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UNITI INTRODUCTION TO MOBILE COMMUNICATION

Introduction to Mobile Computing, Applications of Mobile Computing, Generations of Mobile
Communication Technologies, MAC Protocols, SDMA, TDMA, FDMA, CDMA. Comparison

between the Multiple Access Techniques.

CO1: Illustrate the basics of mobile telecommunication system.

Introduction to Mobile Computing

Mobile computing is a technology that allows the transmission of data, voice, and video
through a computer or any other wireless-enabled device without being connected to a fixed
physical link. It provides the ability for people to access information and perform computing
tasks anywhere and anytime. The main idea behind mobile computing is mobility, which means
users can move freely while being connected to a network. This technology has grown rapidly

due to the popularity of smartphones, tablets, laptops, and wearable devices.

Mobile computing combines mobile hardware, mobile software, and mobile communication.
Together, these components make it possible to deliver seamless services to users even while

they move across different geographical areas and network types.

Components of Mobile Computing

a. Mobile Hardware

Mobile hardware includes portable computing devices that users carry. These devices are small,
lightweight, and designed for mobility. Examples include smartphones, tablets, laptops, PDAs,
wearable devices like smartwatches, and IoT devices such as smart sensors. These devices
contain processors, memory, input/output interfaces, touchscreens, battery units, and wireless
communication modules like Wi-Fi, Bluetooth, and cellular radios. They are designed to work

efficiently with limited power and resources.
b. Mobile Software
Mobile software includes the operating system and applications that run on mobile devices.

Popular mobile operating systems include Android, i0S, Windows Mobile, and Harmony OS.
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The mobile OS manages hardware resources, provides security, supports communication

technologies, and enables multitasking.

Mobile applications are designed for communication, entertainment, banking, social
networking, healthcare, and more. Middleware software also plays a role by enabling

communication between hardware and applications.
¢. Mobile Communication

This refers to the wireless infrastructure that supports mobile computing. It includes cellular
networks (2G, 3G, 4G, 5G), Wi-Fi networks, Bluetooth systems, satellite communication, and
short-range technologies such as NFC and RFID. These technologies allow devices to

exchange data wirelessly.

Mobile communication enables smooth data transfer even when a user moves from one

network area to another, ensuring uninterrupted services.

Mobile Computing Architecture

Mobile computing typically follows a three-tier architecture:
1. Client Tier (Mobile Device)

This tier consists of the mobile device used by the user. It runs applications, stores data
temporarily, and provides user interfaces. The mobile device interacts with the network to

access remote resources.
2. Network Tier

This includes cellular towers, Wi-Fi access points, routers, and other wireless infrastructures.
It is responsible for transmitting data to and from mobile devices. Mobile communication

protocols ensure smooth handover when users move between network cells.
3. Server/Cloud Tier

This tier includes application servers, databases, and cloud infrastructure. It performs heavy
processing tasks and stores large amounts of data. Mobile devices send requests to these

servers, which respond with the required information.
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Types of Mobility

a. User Mobility

Users can move from one place to another while still having access to the same services.
b. Device Mobility

Devices can move across different networks or geographical areas.

c. Session Mobility

Users can maintain an ongoing session, such as a phone call or video streaming, even

when switching between networks.

Wireless Communication Technologies

Mobile computing relies heavily on wireless technologies:
a. Cellular Networks

e 2G — Supports basic voice and text messaging.

e 3G — Introduced mobile internet and video calling.

e 4G/LTE — High-speed internet, HD video streaming.

e 5G — Very high speed, low latency, supports [oT and autonomous systems.
b. Wi-Fi

Wi-Fi allows wireless local area networking. It is commonly used in homes, offices,

universities, and public places.
¢. Bluetooth

A short-range wireless technology used for data transfer and connecting accessories

such as headphones, keyboards, and fitness trackers.

d. Satellite Communication
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Used in remote areas where no cellular coverage exists. Useful for GPS, maritime and

aviation communication.
e. NFC (Near Field Communication)

Supports very short-range communication. Used in digital payments, smart cards, and

access control.

