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Internal Assessment — | Solution

1) a) Briefly explain the PSTN intraoffice and interoffice call with a block diagram [6]

The Public Switched Telephone Network

In the United States and most other industriclized nati . ‘
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the PSTN, it is instructive to consider the various pathways of commupication availablz theough the
SYsiem, :

Within a Jocal exchange or company office (CO) a subscriber may be connected o the exchange in seve
eal different ways as shown in Fizure 1-2, For plain-old t2lephone service (POTS) the subscribar may be
connected through a loeal loop coanection corsisting of-a pair of copper wires. In this case, dialing imfior-
mation (via dual-tone multifrequency [DTMF] or taditonal rotary dialing [palsing]) signals are interpreted
by the local exchange swiich io set up the comect pathway or connection through the switch to the desived
cilled party. Call signaling information (dial tone, ringing, cell-waiting tones, ete) is sent to the called
party and also sent back to the caller,

Faor an intraoffice call between two subscribers connected o the same switch,-the analog vaoice signal
from the subscriber®s felephone propagates through the copper wire pair o a line card located at the switch.
The line card comverts the analog sigral to a digital pulse code modulated (PCM) SO signal, which geis
timed through the switch in sech a way as toc be connected to the comesponding line card of the called
party. This counterpart line card performs the complementary conversion of the digital PCM signal from
the switch inta an analog signal that is sent (o the called party over another pair of copper winss. A separale
retumn path or connecrion is also created from the called party’s lin: card through the switch to the calling
party s line card. The line cards zlso provide the necessary opposite signal coaversion functions for this
return path ard tegether the two paths through the swich provide for duplex operation for the deration of
the telephone call Since the call appears to be physically connected by a circuil and is using the resources
of the switch, this type of operation is termed “comection-oriented” or in particular a “circuit-switched™
connection. If the party to be called is connected tc a different switch al ancther exchange within the same
calling arza (an interoffice call), the PCM signal from the calling subscribec's switch is timed through the
switch in such a fashion that it is eventually forwarded to a multiplexer and then transmitted over a digital
intercffice transmission facility (trank line). Figure 1-3 shows this type of interoffice connection.
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This interoffice comnection might use some type of T-carier ranspert wchoology iT-1, T-3, ec.) thal
might be carried over ‘cepper wires, but most kikely it will be some foom of fiber-oplic connection that is:
trarsporting data al OC-1, OC-3, or OC-12 daja rates vsing SOMNET transport techndiogy, IF the party to be:
called is i a different cplling area (2 loag- distance call), the local switch will forward the caller’s PCM.
packels vy a long-distance carfier’s muhniplexed facilities using the arca code of the called number to direct
the cali. The leng-distance camier's netwark will have switching center: located in different parts of ihe
coantry typically conpected by leng-haod fiker facilities, Omee the caller's signal is deliversd by the long-
distance carmer's network e the correct local end exchange it is demaltiplexed back ro a DS0 signal, the
pricess that octurs to comnnect 0 the calied party is the same as before. The signal ig timed fhrough the
aporopriaie end switch to connect it o the called parly’s ling card. Again, a somplelzly separale circuit will
be set up in the call’s remurn direction.

LT ST - -

1) b) Discuss the formation of MSISDN and IMSI identification numbers[4]

MSISDN is primary key to the HLR record number with maximum 15 digits without prefixes.
Example, one number in America

MSISDN: 13109976224

MSISDN = CC + NDC + SN

CC = Country Code

NDC = National Destination Code

SN = Subscriber Number

In the GSM standard PCS 1900, format has next value
MSISDN = CC + NPA + SN

CC = Country Code

NPA = Number Planning Area

SN = Subscriber Number



The IMSI is a fixed 15-digit length. It consists of a 3-digit Mobile Country Code (MCC), a 3-digit
Mobile Network Code (MNC), and a 9-digit Mobile Station Identification Number (MSIN).
Telcordia Technologies is responsible for the assignment and administration of the first six digits
(the MCC + MNC) to network operators, and the network operator to which these digits are
assigned is responsible for the assignment and administration of the last 9 digits (the MSIN).

