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B.E.
Sixth Semester Examination, May-2009
Wireless Communication (EE-402-E)

MNote : Attemnt azy five questions. All questions carry equal marks,
(3. 1. (=) Explain cordless and cellular telephone system.

Ans. Cordless Telephoue Systers : Cordless telephone systems are full duplex ¢ommun
system that use radio to connect @ portable handset to a dedicated base station, which 15 then connec
dedicatei telephone line to a specific telephone number on the public switched telephone network (PSTN) In
first generanon, cordless elephone systems, the portable onit communicates only to the dedicated basdqwunit &
only over distances of a few meters, Early cordless telephones operate solely as extension Eu:chn:iq Es 10 @
rranseeiver connected 1o a subscuber hne on the PSTN and are primarity for-m-home use,
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guality service that is ofien comparable to that of the landline telephone systems. High capacuty is achieved by
limuting the coverage of each base station transmifter to a small geographic area called a cell 5o that the same
radiv channels may be reused by another base station,

he mokile switching center is sometimes called a mobile 1elephone switching office (MTSO), simce it
is responsible for connecting all mobiles to the PSTN in a cellular sysiem, Each mobile communicates via
rachio with one of the base stations and may be handed-off to any number of base stations throughout the
duranion of a call.

1). 1. (b) Compare various wircless systems.

Ans. Comparison of Common Wireless Communication System :

Paging System : Paging systems arc communication sysiems that send brief messages 10 a subscriber.
Paging system vary widely in their complexity and coverage capacity. If the pager is working as a receiver
(1., mobile station), its coverage ranze 1s high, and same is case for pager working as base station. [t requires
high infrastructure to work 2s a receiver or a ransmitter. Whale the complexity is low if the pager acts as
mobile station and the same is lugh, if it acts as kase station. The carrier frequency 15 less than 1| GHz for bot®:
the cases. The hardware cost of paging system (as receiver) is low. so high for paging system working as
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Fig. (a) Wide area paging system

Cordless Telephons System : Block diagram of a cordless telephone system is showi in Higure (a).
I'he coverage range of a cordless telephone system is low in comparison to paging system/cellular telephone
swstem. The infrastructue requirement, is again low in comparison to the later systems. The complexity of
thisse svsems 16 moderate, if they acts as mobile station and is low, if they act as base station. The carrier
lrequency of cordless telephone system is 1-3 GHz. Lasily, the hardware cost is low and muderate for mobile
station and base stations respectively.

Cellular Telephone System : The basic functioniny of cellular telephone system is shown in figure (b}
to compare these with the former two systems, the coverage range of cellular telephone system is high in
comparison to cordless ielephone system. The infrastructure requirement again is high is comparison to later.
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The complexity in these systemns is higher and the carrier frequency is less than 2 GHz. The I.‘plrdwnu] cost ol
these sysiem 15 moderaie and high when they work as mobile station and base station respectively.

Other Wireless Systems : These are some common household wireless systems, suth as remote
comrol and Garage doot opener, The coverage range of these systems is low in comparnison to all above
mentioned wiveless syswms, Ag the imfrastructure requirement is very low in these systems, hience thefe 15 less
e ) complexaty. The carmier frequency is less then 100 MHz or lies in infrared. Hardwae costis !DWI:S well,
lee potle mobiie and base chatons,

(}. 2. (a) Explair ¥ LL.

Ans. Wireless Local Loop (WLL) : Fixed wireless equipment is extremely well uited fof rapidly
deploying a broad band connection in many instances, and this approach is steadily becomiug moiq popular
for providing “last mile” broad band local loop access, as well as for emergency or redundant point-point or
point-multipoint private networks '

Microwave wireless links can be used 1o creak a wireless local loop. The local loop can be thoggh: ol as
the "last mile” of the telecommunication network that resides between the central office gnd the iIdivldual
hotes and business in close proximity to the central office, . J
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Fig. An example of WLL network