Mobile IP (Internet Mobility)

Mobile IP is a communication protocol that allows mobile devices to move across
different networks while maintaining the same IP address. It ensures uninterrupted data

communication and is important for seamless mobility.
Key Elements of Mobile IP:
e Mobile Node (MN) — The device that moves across networks.

e Home Agent (HA) — A router on the home network that keeps track of the

mobile node.

o Foreign Agent (FA) — A router on the visited network that provides routing

services.

o Care-of Address (CoA) — A temporary address assigned to the device in the

foreign network.
Mobile Operating Systems

Mobile computing devices use specially designed operating systems that support touch

interfaces, wireless communication, and resource management.
a. Android

An open-source OS based on Linux. It supports millions of applications and is widely

used in smartphones worldwide.

b. iOS
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Apple’s proprietary OS known for high performance, security, and user-friendly

interface.

c. Others
e Windows Mobile
o Harmony OS
e Blackberry OS

These operating systems manage hardware, provide security, multitasking, and support various

applications.
Mobile Application Development
Mobile applications are developed using various technologies:
a. Native Apps
Developed for specific platforms (Android or 10S).
e Android uses Java/Kotlin.
e 10S uses Swift.
b. Hybrid Apps

Developed using frameworks like Flutter, React Native. They run on multiple

platforms.
c. Web Apps

Run in browser and do not require installation. Useful for simple tasks.

Challenges in Mobile Computing
a. Limited Battery Life

Mobile devices have limited battery capacity, making power management critical.
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b. Limited Processing Power
Compared to desktop systems, mobile devices have lower computational capabilities.
c. Network Issues
Wireless signals face interference, low bandwidth, and frequent disconnections.
d. Security Issues
Mobile devices are prone to:
e Malware attacks
e Data theft
e Unsecured public Wi-Fi
e Device loss or theft
e. Small Display & Input Constraints
Typing and viewing content on small screens can be difficult.

Applications of Mobile Computing

Mobile computing is used in almost every field today:

e Healthcare

e Banking and Payments
e Education

e Business

e Entertainment

e Social Networking

e Transportation
Advantages of Mobile Computing
o Enables work from anywhere

e Enhances productivity
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Provides constant access to information

Easy communication

Convenient for business and personal use

Supports real-time updates
Disadvantages of Mobile Computing

e High security risks

e Battery limitations

e Network dependency

o Data charges

e Smaller screens and limited performance

Generations of Mobile Communication Technologies

Mobile communication technologies have evolved over several generations (1G to 5G), each
bringing major improvements in speed, capacity, reliability, and services. The evolution

continues toward 6G. Below are detailed notes on each generation.
1. First Generation (1G)
Year Introduced: Early 1980s
Technology Type: Analog
Key Technology: AMPS (Advanced Mobile Phone System)
Characteristics
e 1G networks used analog signals for voice transmission.
e Provided basic voice communication only.
e Supported circuit-switched communication.

e Very low data security; signals could be easily intercepted.
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e Low capacity and poor call quality, with a lot of background noise.
o Large, bulky mobile phones with high power consumption.
Limitations
e No data services like SMS or internet.
e Poor spectral efficiency.
e Weak security due to analog nature.
2. Second Generation (2G)
Year Introduced: Early 1990s
Technology Type: Digital
Key Technologies: GSM, CDMA, TDMA

Characteristics

Shift from analog to digital communication.
e Introduced encrypted voice calls, improving security.

e Enabled SMS (Short Message Service) and MMS (Multimedia Messaging

Service).
o Better voice quality and network capacity than 1G.
e Introduced the SIM card concept in GSM networks.
Data Speeds
e Up to 64 kbps for GSM.

o EDGE (Enhanced Data rates for GSM Evolution) offered speeds up to 384 kbps

(sometimes known as 2.75G).
Limitations

e Low internet speeds.
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e Not suitable for high-quality multimedia or video services.
3. Third Generation (3G)

