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Metova Company Netova
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About Netova

Netova is a leading telecommunications company founded by Eng. Ahmed Tawfik, specializing in
the design, deployment, and operation of computer and mobile networks. The company also offers
specialized training programs in computer networking and mobile communication technologies,
aiming to bridge the gap between academic knowledge and real-world industry demands.

Established with a clear vision to become a pioneer in the telecommunications sector across Egypt
and the Arab world, Netova is committed to delivering innovative solutions, technical excellence,
and capacity building through education and practical experience.
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€hapter 1: General Introduction

1.1 Definition of Mohile Communication Networks

Mobile communication networks are wireless systems designed to deliver voice, data, and multimedia services
across large geographic regions. Unlike traditional wired communication, mobile networks allow users to stay
connected without being physically tied to a fixed location. This is made possible through the use of radio
frequency (RF) spectrum, cell towers (BTS), and centralized core network infrastructure that manages
connections and mobility.

As users move, their connection is seamlessly handed over between different cells, ensuring continuous
service. This architecture is what enables mobile phones, tablets, and even loT devices to operate efficiently
and reliably in today’s fast-paced world.

1.2 Importance of the Course and Practical
Applications
The "Mobile Packet Communication” course bridges the gap between theoretical knowledge and practical

applications in the field of mobile networking. It provides a foundational understanding of how mobile systems
are structured, operate, and evolve from generation to generation.

Key Real-World Applications Include:
« Designing and planning cellular networks
« Troubleshooting performance and coverage issues
+  Analyzing packet flows at the protocol level
« Enhancing user experience in terms of latency, throughput, and quality of service (QoS)

«  Using industry-standard tools like TEMS, Wireshark, Nemo, and QXDM for live network analysis

1.3 Evolution of Mobile Generations (Brief Overview)

Mobile communication systems have developed through different generations (known as “G"s), each
introducing major improvements:

« 1G (First Generation):
Analog voice communication with poor quality and no data services. Introduced in the 1980s.

« 2G (Second Generation):
Digital voice transmission with better quality. Introduced text messaging (SMS). Technologies: GSM,

CDMA.
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[] 2.5G:
An enhancement over 2G allowing basic internet access (GPRS, EDGE).

« 3G (Third Generation): .
Faster data speeds, video calls, and mobile internet became widely available. Technologies: UMTS,

HSPA.

« 4G (Fourth Generation):
High-speed internet and iP-based communication. Enabled HD video streaming and VolP. Main

technology: LTE.

« 5G (Fifth Generation): ‘
Ultra-fast internet, low latency, support for loT, and massive device connectivity. Enables smart cities,
autonomous vehicles, etc.

The development of mobile networks is categorized into generations, each addressing the limitations of its
predecessor and introducing new capabilities. Here is a summarized evolution:

Generation  Launch Year | Technology Key Features

1980s Analog Basic voice calls only
1990s Digital (GSM/CDMA)  SMS, voice encryption, limited data
2000s WCDMA/CDMA2000  Video calling, mobile internet
2010s LTE (IP-based) High-speed internet, VoLTE
Mid-2010s LTE-Advanced Carrier aggregation, MIMO
5G | Late 2010s-2020s NR (New Radio) Ultra-low latency, loT, massive data

This progression not only improved performance but also expanded the range of services and applications
supported by mobile networks.

1.4 Objectives and Learning Outcomes

By the end of this course/report, students and engineers should be able to:
« Understand the layered architecture of mobile networks across 2G to 5G.
« Differentiate between call and data flows across generations.
« Identify and analyze protocol layers used in real mobile traffic.
« Use technical tools to evaluate and monitor mobile network performance.

« Correlate theoretical knowledge with real-world deployment scenarios.