2) Discuss the characteristic features of the different generations of cellular systems and
give the comparison for the same. [10]

1G

o 16 (or 1-G) refers to the first-generation.

o Itisa znalog based voice oriented telecommunications standards

o AMPS [Advzncaed Mobile Phone system) were the popular 1G cellular system.

o Used analog fraquency modulation FV).

o FDOC used tc achieve Duplexing.

o Type of multiple access is FDMA

o Channal B.W is 30Khz

o Frequency band is 824-894 MHz.

o Forward link and Reverse lirk separated by 45 MHz.

o 1D numbers were assigned to the cellu'ar system [SID) and mobile handset (MIN, SI).
o The system standard also defines physical layer technical parameters such as max.

Permissible power lavel, Maximum ou: of band radiation level.

]

The standard also prescribes the required protocol for system operations.
2G

o 2G isdigital cellular system

o It uses digital modulation technigues.

o Introduce two major multiplexing schemes called TDMA and CDMA.

o Use digtal modulation technigues to send digizal control messages rather than SAT
tones.

o Usc Digital eneryption used for sccurity and privacy for the mebilz network subscriber.

o Use cf digital encoding and daccding schemas.

o Use of error detection and correction coces tor reliability.

o Two major 2G technologies and standards are GSM and COMA.



3G

4G

Support high-speed data transfer from packet networks
Permit glotal roaming.
Acvanced cigizal services (i.e,, Multimadia) and

Work in various different operating environments (low tkrough high mobility, urban to

suburban to global locations, etc.).

ILIS an I¥ Dasec packea SWICN2a retwork.

4G networks are projected to provice speeds of 100 Mbps while maving and 1 Ghps
while staticnary.

High usability: anytime, anywhere, and with any tachnology.

Support for multimedia and integrated services at low transmission cost.

Smooth | landoff across heterogeneous netwaorks.

Seamless connectivity and global roaming across multiple networks.

High yualily ol service for nexl generalion mullimedia suppuil (real lime audio, high
speed cata, HDTV video content, mobile TV, etc.)

Interoperability with existing wireless standards.

It provides Dynamic bandwidth allacation, QoS and advancec Security

It is Self organizing networks.



Comparison

Technology : SG iG 4G 5G
/ Features |
Start/ 1970/ 1984 1980 1999 1990/2002  2000/2010 2010/ 2015
Deployment
Data 2 kbps 14.4-64 kbps 2 Mbps 200 Mbps to | Gbps and
Bandwidth 1 Gbps for low higher
mobility
Standards AMPS 2G: TDMA, WCDMA, Single Single
CDMA, GSM  CDMA-2000 unified unified
2.5G: GPRS, standard standard
EDGE, IxRTT
Technology Analog  Digital cellular Broad Unified IPand Unified IP and
cellular technology bandwidth seamless seamless
technology CDMA,IP  combination  combination
technology  of broadband, of

LAN/WAN/ broadband,




3) Explain in detail AMPS mobile — originated and mobile-terminated call with a flow diagram. [10]
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4) a) What is the need of SS7? Explain its working with a neat block diagram.[5]

Signaling System #7

The early PSTN used “in-band” signaling to set up and tear down interoffice and long-distance telephone
calls. By this, we mean that the same facilities used to transport the call were first wsed to create an actual
physical circuit for the call to be sent over. A big disadvantage of this type of system is that a woice trunk (an
inreroffice facility ) or possibly many trunks had to be “seized"” in order o do the: signaling necessary to set
up the call. If the call is nonchargeable (the called party is unavailable or the line is busy), the charges for the
seizure of the trunk circuits must be paid for by the service provider that owns the local exchange. Further-
more, this type of system was very prone to fraud since the signaling was performed by sending easily
reproducible audio tones over the trunking circuits. As the PSTIN evolved into a digital network, for eco-
nomic reasons and for both efficiency and security, an entirely separate network was created for the purpose
of routing long-distance calis (calls between different exchanges or switches). This system of using a sepa-
rate facility or channel to perform the call routing function is known as “out-of-band” signaling. AT&T's
carly out-of-band system was called Common Channel Interoffice Signaling (CCIS). With advances in tech-
nology, this common channel signaling system has been adopted by the international telecommunications
community for use with both PSTNs and public land mobile networks (PLMNs). Today, it is known as CCIS
#7 or simply Signaling System #7 (SS7). _ A

