The Cellular Concept




1.43 Cellular Telephone Systems

A cellular telephone system provides a wireless connection to the PSTN for any user location

within the radio range of the system. Cellular systems accommodate a Eargc number of users
over a large geographic area, within a limited frequency spectrum. Cellular radio systems pro-
vide hquuahty service that s often comparable to that of the Tandline telephone systems. High
capacity is achieved by limiting the coverage of each base station transmitter (0 a small geo-
_graphic area called a cell so that the same radio channels may be reused by another base station
located some distance away. A sophisticated switching technique called a handoff enables a call
wmmmmimmmc cell to another.
Figure 1.5 shows a basic cellular system which consists of mobile stations, base stations
and a mobile switching center m mobile switching center is sometimes called a
mobile telephone switching office (MTSO) since itis r _Pgnsnblc for connecting all mobiles
10 the PSTN in a cellular system. Each mobile communicates via radio with one of the base
‘Stations and may be handed-off to any number of base stations (Rroughout the duration of a
call, The mobile station contains a transceiver, an antenna, and control circuitry, and may be
moumed in a vehicle or used as a portable hand-held unit. The base stations consist of several

transmitters and receivers which simultancously handle full duplex ¢x communications and gen-
erally have towers which support several transmitting and receiving antennas. The base smion |




PSTN

Figure 1.5 A cellular system. The lowers represent base stations which provide radio access be-
tween mobile users and the mabile switching center (MSC).

B

serves as a brndge between all mobile users in the cell and connects the simuliancous mobile
calls via telephone lines or microwave links (0 the MSC. The MSC coordinates the activities
of all of the base stations and connects the entire cellular system to the PSTN. A wypical MSC
handles 100,000 cellular subscribers and 5,000 simultancous comversations al a ume, and
accommodates all billing and system maintenance functions. a5 well In large cities. several
MSCs are usced by a single carrier.

Communication bctweendnbaseswimnndmgmobilesisdeﬁnedbyammgm
air irerface (CAD that specifies four different channels, The channels used for voice transmission
“from the base station to mobiles are called forward veice channels (EVC). and the channels used
for voice transmission from mobiles to-the base sution are called reverse voice channels (RVC).
The two channels responsiblec for initiating mobile calls are the forward control channels (FCC)
and reverse control channels (RCC). Control channels are often called s chuannels because they
are only mvolved in setting up a call and moving it 10 an unused voice channel. Control channels
uy mobiles when they do not have a call in progress. Forward control channcls also scrve as

_beacons which continually : requests for all mobiles in the system. As
deseribed in Chapter 11. supervisory and dain messages are sent in a number of ways o facilitate




Cellular Telephony

= Characterized by
o High mobility provision
o Wide-range
o Two-way tetherless voice communication
o Handoff and roaming support

o Integrated with sophisticated public switched
telephone network (PSTN)

o High transmit power requires at the handsets
(~2W)




Cellular Telephony - Architecture




Cellular Telephony Systems

= Moblile users and handsets
o Very complex circuitry and design

= Base stations

o Provides gateway functionality between wireless
and wireline links

2 ~1 million dollar

= Mobile switching centers

o Connect cellular system to the terrestrial
telephone network




'Basic Concept

= Cellular system developed to provide mobile
telephony: telephone access “anytime,
anywhere.”

= First mobile telephone system was developed
and inaugurated in the U.S. in 1945 in St. Louis,
MO.

= This was a simplified version of the system used
today.




‘ System Architecture

= A base station provides coverage

(communication capabilities) to users on mobile
phones within Its coverage area.

= Users outside the coverage area

receive/transmit signals with too low amplitude
for reliable communications.

= Users within the coverage area transmit and
receive signals from the base station.

= The base station itself iIs connected to the wired
—_telephonenetwork,



First Mobile Telephone System

Normal
Telephone
System

Wired connection

One and only one
high power base

station with which all
users communicate.




'Problem with Original Design

= Original mobile telephone system could only
support a handful of users at a time...over an
entire city!

= With only one high power base station, users
phones also needed to be able to transmit at
high powers (to reliably transmit signals to the
distant base station).

= Car phones were therefore much more feasible

than handheld phones, e.qg., police car phones.



‘ Improved Design

m Over the next few decades, researchers at
AT&T Bell Labs developed the core ideas for
today’s cellular systems.

= Although these core ideas existed since the
60’s, it was not until the 80’s that electronic
equipment became available to realize a cellular
system.