The above shows how WLL can be set up. Copper or fibre optic cable aiready has beeuinsuilied to
riestdence and business. However, in many developing nations, cable is too expensive of can tab): months or
years fo install. Wireless equipment, on the other hand, can usually be deployed m st alcouple 3 hours. An
additional benefit of WLL technology is that once the wireless equipment is paid for, there aiv. tio additional
costs for transport between the central office and the customer premises equipment, whersas the Huricd cables
often must be leased from a service provider or utility company an a2 monthly hasiz. 1 is possible that WILL
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syoteny: could compets with copper-wire base digial subscriber loop technolovies rthot we apdly
proliferating. WLL conld greatly improve the efficiency of their citizens while stimulating competinon thas
could lead to improved telecommunication services.

Q. 2. ib) Explain key features of wireless local area networks.

Ans. Wireless Local Area Network (WLAN) - The IFEE. witeless LALS woikan ), groap w 2. feended
m 1987 to being: standardization of spread spectrum WLANs for use in the ISM bancs e, indusina scienlific
sitd medical bands of 515753150 GHz, WLANs mast operae 1a the same unhicensed hands the . contaims

wrdless phones, baby moritors, Bluctooth devices and other WLAN wacrs,

T be unigae WLAN channels thai are sperified in the 1LEE standard for the 2407-2483.5 Mudz band All
W ANz are manufaciured to operate on any one of the specified channels and are assigned to a pacticular
channct by the network operator when the WLAN systemiis fist insta.led. Tae channclizitron schidme used by
the petwork installer becomes very important for a high density WLAN mnstallation, since neighbourig
access points musi be separated from one another in frequency to avoid inferference and -sicmfcantly
degraded performarce

Fven though WLAN networks are designed to work in an interference-.ton envuonment, aid
manufacturers may down play the nnportance of planning. Uiz fact is that the ability to measure or predict the
concrage and interference effects caused by specific placements of acvess pairts can provide orders of
pagnitude of impreviement i cost and cad user deta Ehlﬂughpttm in 2 heavily loaded 22 siem.

WLAN ndus ey appears to be on the herizon, as standard orgwmizations, o co-ordingie spestram
atiocatons wnd end uscr date rates. lo Burope's FTSI estublished a standardization « ommittes far Droadbhacid
Radiv Acress Metwarks (BRANs), The goal of BRAN i 1o develop o Jmily of breadbapd 'WEAN tvpe
protocals that allw user iecoperability. covering both shori range and long range networking.

). 3. (a) How i = puard spares realized! between usors in CDMAY

Ans, [u € ode-Division Multiple Access systems, the narrewband message signal is mitiplied by aovery
bigze brondwidth <ignal calied the spreading signal. Many users of a CDMA systemshare the same {icguency,

Unlike MDMA or FDMA, CDMA har a soft capacity himit, Increasing the pumiber of users i a CDMA
<o rases the notse floor in a limear manner. Thus, there s no absolute inut on the number of wsers in
CIia Rather, the system performance gradually degrades for all users as the numiber of wseis is increased
amd improves as the numker of users decreases. Since CDMA uses co-channel cells, it can use micruscopic
sparial Jdwversity to orovide soft handoff. Soft handoff is performed by MSC, which can simulianeoush
moniter a perricular uzer from two or more base stations, The MSC may clioose the best vorsion of the signal a

- ary tmae without switching frequencies.

Sell~jamming is a problem in CDMA system, Self-jamming arises from the fact that the spreading
seyguences of different users are not exactly orthogonal, hence i the despreading of a pmi:illar PN code,
non-zero contriburions to the receiver decision statistic for a desired user arise from the transmissions of other
users in the system, The near-far problem occurs at the CDMA receiver if an undesired user has o high
detecied power as compared to the desired user.

(. 3. (b) Whai are the advantages of digital cellular systems over analog cellular systems.