Year Introduced: Early 2000s
Technology Type: Digital, Packet-Switched
Key Technologies: UMTS, WCDMA, HSPA, CDMA2000
Characteristics

e Major breakthrough for mobile internet.

e Supported web browsing, email, video calls, and mobile apps.

o Offered higher bandwidth and improved data transfer capability.

o Enabled early smartphones to support multimedia services.
Data Speeds

o Basic 3G: 384 kbps

e HSPA (High-Speed Packet Access): up to 14 Mbps

e HSPA+: up to 42 Mbps (sometimes called 3.5G or 3.75G)
Advantages

o Allows multitasking and mobile browsing.

e Supports video calling, live streaming, mobile TV.
Limitations

o Higher power consumption.

e Not fast enough for modern HD video or large file transfers.

4. Fourth Generation (4G)

Year Introduced: Around 2010
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Technology Type: All-IP, Broadband
Key Technology: LTE (Long Term Evolution), WIMAX

Characteristics

Designed for high-speed internet and multimedia services.

Fully packet-switched (no circuit switching).

Provides very low latency and high network capacity.

Enables HD video streaming, online gaming, and real-time applications.
Data Speeds
e 4G LTE: 30-100 Mbps
e LTE-Advanced: up to 1 Gbps (4.5G)
Advantages
o Faster downloading and uploading.
e Supports VoIP (Voice over Internet Protocol).
o Extremely reliable connectivity.
Limitations
e Requires advanced mobile devices.
o Needs expensive infrastructure upgrades.
5. Fifth Generation (5G)
Year Introduced: 2020 onwards
Technology Type: Advanced Broadband + [oT
Key Technologies: mmWave, Massive MIMO, Beamforming, Network Slicing

Characteristics
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e Provides ultra-high-speed data and extremely low latency.
e Supports massive [oT devices, smart cities, autonomous vehicles.
e Uses millimeter-wave frequencies for fast communication.

e Supports advanced technologies like AR/VR, remote surgeries, and Al-based

applications.
Data Speeds
e 1-20 Gbps theoretical speed
o Latency as low as 1 millisecond
Advantages
e High reliability and capacity.
o Ideal for real-time applications like gaming and automation.
o Supports millions of devices per square kilometer.
Limitations
e Requires dense network of small cells.
o Higher infrastructure cost.
e Limited coverage in rural areas.
6. Future Generation — 6G (Under Development)
Expected Around: 2030
Expected Features
e Speeds up to 1 Tbps (terabit per second)
o Integration of Al with networks

e Quantum communication features
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e Full holographic communication
e Space—air—ground integrated networks (satellite + terrestrial)
Applications

e Smart industries

o Metaverse

e Fully autonomous transportation

e Advanced robotics and remote operations

MAC Protocols

MAC (Medium Access Control) protocols are responsible for controlling how multiple devices
share a common communication medium. They prevent data collision, ensure fair access, and

improve network efficiency.
MAC is a sublayer of the Data Link Layer in the OSI model.
(1) Classification of MAC Protocols
MAC protocols are generally classified into:

1. Contention-based protocols (Random Access) - Devices compete to
access the medium. Examples: ALOHA, Slotted ALOHA, CSMA,
CSMA/CD, CSMA/CA

ii. Scheduled protocols (Deterministic Access) - Medium access is pre-
planned and collision-free. Examples: TDMA, FDMA, CDMA

iii. Hybrid protocols - Combines advantages of scheduled and random
protocols. Examples: IEEE 802.11 (Wi-Fi): CSMA/CA + RTS/CTS

iv. IEEE 802.15.4 (ZigBee): CSMA + Guaranteed Slots. Bluetooth: FHSS
+ TDMA

Time Division Multiple Access (TDMA)
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Time Division Multiple Access (TDMA) is a channel access technique used in digital
communication systems where multiple users share the same frequency channel by dividing
the available time into different time slots. Instead of allowing every user to transmit at the
same time, TDMA assigns each user a specific time interval within a repeating frame. During
its allotted time slot, the user has exclusive access to the channel, which eliminates collisions
and ensures orderly communication. Because the transmission is digital and tightly
synchronized, TDMA provides efficient bandwidth usage and supports many subscribers using

a single carrier frequency.