= In the mid 80's the firs ion of cellul

systems was developed and deployed.



'The Core Idea: Cellular Concept

= The core idea that led to today’s system was the
cellular concept.

= The cellular concept: multiple lower-power
base stations that service mobile users within
their coverage area and handoff users to
neighboring base stations as users move.
Together base stations tessellate the system
coverage area. !




Cellular Concept

= Thus, instead of one base station covering an
entire city, the city was broken up into cells, or
smaller coverage areas.

= Each of these smaller coverage areas had its
own lower-power base station.

= User phones in one cell communicate with the
base station in that cell.




'3 Core Principles

= Small cells tessellate overall coverage area.

= Users handoff as they move from one cell to
another.

= Frequency reuse.




‘ Tessellation

= Some group of small regions tessellate a large
region If they over the large region without any
gaps or overlaps.

= There are only three regular polygons that
tessellate any given region.




‘Tessellation (Cont'd)

= Three regular polygons that always tessellate:
o Equilateral triangle
0 Square
o Regular Hexagon

Triangles

Squares




Circular Coverage Areas

= Original cellular system was developed
assuming base station antennas are
omnidirectional, i.e., they transmit in/&p locaied outside

some distance to the

directions equally. | base station receive

weak signals.

Result: base station has
circular coverage
area.




‘ Circles Don’t Tessellate

= Thus, ideally base stations have identical,
circular coverage areas.

= Problem: Circles do not tessellate.

= The most circular of the regular polygons that
tessellate is the hexagon.

= Thus, early researchers started using hexagons
to represent the coverage area of a base station,
l.e., a cell.




‘ Thus the Name Cellular

= With hexagonal coverage area, a cellular
network is drawn as:

A Base
Station

= Since the network resembles cells from a
honeycomb, the name cellular was used to

describe the resulting mobile telephone network.



‘ Frequency Reuse

= Extensive frequency reuse allows for many
users to be supported at the same time.

= Total spectrum allocated to the service provider
IS broken up into smaller bands.

= A cell is assignhed one of these bands. This
means all communications (transmissions to and
from users) in this cell occur over these

__frequencies only.




‘ Frequency Reuse (Cont'd)

= Neighboring cells are assigned a different
frequency band.

= This ensures that nearby transmissions do not
Interfere with each other.

= The same frequency band is reused In another
cell that is far away. This large distance limits
the interference caused by this co-frequency
cell.

_»_More on frequency reuse a bit later.



‘ Example of Frequency Reuse

Cells using the same frequencies




3.2 Frequency Reuse
Cellular radio systems rely on an intelligent allocation and reuse of channels mmughmta%
region [Oet83]. Each cellular base station is allocated a group of radio chmn_gk.!%
small geographic area called a_cell. Base stations in adjacent cells are assigned channe) groups
which contain completely different channels than neighboring cells. The base station antennas are
designed to achieve the desired coverage within the particular cell. By limiting the coverage area 1o
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 ge[lul:%
Bons within a system is called frequency reuse or frequency planning [Mac79).

Figure 3.1 illustrates the concept of cellular frequency reuse, where cells labeled with the
same letter use the same group of channels. The frequency reuse plan is overlaid upon a map to
indicate where different frequency channels are used. The hexagonal cell shape shown in
Figure 3.1 1s con and 1s a simplistic model of the radio coverage for each base station, but it
has been universally adopted since the hexagon permits easy and manageable analysis of a cellular
system. The acgal radio coverage of a cell is known as t.h-c7’ootpn'nt and is determined from field
measurements or propagation prediction models. Although the real footprint is amorphous in

nature, a regular cell is n i tem_design and adaptation for future
growth. it might seem natural to choose a circle to represent the coverage area of a base st

ton, adjacent circles cannot be overlaid upon a map without leaving gaps or creating overlapping

hexagon geometry, the fewest number of cells can . é;r_{'" oS N ion, and:
closely approximates a circular radiation pattern which would occur for an omnidirect




Filgure 3.1 _lllustration of the cellular frequency reuse concept. Celis with the same |etter use the
came set of frequencies. A cell cluster is outlined in bold and replicated over the coverage area.
In this example, the cluster size, N, is equal to seven, and the f%ggfmﬁy_w"factor is 1/7 since

N s S

each cell contains one-sevenln of the total number of available channels,

———

station antenna and free space propagation. Of course, the actual cellular footprint is determined by
" the contour in which a given transmitter serves the mobiles successfully.

