I ‘r'\""ttt&% C@mnw M'C_O-bM

B MN— N
‘nhoduck’am -
\\J\‘S Smht} dhe i—,nﬁhd'v C»L‘Q"”‘?-L‘ (1%3:})
oed
‘ 3 ! . \.&bp (‘Q}"U‘YIQJA
S volugiom Sj Mehile. fadlo Cemmun’cakien - ;&::UQM ceneept”
| e
Birs 960 2 1970¢ . cooli® 37340«41 g B stube ,:s
A Ly C‘
) -*\1 oy L 94 mumcj’[)al ?ehce. A 7[,p 2w’

¢
B oL
Stot'evs  hodl O‘QLD’OM fo s oo ’S'D;/o e oli®h urg/t-—r
™ Vs S wob estirmated was & MY

- o . sHewu nethe
% L«L\\h\t{?&& \?ﬁ WB?]Q» p) \e L\'ld'e’ l:)
‘\\\s'«al.eﬂﬂ .
* L, 19387 Edwin Acrastr®r

herrable”  dessdhey o veodk ‘ b
]OV\J u.\gd ba Lo ene. a& »w«.u\‘e, -w"e, C tuiele a Fw'mo-)




T —

wate,  praamt
S Channe,

H FRD o= AX hase Station, | sep
5 i wed  Jo occemmddale  Fhi Fwo

| A the dubtofh e b AT |
e é . b ;i M deE, d{;ﬂj"% Ongl,

ot Fravig midiove o and 7E€C Hon

o device Coliedl o oluplexes, 4 wed Jnb s
unlt 30 exable He @ame. gatdentdt jo be west fo ‘&VMW””‘-‘«*J;

s N R .
TDO :- & o lomfbt& fo Shornt, © df,ﬁm r:wbo | M:c,;.:
j e, 'ge 8 partiew o g wved Spamy,.t,
from &S $o mshile 'p mena it f,aw mebile. ko T
3% date  Aansnugs
; o c::\an:iiﬂ > @nd  oerts olg.}amle |
Too L ewly  powble. st OL?,."M Jrarunhnem W z2
cl«'bf’r'-\l e olula bt ¢ru ond s \reu/ SeARALH VE, 4o MWJ/.d,
b TR L used it for  lncleor  O¥ Shall
aves |  applbahiapd -

X% Bee Sttdm - A fixed Stalkior wsed for yaddh CBvviruiahio

st meblle grakion: | @ere  @fedgovs O

S combe, &L o S coge @ Q@ CBveisge
codls  chanvwt £ 4 B R @pdeaad

-ar
e owel  Cewist

Call, TS atfert’ 4

& i

Jrovw> o A |




G o el

& QQoho Ckgn uned f""l"blhw e R et
\E M YV\,Q‘O\LQ: ?&0 P.)' S

Sl o e Rey L

PINE, Ut\ﬂ“ml 5

, ehile
D Q8 oa o M\QM\ m A
Sesvice  OvER

PC)ﬁ"DI \)}S/’Eﬂ’l g’ ; o

NS ( P"qt ‘) a » :
« A m e,MC“EQ D semt 2o p «(.j
Yy

”n

Gn lemn GICCEMS b e CO _

Fele me )Xeﬁfo M&) ,

> ™ R R

‘U.U QW’C& QYEQ M\%,

page e o YediD

{ \

- il ¢ W '\rn-"'ab d‘[

% e necesritates XL
e v

=)

Sraheow -

|

E

| &

Cevinu - shesA
comnect” @ /Qm tobl
‘ﬁ tlum. Conne ¢t




Celldar, Telephove. Sydemd ,— |
kil o Ccluzu uu‘?ﬁm vovidel @ vJ?"LM mﬂedfoﬂ dp flo
BTN for oy won, fmﬂrm usthhia M yool®  yerye 7/ as-

t.i",bhww.-

. lellulan. Syskw  accemmedate. @ Q;v\ge‘ yiurmber 5/ WAL OVer,
o L“\a-"“ ‘Lej"l\}\l\}e. ovea witine = 4 ﬂfwkad M sf)eu‘runx\

