter S\text{jumper}$) is disconnected from the Remote Radio Unit
(S\text{RRU}S) and the Antenna. If it's a feeder cable on the tower, a climbing crew is required.
The new cable must be run safely, its connectors must be torqued to the manufacturer's exact
specification, and the new connection must be immediately weatherproofed (using self-
amalgamating tape).

Testing: A VSWR test is mandatory post-installation to confirm the repair has cleared the reflection
issue.

RRU/Antenna Repair Procedures:

RRU Replacement: If the S\text{RRU}S is faulty (e.g., power supply unit failure), the technician (or
climbing crew) isolates S\text{DC}S power and fiber, removes the unit, and replaces it with a
working spare. S\text{RRUs}$S are often hot-swappable in terms of data, but power must be
isolated.

Antenna Repair: If the antenna itself is physically damaged or has shifted, a climbing crew must
replace the antenna or use a specialized Antenna Alignment Unit to re-adjust its Azimuth and Tilt
to match the original S\text{RF}S design plan.
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ii. Software Fixes

Software fixes address logical failures, configuration errors, and bugs without physically replacing
hardware.

o

Applying Firmware Patches:

Procedure: If a known bug is causing the fault (e.g., intermittent resets), the technician
downloads the approved firmware patch from the S\text{NOC}$ or S\text{L2}S support. They
use the S\text{LMT]}S to safely upload the patch to the Baseband Unit (S\text{BBU}S). The
system is then commanded to reboot and activate the new firmware version.

Safety: A backup of the current configuration is always taken before applying any new
firmware.

Reconfiguring Parameters:

Procedure: Used when a fault is caused by an incorrect configuration entry (e.g., an incorrect
Cell ID was manually entered, or a power limit was set too low). The technician accesses the
equipment via the S\text{CLI}S or S\text{GUI}S and modifies the specific parameter to the
correct value as dictated by the golden configuration template.

Examples: Adjusting S\text{EIRP}S (Effective Isotropically Radiated Power) limits, correcting
sector antenna mapping, or fixing S\text{IP}$ address assignments.

Restoring Backups:

Procedure: If the configuration file becomes corrupted or if a failed software upgrade causes
unpredictable behavior, the technician loads the last known good, backed-up configuration file
onto the S\text{BBU}S. This restores the site's operating parameters quickly and reliably to a
verified state, followed by a system reboot.
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A. Short Answer Questions:
1.

Explain the purpose of preventive maintenance and how it contributes to maximizing network
uptime at radio locations.

Describe the types of maintenance schedules (monthly, quarterly, annual) and how they differ
in activities and scope.

List the key equipment found at radio locations and explain their importance in overall network
functioning.

Describe the tools and testing equipment used during preventive maintenance and their
purpose in ensuring equipment health.

Explain why documentation of maintenance activities, site conditions, and test results is
essential for operational continuity.

B. Multiple Choice Questions:
1.

Preventive maintenance is performed primarily to:
a) Replace all existing equipment

b) Avoid unexpected service disruptions and maintain uptime
c) Install new BTS units

d) Remove network alarms permanently

A multimeter is used to check:

a) Antenna alighment

b) Electrical voltage and continuity

c) Fiber optical power loss

d) VSWR levels

Cleaning filters, fans, and vents helps prevent:

a) Software corruption

b) Overheating and equipment failure

c) Link frequency shifts

d) Excessive RF radiation

Corrective maintenance is required when:

a) There are no alarms on the site

b) The site needs routine cleaning

c) Faults, outages, or alarms occur

d) Documentation is incomplete

. A spectrum analyzer is typically used to diagnose:

a) Power backup failures

b) RF interference and frequency-related issues
c) Feeder cable insulation quality

d) Battery voltage levels

C. Fill in the Blanks:
1.

Monthly, quarterly, and annual checks are part of structured maintenance

schedules.

Tools such as screwdrivers, pliers, multimeters, and VSWR meters are essential for
maintenance activities.

After completing maintenance, the system must be tested to ensure that no are
triggered.

Fault history and performance data are reviewed during maintenance to plan
corrective actions.

All actions taken during fault resolution must be recorded in logs for future

reference.
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— Key Learning Outcomes ¢

By the end of this module, the participants will be able to:
1. Explain the process of assessing infrastructure upgrades and preparing for change management.

2. Demonstrate the arrangement of tools, spares, and resources for implementing changes at radio
locations.

3. Explain the process of executing infrastructure changes and monitoring post-change performance.

4. Demonstrate the documentation and reporting procedures after implementing changes at radio
locations.
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UNIT 4.1: Assess and Prepare for Change Management at
Radio Locations

— Unit Objectives | ©

By the end of this unit, the participants will be able to:

1. Explain the importance of change management in maintaining network performance and
minimizing disruptions.

2. lIdentify the different types of activities involved in infrastructure upgrades.

3. Describe the process of validating change requests and assessing their criticality, dependencies,
and impact on the network.

4. Explain the procedures for developing structured work plans, including pre-change checks and
resource requirements.

5. Define the protocols for obtaining necessary permits and authorizations before initiating
upgrades.

6. Listthe tools, login cables, and diagnostic equipment required for infrastructure upgrades.

7. Explain the procedures for managing spare parts, including handling, tracking, and returning
defective components.

8. Identify potential risks, vulnerabilities, and security concerns associated with implementing
system changes. Show how to validate change requests from relevant teams, such as
NOC, change management, and network planning.

9. Demonstrate the process of categorizing infrastructure upgrades based on activity type and
assessing their impact.

10. Show how to develop a structured work plan, considering criticality, dependencies, and resource
requirements.

11. Demonstrate the process of obtaining necessary permits and authorizations before executing
changes.

12. Show how to check the availability of login cables, diagnostic tools, and necessary spare hardware
like TRX cards.

13. Demonstrate the coordination process with the logistics team for the procurement, repair, and
return of faulty or obsolete equipment.

14. Show how to ensure compliance with organizational spare management and tracking procedures.

—4.1.1 Change Management and Infrastructure Upgrades ——

Effective Change Management is a core operational process in telecommunications, essential for
introducing modifications to the live network while maintaining stability and minimizing service
disruptions.

Importance of Change Management

Change management is a structured approach to transition individuals, teams, and organizations from

a current state to a desired future state. In a telecom network:

e Maintaining Network Performance and Minimizing Disruptions: All configuration changes, software
updates, or hardware swaps carry an inherent risk of introducing errors (bugs, integration issues).
Change Management ensures every action is vetted, tested, and scheduled to occur during low-
traffic windows, drastically reducing unplanned downtime.

e Preventing Uncontrolled Changes: Without a formal process, multiple teams might introduce
conflicting changes simultaneously, making troubleshooting impossible. Change management
ensures a single, documented change is applied at a time.

e Providing a Rollback Plan: Every approved change must have a Method of Procedure
(S\text{MOP}S) that includes a clear Backout Plan (rollback procedure) to quickly revert the
network to its previous stable state if the change fails.
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—4.1.2 Activities Involved in Infrastructure Upgrades

Infrastructure upgrades span a range of activities aimed at increasing capacity, improving efficiency, or

deploying new technology.

e Hardware Swaps/Expansion: Replacing old equipment with new technology (e.g., replacing
S\text{BTS}S with S\text{eNodeB}S) or adding capacity (e.g., installing a new S\text{RRU}S or
rectifier module).

e Software/Firmware Upgrades: Applying mandatory security patches or installing major software
releases to enable new features (e.g., migrating a S\text{Baseband Unit (BBU)}S software to support
5G functionality).

e Configuration Changes (Parameter Tuning): Adjusting network parameters like cell power,
S\text{Azimuth}S/S\text{Tilt}S settings, neighbor lists, or transport S\text{IP}S addresses to
optimize S\text{RF}S performance.

e Physical Infrastructure Overhauls: Upgrading power systems (S\text{DG}S, battery banks),
improving cooling (S\text{HVAC}S), or civil work on the tower structure.

—4.1.3 Validating Change Requests and Assessing Impact

The core of change management is the Change Advisory Board (S\text{CAB}S) process, where requests
are rigorously vetted.

e Validation: Validate change requests from relevant teams by confirming the request is necessary,
feasible, and sponsored by an authorized party (e.g., S\text{NOC}S for fault fix, Network Planning
for capacity).

o Criticality: Assessing the urgency (S\text{Emergency, High, Medium, Low}S). Emergency changes
(e.g., security vulnerability patch) bypass standard scheduling but require heightened scrutiny.

e Dependencies: Identifying all other components, sites, or systems that rely on the affected system.
A change to a central transmission hub has a high dependency impact and is treated with extreme
caution.

¢ Impact Assessment: Assessing the potential blast radius: Severity (how bad the failure would be)
and Probability (how likely the failure is). A configuration change on a single-sector $S\text{RRU}S
has a low impact; a core router software upgrade has a high impact.

—4.1.4 Developing Structured Work Plans

Work plans ensure the change is executed predictably and safely.
Procedures for Developing Structured Work Plans: Show how to develop a structured work plan,
considering criticality, dependencies, and resource requirements. The plan must detail every step
chronologically:
o Goal: What the change aims to achieve (e.g., Increase Sector 3 capacity by $20\%S).
o Step-by-Step Implementation: Exact commands, hardware handling steps, and verification points.
o Pre-Change Checks: Verifying baseline S\text{KPIs}$S (S\text{RSRP}S, throughput, S\text{VSWR}S),
ensuring battery backup is healthy, and confirming the ability to remotely access the site.
o Resource Requirements: Listing necessary personnel (field tech, tower climber, S\text{L2}$
engineer), required tools, and estimated time.

o Backout Plan: A clear procedure to unwind the change and return to the stable state.
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—4.1.5 Protocols for Obtaining Permits and Authorizations

Authorization ensures all legal and operational requirements are met before touching live

infrastructure.

e Defining Protocols for Obtaining Necessary Permits and Authorizations: Demonstrate the process of
obtaining necessary permits and authorizations before executing changes.

o Work Permit: Obtaining a formal Work Permit from the $\text{NOC}$S that grants permission to
work on a specific site/system during a defined time window. The permit confirms the S\text{NOC}$
has suppressed alarms and knows to expect temporary outages.

o Regulatory Permits: For S\text{RF}$ changes (e.g., power increase), authorization from the national
regulatory body must be obtained to ensure compliance with spectrum rules.

o Safety Authorization: For high-risk activities (e.g., climbing, high-voltage work), obtaining a signed
Safety Permit confirming all S\text{PPE}$ and safety checks (LOTO) have been verified.

—4.1.6 Tools, Login Cables, and Diagnostic Equipment

The right equipment ensures the technical task can be performed successfully.

¢ List the tools, login cables, and diagnostic equipment required:

o Login/Console Cables: S\text{RJ45}S Ethernet cables (for S\text{IP}$ access), S\text{RS232/USB-to-
Serial}$ cables (for console access).

o Diagnostic Equipment: S\text{Multimeter}s, S\text{Clamp Meter}S (for power checks), S\text{VSWR
Meter/Site Master}$S (for S\text{RF}S checks), and Optical Power Meter (S\text{OPM}S) (for fiber
checks).

o Specialized Tools: S\text{Torque Wrench}S (for S\text{RF}S connectors), laptop with vendor
S\text{LMT}S software.

—4.1.7 Procedures for Managing Spare Parts

Effective spare management prevents delays in restoring service and minimizes inventory costs.

e Explain the procedures for managing spare parts:

o Handling: Spares must be transported in anti-static bags and handled carefully to prevent damage.

o Tracking: Every spare part, including the one removed, must be tracked by serial number and
location in the S\text{OSS}$ (Operations Support System) inventory system. Show how to ensure
compliance with organizational spare management and tracking procedures. This often involves
scanning barcodes upon issue and receipt.

o Returning Defective Components: The faulty part is tagged with a failure report, packaged
securely, and entered into the S\text{RMA}S (Return Merchandise Authorization) process for
repair or replacement. Demonstrate the coordination process with the logistics team for the
procurement, repair, and return of faulty or obsolete equipment. This ensures the faulty
S\text{RRU}S is sent back to the repair center and the spare stock is replenished.
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—4.1.8 Potential Risks, Vulnerabilities, and Security Concerns ——

Implementing system changes introduces vulnerabilities that must be actively mitigated.

e Potential Risks, Vulnerabilities, and Security Concerns:

o Risk: Introducing a software bug that crashes the S\text{BBU}S or causes neighboring cell
interference. Mitigation: Thorough testing in a lab environment and performing the change during a
low-traffic window.

o Vulnerability (Physical): Unauthorized access to the site during the upgrade window. Mitigation:
Technician maintains line-of-sight on equipment and ensures site security is restored immediately
upon completion.

o Vulnerability (Logical): Leaving a back-door or default password active post-change. Mitigation:
Configuration audit to ensure all administrative credentials and security settings are reset and
hardened after the change.

o Incompatibility: New hardware/software fails to integrate with existing legacy components.
Mitigation: Detailed dependency assessment during the validation phase.
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— Notes
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UNIT 4.2: Execute and Document Change Management at
Radio Locations

_ Unit Objectives | ©

By the end of this unit, the participants will be able to:

1. Explain the importance of following approved work plans and industry best practices while
executing change management activities.

2. Describe the process of real-time monitoring of key performance indicators (KPIs) during and after
infrastructure changes.

3. lIdentify the steps for escalating anomalies or unexpected network behaviors during post-change
monitoring.

4. Explain rollback procedures for reversing changes if service degradation crosses acceptable
thresholds.

5. Define the importance of adhering to Service Level Agreements (SLAs) for completing changes and
validating performance.

6. List the essential administrative tasks to be completed after implementing changes, such as site
clearance and returning testing tools.

7. Explain the procedures for verifying post-change effectiveness by monitoring alarm status and
coordinating with the NOC team.

8. Describe the process of documenting all activities, including performance snapshots,
troubleshooting logs, and resolution timelines.

9. Identify communication protocols for notifying stakeholders about change status and obtaining
necessary sign-offs.

10. Explain the requirements for updating network documentation, maintenance logs, and spare
inventory records as per regulatory standards.

11. Demonstrate the execution of change management activities according to approved work plans
and best practices.

12. Show how to conduct real-time monitoring of KPIs during and after changes to assess network
performance.

13. Demonstrate the process of identifying and escalating anomalies or unexpected network
behaviors.

14. Show how to apply rollback procedures if changes cause unacceptable service degradation.

15. Demonstrate adherence to SLAs by ensuring timely completion of changes and performance
validation.

16. Show the completion of administrative tasks post-change, including clearing the site and returning
testing tools.

17. Demonstrate the verification of post-change effectiveness by monitoring alarms and coordinating
with the NOC team.

18. Show how to document all activities, including performance comparisons, troubleshooting steps,
and resolution timelines.

19. Demonstrate the proper communication of change status to stakeholders and obtaining necessary
approvals or sign-offs.

20. Show how to update network documentation, maintenance logs, and spare inventory records
following regulatory and organizational standards.
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—4.2.1 Introduction to Telecom Change Management

Change Management in telecommunications is the disciplined process of controlling all modifications
made to the live network infrastructure, services, or documentation. It ensures that changes are
introduced efficiently, safely, and with minimal adverse impact on customers.

i. Definition and Importance of Change Management

Definition: Change Management is the set of formal procedures, tools, and processes used to
track, approve, test, implement, and document any modification to the operational
environment.

Ensuring Controlled Modification of Network Elements: The process provides a single, controlled
gateway for all modifications—whether it's adding a new Baseband Unit (S\text{BBU}S),
upgrading firmware on a Remote Radio Unit (S\text{RRU}S), or changing an S\text{IP}$ address
on a router. This control prevents multiple, conflicting changes from occurring simultaneously.
Preventing Unplanned Outages or Degradation: The rigorous validation process (vetting by the
Change Advisory Board (S\text{CAB}S)) assesses the risk of every change. By scheduling changes
during low-traffic maintenance windows and requiring a verified Backout Plan (rollback
procedure), the likelihood and duration of unexpected service interruptions are minimized.
Improving Network Resilience and Performance: Change Management ensures that all
modifications are aligned with strategic goals (e.g., increasing capacity or fixing a known security
vulnerability). By documenting successful changes and ensuring their stability, the overall
resilience and performance of the network are systematically improved.

ii. Importance of Approved Work Plans & Industry Best Practices
The work plan and best practices are the blueprints and rules for safe execution.

Compliance with Organizational Standards:

Approved work plans (Method of Procedure, or S\text{MOP}S) confirm that the execution steps
adhere to internal engineering, safety, and operational standards. This is crucial for audit trails
and accountability.

Maintaining Service Quality During Changes:

The S\text{MOP}$ dictates procedures like traffic load shedding or traffic routing to redundant
paths before an upgrade begins. This ensures that essential services are maintained or that the
customer impact is contained to a small, planned window.

Managing Risks and Ensuring Safe Execution:

Industry best practices, such as the use of Lockout/Tagout (1S\text{LOTO}S) for electrical work,
torquing 2S\text{RF}$S connectors to spec, and using anti-static procedures for electronics, are
integrated into the 3S\text{MOP}$.4 Adherence to these practices ensures the safety of
personnel and prevents damage to sensitive equipment.

4.2.2 Pre-Change Planning and Preparation

Effective Change Management relies on meticulous preparation before any modification is introduced
to the live network. This phase ensures the change is fully understood, all risks are mitigated, and
necessary resources are secured.
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i. Reviewing Approved Work Plans
The work plan, or Method of Procedure (S\text{MOP}S), is the official blueprint for the change,
mandatory for execution.

e Scope of Work (SOW): The field team must confirm they understand the exact goal (e.g., replacing
S\text{RRU}S on Sector 2) and the extent of the change. This prevents unauthorized or
unnecessary work.

e Pre-Checklists and Feasibility Analysis: A checklist is used to verify all prerequisite conditions are
met before the change begins.

o Example: Checking that the site has stable S\text{AC}S power and that the battery backup is fully
charged.

o Feasibility means verifying that the change can be completed within the allocated maintenance
window and that the necessary prerequisites (like fiber connectivity) are already in place.

e Risk Assessment and Mitigation Planning: Reviewing the risks identified during the $\text{CAB}S
(Change Advisory Board) process.

o Risk: A failed software update could brick the S$\text{Baseband Unit (S\text{BBU}S)}S.

o Mitigation: Ensuring the Rollback Plan is clearly defined and that a spare S\text{BBU}S is available
if a physical swap is required.

ii. Communication Before Change Implementation
Clear and timely communication ensures all internal and external parties are aware of the impending
network modification.

¢ Notifying NOC and Stakeholders: The Network Operations Center ($\text{NOC}$S) must be formally
notified of the impending work. The S\text{NOC}$ coordinates by suppressing alarms that the
change will intentionally trigger (e.g., a "Link Down" alarm when a fiber is disconnected) and
informs management and affected large customers.

e Scheduling Change Windows: The work must be scheduled during the approved maintenance
window (typically low-traffic hours, like midnight to 5:00 S\text{AM}S) to minimize customer
impact. The field team confirms they have the necessary Work Permit for that time slot.

e Obtaining Authorization and Approvals: The technician confirms that the final sign-off has been
granted by the S\text{CAB}S and the necessary S\text{L2}$ (Tier 2) or S\text{L3}$S (Tier 3)
engineering teams, confirming full authority to proceed.

iii. Preparing Tools, Spares, and Documentation
Physical and digital readiness is essential for an efficient, single-trip change execution.

e Ensuring Availability of Required Tools: The technician confirms all tools (e.g., torque wrench,
S\text{OPM]}S, S\text{VSWR}S meter) are physically present and that test equipment is within its
current calibration date.

e Updating Backup Configurations: The most current, stable version of the site's configuration file is
downloaded from the live equipment and saved. This baseline configuration is critical for the
rollback plan, ensuring the technician can quickly restore settings if the new change fails.

e Reviewing Rollback & Contingency Plans: The technician must be intimately familiar with the
Backout Plan—the step-by-step procedure to reverse the change. They also review contingency
plans for unexpected events (e.g., "What if the S\text{DG}S fails during the power down?").
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—4.2.3 Real-Time Monitoring of KPIs During Changes

Real-Time Monitoring of Key Performance Indicators (S\text{KPIs}S) during and immediately after a
change management activity is essential to validate that the change was implemented correctly and
safely, without introducing unintended service degradation.

i. Critical KPIs for Change Management

These S\text{KPIs}$ provide immediate feedback on the health of the radio access and transport
network, allowing quick assessment of the change's impact.

Signal Quality (S\text{RSRP}, \text{SINR}S):

S\text{RSRP}S (Reference Signal Received Power) and 1S\text{SINR}S (Signhal-to-Interference-plus-
Noise Ratio) directly reflect the quality of the radio link.2

Impact Check: Any unexpected drop in S\text{SINR}S after an antenna or S\text{RRU}S swap, or an
increase in S\text{RSRP}S in an adjacent cell, indicates a potential issue with antenna alignment or
power configuration.

Traffic Throughput:

Measures the actual data rate (e.g., 3S\text{Mbps}S) being passed through the cell.4

Impact Check: A significant, sustained drop in S\text{Throughput}$ post-change, despite normal
traffic load, suggests a bottleneck introduced by the new configuration or hardware (e.g., faulty
backhaul settings).

Latency, Jitter, and Packet Loss:

Latency: The delay for data travel (critical for voice and real-time apps).5

Jitter: The variation in packet delay.6

Impact Check: An increase in these metrics usually points to a fault in the transport/backhaul
network (e.g., an error in the new router configuration or faulty S\text{SFP}S module).

Call Drop and Handover Success Rate (S\text{CDR}, \text{HOSR}S):

S\text{CDR}S: Percentage of calls dropped after being successfully connected.7

S\text{HOSR}S: Success rate when users move from the coverage of the changed site to a
neighboring site.

Impact Check: An increase in S\text{CDR}S or a drop in S\text{HOSR}S is the ultimate indicator of a
poor-performing cell, often caused by incorrect neighbor list configurations or faulty S\text{RF}$
parameter settings.

ii. Real-Time Monitoring Procedures
Structured monitoring ensures that data is collected and analyzed quickly enough to enable immediate
intervention.

Using OSS/NMS Dashboards:

The primary method involves using the centralized Operations Support System (S\text{OSS}S) or
Network Management System (S\text{NMS}$) dashboards.

These systems aggregate data from the entire network, providing real-time graphical views of the
critical 8S\text{KPIs}S for the affected site and its neighbors.9

Recording Baseline vs. Active S\text{KPIs}S:

Before the change, a baseline snapshot of all critical 105\text{KPIs}$ is recorded (e.g., the average
115\text{CDR}S over the last 24 hours).12

During the change and the post-change monitoring window, the active 13S\text{KPIs}S are
compared against this baseline.14 Any deviation exceeding a pre-defined rollback threshold
triggers an alert.

