UNIT- 3 Notes “Cellular Networks”

GSM PRINCIPLES AND ARCHITECTURE:-

GSM & ITS HISTORY

Global System for Mobile (GSM) is a second generation cellular standard developed to cater voice
services and data delivery using digital modulation. It is a digital cellular technology used for
transmitting mobile voice and data services. GSM is the most widely accepted standard in
telecommunications and it is implemented globally. GSM makes use of narrowband Time Division
Multiple Access (TDMA) technique for transmitting signals. GSM provides basic to advanced voice
and data services including roaming service. Roaming is the ability to use your GSM phone number
in another GSM network. GSM was developed using digital technology. It has an ability to carry 64
kbps to 120 Mbps of data rates. GSM digitizes and compresses data, then sends it down through
a channel with two other streams of user data, each in its own timeslot.

The concept of GSM emerged from a cell-based mobile radio system at Bell Laboratories in
the early 1970s.

Conference of European Posts and Telegraph (CEPT) establishes a GSM group to widen the
standards for a pan-European cellular mobile telephone system in 1982. GSM is named as
“Global System for Mobile communication” in 1989. In year 2000, General Packet Radio
Service (GPRS) came into existence.

GSM owns a market share of more than 70 percent of the world's digital cellular subscribers.
Presently GSM supports more than one billion mobile subscribers in more than 210 countries
Through out the world.

GSM SERVICES

Tele-services:- Telecommunication services that enable voice communication via mobile
phones. Offered services like Mobile telephony & Emergency calling.

Bearer or Data Services:- Include various data services for information transfer between GSM
and other networks like PSTN, ISDN etc . Short Message Service (SMS) up to 160 character
alphanumeric data transmission to/from the mobile terminal & Voice mailbox.

Supplementary services:-

Call Waiting- Notification of an incoming call while on the handset

Call Hold- Put a caller on hold to take another call

Call Barring- All calls, outgoing calls, or incoming calls

Call Forwarding- Calls can be sent to various numbers defined by the user

Multi Party Call Conferencing - Link multiple calls together

Listed below are the features of GSM that account for its popularity and wide acceptance.

« Improved spectrum efficiency with High-quality speech & International roaming
o Low-cost mobile sets and base stations (BSs)

o Compatibility with Integrated Services Digital Network (ISDN) and other telephone
company services. Support for new services.



GSM SYSTEM ARCHITECTURE
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The GSM network architecture consists of three major subsystems:-

Mobile Station (MS)

= Mobile Equipment (ME)
= Subscriber Identity Module (SIM)

Base Station Subsystem (BSS)

= Base Transceiver Station (BTS)

= Base Station Controller (BSC)

Network Switching Sub system(NSS)

= Mobile Switching Center (MSC)

= Home Location Register (HLR)

Visitor Location Register (VLR)
= Authentication Center (AUC)

= Equipment Identity Register (EIR)

In a GSM network, the following areas are defined:

Cell : Cell is the basic service area; one BTS covers one cell. Each cell is given a Cell Global
Identity (CGl), a number that uniquely identifies the cell.

Location Area : A group of cells form a Location Area (LA). This is the area that is paged
when a subscriber gets an incoming call. Each LA is assigned a Location Area Identity (LAI).
Each LA is served by one or more BSCs.

MSC/VLR Service Area : The area covered by one MSC is called the MSC/VLR service area.

PLMN : The area covered by one network operator is called the Public Land Mobile Network
(PLMN). A PLMN can contain one or more MSCs.



The wireless link interface between the MS and the Base Transceiver Station (BTS), which is a
part of BSS. Many BTSs are controlled by a Base Station Controller (BSC). BSC is connected to
the Mobile Switching Center (MSC), which is a part of NSS. Above Figure shows the key
functional elements in the GSM network architecture.

1. Mobile Station (MS):

A mobile station communicates across the air interface with a base
station transceiver in the same cell in which the mobile subscriber unit is located. The MS
communicates the information with the user and modifies it to the transmission protocols if
the air-interface to communicate with the BSS. The user’s voice information is interfaced with
the MS through a microphone and speaker for the speech, keypad, and display for short
messaging, and the cable connection for other data terminals. The MS has two elements. The
Mobile Equipment (ME) refers to the physical device, which comprises of transceiver, digital
signal processors, and the antenna. The second element of the MS is the GSM is the Subscriber
Identity Module (SIM). The SIM card is unique to the GSM system. It has a memory of 32 KB.

2. Base Station Subsystem (BSS):

A base station subsystem consists of a base station controller
and one or more base transceiver station. Each Base Transceiver Station defines a single cell.
A cell can have a radius of between 100m to 35km, depending on the environment. A Base
Station Controller may be connected with a BTS. It may control multiple BTS
units and hence multiple cells. There are two main architectural elements in the BSS —the Base
Transceiver Subsystem (BTS) and the Base Station Controller (BSC). The interface that connects
a BTS to a BSC is called the A-bis interface. The interface between the BSC and the MSC is
called the A interface, which is standardised within GSM.

3. Network and switching subsystem (NSS):

The NSS is responsible for the network operation.
It provides the link between the cellular network and the Public switched telecommunicates
Networks (PSTN or ISDN or Data Networks). The NSS controls handoffs between cells in
different BSSs, authenticates user and validates their accounts, and includes functions for
enabling worldwide roaming of mobile subscribers. The MSC basically performs the switching
function of the system by controlling calls to and from other telephone and data systems. It
includes functions such as network interfacing and common channel signalling. The NSS has
one hardware, Mobile switching center and four software database element: Home location
register (HLR), Visitor location Register (VLR), Authentications center (Auc) and Equipment
Identity Register (EIR). In particular the switching subsystem consists of:

® Mobile switch center (MSC)

® Home location register (HLR)

® Visitor location Register (VLR)

® Authentications center (Auc)

® Equipment Identity Register (EIR)

® |nterworking Functions (IWF)



HLR: The HLR is database software that handles the management of the mobile subscriber
account. It stores the subscriber address, service type, current locations, forwarding address,
authentication/ciphering keys, and billings information. In addition to the ISDN telephone
number for the terminal, the SIM card is identified with an International Mobile Subscribes
Identity (IMSI) number that is totally different from the ISDN telephone number. The HLR is
the reference database that permanently stores data related to subscribers, including
subscriber’s service profile, location information, and activity status.

VLR: The VLR is temporary database software similar to the HLR identifying the mobile
subscribers visiting inside the coverage area of an MSC. The VLR assigns a Temporary mobile
subscriber Identity (TMSI) that is used to avoid using IMSI on the air. The visitor location
register maintains information about mobile subscriber that is currently physically in the range
covered by the switching center. When a mobile subscriber roams from one LA (Local Area) to
another, current location is automatically updated in the VLR. When a mobile station roams
into a new MSC area, if the old and new LA’s are under the control of two different VLRs, the
VLR connected to the MSC will request data about the mobile stations from the HLR.

The entry on the old VLR is deleted and an entry is created in the new VLR by copying the
database from the HLR.

AuC: The AuC database holds different algorithms that are used for authentication and
encryptions of the mobile subscribers that verify the mobile user’s identity and ensure the
confidentiality of each call. The AuC holds the authentication and encryption keys for all the
subscribers in both the home and visitor location register.

EIR: The EIR is another database that keeps the information about the identity of mobile
equipment such the International mobile Equipment Identity (IMEI) that reveals the details
about the manufacturer, country of production, and device type. This information is used to
prevent calls from being misused, to prevent unauthorised or defective MSs, to report stolen
mobile phones or check if the mobile phone is operating according to the specification of its

type.
White list: This list contains the IMEI of the phones who are allowed to enter in the network.

Black list: This list on the contrary contains the IMEI of the phones who are not allowed to
enter in the network, for example because they are stolen.

Grey list: This list contains the IMEI of the phones momentarily not allowed to enter in the
network, for example because the software version is too old or because they are in repair.