v r\{’Ju Cp)boc,? 2 ackWeved by Lw%w'fbt e Woge 2
ol bue v | BravandHens do & ernall Mr‘«{dﬂlc areq
callod o cell g0 Haor  She dome radi®d  Channels Moy be

rapien  Jocaded  dewe olfctamce

Teuse d \,a anothen  bode b

& Msc it L vQﬁA/)ow‘Ue,

| c,s'vmé’c,bfr"r:j
ol " mebfles to Fe
PSTN

pobile  Skassem  Combeund
a 'MMCQ}O\/’P/L. , om Qnfenna

and  (evivsd C;tcﬁ}'ra owd
be npundeds v,

Newele,
EEC AR Tt LC N i

| 8‘? ” nﬁligfl hoind g

3




L. St Cewlsts o hove Qt%ﬂz,fn”ww s s i

MO ave,  Aravnd i Ss oM /av‘:ji)u
i cenne chedl Mefm

PSTN R bas?c_aufa Hhe.
&is]‘vﬂl over  whicn, felephtre calls arr ynade.
°lrnesd OV > w JC":st' 39,-?:&

el O &J r e C}\gmuJ'& Jo

e S ,fﬂw
a8l B

S}‘VHA)LS{T e -

Q

" T\_J\.QV\ L{, K
Hynal  Levet L below

Moitle, Tdevutfication Numbes. (MTN ) sl Soin T IV
Phem.e_ nu nhe, ,-e,&edm"c. Sesfal number CESN) £ Wm o

R TR cends 2MSC.

s, tre Mso adjusts

Fl\w\w as. T+




Moo  Ahtrelad Commwnlal-om (]S.y-s‘@/m

] % 19605 £
ne L ELLU.I.QJ\, Cgﬂ(ef)t’ wial f[rgt CLMLS'/)ELL (¢ ﬁ“i’ 6

1330°s
£ neot je,‘( “Qa tien C e Lludan ﬂ/.f\) Qbts be,ﬁt} cles 9*@ Ao 7‘; cld fate
da e dd Lo

f“fjl‘ Sp2€eol slafa Communt catipns Qm,ffﬂc

'h:; vaice Colly -
4
Y ANs 2 Bluetooti M-@ quf powir Darreld At e
net”  yapuulre Q. Janu«J‘e, dmm uAQ, -
Clate JC) e ’\J. "f\/l/\-’ LD ‘DU"’}' CLE/,')L&“KQCJ bg

trdivi daly ossHuy.  bud 1 a.? wathesd™ a Afcerne

Secend CEUQM%VL (&GL) Cellulos. /\//\,J =

* I Genwaton  Cellulor Qg7gw Hud  relidd Q.KC,LAA‘/@%
&w PDMA/‘COO O V)

DA Gewuretion cgfonclasls - we  olgld o chulod iy
—fmmsdf and Tomﬂ/ﬁoo and  CDMAFOD mubiple CcCH

# - ﬁem faclude, - #hee TOHmf oSt nolas ols .ﬁm C Dk
(h GSM  [Global Sycter fsbPle] - wohier étﬁ)w%s g tf

[ L/ mﬁ‘ ﬁpﬂ eg’\QJnZQOﬁﬁz

) Taheum srandand 138 (T5-13¢] - whith Suppets X t0ma

Sletted
Wo @\9 ’f‘ﬁ EQC}\&KH:,

Gw Pwoj['ac- "l‘yaﬂ'“)‘ colludor P et Heaon
| o nfliem Wi

@ 301 @Jﬁ  Tiwerdv standosl 3(’ Cade  divisioy
T altpl Acon | .._rr pots U bo 64 wicn
i o & L k%]




€ volub o - o
' Ak A S K C; Mgkl le. M(b ‘
J A/
Tve nod §4MW 8 8~ G -f;@chms'wgv wSHhs®eh
o liad Qw("g(—ﬂ"aa L4 QSP«A—P' ofed
o oyt stecHevr odd ew