1.5 Applications of Mobile Communication

« Mobile phone calls and messaging
« Mobile internet access

« GPS and navigation

Mobile apps for entertainment, education, and services
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+ Remote monitoring and control systems

» Smart homes and cities

1.6 Course Overview

This course will provide a clear and practical understanding of:
s« How mobile networks function from 2G to 5G
e Core components like BTS, MSC, HLR, IMS
« Planning and optimization of mobile networks
+ Important tools and software used in the telecom field

* Real-world applications and case studies
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€hapter 2: Second Generation (2G)

2.1 Introduction to 2G

The Second Generation (2G) of mobile networks represented a crucial evolution from
analog to digital communication. Introduced in the early 1990s, 2G enabled more secure,
efficient, and higher-quality voice communication, along with the groundbreaking
introduction of SMS (Short Message Service) and basic mobile data services.

This generation laid the groundwork for mobile services beyond simple voice calls,
enabling low-speed internet, multimedia messaging, and support for multiple users
through digital transmission.

2.2 Key Features of 2G

2G brought major improvements over its predecessor (1G). Its defining features included:
« Digital transmission instead of analog signals

« Improved voice quality with reduced interference

Introduction of SMS (Short Message Service) for text messaging

L]

Support for GPRS and EDGE for mobile data services

More efficient use of radio spectrum through digital multiplexing

2.3 Technologies Used in 2G

Two major technologies defined the 2G era, each with unigue characteristics:

a) GSM (Global System for Mobile Communications)

« Became the most widely adopted 2G standard globally

. « Uses TDMA (Time Division Multiple Access) for sharing frequencies
o - - + Operates mainly on 900 MHz and 1800 MHz bands

ﬁ .
= E : ™ A Focused on voice and SMS services, later enhanced with GPRS/EDGE

mww gim lele cam
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by 1S-95 (CDMA One)

«  Primarily used in North America
« Based on COMA (Code Division Multiple Access)

« Offers better spectral efficiency than TDMA by allowing users to share the same frequency
simultaneously using unique codes

= & 62
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Basa Transceiver Station  Base Station Controller

GSM Network Architecture — Full Overview

Component.

. Functlorl
MS (Mobile Station) The user's mobile phone or device; in
2ol M Th g ful Sl G messages.
BTS (Base Transceiver Station) Handles the radio communication between the mobile statlcm
jSoaim i e _—a il and the network
BSC (Base Station Controller) Manages multiple srss,m andovers, 2
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TOSCIT TS0 msc handles call routing, setup, and mobility; VLR temporarily
___ \Visitor Location Register) stores roaming user data.
GMSC (Gateway MSC) i Connects the GSM network to other networks (e.g.,
PSTN/ISDN/Other PLMNs); routes calls from external sources.

HLR/AUC (Home Location Register / HLR stores permanent subscriber info; AUC generates security
___ Authentication Center)

information for authentication and encryption.

SMS-C (Short Message Service stores and forwards SMS messages to and from mobile users.
S T et _
5SS (Service Switching Subsystem) Core switching platform managing call control and switching
functions.
TRAU (Transcoder and Rate Converts voice coding rates between BTS and MSC; optimizes
Adaptation Unit) bandwidth usage.
HO (Handover Function) Manages seamless transition of ongoing calls or sessions
between cells or BSCs.
SGSN (Serving GPRS Support Node) Manages packet-switched data, user mobility, and session
control in the GPRS core.
GGSN (Gateway GPRS Support Node) BRLICLELEAIL external data networks (e.g., internet), delivers
data to the mobile user.
BSS (Base Station Subsystem) Includes BTS and BSC; responsible for radio-related functions
n in o and communication with MS.
ISDN/PSTN External public switched networks that GSM connects to for

voice and data services.

| Other mobile networks that interconnect with GSM for roaming
Networks) and communication.

2.5 Call Flow in 2G (Circuit Switching)

2G voice calls use circuit-switched technology, meaning a GO G T N PPT

dedicated path is reserved for the entire duration of the O = = = B
call. Here's how the process works: . ,

1. The MS (mobile device) initiates a call and sends o ,
a request to the BTS -

L oile

2. The BSC forwards the request to the MSC

3. The MSC performs authentication and location
check using the HLR/VLR

4. A circuit is established through the core network and PSTN (for external calls)

5. The voice call proceeds over the dedicated circuit until it is terminated

2.6 Data Flow in 2G (Packet Switching - GPRS/EDGE)
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For data services, 2G introduced GPRS (2.5G) and later EDGE (2.75G) which support packet-switched
transmission. The flow of data happens as follows:

1. The MS sends a data packet to the BTS

2. The BSC forwards the packet to the SGSN

3. The SGSN authenticates the session and forwards the packet to the GGSN
4. The GGSN routes the data to the public internet or external networks

This allows multiple users to share the same bandwidth more efficiently compared to circuit-switched

communication.