IWF- It is a system in the PLMN that allows for non speech communication between the GSM
and the other networks. The tasks of an IWF are particularly to adapt transmission parameters
and protocol conversions. The physical manifestations of an IWF may be through a modem
which is activated by the MSC dependent on the bearer service and the destination network.
The OSS (Operational Support Systems) supports operation and maintenance of the system
and allows engineers to monitor, diagnose, and troubleshoot every aspect of the GSM
network.



GSM ARCHITECTURE:-
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GSM ARCHITECTURE ¥ fiferfRaa yrT a1 &:-

1:- MOBILE STATION (MS)

* Mobile Equipment (ME)
 Subscriber Identity Module (SIM)

2:- BASE STATION SUBSYSTEM (BSS)

* Base Transceiver Controller (BTC)
* Base Station Controller (BSC)

3:- NETWORK SWITCHING SUBSYSTEM (NSS)

* Mobile Switching Centre (MSC)

e Home Location Register (HLR)

e \isitor Location Register (VLR)

e Authentication Centre (AUC)

e Equipment Identity Register (EIR)

MOBILE STATION (H9TScT ¥22F)
HI9TgeT ¥ ST components I fieie) 4T 81aT & 1T 777 &:-

MOBILE EQUIPMENT (HI9TSeT SUHRUT) HIeTdl Dl bls HIETS o1y ST o e ~Teere feaT ST et
&,

SIM (Subscriber Identity Module) ST & I8 Y& HsAHIgsR DI identify B & o7 TN fasam ST &.
AT I HIdTgeT IUDRUT H FIRIT ST &, SIM TS I & I8 FeTehIgsN BT ST O b I o), AT, d2T

CTC ST T TR T &. (ST R & HIaTS el SUPRT & BB a1 8T FebeTT &.

BSS (BASE STATION SUBSYSTEM)
Base Station Subsystem & &Y 9T B &:-

BTS (Base Transceiver Station):- BTS ST € 98 antenna H Rerd 81T 8. I8 Rt ®Y recieve T send
QT B R 2. 1 ot Aeads i HdTget & e HRIThe & fory wét foFveR 8T 8. BTS e
R T g77Ts, encrypt, AecIeldd, AISIeIC (HISgera/ fSAISYRIe) TR &.

BSC (Base Station Controller):- BSC Ua 3T & & 37fes BTS & I T #9ST dH_elT &, o1 I8 MSC
AT BTS A Praes Y&dT &. 3% TRAT F Riae ot Aiarger T 8Id & SH®! I8 higad! qeiT ey Iafed
(slots) assign FRAT 8. BSC ST & 98 MSC & BT T B PRl & TAT I I & P B provide
FRICT 8. BSC a1 Aet TaATehe, hiaad! ST, MS & fofy EeaiiaR, IS gTer 31fS St df gl deall
8.

NSS (NETWORK SWITCHING SUBSYSTEM)
NSS S & g8 GSM architecture &7 Uh HE'@'Q;UT ST & W ferferRad 9T B &

»  MSC (Mobile Switching Center):- I8 980 AN BSCs &I {*RIfd &R 8. MSC ST & 98 GSM architecture

& fST I &, TN T8 GSM architecture &7 T WUT 2T 8. I8 GSM TAT 3T networks &
HEY PP Dl H7IoT BT 8. DieT Ve, IRAD switching T il routing TS B T§ PR 8. AT
I8 IO G2 AT authentication & 1 el =t Rl &.
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HLR (Home Location Registers):- HLR fTa it IRER & §U HeshIgaR B & Seh! SebIRT Il
& ORY:- PECH id, PREAR R, ATl T THDRY, T2 3iferT fohr gY Rarst ol SIeiRy M. ToIr 39 ATy
TS TE PTG BT ATh Y THBRT T ot ReaTT &.

VLR (Visitor Location Registers):- VLR ST & 98 FeApIgaR & R H temporary STF@RT RGAT & AT 39
SHHRY BT TN MSC &b GIRT T ST &. STl Ueh FedshlgaR Ueh I A SR cllehe H ST & al SFeh!
AT VLR o 31UST Bl 8. VLR AT b BRI Pl Y 87 PR & PECHR 3R U HLR TRAT I 18R el
TR AT I fof AT BT e st & gRT BT Sl 8. VLR ST 8 a8 HLR BT TR FHM SAFDRI I &
IR, $He! STDRI temporary BIdT & Safds HLR @1 permanent.

EIR (Equipment Identity Register):- EIR & Ui 1T & {5 1S MaTger foedt Acad & et & 3t
TEl. TP AT § U afﬁﬁ &R 8T 8 fSRY &9 international mobile equipment identity (IMEI) e &.
SIg HiaTget fopedt Sead F YO BT & 9 Head 339 [ Pl check PRdT 8. 3FR IME| HaR &l 8F1
AIET3e ead H VeI ) TR &l aF el &= grrTT.

AUC (Authentication Center):- AUC U SIS BIAT & Y fh Tl Teashisar & SIM &TS H Udh secret
key ¥R XAl & RII®T TRINT authentication TIT encryption & foTu fomar ST 8. AUC HaTSer § 8 aTel
IRITLST, Thep hicT IS T F FeTchIgsN Pl T 8.

GSM Generations

2nd Generation

O GSM -9.6 Kbps (data transfer rate)

2.5 Generation
O HSCSD (High Speed Circuit Switched data)
® Datarate : 76.8 Kbps (9.6 x 8 kbps)
O GPRS (General Packet Radio service)
® Datarate: 14.4 - 115.2 Kbps
O EDGE (Enhanced data rate for GSM Evolution)
® Data rate: 547.2 Kbps (max)
3 Generation
O WCDMA(Wide band CDMA)/UMTS (Universal Mobile Telecommunications System)
®  Data transfer rate : 0.348 — 3.1 Mbps
3.5 Generation
O HSPA(High-Speed Packet Access )/ HSPA+
®  Data transfer rate : 1- 3.1 Mbps
4 Generation
O  LTE/WiMax(Long Term Evolution)

®  Data transfer rate : Upto 100 Mbps


https://ehindistudy.com/2015/06/17/what-is-database-in-hindi-2/
https://ehindistudy.com/2015/10/01/encryption-and-decryption-in-hindi/

GPRS ARCHITECTURE:-

GPRS architecture works on the same procedure like GSM network, but, has additional entities
that allow packet data transmission. General packet Radio Service (GPRS) is a enhancement of
GPS, which is packet oriented mobile data service on the 2G and 3G cellular communication
system. It provide connection to the external packet data network through the GSM infrastructure
with short access time to the network for independent short packets. It uses exactly uses the same
physical radio channel as GSM and only new logical GPRS Radio Channel are defined. GPRS was
originally standardized by European Telecommunications Standards Institute (ETSI) in response to
the earlier CDPD & i-mode packet-switched cellular technologies.
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GPRS Network Architecture: GPRS is usually attempts to reuse the existing GSM network elements
as much as possible. There are new entities called GPRS that supports nodes (GSN) which are
responsible for delivery and routing of data packets between mobile stations and external packets
networks. There are two types of GSNs,

= Serving GPRS Support Node (SGNS)

=  Gateway GPRS Support Node (GGNS)

GPRS attempts to reuse the existing GSM network elements as much as possible, but to effectively
build a packet-based mobile cellular network, some new network elements, interfaces, and
protocols for handling packet traffic are required.

GPRS Mobile Stations

New Mobile Stations (MS) are required to use GPRS services because existing GSM phones do not
handle the enhanced air interface or packet data. These mobile stations are backward compatible
for making voice calls using GSM.


https://blog.oureducation.in/important-questions-on-gsm/
https://blog.oureducation.in/explain-air-interface-gsm-network/

GPRS Base Station Subsystem

Each BSC requires the installation of one or more Packet Control Units (PCUs) and a software
upgrade. The PCU provides a physical and logical data interface to the Base Station Subsystem

(BSS) for packet data traffic. The BTS can also require a software upgrade but typically does not
require hardware enhancements.