Identifying Immediate Degradation:

The 155\text{NOC}S or 16S\text{L2}$S engineer actively monitors for immediate anomalies like
persistent alarms, sudden loss of 17S\text{Traffic Volume}$, or a sharp drop in 18S\text{SINR}S.19
If degradation occurs, the technician is immediately alerted to begin the rollback procedure
defined in the $\text{MOP}S.
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—4.2.4 ldentifying & Escalating Anomalies During Changes

Identifying anomalies immediately is crucial during the post-change monitoring phase of Change
Management. Swift action prevents a minor issue from escalating into a major network outage.

i. Recognizing Unexpected Network Behavior

Technicians must actively monitor the network for deviations from the established pre-change
baseline, as these indicate a problem introduced by the modification.

e KPI Drops: Any sudden and sustained drop in critical performance indicators is a red flag.
Examples include a significant reduction in Throughput (data speed), a drop in Call Setup Success
Rate (S\text{CSSR}S), or a spike in Call Drop Rate (S\text{CDR}S) beyond the pre-defined
tolerance threshold.

¢ New/Recurring Alarms: The appearance of new alarms that were not present before the change
is a definitive indicator of an issue. Even more critical is the recurrence of alarms that the change
was supposed to fix (e.g., if a high S\text{VSWR}S alarm reappears after a jumper cable
replacement).

e Link Instability: Intermittent failures or high error rates on transport links (fiber or microwave)
that were stable before the change. This is often recognized by frequent fluctuations in
S\text{Latency}$, high S\text{litter}$, or repeated Loss of Signal ($\text{LOS}S) warnings.

e Hardware Temperature Rise: An unexpected increase in the operating temperature of a
S\text{Remote Radio Unit (S\text{RRU}S)}S or S\text{Baseband Unit (S\text{BBU}S)}S is a critical
anomaly. This often suggests a fault in the new configuration causing excessive power draw or a
failure in the cooling/ventilation system post-installation.

ii. Escalation Procedures
Once an anomaly is verified, a clear, pre-defined process must be followed to involve the appropriate
specialized teams.

e When to Escalate to NOC:

o The NOC (Network Operations Center) is the first point of escalation for alarming or S\text{KPI}$
deviation. The field technician immediately informs the S\text{NOC}S operator when the
anomaly is detected and provides the initial performance snapshot. The S\text{NOC}$ operator
logs the event and begins centralized monitoring.

o Escalation is mandatory when the performance crosses the pre-defined rollback threshold.

¢ Informing Supervisors and L2/L3 Engineers:

o The Field Operations Supervisor and the respective S\text{L2}S (Tier 2) or S\text{L3}$ (Tier 3)
support engineer (e.g., S\text{RAN}S or Transmission) are notified simultaneously.

o S\text{L2}$S engineers, with their specialized domain knowledge, will immediately start remote
diagnosis (log analysis, configuration checks) to guide the field technician toward a fix or the
formal rollback.

e Logging Anomalies in Change Records:

o Every anomaly, even if resolved quickly, must be meticulously logged in the Change Request (CR)
ticket. This includes the time, the nature of the anomaly, the troubleshooting steps taken, and
the resolution timeline.

o This documentation is vital for the Change Advisory Board (S\text{CAB}S) review, helping to
prevent the same error in future changes.
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—4.2.5 Documentation of Change Activities

Meticulous documentation is the final and most critical step in the Change Management process. It
provides the official record of the modification, its impact, and its resolution, ensuring accountability
and supporting future operations.

i. Required Documentation

This set of records is mandatory for the formal closure of any change request and is audited for
compliance.

Pre- and Post-Performance Snapshots:

Pre-Change Baseline: A snapshot of critical KPIs (e.g., S\text{CSSR}S, S\text{Throughput}s,
S\text{Latency}S) taken immediately before the change.

Post-Change Verification: A final snapshot taken after the successful implementation and
monitoring window. This documentation provides the proof of successful execution and validates
that the service either returned to or exceeded the baseline performance.

Troubleshooting Logs:

A chronological record of any errors encountered during the implementation or post-change
monitoring, detailing the anomalies detected and the steps taken to diagnose and resolve them.
This log is crucial for the Root Cause Analysis (S\text{RCA}S) if the change fails.

Configuration Changes and Timestamps:

A copy of the new configuration file or the exact commands executed on the S\text{CLI}S
(Command Line Interface).

This documentation must include the precise timestamp when the configuration was applied and
when the equipment rebooted.

Rollback Attempts or Successful Changes:

A clear record detailing whether the change was successfully completed or if a rollback was
initiated. If a rollback occurred, the documentation must explicitly state the reasons and confirm
that the previous stable configuration was restored.

ii. Maintaining Resolution Timelines
Recording the duration of the activity and any delays is crucial for analyzing operational efficiency and
controlling costs.

Documenting Delays and Reasons: All delays must be recorded in the change log with specific
reasons.

Example: "Delayed start by $30 \text{ minutes}$ due to S\text{NOC}S failing to provide the permit
on time." or "Implementation delayed by $45 \text{ minutes}$ due to component incompatibility."
This data is used by the Change Advisory Board (S\text{CAB}S) to improve scheduling and
validation processes.

Recording Corrective Actions Taken: Every troubleshooting step, from replacing a faulty
S\text{SFP}S module to re-torquing an S\text{RF}S connector, must be recorded alongside the
time taken. This provides the accurate resolution timeline and contributes to the calculation of the
Mean Time To Repair (S\text{MTTR}S) if the change was intended to fix a recurring fault.
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_ Exercise

A. Short Answer Questions:

1. Explain why change management is essential for maintaining network performance and
minimizing service disruptions during infrastructure upgrades.

2. Describe the key steps involved in validating a change request, including assessing
dependencies, criticality, and potential impact.

3. Explain the purpose of structured work plans in upgrade activities and list the components
typically included in such plans.

4. Describe the importance of real-time KPI monitoring during and after change implementation.

5. Explain the role of documentation, including performance snapshots, logs, and sign-offs, in
completing change management activities.

B. Multiple Choice Questions:

1. Infrastructure upgrade activities must follow approved change management procedures to:
a) Allow improvisation during upgrades
b) Reduce network disruption and ensure controlled execution
¢) Increase the number of unplanned outages
d) Skip validation of change requests

2. Criticality and dependency checks are conducted during:
a) Spare part return
b) Change request validation
c) Alarm clearance
d) KPI reporting

3. Rollback procedures are used when:
a) All KPIs are performing normally
b) Service degradation exceeds acceptable thresholds
¢) Documentation is completed early
d) No monitoring is required

4. TRX cards and diagnostic cables are categorized as:
a) Site decoration items
b) Spare parts and testing essentials
c) Office accessories
d) Weatherproofing materials

5. After completing a change, communication with stakeholders is required to:
a) Increase the number of future changes
b) Notify status, obtain sign-offs, and close the activity
c) Delay documentation
d) Avoid updating inventory records

C. Fill in the Blanks:

1. Validating change requests helps assess their impact, dependencies, and overall on
the network.

2. A structured plan includes pre-change checks, required resources, activities, and
rollback steps.

3. Real-time monitoring of KPIs ensures early identification of or unexpected network
behavior.

4. Rollback procedures must be initiated if service quality falls below acceptable .
5. Updating documentation, maintenance logs, and spare inventory records is required to meet
and organizational standards.
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5. Undertake Fault
Rectification

Unit 5.1 — Fault Identification and Rectification in BSS
Networks
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_ Key Learning Outcomes | ¢

By the end of this module, the participants will be able to:

1. Explain the process of monitoring network alarms and identifying faults in the Base Station Sub-
system (BSS) network.

2. Demonstrate fault diagnosis, rectification techniques, and post-rectification activities.
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UNIT 5.1: Fault Identification and Rectification in BSS Networks

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Explain the functions and capabilities of Network Monitoring Systems (NMS) and related tools.

2. Describe the end-to-end ticketing process, including lifecycle tracking and resolution workflows.

3. Identify various types of alarms, their impact on network performance, and corresponding
troubleshooting methodologies.

4. Explain advanced fault diagnosis techniques such as data analysis and predictive maintenance.

5. Describe the functionalities of passive infrastructure elements like DG sets, PIU panels,
transformers, SMPS, air conditioners, and battery banks.

6. Define different network topology structures (e.g., ring, daisy chain) and their impact on fault
localization and rectification.

7. Explain the importance of Maintenance Operation Protocols (MOPs) for reducing repeat faults.

8. Identify key characteristics and performance parameters of service networks such as GSM, WCDMA,
and LTE.

9. Explain the interpretation and application of VSWR and E1 test results for fault localization.

10. Describe industry best practices for documentation, regulatory compliance, and data security.

11. List record-keeping standards and the consequences of poor documentation management.
Demonstrate logging into the alarm management system using secure credentials.

12. Show how to monitor network alarms on the NMS and assess threshold levels.

13. Demonstrate generating service requests/tickets as per the priority matrix and escalating
unresolved critical alarms.

14. Show how to verify fault resolutions by comparing current configurations against previous backup
records and alarm logs.

15. Demonstrate coordination with the infrastructure NOC to identify passive infrastructure faults.

16. Show how to categorize alarms based on service impact analysis and take appropriate actions.

17. Demonstrate identifying root causes of alarms by following standardized troubleshooting protocols.

18. Show how to conduct advanced diagnostic tests, including remote analysis of active equipment.

19. Demonstrate evaluating fault rectification options and confirming the selected solution with
supervisors if needed.

20. Show how to apply corrective measures like system resets based on fault severity.

21. Demonstrate dispatching field engineers and providing fault rectification instructions.

22. Show how to monitor and verify the fault resolution process executed by field engineers and
technicians.

23. Demonstrate coordinating with the NOC team to confirm post-rectification alarm status.

24. Show the completion of post-maintenance activities, such as equipment return and site clearance.

25. Demonstrate notifying relevant stakeholders about test results and obtaining sign-offs.

26. Show how to maintain detailed logs, including fault rectification reports, maintenance records, and
spare parts usage.

27. Demonstrate updating documentation according to organizational standards and providing
necessary documents for audits and regulatory inspections.
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Network Monitoring Systems (NMS) are essential tools used in telecom and IT networks to ensure that
all interconnected devices, services, and applications function efficiently. As networks continue to
expand—supporting millions of users, loT devices, 5G infrastructure, and cloud-based services—
continuous monitoring becomes critical for maintaining uptime, service quality, and security.
NMS platforms help operators detect issues early, analyze network performance, identify trends, and
take preventive or corrective actions before end-users are affected. They integrate with the broader
Operations Support Systems (OSS) environment, ensuring seamless management of network
operations.
i. Overview of NMS and OSS Tools
NMS and OSS tools form the backbone of network operations. While NMS focuses on monitoring and
managing health, alarms, and performance, OSS includes larger operational functions like provisioning,
service activation, fault management, and reporting. Together, they provide end-to-end visibility and
control over telecom networks.
Purpose of Network Monitoring

e Ensures uninterrupted service delivery and network availability.

¢ Helps identify faults, degradation, and abnormalities at early stages.

e Optimizes network resources and supports capacity planning.

e Enhances customer experience by reducing downtime.

Centralized Visibility of Network Health

NMS provides a unified dashboard where operators can view:
e Device status (up/down)
e Link utilization
e Environmental conditions (temperature, power, battery)
e Service-level indicators

This centralized approach removes the need to manually check each site, saving time and enabling
faster response.
Real-time Alarm Monitoring
e NMS continuously monitors network elements such as routers, switches, BTS, NodeB, eNodeB,
gNodeB, servers, and power systems.
e When a fault occurs (e.g., link down, high latency, power failure), instant alarms are generated.
e Operators receive alerts through multiple channels such as SMS, email, or notification panels.
Real-time monitoring is crucial for preventing large-scale outages.

Performance Dashboards and KPls
NMS tools display:
e Throughput
e latency
e Jitter
e Signal levels (for RF systems)
e CPU/memory utilization
e Interface errors and packet drops
Key Performance Indicators (KPIs) help in evaluating service quality and identifying performance
bottlenecks.

—5.1.1 Introduction to Network Monitoring Systems (NMS) ——
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ii. Key Functions and Capabilities of NMS
Modern NMS platforms perform more than simple monitoring; they support intelligent analysis,
automation, asset management, and predictive fault detection. These capabilities enhance
operational efficiency and help operators maintain high network performance.
Fault Detection and Alarm Correlation
e Detects faults instantly across various network layers (L1, L2, L3).
e Alarm correlation groups related alarms to identify the root cause.
Example: If a fiber cut occurs, multiple downstream sites may show “link down,” but NMS correlates
them to highlight one root fault.
¢ Helps reduce alarm flooding and speeds up troubleshooting.
Configuration and Performance Management
e Enables remote configuration of devices such as routers, switches, and base stations.
e Tracks configuration changes and maintains version history.
e Monitors long-term performance trends for better capacity planning.
e Supports automated backups and rollback of device configurations.
Inventory Management
¢ Maintains details of all network assets:
Hardware (BTS, radios, switches)
Software versions
IP addresses

Serial numbers

O O O O O

Rack positions

e Ensures updated asset tracking for audits and maintenance planning.
Remote Diagnostics

e Allows operators to perform troubleshooting without visiting the site.
Examples:

o Ping/trace route tests

o Logretrieval

o Resetting network interfaces

o Checking power and environmental parameters

e Saves time and reduces operational cost by minimizing field visits.
Automated Alerts and Threshold Monitoring

¢ NMS allows setting thresholds for parameters like bandwidth, temperature, and signal strength.

¢ When thresholds are crossed, automated alerts are triggered.
Example: Temperature > 40°C, CPU > 80%, link utilization > 90%.

e Supports proactive maintenance and helps prevent service degradation.
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—5.1.2 Ticketing Systems and Fault Lifecycle Management

Ticketing systems (also known as trouble ticketing systems or incident management systems) are
essential components of an NMS and OSS environment. They manage the entire lifecycle of a network
fault, from its initial detection to its final resolution and documentation, ensuring accountability and
adherence to service agreements.

i. End-to-End Ticketing Process

The process of managing a fault using a ticketing system follows a standardized flow:

Alarm generation: The NMS detects a fault (e.g., high latency, device down) and generates an
alarm. This is the trigger for the process.

Ticket creation: The alarm is automatically or manually converted into a trouble ticket within the
ticketing system. This ticket acts as the formal record of the incident.

Assignment: The ticket is routed to the appropriate technician, team, or support tier (Level 1, Level
2, etc.) based on the fault type, device location, or service affected.

Resolution: The assigned technician investigates, diagnoses, and fixes the root cause of the fault.
Closure: Once the service is verified as restored and stable, the ticket is documented with
resolution details and closed.

ii. Ticket Lifecycle Tracking
Effective management requires rigorous tracking throughout the life of the ticket:

Priority assignment (critical, major, minor): Based on the impact and urgency of the fault, a priority
level is assigned.

Critical: Service down or severe business impact. Requires immediate action (e.g., SLA: 15-minute
response).

Major: Significant degradation or multiple user impact. (e.g., SLA: 1-hour response).

Minor: Single-user or non-critical issue. (e.g., SLA: Next business day response).

SLA timelines: Service Level Agreements (SLAs) define the contractual targets for response time
and resolution time. The ticketing system tracks the ticket against these deadlines, generating
warnings if they are approached or breached.

Escalation procedures: If a ticket is not responded to or resolved within the agreed-upon internal
or external SLA timeframes, the system automatically escalates the issue to the next level of
management or a specialized team.

iii. Workflow Automation
Automation significantly improves the efficiency and speed of fault management:

Auto-ticket creation: Direct integration between the NMS and the ticketing system allows alarms
to automatically trigger the creation of a new ticket, eliminating manual steps and accelerating
response time.

Integrated fault correlation: The system uses logic to analyze multiple incoming alarms. If 20
alarms relate to the same single fiber cut, the system may correlate them and open only one
master ticket, preventing duplicated effort and reducing alert fatigue (noise reduction).
Notification triggers: The system automatically notifies relevant parties (technicians, management,
affected customers) about status changes (creation, assignment, resolution) via email, SMS, or
internal messaging.

100
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—5.1.3 Alarm Types and Troubleshooting Methodologies

The effectiveness of an NMS and its associated ticketing system relies on the accurate categorization of
alarms and the execution of standardized troubleshooting procedures to minimize network downtime.
i. Alarm Categories

Alarms are typically categorized based on the functional domain of the network component that
generated the alert:

e Power alarms: Indicate issues with the electrical supply or backup systems. Examples include
commercial power failure, low battery voltage, or rectifier malfunction. These often signal an
imminent site outage risk.

e Transmission alarms: Relate to the physical or logical links connecting devices. Examples include
fiber cuts, high bit error rates (BER), loss of signal (LOS), or path failure in microwave or optical
systems.

e RF alarms (Radio Frequency): Specific to wireless networks (like cellular or Wi-Fi). Examples
include high standing wave ratio (VSWR) indicating antenna problems, low signal-to-noise ratio
(SNR), or transceiver failures.

e Environmental alarms: Indicate conditions that could damage equipment. Examples include high
temperature in an equipment cabinet, cooling system failure, smoke detection, or unauthorized
door access.

e Security alarms: Alert to potential breaches or unauthorized activity. Examples include multiple
failed login attempts, denial-of-service (DoS) attack signatures, or configuration changes by
unauthorized users.

ii. Impact on Network Performance
Each alarm category can lead to various negative impacts on the network:

e Service degradation: A reduction in the quality of service (QoS) without a complete failure. For
example, a transmission alarm indicating high BER may lead to poor voice quality or slow data
speeds.

e Site outage risk: Issues like power alarms or critical environmental alarms (e.g., overheating) can
lead directly to the total shutdown of a network site if not addressed immediately.

e KPI deterioration: The underlying problem affects key performance indicators (KPIs). For instance,
an RF alarm related to poor coverage could cause the Drop Call Rate (DCR) or Call Setup Success
Rate (CSSR) KPIs to fall below acceptable thresholds.

iii. Troubleshooting Approaches
Once an alarm is detected and a ticket is created, technicians follow a systematic approach to resolve
the issue:

e Remote diagnosis: The first and fastest step. Technicians use the NMS and remote access tools
(SSH, Web GUI) to check device status, configuration, interface statistics, and run diagnostic
commands from the central office. This determines if a physical intervention is necessary.

e Physical site inspection: If remote diagnosis fails to identify the issue or if the alarm is confirmed to
be physical (e.g., Power alarm, Environmental alarm), a technician is dispatched to the site to
physically check the equipment, cables, power supply, and environment.

e Log analysis: For complex or intermittent issues, technicians review the historical system logs and
event logs collected by log analytics tools. This helps pinpoint the exact time and sequence of
events that led to the fault.

101
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e Cross-verification using performance counters: The troubleshooting process should validate
findings against the performance data collected by the NMS. For example, if a "link down" alarm
is cleared, the technician should verify using throughput counters and availability KPIs that the
link is not only up but also carrying normal traffic.

— 5.1.4 Advanced Fault Diagnosis Techniques

Modern Network Monitoring Systems (NMS) leverage advanced techniques that go beyond simple
threshold alerting to analyze complex data patterns, predict failures, and accurately pinpoint the true
root cause of problems.

i. Data-Driven Fault Analysis

This approach involves analyzing large volumes of operational data to find subtle issues and anticipate
problems:

e Trend monitoring: Analyzing performance metrics (latency, error rates, resource utilization) over
weeks or months to identify gradual degradation that may not trigger an immediate alarm but
indicates an underlying fault. For example, a slow, steady increase in CPU utilization on a router.

e Traffic pattern analysis: Studying normal vs. abnormal network traffic volumes and flow.
Deviations from established patterns can signal a fault, a security breach, or a misconfiguration. A
sudden, massive traffic spike might indicate a Denial-of-Service (DoS) attack, while a sudden drop
might signal an undetected link failure.

e Backhaul capacity trends: Continuously tracking the usage of backhaul links (the connections
between core and access networks). Consistent capacity utilization nearing the limit signals a
need for an upgrade to prevent future congestion-related failures.

ii. Predictive Maintenance
The goal of predictive maintenance is to forecast when equipment is likely to fail, allowing for pre-
emptive intervention rather than reactive repair:

e Failure prediction using historical data: Analyzing the history of similar equipment failures and
the associated warning metrics (e.g., temperature spikes, increasing power draw) to build a
statistical model that predicts the Time To Failure (TTF) for active components.

e Battery aging models: Using charge/discharge cycle data and voltage profiles to accurately model
the remaining lifespan of site batteries. This allows technicians to replace batteries just before
they lose critical capacity, minimizing the risk of power-related outages.

e DG or SMPS failure indicators: Monitoring specific key indicators for site power equipment:

o Diesel Generator (DG): Analyzing fuel consumption rate, run-time data, and engine
temperature/vibration logs.

o Switched-Mode Power Supply (SMPS): Monitoring output ripple voltage or internal temperature,
which typically increase as the unit nears failure.

e Al/ML-based fault forecasting: Employing Artificial Intelligence (Al) and Machine Learning (ML)
algorithms to process massive datasets. These models can identify complex, non-linear
relationships between metrics that precede a failure, providing a more accurate and earlier
warning than traditional threshold-based alarms.
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—5.1.5 Passive Infrastructure Systems and their Functions

Passive infrastructure refers to the non-electronic, non-active components of a network site—such as
the power systems, cooling, and physical structures—that are essential for housing and powering the
active network equipment (like radios, switches, and routers). Monitoring these passive elements is a
critical function of the NMS, as their failure directly causes network outages.
i. DG Sets (Diesel Generator Sets)
DG Sets provide emergency power when the primary AC (Alternating Current) utility power fails.
e Backup power generation: The primary function is to serve as the long-term, high-capacity backup
power source for the entire site load.
e Auto-start sequence: Integrated control panels automatically start the DG when the incoming
utility voltage drops below a specified threshold or fails completely. The generator runs until utility
power is restored and stabilized.

ii. PIU Panels & SMPS
The PIU (Power Interface Unit) Panel and SMPS (Switched-Mode Power Supply) manage the site's
power flow, conditioning it for use by active equipment and batteries.

e AC-to-DC conversion: The SMPS takes the site's high-voltage AC power (from the utility or DG) and
converts it into stable low-voltage DC power (typically $-48\text{V}$), which is the standard
operating voltage for most telecom equipment.

e Load sharing: In systems with multiple SMPS modules, the PIU/controller ensures that all active
modules share the DC load current equally, maximizing efficiency and lifespan.

e Battery charging: The SMPS provides the controlled DC current required to recharge and maintain
the site's battery bank.

iii. Transformers
Transformers are used for voltage level adjustments and electrical isolation.

e Voltage regulation: Transformers step down (or up) the utility voltage to the level required by the
site's equipment (e.g., conditioning the high input voltage to a stable $230\text{V}S or
S400\text{V}S AC output before it reaches the PIU/SMPS). They help maintain a stable power
input despite utility fluctuations.

iv. Air Conditioners (ACs)
AC systems manage the temperature and humidity within the equipment enclosure.

e Site temperature control: The primary function is to dissipate the large amount of heat generated
by the active network equipment. Maintaining the temperature within the manufacturer-specified
operating range (e.g., $20\pm5~\circ\text{C}$) is crucial to prevent overheating, which can lead to
performance degradation, component failure, and reduced equipment lifespan.

V. Battery Banks
The battery bank provides immediate, short-term backup power.
e Backup duration: The battery bank is rated to provide power for a specific duration (e.g., 4 to 8
hours) to bridge the time gap between utility failure and the successful start-up of the DG, or
during short power outages where DG operation is not warranted.
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Lead Acid Lithium Saltwater

Fig. 5.1.1 Battery Banks

e Health monitoring: The NMS constantly monitors key battery parameters, including total voltage,
individual cell voltage, and temperature. This data is used by the PIU/NMS to assess the battery's
ability to hold a charge and predict the remaining backup time.