Ans. The first generation of cellular voice systems was based on analog communications fron figure,
the graph of deployed system types, we observe that the number of uzers of these systens has déclined rapidly
with only 2 percent of the subscriber base still using analog phones Because of the early siart in mobile
telephony, these legaey analog systems were more widely deployed
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Fig. Recently estimated subscribers by system type

In US. the most widely deployed system was called the Advanced Mobile Phone S_wttm (A
There was also an early analog system deployed calied Nordic Mobile Telephony (NMT) l.hat is no Inhger
used. The system most deployed in Europe was called the Total Access Communication System{TACS that
stifl has a small number of subscribers.

Second generation systems replaced the analog modulation of the speech signal with digital mcing

and compression of the voice signal into a digital bit stream. Digital systems provide much greater utilization
of the spectrum. In addition, many users are multiplexed on each carmier channel 1o squeeze evep mare

calls into a given frequency band. Second generation/digital system are characterised by increased use of
intelligent networking systems to provide more efficient operations und new services such as caller-idk and
SMS. Second generation digital cellular systems are further classified as global system for inpbiles ((5SM)
and the code division multiple access (CDMA) system. |

CDMA or time division multiple access includes the spectrum allocation as well as signaling and
operations systems used in providing the service.

In USA TDMA runs on both the 800 MHz cellular band and in the 1900 MHz PCS spectrum

Q. 4, (a) What do you mean by hard handoff & soft handoff? '

Ans. Hard Handeff : A hard handofT is one in which the channel in the source cell is released a
then the channel in the target cell is engaged. Thus, the connection to the source is broken bel
connection to the target is made-for this reason such handoffs are also known as break- befdre-makel Hard
handoffs are intendcd to be instantaneous in arder to minimize the disruption to the call. A fmrd ha
percieved by network engineers as an event during the call.

An advimagc of the hard handoff is that at any moment in time one call uses only one c’nﬁmm]
handoff event is ended very short and usually is not perceptible by the user. In the old analoy fystems
be heard as a click or a very short beep, in digital systems it isunnoticable. Another advantage of hard
1s that the phone's hardware does not need the capability of receiving two or more channels in parallel; wiuch
‘makes it cheaper and simpler. A disadvantage is that if a handofY fails the call may be temporafily distpred or
even terminated abnormally. Technologies. which utilise hard handoffs, usually have procedures which can
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re-establish the connection to the source cell if the connection 10 the target cell cannot be nmde. Howcever
re-establishing this connection may not always be possibie.

Soft HandofTs : A soft handoi¥ is one in which the channel in the source cell 13 retained and used for a
whithe i paalle] with the channel in the target cell. in this case the connection to the trget is established hefore
e conpeetion 1o the source cell is broken, hence this handoff is called make-before-treak. The vnivrval,
during which the two connections are used wn parallel, may be brief or rubstantial, For this reasor the soft
lundoit 15 perceived by network enuineers as a state of the call, ratter than o brief eveat, A soit haad 0 may
ivolve using connections to more than two cells. When a call 15 :n the state of soft handof¥ the signai of the
best ef all used channels can be utilised for the call at a given moment or all the signal can be rombmed to
produce a clearer copy of the signal. The leter is more advantageous, and when such combining is performed
basth 1 the downlink and the uplink the handofT is termed as sofier. Softer handof's are possible vhen the cells
imvilved in the handoff have a single cell site.

Une advantage of the sofl handoffs is that the connection to the source cell 1s broken only when a
reliable « onnection to e turget cell has been established and thesefore the chances that the call will be
termmated abnormally due to a failed handoff are lower, However, by far a bigger sdvantage comes from the
mere fact that simultan=ously channels in multiple cells are maintnined the call coulu onty fail if al! the
chanrels are faded at the same time.

Q. 4. (b} What are the different techniques used for improving coverage and capacity?

Ans. As the demand for wireless services increase, the number of chunnels assiened o a cell :;-v-enmntha
becomes insufficient to support the required number of usess. At this point, cellular design teclpagues are
needed o provide more charmels per unit coverage area, Techmgues such as= cell splitting, sectin ing and
coverape zone approaches are used 1o expand the capacity of cellular systems.