When either voice or data traffic is originated at the subscriber mobile, it is transported over the
air interface to the BTS, and from the BTS to the BSC in the same way as a standard GSM call.
However, at the output of the BSC, the traffic is separated; voice is sent to the Mobile Switching
Center (MSC) per standard GSM, and data is sent to a new device called the SGSN via the PCU
over a Frame Relay interface.

GPRS Support Nodes

Following two new components, called Gateway GPRS Support Nodes (GSNs) and, Serving GPRS
Support Node (SGSN) are added:

Gateway GPRS Support Node (GGSN)

The Gateway GPRS Support Node acts as an interface and a router to external networks. It
contains routing information for GPRS mobiles, which is used to tunnel packets through the
IP based internal backbone to the correct Serving GPRS Support Node. The GGSN also
collects charging information connected to the use of the external data networks and can
act as a packet filter for incoming traffic.

Serving GPRS Support Node (SGSN)

The Serving GPRS Support Node is responsible for authentication of GPRS mobiles,
registration of mobiles in the network, mobility management, and collecting information on
charging for the use of the air interface.

Routing Area

GPRS introduces the concept of a Routing Area. This concept is similar to Location Area in GSM,
except that it generally contains fewer cells. Because routing areas are smaller than location
areas, less radio resources are used While broadcasting a page message.

GPRS & RT AT SFRef depe ST A (general packet radio service) &1 I8 Ueb aRIReT Y- cad ol
fooet Hﬁ‘sl’lg?r ESEC ff, GPRS & gRT &9 data 3T information &1 Uch I @FECS:I? T H sent AT receive PN T
81 GPRS T 2.5G network & @i I8 2nd generation 3R 3rd generation &% T P cdd &l GPRS ¥ data
rates 56 kb/s & 1R 114 kb/s Teb BIcH! & cIfhI3FR reality § <% I GPRS @ speed(TTfT) I8 4 &1 el HANT
EﬁE!T's’c_'r phones @fs—c’?ﬁlﬁ access W?WWW?WW video conferencing T multimedia websites
dl ft access fHAT ST Fepar &1 SHHIIRTG Uicihpicd Th Udhe-Rae UIcipial &: SITFUH Hedd TR geic dl
SHUTTRGH Heddh & WU § A (T T 81 SIHSTRTY & fSRicet T¥a € 3R I8 HeT <rgd fdior Heciver
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EDGE (ENHANCED DATA RATES FOR GSM EVOLUTION):-

Enhanced Data-rates for GSM Evolution (EDGE) is an improved version of GSM providing higher
data transmission rate than GSM, while being compatible with the older systems. EDGE is an
update to GPRS. EDGE (Enhanced Data rates for GSM Evolution) or EGPRS provides data transfer
rates significantly faster than GPRS or HSCSD. EDGE increases the speed of each timeslot to 48
kbps and allows the use of up to 8 timeslots, giving a maximum data transfer rate of 384 kbps. In
places where an EDGE network is not available, GPRS will automatically be used instead. EDGE
offers the best that can be achieved with a 2.5G network, and will eventually be replaced by 3G.

It is a digital mobile phone technology that allows improved data transmission rates and

reliability.

o EDGE is considered as pre-3G radio technology and was deployed on GSM networks
beginning in 2003 — initially by Cingular (now AT&T) in the United States.

o EDGE can function on any network with GPRS deployed on it, provided the carrier
implements the necessary upgrades.

« Itisatechnology that gives GSM the capacity to handle services for the third generation of
mobile network.

« ltenablesservices like multimedia file transfer, web browsing and video conferencing to be
easily accessible from wireless terminals.

« Using EDGE, operators can handle triple subscribers than GPRS, triple their data rate and
add extra capacity to their voice communications.

o EDGE provides an evolutionary migration path from GPRS to UMTS.

« Broadband-like speed is achievable on the current 200 kHz GSM radio carrier.

o Economic forces - less costly than upgrading to third generation technology

EDGE &T QX1 119 enhanced data rates for GSM architecture 8. 39 Enhanced GPRS (EGPRS) IT IMT single
carrier (IMT-SC) o} HEd €. Ig W high speed IR SeT I & S o i GSM channels 384 kbps ddh
speed Y& @il 8. 39 speed I mobile phones T PR users HecHITSAT TAT 3= broadband applications
DI TAT bl B, UdH send =T recieve PN P B, G- E‘T?ﬂ:@ GIRT audio, video, DI stream X Fod &, 3T,
39 2001 H IR fpam 1T o 37K He¥Y Uget united states H implement 5T T 21T, EDGE Ugel TRINT i STH
arel GPRS & & AT SATRT speed T 8. 39 pre-3G technology T ®8T ST & FIfd I8 3G T SRoRal T 0T
R & IR 99 2.75G H classify a7 AT &, EDGE ST 8 98 GSM standards WR T 8311 & 344 At GSM & oRe
9T time-division multiple access (TDMA) % T¢I T2IT cell arrangements T SINT {57 71T &, Td 3% fopY
I 4R & hardware 21T software @I gaal+ @l SRd el Ue<il & | EDGE transceiver Jf7i @ bare station &
install 5T SITAT & RIIY {5 S station & coverage area @1 access i |, GSM § GSMK modulation @T
TRINT 3T ST & UR] I8 SATaT speed 7181 < UTAT $99e1¢ EDGE ¥ 8PSK modulation T SRINT fhaT ST &. 8PSK
I data rates BT UTH fHIT ST AHaT & |

P oA FFrfeRad &:-

1:- speed (7TfT) — ST ST & A & I8 D! speed & FI1h T8 384 kbps T DT speed DI support BT 2.
Jg GPRS ¥ 9 AT SIT<T TS T 8. fORI_T 81 mobile phones dT computer g applications DI IAT TP 8.
SO 89 internet surfing, video surfing, =&IT downloading @R Tl 8.EDGE ¥ 87 40 kb &' text file BT 2 second
T transfer H) Fad & STafd GPRS H 87 40 kb &I text HISeT T 6 second & CIIHY XY Fohd g.

2:- 3P service AT Bl 8.
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2G Cellular Network:-

2G @7 Full Form & Second Generation. 2G telephone technology Y 97 features S P call 3R text
encryption, T data services SI¥ fif SMS, picture messages, 3R MMS @ Gftaferd far . 991 6t 26 7
1G @I replace @R T, S &1 AT T technology o T BITT SR 8. AT 3G o AT & a1a +fF ot off aga &
S H 2G BT STAHIS BIlT &. W8T 1G H dhaaT Voice & 8IAT T a8l 2G H Voice & TeT data service ¥ U&= faar
ST §. 1G 3R 2G ﬁﬁﬂ@ﬁﬁ??ﬁﬁﬁﬁlﬁ 1G ﬁsﬁﬂ'l?fﬁf?%radio signal analog gl € a8 2G network
) signals digital BIclt €. SIRY AT T 31 Ceell phones ﬁﬁﬁﬁﬂﬁwmw%ﬁw T F I8
text encryption, data service ST &l SMS, picture message 3R MMS oY Frer 7 fireff. 2G aT second generation
communication # phone conversation Elcjxj)r WE digitally encrypted g31T &l €. $99 communication @1
security 1G & ‘j}b‘lﬁl?r HThT 9§ STl 8. 2G technology @R Y 319 cell phone T Toferd & AT AT internet
Eﬁ[“ﬂWW%’@T%&T. sﬂ@fc—*ﬁ‘T 379 cell phones DI ol calling device WT@@’T%Q Sﬁ'\’sﬂ@ﬁ utility
device H&T . Cell phones T R Tl major upgrade 4 At ST 3 ST 83T technology 1G q2G
5 upgrade g31T. g technology T HeH UgeT g¥HTel Finland I 1991 ﬁ:&;’&ﬂ GSM networks H. 397 phones
&I analogue communication qJ digital communication R EENES BISCRE] g3T.

g8l 2G B maximum speed BIT & General Packet Radio Service (GPRS) 550 Kbps. @&l Enhanced Data
Rates GSM Evolution (EDGE) g 1Mbps gl 8. 39 generation &I &I 3297 & secure 3R reliable
communication channel Y &RAT. 99 gHI concept CDMA 3R GSM @T implementation g31T 8. 2G
capabilities @I achieve B & foTg multiple users B TH single channel allow &3 STTaT g multiplexing AN
2G # 3G wireless network ¥ ST & U8l I gap P! 98 &1 B ST 4ga! technology 2.5G 3iI¥ 2.75G & GRT
quT e ST .