—5.1.6 Network Topology and Fault Localization

Network topology refers to the physical or logical arrangement of the connections within a
communication network. The chosen topology significantly influences how faults manifest, how quickly
they are detected, and the complexity of the fault localization and rectification process.
i. Common Topologies
Different connection structures are used based on network size, required redundancy, and cost:
¢ Ring topology: Devices are connected in a closed loop, where each device is connected to exactly
two neighbors. Data travels around the ring, often in one direction.
o Application: Commonly used in metropolitan area networks (MANs) and optical transport
networks (e.g., SONET/SDH).
e Daisy chain: A sequential connection where one device is connected to the next, often used to link
multiple network elements in a single line, such as linking multiple small switches to a core switch.
o Application: Simple, linear extension of a network segment.
e Star topology: All devices are individually connected to a single central hub, switch, or router. This
is the most common topology in Local Area Networks (LANs).
o Application: Office networks, data centers.
e Mesh topology: A robust topology where every device is connected to every other device (full
mesh) or to multiple others (partial mesh). This provides multiple possible paths for data.
o Application: High-availability networks, core backbone networks, wide area networks (WANs).

COMPUTER NETWORK
TOPOLOGY

oK 1Lt

Fig. 5.1.2 Computer Network Topology
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ii. Im
The t

pact on Fault Rectification

opology dictates the resilience of the network and the difficulty of isolating the fault:
Ring redundancy and quicker isolation: In a dual-fed or resilient ring, a single fault (e.g., a fiber
cut or device failure) does not bring down the entire segment. The system detects the loss of
signal on one path and automatically reroutes traffic in the opposite direction along the
alternate path of the ring (a feature often called ring closure or protection switching). This
redundancy allows for quicker isolation of the physical break while maintaining service
continuity.
Daisy chain vulnerability: This is the most vulnerable topology. A fault at any single point in
the chain (e.g., a failure in the device itself or the link leading to it) will break the chain,
making every device downstream of that fault unreachable and potentially unusable. Fault
localization requires testing each link sequentially starting from the last working point.
Transmission rerouting: Topologies with multiple paths (Ring and Mesh) enable transmission
rerouting. When the NMS detects a path failure, it triggers the network devices to
automatically switch traffic to a healthy, pre-established backup path. This capability is key to
fault tolerance and turns a critical failure into a maintenance issue rather than a service-
breaking outage.

i. Pu

—5.1.7 Maintenance Operation Protocols (MOPs)

Maintenance Operation Protocols (MOPs) are formal, step-by-step documents that specify the exact
procedures for performing maintenance activities, configuration changes, software upgrades, and fault
resolutions on network equipment. They are a critical component of ensuring consistent and reliable
network operations.

rpose of MOPs

MOPs serve several vital functions in network operations:

Standardized procedures: MOPs ensure that all technicians, regardless of their experience level,
execute a specific task in the exact same manner every time. This consistency is essential for
maintaining a stable and predictable network environment.

Reducing human errors: By detailing every command, every check, and every required rollback
step, MOPs significantly reduce the likelihood of accidental configuration errors or missed steps
that could lead to service outages. They enforce the "measure twice, cut once" principle.
Preventing repeat faults: MOPs often incorporate lessons learned from past incidents, ensuring
that any procedure known to cause a particular fault is corrected or that required post-procedure
checks are instituted to prevent the fault from recurring.

ii. MOP Development and Approval
The process for creating and implementing MOPs is rigorous to ensure their accuracy and safety:

Vendor guidelines: The development of a MOP frequently starts by reviewing the technical
documentation, best practices, and standard operating procedures provided by the network
equipment vendor (e.g., Cisco, Ericsson, Huawei).

Internal review: Before a MOP is approved for use on the live network, it undergoes a thorough
internal review by senior engineering staff, network architects, and operations managers. This
review checks for technical accuracy, potential service impact, and compliance with internal
safety standards. This often includes testing the MOP in a lab or staging environment first.
Execution tracking: When a MOP is implemented, the process must be meticulously tracked
within the ticketing system. Key steps, start and end times, and verification results are logged
against the change ticket. This provides an audit trail for troubleshooting in case an issue arises
during or after the execution of the MOP.
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ii. Impact on Fault Rectification
The topology dictates the resilience of the network and the difficulty of isolating the fault:

e Ring redundancy and quicker isolation: In a dual-fed or resilient ring, a single fault (e.g., a fiber
cut or device failure) does not bring down the entire segment. The system detects the loss of
signal on one path and automatically reroutes traffic in the opposite direction along the
alternate path of the ring (a feature often called ring closure or protection switching). This
redundancy allows for quicker isolation of the physical break while maintaining service
continuity.

e Daisy chain vulnerability: This is the most vulnerable topology. A fault at any single point in
the chain (e.g., a failure in the device itself or the link leading to it) will break the chain,
making every device downstream of that fault unreachable and potentially unusable. Fault
localization requires testing each link sequentially starting from the last working point.

e Transmission rerouting: Topologies with multiple paths (Ring and Mesh) enable transmission
rerouting. When the NMS detects a path failure, it triggers the network devices to
automatically switch traffic to a healthy, pre-established backup path. This capability is key to
fault tolerance and turns a critical failure into a maintenance issue rather than a service-
breaking outage.

—5.1.8 Characteristics of GSM, WCDMA, & LTE Networks

GSM, WCDMA (3G), and LTE (4G) represent three distinct generations of mobile communication
technology, each characterized by a unique network architecture and performance capabilities.

i. GSM Architecture (2G)

GSM (Global System for Mobile Communications) introduced digital communication and is
characterized by a split architecture involving two main parts: the Base Station Subsystem (BSS) and
the Network and Switching Subsystem (NSS).

e TRX (Transceiver): This is the fundamental radio component located in the Base Transceiver
Station (BTS). It handles the radio interface with the mobile device, transmitting and receiving
signals over a specific frequency.

e BSC (Base Station Controller): Manages the radio resources for multiple BTSs/TRXs. Its key
functions include handover control, radio channel allocation, and power control for all managed
BTSs.

e MSC (Mobile Switching Center): The central element of the NSS. It performs circuit-switched
functions, like setting up and routing voice calls, handling mobility management (registration and
location updates), and communicating with other networks (PSTN).

ii. WCDMA Architecture (3G)
WCDMA (Wideband Code Division Multiple Access), often part of UMTS (Universal Mobile
Telecommunications System), was designed for higher data rates, replacing the circuit-switched nature
of GSM with more packet-switched capabilities.
¢ NodeB: This is the radio transceiver in WCDMA (equivalent to the BTS in GSM). It handles the
physical air interface using CDMA technology, which allows multiple users to share the same
frequency channel simultaneously.
e RNC (Radio Network Controller): The RNC manages the radio resources for multiple NodeBs
(equivalent to the BSC). It controls soft handovers (where a mobile is connected to two NodeBs
simultaneously during transfer), handles load control, and manages resource admission.
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iii. LTE Architecture (4G)
LTE (Long-Term Evolution) is an all-IP (Internet Protocol) network designed exclusively for high-speed
data transfer. It drastically simplifies the architecture by flattening the network.

e eNodeB (evolved NodeB): In LTE, the eNodeB combines the functionality of the 3G NodeB and the
RNC. It is responsible for all radio functions, resource management, mobility management, and
admission control. This simplification reduces latency and operational complexity.

e EPC (Evolved Packet Core): This is the core network for LTE, built entirely around packet switching.
Key components of the EPC include the Serving Gateway (S-GW) for user plane traffic routing and
the Mobility Management Entity (MME) for control plane functions like tracking and
authentication.

iv. Key Performance Indicators (KPIs)
KPIs are critical metrics monitored by the NMS to assess network health and user experience across all
technologies:

e Signal strength (RSRP/RSCP/RSSI): Measures the power of the received radio signal at the mobile
device. Good signal strength is fundamental for stable service.

e Throughput: The actual volume of data transferred over the network in a given time (e.g., Mbps).
This KPI increased significantly from 2G (tens of kbps) to 3G (several Mbps) to 4G (tens/hundreds
of Mbps).

e Call drop rate (CDR): The percentage of initiated voice calls that are abruptly terminated before
completion. A high CDR indicates poor radio coverage or frequent handover failures.

e Latency: The delay (measured in milliseconds) for a data packet to travel from the user's device to
the network core and back. Low latency is crucial for real-time applications like video conferencing
and online gaming, with LTE offering far lower latency than WCDMA or GSM.

—5.1.9 VSWR Analysis

VSWR is a critical measurement in RF (Radio Frequency) systems that indicates how efficiently radio
frequency power is transmitted from a transmitter through a transmission line (feeder cable) into an
antenna.

¢ |deal vs. faulty readings:

o Ideal Reading: An ideal VSWR reading is $1:1$ (or $1.0S). This means that $100\%S$ of the
power is transmitted to the antenna with zero power reflected back. This is practically
impossible.

o Acceptable Reading: In modern telecom systems, a VSWR of S\mathbf{<1.5:1}$S is often
considered good, meaning that less than $4\%S$ of the power is reflected.

o Faulty Reading: A VSWR of S\mathbf{>2.0:1}S is generally considered faulty and causes
significant power loss and potential damage to the radio transceiver. The higher the ratio (e.g.,
$5:15), the worse the mismatch.

¢ |dentifying feeder/connector/antenna issues: High VSWR indicates a mismatch of impedance in the

RF path, typically caused by:

o Antenna Issues: A damaged antenna (e.g., bent element, water ingress) or an antenna that has
shifted out of alignment.

o Connector Issues: Poorly installed or damaged connectors (e.g., S\text{N-type}S or DIN
connectors) where the feeder cable meets the radio or the antenna. This is the most common
cause.

o Feeder/Cable Issues: Damage to the transmission line itself, such as a kink, crush, or water
penetration in the coaxial cable.
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—5.1.10 E1 Test Interpretation

An E1 line is a standard digital telecommunications carrier system (with a data rate of $2.048\text{
Mbps}S) used for connecting network elements like base stations, routers, or switches. E1 testing
verifies the quality of the physical transmission path.

e LOS, LOF, AIS: These are common alarms reported during E1 testing:

o LOS (Loss of Signal): Indicates that the receiving end is getting no signal at all from the remote end.
This points to a complete physical disconnection or a hard failure on the line or equipment.

o LOF (Loss of Frame): Indicates the receiver is getting a signal but cannot detect the necessary
framing pattern to organize the data into recognizable time slots. This often suggests timing
synchronization issues or a marginal signal quality problem.

o AIS (Alarm Indication Signal): A maintenance signal (all ones) sent downstream by an element that
detects a failure (like LOS or LOF) on its own incoming link. This tells downstream devices that the
upstream data is corrupt, allowing operators to quickly pinpoint the location of the initial failure.

e BER analysis (Bit Error Rate): BER is a key metric defined as the number of erroneous bits received
divided by the total number of bits transmitted.

o Acceptable BER: A good E1 link should have a BER that meets a high-quality standard (e.g., better
than $1 \text{in } 1077S).

o High BER: Indicates poor link quality, often due to noise, interference, an impedance mismatch, or
a physical cable issue. High BER leads to dropped calls and degraded data throughput.

e Transmission path verification: E1 testing is used to confirm the path integrity between two points
by inserting a known test pattern (like a PRBS - Pseudo-Random Binary Sequence) and checking for
errors at the receiving end. This confirms that the data is flowing correctly and reliably through all
intermediate devices and links (e.g., microwave radios, fiber converters).

—5.1.11 Documentation, Compliance & Data Security

Effective Network Monitoring Systems (NMS) and their related processes must be supported by robust
documentation practices, strict adherence to regulatory compliance, and measures to ensure data
security. These factors are critical for operational stability and legal accountability.

i. Industry Documentation Standards

Standardized documentation ensures transparency, accountability, and the ability to effectively review
past actions.

e NOC logs (Network Operations Center logs): These are chronological records of all significant
events, alarms, and actions taken by NOC personnel. They include details such as the time of a
fault's occurrence, the response time, the steps taken for resolution, and the time of service
restoration.

e Maintenance reports: Detailed records generated after all planned maintenance activities (e.g.,
software upgrades, hardware replacements, preventive maintenance). They include before-and-
after test results, components replaced, and verification checks.

e Change records: Formal documentation associated with every network modification. These
records include the Maintenance Operation Protocol (MOP) used, the business justification, the
risk assessment, the approval signature, and the results of the post-change verification. These
are managed via a formal Change Management Process.
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ii. Regulatory Requirements
Network operators must comply with specific governmental and industry regulations, with
documentation serving as the primary proof of compliance.

e TRAI/DoT compliances: In India, operators must comply with regulations set by the Telecom
Regulatory Authority of India (TRAI) and the Department of Telecommunications (DoT).
These often involve requirements for Quality of Service (QoS) reporting (KPIs like Call Drop
Rate), lawful interception capabilities, and network security standards.

e Audit readiness: Networks must maintain systems and documentation that allow external
auditors (both regulatory and financial) to quickly verify compliance with licenses, service
quality standards, and security policies. This means having readily accessible, verifiable
records of configurations, performance, and fault resolution.

e Equipment tracking: Regulations may require precise documentation of network assets,
including their serial numbers, location, and operational status, especially for equipment
used for services like lawful interception or those imported under specific license conditions.

iii. Consequences of Poor Documentation
Failure to maintain accurate and complete records can lead to serious operational, financial, and legal
repercussions:

e SLA breaches: Without proper records of incident response times and resolution details, it
becomes impossible to prove adherence to Service Level Agreements (SLAs). Conversely, poor
documentation can directly contribute to slow resolution times, leading to actual SLA breaches
and required financial compensation to customers.

e Penalties: Regulatory bodies like TRAI/DoT can levy significant fines and penalties for failing to
meet mandated QoS levels or for failing to produce necessary documentation during
compliance audits.

e Incomplete audit trails: Lack of a clear record of who did what, when, and why makes it nearly
impossible to trace the root cause of complex or intermittent problems, prolonging outages and
increasing operational expense. It also exposes the organization to risk during security or
regulatory investigations.

e Repeat faults: Without comprehensive maintenance reports and change records, technicians
may repeat procedures that caused previous outages or may fail to address the underlying
cause of a recurring fault.
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_ Exercise X4
A. Short Answer Questions:

1. Explain the core functions and capabilities of Network Monitoring Systems (NMS) and how they
assist in proactive network management.

2. Describe the end-to-end ticketing workflow from alarm detection to issue resolution and
closure.

3. Explain different types of network alarms and how they impact service performance and
customer experience.

4. Describe the role of passive infrastructure components, such as DG sets, PIU panels, SMPS, and
battery banks, in maintaining uninterrupted network service.

5. Explain the importance of documentation, regulatory compliance, and maintaining accurate

records in network operations.

B. Multiple Choice Questions:
1. Network Monitoring Systems (NMS) are primarily used for:

a) Installing new sites

b) Monitoring alarms and analyzing network performance
c) Tower construction activities

d) Customer billing

2. Aring topology helps in:

a) Increasing battery voltage

b) Improving fault tolerance through alternate routing
c) Reducing the number of BTS installations

d) Eliminating the need for redundancy

3. Predictive maintenance techniques are based on:

a) Random guesswork

b) Historical data analysis to identify potential failures
¢) Manual inspection only

d) Reducing the number of alarms intentionally

4. VSWR test results primarily indicate issues related to:

a) Fiber splicing

b) RF antenna systems and feeder cables
c) Diesel generator fuel levels

d) AC power consumption

5. Poor documentation practices may lead to:

a) Faster troubleshooting

b) Accurate asset tracking

c) Compliance failures and repeated network issues
d) Better data security

C. Fill in the Blanks:
1.

NMS tools help monitor levels and provide real-time visibility into network
performance.

In ticketing systems, every alarm progresses through a defined lifecycle until
closure.

Passive infrastructure faults are typically escalated to the NOC for diagnosis and
resolution.

VSWR values help identify issues in the path of the network.

Accurate documentation and maintenance records are essential for and

regulatory inspections.
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— Key Learning Outcomes | ¢

By the end of this module, the paricipants will be able to:

1. Explain how to assess, plan, and execute configuration changes, software upgrades, and node
backup activities in the BSS network.

2. Demonstrate post-change monitoring techniques, contingency planning, and proper
documentation of change management activities.
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UNIT 6.1: Manage Configuration Changes and Backup Processes

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Explain standard operating procedures (SOPs) for change management, upgrades, and backup
activities.

2. Describe incident escalation protocols for system failures, security breaches, and environmental
hazards.

3. Identify key network elements (BSC, BTS, transmission links) and their functionalities.

4. Explain the operational aspects of passive infrastructure components such as DG sets, power
systems, air conditioning, and battery backup systems.

5. Describe Network Monitoring System (NMS) functions for real-time fault detection and
performance tracking.

6. Explain risks associated with unplanned changes, non-compliance with standard procedures, and
improper backup management.

7. ldentify industry best practices and technological advancements in BSS network upgrades and
configuration management.

8. Explain cybersecurity measures to ensure network integrity during configuration changes.

9. Describe compliance requirements, including data privacy and telecommunications regulations.

10. Explain root cause analysis techniques for identifying and mitigating network failures

11. Demonstrate how to identify and verify change requirements based on maintenance plans and
operational needs.

12. Show how to assess the urgency and impact of configuration changes.

13. Demonstrate developing a structured work plan, including resource allocation and approval
workflows.

14. Show how to conduct a risk analysis to anticipate service outages and determine mitigation
strategies.

15. Demonstrate notifying relevant stakeholders before initiating changes.

16. Show how to obtain approvals from customers and management for service-impacting changes.

17. Execute Changes and Monitor Post-Change Activities

18. Demonstrate implementing configuration changes, software upgrades, and firmware updates.

19. Show how to perform comprehensive node backups before and after making changes.

20. Demonstrate monitoring system performance and alarms post-change.

21. Show how to execute contingency plans and rollback procedures in case of failures.

22. Demonstrate ensuring compliance with SLAs and change management protocols.

23. Demonstrate collaborating with the NOC team to verify system stability and performance.

24. Show how to provide detailed reports and updates to stakeholders.

25. Demonstrate logging all change activities, findings, and resolutions in the system.

26. Show how to update and close tickets following proper documentation standards.
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— 6.1.1 Standard Operating Procedures (SOPs)

Standard Operating Procedures (SOPs) are detailed, written instructions used to achieve uniformity in
the performance of specific functions. In network operations, SOPs are crucial for ensuring that
complex, high-risk, or repetitive tasks are executed correctly, safely, and consistently, minimizing
human error and service impact.
i. SOPs for Change Management
The Change Management SOP governs all modifications to the network, ensuring controlled execution
and minimizing risk. The procedure typically follows a structured, mandatory lifecycle:
e Request: The process begins with a formal Change Request (CR) documenting the proposed
modification, its justification, and the expected impact.
e Review: The CR is assessed by relevant technical teams (e.g., engineering, security) and
operations for technical feasibility, resource needs, and potential risk.
e Approval: Senior management or a Change Advisory Board (CAB) grants formal permission to
proceed, often contingent on a specific maintenance window.
e Implementation: The change is executed by following a specific, pre-approved Maintenance
Operation Protocol (MOP).
e Validation: Post-implementation checks are performed to verify that the change achieved its
goal and that the network is functioning normally and without adverse side effects.
e Closure: The change record is updated with execution details, validation results, and signed off
as complete.
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Fig. 6.1.1 Change Management
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ii. SOPs for Upgrades

Upgrade SOPs are highly detailed documents designed to manage the complexity and risk
associated with updating network software and hardware.

e Software and firmware update procedures: These SOPs specify the exact sequence of
commands and file transfer methods required to load new software or firmware onto
network devices, including necessary reboots and license verification.

e Configuration migration steps: When upgrading to a new hardware platform or a major
software version, the SOP dictates how the existing, critical configuration files are to be
extracted, modified for the new environment, and loaded onto the new system.

e Pre- and post-validation checks: Before the upgrade, a pre-validation checklist confirms the
device state (e.g., current version, available space, status of all interfaces). After the
upgrade, a post-validation checklist verifies that the new version is running, all interfaces
are up, and key traffic and performance counters are normal.

iii. SOPs for Backups

Backup SOPs ensure that network configuration and operational data are protected and readily
available for disaster recovery.

e Types of backups (node, database, configuration): The SOP defines which data needs to be
backed up:

o Node Backups: Full images or snapshots of the network element's operating system and file
system.

o Database Backups: Copies of the NMS or core network database (e.g., subscriber profiles,
billing records).

o Configuration Backups: Text files containing the running configuration of all routers,
switches, and servers.

e Backup verification and storage policies: Procedures mandate regular testing of the backed-
up files to ensure they are complete and restorable (verification). The policy also dictates
where backups are stored (e.g., off-site, encrypted storage) and for how long.

e Ensuring rollback readiness: The SOP ensures that the network is always ready for a rollback
(reverting to a previous state) should an upgrade or change fail. This means the last known
good configuration files are always accessible, and the procedure for quickly loading them
onto a device is clearly documented.
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—6.1.2 Incident Escalation Protocols

Incident Escalation Protocols define the necessary steps, personnel, and procedures required to
handle incidents that exceed the capabilities of the initial support level (often the First-Level
Operations or Network Operations Center - NOC) or pose a significant risk to the network. These
protocols ensure that incidents are handled quickly and by the appropriate experts.

i. Handling System Failures

This protocol focuses on the systematic diagnosis and transfer of technical faults.

First-level checks: The initial team (L1/NOC) performs basic, non-intrusive troubleshooting
steps. These usually involve:

Verifying the alarm details in the NMS and the corresponding trouble ticket.

Checking the status of the affected device (ping, basic statistics).

Confirming if the failure is part of a larger, correlated event.

Attempting simple fixes (e.g., clearing an interface, soft reboot) documented in SOPs.

Severity classification: Based on the business impact and service interruption, the incident is
assigned a priority (e.g., P1/Critical, P2/Major). This classification determines the urgency of the
response and the required escalation path. P1 incidents typically trigger immediate escalation.
Escalation to higher technical teams: If the L1 team cannot resolve the issue within a defined
time limit (dictated by the incident's SLA timeline) or if the issue requires specialized domain
knowledge, the incident is escalated to:

L2 Support (Domain Experts): Specialists who manage a specific technology (e.g., Transmission,
Core Network).

L3 Support (Engineering/Vendor): The highest internal experts or the equipment vendor for
complex problems, bugs, or architectural issues.

ii. Security Breaches
Security breaches require a distinct, rapid protocol to protect critical assets and preserve evidence.

Immediate containment: The first priority is to stop the unauthorized activity and isolate the
affected systems to prevent further damage or spread. This might involve disabling user
accounts, blocking malicious IPs, or disconnecting compromised devices.

Reporting to security/NOC: The incident must be immediately reported to the dedicated
Security Operations Center (SOC) or the network security team, even if the initial scope seems
small. The NOC must also be informed to monitor for associated network anomalies.

Evidence preservation: All logs, network captures, system images, and other digital evidence
related to the breach must be meticulously collected and protected according to forensic
standards. This is essential for determining the root cause and for any potential legal or
regulatory action.

iii. Environmental Hazards
These protocols deal with non-technical, physical threats to the network infrastructure.