O »:L ‘Qj,uf) }D-Qe nBai S
ped  SubsEb pnily eSafissnL U gracsl e o Quppst o
.mmmf}r‘b\\-’m p @ et G

Adajo T be
erec
R ! o oS Y'M»L/G
“ 9.6 C  teeh »uSLG—a/' ern  alo SU-H')GY{" /99/’
o M\d_e W

APP/U’C_OLHM PY\Q"'GLQ'L UG\;APJ ;
o bhe v rexsed

uﬁjmde [)aﬂus hove been o&w@lﬂfed for
e = TOomMA upprede @joh‘um e Luole

GS™M  Cosniers -
\(‘C‘)—*’fl‘k Qs‘uﬁ"'t)ﬂ&d C"‘,QCQD_)

o @ Y srem\ S
@ Q&nwl reket Lodio SaWIE@ (G PRQ)
oba Rote, fov GSM [ EDGED

) Lahonted

o Q’«ﬁi& rebllie Subscsiher
Laess bimes Qe (n




£ UPRCO : W trdhuc $0
-‘ '\ S SubAwg by pnlits s ap}OTﬂiC& tnshucted A
Ylwng to  oledfoated q P RS oot Gl weld a d W

o gloke for “atisans sn '’ oCcem to e njwo
Aehfene d greccl 312 Kpbs - % H"’%’x g}wj Gi‘%irlvz‘?—"bf’j

EDGE - M vegui®d  addiHon o nand  hosulusese and
Sehtwane, of Qxl‘&“”‘-a. boke, Statend -
EDCE  fhvclueg @ nesd 4}’5?#«1 modul adigre ,anl g- sk [0
lhﬂ:&ﬁ“‘vy%)
EDGE Laen  thl  hfhen
&) M8 [ modulatim £ oy
Yoeo  chanael, Hwme SUOU S

IS -9 for' AEGECOMA - M o st \me f”

ordorn ©- PSK  madulatr  and @
Cehemes ) ofor @ach. (SY




Gl SO R )

‘ "w&m""'““—w Bt - i —————— QS' & ;‘CE/S M
5 *"b Fele(emmuin Leabhen heﬁwd"ﬁs Ls“[)* % ak M

> \d YA
}\ owide, an ?ﬂ»ffr maftons e ]ce""
200 K bit/s

2 Pabroduced 10

\‘ik] N/ whead, g ol v
betuween 400 MH2Z and 3 GHZ o S
Yechwe C oJ.La switable L e

¢ Tt Jactiiater -fwe,
g gfdﬂv\ﬁmﬁ)’a m“’“}a
Diffewmee. bh R Ll
0n o lo O'Jo "du 4'n,3'0
t> 2G  technolegitd unesl  TpmA [, wtudm Q \:S i
CL’W e glots | o QOMA ([ psiitn oo canfes )o

il e 1 Gieks ! SN ISHE o Jo  emnwniafe SR o
\ Chanwdd -
Wﬂw }okaaﬁcmﬂ Vs Ul

PogSHrov ’j SZ ateam Vel

daf - HE = nals R

f{w? hle aa W. s Fm—t— s mgjef Yordio mﬁ)ﬂ,n&hﬂ 4







Explain GSM architecture with a neat block diagram.
highlighting all the interfaces
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o The GSM network architecture consists of three major subsystems

«  Mobile Stauon (MS)

e Buse Station Subsystem (BSS)

e«  Network and Switching Subsystermn (NSS)

o The wireless Iink intertace between the MS and the Buse Transceiver Statnon (BTS ),
which is a part of BSS. Muany BTSs are controlled by & Base Stunion Controlle
(BSC). BSC 18 connected w the Mobile Switching Center ( MSC), whisch s i pant of
NS5, Frgure shows the key functional elements m the GSM network architecture,