® Second generation communications g phone conversations Eﬁfdigitally encrypt BT ST 8. S 39D
security PIhT §¢ STl 8.

® 2G GSM Technology Jgd HIR 3fefT 37T frequency bands 900/1800 H T R 8.
® 3T Digital Modulation @1 Je¥T Uget! IR introduce fohaT 73T 2T,

® SN data rate up to 9.6 Kbps It .

® 3 Voice calls, noise-free BT & digital modulation & DR,

® 900 uplink & ST T & mobile ¥ BTS $T frequency range 890-915 MHz Xt & 3R downlink § ST T BTS
& mobile &1 frequency range 935-960 MHz BXT &.

® 2G Y3 UPHR F multiple Access BT IITHTA &IdT & TDMA Based GSM technology 31k CDMA based IS
95 technology.

® GSM ¥ 3TeRT 37l UdR & carriers of frequency 200 KHz &T $¥aHTel 8IaT &, STal 900 frequency band #
124 carriers dI g&dHTeT 8IdT & 981 1800 frequency band 9 373 carriers &7 SECHTeT BT 8.

® T Ugel Data service @I a1 SMS o form H 8 iR a1& § GPRS @ introduce 3T 7T,
® CDMA technology g Up to 61 users S B ARME A simultaneously communicate IR I &,
® CDMA & ot 20 MHz &7 bandwidth 8IcfT & 800 bands 3R 1900 band .

® g technology Multimedia services o) support Tal BT g.

® 3HP IIBRU & GSM 3R CDMA.
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2G ¥ S¥HIeT € Technologies

2G 9 U 8 advancements 83 333! spectrum ¥ ST bl g1 98 81 i3 1T, IFH GSM, GPRS 3R EDGE
T £,

1. GSM: ST full form 8T & Global Systems for Mobile Communication. sﬂfr data transfer *ff enabled aT
& voice communication & JTeT. DT speed 30-35 kbps Il 8. I mobile technology & evolution H U@ ggd &
critical role 31T {5 8.

2. GPRS: 947 full form BT & General Packet Radio Service. I8 o} similar 2G technology ST BT GSM &
TNE B P BT & olfdheT 398 PV refinements &F B A 3T data speeds (110 kbps) s STt &.

3. EDGE: $9aT full form 8T & Enhanced Data rates for GSM Evolution. 3% 2003 ¥ introduce o 1T 3iR
S 2.9G IT 3G H STAHT BT 1T, I€ SFT GPRS 3R GSM J STl S+Id technology &. AT &1 A high speeds
ST 135 kbps WWW%@?E@HW?@ﬁﬁSﬁWQﬂ mobile networks ffs??ﬂﬂ?féﬁ?ﬂ.

3R ¥ 2G T limitation &Y ITT P¥s TG I 3D next technology 3G BT TeIT 3 ATST HH ITAFM .

® 2G @I 3P AP A operate B & foTT strong digital signals & SRR BXclT 8. 3R 3FR network coverage
3l &I BFTY T 2G BT FTAHIST HRAT TUT el BT &.

® Y dedicated channel Al ongoing voice call  alloted faT ST &.

® Network % & 8IT I 33 call drop S S8 ST Bl 8.

e I network complex data S & videos @I handle TR & 3RF9ef 8T 2.

o D signals 3TTAT ¥ interfere & ST & 9% electronics gadgets I ST & audio amplifier.
® 2G 3T B smartphones functions J Sg1eT compatible &l BT &,

® 2G network @ upload 3R download speed Sgd & % 8l 8 3G network %ﬂ’cb‘lﬁl?r

® ¥ Data 3iR Vidoe communication @ handle &l &R e &.

2.5G 3iI¥ 2.75G TECHNOLOGY:-

2G ¥ 3G H S ¥ gl I gap DI Ul R o foTu gl & &4 ST gl technology 2.5G 31 2.75G S interim
standards @I S¥dHT  g3IT S & data transmission & S9  gap Gl ELUT PN TG,
2.5G ¥ Uep packet-switching technique @ introduce T =T S Hf 2G technology %ﬂfmﬁlﬁ 1T efficient
T, ﬁwﬁﬁgﬁ‘iﬁ HTAT 91 2.75G T ARIT T, ST Y Uap theoretical threefold speed increase UalH A, AT&T ar
U8 GSM network J&T ST &Y 2.75G @ EDGE & 1 approve f&ar U.S #.

2.5G 3R 2.75G @I formally wireless standards & f&ITE & HMT &1 SITAT 8. @ mostly T marketing tools &
SSRICR promote T TIT 1T cell phone & features N public & G FOTRIY 31 ST I Il BT &,

S P g It S € Y 9 10 a9t § U g AT mobile technologyWWEﬁﬁT%"GﬁEﬁmmmﬁ
technology T upgraded version g&TWﬂT%. U H 2G & 10 I8 918 3G BT ST g3IT
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Mobile Generations T Wﬂ%"ftﬂgﬁﬁ a@iwmaaéqsﬁ@r generations &I series P8 TP & oIl DT Ul
10 a9t § upgrade &IdT Y&d]l EESE A1 1G (first generation) ﬁgéaﬁaﬁwaiwwsﬂﬁ@agﬁ
3 Sl 3T 3R 89 2G, 2.5G, 3G ST 984 A Hifsar 317t otfebT @+t 7 upgradation g% 31K a1 §A% & giRafcid
B ot anft &7 4G technology T IS PRI &, technology Eﬁr%j\h_clﬁ 1G @rgs‘aﬁsﬂ?w%ﬁwarwﬁr
gact ot oot Wi, 2G, 3G, 4G TP T 18 & technologies &.

3Tt SITETER wireless carriers currently SHI 4G 31k 3G technology ) support Y % &, S &Y Pt handy g
ST &Y ST8T WR 4G BT coverage T8l &Il & I8 UR 3G speed I BM del Hehdll 8. 3R &9 ATST G&I eblel H
STel A9 1G DT AT TgeT I 1979 N introduced T TRIT, IA 1€ F U 10 8T H U =Y Mobile generation
&I release {5 ST 31T 3T 8. T AT technology @1 mobile carrier 3iR device X §aHTeT fdhT SITAT 8. Generation
& f&~IT9 A I 37T 31T speeds 3iR features &I & ST H generation wise I & ST &. 3T dTet T § 5G
@Y launch fasaT SR

U Generation H $8 3T 81 telephone network standards 1< &, ST &1 fdT particular mobile phone system
Y gxadTed gV technological implementation DI AT 8. SR ST speed increase BT & 3 I 39 speed )
BTRIT = & foTU I technology @1 Ht SEAHT I<dT &.

STERYT & foTY 1G offer TRaT & 2.4 kbps, 2G offer T g 64 Kbps GSM Technology ¥, 3G offer IXT & 144
kbps q2 mbps &l 4G offer HAT & 100 Mbps A1 Gbps IR HILTE technology WX based BIAT &, TTT H Sy
ST technology ¥ advancement &It & 3 Y 7Y generation g sgd IR T features T ST BT et & EF&@
3MMRER 7 wireless communication @T J& J=9 & & @I B¥ al high quality, reliable communication ¥ &R
.