Fire, flooding, overheating: When an Environmental Alarm is received (e.g., smoke detection,
high temperature, door alarm), the NOC must quickly cross-verify the alarm and determine the
immediate physical threat to the equipment.

Emergency shutdown procedures: In extreme cases (e.g., confirmed fire, imminent flooding),
the protocol mandates an orderly, controlled, and immediate shutdown of power to the
affected site to prevent catastrophic damage to equipment or risk to personnel.

Coordination with field teams: The NOC must immediately dispatch and coordinate with field
maintenance teams, local security, and often external emergency services (fire department,
police) to address the physical hazard on site.
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—6.1.3 Key Network Elements

The following elements are fundamental components in the architecture of a GSM (Global System for
Mobile Communications) network, responsible for managing the radio access and traffic flow.
i. BSC (Base Station Controller)
The Base Station Controller (BSC) is the network element responsible for managing radio resources
for multiple Base Transceiver Stations (BTSs).
e Role in traffic management and handovers: The BSC performs crucial traffic and mobility
management functions:
o Radio Resource Management: It allocates and releases radio channels (frequencies and time
slots) dynamically to Mobile Stations (MSs) based on traffic demand.
o Power Control: It regulates the transmission power of both the BTS and the MS to minimize
interference and conserve battery life.
o Handovers: It manages the transfer of a mobile call from one BTS channel to another (intra-
BSC handovers) as the mobile user moves through different coverage areas. It coordinates
with the Mobile Switching Center (MSC) for inter-BSC handovers.

ii. BTS (Base Transceiver Station)
The Base Transceiver Station (BTS) is the radio equipment located at the cell site, which physically
interfaces with the mobile phones.

e Air interface operations: The BTS handles the physical transmission and reception of radio
signals to and from the mobile devices over the air interface. It performs signal processing,
encryption/decryption, and error correction coding.

¢ Radio resource management: While the BSC decides on the allocation, the BTS implements it. It
transmits signals, receives signals from mobile phones, and provides the physical link necessary
for communication.

o The BTS contains the necessary TRXs (Transceiver units) and power amplifiers for radio
communication.

iii. Transmission Links
Transmission links provide the essential connectivity between the network elements (BTS to BSC, BSC
to MSC, etc.) and carry all voice and data traffic. This infrastructure is often referred to as backhaul.

e Microwave, fiber, and IP backhaul:

o Microwave: Uses line-of-sight radio waves transmitted between dish antennas. It is often
preferred for rapid deployment and connecting remote sites where laying fiber is too costly or
impractical.

o Fiber (Optical Fiber): Offers the highest capacity, lowest latency, and is the standard for high-
traffic areas and core network connections.

o IP Backhaul: The modern approach that transports all traffic (voice, data, signaling) using
Internet Protocol (IP), allowing carriers to use standard routing and switching equipment,
regardless of whether the physical medium is fiber or microwave.

e Ensuring connectivity and redundancy: Transmission planning focuses on ensuring that there
are sufficient links to carry the peak traffic load (connectivity) and that alternate paths exist to
prevent outages if a link fails (redundancy). For example, protected microwave links or dual-fed
fiber paths are common redundancy techniques.
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—6.1.4 Passive Infrastructure Operations

Passive infrastructure operations involve the procedures and routine tasks necessary to maintain the
non-active, support systems of a network site, primarily focusing on power supply, cooling, and
physical security. Failure in this area is a leading cause of network outages.

i. DG Sets (Diesel Generator Sets)

Maintaining the operational readiness of the DG is crucial for ensuring service continuity during
prolonged utility power failures.

e Fuel system: Regular checks include verifying the fuel level to ensure sufficient run-time,
inspecting fuel lines for leaks, and performing periodic cleaning or replacement of fuel filters to
prevent clogging and engine failure.

e Auto-start: The auto-start sequence must be routinely tested (e.g., once a week or month). This
involves simulating a mains failure to verify that the DG starts promptly, stabilizes the output
voltage, and transfers the load successfully from the utility power.

¢ Routine checks: These include inspecting engine oil levels, coolant levels, and checking for any
abnormal noise or vibration during operation. The DG battery, used for starting the engine, must
also be maintained and checked for proper voltage.

ii. Power Systems (PIU/SMPS)
Operations related to the Power Interface Unit (PIU) and Switched-Mode Power Supply (SMPS)
modules focus on stable DC power delivery to the active equipment.
¢ Voltage regulation and load sharing: Technicians routinely verify the output voltage of the SMPS
modules (typically S\text{-48V DC}S) to ensure it remains stable and within the safe operating
range for the telecom equipment. In multi-module systems, the operation team confirms load
sharing, ensuring that the modules are distributing the total DC current equally, which prevents
premature failure of any single unit.
e Alarm Monitoring: The NMS constantly monitors the PIU/SMPS controller for alarms such as
rectifier failure, high/low output voltage, or AC input failure.

iii. Air Conditioning (AC)

HVAC (Heating, Ventilation, and Air Conditioning) operations ensure that the network equipment
operates within its safe thermal limits.

e HVAC operation for equipment safety: Routine maintenance includes cleaning or replacing air
filters, checking refrigerant levels, and confirming the operation of the compressor and fans. The
AC unit must maintain the site temperature within the desired set point (e.g., $20*\circ\text{C}$
to $25"\circ\text{C}$). Overheating is a major cause of component degradation.

e Temperature Alarm Monitoring: The NMS tracks internal cabinet temperatures. Escalation
protocols are triggered if temperature thresholds are breached.

iv. Battery Backup

Battery operations focus on maximizing the lifespan and ensuring the full emergency run-time
capability of the battery bank.

¢ Float voltage: The battery bank must be kept at a precise float voltage (the continuous voltage
applied to keep the batteries fully charged). Operators verify that the PIU/SMPS is maintaining
this voltage correctly (usually around $54\text{V}$ for a $-48\text{V}$ system) as incorrect
voltage dramatically reduces battery life.

e Autonomy testing: Periodically, a controlled autonomy test (or discharge test) is performed. This
involves disconnecting the utility power and measuring the length of time the battery bank can
sustain the site load. This confirms the battery's health and verifies that it can meet the specified
backup duration (e.g., 4 or 8 hours).
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—6.1.5 Network Monitoring Systems (NMS)

A Network Monitoring System (NMS) is a comprehensive application or suite of tools designed to
supervise, manage, and report on the operational health of a network. Its core functions are
categorized into three main areas, often referred to as parts of the FCAPS model (Fault, Configuration,
Accounting, Performance, Security).

i. Fault Management

Fault management is the process of detecting, isolating, correcting, and logging network faults. The
goal is to ensure service continuity.

e Alarm detection: This is the process of constantly collecting status information (via protocols like
SNMP) from every network device. When a device state changes or an operational threshold is
exceeded, it triggers an alarm or event.

e Filtering and prioritization: NMS tools must process thousands of raw alarms daily. Filtering
suppresses insignificant or transient alerts, reducing "noise." Prioritization assigns a severity level
(e.g., Critical, Major, Minor) to remaining alarms based on the impact on service, ensuring
technicians focus on the most urgent issues first.

ii. Performance Management
Performance management focuses on tracking the efficiency and capacity of the network to ensure it
meets both user experience standards and Service Level Agreements (SLAs).
e KPI tracking: The NMS continuously gathers data to calculate Key Performance Indicators (KPls):
o Latency: The delay (in milliseconds) packets experience traveling across the network. High latency
degrades real-time services like voice and video.
o Drop Rate (Packet Loss): The percentage of data packets that fail to reach their destination. High
loss rates indicate congestion or transmission link problems.
o Traffic Load (Utilization): The volume of data being carried by network links and devices, often
expressed as a percentage of total link capacity. Monitoring load helps in capacity planning and
congestion avoidance.

iii. Configuration & Security Monitoring
This function involves overseeing the settings of network devices and ensuring they adhere to
organizational policies.

e Versions, changes: The NMS tracks and logs all device software/firmware versions and every
change made to a configuration file. It can compare the running configuration against a pre-
approved baseline configuration to detect unauthorized or accidental modifications. This process
is crucial for network stability.

e Policy compliance: The NMS audits devices to ensure they comply with internal security and
operational policies, such as verifying that all devices are using strong passwords, have specific
security features enabled, or are running only approved software versions. It also monitors for
security-related events like multiple failed logins or unusual traffic flows.
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—6.1.6 Risks in Poor Change Management

Poor Change Management procedures introduce significant risks to network stability, security, and
regulatory compliance. When changes are not properly documented, reviewed, tested, and
implemented according to established protocols, the network becomes vulnerable to unexpected
failures and cascading consequences.

i. Unplanned Changes

Unplanned changes are modifications made to the network without following the formal Change
Management SOP (e.g., bypassing the review and approval stages).

e Service disruptions: The most immediate and critical risk is causing sudden and widespread
service outages. An unplanned change often lacks the necessary pre-testing and impact analysis,
leading to unforeseen configuration conflicts or resource exhaustion that directly interrupts
customer services.

¢ Configuration mismatches: Unplanned changes often result in discrepancies between the
device's running configuration and the documented baseline configuration stored in the NMS or
Configuration Management Database (CMDB). These mismatches make future troubleshooting
complex, as the documented state no longer reflects the actual network state, leading to further
errors.

ii. Non-Compliance with SOPs
Failure to adhere to established Standard Operating Procedures (SOPs) and Maintenance Operation
Protocols (MOPs) when executing a change creates high risk.

e Regulatory penalties: Many regulatory bodies (like TRAI/DoT) require operators to demonstrate
that all network changes follow documented, audited procedures. Non-compliance can lead to
regulatory penalties and fines, especially if the resulting outage affects public safety or mandated
quality of service (QoS) levels.

e Extended outages: SOPs and MOPs are designed to guide technicians through complex steps,
including verification and rollback procedures. Ignoring them increases the chance of error and,
critically, slows down the fault recovery process. This results in extended outages and breaches
of customer SLA timelines.

iii. Improper Backup Management
A failure in the backup management SOP directly compromises the ability to recover the network from
a change-induced failure.

¢ Inability to rollback: If a change fails, the standard recovery procedure is a rollback—reverting
the device to its last known good configuration. If the backup SOP failed (e.g., the last good
configuration wasn't properly saved before the change), the technician may be unable to
rollback, forcing a longer manual fix or a full system restore.

e Permanent configuration loss: In extreme cases, a corrupt change combined with a failure to
maintain off-site, verified backups of the configuration files can lead to the permanent loss of
critical configuration data. Rebuilding the configuration manually is time-consuming, expensive,
and risks introducing further errors.
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—6.1.7 Cybersecurity in Change Management

Integrating robust cybersecurity practices into the Change Management Process is vital to prevent
unauthorized modifications, protect sensitive network data, and maintain overall network integrity.
Changes represent a high-risk point where security controls can be accidentally or maliciously
bypassed.

i. Access Control

Strict control over who can make or approve changes is the foundation of secure change management.

e Role-based access: Access to sensitive configuration tools, network elements, and the Change
Management system itself must be governed by Role-Based Access Control (RBAC). Technicians
are only granted the minimum permissions necessary to perform their specific job functions
(Principle of Least Privilege). For example, a Level 1 NOC technician may only have read-only
access to a router's configuration, while a senior engineer has write access, but only during an
approved maintenance window.

e Two-factor authentication: Access to all critical change infrastructure (e.g., jump servers, NMS
consoles, CMDB) must be protected by Two-Factor Authentication (2FA). This requires users to
provide two distinct forms of verification (e.g., a password and a one-time code from a mobile
app) to significantly reduce the risk of unauthorized access due to compromised credentials.

ii. Secure Configuration Practices
The way configurations are handled, stored, and updated must adhere to security best practices.

e Encryption of configs: All stored configuration files (whether in the CMDB or a backup
repository) should be encrypted both at rest and in transit. This prevents unauthorized
personnel from accessing sensitive data like hashed passwords, IP schemes, or security policy
settings, should the storage location be compromised.

¢ Vulnerability patching: Change Management must incorporate a rigorous process for assessing,
testing, and deploying security patches (firmware and software updates) provided by vendors.
This proactively addresses known vulnerabilities that could be exploited to compromise network
elements. The change process ensures patching is done safely with minimal service impact.

iii. Preventing Configuration Tampering
Mechanisms must be in place to detect and deter unauthorized modifications to configurations.

e Audit trails: Every action related to a configuration change must be logged and made available as
an audit trail. This includes who logged in, the exact commands executed, the time and date, and
the terminal used. The NMS/CMDB continuously monitors devices and alerts security teams to
any modification made outside of an approved change ticket.

e Signature verification: When deploying new software or configuration files, the system should
require and verify a digital signature or checksum. This process confirms that the file was
genuinely created by a trusted source (the vendor or internal engineering) and that it has not
been tampered with or corrupted during its storage or transfer to the network device.
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—6.1.8 Regulatory & Compliance Requirements

Network operations are subject to a range of mandatory external and internal rules aimed at
protecting consumer rights, ensuring fair competition, and guaranteeing a minimum quality of service.
Compliance with these requirements is non-negotiable and failure to adhere can result in significant
penalties.

i. Data Privacy Standards (e.g., local telecom regulations)

These standards are driven by legislation (like GDPR, CCPA, or country-specific telecom privacy laws) to
protect customer information.

Protecting subscriber data: All systems, including the NMS and logging platforms, must
implement measures to safeguard personally identifiable information (Pll), such as subscriber
names, addresses, call detail records (CDRs), and location data. Access to this data must be
highly restricted and logged.

Masking sensitive logs: Operationally, sensitive information within system logs and alarms (e.g.,
specific phone numbers, authentication tokens, or explicit IP addresses tied to a customer)
must be masked or anonymized before being stored or presented to standard operation teams.
This ensures that essential troubleshooting can occur without unnecessary exposure of PII.

ii. Telecom Regulatory Guidelines
National telecom regulators (like the TRAI/DoT in India or the FCC in the US) impose specific
operational rules on carriers.

Change windows: Regulators or internal policies often dictate specific, limited change windows
during which non-critical network modifications can be performed (e.g., between 2:00 AM and
5:00 AM local time). This minimizes the risk of service disruption during peak usage hours. All
changes outside these windows require exceptional, high-level approval.

Documentation requirements: Regulators mandate the retention of detailed operational
records. This includes:

Quality of Service (QoS) Reports: Periodic submission of network KPI data (call drop rates,
congestion, latency).

Audit Trails: Complete, unalterable logs of all configuration changes and system access.
Incident Reports: Formal documentation detailing the cause and resolution of major outages.

iii. SLA Requirements
Service Level Agreements (SLAs) are contractual commitments, either between the carrier and its
customers or between different internal operational teams.

Downtime limits: The SLA defines the maximum allowable time a service can be unavailable
over a given period (e.g., maximum of 5.26 minutes of downtime per month for a $99.999\%S
availability—five nines). The NMS and its associated ticketing systems must track service
availability metrics precisely against these targets.

Response and repair times: SLAs stipulate:

Response Time: The maximum time allowed for an operational team to acknowledge an
incident and begin working on it (e.g., 15 minutes for a critical fault).

Repair Time (MTTR - Mean Time To Repair): The maximum time allowed for the network
service to be fully restored and verified (e.g., 4 hours for a major network element failure).
Breaching these times results in penalty clauses or credit refunds to the customer.




Telecom Field Operations Coordinator

—6.1.9 Root Cause Analysis (RCA) Techniques

Root Cause Analysis (RCA) is a systematic process used to identify the true, underlying causes of a fault
or incident, rather than just treating the symptoms. The goal is to implement corrective actions that
prevent the incident from recurring.

i. Common RCA Methods

Several structured techniques are used across various industries, including network operations, to
perform effective RCA:

e 5 Whys: This is a simple, iterative questioning technique used to explore the cause-and-effect
relationships underlying a particular problem. By repeatedly asking "Why?" (typically five times),
you can drill down past the surface symptom to the root cause.

o Example: Why did the router fail? Because the power supply unit (PSU) malfunctioned. (Why?)
Because the PSU overheated. (Why?) Because the cooling fan failed. (Why?) Because dust buildup
blocked the air intake. (Why?) Because the site preventive maintenance SOP was not followed.
(Root Cause: Process failure).

e Fishbone (Ishikawa) diagram: Also known as the cause-and-effect diagram, this method visually
organizes the potential causes of a problem (the "effect"). The diagram resembles a fish skeleton,
with the main problem at the "head" and major cause categories forming the "bones" (e.g.,
People, Process, Equipment, Environment, Materials). This helps teams brainstorm and categorize
all possible contributing factors in a structured way.
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Fig. 6.1.2 Fishbone Method
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e Fault tree analysis (FTA): This is a top-down, deductive analytical technique. It starts with the
undesirable top event (the network failure) and systematically determines all the necessary events
and conditions that could lead to that failure. It uses logical gates (AND/OR) to show the
relationship between lower-level equipment failures, human errors, or environmental factors that
combine to cause the main incident. FTA is particularly useful for analyzing system reliability and
complex failures.

<Event>

Fig. 6.1.3 Fault tree analysis method

Mitigation Planning
Once the root cause is identified, the focus shifts to implementing actions to prevent recurrence.

e Corrective and preventive actions:

o Corrective Actions: Immediate steps taken to fix the specific issue that occurred (e.g., replacing
the faulty cooling fan and cleaning the site).

o Preventive Actions: Broader, systemic changes implemented to stop the root cause from leading
to future incidents (e.g., updating the site preventive maintenance SOP to mandate weekly fan
checks and dust removal, and implementing an automatic alarm for high internal cabinet
temperature).

¢ Documentation of lessons learned: The entire RCA process, including the identified root cause,
the analysis method used, and the corrective/preventive actions implemented, must be
thoroughly documented in the Incident Management System. These lessons learned are then
used to update MOPs, SOPs, and training manuals to prevent the same error from being
repeated across the organization.
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— Notes
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— Key Learning Outcomes | ¢
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By the end of this module, the paricipants will be able to:

Explain the e-waste management rules applicable to the telecom sector.
Show how to identify, segregate, and categorize e-waste and hazardous waste at telecom sites.
Describe Central Pollution Control Board (CPCB) guidelines for telecom site waste disposal.

Demonstrate the process of maintaining logs and records for disposed, recycled, or repurposed
telecom waste.

Identify safety standards for battery handling and disposal, including lead-acid and lithium-ion
batteries.

Demonstrate safe handling procedures for hazardous materials, including the use of protective
gear.

List recyclable telecom components and methods for minimizing telecom waste.

Demonstrate the reduction of packaging waste through the reuse of telecom materials and
accessories.

Elucidate techniques for energy optimization, such as smart cooling, LED lighting, and hybrid
power systems.

Demonstrate energy-efficient practices, such as optimizing power usage and using smart cooling
systems.

Explain the role of renewable energy sources, like solar energy, in reducing telecom carbon
footprint.

Show how to assist in adopting solar-powered telecom towers and integrating hybrid energy
systems.

Describe best practices for managing telecom tower site waste and reducing fuel consumption
in Diesel Generators (DG) sets.

Demonstrate guiding co-workers on eco-friendly practices and waste management policies.
Define water conservation principles and sustainable telecom site design.

Explain the importance of training telecom employees on environmental awareness and
compliance.

Show how to conduct periodic environmental audits to ensure sustainability compliance.
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UNIT 7.1: Sustainability Practices in Telecom Infrastructure
Management

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Explain the e-waste management rules applicable to the telecom sector.

2. Show how to identify, segregate, and categorize e-waste and hazardous waste at telecom sites.

3. Describe Central Pollution Control Board (CPCB) guidelines for telecom site waste disposal.

4. Demonstrate the process of maintaining logs and records for disposed, recycled, or repurposed
telecom waste.

5. Identify safety standards for battery handling and disposal, including lead-acid and lithium-ion
batteries.

6. Demonstrate safe handling procedures for hazardous materials, including the use of protective
gear.

7. List recyclable telecom components and methods for minimizing telecom waste.

8. Demonstrate the reduction of packaging waste through the reuse of telecom materials and
accessories.

9. Elucidate techniques for energy optimization, such as smart cooling, LED lighting, and hybrid
power systems.

10. Demonstrate energy-efficient practices, such as optimizing power usage and using smart cooling

systems.

11. Explain the role of renewable energy sources, like solar energy, in reducing telecom carbon
footprint.

12. Show how to assist in adopting solar-powered telecom towers and integrating hybrid energy
systems.

13. Describe best practices for managing telecom tower site waste and reducing fuel consumption in
Diesel Generators (DG) sets.

14. Demonstrate guiding co-workers on eco-friendly practices and waste management policies.

15. Define water conservation principles and sustainable telecom site design.

16. Explain the importance of training telecom employees on environmental awareness and
compliance.

17. Show how to conduct periodic environmental audits to ensure sustainability compliance.

— 7.1.1 Explain the E-Waste Management Rules Applicableto -
the Telecom Sector

Understanding E-waste in the Telecom Sector

Electronic waste, or e-waste, refers to discarded electronic or electrical equipment that has reached the
end of its useful life. In the telecom sector, this includes a wide range of products like mobile phones,
network equipment (such as routers, switches, and antennae), batteries, cables, and various
accessories. Improper disposal of this waste is harmful because it contains toxic substances like lead,
mercury, and cadmium, which can contaminate soil and water, and pose a serious threat to human
health and the environment.
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To combat this, the Government of India has implemented the E-Waste (Management) Rules, 2016

(and subsequent amendments) to ensure that e-waste is handled in an environmentally sound manner.

These rules place the responsibility on key stakeholders within the industry.

Key Rules for E-waste Management in Telecom

The core of the E-Waste Rules is the concept of Extended Producer Responsibility (EPR). This makes the

producer of the equipment responsible for its entire life cycle, from manufacturing to collection and

recycling after the product is no longer in use.

e Who is a "Producer"? In the context of the rules, a producer is any person or company that

manufactures, imports, or sells electrical and electronic equipment, including the telecom gear and
devices used in networks.

Key Provisions of the E-Waste Rules

Here's how EPR is implemented for the telecom sector:

1. Extended Producer Responsibility (EPR) Producers are required to set up a system to collect e-waste
generated from their products. This can be done through:

e Collection Centers: Setting up designated places where consumers can drop off their old
devices.

e Take-back Systems: Offering to take back old products when a new one is purchased.

e Buy-back Arrangements: Providing a monetary incentive for the return of used equipment.

2. Collection Targets Producers must meet specific annual collection targets for e-waste. This target is
calculated as a percentage of the total weight of the products they have sold. The goal is to gradually
increase this percentage over time to ensure more waste is responsibly managed.

3. Hazardous Substance Reduction (RoHS) The rules also include a section on the Restriction of
Hazardous Substances (RoHS). This mandates that producers must limit the use of certain hazardous
materials in their equipment. This makes the devices safer to handle and easier to recycle at the end
of their life.