1. Mobile Station (MS):

A mobile station commumeates geross the wr intertace with a base sttion tanseever i the
same Cell in which the mobile subscriber unit 15 Jocuted. The MS commumcates the
intormation with the user and modifies 1t (o the ransnussion protocols if the ar-mmerface 1w
communicate with the BSS  The user’s voiwce mnformation s intertaced with the MS through a
mictophone and speaker tor the speech. Keypad, and display for short messaging. and the
cable connecuon Tor other data termanals, The MS his two ¢lements. The Mobile Eguipment
(ME) refers 1o the physical device. which compnses of transceiver, digital signal processors,
and the antenna. The second element of the MS 15 the GSM 18 the Subseniber Idenuty Module
(SIM). The SIM card 15 unigue 1o the GSM svstem. It has @ memory of 32 KB

2. Base Station Subsystem (BSS):

A base station subsystem consists of o base station controller and one or more base
transceiver station. Euch Buse Transceiver Station defines o single cell. A cell Can have a
rachius of between Hm 1o 35kne depending on the environment. A Base Stution Controller
may bie connected with a BTS. Ik may control muluple BTS umits and hence multple cells.
There are two mamn architectural elements in the BSS — the Base Trunsceiver Subsystem



(BTS) and the Base Station Controller (BSC). The interface that connects a BTS 1o 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. 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)
Interworking Functions (IWF)

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). 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.

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 1o the ISDN telephone
number for the terminal, the SIM card is identified with an Intermational 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 thatis 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 anew 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 venfy the mobile user’s identity and ensure the confidentiality
of each call. The AuC holds the authentication and encryption keys for all the subscnibers 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 (IMET) that reveals the details
about the manufacturer, country of production, and device type. This information is used 1o
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.
Whire 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-

Interworking Function: 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.

Fig below shows GSM architecture. The network manly consist of User Equipment (UE),
Base transceiver station (BTS), Mobile switching center (MSC). The GSM contains most of
the necessary capabilities 1o support packet transmission over GSM. The critical pant in the
GPRS network is the mobile to GSN (MS-SGSN) link which includes the MS-BTS, BTS-
BSC, BSC-SGSN, and the SGSN-GGSN link the following Fig. shows block diagram of
GSM architecture.
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User Equipment (UE)—These are the users .Number of users are controlled by one BTS
1. The mobile stations (MS) communicate with the base station subsystem over the radio the
radio interface.
2, The BSS called as radio the subsystem, provides and manages the radio transmission path
between the mobile stations and the Mobile Switching Centre(MSC).It also manages radio
interface  between the mobile stations and other subsystems of GSM.
3. Each BSS comprises many Base Station Controllers(BSC) that connect the mobile station
to the network and switching subsystem (NSS) through the mobile switching center
4, The NSS controls the switching functions of the GSM system.It allows the mobile
switching center to communicate with networks like PSTN, ISDN, CSPDN. PSPDN and
other data networks.
5. The operation support system (OSS) allows the operation and mantanance of the GSM
system. It allows the system engineers to diagnose troubleshoot and observe the parameters
of the GSM systems. The OSS subsystem interacts with the other subsystems and is provided
for the GSM operating company staff that provides service facilities for the network.

Base station(BSS)-- The following stations subsystem comprises of two parts:

|. Base Transceiver Station (BTS).

2. Base Station Controller(BSC).

The BSS consists many BSC that connect 1o a single MSC. Each BSC controls upto several
hundred BTS.

Base Transreciver Station(BTS)-BTS

It has radio transreciever that define a cell and are capable of handelling radio link protocols
with MS.

Functions of BTS are

1. Handelling radio link protocols

2. Providing FD communication to MS.

3. Interliving and de- interliving.

Base station controller(BSC) IT manages radio resources for one or more BTS. It controls
several hundred BTS al are connected 1o single MSC.

Functions of BTS are

* To control BTS.

* Radio resource management

» HandofF management and control

* Radio channel setup and frequency hoping

Network subsystem( NSS)

1.1t handels the switching of GSM calls between external networks and indoor BSC
2.1t includes three different data bases for mobility management as

A .HLR (Home Location Register)

B .VLR (Visitor Location Register)

C. AUC (Authentication center)

Mobile switching center (MSC)-

It connects fix networks like ISDN PSTN etc.
Following are the functions of MSC

1. Call setup, supervision and relies



2, COLLECTION OF BILLING INFORMATION

3. Call handelling / routing
4. Management of signelling protocol
5. Record of VLR and HLR

HLR (Home Location Register) - Call roamiming and call routing capabilities of GSM are
handeled. It stores all the adminstartive information of sub scriber registered in the
networks.IT maintance unigue international mobile subscriber identity.(IMSI).