2.7 Multiple Access Technology

The core access method used in 2G (GSM) is:
TDMA — Time Division Multiple Access .
« Divides a single frequency into time slots :

« Each user is assigned a specific time slot

« Enables multiple users to share one frequency
without interference o, "

« Offers better spectral efficiency than analog systems

2.8 Modulation Techniques

2G systems use digital modulation to convert data into transmittable radio signals:

Modulation Used

Technology.
GMSK (Gaussian Minimum Shift Keying) — low bit-rate, robust

EDGE 8-PSK (Phase Shift Keying) — enables higher data rates
Higher-order modulation like 8-PSK in EDGE allows more bits to be sent per symbol, increasing throughput at

the cost of requiring better signal quality.

2.9 Advantages and Limitations

Advantages of 2G:
« Higher voice clarity and security compared to 1G
«  Support for text messaging (SMS) and multimedia messaging (MMS)
« Enabled mobile internet access via GPRS and EDGE

« More efficient use of frequency with digital transmission
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Chapter B: Third Generation (3G)

3.1 Introduction to 3G

The Third Generation (3G) of mobile networks was launched in the
early 2000s as a response to the increasing demand for faster mobile
internet, video calling, and multimedia applications. Compared to
2G, 3G offered significantly higher data rates, improved voice
quality, and the ability to handle both circuit-switched voice and
packet-switched data on the same infrastructure.

This marked a major turning point in how people used their mobile
devices—not just for calling and texting, but for browsing,
streaming, and interactive services.

3.2 Objectives of 3G

The 3G generation was designed to achieve several key objectives:
« Enable high-speed mobile internet (up to several Mbps)
« Support for video calls, mobile TV, and multimedia content
« Improve spectral efficiency for better use of radio resources
« Offer seamless mobility with wide area coverage

« Introduce global roaming with standardized network design

3.3 UMTS Evolution

max. Data mte
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3.4 Key Technologies in 3G
There were two dominant technologies used in 3G deployments globally:

a) UMTS (Universal Mobile Telecommunication System)
« Based on WCDMA (Wideband Code Division Multiple Access)
» Standardized by 3GPP

» Deployed in Europe, Asia, and most global markets

» Integrates voice, video, and data over the same network
b) CDMA2000

e Evolution of IS-95 (CDMA One), standardized by 3GPP2
« Used mainly in North America, Korea, and Japan
« Maintains backward compatibility with earlier COMA systems

« Offers similar capabilities as UMTS in terms of speed and services

3.5 3G Network Architecture (UMTS)

UMTS NETWORK ARCHITECTURE

3G architecture introduces a new radio access network (UTRAN) while maintaining some core components

from 2G. Here's an overview:
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__ Component.
~ UE (User Equipment)
‘ NodeB
RNC (Radio Network Corii_rulie_lT_

. ] The mobile phone or device
Equivalent to BTS; handles radio transmlssr.on .
Manages multiple Node Bs; controls handovers and radio

8,3 . resources
s mm gl -, MSC SR Handles circuit-switched voice traffic
SGSN (Serving GPRS Support Node) Manages packet-switched data and mnbﬂf?'temq
n

GGSN (Gateway GPRS Support Provides gateway to external data networks (e g,

Node)
HLR/VLR . " Maintain subscriber data and location tracking

Note: One of the main differences from 2G is that Node B an
Terrestrial Radi N

3.6 Call Flow in 3G (Circuit Switching)

3G Elements

3G continues to support traditional voice calls using circuit-switched infrastructure.