Wireless Technology (gl(-l ¥ ) CAREI ] Guglielmo Marconi 3T Karl Ferdinand Braun = 1894 ¥ & off, a&l’
372 1909 & Physics ¥ Nobel prize ¥ THTT BT TIT Wireless Telegraphy & field ¥ JWEH & & foT,

Mobile Generation & J&TR:-

1G: Voice Only

39 First Generation Wirless Technologies ff @& STTAT 8. ATer § I hdet Voice Calls ®I & dact support BT
2. 3 I U R AT 1979 ¥ introduced fHIT TIT oIT. 1G analog technology YT &, 3R S+ phones & 39
SECHIT fhaT ST & S 98¢ 81 poor battery life 3R voice quality BTt 8. 3% 3feTrdT HT I SATaT secure el
BIAT & 3R IR IR call drop SIRY RIfIETT $8H ATcl W& &,

® 1G technology FDMA BT ST BT & AT 31T Subscribers & {7 U single user &P GRT ThH single
channel #.

® 1G Technology % maximum speed 2.4 Kbps BT 2.

® Voice quality Sgc low Bl & 3R T noise W HTHT effect TS &.

® I I voice call & support hdr g, Data =&l

® Mobile handset &1 battery sgd & B9 backup UG DRl g

® 39 System ¥ Voice @Y higher frequency up to 150 MHz T I SITST T modulate fHIT ST &.

o I oIS M Costly E\IFIT%*ER{\@BW 1 subscriber per carrier & support AT &, FoRTep fol T tower &
Ergas"rasq call support ST 2.
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2G: SMS 3k MMS

Cell phones T 9 AT 37 UgeTT major upgrade IEISSCASREA technology 1G 3 upgrade 8[dX 2G g qgﬂ T
I8 9ScTd FIY Ul IR Finland § & 1991 H &3 a1 W} GSM networks H 3R &b d1& cell phones
hr technology analog ) digital communications T gcor T 39 T 2G telephone technology H call 3R
text encryption, drf T data services iy dY SMS, picture messages, 3R MMS @T ot onfirer fovam m. =
2GH q3°r WEF 1G B replace X foram ofik arer s oAt a1fs & technologies T supersed o} o foram, oifde
W‘*ﬂﬂgﬁé’rmﬁsﬂtechnologies WWH“ﬂ“ﬂﬁﬂTW%".

e 2GYH digital signals T g¥dHTeT &Idl g. 399 Data speed upto 64Kbps dd ST AT &.
o sﬂffib_s; services Sy &F SMS, Picture message 3R MMS enabled Bt &,
® 1IG® comparison 5 J &R quality 3R quantity U<TH I &.

® 2G P 3P & A B IR &b foTU strong digital signals B SRR Bl & Tl @ I St A BHIT ol B Favelr
) system Videos ST complex data @I handle &l B} Al 2.

2.5G: Data

2G & 9IS 3iR 3G & 3T H Ul Ud T technology 3TTE SR &1 2.5G &7 1T T /1. I U Ut technology &
ST it 2G 3iR 3G technology & HiaR 31T &. @it @t 2.5G @ 2G Cellular technology fSRY & GPRS & wTer
combine AT T & oft &&T SITAT B, 2.5G ¥ U AV packet-switching technique T introduction T T=-IT T S
&I 2G technology @I T H ST efficient AT. IA® & 2.75G AT, ST BT T theoretical threefold speed
increase UG fa5aIT. AT&T a U8AT GSM network 2T fSY it 2.75G EDGE & STef support fawr U.S H.

® 3TH Call &I Gl et 8.9 37T E-mail messages @I send 37K receive &R i &.
® TTH Web Browsing & T &. $9GT Speed 64-144 Kbps YT .

3G: More Data, Video Calling, 3k Mobile Internet

3G T+ T Third Generation Mobile technology T JaTd A 1998 H g off. 9P 3 H data-transmission
speeds H 1T QIR gs. AN 7 SHBT ST SITET data-demanding ST 5 ST T video calling 3R mobile
internet access ¥ & o I term “mobile broadband” ®Y TR UgetT IR 3G cellular technology & foTu fama
TIT. 2G & TRE &1, 3G T YT evolve 5T T 3.5G 3R 3.75G F RSRFH 3R AT features @ introduce T T,
9T maximum speed & around 2 Mbps non-moving devices & foTU 37k 384 Kbps moving vehicles & foTT.
Technological Advancement & TIRT A I T §gd d<Tl revolution & network 3R data transmission & feTU. 3G
&I speed capabilities 2 mbps ded Bt 8. $qP Aag A smartphones UX 3T faster communication, send/receive
large emails 37 texts, fast web browsing, video streaming ST TRATHT H PR Fha &

® SITGT 98K Faster Communication Y& Bl &.

e ITNMI ¥ & g8 Email Messages ®! send 31K receive TR Jdd &.

® I high speed web J&TT &Rl 8. 2G & Jebleel I SITRT security T PR &.
® SIH 31T Video conferencing 3R 3D Games 3T I WeT FHh &,

® TV Streaming/ Mobile TV/ Call 37T &Y A& ITH &R Tebdl &,

o TTH TSI capacities 3R Broadband capabilities oft grcft €.

® 3HHT download speed J& &1 I8CR BIdl! & 2G & Jlea.

4G: 311 #1 Standard
4G T A9 & fourth generation mobile networking. 39 2000 H & develop 52T ST ebT AT 2AfdhT SHEDT SETHTCT
2008 ¥ & faRaT TIT. & mobile web access ®T support IR & ST 6T 3G PRAT & AR AT H I gaming services,
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HD mobile TV, video conferencing, 3D TV, 3R Q@rag?rw% features @1 ot support T & I hr high speeds
&Y SRR BT 8. Maximum Speed ST T 4G network support @Rl & aT 8t & 100 Mbps. GrIl Gbps d& hr

speed low-mobility communication H OTIT ST ehelT & o caller stationary &1 urr Y current cell phone models
9 gFI 4G 3R 3G technologies G2l support B B,

® 3T Mobile Broadband ft &&T \ITaT 8.

® T VAT term & ST &l 39 98N describe TRAT & Al & ‘MAGIC’. 58T UR M &7 372f 81T & Mobile Multimedia,
A T 372 BIdT & Anytime Anywhere, G T 372f &IdT & Global Mobility Support, | 3T 37ef 81T & Integrated
Wireless Solution, C @ 3ref 8IdT & Customized Personal Services.

o sﬂff High data rates 3R expanded multimedia services BT &

o =T Speed 100Mbps q 1Gbps de & Fadl! &. T SIS Speed, SIIST capacity 3R ST security o}
B 8.