(i) Cell Splitting : Cell splitting is the process of subdividing a conpested all into smuller cells, each
with 115 own base station and a corresponding reduction in antenna height and transtatter power, Cell spliting
increases the capacity of a cellular system since it increases the number of times that clrannels are reused, ity
defining new cells which have a smaller radius than the original cells and by instaliing these smaller celis
between e exsting cells, capacity increase due to additional number of channels pr unit area,

Fig. Illust -ation of cell splitting
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(il) Sectoring : Another way to increase capacity is to keep the cell radius unchanged and feek me s
to decrease the D/R ratio. Sectoring increases SIR. so that the cluster size may be reduced. In this apprpach,
first the SIR is improved using directional antennas, then capacity improvement is achieved by reducing the

the co-chanmel interference is reduced depends on the amount of sectoring used, for e.g., 1207 sectors gr 607
SeCiors.

{120 sectoning) ‘ i60° sectoring)
(iii) Repeaters for Range Extension : Radio transmitters or repeaters are used to provide detlicared
coverage for hard-to-reach areas. Repeaters are bi-directional in nature and simultaneously send signal 1o and

receive signals from a serving base station. Repeaters work using over-the-air signals, so that they may be
installed anywhere and are capable of repeating entire cellular or PCs band. In practical, direttional ahtennas
or distributed antenan systems (DAS) are connected to inputs or outputs of repeaters By modififing the
coverage of a serving cell, an operator is able to dedicate a certain amount of the base station's traffig for the
areas covered by the repeaters, i

(iv) A Microcell Zone Concept : The increased number of handoffs required when stitoring is
vmploveo resulis in an increased load on the switching and contrel link elements of the mobile system. A
M'r:::u)vfmre or fibre optic link

Basc
Station

Fig. The micr.cell concept
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solution to this problem is based on the microcell zone concpt for seven cell reuse. In this concept, each of the
three zone sites are connected 1o a single base station and share the same radio equipment, As a mobile travels
within the cell, it is served by the zone with the strongest signal. This approach is superior. to sectoring as
antennas are placed at the outer edges of the cell, and any base station channel may be assigned to any zone by
the base station.

Q. 5. (a) Explain the term interference in space, time and frequency domain. Whhl are the
couniermegsures in SDMA, TDMA & FDMA systems? !

Amns. Interference is the major limiting factor in the performance of the cellular radio systemns. Sources
of interference include another mobile in the same cell, a call in progress in a neighbouring cell| other base
srations operating in same frequency band or any non-cellular system which iadvertently [eaks pnergy into
cellular frequercy band. . |

In a FDMA system, many channels share the same antenna at the base station. The power amplifier or
power combiners are non-linear, The non-linearities cause sipnal spreading in the frequency domain and
renerate mtermodulation frequencies. Spreading of the spectrum results in adjacent channel interference.

Iu TDMA, the guard time should be minimized. 1f the transmitted signal at the edges of a :Irl: slots are
suppressed sharply in order to shorten the guard-time, the transmitted spectrum will expand and cause
terterence to adjacent channel, |

In SDMA, because of different radio propagation path between each vser and base (station, the
transmitied power from each subscriber unit must be dynamically controlled to prevent any single user from
driving up the interference level for all ohter users. [

Frequency Division Multiple Access (FDMA) : |

(i) The FDMA channel carries only one phone circuit at a time. {

(it} If an FDMA channel is not in use, then it sits idle and cannot be used by other users :b Increase or
share capacity.

{iii) After the assignment of a voice channel, the base station and the mobile transmit quﬂuII:an:uusly
and continuously.

{iv) The bandwidth of FDMA channels are relatively narrow ie., 30 kHz in AMPs. :

i v} The complexity of FDMA mobile systems is lower than compared to TDMA systems.

ivi) Since FDMA isa cﬁntiﬁlunus transmission scheme, fewer bits are needed for overhead purposes as
.'|-||.|J':i.‘||-_1.l to TDMA. }

(vit) FDMA systems have higher cell site system costs. |

{viii) FDMA mobile unit uses duplexers since both the transmitter and receiver operate at the same
time. |

{1x) FDMA requires tight RF filtering to minimize adjacent channel interference.