When using hexagons to model coverage areas, base station transmitters are depicted as either
being in the center of the cell (center-excited cells) or on three of the six cell vertices (edge-cxcitéd
cells). Normally. gmnidirectional antennas arc used in center-excited cells and sectored directional
antennas arc used in cormer-excited cells. Practical considerations usually do not allow base stations
o be placed exactly as they appear in the hexagonal layout. Most system designs permit a base sta-
tion to be positioned up to one-fourth the cell radius away from the ideal location.

To understand the frequency reuse consider a cellular system which has a towal of S

duplex channels available for use. If cach cell is allod a ofkc nels (k < S), ar__)gai_f__g:_e___

S ch divided among /N cells into unigue and disjoint channel groups which cach have
the same number of channels, the total number of available radio channels can be expressed as

B=in] @1

The N ceclls which collectively use the complete set of available frequencies is called a
e it et i L e ——————— x

cluster, If a cluster is replicat within the . the total number of duplex channels,
C. can be used as a measure of capacity and is given by

TR e e [C = MkN = M5 — G2)

a ‘)kn



v of a cellular system is directly W
is called the clteste
>

i 7 i = capacit
As scen from Equation (3.2). the capac : cm <
r is replicated in o fixed service arca. '_l_h;_ factor N alle
7. or 12. If the cluster size N is reduced while the ceill size is Yo

number of times a cluste
si—e and is typically equal (o 4, - it :
constant. more clusters are required to cover a given area. and hence more capacity (a larger vajye
of ) is achicved. f\—.E{rg_cr cluster size causes the ratio between the c:'cll I'dellls and the dis

< ng to weaker co-channel interference. COnVersely_c:

beiween co-channci cells 1o decrecasc, le;id-i
small cluster size indicates that co-channel cells are located much closer together. The value for N

is @ function of how much interference a mobile or base station can tolerate while mainlaining a
sufficient guality of communications. From a design viewpoint. the smallest possibls value of o
is desirable in order o maximize capacily over a given COVEIagEE ures (1.e.., to maximize C?,;
Equanion (3.2)). Lhe frequency reuse factor of a cellular system is given by 1/N, since cach cell
within a cluster is only assigned 1/N of the total available channels in the system.

Due to the fact that the hexagonal geometuy of Figure 3.1 has exactly six equidistant neigh.
- bors and that the lines joining the centers of any cell and each of its neighbors*are separated by mul-
tples of 60 degrees. there are only certain cluster sizes and cell layouts which are possible [Mac79).

In order to tessellate—10 connect without gaps between adjacent cells—the geome 3

i At e Ll s @3y

where 7 and j are non-negative integerss. To ﬁn-d the nearest co-channecl neil
= (1) move i cells along any chain of hexagons and then (2

cell, one must do the following: (
grees counter-clockwise and move j cells. This is illustrated in Figure 3.2 £ i=3and; =2

(exaxnglc: g = 19).

Figure 3.2 Method of | hannel celis a celluiar sy =19 -
(le.. /=3 j=2% pted from [Oel83] © IEEE.) e in_this: examele; ¥



Lhoritize handoll requests ove
r call ; 3
e, s = 2 nitiation requests when allocating unused channels o {

uency reuse scheme that is COnSsisten; .
e % Wigh

=Y capaclty and m)nlmul_g__lﬂ!s.f_fs-_l_’i'_’.‘ﬁ" is required. A variety of ...
<.
ave been cen developed to achieve these objectives. Channe| A5 men

ndw str‘a(eg‘le:dos either fixed or dynamic. The choice of channel assignme Nt Strageg
.;m 'bec assifi articularly as to how calls are managed whep, 4 ”1‘?‘:1:

of the system, p
6"c cell to another [Tek91]. [LiC93]. [Sun94], [Rap93b].

u’setiﬁ aﬁxed channel &Slgnmem. strategy, each cell is allocated a predetermined sep .nr_,‘_’u
&m;?s Any call attempt within the cell can only be served by the unused channels in that par.

tcular Tcular cell. If all the channels in that cell are occupied, the call is blocked and the mb\,, o

m nOt receive 'eemce. Schral variations of the fixed assignment strategy exist In one
N3 caned th‘e‘ m} » a cell is allowed to borrow channels from a nuLhimn ig

;f 211 of i ts n channels are already occupied. The mobile switching center (MSC ) Super-
k—u
cell hl mg procedures and ensures that the borrowing of a channel does not disry il o

w thhany—f_the calls in progress in the donor cell.

tn &M channel assignment strategy. voncg channcls are nort allocated to differe at

F e lns(ead, each time a call request is made. the Serving base station requests a
£ dn

cells
d:anncl from the MSC. The switch l.hcn allocates a channel 1o the requested cell followin

: dunlnkesmlo account the likelihood of future blocking within the cell. the frequency

ot’nseofthe mndxdatc channel. the reuse distance of the channel, and orther cost functuions.