In TDMA, the entire communication process is divided into repetitive frames, and each frame
contains a fixed number of time slots. Every user transmits data only in their allocated slot and
remains silent during other slots. After the last slot is completed, the frame repeats, allowing
users continuous access to the medium. This method is particularly useful in systems that
require multiple users to share the same communication link without interference. In GSM
(Global System for Mobile Communication), which is the most common 2G cellular
technology, each carrier frequency of 200 kHz is divided into eight time slots, and each slot
can carry the voice or data of one user. This arrangement supports both uplink and downlink

communication in a synchronized manner.
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Basic TDMA Time-Slot Concept
User A UserB UserC UserD

L. r 1t 1

TDMA Frame Repetition

Frame 1 Frame 2 Frame 3 Frame +

S1|S2 | S3 | S4 | S4 | S4 | Guard

TDMA Frame Structure (with Guard Time & Sync)

Guard Data Training Seq Sync

+ Guard Time: Prevents overlap between users

« Data Field: User information (voice/data)

* Training Sequence: Helps channel equalization

* Sync Burst: Keeps transmitter and receiver synchroized

TDMA in GSM (8-Slot Frame)

TS1| TS2 | TS3 | TS4 | TS5 | TS8

Each slot frame1.615 microsecons

Uplink and Downlink TDMA Concept

Uplink Frame Downlink Frame

Ut [ U2]U3|U4(US D1 | D2 | D3| D4 | D5| D6

Uptist pt“precentus breas Uplink and downlink frames offset
to prevent interference

TDMA Multiple Users Sharing Same Frequency

User A User B User C

A TDMA system requires precise synchronization between the base station and mobile devices.
Synchronization ensures that each mobile station transmits at the correct moment; otherwise,
overlapping transmissions may occur. To prevent overlap resulting from minor timing
variations, TDMA introduces a small guard time between successive time slots. Although these
guard intervals slightly reduce efficiency, they are necessary to maintain proper separation
between users’ transmissions. The TDMA frame also includes training sequences for channel
equalization, synchronization bursts, and pilot information that help the system maintain stable

communication even under conditions like mobility and fading.
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One key advantage of TDMA is that it allows multiple users to share a common frequency
without interference, making it a collision-free access method. Since each device transmits only
during its time slot, battery consumption is reduced in mobile devices, which improves standby
time. TDMA also supports digital encryption techniques, allowing secure voice
communication. Moreover, because the system uses discrete time slots, it can accommodate
both voice and low-speed data services effectively. The method is relatively simple to
implement and has been standardized globally, making it suitable for early mobile

communication systems.

However, TDMA also has certain limitations. The most significant challenge is the need for
tight synchronization between the transmitter and receiver. Even minor timing errors can cause
slot overlap and degrade performance. The guard times inserted to prevent overlap reduce the
overall spectral efficiency. TDMA is also not ideal for high-speed data services because only
one user can transmit in each slot, which creates a natural limit on throughput. Furthermore,
users may experience latency since they need to wait for their assigned time slot before
transmitting. As mobile applications evolved and data requirements increased, TDMA systems

became less effective compared to more modern techniques like CDMA and OFDMA.

Despite these limitations, TDMA played a crucial role in the development of digital mobile
communication. It formed the basis of GSM networks that dominated the global mobile
industry for decades. TDMA is still used in many satellite communication systems, military
radio networks, aviation communication, and certain specialized wireless systems where
predictable and collision-free access is required. The structured nature of TDMA makes it ideal

for environments that require deterministic communication.
Advantages of TDMA

1. Efficient Use of Bandwidth

2. Collision-Free Channel Access

3. Better Battery Life (in mobiles)

4. Easy Implementation
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5. Supports Digital Data
6. Encryption Support
9. Disadvantages of TDMA
1. Requires Accurate Synchronization
2. Guard Time Wastes Resources
3. Limited Data Rates
4. Latency Issues
5. Not Ideal for Heavy Traffic
Applications of TDMA
TDMA is used in several communication systems:
1. GSM (Global System for Mobile Communication)
2. Digital Enhanced Cordless Telecommunications (DECT)
3. IS-136 (North American TDMA)
4. Satellite Communication
5. Military Communications