Steps:
1. UE initiates a voice call request via Node B
2. Signal is forwarded to the RNC, then to the MSC
3. MSC handles authentication using HLR/VLR
4. A dedicated circuit is established through the core and PSTN

5. The call proceeds over this circuit until disconnected
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3.7 Data Flow in 3G (Packet Switching)

Unlike circuit-switched voice, mobile data uses the packet-switched domain. Data sessions allow multiple
users to share the same bandwidth.

Steps:
1. UE sends a data packet to Node B
2. Packet is routed to RNC, then to the SGSN
3. SGSN verifies session and subscriber access

4. Packetis forwarded to GGSN, which connects to the internet

3.8 Power Control

' * | Power Control in 3G (UMTS)

Power Control I - Definition:

= Power control in 3G is a technique used to adjust the
| l_-...... I e transmit power of mobile devices (UEs) and base
R B b
Mmool o oo stations (NodeBs) to maintain signal quality and reduce

r r interference.
o g mag

3.8.1 Why Power Control is Important in 3G?

1. Reduce interference:
Since 3G uses WCDMA, all users share the same frequency. If one user transmits too much power, it
will interfere with others.

2. Save battery life:
Reducing the UE's transmit power helps extend the battery life of mobile devices.

3. Improve quality:
Keeps signal strength within an optimal range to avoid dropped calls and poor data connections.

4. Control cell breathing:
Prevents the coverage area of a cell from shrinking or expanding due to fluctuating interference
levels.

3.8.2 Types of Power Control in 3G:

Type Description

_Dpen [:;:F
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LU RGN NodeB continuously measures the UE's signal and sends power adjustment commands.

Very fast (1500 times/sec), makes small power changes in real time.

Outer Loop Slower than inner loop; adjusts the target SIR (Signal-to-Interference Ratio).

3.9 WCDMA (Wideband CDMA)

WCDMA is the radio access technology used in UMTS, It significantly improves capacity and data rates:
«  Allows multiple users to share the same 5 MHz channel
* Spreads each user's signal across the entire bandwidth using a unique code
* Offers better resistance to interference and supports soft handovers
« Provides data rates up to 2 Mbps in early deployments

Unlike TDOMA, WCDMA doesn’t divide time—it shares bandwidth using code separation.

3.10 Advantages and Limitations

Advantages of 3G:
s Major improvement in data speed over 2G
s Supports voice, video, and data on the same platform
« Enables multimedia applications
« Better international roaming compatibility
» More scalable for growing data traffic
Limitations of 3G:
* Speeds still not suitable for high-definition video or cloud gaming
« High latency (compared to 4G)
+ RNC bottleneck in handling increased traffic
=« Higher power consumption than newer technologies

« Deployment costs for nationwide coverage were high
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4. Chapter 4: Fourth Generation (4G =

LYE)

4.1 Introduction to 4G

The Fourth Generation (4G) of mobile networks emerged
around 2010 as a major leap forward in mobile
communication. It was designed to support the rising demand

for high-speed internet, HD video streaming, online gaming,
and real-time services.

Unlike its predecessors, 4G is based entirely on packet-
switched IP communication—even traditional voice calls are

transmitted over the internet using VoIP (Voice over IP). This marks the complete shift from legacy circuit-
switching technologies to an all-IP architecture, enabling more flexibility, efficiency, and scalability.

4.2 Objectives and Key Features of 4G

4G was built with the following goals in mind:

* Replace circuit-switching with pure IP-based transmission

« Deliver high-speed internet: up to 100 Mbps (mobile) and 1 Gbps (stationary)
« Achieve low latency (10-30 ms), crucial for real-time apps

« Enable seamless multimedia streaming and support for loT devices

* Simplify architecture and support global interoperability

4.3 4G Network Architecture (LTE - Evolved Packet

System)

4G’s network architecture is called
the Evolved Packet System (EPS). It
includes both the Evolved Radio
Access Network (E-UTRAN) and the
Evolved Packet Core (EPC).