ﬁccomlingly. the MSC only allocates a given frequency if that frequency is not presently
in use in the cell ‘or any —<ell which falls within the minimum restricted distance of fre
guency reuse to avo:d co-channel interference. D Dynamic channel assignment reduce the likeli-
_hood of bloc"’"‘S- which increases the frunking capacity of the system. since all the available
channels in a market are acccssnble to all of the cells. Dynamic channel assignment sirategics
gm lhch _ on channel occupancy. irafiic distribution, and radio
SI) of all channels on a continuous basis. This increases the stor

age and computational load on the System but provides the advan S
: tage of increased channel uti
zaton and decreased probablht.y of a blocked call.

3.4 Handoff Strategies
- aulo-

When a mobile : >
moves into a different ceil While a conversation is in progress. the MSC

matically transfers the call ro . o =
, = e (hs.ca]l R channel belonging 1o the new base station. This handoll

operation not onlyv i i v
'y involves identifying a new base Station. but also requires that the voice anc

control si nals be alloca g hele e

Lol BT e lld lc‘d to channels Associated with lhe ey e e Bta

Processing handoffs is a e — . oies
N important task in any cellular radio system. Many handoff stratesie

A \L'”.

ed 5§ ‘
—ccessfully and as infrequently as possible. and be impereeptidis

o dw users. In O!dcr (e} (831
s e er cese re‘l..lr‘ ments '1 S E2no
ICVC' at Whlc,'l LN l]]ll]a[ » ——-——-—\l n des -lkllt.I S Imust \[KLI' Y an op t = l‘ == 3
cn handD,' On( e s | p'ml‘ 111 o

h!
. wdignal level is specified as the munimuim uss




‘ Handoffs

= A crucial component of the cellular concept is
the notion of handoffs.

= Mobile phone users are by definition mobile, I.e.,
they move around while using the phone.

= Thus, the network should be able to give them
continuous access as they move.

= This Is not a problem when users move within
the same cell.

= When they move from one cell to another, a
handoff is nheeded.




‘ A Handoff

= A user Is transmitting and receiving signals from
a given base station, say B,.

= Assume the user moves from the coverage area
of one base station into the coverage area of a
second base station, B.,.

= B; notices that the signal from this user is
degrading.

= B, notices that the signal from this user is
Improving.




A Handoff (Cont’d)

= At some point, the user’s signal is weak enough
at B, and strong enough at B, for a handoff to

OCCuUr.

= Specifically, messages are exchanged between
the user, B,, and B, so that communication
to/from the user Is transferred from B, to B,.




signal for acceptable voice quality at the base station recei

10 4 -100 dBm), a slightly stronger si 1 level is o:cr s DL bch?:,oﬁn —:)Omdem
- = - A o= =% = S -
This margin gt\cnhby i P"'?'M P, . hies CANDOL be too large or oo small. If A s oo
,rm_.i.—c‘ o - - s which burden the MSC may occur, and if A is too small, there may be
insufficient time to complete a handoff before a call is lost due to weak signal conditions. Therefore
A is chosen carefully to meet these conflicting requirements. Figure 3.3 illustrates a handoﬂ' sinm:

pnon. Figure 3 3(a) demonstrates the case where a handoff is not made and the signal drops below the
minimum acceptable level to keep the channel active. This dropped call event can happen when

there is an excessive Jelay by the MSC in assigning a handoff or when the threshold A is set too

small for the handoff time in the system. Excessive delays may occur during high traffic conditions

due 1o computational loading at the MSC or due to the fact that no channels are available on any of
the nearby basc stations (thus forcing the MSC to wait until a channcl in & nearby cell becomes free).

(ta) Improper

Handoff threshold
handoff situation

&
Minimum acceptable signal o
to maintain the call

TLevel at point B (call is terminated)

Received signal level
N
A

Time

__Levelat point B
(b) Proper

handoff situation

Level at which handoff i=s made

Received signal level

-

Time

Figu 3.3 Hustration of a handoff scenario at cell boundary.