Time Division Multiple Access (TDMA) : |

(1) TDMA systems divide the radio spectrum into time slots, and in each slot onfy one usei is allowed to
either ransmit of receive. ¥’

{i1) TDMA systems transmit data in a buffer and burst method, thus the transmission is noL CONLINUOUS.

(iii) In TDMA, half of the time slots in the frame information message would be used fl:-r the forward

link and hall would be used for reverse link channels.
|
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| |
(iv} in general, TDMA systems intentionally induce several time slots of delay between forward and
Teverse e shols

1) Duplexers are not required in the subsenber unit, *

{vi) Guard times are utilized 10 allow synchronization of the receivers hetween dil_['umm sjots and
frames. [

1v) TDMA shares commonv$ingle carrier frequency with several users.

(vi) Because of non-continuous wansmission in TDMA, the handoff process is much simpler for a
subrRcriber uiit, i

Space Division Multiple Access :

11) SDMA controls the radiated encrpy for each user in space.

11y SOMA serves different users by using spot beom antenmas, these different areas covered by the
antenna bean: may be served by same or different frequencies.

{1t} Sectorized anicnnas may be thought of as a primitive application of SDMA. |

{iv} If the base station antenna is made to be spatially filter cach desired user so that more irmgy Is
deicctea from each subscriber, then the reverse link for =ach user is improved and less power is required.

). 5. (h) Explain capacliy of a celiular system. L

Ans. Channel capecity for a radio system can be defined as the maximum number of channels or users
thit can be provided in a fMixed frequency band. Radio capacity is a parameter which measures $pectrum
ciliciency of a wireless system. This parameter is determined by the required carrier-to-interference fatio (C/1
rtto) and the channel bandwidth 5_. l

Considering, the forward channel interference problem, let D be the distance between two cd-channel
cefls and R be the all radivs. Then the mimmum ratio of O/R that is required to provide a tolerablg level of
vo-channel mterference is called co-channe! reuse rather, given as

7 =

'QEE

Maobile user on
the fringe of a cell

Fig. INustration of forward channel interference for a cluster size N =4

/
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The radio propagation characteristics determine the carrier-to-interference ratio {Cflj! at a given

location. As shown in figure, the M closest co-channel cells may be ¢onsidered as first order in!irﬁ:r:m, in
which case /7 is given by '

c_ o™
1

= M
> o™
k=l

Where, n,, = Path loss exponent in the desired cell
[y, = Distance from the desired base station to the mobile
D, =Distance of the " cell from the mobile
n, =Path loss exponent to the A* base station.
If only the size closest interfering cells are considered, then
[l & P

T &n~"

When mobile is at the cell edge Dy =R, then the following equation must hold f+r acceptable

performance
=h
.![E) a[E]
6L D |
c ]
Then, co-channel reuse factor is Q:[ﬁ(u] }
T/ min

The radio capacity of a cellular system is defined as

m .—_-E‘g"_ radio channels/cell
e

A, =Total allocated spectrum for the system
B_ =Channe! bandwidth
N =No. of cells in a complete frequency reuse cluster.

Also co-channel reuse factor is givenas O =+/3N }
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). 6. (a) Difference between packet switching and elreuft switching technique. | |

Ans, Voice communications through the public switched telephore network and the cellutar telephone
petwork use circuit-switiching technology to complete phone cails, With circuit switching, a physical
counection is set up at the time of the phone call and remeins connected antil the partics disconnect. In data
upplications, such as the internet, connections are logical, and the user data is divided into packets that are
switched independently through the retwork, The logical connection uses rescorces only when one of the
partics send data, The problem with circuit switching is that the application o phéic ¢ call corsumes network
re:carces, =ven when there is no network traffic.