The SS7 system is a packet network that consists of signal tramsfer points (STP) and transmission facil-
ities finking the signal transfer points as shown in Figure 1-4. The signal transfer points connect to service
switching points (5SP) at the local exchange and interface with the local exchange switch or mobile
switching center in the case of a PLMN. The service switching points convert signaling information from
the exchange voice switch into 557 signaling messages in the form of data packets that are sent over the

onsa?opcrwons.smsysm J S5 = Service Switchimg I"oants
RCL = Redusdant < Link=

STP = Signal Transfer Points SCP = Servics Comtrol Paines ’




557 network. All 857 data packets travel from one service switching point to ancther tirough signal trans-
fer points that serve the network as routers, directing the packets to their proper destination, There are
several different types of redundant links between the signal wansfer points 1o provide the 557 nerwork
with a high degre< of reliability. '

. The Q0T a4 .-

4) b) Summarize the hardware and software view of a cellular network with block diagram [5]

BSC 1A~ v 1A(m) Ceils

: Cell 28{n) ]

b .




Location Ares [dentity
LAL=MCC 4 MNC + Lac

' !
. L
1 Locativu Arpa ’ . :
' ; ¢ Location Arey
1 Idenity 7 Identity ' Location Ares
Locstion Areg. 3 UM T LAl 3106421 y Mty
Tdentity ' T | LAL= 310642
LAI=310.64.12 ", A Location Area AT
------------------ "--—-'""""'"."' I‘- Mmul}i :II LY
Cell Global dentiy Mtfu::rmnm \LAL+ 3106424 |
(CGI = L'M‘*'Ci]' | e
IO-64-13-58 - LAT=310464-13  Laorememeem™ i Lwaugmm
prmniag ‘o 'r 'E
f ‘F I'_p Lﬂﬂ'ﬂlicu] - -_— ‘.
s . ¢ ldentity !
Hﬂc_! Emlfcg m : . ‘:
MC‘: = Mohile ‘:ﬂlmtr}' Code Buundlq,r
. LYNC— Mobile Network Code
e

5) Explain the OSI layers with a neat block diagram.[10]

Layersof OSI modd:

Physical layer

The Physical layer isaso called asthe Layer 1. Here are the basic functionalities of the Physical layer
Responsible for electrical signals, light signal, radio signals etc
Hardware layer of the OSI layer

Devices like repeater, hub, cables, ethernet work on this layer
Protocols like RS232, ATM, FDDI, Ethernet work on this layer



DataLink layer

Thedatalink layer is also called as the Layer 2 of the OSI model. Here are the basic functionalities of the

datalink layer:

Responsible for encoding and decoding of the electrical signalsinto bits.
Manages data errors from the physical layer
Convers electrica signalsinto frames
The datalink layer is divided into two sub-layers

o TheMediaAccess Control (MAC) layer

o Logical Link Control (LLC) layer.
The MAC sublayer controls how a computer on the network gains access to the data and
permission to transmit it.
The LLC layer controls frame synchronization, flow control and error checking.
MAC addressis a part of the layer 2.
Devices like Switch work at thislayer

Network Layer

The Network layer is also called as the layer 3 of the OSI model. Here are the basic functionalities of the

network layer:

Switching and routing technol ogies work here

Createslogica paths between two hosts across the world wide web called as virtual circuits
Routes the data packet to destination

Routing and forwarding of the data packets.