Hazardous Substance Maximum Permissible Concentration
Lead (Pb) 0.1% by weight
Mercury (Hg) 0.1% by weight
Cadmium (Cd) 0.01% by weight
Hexavalent Chromium (Cr+6) 0.1% by weight
Polybrominated Biphenyls (PBB) 0.1% by weight
Polybrominated Diphenyl Ethers (PBDE) 0.1% by weight

4. Authorization and Documentation:

Every entity involved in e-waste management—from producers and dealers to dismantlers and
recyclers—must obtain an authorization from the Central Pollution Control Board (CPCB) or the State
Pollution Control Board (SPCB). They are also required to maintain detailed records and submit annual
returns to the CPCB to demonstrate compliance.
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5. Role of Other Stakeholders
The rules clearly define the roles and responsibilities of other entities in the supply chain:

e Bulk Consumers: Large organizations (e.g., telecom companies, government offices) that use a
significant amount of electronics are responsible for channelizing their e-waste to authorized
recyclers.

e Dealers: If a dealer is authorized by a producer to collect e-waste, they must provide a collection
bin and ensure the waste is sent to the producer's designated collection center.

e Dismantlers & Recyclers: These are the key players in the process. They must be registered and
authorized by the CPCB to scientifically dismantle and recycle e-waste, ensuring that no harmful
substances are released.

Example: Mobile Tower E-Waste

A telecom tower is being upgraded from 4G to 5G. The old gNodeB equipment, UPS batteries, and
routers are now e-waste.

Steps for compliance:

1. Segregate: Separate lead-acid batteries, lithium-ion batteries, and electronic boards.

2. Store Safely: Store batteries in dedicated racks with proper labeling.

3. Transfer to Authorized Recyclers: Send all equipment to CPCB-authorized e-waste recyclers.

4. Maintain Records: Record quantity, type, and date of e-waste disposal.

How to identify, segregate, and categorize e-waste and hazardous waste at telecom sites

A clear process of identification, segregation, and categorization is vital for properly handling e-waste
and hazardous waste at any telecom site. This ensures environmental safety and compliance with
regulations like India's E-Waste (Management) Rules, 2016.

1. Identification: Recognizing Waste Materials

The first step is knowing what constitutes e-waste and hazardous waste. E-waste is any electrical or
electronic equipment that is discarded. Much of it contains components that make it hazardous waste.

e E-Waste: This includes equipment that is obsolete, non-functional, or at the end of its service life.
At a telecom site, this means:

o IT & Telecom Equipment: Old servers, network routers, switches, antennae, fiber optic cables,
and data storage devices.

o Power Infrastructure: Lead-acid batteries, uninterruptible power supplies (UPS), and power
cables.

o User Devices: Discarded laptops, tablets, and mobile phones used by staff.

e Hazardous Waste: This refers to materials that pose a direct risk to health or the environment.
Many components within e-waste fall into this category. Key examples include:

o Batteries: All batteries (especially lead-acid and lithium-ion) are hazardous due to their
corrosive chemicals and heavy metals.

o Printed Circuit Boards (PCBs): These contain toxic substances like lead, mercury, and
cadmium.

o Cathode Ray Tubes (CRTs): Found in old monitors and TVs, they contain a significant amount
of lead and other toxic materials.

o Fluorescent Lamps: These contain mercury.
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2. Segregation: Separating for Safety and Recycling
Once identified, the waste must be separated to prevent contamination and ensure each type is
handled correctly.
e Designated Collection Points: Establish clearly labeled, color-coded bins or containers for
different types of waste. For example:
o General E-waste Bin: For network equipment, computers, and cables.
o0 Separate Battery Bins: Store lead-acid and lithium-ion batteries in dedicated, secure
containers to prevent leaks and fire hazards.
o0 Hazardous Material Container: Use a sealed container for items like fluorescent lamps or
broken PCBs to contain mercury or other toxins.
¢ Preventing Contamination: Never mix hazardous waste with general waste or other recyclable
materials like paper or plastic. A corroded battery should not be placed in the same bin as a
discarded network switch unless that bin is specifically designated for hazardous waste.
e Secure Storage: All hazardous materials must be stored in a well-ventilated, locked area that is
protected from weather and unauthorized access.

3. Categorization: Classifying for Compliance
After being segregated, the waste needs to be officially categorized for proper documentation and
disposal, according to national regulations.
e IT and Telecommunication Equipment: This is the primary category for most of the e-waste from
a telecom site. This is a broad category that covers all discarded networking and user equipment.
e Hazardous Waste: This category is for materials that are explicitly defined as hazardous by law,
such as batteries and mercury-containing items. These must be managed under specific
hazardous waste rules and sent to authorized recyclers.
¢ Non-Recyclable Waste: Any materials that cannot be recycled (e.g., certain plastics or composite
materials) must be categorized for safe and environmentally sound disposal, often in a secure
landfill.

— 7.1.2 Describe Central Pollution Control Board (CPCB)
Guidelines for Telecom Site Waste Disposal

The Central Pollution Control Board (CPCB) is the national regulatory authority responsible for
monitoring and controlling pollution, including waste generated by industries such as
telecommunications.
1. CPCB works under the Ministry of Environment, Forest and Climate Change (MoEF&CC) and
ensures:

¢ Implementation of E-Waste (Management) Rules, 2022

e Enforcement of Hazardous Waste Management Rules, 2016

¢ Monitoring of Battery Waste Management Rules, 2022

¢ Promotion of Extended Producer Responsibility (EPR) for manufacturers and operators
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2. Applicability to Telecom Sector

Telecom sites — including 5G towers, data centers, and O&M offices — generate e-waste, battery
waste, oil waste, and packaging material.

CPCB guidelines define how these wastes must be collected, stored, transported, and disposed of.

Type of Waste Common Source in Telecom CPCB Rule Applicable
E-Waste Old routers, BTS modules, RRUs, E-Waste (Management) Rules,
PCBs, cables 2022

Battery Waste Lead-acid or lithium-ion batteries Battery Waste Management Rules,
2022

Hazardous Waste Used oil, fuel filters, cleaning solvents | Hazardous and Other Waste Rules,
2016

Plastic / Packaging Cable insulation, packing material Plastic Waste Management Rules,

Waste 2018

3. Key CPCB Guidelines Relevant to Telecom Waste Disposal
A. E-Waste Disposal Guidelines

Requirement Description Supervisor’s Role
Authorized Collection E-waste must be handed over only to | Verify recycler authorization
CPCB-authorized recyclers or certificate.
dismantlers.
Segregation at Source Separate e-waste (routers, cards, Ensure labeled bins at site.

modems) from general waste.

Storage Period Store e-waste safely for not more Maintain waste storage
than 180 days before disposal. register.
EPR (Extended Producer | OEMs are responsible for taking back | Coordinate with vendor/OEM
Responsibility) used equipment for recycling. for pickup.
Record Maintenance Maintain Form-2 (E-Waste Record) Ensure accurate
and submit during audits. documentation.

B. Battery Waste Management Guidelines

Requirement Description Supervisor’s Role
Take-Back Policy | Used batteries must be returned to the Keep a log of returned
manufacturer, dealer, or recycler. batteries.
Labeling Each battery must have a label showing Check labeling before dispatch.

make, date, and chemical composition.

Safe Storage Store used batteries upright in ventilated, Monitor safety compliance.
dry rooms.
Spill Prevention Prevent acid or electrolyte leaks using Inspect regularly for leakage.

secondary containment trays.
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Requirement
Identification

C. Hazardous Waste Guidelines

Description

Waste oil, DG filters, and coolant fluids
are classified as hazardous.

Supervisor’s Role
Maintain hazardous waste register.

Authorized
Disposal

Must be given to CPCB-authorized
hazardous waste handlers only.

Verify transporter license.

Container Labeling

Use “Hazardous Waste” labels with
content details and hazard symbols.

Ensure proper tagging on
containers.

Storage Conditions

Store in a covered, leak-proof area for
less than 90 days.

Inspect site weekly.

Requirement
Segregation

D. Plastic and Packaging Waste Guidelines

Description

Separate plastic wrapping, cable
insulation, and packing foam.

Supervisor’s Role
Use green bins for recyclables.

Recycling Obligation

Return packaging materials to
supplier or local recycler.

Maintain receipt or recycler
acknowledgment.

Prohibited Items

Avoid use of single-use plastic at
sites.

Enforce compliance among workers.

Activity /
Process

Step

\\[o

Type of Record /
Log

Key Information to be Responsible
Recorded

- 7.1.3 Process of Maintaining Logs and Records for Disposed,
Recycled, or Repurposed Telecom Waste

Frequency /

Person Timeline

1 |Identify and Waste Waste type, source Site Daily / As
classify waste Identification Log (e.g., BTS, DG, battery | Technician/ | generated
generated (e- bank), quantity, date | Supervisor
waste, battery,
hazardous,
plastic, etc.)

2 | Segregate and Waste Segregation | Waste category, color [Site Daily
label waste at Register code of bin, location, |Supervisor
site responsible staff

3 | Store waste Storage Logbook Waste ID, storage Site Weekly
temporarily in start date, condition | Supervisor
designated area of storage, safety

compliance

o
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4 | Transfer waste | Waste Movement | Date of dispatch, Project As per
to CPCB- Record (Form-10/ [recycler name & Supervisor / | dispatch
authorized Manifest) authorization no., Engineer
recycler / vehicle details,
handler guantity sent
5 | Obtain Recycler/Handler Certificate no., date Site Every
acknowledgment | Acknowledgment | received, recycler Supervisor | transaction
or disposal Record signature, category of
certificate waste
6 | Record batteries | Battery Return Log | Battery make, serial Power Monthly
returned to OEM number, date of System
or dealer return, dealer/OEM Technician
name
7 | Track e-waste E-Waste Record Type of item (BTS, Project Quarterly
sent for recycling | (Form-2) router, RRU), Supervisor
or repurposing quantity, recycler
details, date of
recycling
8 | Consolidate all Waste Summary Total waste Project Monthly
records for Sheet / Register generated, disposed, |Supervisor
reporting recycled, and
repurposed
9 |Submitreportto [ Annual Waste Summary of waste Compliance [Annually
Circle Office / Return handling and disposal | Officer /
SPCB (if for the year Project Head
applicable)
10 [Maintain records | Audit File (Physical | All forms, certificates, | Project Continuous
for audits and & Digital) and registers Supervisor

inspections

maintained for 3 years

Sample Filled Template:

Sample Template: E-Waste Record (Form 2) — Telecom Site
Site Name: 5G Tower Site — Patna Sector 12
Site ID: PAT-5G-TS-012

Maintained By: Project Supervisor — 5G Network

Period: April 2025 — June 2025
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Sr.No. Typeof Equip Source  Quanti Conditio Recycl Authoriz Acknowl
E-Waste ment  (Location ty ] er/ ation edgment
Details  / Unit) Handle No. /
r Certifica
\Ey [ te No.

1 Communi | RRU BTS 3 Units | Obsolete | Sent Green | CPCB/AU | 14- GW/REC | Properl
cation (Remot | Tower — / Non- for Wave | TH/BR/O | Apr- /25/041 |y
Equipme | e Radio | Sector 12 function | Recycli | E- 456 2025 4 packed
nt Unit) — al ng Waste and

Nokia Recycl sealed
ers Pvt.
Ltd.

2 Power Lithiu Power 1 Set Expired | Return | Exicom | CPCB/AU | 20- EXI/RET/ | Handle
Equipme | m-lon | Room ed to Tele- TH/BT/0 | Apr- 25/0420 | d with
nt Battery OEM System | 179 2025 PPE

Bank for s Ltd.
(48v, Refurbi
100Ah) shing

3 Network | Ethern | Site Rack | 10 Nos. | Working | Repurp | BSDM | N/A 05- BSDM/R | Reused
Accessori | et Cabinet (old osed at | Trainin May- P/25/05 | for
es Switch Model) | Trainin | g 2025 05 trainee

es, g lab Center demos
Optical — Patna

SFP

Modul

es

4 Cabling / | Coaxial | Tower 50 Damage | Recycl | Green | CPCB/AU | 02-Jun- | GW/REC | Copper
Connecto | Cables | Feeder Meters | d ed Wave | TH/BR/O | 2025 /25/060 | reclaim
rs (dama | Line (Metal | E- 456 2 ed

ged Recove | Waste

ends) ry) Recycl
ers Pvt.
Ltd.

— 7.1.4 Safety Standards for Battery Handling and Disposal - ——
Lead-Acid and Lithium-lon Batteries

Telecom sites, particularly 5G sites, use lead-acid and lithium-ion batteries for backup power and hybrid
energy systems. Improper handling can lead to chemical burns, fires, explosions, or environmental
contamination. Project Supervisors must ensure safe handling, storage, and disposal while complying
with CPCB and Battery Waste Management Rules 2022.
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1. Key Safety Standards for Battery Handling

Battery Type Safety Standard / Guideline Supervisor Action

Lead-Acid IS 1651:2017, Battery Waste Rules | Keep upright, use acid-resistant trays, monitor
2022 for leakage

Lead-Acid Avoid short-circuits, sparks, flames | Use insulated tools, enforce no-smoking zone

Lithium-lon IEC 62133 /1S5 16046:2018 Store in ventilated, cool areas; prevent

mechanical damage

Lithium-lon Avoid overcharging / deep Ensure BMS protection; supervise charging
discharge protocols

Both Use PPE: gloves, goggles, apron Train staff on PPE use before handling

Both Fire safety compliance Maintain ABC/CO?2 fire extinguishers and

conduct drills

2. Safe Storage Guidelines

Parameter Lead-Acid Lithium-lon Supervisor Action
Temperature 15-30°C 15-25°C Monitor room temperature;
install ventilation or AC if
needed
Ventilation Required (hydrogen release) [ Moderate, avoid | Ensure exhaust fans are
overheating operational
Storage Upright Upright, avoid Prevent physical damage
Orientation stacking
Container / Tray [ Acid-resistant Fire-resistant Inspect trays weekly; replace
if damaged
Maximum Storage | 5-7 years 3-5years Maintain installation and
Period expiry records

3. Handling Procedures at Site

Step No. Activity Safety Measures / Checks
1 Inspect battery for cracks, [Isolate damaged batteries in red “hazardous” bin
leaks, or swelling
2 Wear PPE Gloves, goggles, apron mandatory
3 Lift / Move Use mechanical trolley or team lift; avoid dropping
4 Check terminals Clean corrosion; use insulated tools
5 Connect / Disconnect Switch off load; follow correct polarity
6 Monitor charging Use BMS; avoid overcharging or overheating
7 Report anomalies Record in Battery Maintenance Log; escalate if needed
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4. Disposal and Recycling Standards

Battery Type Disposal Method Supervisor Role

Lead-Acid Return to OEM / Authorized Recycler | Seal, document, and coordinate handover

Lithium-lon Return to OEM / Authorized Recycler | Prevent damage; maintain logs and

certificate

Both Maintain Battery Return Log Track date, quantity, recycler/OEM,
acknowledgment

Both Avoid landfill disposal Ensure CPCB compliance; verify disposal
certificate

5. Sample Supervisor Checklist

Task Status (v//X) Remarks

PPE available and used

Battery room ventilated and temperature-controlled

Damaged batteries isolated

Acid/fire-resistant trays in place

Battery Maintenance Log updated

Batteries returned to authorized recycler

Fire extinguishers inspected

6. Practical Example

Scenario:

At a 5G tower, a lead-acid battery bank requires replacement.

Supervisor Actions:
1.Technicians wear PPE.
2.Disconnect battery using insulated tools; ensure load is off.
3.Place battery in acid-resistant tray; isolate any damaged cells.
4.Record battery details in the Battery Maintenance Log.
5.Handover to CPCB-authorized recycler; obtain disposal certificate.
6.File certificate for compliance and audit.

— 7.1.5 Safe Handling Procedures For Hazardous Materials, ——
Using Protective Gear

Safe handling of hazardous materials involves a structured approach that begins with information and
ends with proper disposal. Following these procedures and using the correct protective gear are
essential for preventing injury and contamination.

e —— - ——
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1. Preparation and Planning
Before handling any hazardous material, you must gather information and plan your actions.

e Safety Data Sheets (SDS): This is your primary source of information. Every hazardous material
has an SDS that outlines its properties, risks, required personal protective equipment (PPE),
safe handling procedures, and emergency response actions for spills or leaks. You must read
and understand the SDS before starting any work.

e Risk Assessment: Identify potential hazards, such as flammability, corrosiveness, or toxicity.
Determine who might be at risk and what control measures are needed.

e Work Area: Ensure the work area is well-ventilated, clean, and free from ignition sources. Use
secondary containment trays to catch any spills.

2. Use of Protective Gear (PPE)
PPE acts as a final barrier between you and the hazardous material. The type of PPE required is
specified in the material's SDS.
e Hand Protection: Choose chemical-resistant gloves that are compatible with the specific
substance you're handling. Common materials include nitrile, neoprene, or butyl rubber.
e Eye and Face Protection: Wear safety goggles to protect against splashes. A face shield should
be worn in addition to goggles when there is a risk of a chemical splash.
e Body Protection: Use a chemical-resistant apron or lab coat to protect your clothes and skin
from spills. In some cases, a full-body chemical suit may be necessary.
e Respiratory Protection: If the material produces hazardous fumes, vapors, or dust, wear a
respirator with the correct filter. This may range from a simple dust mask to a full-face
respirator.

3. Safe Handling Procedures

¢ Handle with Care: Always handle containers carefully to prevent drops or damage. Ensure lids
and caps are tightly sealed to prevent leaks.

¢ No Decanting: Avoid transferring materials between containers unless absolutely necessary. If
you must, use a funnel and do so over a secondary containment tray.

e Labeling: All containers, including temporary ones, must be clearly labeled with the material
name, its hazards, and the date.

¢ Spill Response: Know the location of the nearest spill kit and how to use it. In case of a spill,
immediately contain it using absorbent materials and follow the procedures outlined in the
SDS.

4. Storage and Disposal

e Segregation: Store hazardous materials according to their chemical properties (e.g., acids and
bases should be stored separately). Never store incompatible materials together.

e Designated Storage: Keep all hazardous materials in a designated, secure storage area that is
locked and inaccessible to unauthorized personnel.

e Proper Disposal: All hazardous waste must be disposed of through a certified and authorized
hazardous waste management company. You must never mix hazardous waste with general
trash or pour it down a drain.
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Minimizing Telecom Waste

Telecom sites generate a variety of waste materials during deployment, maintenance, and upgrades.
Effective recycling and waste minimization reduce environmental impact, save costs, and ensure CPCB
compliance.

1. Common Recyclable Telecom Components

Component / Material Source at Site Recyclable Method Supervisor Role
Copper cables / Coaxial |BTS, RRUs, power Copper extraction and |Collect, segregate, send
wires distribution resale to authorized recycler
Aluminum / Steel Tower sections, Metal recycling / Ensure clean,
structures brackets, antenna smelting dismantled metals sent

mounts for recycling

PCBs / Circuit boards Routers, RRUs, switches | Dismantle and recycle |Verify CPCB-authorized

through e-waste recycler handling
handlers
Batteries (Lead-acid, Li- [UPS, DG backup, solar |Return to OEM or Maintain Battery Return
ion) hybrid authorized recycler Log
Plastic components Cable insulation, Reprocess for reuse or |Segregate in green bins;

connectors, packaging [send to plastic recycler [avoid landfill

Glass / Screens Displays, monitoring Specialized recycling Coordinate with e-
panels waste recycler
Packaging materials Boxes, cartons, foam Reuse or recycle Store separately; track
padding guantities
Copper/Aluminum RF connectors, adapters [ Metal recovery Segregate and send to
connectors recycler

2. Methods for Minimizing Telecom Waste

Method Description / Example Supervisor Role
Segregation at Source Separate metal, plastic, e-waste, |Ensure labeled bins at all sites;
and hazardous waste train staff
immediately
Reuse of Components Reuse functional routers, Maintain inventory of reusable

antennas, and connectors for components
training or low-priority sites
Return to OEM / EPR Programs |Send batteries, old RRUs, and Coordinate handover and
other equipment back to maintain acknowledgment
manufacturer under Extended |certificates

Producer Responsibility (EPR)

Scrap Metal Recovery Collect old copper, aluminum, Inspect metals, remove non-
and steel for authorized recyclable contamination
recycling

Plastic Recycling Collect cable insulation, plastic  [Ensure proper segregation, avoid
packaging for recycler mixing with general waste

~ 7.1.6 Recyclable Telecom Components and Methods for —
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Digital Documentation Reduce paper usage by Train staff to update site records
maintaining digital logs instead |digitally
of printed forms

Energy-Efficient Practices Reduce DG runtime, optimize Track energy consumption;
power usage of test equipment |implement smart cooling/LED
lighting
Scheduled Preventive Reduces premature disposal of |Supervise regular inspection and
Maintenance equipment maintenance

— 7.1.7 Reduction of Packaging Waste Through Reuse of —
Telecom Materials and Accessories

Telecom sites generate packaging waste from the delivery of:

e RRUs, routers, switches, and batteries

e Cables, connectors, and antennas

e DG parts, UPS units, and solar equipment
Excess packaging contributes to landfill load, environmental pollution, and unnecessary costs. Project
Supervisors can implement reuse and reduction strategies to minimize waste while promoting
sustainable practices.

1. Methods to Reduce Packaging Waste

Method Description / Example Supervisor Action

- Collect sturdy boxes for storage |Train staff to retain and label
Reuse Original Boxes

or shipping of equipment boxes for future use

Reuse Foam Inserts / Protective Foam, bubble wrap, and Insp_ect for damage; store |.n
. cardboard separators can be dedicated reusable packaging

Materials

reused area

. . r r rd, r, Maintain label in reven

Segregate Packaging by Material Separate ca dbga d, pape a ta‘ alsae ed bins to prevent

foam, and plastics contamination
Return Packaging to Vendor / Some manufacturers accept Coordinate return and maintain
OEM reusable packaging acknowledgment

Encourage purchase of items .
gep Update procurement guidelines

Use Recyclable Packaging with ref:yclable or biodegradable for sustainable sourcing
packaging

Digital Documentation / Replace printed manuals with Reduce paper waste and

Instructions PDFs printing costs

Reduces excess material usage
and improves inventory
handling

Use uniform boxes for internal

Standardized Repackaging transfers
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practices.
1. Smart Cooling Systems

Technique

Intelligent Airflow
Management

Energy consumption at 5G telecom sites is significant due to:
e Active network equipment (RRUs, switches, routers)
e Backup power systems (DG sets, UPS)
e Cooling systems (CRAC units, fans, ACs)

Optimizing energy use reduces operational costs, carbon footprint, and fuel consumption while

Description

Direct cooling to hotspots;
prevent overcooling of empty
spaces

~ 7.1.8 Techniques for Energy Optimization in Telecom Sites ——

improving site sustainability. Project Supervisors play a key role in implementing energy-efficient

Efficient cooling reduces electricity usage and prolongs equipment life.

Supervisor Role / Example

Arrange racks and vents to optimize
airflow; monitor temperature
Sensors

Variable Speed Fans / AC

Adjust fan or compressor speed
based on load

Program fan speed controllers;
supervise sensor calibration

Free Cooling / Air
Economizer

Use external air for cooling
when ambient temperature
allows

Ensure air filters are clean and
dampers operational

Temperature Setpoint
Optimization

Maintain recommended
temperature (e.g., 24-27°C)

Monitor and log temperature; avoid
unnecessary overcooling

2. LED and Efficient Lighting

Technique
LED Lighting

Description

Replace conventional bulbs
with LEDs

Lighting consumes energy, especially in site rooms, towers, and access areas.