TDMA vs Other Multiple Access Method

Method Parameter Description

TDMA | Multiple users in different time slots | Used in GSM

FDMA | Users separated by frequency bands Used in 1G

CDMA Users separated by codes Used in 3G
Uses orthogonal subcarriers + time
OFDMA | Used in 4G, 5G
slots

Frequency Division Multiple Access
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Frequency Division Multiple Access, commonly known as FDMA, is one of the earliest and
simplest multiple-access techniques used in communication systems. It enables multiple users
to access the same communication medium by dividing the available frequency spectrum into
several distinct frequency channels. Each user is assigned a unique frequency band during the
entire duration of the communication session. Because of this fixed, non-overlapping frequency
allocation, users can transmit simultaneously without interfering with one another. FDMA
formed the foundation of many early telecommunication systems, particularly the first-

generation (1G) analog cellular networks.

FDMA operates based on the concept of Frequency Division Multiplexing (FDM). In this
approach, the total available bandwidth of a communication system is split into several
narrowband channels. These channels are separated by guard bands, which are small unused
frequency gaps added between adjacent channels. Guard bands play an important role in
avoiding overlapping or adjacent channel interference, ensuring that signals from one user do
not interfere with those of another. Once a user starts communicating, the system assigns them
a specific frequency band, and they retain that band exclusively until the communication
session ends. This makes FDMA highly suitable for continuous transmission such as voice

calls, where consistent bandwidth is required.

In a typical FDMA system, the transmitter and receiver remain locked on to their assigned
frequency for the entire duration of communication. Unlike TDMA, where a user transmits
only during their time slot and remains idle otherwise, FDMA provides uninterrupted access.
This characteristic minimizes delay and ensures smooth communication, which is especially
important in analog voice systems. However, this advantage comes at the cost of reduced
bandwidth efficiency, because whether the user is speaking or silent, the frequency remains

occupied and cannot be allocated to anyone else.
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FDMA

Frequency Division Multiple Access

Channel | Channel | Channel | Channel
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Frequency

The available bandwidth is divided
into different frequency bands
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Channel1 Channel 2 Channel3 Channel 4

Communication through
each frequency band

FDMA was widely used in 1G cellular systems, such as AMPS (Advanced Mobile Phone
System). In AMPS, each user was assigned a 30 kHz frequency channel. The uplink and
downlink frequencies were also fixed and separated to allow duplex communication. Although
this method ensured stable quality and minimal interference, it could accommodate only a
limited number of users because each user required a dedicated channel. This inherent
limitation in capacity became one of the major reasons for FDMA’s decline, especially with

the increasing demand for mobile communication in the late 1980s and early 1990s.

One of the main strengths of FDMA is the simplicity of its implementation. Since it does not
require complex time synchronization (as needed in TDMA) or advanced code coordination
(as in CDMA), FDMA-based systems are easier to design and maintain. The hardware
requirements for FDMA systems are comparatively simpler because each user is permanently
tuned to a specific frequency. The system also provides low latency and consistent connection

quality, making it suitable for real-time applications.

Despite these advantages, FDMA has several significant drawbacks. The most notable
disadvantage is the inefficient utilization of the available spectrum. Because each user occupies
a dedicated frequency band regardless of usage, the system cannot dynamically allocate
resources during silent periods. Furthermore, the requirement for guard bands between
channels further reduces usable bandwidth. Another major issue is limited scalability. As the

number of users increases, the number of required frequency channels increases proportionally.
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Eventually, the available spectrum becomes insufficient to support more users. This limitation

made FDMA unsuitable for large and growing mobile networks.