Internetworking, error handling, congestion control and packet sequencing work at this layer
Router works at layer three

Different network protocols like TCP/ IP, IPX, AppleTalk work at this layer

Transport layer

The Transport layer isalso called asthe layer 4 of the OSlI model. Here are the basic functionalities of the

Transport layer:



Responsible for the transparent transfer of data between end systems
Responsible for end-to-end error recovery and flow control
Responsible for complete data transfer.

Protocolslike SPX, TCP, UDP work here

Session layer

The Session layer isalso called as the layer 5 of the OSI model. Here are the basic functionalities of the
Session layer:

Responsible for establishment, management and termination of connections between
applications.

The session layer sets up, coordinates, and terminates conversations, exchanges, and
dialogues between the applications at each end.

It deals with session and connection coordination.

Protocols like NFS, NetBios names, RPC, SQL work at this layer.

Presentation layer

The Presentation layer is also called as the layer 6 of the OSI model. Here are the basic functionalities of

the presentation layer:

Responsible for data representation on your screen

Encryption and decryption of the data

Data semantics and syntax

Layer 6 Presentation examples include encryption, ASCII, EBCDIC, TIFF, GIF, PICT, JPEG,
MPEG, MIDI.

Application Layer

The Application layer is aso called asthe layer 7 of the OSI model. Here are the basic functionalities of

the Application layer:

Application layer supports application, apps, and end-user processes.



Quality of service

Thislayer isresponsible for application services for file transfers, e-mail, and other network
software services.

Protocols like Telnet, FTP, HTTP work on this layer

6) Discuss the Base Station system components in detail with block diagrams[10]

Base Station System Components

The base siation system handies ali radio interface-related fanctions for the wireless network. The BSS
typically consists of several i many radio base statioas’ (RBSS), a base station controlker (BSC), and ¥
tramscoder controbler (TRO). It should e notad that these last two network elements did not exist in the Tirst
analog cellar systems. In 1G systems the RBSs were connected directly 1o the MSC, The radio equipment
required to serve one cell is typically called a base transceiver system (BTS). A single radio base station
might contain three bise mransceiver systems that are used 1o serve a cell sife that consists of three 120-
degree sectors or cells. The radio base station equipmrent includes antennas, iransmisswn lines, powe
coaplers, radio frequency power amiplifiers, tower-mounfed preampiifiers, and any othes associated hard-
ware peeded to make the system functional,

The base station controller’s furction is tosupesvise the operation of a numbes of radio base stations that -
pravide coverage for a condguous area (See Figare 3~3). It provides the communicatiop links to the fived
part of the wireless network (PSTH) and the public data nework (PDIN) and supervises a number of air
interface mobilily functions, Some of these asks include location and handoff operaiions and the gatherimg
of radio measuremen: data from both the mobile device and the radio base station. The base station von-
trofker is esed 1o initially set up the radic base station perameters (chanmels of operation, logical cell names,
~ hawdofi threshold values, exc.) or change them a: needed. The BSC is also used to appervise dlarms issued |
iy the radio base stations to imdicate faults oo the exisience of abnormal conditions in System operation
(inclpding those of its own). For seme faults tf e BSC can bring fhe reporting subsystem back into operation |
awtomatically (i.e., clearing the fault or alarm) whereas other fauits require opetator intervention in the;
form of ar on-site visit by a field service technician. _ ) 3

The transcoder conioller performs whas is kpown as rate adaptation. Voice information that has been |
converted 0 a sandard digital pulse code modulation (PCM) format js mansmitted within the PSTN over |
stardard TI/EUI eleprone circuits at 64 kbps. Both TDMA and CDMA systems use data rites of 16 kbps |
or less for \he transmission of voice and conwal information over the air imerface. The transcoder cop-
troller’s function is 1o convert the PCM data zream to a format suitable for the air interface. Vecoding is 3
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Base Station Controller

The base station comtroller functions as the interface between the mobile switching cenier and the packet
core network (PCN) and all of the radio base stations controlled by the BSC. The PCN is a term used for
the interface node {netwosk element) between the BSC and the public data network. Figure 35 shows how
the systems are interconnected.