Supervisor Role / Example

Ensure all site rooms and access
pathways have LED lamps installed

Motion Sensors / Timers

Lights operate only when
needed

Install sensors in battery rooms,
corridors, and storage areas

Zoning / Segmented Lighting

Turn off unnecessary areas

Supervise lighting schedules; check
timers quarterly
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3. Hybrid Power Systems
Reducing dependence on diesel generators and grid power improves sustainability.

Technique Description Supervisor Role / Example

Monitor solar panel output;
schedule battery charging from
solar first

Use solar panels to supply

Solar Power Integration power during daylight hours

Ensure proper BMS and

D r nly when r . s
G operates only when battery automatic switching between

Hybrid DG-Solar Systems or solar insufficient

sources
Energy Storage Systems Track battery status, state-of-
. Store excess renewable energy .
(Batteries) charge, and efficiency

Configure controllers to shed
Critical equipment prioritized non-essential load during peak
consumption

Load Management /
Prioritization

4. Practical Example — Energy Optimization at a 5G Site
Scenario:
A5G tower is powered by a hybrid solar-DG system, with multiple RRUs and AC cooling units.
Supervisor Action Plan:
1. Adjust AC setpoint to 25°C and configure fan speed using site sensors.
Switch all internal lights to LED and install motion sensors in low-traffic areas.
Monitor solar panel output and schedule battery charging from solar first.
Configure hybrid DG system to operate only when battery falls below 50%.

ke wN

Record energy consumption and cost savings in Energy Monitoring Log.

—- 7.1.9 Role of Renewable Energy Sources in Reducing Telecom —
Carbon Footprint

Telecom sites, especially 5G towers, consume significant energy for:

o Active network equipment (RRUs, switches, routers)

e Backup power systems (DG sets, UPS)

e Cooling and auxiliary systems
Traditional diesel generators and grid electricity contribute to greenhouse gas emissions, increasing the
telecom carbon footprint. Integrating renewable energy sources, particularly solar energy, reduces
emissions and operational costs, while supporting sustainable telecom operations.

—______m___________
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1. Key Renewable Energy Sources for Telecom Sites

Energy Source Application in Telecom Sites Supervisor Role / Example

Solar Energy (PV Panels) Powering BTS, RRUs, batteries Monitor solar panel output;
during daytime; reducing DG schedule battery charging
runtime prioritizing solar first

Hybrid Solar-DG Systems Combine solar energy and diesel | Ensure automatic switching

generator for uninterrupted between sources and optimal DG
power usage
Wind Energy (if site Small-scale turbines to Monitor turbine performance;
feasible) supplement power in remote sites | integrate with hybrid system

Energy Storage (Batteries) | Store excess renewable energy for | Track battery state-of-charge and
night-time or low-sun hours efficiency; maintain BMS

2. How Solar Energy Reduces Carbon Footprint

Mechanism Impact on Carbon Emissions Supervisor Action
Direct power supply from solar | Reduces diesel consumption, Monitor solar generation;
panels lowering CO, emissions ensure clean panels and proper
tilt angle
Battery charging using solar Avoids use of DG sets during Configure hybrid system to
daylight hours prioritize solar charging

Program automatic source
switching; record DG runtime

Hybrid system optimization Only use DG when

solar/battery insufficient

Reduction of grid dependency | Less reliance on fossil-fuel- Measure monthly energy
based electricity consumption from solar vs
DG/grid

3. Practical Example — Solar Integration at 5G Site
Scenario:
A5G tower is installed in a semi-urban area with intermittent grid supply.
Supervisor Action Plan:
1. Install solar PV panels with battery storage capable of powering RRUs and cooling units during
daylight.
Integrate hybrid solar-DG system with automatic switching to ensure continuous power.
Monitor solar panel output daily; clean panels to maintain efficiency.
Schedule battery charging prioritizing solar energy first, minimizing DG runtime.
Track monthly DG fuel consumption and record CO, reduction in the Energy Monitoring Log.

vk W
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— 7.1.10 Assist In Adopting Solar-Powered Telecom Towers and —
Integrating Hybrid Energy Systems

Assisting in the transition to solar-powered telecom towers and integrating hybrid energy systems is a
multi-step process that involves planning, technical execution, and ongoing maintenance. This approach
is crucial for cutting operational costs, increasing reliability, and reducing the carbon footprint of
telecom networks.

Step 1: Feasibility and Site Assessment

Before any installation, a thorough site assessment is essential.

e Energy Audit: Determine the site's current energy consumption. Analyze historical data to
understand power usage patterns throughout the day and night.

e Solar Insolation and Wind Speed: Evaluate the potential for solar and wind energy. Use data on
average daily solar radiation and wind speeds at the specific location to calculate the required
number of solar panels and the feasibility of wind turbines.

e Location: Consider the site's remoteness. For off-grid towers, solar-hybrid systems are often the
only viable option. For towers with an unreliable grid connection, a hybrid system provides a
reliable backup.

Step 2: System Design and Component Selection
The core of a hybrid system is its intelligent design, which combines various components to ensure
continuous power.

e Solar Photovoltaic (PV) Panels: Based on the energy audit, determine the number and type of
solar panels needed to meet the site's power demand and charge the batteries.

e Battery Energy Storage System (BESS): The battery bank is the heart of the system, storing excess
solar energy for use at night or on cloudy days. Lithium-ion batteries are often preferred over
lead-acid due to their higher energy density, longer lifespan, and lower maintenance needs. The
size of the battery bank determines the site's autonomy (how long it can run without sunlight).

e Backup Generator: Integrate a backup generator (typically diesel) as a last resort. The goal of a
hybrid system is to minimize the generator's runtime, only using it when solar and battery power
are insufficient.

e Power Management System: Install an intelligent controller to manage the flow of energy
between the solar panels, batteries, and generator. This system optimizes energy use, prioritizes
solar power, and reduces reliance on the backup generator.

Step 3: Installation and Integration
This phase involves the physical setup and connection of all components.

e Panel Mounting: Solar panels should be mounted on the tower structure or on a separate ground-
based structure. The mounting angle and orientation must be optimized for maximum sun
exposure.

e System Wiring: Connect all components, including solar panels, charge controllers, batteries, and
the backup generator, to the main power system. All wiring must adhere to strict safety
standards.

e Remote Monitoring: Implement a remote monitoring system to track energy generation,
consumption, and battery status. This allows technicians to troubleshoot issues and optimize
performance from a central location, reducing the need for costly site visits.

147 .
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Step 4: Maintenance and Optimization
The process doesn't end with installation. Ongoing maintenance is essential for long-term efficiency and
reliability.
¢ Regular Cleaning: Clean solar panels periodically to remove dust, dirt, and debris, which can reduce
their efficiency.
¢ Battery Health Check: Monitor the battery bank's health to ensure it's functioning optimally and to
replace batteries before they fail.
e Performance Analysis: Regularly analyze data from the monitoring system to identify potential
issues and find opportunities for further energy savings. This data can be used to fine-tune the
system's settings and improve overall efficiency.

_ 7.1.11 Best Practices for Managing Telecom Tower Site Waste _
and Reducing DG Fuel Consumption

Telecom towers, especially 5G sites, generate solid, liquid, and hazardous waste while relying on Diesel
Generators (DG) for backup power. Efficient waste management and DG fuel optimization reduce
operational costs, environmental impact, and carbon footprint.

1. Telecom Tower Site Waste Management Best Practices

Practice Description / Example Supervisor Role
. Separate metal, plastic, e-waste, Ensure labeled bins; train
Segregation at Source . . .. .
batteries, and hazardous materials technicians on segregation rules
Reuse boxes, foam, cables, and Maintain Waste Reuse &
Reuse and Recycling connectors; recycle metals, plastics, Recycling Log; coordinate with
and batteries CPCB-authorized recyclers
Safe Hazardous Waste Handle battery acid, lubricants, and Ensure PPE use, neutralize spills,
Handling solvents safely and record handling in logbook

Periodic Environmental | Check compliance with CPCB and site | Conduct quarterly audits;

Audits SOPs identify corrective actions
Documentation and Maintain waste generation and Update logs for audit and
Reporting disposal records compliance purposes
Training Staff Educate team on eco-friendly practices Conduct periodic training

sessions and refreshers

2. Reducing DG Fuel Consumption

o
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Technique Description / Example Supervisor Role
Hybrid Power Systems Combine solar panels, batteries, | Prioritize renewable energy;
and DG to minimize DG runtime [ monitor hybrid system
performance

Load Management / Scheduling | Operate non-critical equipment |Configure automatic load
during low-load periods shedding; supervise critical load
prioritization

Preventive Maintenance Ensure DGs are serviced Check filters, oil, and cooling
regularly systems to improve efficiency
Energy-Efficient EQuipment Use low-power RRUs, LED Monitor site equipment energy
lighting, and smart cooling consumption; plan upgrades
Optimized DG Operation Hours [Schedule DG operation only Record DG runtime; calculate
when necessary fuel saved per month
Monitoring & Reporting Maintain logs of fuel Analyze trends; recommend

consumption and CO, emissions [improvements to reduce usage

3. Practical Example — Waste Management & DG Fuel Optimization
Scenario:
A 5G telecom tower has a diesel generator backup and generates waste from battery replacements,
cable upgrades, and packaging.
Supervisor Action Plan:
1. Segregate waste into metals, plastics, hazardous materials, and e-waste.
2. Reuse packaging materials and send batteries and metals to authorized recyclers.
3. Maintain Waste Management Log and submit monthly reports to management.
4. Optimize DG runtime by using solar power during daylight and prioritizing battery discharge before
DG use.
Schedule preventive maintenance of DG to ensure fuel-efficient operation.
Train staff on waste segregation and energy-saving practices.

o w

7.1.12 Guiding Co-Workers on Eco-Friendly Practices and .
Waste Management Policies

Guiding your coworkers on eco-friendly practices and waste management policies is a crucial part of
creating a sustainable workplace culture. The most effective way to do this is through clear
communication, hands-on training, and leading by example. Your guidance should be practical and easy
to follow.
1. Education and Awareness
Start by helping your coworkers understand the "why" behind these policies.
e Explain the Impact: Use simple language to explain what e-waste is and why its proper disposal is
critical for the environment and human health. Show them what's in a circuit board or a battery
that makes it hazardous.
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e Highlight the Rules: Clarify the specific company policies
and the relevant government regulations, like the E-
Waste (Management) Rules, 2022. Explain how these
rules affect daily operations and why compliance is
mandatory.

e Provide Visuals: Create and place posters or digital
signage near waste collection points that clearly show
what goes into each bin. Use icons to represent different
types of waste, such as batteries, paper, and plastic, to
make it easy for everyone. Fig. 7.1.1 Awareness on E Waste

2. Hands-on Training and Demonstration
Practical demonstrations are more effective than just providing written instructions.

e Show and Tell: Gather the team for a brief session where you physically demonstrate how to
segregate different types of waste. For instance, show them a non-functional router and explain
where each part (the casing, the circuit board, the cables) should go.

e Walkthroughs: Conduct a walkthrough of the site's waste collection and storage areas. Point out
the clearly labeled bins for e-waste, hazardous materials, and general trash. Explain the
importance of storing batteries in a secure, designated area.

¢ Role-play Scenarios: Present real-life scenarios, like "What do you do with a leaking battery?" or
"Where does this old printer go?" and guide them through the correct procedure, reinforcing the
safety protocols and proper disposal channels.

3. Incentives and Accountability
Encourage participation by making it a shared responsibility with tangible results.

e Set Clear Goals: Work with management to set measurable goals, such as a 20% reduction in
paper usage or a specific target for e-waste collection per quarter. Share the progress with the
team to keep them motivated.

e Recognition: Acknowledge and reward individuals or teams who consistently follow the policies.
This can be as simple as a shout-out in a team meeting or a small certificate of appreciation.

e Lead by Example: Be a role model for your coworkers. Always follow the policies yourself and
encourage others to do the same. Your consistent actions will reinforce the importance of these
practices.

_ 7.1.13 Water Conservation Principles and Sustainable
Telecom Site Design

Telecom: ssites, including 5G towers, consume water for:

¢ Cooling systems (e.g., CRAC units, chillers)

¢ Sanitation and site facilities

¢ Fire suppression and emergency systems
Implementing water conservation measures and designing sustainable sites reduces environmental
impact, operational costs, and promotes regulatory compliance. Project Supervisors play a key role in
planning, monitoring, and guiding site operations to achieve sustainability goals.
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1. Water Conservation Principles

Principle
Rainwater Harvesting

Description / Example
Collect and store rainwater
for non-potable use

Supervisor Role

Oversee installation of tanks, pipes, and
filtration systems; monitor storage
levels

Use of Recycled Water

Reuse treated wastewater
for site cleaning, gardening,
or cooling

Guide staff on proper reuse protocols;
ensure water quality compliance

Efficient Cooling Systems

Use closed-loop or hybrid
cooling to minimize water
loss

Monitor system efficiency; check for
leaks or evaporation losses

Water-Efficient Fixtures

Install low-flow taps, toilets,
and showerheads

Inspect fixtures; ensure proper
maintenance and repair leaks promptly

Monitoring and Leak
Detection

Regularly check pipelines and
storage tanks

Conduct periodic inspections; maintain
water consumption logs

2. Sustainable Telecom Site Design

Design Aspect

Site Layout & Orientation

Sustainability Feature

Optimize natural ventilation,

daylighting, and minimize energy-

intensive cooling

Supervisor Role

Review site plans; ensure
optimal placement of
equipment and structures

Green Landscaping

Plant drought-resistant vegetation;

reduce irrigation needs

Plan and supervise landscaping;
guide maintenance staff

Renewable Energy
Integration

Use solar panels, hybrid power, and

energy-efficient equipment

Coordinate installation; monitor
energy savings and
environmental impact

Stormwater Management

Design drainage and retention
systems to prevent runoff and
erosion

Ensure proper grading,
collection, and reuse of
stormwater

Material Selection

Use recyclable, low-impact materials

for towers and shelters

Approve procurement of eco-
friendly construction materials

Wastewater Management

Include septic tanks or treatment

units for sanitation needs

Oversee installation and
maintenance; ensure
compliance with environmental
norms
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~ 7.1.14 Importance of Training Telecom Employees on

Reason
Regulatory Compliance

1. Key Reasons for Training Employees

Description / Example
Ensures adherence to CPCB, E-
Waste Management Rules, and
other environmental laws

Environmental Awareness and Compliance

Telecom operations, particularly 5G network sites, involve activities that generate:
e E-waste (old RRUs, batteries, PCBs)
¢ Hazardous materials (battery acids, fuels, solvents)
e Energy and water consumption

Proper training and awareness programs ensure employees understand environmental responsibilities,

follow regulatory guidelines, and contribute to sustainable telecom operations.

Supervisor Role
Conduct briefings; verify employees
understand SOPs and compliance
requirements

Reduction of
Environmental Impact

Minimizes waste generation, fuel
usage, and pollution

Demonstrate proper waste
segregation, energy-saving, and water
conservation practices

Safe Handling of
Hazardous Materials

Prevents accidents, spills, and
exposure to toxic substances

Train employees in PPE usage, spill
response, and safe storage practices

Cost Efficiency

Reduces operational expenses by
promoting reuse, recycling, and
energy optimization

Show practical examples of reusing
packaging, optimizing DG runtime, and
using renewable energy

Promotes Sustainable
Practices

Encourages eco-friendly behavior
in daily tasks

Organize periodic workshops,
demonstrations, and refresher sessions

Enhances Employee
Accountability

Employees become aware of
their role in achieving
sustainability goals

Maintain attendance logs and monitor
adherence to environmental SOPs

Activity

Waste Segregation Drill

2. Practical Training Activities

Description / Example

Supervisor Role

Hands-on session separating metals,
plastics, e-waste, and hazardous
waste

Demonstrate correct labeling
and collection; supervise
employees performing the task

Energy Efficiency
Demonstration

Show use of LED lighting, smart
cooling, solar, and hybrid systems

Guide employees on monitoring
and operating energy-efficient
equipment

Hazardous Material
Handling

Teach safe handling of batteries,
fuels, and chemicals

Ensure PPE usage; supervise
spill response procedures

Environmental SOP Review

Walkthrough of site SOPs, E-Waste
rules, and CPCB guidelines

Conduct interactive sessions;
clarify doubts and assess
understanding

Water & Resource
Conservation

Show rainwater harvesting, low-flow
fixtures, and closed-loop cooling

Supervise practical application
and daily monitoring routines
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~ 7.1.15 Conducting Periodic Environmental Audits for
Sustainability Compliance

Periodic environmental audits at telecom sites help ensure:
e Compliance with CPCB, E-Waste Management Rules, and site SOPs
o Efficient waste management, energy use, and water conservation
¢ |dentification of non-compliance issues and corrective actions

1. Objectives of Environmental Audits

Objective Description / Example Supervisor Role
Regulatory Compliance Check adherence to CPCB, E- Review audit checklist and
Waste, and environmental rules | ensure all regulatory points are
assessed
Waste Management Efficiency | Evaluate segregation, reuse, Inspect bins, logs, and
and disposal practices recycling/reuse records
Energy Optimization Assess use of solar, hybrid Monitor energy consumption
systems, LED lighting, and smart | logs; check renewable energy
cooling utilization
Water Conservation Verify rainwater harvesting, Inspect storage tanks, pipelines,
efficient fixtures, and closed- and water consumption logs
loop systems
Hazardous Material Handling Ensure proper handling, PPE Observe handling procedures
usage, and spill response and maintain corrective action
records
Training & Awareness Confirm staff follow eco-friendly | Check training records and
practices practical adherence on-site

2. Steps to Conduct Environmental Audits

Step Activity / Description Supervisor Role / Example
1 [Planning the Audit Prepare audit schedule; identify focus areas (waste, energy,
water, safety)
2 |Checklist Preparation Use standardized checklist covering regulatory, operational,
and sustainability points
3 |On-Site Inspection Inspect bins, logs, equipment, energy meters, water systems,

and hazardous material storage

4 |Data Collection & Record observations, measure energy/water usage, and take
Documentation photographs if needed
5 |Analysis & Reporting Compare findings against regulatory standards and site SOPs

6 |Corrective Action & Follow-Up |Recommend and implement corrective measures

Staff Feedback & Training Share audit findings with co-workers
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— Notes







8. Workplace
Management,
Safety, and Resource
Optimization

Telecom
sector
Shill
Counal

Unit 8.1 - Skill Development and Work Planning
Unit 8.2 - Safety, Resource Management, and Team
Motivation
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— Key Learning Outcomes | ¥

21.
22.
23.

24.
25.
26.
27.
28.
29.
30.
31.
32.

By the end of this module, the paricipants will be able to:

Explain strategies to pursue skill advancement relevant to the industry.

Show how to develop technical and personal skills for staying updated with industry
advancements.

Describe key performance indicators (KPls) for task evaluation and improvement.

Show techniques to guide the team in being accountable for timely completion of tasks.
Explain feedback processes and formats to guide performance improvement.

Show methods to train the team on adapting to new products, services, and technologies.
Discuss the significance of setting timelines and goals for work allocation.

Show the process of creating schedules and rosters to ensure smooth workflow.

Describe the importance of quality and timely delivery of products and services.

. Show supervision techniques to ensure work is done according to assigned requirements.

. Explain the layout of the workstation and equipment used in daily tasks.

. Show ways to maintain efficiency and productivity while performing assigned tasks.

. Discuss the escalation matrix and its importance, especially in emergencies.

. Show problem-solving skills by analyzing workplace issues and providing appropriate solutions.
. Explain techniques for time and cost management in workplace operations.

. Show how to train the team to estimate the root cause of problems and validate solutions.

Describe workplace health and safety regulations and their implementation.

. Show identification of organizational health, safety, and security policies and procedures.
. Explain different types of hazards and associated risks in the workplace.
. Show handling of hazards like illness, accidents, fires, or natural calamities as per organizational

procedures.
Discuss the procedures for reporting breaches in health, safety, and security.
Show how to instruct the team to report breaches in health, safety, and security.

Show the process of reporting hazards outside individual authority and warning others who may
be affected.

Describe methods for efficient resource and material management.

Show practices to optimize material usage, including water, in daily activities.

Show supervision of the team to ensure responsible use of workplace resources.

Explain common electrical problems and practices for conserving electricity.

Show methods to guide the team in optimizing energy usage in various processes.

Show techniques to motivate the team for routine cleaning of tools, machines, and equipment.
Show periodic checks to ensure the proper functioning of machines and equipment.

Show guidance on reporting malfunctions and lapses in equipment maintenance.

Show identification of opportunities for team-building workshops and motivational training.

157
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UNIT 8.1: Skill Development and Work Planning

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Explain strategies to pursue skill advancement relevant to the industry.

2. Show how to develop technical and personal skills for staying updated with industry
advancements.

3. Describe key performance indicators (KPIs) for task evaluation and improvement.

4. Show techniques to guide the team in being accountable for timely completion of tasks.

5. Explain feedback processes and formats to guide performance improvement.

6. Show methods to train the team on adapting to new products, services, and technologies.

7. Discuss the significance of setting timelines and goals for work allocation.

8. Show the process of creating schedules and rosters to ensure smooth workflow.

9. Describe the importance of quality and timely delivery of products and services.

10. Show supervision techniques to ensure work is done according to assigned requirements.

11. Explain the layout of the workstation and equipment used in daily tasks.

12. Show ways to maintain efficiency and productivity while performing assigned tasks.

13. Discuss the escalation matrix and its importance, especially in emergencies.

14. Show problem-solving skills by analyzing workplace issues and providing appropriate solutions.

15. Explain techniques for time and cost management in workplace operations.

16. Show how to train the team to estimate the root cause of problems and validate solutions.

— 8.1.1 Importance of Continuous Learning in the 5G Ecosystem —

The telecom sector, especially in the era of 5G and beyond, evolves rapidly with new technologies such
as cloud-native architectures, Open RAN, Al/ML integration, and edge computing. A Project Supervisor
— 5G Network must consistently upgrade both technical and personal competencies to remain effective
in managing teams, processes, and deployments aligned with the latest industry standards.
e 5G introduces technologies such as network slicing, massive MIMO, software-defined networking
(SDN), and virtualized RAN (VRAN).
e Frequent updates to 3GPP specifications demand that professionals regularly review new releases
and guidelines.
e Supervisors who actively learn emerging trends are better equipped to lead installation, testing,
and integration activities efficiently.

Strategies to Develop Technical Skills
1. Engage in Professional Development Programs:
e Enroll in certified online or classroom training on 5G network design, deployment tools, and
protocols.
¢ Participate in workshops by telecom equipment vendors and standardization bodies.

-
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2. Hands-on Learning and Simulation Tools:
e Practice using tools like 5G NR simulators, spectrum analyzers, and network configuration
software.
* Analyze network logs and KPI dashboards to enhance problem-solving abilities.
3. Knowledge of Interdisciplinary Technologies:
e Learn the fundamentals of loT integration, cloud orchestration, and cybersecurity practices
related to 5G infrastructure.
4. Industry Collaboration and Knowledge Sharing:
e Join technical forums, IEEE groups, and telecom conferences to exchange knowledge and
experience.
4. Developing Personal and Professional Competencies
1. Critical Thinking and Analytical Skills:
e Evaluate technical problems logically and use data-driven approaches for network
optimization.
2. Team Leadership and Communication:
e Foster effective coordination between engineers, technicians, and vendors.
e Conduct clear and timely reporting, documentation, and progress updates.
3. Adaptability and Learning Agility:
e Embrace new technologies and workflows with openness.
e Set personal learning goals to acquire one new competency every quarter.
4. Ethical and Responsible Practice:
e Follow safety, security, and compliance standards during network deployment and
supervision.