5G: 31 ITell &

5G T 31ef 8T & Fifth Generation. T8 T WY wireless technology & fSRY $T 3rft @& implement =& foam Tam &
3R 39 4G  SITET improve T T 8. ST YaTT G 2020 3 BIF bl FHTGHIY 8. 5G H &4 ST faster data
rates, higher connection density, SR 7 latency &, 3R energy savings, ST Bs major improvements G

I et Tt £, Speed P 91T T AT S5 PBRIT 20 Gbps Tb DI speed BRI BT ST FaweTT &.
® TIH 8 High Speed 3R High Capacity felifl. 99 SITET broadcasting of data ¥t fierf,

® Multi Media @ 87 High Definitions & <Xg Jdd &.
® UBal & generations T T H 394 faster data transmission <G T fHeiT.
e 3! Phone memory, dialling speed 31X audio/video P clarity H SSTTHT fEwITS T,
® I I8d IR features S I interactive multimedia, voice, streaming video 31X internet eI <@ T
.
1G 2G 3G 4G 5G
P Introduce gar 1980’s 1990’s 2000’s 2010’s 2020’s
Digital Voice
Basic Analogue Digital Voice WWW Voice Over IP = Voice Over IP
Basic feature Voice No IP No IP Multimedia HD Video VR V2X loT
Speed 2.4Kbps 14Kbps 2Mbps 300Mbps 1Gbps
One network
for voice
other
One network for  One network networks for One network =@ One network
Carrier voice for voice IP for IP for IP
UMTS
CDMA 2000
3.5G LTE Advanced
GSM IS-95 (HSDPA 4.5G (LTE
NMT AMPS 25G (GPRS HSUPA Advanced LTE Advanced

Technology TACS EDGE) HSPA+LTE) PRO) PRO NR
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DIFFERENT MOBILE GENERATIONS:-

« 2G: Second Generation. This is what your old flip-phone used to download games like Bejeweled.
It was the original way of transferring data over digital cellular networks. Its speed isn’t easily
measurable because of the way it sends and receives data, but believe me, it’s not very fast.

« 2.5G: Improved hardware and infrastructure led to better data speeds; though no one actually
ever referred to these as “2.5G,” they're essentially that, since they’re slower than 3G. There are
two major varieties of 2.5G connections:
—GPRS: General Packet Radio Service. At around 30-40Kbps, it’s barely suitable for retrieving a text
email. You'll see a little “G” by your bars.

—EDGE: Enhanced Data for GSM Evolution. About three times faster than GPRS, using similar
technology, so ~100-120Kbps. Occasionally called 2.75G to distinguish from GPRS. Signified by an
IIEII.

« 3G: Third Generation. Networks were upgraded for the most part between 2004 and 2007 to allow
for much more data traffic. Your 3G data may be traveling under COMA, WCDMA, GSM, UMTS, or
a number of other terms and frequencies, but all you need to know is that your carrier either has
or does not have 3G coverage in the area you're going to be living or working. The technical details
you can look up for yourself, but “vanilla” 3G basically provides data rates at up to or around
2Mbps (that’s 2000Kbps).

« 3.5G: Although some new networks should properly fall under this heading, everyone is opting for
“4G” branding instead, mostly because it’s sexier.

« 4G: Fourth Generation. This term is (like the others) essentially a marketing term when emplyed
by carriers. As the different carriers and telecoms roll out faster data networks, some thought they
would own the “4G” term by applying it to their network, though the name has little to do with
the actual capabilities. While the actual term “4G” has been standardized to mean something none
of them offer yet, what you'll likely be sold on is one of the following:

—HSDPA, HSUPA, HSPA, HSPA+: High Speed Download/Upload Packet Access (+ designates the
“Evolved” newer spec). This is a major upgrade to existing 3G networks that allows for (but does
not currently actually show) speeds up to 21Mbps at the moment.

—LTE: Long-Term Evolution. This is intended to replace 3G networks altogether, and provides a
major speed boost and improvements on the way different types of data are transmitted.
Verizon’s LTE-based test networks are currently showing 10-15Mbps, though the technology
theoretically supports more than ten times that amount of bandwidth. AT&T is planning an LTE
network as well, which they’re planning on launching in 2011, but at the moment they’ve activated
HSPA+ at a good number of sites around the country.

—WiMax: Originally rolled out as a wireless home broadband service (i.e. Clearwire), but now being
improved to allow for access by mobile phones. The current revision allows for up to 40Mbps, and
future revisions promise 1Gbps.
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HSCSD:-

HSCSD (High Speed Circuit Switched Data) enables data to be transferred more rapidly than the
standard GSM (Circuit Switched Data) system by using multiple channels. The maximum number
of timeslots that can be used is four, giving a maximum data transfer rate of 57.6 kbps (or 38.4
kbps on a GSM 900 network). HSCSD is more expensive to use than GPRS, because all four slots
are used simultaneously - it does not transmit data in packets. Because of this, HSCSD is not as
popular as GPRS and is being replaced by EDGE. High-Speed Circuit-Switched Data (HSCSD) is
circuit-switched wireless data transmission for mobile users at data rates up to 38.4 Kbps, four
times faster than the standard data rates of the Global System for Mobile (GSM) communication
standard in 1999. HSCSD is comparable to the speed of many computer modems that
communicate with today's fixed telephone networks. HSCSD is an evolutionary technology on the
way to Universal Mobile Telecommunications Service (UMTS).  HSCSD (High-Speed Circuit-
Switched Data) is essentially a new high speed implementation of GSM (Global System for Mobile
Communication) data transfer. Four times faster than GSM, with a transfer rate of up to 57.6Kbps,
it achieves this speed by allocating up to eight time slots to an individual user. This speed makes it
comparable to many fixed-line telecommunications networks and will allow users to access the
Internet and other datacom services via a GSM network.

UMTS:-
UMTS System Architecture
S - Radio Access Network (RAN):
= service control and user interface * radio-specific functions
data
é networks
/’
A1 ISDN
R S W ey
G \ mobile
network
® UMTS T YT - universal mobile telecommunication system (aﬁaﬁa SICIE! cé\w'rm JUTTett) 8. I8

cdd & foTg GSM standard TR 3TTeITRA T 3rd generation (3G) mobile cellular R1¥cH . 39 text, digital
voice, video, 2T multimedia &7 S14 9 2 megabits per second (Mbps) &1 speed BT .

® UMTS &' 3GPP (3rd generation partnership project) fdafad far & 3k maintain ot 3T & gRT fdsam
ST &.

® UMTS SI € 98 wideband code division multiple access (W-CDMA) fSAT Tawids BT TRRT et &.
W-CDMA ¥ mobile network operators 3T §gd &I 378! spectral efficiency TIT bandwidth JITH 1T 2.

® g Udh complete "ead e & ORI radio access network, core network @2IT users @I authenticate
B P foTT SIM cards IfEaferd gt &.

® UMTS Wi der Cbu.lc\d{ users a?rq:\f faey 7 services UG @l 8. users oy § el off 24 service dT TN
PN Ghd 8. q roaming qoft EXSEil ET?HT(*F BT ST HAepaTT & FAifh ?R:P}r wireless TRIT satelite transmission
BT 8.




® UMTS &I ST technology & S @t @1 freedom of mobile multimedia access (FOMA) a1 3GSM ft
e B

® UMTS H U base station T 7 frequencies allocation BT SRR Ted! & Sdfds EDGE 3R CDMA 2000
§ 8 g, 3FR UMTS Waﬁ?ﬁgﬁ upgrade o fIT STTe at I8 HSDPA protocol B GRT 14 mbps
Eﬁfdownloading speed TS oRar 8. UMTS phones Gk capability %@Fﬁ%%:ﬂqgﬂiﬁ GSM mode
o switch &R Hebdl &. TR 31T bl Uit STE & Tret SITC STEl UMTS Aead el € Ueg GSM =ead & al 39
GSM H switch &R Al 8. UMTS phones H U& upgraded SIM &It & fS=Y USIM (universal SIM) @& 2.

UMTS features:-

1;- $ADT TS 2g d™T EDGE 31 B 7. I8 2Mps data rates ) support R &.

2:- T virtual home environment (VHE) BIT & ORI users @ IT&R ft same services I &It & ST
I home network H SUTeY 8l &.

3:- sﬂff network security d=IT location 4X MR services S8R §§ 2.

4:- TFDT carrier spacing 1230 KHz d$ Bt .

5:- Jg CDMA (code division multiple access) &T TRINT T &,

6:- sﬂffframe duration 10ms &I &. 3@5[ channel rate 1228.8 kbps do BT &,

CDMA:-

CDMA T full form & Code Division Multiple Access. I TH digital cellular technology g hHr spread spectrum
technique T gCHTeT BT &. TR technology H GSM il &I TDMA T THTeT e &, Seh faudid CDMA
®Is It U@ specific frequency user @7 assign &l 8l dfed Tt channel full available spectrum T S¥HTT
R &.