LTE Network

Architecture
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Component | Function

UE (User Equipment) Mobile phone or tablet
eNodeB Base station with integrated radio and control (replaces Node B
AL | +RNC)
_ MME (Mobility Management Entity) | Handles session setup, authentication, and mobility
SGW (Serving Gateway) __* Routes user data to/from eNodeB
_PGW (Packet @a_tm_v ) Connects mobile users to the internet
____HSS (Home Subscriber E_.er_';'er} Stores user profiles and subscription data
IMS (IP Multimedia Subsystem) Manages VoIP and multimedia services
PCRF (Policy and Charging Rules Enforces QoS and billing policies

Function)
Note : Unlike earlier networks, LTE integrates control and user plane separation, improving scalability and

performance.

4.4 Call Flow in 4G (VoLTE - Voice over LTE)

Since 4G doesn't support circuit-switched calls, voice

o 1 e . 12 20t |
=3 o LTET Plslca‘m! ‘lilow communication is handled over the IP network using
7 it VoLTE (Voice over LTE). The signaling is based on SIP
- (Session Initiation Protocol), and voice is transmitted
P T using RTP (Real-Time Protocol).
Sy = |

ﬁ wewsew 1. UE initiates a voice call via eNodeB

2. eNodeB forwards SIP signaling to MME, then to IM5
3. IMS establishes the VolIP session
4. RTP streams the voice packets through PGW = Internet/PSTN
If VOLTE is not available, calls fall back to 3G/2G using CSFB (Circuit Switched Fallback).

4.5 Data Flow in 4G

All data traffic is handled as IP packets over the Evolved Packet Core (EPC).
Steps:

1. UE connects to eNodeB, requesting a data session

2. MME handles authentication and session setup

3. SGW routes user data to PGW

4. PGW acts as the gateway to the internet or external IP networks

LTE ensures end-to-end IP communication, reducing complexity and improving performance.
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4.6 OFDMA and SC-
FDMA

OFDMA ;

4G uses different multiple access schemes
for downlink and uplink, optimized for
bandwidth and power efficiency: '

4.6.1 OFDMA OFDMA [-J]_“

(Orthogonal Frequency Division
Multiple Access) (Downlink)

«  Splits the channel into narrow orthogonal subcarriers
« Highly resistant to multipath interference
« Excellent spectral efficiency

« Supports multiple users in parallel

4.6.2 SC-FDMA (Single Carrier FDMA) (Uplink)

»  Uses single-carrier transmission with frequency domain equalization
+ Lower Peak-to-Average Power Ratio (PAPR)
« Reduces battery consumption for mobile devices
SC-FDMA was chosen for uplink specifically to improve battery life in smartphones.

SC-FDMA is used in the uplink in LTE (from User Equipment to base station) because it has lower Peak-to-
Average Power Ratio (PAPR), which saves battery power.

4.6.3 Summary of Key Differences:

SC-FDMA

Modulates input data Modulates input data
FFT/IFFT Only IFFT FFT -> Subcarrier Mapping = IFFT

FSISETG | Can be non-contiguous Must be contiguous

VUSTAUETLY High PAPR (more power)  Low PAPR (battery-friendly)

y ~ Added after IFFT { gkl Added after IFFT - '4,_":.]
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4.7 Advantages and Challenges

Advantages of 4G:

Very high data rates (up to 1 Gbps in stationary conditions)
Low latency (10-30 ms), suitable for real-time applications
Smooth support for HD video streaming, online gaming, and VolP
Simplified architecture allows better scalability and control

Efficient for loT, video conferencing, and cloud-based apps

Challenges of 4G:

Reguires VoLTE deployment or fallback mechanisms
High demand on bandwidth and spectrum
Performance degradation at cell edges or in high-density areas

Recuires new devices and infrastructure, increasing cost

4.8 Use Cases of 4G

4G has revolutionized mobile usage across multiple domains:

YouTube, Netflix, and video streaming in HD

Zoom, Microsoft Teams, and video conferencing

Real-time multiplayer gaming (e.g., PUBG, COD Mobile)
Navigation and augmented reality (Google Maps, AR apps)
Mobile banking, e-commerce, and digital wallets

loT devices like smart home controllers and wearables
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We also — igh-speed internet and real-time services in 4G LTE and LTE-Advanced.
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