The capacity of circit-switched netwoiks is fined, and the network must ke carefully designed 1o meet
prad calling loads,

| fie problem with packet s vitching is that packets take dafferent paihs theoagh Mz network Depepding
on nafiie on the nevwork, packets can be delaved o0 lost. This means that packets arrive at their destinauon at a
raie that can vary quits dynamically,

The = ariable pack=i-rransmis¢ion rate does it cause problem for most data apphcatipns, but it ~an
degrade the guality of voice and video. Network operator. would eventually like to have the cificiency,
scalabdlity and managzeability of an all digial, all packet-switched network for content. Te achieve ths,
networks have different classes of service. For instance, a nerwork that needs low latency, winch is end-to-end
delay through the netwock, and low jitter, which 1s the variation in the arrival rates of indiyidual packets.
shonld be able to request this service from the network,

Q. 6. (b) Explain advanced inteltigent networks. '

Ans. The advanced imelligent network {AIN) is a telephone network architecture that separates gervice
logic from switching equipment, allowing new services to be added without having to redesign switghes 1o
support new services It encourages competition among service providers since it makes it easier for a
provider to add services and it offers cusiomers more services choices, | 1

I he switch-known as the service swiiching point (SSP) forwards the call over a signalling system 7 {S57)
network 1o a service control point {SCP) where the service logic is locaied. The SCP wdentifies the fervice
requested from part of the number that was dialea and returns information about how to handle the call to the
service switching point,

In some cases, the call can be handled more quickly by en imelligent peripheral (1P that is attached to
the service switching point over a high-speed connection. In addition, an "adjunct” facility can binddl:d
directly to the service switching point for high-speed connection to additional, undefined services. On of the
services that ATN makes possible is local number portability (LNP).

The AIN Release Table :

Release 0 : Trigger checkpoints at off-hook, digit collection and analysis, and routing points of call
code gapping to check for overload condjtions at SCP 75 announcements at the switching system.

Release 0.1 : Adds a formal call model that distinguishes the originating half of the call from the
terminating half, g ' '

A telephone caller dials @ number that is received by a switch at the telephone company ttmm]{m“'
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Release 0,2 : Adds phase 2-personal communication service (PCS) support, voice aﬂh"ralu:! dialing
{VAD).

Release 1 : A full set of capabilities.
). 7. (a) Explain CDMA cellular Radio networks.

Amns, The CDMA architecn. re has allowed a selection of different voice encoding systems.
gual-comm cystem gave a bir rate of approximately 9.6 Kbps. This voice signal is combi
psnedo-nowe signal called a chip code of 1-28 Mbps, unigue 1o each mobile station in the cell. Tha resulting
hit stream is then modulated onto a 1.25 MHz camner channel using binary or quadrature phase shift Jeying, r

time, and theoretically upto (2 mobiles could usz the same channel. Practically, this is ofien limijed 1o |
than 20 mobiies in a cell. The mobiles only listens to the ransmussion encoded with 1ts chipcode. Like GSM,
CIMA makes use of vowce activity detection and other scheme to increase capacity and liont imterferency.

|
Diownstream transmissions from the base station 1o ali of the mobiles in the cell are all sent nr the sa?

\n analowy that is often used to describe this type of coding 15 a large party where many pairy of people
wunl o alk 1w each other at once. [F each pair of people speaks a different language, despite rhI: Tact
cveryone is talking at once, each person can listen for their language and filter the other conveisations out jis
P, |

One important advantage that the CDMA multiplexing technique offers results from usinL the s
ltequencies in every sector, There is no need for elaborate frequency planming which s required i’f GSM a
I'DMA. If more radio capacity is needed, cells can be divided or added almost in an ad hoc manndr. Ano
interesting feature of CDMA, 15 called a soft-hand off. Since all of the cells adjacent to a cell phope user dre
operating on the same frequencies, the mobile station can maintain communications with multiple cells at o
same time, Only when the new cell determines that it has the best signal, does the hand-off acrually ﬂcc