Developing Technical and Personal Skills for Industry Advancement

In the rapidly changing 5G ecosystem, professionals engaged in supervision and coordination must
continuously enhance their technical and personal competencies to stay aligned with evolving
technologies and organizational goals. Ongoing development ensures that project tasks are completed
efficiently, innovations are effectively adopted, and teams operate at optimal performance levels.
Necessary skills and knowledge are gained through continuous exposure to new technologies,
participation in industry-led workshops, use of modern network tools, and engagement in collaborative
learning environments. Keeping abreast of developments in areas such as Open RAN, edge computing,
cloud-based architectures, and Al-enabled network analytics strengthens the ability to adapt and lead
effectively in dynamic work conditions.
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— 8.1.2 Key Performance Indicators (KPls) for Task Evaluation —
and Improvement

Key Performance Indicators (KPIs) are measurable values used to assess the efficiency, accuracy, and
quality of tasks. In 5G network operations, KPIs reflect critical performance aspects such as network
uptime, latency, throughput, signal quality, and adherence to project schedules. Understanding and
applying KPIs enable effective evaluation of work performance and identification of areas that require
improvement.

Necessary knowledge is developed through familiarization with network monitoring dashboards, OAM
tools, and performance reports that track parameters like response time, resource utilization, and fault
resolution. Regular analysis of data against Service Level Agreements (SLAs) and project benchmarks
fosters analytical thinking and decision-making skills.

By consistently monitoring KPIs and identifying trends, corrective actions can be implemented to
improve efficiency, maintain quality, and ensure that project outcomes align with organizational
objectives.

— 8.1.3 Techniques to Guide the Team in Being Accountable for —
Timely Completion of Tasks

Ensuring timely completion of tasks requires a structured approach to planning, delegation, and follow-
up. Accountability within a team is achieved by setting clear expectations, maintaining transparent
communication, and promoting ownership of assigned responsibilities.

Techniques to build accountability include the use of task tracking systems (such as project
management tools and digital dashboards) to monitor progress and milestones, conducting regular
progress meetings to review task status, and identifying potential delays early. Maintaining open
communication channels enables quick resolution of issues, while constructive feedback sessions
encourage continuous improvement.

Guidance and accountability can also be strengthened through shared goal-setting, recognition of
timely achievements, and peer collaboration. These approaches foster responsibility, discipline, and
teamwork, ensuring that all project activities are executed efficiently and within the defined timelines.
Feedback Processes and Formats

Feedback is a crucial tool for improving performance. It helps team members understand their
strengths and weaknesses, and provides a clear path for growth. Here are some effective feedback
processes and formats you can use as a Project Supervisor - 5G Network:

e One-on-One Meetings: Regularly scheduled private meetings with each team member. This
format allows for a focused, two-way conversation where you can discuss specific tasks,
challenges, and career goals. It's a great opportunity for constructive criticism and for providing
positive reinforcement.

e Performance Reviews: Formal, documented assessments of an employee's performance over a
specific period (e.g., quarterly, annually). These reviews should be based on pre-defined metrics
and project goals. The feedback should be objective and backed by data.

- —
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e 360-Degree Feedback: This process involves collecting feedback from multiple sources, including
supervisors, peers, and subordinates. It provides a comprehensive view of an employee's
performance and can highlight areas for improvement that a single supervisor might miss.

e Real-time Feedback: Providing immediate feedback as situations arise. For example, if a team
member successfully troubleshoots a complex issue, you can immediately acknowledge their
effort. Conversely, if a mistake is made, you can address it promptly to prevent it from happening
again.

When delivering feedback, focus on specific behaviors rather than general traits. For instance, instead of
saying "You're not a good communicator," say "I noticed that during the client call, you didn't clearly
explain the project timeline. Let's work on improving your communication skills in that area." Always
end with a clear plan for improvement.

Training the Team on New Technologies

The 5G network landscape is constantly evolving, with new products, services, and technologies
emerging regularly. As a supervisor, it's your responsibility to ensure your team is equipped to handle
these changes. Here's how you can train them:

e Conduct Workshops and Training Sessions: Organize hands-on workshops with new equipment or
software. Invite vendors or subject matter experts to lead sessions on the latest technologies,
such as Massive MIMO antennas or network slicing. This gives the team a chance to learn in a
controlled environment.

e Promote Self-Learning and Continuous Education: Encourage team members to take online
courses, earn certifications, and read industry publications. You can even allocate a small budget
for each team member's professional development. This approach fosters a culture of lifelong
learning.

e Create a Knowledge Sharing System: Implement a system, like a shared drive or a wiki, where
team members can document their findings, troubleshooting steps, and best practices. This
ensures that valuable knowledge is not lost and is accessible to the entire team.

e Mentorship and Peer Training: Pair up experienced team members with newer ones. This allows
for one-on-one knowledge transfer and provides the mentor with leadership experience. You can
also assign a team member to become the "expert" on a new technology and have them train
their peers.
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Efficient execution of 5G network projects requires clear planning, well-defined goals, and proper time

management. Setting timelines and goals ensures that tasks are completed in the right sequence,

dependencies are managed, and resources are optimally utilized. Clear timelines also make it easier to

monitor progress, identify potential delays early, and maintain accountability within the team.
Significance of Setting Timelines and Goals

Aspect
Clarity of Work Allocation

Description

Defines what needs to be done, by whom, and by when.

Resource Optimization

Ensures balanced workload distribution and prevents overlaps.

Performance Tracking

Provides measurable checkpoints to monitor task completion.

Accountability

Ensures responsibility for meeting deadlines.

Motivation and Focus

Creates achievable short- and long-term objectives for the team.

Example:

For a 5G site integration, the timeline may be set as:

e Day 1-2: Equipment installation

e Day 3—4: Configuration and alignment

e Day 5: Testing and validation

e Day 6: Reporting and documentation

This allows progress to be tracked at each stage and ensures timely completion.

Process of Creating Schedules and Rosters

Creating a work schedule or roster involves planning tasks, allocating resources, and organizing

timelines for smooth workflow.

Step
1. Define Project Scope

Activity
Identify all tasks and their
dependencies.

Tools / Methods Used
Work Breakdown Structure
(WBS), project documents

2. Assess Resources

Determine manpower,
equipment, and availability.

Resource matrix

3. Allocate Tasks

Assign work based on task
requirements and availability.

Task assignment sheets

4. Set Timelines and Milestones

Establish start and end dates for
each activity.

Gantt charts, project
management software

5. Prepare Roster / Work
Schedule

Create daily or weekly schedules
for the team.

Excel sheets, roster templates

6. Communicate and Review

Share schedule with the team
and adjust as needed.

Team meetings, briefings

7. Monitor Progress

Track actual progress against
planned timelines.

Progress tracker, digital
dashboards
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Sample Daily Work Roster

Team . Location / . . Remarks /
Member Assigned Task Site Start Time End Time Status

Technician A Tower Equipment | Site 1 09:00 AM 12:00 PM Completed
Setup

Technician B Fiber Connectivity | Site 2 10:00 AM 02:00 PM In Progress
Testing

Engineer C Network Control 01:00 PM 05:00 PM Pending
Parameter Room Review
Validation

Practical Application Example
During multi-site 5G deployment, a supervisor can:
e Prepare a weekly plan assigning each team to specific sites and tasks.
e Conduct daily briefings to review goals and highlight any issues.
e Track progress on a shared digital dashboard accessible to all stakeholders.
This structured approach ensures smooth workflow, timely completion of tasks, and effective
coordination among teams.

— 8.1.5 Importance of Quality and Timely Delivery of Products —
and Services

In any organization, especially in the telecom and 5G sector, delivering products and services with high
quality and within the defined timelines is crucial for operational success and customer satisfaction.
Quality ensures that the end products meet the required technical standards, function reliably, and
comply with safety and regulatory norms. Timely delivery ensures that projects, network deployments,
or service rollouts are completed as planned, preventing delays that can affect customers, stakeholders,
and business operations.

Key Reasons for Importance:

Aspect Description

Customer Satisfaction High-quality and timely services build trust and enhance customer
loyalty.

Operational Efficiency Ensures optimal utilization of resources and smooth workflow.

Compliance and Standards Maintains adherence to technical standards, regulatory

requirements, and SLAs.

Reputation and Credibility Consistently meeting quality and time commitments strengthens
brand reputation.

Cost Management Reduces wastage, rework, and penalties associated with delayed
or faulty deliverables.

Competitive Advantage Reliable and timely delivery differentiates the organizationin a
competitive market.

—— ————
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Example:

In a 5G site deployment, ensuring that equipment installation, configuration, and testing are performed
correctly and within scheduled timelines prevents service disruptions, avoids additional costs, and
ensures that customers experience reliable network connectivity from the day of launch.

— 8.1.6 Layout of the Workstation and Equipment Used in —
Daily Tasks

A well-organized workstation is essential for efficiency, safety, and accuracy in 5G network operations.
The layout should allow easy access to tools, equipment, and documentation while minimizing
movement and avoiding clutter. Proper arrangement also ensures adherence to safety standards and
facilitates smooth workflow during installation, testing, and maintenance activities.

Typical Workstation Layout
A typical 5G network workstation may include:

Zone / Area Purpose Equipment / Tools

Work Surface Main area for configuration, Laptops, configuration consoles,
testing, and documentation multimeters, network analyzers

Testing Area For validating network parameters | Spectrum analyzers, signal generators,
and device functionality protocol testers

Equipment Storage Organized storage of spare parts [Racks, shelves, labeled bins for cables,
and devices connectors, and modules

Documentation Corner [Reference for manuals, project Standard Operating Procedures (SOPs),
plans, and technical guides equipment manuals, checklists

Communication Zone For coordination with team Telephones, intercoms, video
members or vendors conferencing setup

Safety Area Ensuring adherence to safety PPE (gloves, helmets, safety glasses),
standards first aid kit, fire extinguisher

Example Layout for Daily Tasks
1. Morning Setup:
e Ensure laptops and configuration tools are powered and updated.
e Check all testing devices for calibration.
e Verify that spare parts and connectors are stocked.
2. Task Execution:
e Work surface is used for connecting equipment, running configurations, and monitoring
results.
e Testing area is used to validate network performance.
¢ Documentation corner is used to note configurations, test results, and observations.
3. End-of-Day Routine:
e Return tools and equipment to storage areas.
e Update logs and project sheets.
e Clean workstation to maintain order for the next day.
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Daily Equipment Checklist:

Equipment / Tool Use in Daily Tasks Frequency of Use
Laptop / PC Configuration and monitoring Daily
Multimeter Electrical testing and verification Daily
Network Analyzer Signal strength and quality testing Daily
Spectrum Analyzer Frequency and interference measurement As required
Cables / Connectors Equipment interconnection Daily
SOP Manuals / Checklists Reference for procedures Daily
PPE (Helmet, Gloves, Safety Glasses) Personal safety Daily

A well-structured workstation, with clearly defined zones and organized equipment, improves
productivity, ensures safety, and supports accurate and timely completion of 5G network tasks. Proper
arrangement also reduces errors, facilitates teamwork, and maintains a professional working
environment.

— 8.1.7 Maintaining Efficiency And Productivity While
Performing Assigned Tasks

Efficiency and productivity are vital for the success of any project, especially in a fast-paced
environment like 5G network deployment. As a Project Supervisor, your ability to maintain these
qualities in your team directly impacts project timelines and quality.

Time Management Techniques

e Prioritize with the Eisenhower Matrix: This method helps you categorize tasks based on their
urgency and importance. You can use it to determine which tasks to:

o Do Immediately (Urgent & Important): These are critical tasks that need immediate
attention, such as fixing a network outage.

o Schedule (Important but Not Urgent): These are tasks that contribute to long-term goals and
should be scheduled, like team training on new 5G technology.

o Delegate (Urgent but Not Important): These tasks need to be done but may not require your
specific expertise, such as administrative work or minor issues that a team member can
handle.

o Eliminate (Neither Urgent nor Important): These are time-wasters that don't contribute to
project goals and should be avoided.

e Apply the "Eat the Frog" Method: Tackle your most challenging or least favorite task first thing in
the morning. Completing the hardest part of your day when your energy levels are highest gives
you a sense of accomplishment and makes the rest of the day feel much smoother.

¢ Use the Pomodoro Technique: This time-management method involves working in focused, 25-
minute intervals, separated by short breaks. After four "pomodoros," you take a longer break.
This technique helps prevent mental fatigue and keeps you from getting distracted.
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Workflow and Task Management

¢ Avoid Multitasking: While it might feel productive to juggle multiple tasks, research shows that it
actually slows you down and increases the likelihood of errors. Instead, focus on one task at a
time until it's complete.

e Batch Similar Tasks: Group similar tasks together and do them all at once. For instance, dedicate
a specific block of time to replying to all your emails and another for making project-related calls.
This helps you get into a rhythm and reduces "context switching" which can be a major time-
waster.

e Delegate Effectively: As a supervisor, your role is not to do everything yourself. Identify tasks
that can be delegated to team members and empower them to take ownership. Delegation not
only frees up your time but also helps develop your team's skills and sense of responsibility.

Maintain a Productive Environment

e Minimize Distractions: Identify common distractions in your workspace—whether it's social
media notifications, emails, or chat applications—and take steps to minimize them. Use "Do Not
Disturb" mode on your phone or computer, and set specific times to check messages.

e Stay Organized: A cluttered workspace can lead to a cluttered mind. Keep your physical and
digital workspaces organized. Use project management software to keep track of tasks,
deadlines, and communication, so you don't waste time searching for information.

e Take Regular Breaks: It may seem counterintuitive, but taking short, regular breaks is essential
for maintaining focus and avoiding burnout. Use these breaks to stretch, walk around, or simply
clear your mind before diving back into work.

— 8.1.8 Escalation Matrix and Its Importance, Especially in
Emergencies

An escalation matrix is a structured framework that defines the hierarchy of reporting and decision-
making when an issue arises during project operations. It ensures that problems are addressed
promptly by the appropriate authority, minimizing delays, avoiding confusion, and maintaining
continuity in critical tasks.

In 5G network operations, where projects involve multiple teams, sites, and technical complexities, an
escalation matrix is essential for managing both routine issues and emergencies effectively.

Importance of Escalation Matrix




Participant Handbook

Aspect Description

Prompt Decision-Making

Ensures that urgent issues are reported to the right level immediately.

Clear Communication

Provides a predefined path for reporting, preventing confusion.

Minimizes Downtime

Quick resolution of technical or operational problems reduces service
disruptions.

Accountability

Identifies who is responsible for resolving different types of issues.

Safety Assurance

In emergencies such as equipment failure, fire, or electrical hazards,
escalation ensures timely intervention to protect personnel and assets.

Maintains Workflow

Prevents minor issues from escalating into major delays by resolving
them at the appropriate level.

Typical Escalation Matrix for 5G Operations

Responsible Person /

= Authority

Type of Issue

Action / Response Time

Level 1 On-site Technician / Routine technical issues, | Attempt resolution immediately;
Engineer minor faults escalate if unresolved within 30
minutes
Level 2 Site Supervisor / Equipment failure, Review issue and provide guidance;
Project Coordinator configuration errors, or | escalate if unresolved within 1 hour
delayed tasks
Level 3 Project Manager / Major site failures, Make strategic decisions, allocate
Operations Head repeated faults, resource | resources, notify stakeholders;
shortage escalate if unresolved within 2—4
hours
Level 4 Regional Manager / Critical emergencies Authorize emergency measures,
Senior Management impacting multiple sites [ mobilize additional teams,
or deadlines communicate with clients and
vendors
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— 8.1.9 Analyzing Workplace Issues and Providing Solutions —

As a Project Supervisor in a 5G network environment, you'll encounter various issues. Effective
problem-solving involves not just identifying a problem but also understanding its root cause and
implementing a sustainable solution. Here's a structured approach to problem-solving with examples of
common workplace issues and their solutions.
Issue 1: Poor Performance from a Team Member
Problem Analysis: A team member is consistently failing to meet deadlines or is making recurring errors.
This impacts the overall project timeline and the morale of the rest of the team.
Root Cause: The reasons for poor performance can be varied and require a careful, non-judgmental
analysis. They could be due to:

e Lack of necessary skills or training.

® Personalissues or low morale.

e Unclear expectations or job role confusion.

e Lack of necessary tools or resources to complete the job.

Solutions:

e Schedule a private, one-on-one meeting: Use this opportunity to discuss performance
constructively. Ask open-ended questions to understand their perspective and identify the root
cause of the issue.

e Develop a Performance Improvement Plan (PIP): Based on your discussion, create a clear,
documented plan with specific, measurable goals and a timeline for improvement. This might
include additional training, mentorship from a senior team member, or providing them with new
tools.

e Provide regular feedback and support: Don't wait until the next formal review. Offer consistent
feedback and check in regularly to track their progress and offer assistance. A supportive approach
is more likely to yield positive results than a purely critical one.

Issue 3: Equipment Malfunctions Causing Delays

Problem Analysis: Critical equipment, such as a spectrum analyzer or a fiber optic fusion splicer,
malfunctions, bringing a key task to a halt.

Root Cause: Equipment issues can arise from several factors:

e Lack of routine maintenance.

e Improper handling or storage.

e Natural wear and tear.

e Using faulty or non-calibrated tools.

Solutions:

e Create and enforce a maintenance schedule: Mandate a regular check-up and calibration schedule
for all essential equipment. This preventive measure can identify and fix issues before they cause a
breakdown.

e Provide training on proper equipment handling: Ensure all team members are properly trained on
how to use and care for all tools and equipment. This reduces the risk of user-induced damage.

e Establish a contingency plan: Have a plan in place for when equipment fails. This could involve
having a backup tool available, or a pre-arranged rental agreement with a supplier to quickly get a
replacement.
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Technique

Work Breakdown
Structure (WBS)

Description

Breaks the project into smaller,
manageable tasks with defined
timelines.

- 8.1.10 Techniques for Time and Cost Management in
Workplace Operations

Efficient management of time and cost is critical to ensuring that workplace operations, especially in
complex projects like 5G network deployment, are completed within schedule and budget. Proper
planning, monitoring, and control of resources not only improves productivity but also enhances project
reliability and profitability.

Time Management Techniques

Example / Application

Dividing a 5G site setup into equipment
installation, configuration, testing, and
reporting phases.

Gantt Charts /
Timelines

Visual representation of tasks with
start and end dates, showing
dependencies.

Scheduling multiple site activations to
avoid overlap of resources.

Prioritization of Tasks

Identifying critical and non-critical
tasks to focus on high-impact
activities.

Addressing network outages first
before routine maintenance.

Time Tracking Tools

Monitoring actual work hours
against planned timelines.

Using project management software to
log daily progress of team activities.

Regular Reviews and
Meetings

Daily or weekly check-ins to assess
progress and adjust schedules.

Reviewing network installation
progress each morning to reallocate
resources if delays occur.

Technique
Budget Planning

Cost Management Techniques

Description

Preparing detailed cost
estimates for labor, materials,
and equipment.

Example / Application

Allocating funds for antennas, routers,
and site construction.

Resource Optimization

Using resources efficiently to
avoid unnecessary
expenditures.

Scheduling engineers to minimize travel
and downtime between sites.

Monitoring and
Reporting

Tracking actual spending
against planned budget
regularly.

Recording costs of equipment, logistics,
and manpower in a digital ledger.

Variance Analysis

Comparing budgeted vs actual
costs and identifying reasons
for differences.

Noting that shipping delays caused
extra expenses and adjusting future
allocations.

Cost Control Measures

Implementing actions to
prevent overspending.

Bulk ordering of cables or negotiating
vendor contracts to reduce costs.




Integrated Time and Cost Management Process
1. Planning Phase:

e Define project tasks, timelines, and budget allocations.

¢ Create schedules using WBS, Gantt charts, and resource lists.
2. Execution Phase:

¢ Monitor actual progress and spending.

¢ Update schedules and budgets regularly to reflect changes.
3. Control Phase:

¢ Analyze variances in time and cost.

¢ Implement corrective measures, such as reallocating tasks or adjusting resource usage.
4. Review Phase:

e Conduct post-project evaluation to identify lessons learned.

e Update future planning templates based on insights gained.

8.1.11 Training the Team to Estimate Root Cause of Problems —
and Validate Solutions

In complex operations such as 5G network deployment and maintenance, problems can arise due to
equipment faults, configuration errors, or process inefficiencies. Training the team to accurately identify
the root cause of issues and validate solutions ensures minimal downtime, prevents recurrence, and
maintains service quality.

Structured training combines theoretical understanding, practical exercises, and collaborative problem-
solving to build analytical and diagnostic capabilities.

Steps for Training the Team

Step Activity Example / Application

1. Introduce Problem-Solving Explain methods like 5 Whys, Using the 5 Whys to analyze why

Concepts Fishbone Diagram, and Fault a network node is repeatedly
Tree Analysis. failing.

2. Demonstrate Problem Show how to collect relevant Reviewing signal logs and KPls to

Identification data, logs, and observations. identify abnormal network

performance.

3. Conduct Hands-On Exercises |Assign practical tasks where the [Simulating a router
team investigates simulated misconfiguration and asking the
faults. team to trace the cause.

4. Guide Root Cause Analysis Facilitate the team in applying  |Using a Fishbone Diagram to
techniques to isolate the differentiate between hardware,
underlying issue. software, or procedural causes.

5. Validate Proposed Solutions  |Teach testing methods to Reconfiguring the router and
confirm that corrective actions [monitoring KPIs to verify
resolve the problem. restoration of service.

6. Review and Document Encourage recording the Maintaining a troubleshooting
problem, root cause, solution, log for future reference and
and lessons learned. team knowledge sharing.
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UNIT 8.2: Safety, Resource Management, and Team Motivation

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Describe workplace health and safety regulations and their implementation.

2. Show identification of organizational health, safety, and security policies and procedures.

3. Explain different types of hazards and associated risks in the workplace.

4. Show handling of hazards like illness, accidents, fires, or natural calamities as per organizational
procedures.

5. Discuss the procedures for reporting breaches in health, safety, and security.

6. Show how to instruct the team to report breaches in health, safety, and security.

7. Show the process of reporting hazards outside individual authority and warning others who may

be affected.
8. Describe methods for efficient resource and material management.
9. Show practices to optimize material usage, including water, in daily activities.
10. Show supervision of the team to ensure responsible use of workplace resources.
11. Explain common electrical problems and practices for conserving electricity.
12. Show methods to guide the team in optimizing energy usage in various processes.
13. Show techniques to motivate the team for routine cleaning of tools, machines, and equipment.
14. Show periodic checks to ensure the proper functioning of machines and equipment.
15. Show guidance on reporting malfunctions and lapses in equipment maintenance.
16. Show identification of opportunities for team-building workshops and motivational training.

— 8.2.1 Workplace Health and Safety Regulations and their —
Implementation

Maintaining a safe and secure workplace is essential in all industries, particularly in technical
environments such as 5G network deployment sites. Workplace health and safety regulations ensure
that personnel are protected from accidents, occupational hazards, and environmental risks.
Implementation of these regulations reduces the likelihood of injuries, equipment damage, and
operational disruptions.