Interference management is also a challenge in FDMA systems. Although guard bands help
prevent adjacent channel interference, improper frequency planning or equipment malfunction
can cause cross-channel interference, affecting call quality. FDMA systems may also
experience co-channel interference when the same frequency is reused in distant geographical
regions. Careful frequency reuse planning is required to minimize this issue, which increases

system complexity as the network expands.

FDMA Channel Allocation FDMA Spectrum Division

Channel1 Channel2 Channel 3

|

User | User | User | User
A B C D

v

Frequency Frequency

FDMA in 1G (AMPS) FDMA, TDMA, CDMA

(00 L at

A UserA UserB UserC

Uplink Downliiik

User User

User

User =
M — |l || |
User A UserB UserC

849 MHz 869 MHz User C

User

[
A

Fig: FDMA Frequency Spectrum

FDMA continues to be used in several communication domains despite being replaced by more
advanced techniques in cellular networks. It is still applied in satellite communication,
maritime and aviation communication, two-way radios, broadcasting systems, and narrowband
wireless systems. Its predictable and continuous access nature makes it ideal for applications

that require stable, uninterrupted channel assignments.
Advantages of FDMA

1. Simple Implementation

2. Low Delay

3. Supports Continuous Transmission
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4. No time synchronization required
Disadvantages of FDMA
1. Limited Number of Users
2. Inefficient Use of Bandwidth
3. Low Capacity
4. High cost of spectrum
5. Vulnerable to interference
Applications of FDMA

o Satellite communication systems

e 1G analog cellular networks (AMPS, NMT)
e Marine and aviation radio

e Paging systems

e Narrowband communication

Code Division Multiple Access

Code Division Multiple Access, commonly known as CDMA, is an advanced multiple-access
technique where multiple users share the same frequency band at the same time but are
separated from each other using unique codes. Unlike earlier systems such as FDMA, where
users are assigned different frequencies, or TDMA, where users are separated in time, CDMA
assigns a distinct spreading code to each user. These codes allow all users to transmit
simultaneously over the entire frequency spectrum. A CDMA receiver recognizes the intended
signal by correlating the received waveform with the desired user’s code, while signals from
other users appear as noise. This method significantly increases system capacity and enhances

security.

The fundamental principle behind CDMA is spread spectrum technology. In spread spectrum

communication, a user’s data signal is multiplied by a high-rate pseudo-random code known
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as a spreading sequence. This process spreads the narrowband signal across a much wider
bandwidth. At the receiver, the same pseudo-random code, synchronized with the transmitter,
is used to despread the signal and extract the original data. Because every user employs a
different spreading sequence, the signals become distinguishable even though they occupy the
same frequency band. The unwanted signals, encoded by different sequences, do not correlate
and therefore appear as low-level background noise. This unique property enables CDMA to

support a large number of users within the same frequency range.

User A 1

User B 1
User C |

>

Frequenc;

CDMA Signal

Code
Code A

Code B |
Code C

Time

CDMA Despreading

Data X /\/\/\/\/\/\/\/\/\M/vv
Copice x /\/\/\/\/\/\/\/\/VVV\

Fig: CDMA Frequency and De-spreading Technique

One of the key features of CDMA is its resistance to interference and noise. Since the user’s
signal is spread over a wide frequency band, it becomes less susceptible to narrowband
interference. If certain portions of the spectrum face interference, the receiver can still recover
data from the remaining spectrum, making CDMA highly robust in noisy environments.
Additionally, the use of pseudo-random codes provides inherent security. Unauthorized users
cannot easily intercept or decode the signal without knowing the specific code, which makes

CDMA suitable for military communication systems and secure wireless environments.

Another important property of CDMA systems is the concept of soft capacity. Unlike FDMA

or TDMA systems, where the maximum number of users is fixed and strictly limited by
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available frequency channels or time slots, the capacity of a CDMA system depends on the
overall interference level. As more users join the system, the noise level gradually increases,
but the system can continue to function until the interference reaches a threshold. This means
CDMA does not have a hard limit on the number of active users, allowing more flexible and

dynamic resource allocation.