CDMA U military technology & oY e Ugetl R 54 faved g & SR 3ISil e GRT Germans & faog gecHTel
§ STRIT TAT 4T, SAPT STAHIS transmission BT ST B & 17 BT o7 Y &Y aF AfSH signal &t T e,
Qualcomm T %I & company 7 CDMA technology & ffT communication chip design @t eff. CDMA gfteRT
BT AT 1940 & AP J SNST ST FebelT 7, ST SRIFLH & 57 © dt GRaped= T T8 offl S-S gerareif+ar
CFAIGTSIT 5 GUR G3AT, SHBT RIHICT TH A= IRIRYT & foTY T ST 1T, 59 T2 b HerTo fob URARUT SR & TRE
fERgct &, |El IS P S P 7T T FHSAT et 8, 3R SHD AT S HRAT et Bl

1980 & T H g% Aol Sl H shifct & HTer, DSSS CIAHIM UR BT R dleil aaleieh™ 1 &l Ueb
BICI AT U T Ueb HeJeR el Heeuel (e ThH — CDMA — ls fEisT Heduel Ueid & 3TaR
& BT H xGAT T T Cellular Telecommunications Industry Association (CTIA) TR Telecommunications
Industry Association (TIA) % GH A Ueb TCSS U TRATUT BT 7T 2T 39 FHE 79 1S-95 & WU H Ugell CDMA
RieeH & fo TCe€ epIfar fobdT, Teelt COMA Rieeq Rider 1995 H &ferd Cfefthie sur foffiics grRT ifvar &
3R T el GRT TYch 5T SHREBT H Teadh b AT Siea & o bl TS 2Tl I dhefet Ueb UclolR Sl pe T
RiecH offl g Gy TEE P CDMA2000 %l UR 1T 81 CDMA2000 < AT CDMA T AN &€ T8 gaiT
TP T8 GSM TS DI f[ABRIT Bt & foTY 31Maeaas &1 14T & d1fds I8 Sl of AT b 3R TUFH SUART ST &
e H He<aqul GER Y& PR bl TaIdR, CDMA, a1589€ CDMA (WCDMA) & U H 39 TS o fof o=
T 2Tl
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CDMA Technology P Features

CDMA U& it Ut multiplexing & S enable Eﬂ?ﬁ%‘ﬂgﬁ@f signals CRvE) single transmission o)
occupy @R & folT. U HES[ET bandwidth BT YU U A SETHT PR bl & IaI 8.

¥ Ueb WY bR 3T technique & IR spread spectrum technique T 8T ST & SiT <l 818 AR users
DI U AT I time 3R frequency § U fixed space, band g occupy T & oI allow AT &.

q technology T g¥dHTeT Ultra-high-frequency(UHF) cellular telephone system Y 1T 8, ST&T band
&I 3T 800MHz ¥ 1.9GHz T &Il .

q technology gﬂ? technology ST Time Division Multiple Access and Frequency Division Multiple
Access I BT T 8. Ta User BT URT Bandwidth, 9:% 9T BT access .

CDMA T basic principle & @I 37T 31T CDMA Codes &1 ST 81T & different users @V
distinguish P B %R’

Difference Between GSM and CDMA

Technology

Security

CDMA Spread Spectrum technology & IUR ITETRT & ST @l HESaT bandwidth T IRT SETHT SRl
&. 981 GSM wedge spectrum & FHUR IMETRT & S T Carrier At &d 8. U carrier ®I I8 AN time
slots H divide f5aT SITAT & 3R & user U@ different time slot AT SiaT 8, iR &9 d& ar
ongoing call T &1 8 ST PIg ST subscriber I ST el X Fepell. GSM ST techniques
TDMA 3R FDMA & $¥cHTeT aRaT & user 31K cell separation & foTg.

CDMA technology H SITaT security HT0T T STt & GSM @ et H &fes encryption CDMA H inbuilt
Bl 8.

Tt users @ unique code Y& &Y STl & 3R It conversation @Y encode a5 SITdT & SmeT security
level & AT CDMA users & fofg.

GSM @&f gt T ¥ CDMA signal @I trace BT AT JATHA T § EFé{ﬁﬁ ar narrow bandwidth &
concentrate B & .

STy GSM & er=iT § CDMA phone calls S8 & SITaT secure &.

SIM Cards

T%h GSM & phone H U& specialized card aTfaY fSRY 6T SIM (Subscriber Identity Module) ¥t &&T STTar
2. U SIM carrier specific BT 8 3R g8 phone q QW § 9T ST FebalT & foFT fadt data & loss gl
CDMA device ¥ SIM cards %T SRR &l & dfed ar ESNs (Electronic Serial Numbers) TR f13R &
g.

CDMA phone H 3R 3T phone DI activate BT & dF user P Y Carrier BT call BRAT t@W
37IdT online system T SIAHTT PRAT IS ‘ESN’ change & foTT. I&T SIM card & 7 819 & BRI device
swapping Sgd HEASES
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Flexibility

«  GSM ST flexible &€ CDMA @ TeTT H. T&T SIM card T 3R I T HidTgeT A SR Hd1geT  J&el
ST AT 7. g8 CDMA Tt BT 7T 3FR ESN database H registered 8 d4.

« 3FR CDMA phone §& &I T-IT 9 319! 7T phone TRIGHT BFTT, &l GSM N VAT B Pl Plg SRx ol
2.

Spectrum Frequencies

« CDMA Network CDMA 850MHz 3iR 1900MHz & frequency spectrum ¥ &1 BT &.
« GSM Network GSM 850MHz 3Tk 1900MHz & frequency spectrum H BT T 2.

Radiation Exposure

« GSM phones ¥ SITET radiation Bl § EFEIJ'?B ar continuous wave pulses emit PR & &, O=T PRI
S radiations @1 &H B P SR &.
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o .

Global Reach

« GSM g%gﬁ(fﬁr 80% ¥ T SITET mobile networks ¥ SXTHTA &l STTct & a8 CDMA ao%"rﬁ%rajrmﬁ
B SEHT H T ST 8.

« T & technologies @I 3G Standard phones ¥ ¥l {1 STTAT &, @ifdhT 3G GSM Speed SITET
FAST & 3G CDMA Speed T JerT H.




UNIT- 4 Notes
SYSTEM DESIGN FUNDAMENTALS

Cellular network is an underlying technology for mobile phones, personal communication systemes,
wireless networking etc. The technology is developed for mobile radio telephone to replace high
power transmitter/receiver systems. Cellular networks use lower power, shorter range and more
transmitters for data transmission. Cellular network is organized into multiple low power
transmitters each 100w or less.

Shape of Cells

The coverage area of cellular networks are divided into cells, each cell having its own antenna for
transmitting the signals. Each cell has its own frequencies. Data communication in cellular
networks is served by its base station transmitter, receiver and its control unit. The shape of cells
can be hexagon. A hexagon cell shape is highly recommended for its easy coverage and
calculations. It offers the following advantages -

e Provides equidistant antennas

e Distance from center to vertex equals length of side

FREOQUENCY REUSE:-
Frequency reusing is the concept of using the same radio frequencies within a given area, that are
separated by considerable distance, with minimal interference, to establish communication.
Cellular radio systems rely on an intelligent allocation and reuse of channels throughout a
coverage region. Each cellular base station is allocated a group of radio channels to be used within
a small geographic area called a cell. Base stations in adjacent cells are assigned channel groups
which contain completely different channels than neighbouring cells. The base station antennas
are designed to achieve the desired coverage within the particular cell. By limiting the coverage
area to within the boundaries of a cell, the same group of channels may be used to cover different
cells that are separated from one another by distances large enough to keep interference levels
within tolerable limits. The design process of selecting and allocating channel groups for all of the
cellular base stations within a system is called frequency reuse or frequency planning
Frequency reuse offers the following benefits -

« Allows communications within cell on a given frequency

» Limits escaping power to adjacent cells

« Allows re-use of frequencies in nearby cells

« Uses same frequency for multiple conversations

« 10to 50 frequencies per cell




CHANNEL ASSIGNMENT STRATEGIES:-

For efficient utilization of the radio spectrum, a frequency reuse scheme that is consistent with
the objectives of increasing capacity and minimizing interference is required. A variety of channel
assignment strategies have been developed to achieve these objectives. The choice of channel
assignment strategy impacts the performance of the system, particularly as to how calls are
managed when a mobile user is handed off from one cell to another. Channel assignment
strategies can be classified as:-

e Fixed Channel Assignment

e Dynamic Channel Assignment

Fixed Channel Assignment

In a fixed channel assignment strategy, each cell is allocated a predetermined set of voice
channels. Any call attempt within the cell can only be served by the unused channels in that
particular cell. If all the channels in that cell are occupied, the call is blocked and the subscriber
does not receive service.