Key Regulations and Implementation Measures:

Regulation / Standard Implementation in Workplace Example
Occupational Safety and | Provide guidelines for handling Wearing PPE such as helmets,
Health Regulations equipment, electrical safety, and gloves, and safety glasses

ergonomics during tower installation
Electrical Safety Procedures for safe operation and Lockout-tagout (LOTO)
Standards maintenance of electrical equipment | procedures while performing
high-voltage testing

A
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Fire Safety Regulations Installation of fire extinguishers, Conducting periodic fire drills at
emergency exits, and alarm systems | network sites

Environmental Proper disposal of hazardous Safe handling of batteries and
Regulations materials and adherence to local chemical cleaning agents
environmental laws

Emergency Preparedness | Defined procedures for medical Displaying emergency contact
emergencies, accidents, and natural numbers and first aid kits at
disasters workstations

Implementation Measures Include:

e Conducting risk assessments to identify hazards.

e Ensuring mandatory use of personal protective equipment (PPE).
e Displaying safety signage and providing training sessions.

e Performing periodic safety audits and maintaining incident logs.
e Enforcing emergency response protocols and evacuation plans.

— 8.2.2 Organizational Health, Safety, and Security Policies and —
Procedures

Every organization establishes specific policies and procedures to safeguard its workforce and assets.
Awareness and adherence to these policies are critical for compliance and operational efficiency.

WORKPLACE HEALTH AND SAFETY
REGULATIONS

HEALTH & SAFETY PERSONAL REPORTING
ZONES PROTECTIVE EQUPMENT HIERARCHY

N C % MANAGER
2 > A
CAUTION ‘L
HARD HAT SAFETY
GOGGLES
. TEAM LEADER
DANGER GLOVES SAFETY l
BOOTS

EMPLOYEE

Fig. 8.2.1 Workplace health and safety regulation
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Policy / Procedure Purpose Implementation Example

Health and Safety Policy | Defines responsibilities for ensuring a | Mandatory PPE usage,
safe work environment workstation ergonomics, and
first aid availability

Security Policy Protects personnel, assets, and Restricted access to server
information from unauthorized access | rooms and network control
centers
Incident Reporting Standardizes reporting of accidents, Logging incidents in digital
Procedure near misses, and hazards safety management systems

within 24 hours

Emergency Response Provides steps for responding to Conducting mock drills for fire,
Procedure emergencies electrical hazards, or network
equipment failures

Training and Awareness | Ensures employees understand safety | Regular workshops on safe
Policy and security responsibilities handling of tools, chemicals,
and sensitive equipment

Example Scenario:

e Before performing maintenance at a 5G tower, technicians review the health and safety policy for
PPE requirements, consult the security policy to access restricted areas, and follow the incident
reporting procedure in case of any accidents.

Understanding workplace health, safety, and security regulations and the organization’s specific policies
ensures a safe working environment, minimizes risks, and promotes a culture of compliance.
Implementation of these procedures protects personnel, equipment, and operational continuity.

8.2.3 Hazards and Associated Risks in the Workplace and ——

Handling

Workplace safety is paramount for a 5G network project, as technicians often work in hazardous
environments, including at heights on cell towers or near high-voltage equipment. Understanding and
mitigating these risks is a core responsibility of a Project Supervisor.
Types of Hazards and Associated Risks
Hazards are anything in the workplace that has the potential to cause harm. They can be categorized
into several types:
1. Safety Hazards: These are the most common and are often associated with unsafe working
conditions that can cause injury, iliness, or death.

e Risks: Falls from heights (e.g., working on a tower without a harness), electrical shocks (e.g., from

frayed cords or improper wiring), and being struck by falling objects.
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2. Physical Hazards: These are factors in the environment that can harm the body without necessarily
touching it.
¢ Risks: High-decibel noise from generators or machinery can lead to hearing loss. Exposure to
extreme temperatures (hot or cold) can cause heat stroke or hypothermia. Radiation, including
both ionizing and non-ionizing from radio frequencies, is also a risk.

3. Ergonomic Hazards: These occur when the type of work, body positions, and working conditions put
a strain on the body.
¢ Risks: Repetitive motions, such as crimping many cables, can lead to musculoskeletal disorders.
Heavy lifting or awkward postures can cause back injuries or strains.

4. Chemical Hazards: These are present when a worker is exposed to a chemical in any form (solid,
liquid, or gas).
e Risks: Exposure to cleaning solvents, paints, or gases from welding can cause respiratory
problems, skin irritation, or other health issues.

5. Biological Hazards: These are biological substances that can cause harm to humans. While less
common for 5G technicians, they can be present in certain environments.
e Risks: Exposure to bacteria, viruses, or molds in confined spaces or from animal droppings can
lead to illness.

Handling of Hazards as per Organizational Procedures

Your organization will have specific procedures for handling emergencies. As a Project Supervisor, you
must be familiar with and enforce these protocols.

A. Handling lliness and Accidents

e Initial Response: The first priority is to ensure the immediate safety of the injured person and
other workers. A certified first-aid responder should assess the situation and provide care.

e Emergency Contact: Immediately contact emergency services (e.g., an ambulance) and your
company's designated emergency contact person. Provide a clear and concise description of the
incident and your location.

¢ Incident Reporting: As per organizational procedure, you must document the incident
thoroughly. This includes a description of what happened, who was involved, the extent of the
injuries, and the steps taken. This report is vital for future risk assessment and for compliance
with regulations.

¢ |nvestigation: After the immediate crisis is over, an investigation should be conducted to
determine the root cause of the accident. This is not about assigning blame but about
preventing future incidents.
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B. Handling Fires

e Evacuation: The moment a fire alarm sounds, all workers must stop what they are doing and
proceed with a full evacuation of the building or area. Do not use elevators.

e Alerting Others: The first person to discover a fire should sound the nearest fire alarm and alert
others in the vicinity.

e Using Fire Extinguishers: Only attempt to extinguish a small fire (e.g., in a wastebasket) if you are
trained to do so and have a clear escape path. Remember the PASS acronym: Pull the pin, Aim at
the base of the fire, Squeeze the handle, and Sweep from side to side.

e Assembly Point: All team members should proceed to the designated assembly point to be
accounted for. No one should re-enter the building until the fire department or a safety officer
gives the all-clear.

C. Handling Natural Calamities

e Pre-Disaster Planning: Your organization will have an Emergency Action Plan (EAP). You should
be familiar with the plan for different types of natural calamities, such as earthquakes, floods, or
severe storms.

e During the Event: The EAP will specify procedures for each type of event. For example, during an
earthquake, the protocol is often to "drop, cover, and hold on." During a severe storm, it may be
to "shelter in place" in a designated safe area.

e Post-Disaster Response: Once the immediate danger has passed, your role is to account for all
team members and assess the situation. Follow the EAP for post-disaster procedures, which may
include shutting off utilities, avoiding damaged structures, and coordinating with emergency
services.

— 8.2.4 Reporting Breaches in Health, Safety, and Security

Every organization has a set of procedures for reporting breaches to ensure a swift and appropriate
response. These procedures are designed to protect both personnel and company assets.
1. Procedures for Reporting Breaches in Health, Safety, and Security
Reporting breaches ensures workplace safety and compliance with organizational and legal regulations.
The typical procedure involves:
1. Identify the Breach
e Observe unsafe conditions, practices, or security lapses.
e Examples: blocked emergency exits, faulty equipment, chemical spills, unauthorized access, or
personal injuries.
2. Document the Breach
e Record details: date, time, location, people involved, and nature of the breach.
e Take photographs or notes if needed. for compliance audits.
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3. Report to Designated Authority
¢ Notify your supervisor, safety officer, or security team immediately.
e Use formal reporting channels like safety forms, internal reporting software, or direct
communication as per organizational policy.
4. Follow-Up
e Ensure corrective actions are taken.
¢ Keep a record of the report and the response

2. Instructing the Team to Report Breaches
Effective team training ensures everyone contributes to a safe and secure workplace:
1.Communicate Reporting Policy
e Explain who to contact, how to report, and what information is required.
¢ Provide examples of breaches that must be reported immediately.
2.Provide Tools and Forms
e Ensure team members have access to reporting forms, digital systems, or emergency
contacts.
3.Conduct Training and Drills
¢ Organize mock scenarios and role-playing exercises to reinforce reporting steps.
e Encourage open communication without fear of reprimand.
4.Monitor and Reinforce
e Regularly review reports to check team compliance.
¢ Provide feedback and recognition for proper reporting practices.

3. Reporting Hazards Outside Individual Authority & Warning Others
Some hazards may be beyond an individual’s authority to resolve but still require immediate action:
1. Recognize the Hazard
e Examples: exposed high-voltage wires, chemical leaks, gas leaks, fire risks.
2. Alert Relevant Authority Immediately
¢ Notify supervisors, safety officers, or emergency response teams.
¢ Use emergency alarms, phones, or reporting software.
3. Warn Others at Risk
e Communicate clearly and quickly to anyone who may be affected.
e Use visual signals (signage, barricades) or verbal warnings to prevent exposure.
4. Follow Safety Protocols
¢ Do not attempt to resolve the hazard unless trained and authorized.
e Keep a safe distance and ensure others do the same until help arrives.
5. Document and Review
¢ Record the incident and actions taken.
e Participate in follow-up investigations to prevent recurrence.
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— 8.2.5 Methods for Efficient Resource and Material Management —

Efficient resource and material management is crucial for controlling costs, reducing waste, and
ensuring the smooth operation of a 5G network project. This involves a systematic approach to
planning, acquiring, storing, and using all necessary materials and tools.

e Inventory Management Systems: Use a digital or a manual system to track all materials, from
cables and connectors to specialized antennas. This prevents over-ordering, reduces the risk of
running out of critical components, and helps identify items that are not being used. A well-
managed inventory also helps in quickly locating a specific item when needed.

e Just-in-Time (JIT) Ordering: Order materials only when they are needed for a specific task. This
minimizes storage costs and reduces the risk of materials becoming obsolete. However, this
method requires accurate project timelines and reliable suppliers.

e First-In, First-Out (FIFO): For materials with a shelf life or those that can become obsolete, use the
oldest stock first. This is particularly relevant for chemical supplies or components that may have
a limited warranty period.

e Supplier Relationship Management: Build strong relationships with reliable suppliers. This can
lead to better pricing, faster delivery times, and a higher quality of materials. A good supplier can
also provide technical support or training on new products.

Practices to Optimize Material Usage
Optimizing material usage is not just about saving money; it's also about reducing environmental
impact.

e Waste Reduction and Recycling: A proactive approach to waste management is essential.
Segregate waste materials, such as metal from old antennas, scrap wiring, and packaging, for
recycling. Proper waste disposal, especially for hazardous materials like batteries, must be
followed strictly.

e Right-Sizing Materials: Train the team to use the correct length of cable or the right amount of a
specific chemical to avoid waste. This simple practice can lead to significant savings over the
course of a project.

e Water Conservation: In many locations, water is a valuable resource. At work sites, water can be
used for cleaning tools, mixing cement for civil works, and for sanitary purposes. Encourage the
team to use water responsibly. Practices can include using water-efficient nozzles, reporting leaks
promptly, and reusing water where possible, for example, for initial rinsing.

Supervising the Team for Responsible Resource Use
As a supervisor, you're responsible for instilling a culture of resource consciousness in your team.

e Lead by Example: Your own behavior sets the standard. Be meticulous in your use of materials
and resources. Show the team that you value efficiency and sustainability.

e Regular Training and Awareness: Conduct brief, informal sessions to remind the team about the
importance of responsible resource use. Highlight the impact of waste on both the project budget
and the environment.

e Implement a "No-Waste" Challenge: Make it a game or a challenge for the team to find innovative
ways to reduce waste. For example, reward the team that can complete a task with the least
amount of leftover material.
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e Monitor and Provide Feedback: Regularly check on the team's material usage. If you notice a
particular team member is consistently wasting materials, provide constructive feedback and
training to help them improve. Use metrics, such as the amount of scrap material per task, to
track progress and hold the team accountable.

— 8.2.6 Electrical Problems and Practices for Conserving
Electricity & Guiding Team for Its Optimization

Electrical problems in a 5G network environment can pose serious safety risks and lead to project
delays. As a supervisor, it's vital to be able to identify and address them.

e Circuit Overload: This occurs when too many devices are plugged into a single circuit, drawing
more current than it can handle. This can cause fuses to blow or circuit breakers to trip. The main
risk is overheating, which can lead to fires.

e Short Circuits: A short circuit happens when a low-resistance path is created, allowing a large
amount of current to flow. This is often caused by damaged wires or faulty insulation. It can
generate a large amount of heat instantly, causing fire and severe damage to equipment.

e Grounding Issues: Grounding provides a safe path for electricity to flow in case of a fault,
preventing electric shock. Poor or missing grounding can lead to equipment damage and
electrocution risks.

e Voltage Fluctuations: These are sudden increases or decreases in voltage. They can damage
sensitive electronic equipment, especially the specialized components used in 5G base stations.

Practices for Conserving Electricity
Energy conservation is not only an environmental responsibility but also a key factor in reducing
operational costs.

e Use Energy-Efficient Equipment: Whenever possible, choose tools and equipment that are
certified as energy-efficient. For example, use LED lighting at a worksite instead of traditional
bulbs, and use power-saving modes on computers and other devices.

e Proper Shutdown Procedures: Ensure all non-essential equipment and lights are turned off at the
end of the workday. This simple practice can lead to significant energy savings.

e Optimize Heating and Cooling: If the workspace is enclosed, set thermostats to a comfortable yet
energy-saving temperature. Avoid using personal heaters or fans.

e Regular Equipment Maintenance: Regularly maintained equipment, such as generators, runs
more efficiently and consumes less power.

Guiding the Team on Optimizing Energy Usage
As a supervisor, it's your responsibility to instill an energy-conscious mindset within your team.
e Set Clear Expectations: Start with a clear communication of the importance of energy
conservation. Explain how it contributes to the project's financial goals and the company's
commitment to sustainability.
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e Create an Energy-Saving Checklist: Develop a simple checklist for the team to follow at the end of
each day or shift. This can include items like "All monitors are off" or "Unplugged non-essential
tools."

e |dentify and Fix Energy Wasters: Encourage the team to report any energy wastage they notice,
such as running a generator when it's not needed or leaving lights on in an empty room.

e Recognize and Reward: Acknowledge and reward individuals or teams who come up with
innovative ways to save energy. This positive reinforcement can motivate the entire team to be
more proactive in their conservation efforts.

¢ Explain the "Why": Don't just tell the team what to do; explain why they are doing it. For example,
explain how leaving a piece of equipment on standby mode still consumes energy, and how
unplugging it entirely saves money and reduces the carbon footprint.

— 8.2.7 Maintenance Motivation and Equipment Up Keep —
Procedures

Maintaining tools, machines, and equipment in a clean and well-functioning state is essential in the
telecom industry. It ensures operational efficiency, reduces the chances of faults, extends the life of
equipment, and promotes a safe working environment. A supervisor or team member must motivate
the team to follow cleaning routines and perform periodic checks effectively.
Techniques to Motivate the Team for Routine Cleaning:
1. Setting Clear Expectations:
¢ Explain the importance of cleanliness and maintenance for safety and efficiency.
¢ Define a schedule for cleaning and responsibility for each team member.
2. Demonstrating the Task:
e Show how to clean tools and equipment properly.
¢ Demonstrate the correct method to handle machines during cleaning to avoid damage.
3. Positive Reinforcement:
e Appreciate and recognize team members who follow cleaning routines.
e Offer small rewards or incentives for consistent performance.
4. Team Involvement:
¢ Encourage team members to suggest improvements in cleaning methods.
¢ Organize group cleaning activities to promote team spirit.
5. Monitoring and Feedback:
e Regularly observe cleaning routines.
e Provide constructive feedback to improve quality and efficiency.
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Example: Assign one person each day as a “Cleaning Champion” to motivate peers and lead by example.
Periodic Checks to Ensure Proper Functioning of Machines and Equipment:
1. Inspection and Monitoring:
e Perform routine visual checks for wear, damage, or malfunction.
e Verify that safety guards and indicators are in place and working.
2. Functional Testing:
¢ Test machines before starting operations to ensure proper functionality.
e Check electrical connections, lubrication, and moving parts.
3. Documentation:
¢ Maintain records of inspections and maintenance.
¢ Note any issues, repairs done, and upcoming maintenance schedules.
4. Preventive Measures:
e Schedule preventive maintenance to avoid unexpected breakdowns.
e Replace worn-out parts promptly to maintain efficiency.
5. Team Participation:
¢ Involve team members in inspections to develop awareness and responsibility.
¢ Rotate checking responsibilities to ensure collective accountability.
Example: Conduct weekly machine inspections using a checklist to identify potential problems early.

Routine cleaning and periodic checks ensure machines and tools operate efficiently and safely.
Motivating the team and involving them in maintenance routines improves accountability, teamwork,
and overall workplace productivity.
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Periodic Checks Checklist for Machines and Equipment
Machine/Equipment Name:
Location:
Date of Check:
Checked By:

Remarks / Action
Required

Check Item Yes/No

1 Visual inspection for cracks, wear, or damage on machines
and equipment

2 Ensure all safety guards, covers, and shields are in place
and secure
3 Check electrical connections for loose wires, sparks, or

signs of overheating

4 Verify that moving parts (gears, belts, rollers) are properly
lubricated

5 Test machine operation to confirm it functions as intended

6 Check indicator lights, meters, and displays for correct
readings

7 Inspect for any unusual noises, vibrations, or smells during
operation

8 Ensure emergency stop buttons and switches are
functioning

9 Check air, water, or coolant supply lines (if applicable) for

leaks or blockages

10 Review previous maintenance records for any pending or
recurring issues

11 Clean accessible parts to prevent dust accumulation and
ensure smooth operation

12 Note and report any worn-out parts that need
replacement

13 Confirm calibration and alignment of critical equipment

14 | Verify proper storage of tools and accessories associated
with the machine

15 | Sign-off: Supervisor review and approval
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— 8.2.8 Procedures for Reporting Malfunctions and Lapses = —

Reporting malfunctions and lapses in maintenance is crucial for preventing accidents, ensuring
equipment longevity, and maintaining project timelines. As a supervisor, you must establish clear
procedures and a culture of proactive reporting.

1. Immediate Reporting: The moment a malfunction or a maintenance lapse is discovered, it must be
reported immediately. The person who finds the issue should not try to fix it unless they are
trained and it is safe to do so. The primary goal is to prevent further damage or injury.

2. Verbal and Written Communication: The initial report should be a verbal alert to the immediate

supervisor.

This must be followed by a formal, written report. A standardized form should be used to capture all the
necessary details, including:

e Date and time of the report.

e Location and identification number of the equipment.

e A detailed description of the malfunction or lapse.

e The names of all people involved.

e Any initial actions taken.
3. Tagging and Isolation: Malfunctioning equipment must be tagged with a clear "Out of Service" or "Do
Not Use" label and isolated from the rest of the workspace. This prevents others from unknowingly
using the faulty equipment, which could lead to an accident.

Guiding Your Team
Your team needs to be trained and motivated to follow these procedures without hesitation.

e Provide Clear Training: Include reporting procedures in all safety and technical training sessions.
Use visual aids and practical examples to make the process easy to understand.

e Establish a Culture of Accountability: Emphasize that reporting is a shared responsibility. Reinforce
that reporting an issue is a sign of professionalism and vigilance, not a way to get someone in
trouble.

e Encourage "Near-Miss" Reporting: Instruct your team to report not just actual incidents but also
"near-misses"—events that could have resulted in an accident but didn't. Analyzing these can help
you identify and address potential hazards before they cause a serious issue.

e Acknowledge and Act on Reports: When a team member reports a malfunction or a lapse,
acknowledge their report promptly and take visible action. This shows the team that their reports
are taken seriously and that their efforts contribute to a safer and more efficient workplace. This

positive feedback loop encourages continued vigilance.
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— 8.2.9 Team-Building and Motivational Training

As a Project Supervisor, identifying opportunities for team-building and motivational training is essential
for improving collaboration, morale, and overall project success. These opportunities often arise from
observing specific team dynamics or project challenges.

Identifying Opportunities

Look for these signs to identify when your team needs a boost:

e Communication Breakdown: If you notice a lack of clear communication, missed deadlines due
to miscommunication, or team members working in silos without sharing information, it's a clear
signal for a team-building workshop.

e Low Morale: Signs of low morale include a lack of enthusiasm, increased complaints, or a decline
in quality of work. This indicates a need for motivational training to re-energize the team and
remind them of the project's importance.

e Conflict: If there's persistent conflict between team members or departments, a workshop
focused on conflict resolution and effective communication can help mend relationships and
create a more harmonious work environment.

e Onboarding New Members: When new members join the team, a team-building activity can help
them integrate smoothly. This helps new hires feel welcome and allows the existing team to get
to know them better, establishing a foundation for trust.

e Post-Project Analysis: After completing a major project milestone, use a team debrief to identify
areas for improvement. This can reveal a need for training in specific technical skills or soft skills
like project management.

Workshop and Training Topics
Once you've identified the need, you can propose targeted workshops and training sessions:
e Communication Skills: A workshop focusing on active listening, giving and receiving feedback,
and using clear, concise language can help improve day-to-day interactions.
e Problem-Solving: When a team struggles with a complex technical issue, a workshop on
structured problem-solving techniques can provide a valuable framework for future challenges.
e Conflict Resolution: This training can teach team members how to address disagreements
respectfully and find mutually beneficial solutions.
e Motivational Sessions: These can range from a guest speaker who shares their journey to simple
activities that celebrate a team's success and acknowledge their hard work.
e Technical Skill Enhancement: With the rapid evolution of 5G technology, training on new
equipment, software, or network protocols is always a good investment.
By proactively identifying these opportunities, you can ensure your team remains cohesive, skilled, and
motivated, which is critical for meeting project goals in a demanding environment.
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— Notes
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QR Codes -Video Links

Module No. Unit No. Topic Name Link for QR Code (s) QR code (s)
Unit 1.1: Intro- duc-tion to
. the
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to the sector Introduction to
& the jobrole the Telecom
of a Telecom Sector in India
Field
Operations | Unit1.2-
Coordinator | Roles a“i_l_ '
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Components of a
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Module No.

5. Undertake
Fault
Rectification
(N6500)

Unit No.

Unit 5.1 — Fault

Rectification in
BSS Networks

Identification and

Topic Name

Safety Regulations for
Telecom Sites and
Infrastructure

Link for QR Code (s)

https://www.youtube.com/watg
h?v=JAuKThXWVVQ

QR code (s)

Safety Regulations for]
Telecom Sites

Safety Requirements
During Tower
Climbing

https://www.youtube.com/watg
h?v=S2Uje1PDX7A

Use safety belt for
telecom tower
climbing

6. Undertake
Configuration
Changes,
Upgrades and
Node Back- up
Activities
(TEL/N6501)

Unit 6.1 —
Manage
Configuration
Changes and

Backup Processes

Simple Maintenance
Technician Safety

https://www.youtube.com/watdg
h?v=QLbGNTVSKCw

Cleaning of PCBs
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