However, CDMA performance relies heavily on power control. Since all users transmit over
the same frequency band, signals arriving with different power levels can cause a phenomenon
known as the near—far problem. If a nearby user transmits at a high-power level, it may
overshadow the signal from a faraway user, making it impossible to decode. To avoid this issue,
CDMA systems use strict power control mechanisms that ensure all signals arrive at the base
station with nearly equal power levels. This requirement for precise power control is one of the

main engineering challenges of CDMA systems.

In terms of real-world applications, CDMA plays a central role in the development of digital
cellular communication. The 1S-95 standard, also known as cdmaOne, was the first widely
implemented CDMA-based cellular system. Later, CDMA2000 and WCDMA (Wideband
CDMA), used in 3G UMTS networks, expanded upon the principles of CDMA to support high-
speed data services and multimedia communication. These technologies enabled faster internet
browsing, video calling, and improved voice quality compared to earlier 2G systems. In
modern communication systems, CDMA continues to contribute through its influence on

spread-spectrum techniques used in GPS, Wi-Fi, and even components of 4G/5G networks.

CDMA offers several advantages, such as high spectral efficiency, improved call quality,
resistance to fading, and enhanced privacy. Its ability to use soft handoff between base stations
minimizes call drops during movement, which is a significant improvement over hard handoff
methods used in other technologies. Additionally, because CDMA uses the entire available
spectrum, it reduces the need for precise frequency planning and allows more flexible

deployment.

Despite its benefits, CDMA also has limitations. Its reliance on complex algorithms for
spreading, de-spreading, and power control increases system complexity and cost. The system

also faces challenges under extremely high load conditions when interference becomes
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excessive. Furthermore, CDMA networks require precise synchronization, often achieved

using GPS timing, adding another layer of complexity.
Advantages of CDMA
o Uses spread spectrum technology, which increases resistance to interference.
e Provides high spectral efficiency, allowing more users in the same bandwidth.
o Offers soft capacity—network capacity increases gradually with more users.
e Ensures enhanced security and privacy using unique pseudo-random codes.
e Supports soft handoff, reducing call drops during movement.
e Performs well in multipath environments due to RAKE receivers.
e Reduces need for strict frequency planning since all users use the same band.
e Provides better voice quality and low probability of eavesdropping.
Disadvantages of CDMA
e Requires strict power control to prevent the near—far problem.
e System capacity degrades when the number of users increases excessively.

e More complex to implement compared to FDMA/TDMA due to spreading and de-

spreading mechanisms.
e Needs precise synchronization, usually with GPS-based timing.
o Cross-correlation between spreading codes can cause self-interference.

e Less compatible with GSM-based global systems, limiting interoperability.

Applications of CDMA
e Used in IS-95 (cdmaOne) and CDMA2000 cellular systems for voice and data.

e Forms the basis of 3G technologies such as WCDMA (UMTS).
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e Widely used in Military communication due to high security and anti-jamming

capabilities.
e Applied in satellite communication systems.

e Used in GPS (Global Positioning System) which employs CDMA-style spread-

spectrum signals.
e Applied in wireless LANs, RFID, and secure wireless systems.

o Useful in environments with high interference, such as urban or industrial areas.

Space Division Multiple Access

Space Division Multiple Access, commonly known as SDMA, is a multiple-access technique
in which different users are separated based on their physical locations in space. Unlike FDMA,
TDMA, or CDMA, which separate users through frequencies, time slots, or codes, SDMA takes
advantage of spatial separation using directional antennas or smart antenna systems. In this
method, a communication system distinguishes and serves multiple users by directing signals
toward specific spatial regions. As a result, multiple users can operate on the same frequency
band at the same time without interfering with each other, provided they are located in different

spatial directions.