Q. 7. (b) What are the applications of intelligent micro-cell systems?

Ans. Improved microcell system for cellular telephone systems has a plurality of contiguous ¢ Iﬂ
wherein the cells are configured in a plurality of clusters with each cell in a cluster having a different assign
stt of transmission frequencies. Each of the frequencies in an assigned set for a given cell is assigznable 1p &
eiven mobile telephone within the cell for all locations of the mobile telephone within the cell, Frcqu:rrry
handof¥ circuitry is proviaed for maintaining continuous communication with mobile telephones mov Ing
from cell to cell. Each of the cells is provided with a plurality of antennas each of which is aranged 3nd
cunfigured to limit propagation of signals substantially to one of the plurality of regions within the.{ boundaties
o the vell. which regions are substantially less in area than the arca of the cell. Transmission at any gne
lrequencies of the set of transmission frequencies assigned to a cell is confined o the zone F«htrein he
strongest signal is received from the mobile telephone to which such one frequency has h-e 1 ass
Accordingly, the clusters of cells may be aranged with a frequency reuse pattern of three and a rntj of
co-channel separation of cell radius of less than four.

(). 8. Write short notes on :
{2} Packet radio
(b) Common channel signalling
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(¢} Tracking and grade off service

Ans. () Packet Ratio : In packet radio access techniques, many subscribers attempt tp access L single
channel in an unco-ord*naded manner. Transmission is done by using bursts of data, Collisions from the
simul@aneous transmissions of multiple transmitters are denoted at the base station receiver, {n which|case an
ACK or MACK signal is broadcast by the base station 1o alert the desired user of received trhnsmiission, The
AUK signal indicates an acknowledgement of a received burst from a particular user by the hase statign, and a
NACK indicates that the previous burst was not received correctly by the base station. By using ACK and
NACK signals, a PR system employs perfect feedback, even through mraffic delay due to collisions may be
high. [ i

Packet radio multiple access is very easy to implement, bus has low spectral efficiency andnmL induce
delay. The performance of contention techniques can be evaluated by the throughput (T), which is défined as
the average number of messages successfully transmitted per unit, and the average delay (D)/experienced by a
typical message burst. Packet A will collide with packets B and C because of overlap in u‘;lnsmiss*on line,
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{b) Common Channel Signailing : Common digital signalling (CCS) is a digital mmr*micatiuns
technigue that provides simultaneous transmussion of user data, signalling data and other related traffic.
throughout a network. This is accomplished by using out-of-band signalling channels which logically
separates the fogic data from the user information on the same channel. '

CCS is an out-of-band signalling technique which allows much faster communications bJIhvren two
nodes within the PSTN. Instead of being constrained to signalling data rates are on the ordar of audio
frequencies, ECS supports signalling data rates from 56 Kbps to many megabits per secbnd. Thys, network
signalling data is carried in a seemingly parallel, out-of-band, signalling channel while only yser data is
carried on the PSTN. CCS provides a substantial increase in the number of users which age served by trunked
PSTN lines but requires that a dedicated portion of the trunk time be used to provide a signalling channel used
for network traffic, '
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(¢) Tracking & Grade Off Service : Cellular radio systems rely on trunking to accommadate a L'é.rgc
number of users in a limited radio spectrum. The concept of trunking allows a large network of users to share
the relatively small number of channels in a cell by providing sccess to each uscr, on demand, erm 8
available channels. In a trunked radio system, each user is allovated a chanmel or a per unit call basis, and

channels. Trunking exploits the statistical behaviour of users so that a fixed number of channels or c:
may accommedate a large, random user community. |

The grade of service (GOS) is a measure of the ability of a user to access a trunked system durin,
bursiest hour. The busy hour is based upon customer demand at the busiest hour during a week, monthor ﬂuar.
The busy hours for cellular radio systems typically cccur during rush hours, between 4 pm and 6 pmon a
Thursday or Friday evening. The grade of service is a benchmark used to define the desired pcrffmmc: of a
particular trunked system by specifying a desired likelihood of a user obtaining channel acpess given a
specific number of channels available in the system. It is the wireless designer's job to estimate the maxium
required capacity and to allocate the proper number of channels in order to meet the GOS. GOS is typigally
given as the likelihood that a call is blocked, or the likelihood of 2 call experiencing a delay greater thon a
certain queuing time. |