Aside from the necessary power supply and environmental conditioning components, the BSC vypically
copsist of several subsystems all ¢olocated in a main cabinet or possibly severa} cabingts. The system orga-
nization tends 1o divide up these subsystems into those that are used lo provide a connection or link betwesn
the MSC and the radio base stations and those subsystems that control the operation of these aforemen-
tioned units. The typical connection from BSC to the MST or TRC (if i1 is not integrated inte the BSC) is
over standard 'T1/E1/}1 PCM Yinks as is the connection frofn BSC to RBSs. A standard switching fabric is
used within the BSC to direct incoming voice calls from the MSC to the correct RBS. Ancther switching
fabric that can deal with subrate transmissions (less than 64 kbps) is ussally also available within the BSC
adding increased functionality to the system.: If the TRC is colocated with the BSC, transcoding functions
are also performed within the combined BSC/TRC vnit.

Circuit-Gwitched Radio Access Network (RAN)
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Transcoder Conitroller

The Transcoder Controller (TRC) consists of subsysterns that perform transcoding and rate adaptation.
The TRT can be either a stand-alone unit or, more commonly, combined with the BSC to yield an inte-
grated BSC/TRC. The TRC also can support the power saving option of discomtinuous transmission. IT
pauses in speech are detected, the mobile station will discontinue transmission and the TRC will generate
“comfort noise™ back toward the MSC/VLR. An integrated BSC/TRC can typically handle many lODs of

RBS transceivers.



7) Explain in detail the steps involved in mobile terminated call operation with diagram[10]

The mobile-terminated call consists af the steps shown in Figure 3-17. Step #1: Any incoming call to 2
mohile system from the PSTM is first routed to the network's gateway mobile switching center (GMSC).
Step #2: When the wireless mobile system detects an incoming call at the GMSC, the mobile system mus(
first determine where the mobile is located at that particular moment in time. To determine the mobile’s
location, the GMSC will examipe the mobile station’s MDISDN to find out which home location register
(YILR} the mobile subscriber is registered in. Using S57 (SCCF), the MSISDN is forwardes lo the HLR
with a request for routing information to facilitate the setup of the call. Step #3: The HLR looks up which
MSC/VLR is presently serving the MS and the HLE. sensls a message Lo the appropridle MSC/VLR
requesting an MS roaming number (MSRN), so that the call may b routed. This operation is vequired since
this information is not stored by the HLR; therefore, a temporary MSRN must be obtained from the appro-
priate MSC/VLR. Step #4: An idle MSRN is allocated by the MSC/VLR and the MSISDN aumber is
liftked 1o it. The MSRN is sent pack to the HLR. Step #5: The MSRN is sent to the GMSC by the HLR.
Sizp #6: Using the MSRN, the GMSC routes the call to the MSC/VLR. Step #7: When the serving

MSC/VLR receives the call, it uses the MSRN pumber 10 retrieve the mobile’s MSISDN. Al this point the

MSISDN: 1-413-538-111) '
! IMST: 210-20-3678
5 MSC/VLR: VZol : Seap #7 and Step £3

Step 3 MSRN-~ MSISDN ~<MSI
MSISDN= LAL 210-20-56

) Tib il

PETN Dﬂ-——‘
il .

TMSI: 210-20-5678 |
Aftached?: Yes

Step ¥4

temporary MSRN number js released. Step #R: 1lsing the mohile’s MSISDN, the MSC/VLR determines the
location area where the mobile is located. Step #0: The MS is paged in all the cells that make up this loca-
tion area. Step #10: When the MS responds to the paging message, authentication is performed and
encryption enabled. If the authentication sud enayplion functions arc confirmied, the call is connceted from
the MSC to the BSC to the RBS where a traffic channel has been selected for the air interface.
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