VLR (Visitor Location Register) - It is a temporary data base.lt stores the IMSC number
and costomer information for each roaming customer visiting specific MSC.

Authentication center - It is protected database .It maintance authentication keys and
algorithms. It contain s aregister called as Equipment Identity Register.

Operation subsystem(OSS) - IT manages all mobile equipment in the system 1)managemen
for charging and billing procedure 2)To maintain all hardware and network operations



GPRS - ARCHITECTURE

GPRS architecture works on the same procedure like GSM network, but, has additional entities that
allow packet data transmission. This data network overlaps a second-generation GSM network
providing packet data transpaort at the rates from 9.6 to 171 kbps. Along with the packet data

transport the GSM network accommodates multiple users to share the same air interface
resources concurrently.

Following is the GPRS Architecture diagram:

e Circuit Switched GSM
—_  Packet Switched Data and Signaliing

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.

Therefore, GPRS requires modifications to numerous GSM network elements as summarized
below:

GSM Network Element Modification or Upgrade Required for GPRS.

Mobile Station MS New Mobile Station is required to access GPRS services.
These new terminals will be backward compatible with GSM
for voice calls.

BTS A software upgrade is required in the existing Base
Transceiver StationBTS.

B5C The Base Station Controller BSC requires a software upgrade
and the installation of new hardware called the packet control
unit PCU. The PCU directs the data traffic to the GPRS network
and can be a separate hardware element associated with the
BSC.

GPRS Support Nodes GSNs The deployment of GPRS requires the installation of new core
network elements called the serving GPRS support node SGSN
and gateway GPRS support node GGSN.

Databases HLR, VLR, etc. All the databases involved in the network will require software
upgrades to handle the new call models and functions
introduced by GPRS.

FFRS Mobile Stations



ew Mobile Stations MS are required to use GPRS services because existing GSM phones do not
andle the enhanced air interface or packet data. A variety of MS can exist, including a high-speed
ersion of current phones to support high-speed data access, a new PDA device with an embedded

SM phone, and PC cards for laptop computers. These mobile stations are backward compatible
or making voice calls using GSM.

PRS Base Station Subsystem

ach BSC requires the installation of one or more Packet Contral Units PCUs and a software
pgrade. The PCU provides a physical and logical data interface to the Base Station Subsystem BSS
or packet data traffic. The BTS can also require a software upgrade but typically does not require
ardware enhancements.

hen either voice or data traffic is originated at the subscriber mobile, it Is transported over the
ir interface to the BTS, and from the BTS to the BSC in the same way as a standard GSM call.
owever, at the output of the BSC, the traffic is separated; voice is sent to the Mobile Switching
enter MSC per standard GSM, and data is sent to a new device called the SGSN via the PCU over a
rame Relay interface.

PRS Support Nodes

ollowing two new components, called Gateway GPRS Support Nodes GSNs and, Serving GPRS
upport Node SGSN are added:

ateway GPRS Support Node GGSN

he Gateway GPRS Support Node acts as an interface and a router to external networks. It contains

outing information for GPRS mabiles, which is used to tunnel packets through the IP based internal

ackbone to the correct Serving GPRS Support Node. The GGSN also collects charging information

onnected to the use of the external data networks and can act as a packet filter for incoming
traffic.

erving GPRS Support Node SGSN

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

Internal Backbone

The internal backbone is an IP based network used to carry packets between different GSNs.
Tunnelling is used between SGSNs and GGSNs, so the internal backbone does not need any
nformation about domains outside the GPRS network. Signalling from a GSN to a MSC, HLR or EIR
s done using SS7.

iﬂuuting 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

araas lase radia raraiirear ara iicad Wkila heaasdsastlinn a5 Asss FMareasa
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