The fundamental principle of SDMA is the use of directional or adaptive antenna arrays. These
antennas focus the transmitted energy toward a particular user while minimizing the radiation
toward others. This concentration of radio energy creates spatial channels. When multiple
beams are formed simultaneously, each beam corresponds to a different user or group of users.
In this way, multiple independent communication links can be established using the same
frequency spectrum. Modern SDMA systems integrate technologies like beamforming, spatial
filtering, and multi-input multi-output (MIMO) antenna techniques to improve spatial

separation and enhance system performance.
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One of the main advantages of SDMA is its ability to significantly increase the capacity of
wireless networks. By reusing the same frequency for multiple users located in different spatial
positions, the system effectively multiplies the number of available channels. This spatial reuse
improves spectral efficiency without requiring additional bandwidth. SDMA also reduces co-
channel interference because each beam is narrowly focused, minimizing overlap with signals
intended for other users. As a result, SDMA enhances signal quality, increases data rates, and

supports a higher number of simultaneous users.

SDMA Diagram

P g

User A User B
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User C

Space Division Multiple Access

SDMA also improves coverage and reliability by adapting beam patterns according to the
user’s location. Smart antennas can dynamically adjust their beams as the user moves, ensuring
a stronger and more stable signal. This adaptive capability makes SDMA highly suitable for
mobile communication systems where user positions change continuously. Furthermore,
SDMA enhances security by limiting the signal reception to specific spatial regions, making

unauthorized interception more difficult compared to omnidirectional broadcasts.

However, SDMA also presents several challenges. One of the main limitations is the
requirement for complex antenna systems and advanced signal-processing algorithms.
Implementing adaptive antenna arrays and beamforming requires sophisticated hardware and
computational resources. The system must constantly track user positions to adjust the beam
direction in real time. This introduces additional cost and complexity in network design.

Another challenge arises when users are located very close to each other or within the same
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spatial region. In such cases, spatial separation becomes difficult, potentially causing

interference.

SDMA is widely used in modern wireless communication systems. It plays a fundamental role
in cellular networks, Wi-Fi systems, satellite communication, and 5G technologies. In cellular
systems, SDMA enables efficient sectorization of cells, where each cell is divided into three or
more sectors, each served by a directional antenna. This improves frequency reuse and
increases network capacity. In Wi-Fi and WLAN technologies, SDMA is implemented through
MIMO and multi-user MIMO (MU-MIMO) techniques, which allow routers to communicate
with multiple devices simultaneously. In satellite communication, SDMA is used to form
narrow beams that cover specific geographical areas, minimizing interference between regions.
The arrival of 5G has further expanded the importance of SDMA through massive MIMO,
where base stations use dozens or hundreds of antennas to serve users with highly focused

beams, enabling ultra-high data rates and low latency.
Advantages of SDMA

o High spectral efficiency

e Reduced interference

e Increased system capacity

o Improved signal quality

o Better coverage and reliability

e Enhanced security

o Lower power usage
Disadvantages of SDMA

o High system complexity

e Costly implementation

 Difficult to separate users
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e Requires real-time user tracking

e Less effective in highly dense environments

e Needs precise calibration and alignment

Applications of SDMA

e Cellular networks

e 5@G and massive MIMO systems

¢  Wi-Fi (MU-MIMO)

e Satellite communication

o Radar and military communication systems

o Wireless broadband networks

e Smart antenna systems

Comparison between the Multiple Access Techniques

Feature SDMA FDMA TDMA CDMA
o Separation by | Separation by Separation by ‘
Principle ‘ Separation by codes
space frequency time
Dedicated
Directional Time slots in
Access Method frequency Spread-spectrum codes
beams frames
channels
Frequency
' Divided into Shared over
Bandwidth Use | reused Shared fully by all
channels time
spatially
Low due to Adjacent channel | Time overlap .
Interference Treated as noise
spatial filtering | interference interference
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o Antenna ‘ Strict time ‘
Synchronization ) No strict sync Strict code sync
tracking only sync
Capacity Very high Low Medium High (soft capacity)
Very high (to avoid
Power Control | Moderate Low Medium
near—far problem)
Hardware ) _ )
) High Low Medium High
Complexity
5@G, Massive
Examples MIMO 1G AMPS GSM CDMA2000, WCDMA
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