Dynamic Channel Assighment

In a dynamic channel assignment strategy, voice channels are not allocated to different cells
permanently. Instead, each time a call request is made, the serving base station requests a channel
from the MSC. Dynamic channel assignment strategies require the MSC to collect real-time data
on channel occupancy, traffic distribution, and radio signal strength indications (RSSI) of all
channels on a continuous basis. This increases the storage and computational load on the system
but provides the advantage of increased channel utilization and decreased probability of a blocked
call.

HANDOFF STRATEGIES IN CELLULAR NETWORKS:-

Region Divided Into Three Cells
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When a user talks on the mobile phone to other user it may happen that the mobile station moves
from one cell to another. During this conversation signal may become weak. To solve this problem,
the Mobile Switching Center (MSC) checks the level of the signal every few seconds. If the strength
of the signal is week then the MSC searches a new cell that can provide better communication.
Handoff is the process by which a mobile telephone call is transferred from one base station to
another base station. There are two types of handoff.

- Hard Handoff

- Soft Handoff

Hard Handoff: In this process a mobile station only communicates with one base station. When
the mobile user moves from one cell to another, communication must first be broken with the
previous base station before communication can be established with the new one.

Soft Handoff: In this process a mobile station can communicate with two base stations at the same

time. This means that a mobile station may continue communicate with the new base station
before link is break off from the old one.

INTERFERENCE AND SYSTEM CAPACITY:-

Interference is the major limiting factor in the performance of cellular radio systems. There are
two types of sources of interference:

a. Active

b. Passive

Active

Active interference sources that emits a radio signals on the same frequency.

1. another mobile in the same cell.

2.acallin progress in a neighboring cell.

3. other base stations operating in the same frequency band, or any noncellular system which
inadvertently.



Passive

Passive source of wireless interference is any substance that restricts to degrade a wireless signal
that attempt to pass through it. Examples of such substances are metal, concrete, paper, fabric,
glass, stone wood, bricks, etc. Problems because of interference:

1. Interference on voice channels causes cross talk, where the subscriber hears interference in the
background due to an undesired transmission.

2. On control channels, interference leads to missed and blocked calls due to errors in the digital
signaling.

Interference is more severe in urban areas, due to the greater RF noise floor and the large number
of base stations and mobiles. Interference has been recognized as a major bottleneck in increasing
capacity and is often responsible for dropped calls.

Types of interference:
The two major types of system-generated cellular interference are co channel interference and
adjacent channel interference.

Even though interfering signals are often generated within the cellular system, they are difficult to
control in practice (due to random propagation effects). Even more difficult to control is
interference due to out-of-band users. In practice, the transmitters from competing cellular
carriers are often a significant source of out-of-band interference, since competitors often locate
their base stations in close proximity to one another in order to provide comparable coverage to
customers.

Frequency reuse implies that in a given coverage area there are several cells that use the same set
of frequencies. These cells are called co-channel cells, and the interference between signals from
these cells is called co-channel interference. Unlike thermal noise which can be overcome by
increasing the signal-to-noise ratio (SNR), co-channel interference cannot be combated by simply
increasing the carrier power of a transmitter. This is because an increase in carrier transmit power
increases the interference to neighbouring co-channel cells. To reduce co-channel interference,
co-channel cells must be physically separated by a minimum distance to provide sufficient
isolation due to propagation.



Improving Capacity and Coverage in Cellular Systems

When a cells capacity is no longer able to provide an acceptable GOS, several methods
are available to increase system capacity. Also, in areas where radio reception is poor,
repeaters can be used to improve radio coverage

Capacity Improving Methods Coverage Improvement
1. Cell Splitting (Microcells) Repeaters

2. Sectoring

3. Microcell Zones

Cell Splitting (microcell)

The Cell Splitting method takes a large cell that can no longer provide acceptable service
and divides it into smaller cells. These smaller cells are laid out to use the frequency
reuse pattern already in the system.

Advantages: Because cells are smaller, system capacity increases. Also, less power is
used by mobiles and base stations.

Drawbacks: Handoffs become more common. To prevent handoffs and dropped calls,
umbrella cells are needed (p67) for high speed traffic.

Cost of Implementation: Many new base stations are needed, increasing system
complexity and load of MSC.

Sectoring: The cell is divided into sectors by using directional antennas. Common
sectoring methods divide cells into 3 or six sectors.

Advantages: The S/I ratio increases because interference is received from only 1
direction rather than all directions. This makes it possible for cluster size to be reduced,
allowing more channels to be allocated to each cell.

Drawbacks: Decreased trunking efficiency due to fewer channels per sector.
Doesn’t work well in high density urban areas due to reflections.

Cost of Implementation: Increased complexity at base station due to additional
antennas

Microcell Zones

Consists of a single base station with a distributed antenna system.

Advantages: Only one base station needed. Because the system is distributed, less
power is needed per antenna, and cells can be closer together without increasing SIR.
The cluster size can be reduced, making it possible to allocate more channels to each
cell. Handoff between microcells within the cell is handled by the base station, reducing
the load on the MSC.



Drawbacks: Base stations are more complex as they must coordinate multiple antennas.
Cost of Implementation: Antennas are connected to the base station via coaxial cable,
fiber optics, or microwave link. Many antenna sights are needed.

Multipath Channel Parameters: To compare the different multipath channels and to
quantify them, we define some parameters. They all can be determined from the power
delay profile. These parameters can be broadly divided in to two types.

1. Time Dispersion Parameters: These parameters include the mean excess delay, rms
delay spread and excess delay spread.

2.Frequency Dispersion Parameters: To characterize the channel in the frequency
domain, we have the following parameters.

a) Coherence bandwidth: It is a statistical measure of the range of frequencies over
which the channel can be considered to pass all the frequency components with almost
equal gain and linear phase. When this condition is satisfied then we say the channel to
be at.

b) Coherence time: This is a statistical measure of the time duration over which the
channel impulse response is almost invariant. When channel behaves like this, it is said
to be slow faded. Essentially it is the minimum time duration over which two received
signals are affected differently.

Small-Scale Fading : Multipath delay spread leads to time dispersion and frequency
selective fading. ® Doppler spread leads to frequency dispersion and time selective
fading. ® Multipath delay spread and Doppler spread are independent of one another.

1 Flat Fading - If the channel has a constant gain and linear phase response over a
bandwidth which is greater than the bandwidth of the transmitted signal, the received
signal will undergo flat fading.

2 Frequency Selective Fading - If the channel possesses a constant-gain and linear phase
response over a bandwidth that is smaller than the bandwidth of transmitted signal,
then the channel creates frequency selective fading.

3. Fading Effects Due to Doppler Spread-Fast Fading: The channel impulse response
changes rapidly within the symbol duration. — The coherent time of the channel is
smaller then the symbol period of the transmitted signal.
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