__ _Levelat point A & aé(%
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: Chapu:rs shows that even when a rnob»lc user Is stationary., amkb

mpﬁooiotbevi&mity of the base station and the mobile can produce fading: thus, even
: uﬂyhaveanmdorn and hGinite dwell time. Analysis in [Rap93b] indicates thar the

a Station-

mofdweu ume vary greatly, depending on the speed of the user and the type of rad

= &’l‘ MP‘G in mature cells which provide coverage for vehicular highw Ay nsers

mm tend o have a relatively constant speed and travel along fixed and well-defined path
wilhm:radfd coverage. In such instances, the dwell time for an arbitrary user is & random
variable with a distribution thar is highly concentrated about the mean dwell time. On the other
hand, ﬁ:rusers in dense. cluttered microcel] environments, there is
dwell tinic about the mean, and the dwell times are typically she

would otherwise suggest. It

is apparent that the statistics of dwell rir
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ume. The MAHO method enables the call 1o be handed over between base stations at a much faster
e than in first gencration analog systems since the handoff mcasurctne‘ nts = Sz g

mobil_c. and “thel MSC.‘ no longer constantly monitors signal strengths. MAHO is particularly suited
wmc ular environments where handoffs are more frequent.

During the course of a call, if a mobile moves from one cellular system to a different cellu-
|nL—s_y§u_:|;n _conf(gllcil by a different MISC. an intersysrem handoff becomes necessary. An MSC
engages in an intersystem handoff when a mile signal becomes weak in a given cell and the
MSC canﬂc‘)_l_@d avnoll?e"r cell within its system to which it can transfer the call in progress.
Thére are many issues that must be addressed when implementing an intersystem handoff. For
instance, a local call may become a long-distance call as the mobile moves c;ut of its home sys-
tem and becomes a roamer in a neighboring system. Also, compatibility between ihc two MSCs

must be determined before implementing an intersystem handoff. Chapter 10 demonstrates how
intersystem handoffs are implemented in practice.

Diffe 3 1 olicie hat
Some systems handle handoff requests in the same way they handle originaung calls. In such
systems, the probability that a handoff request will not be served by a new base station is equal
to the blocking probability of incoming calls. However. from the user's point of view. having a
call abruptly terminated while in the middle of a conversation is more annoying than being
blocked occasionally on a new call attempt. To improve the quality of service as perceived by the

users. various methods have been devised to prioritize handoff requests over call initiation
requests when allocating voice channels.

3.4 Prioritizing Handoffs

One method for giving grioritx 1o handoffs is called the gward channel concepit, whereby a fraction
of the total available channels in a cell is reserved exclusively for handoff requests from ongoing
calls which may be handed off inic the cell. Thas method has the disadvantage of reducing the total
carmed uaflic, as fewer channels are allociated to originating calls: Guard channels, however, offer
efficient s trum utilization when dynamic channel assignment strategies, which minimize the
nuww channels by efficient demand-based allocation, are used.

CZ/ Queuing of handoff requests is another method to decrease the probability of foreced termi-
nation of a call due to Tack of available channels. There is a tradeoff between the decrease in
pm.h—::t;;iity of foreed termination and total carried traffic. Queuing of handoifs 1s possible duc to
the fact that there is a finite ume interval between the time the received signal level drops below
the handoff threshold and the time the call is terminated due to insufficient signal level, The

_delay time and size of the queue is determined from the traffic pattern of the particular service
aren. It should be noted that queu’ing does nol guarantee a zero pwbgpili(z of forced termination,
since large delays will cause the received signal level to drop below the minimum requireg level
to maintain communication and hence lead o forced termination.




How to made a call




E':.‘c':':'- Ji.z Cellular systems rely on the frequen reuse concept,
ition beec?iff res that the forward control channels (FCCs) in neighboring
s Srent. By defining a relatively small number of FCCs as part of

cCommon air interface, cellular phones can be manufactured by many
Companies which can rapidly scan all of the possible ECCs 1o dalermins
he strongest channet atl any time, Once finding the sirongest signal, the
Celiular phone receiver Stays “camped” 1o the particular FCC. By broad-
casting the same setup data on all FCCs at the same time, the MSC is
mﬁg_&?m%ﬂthin the cellular system and can be certain
that any mobile will be signaled when Il receives a call via the PSTN.

1.4.3.1 How a Cellular Telephone Call is Made

When a cellular phone is tumed on, but is not yct engaged in a call, it first scans the group of for-
ward control channels to determine the one with thesuun;;st signal, and then monitors that control
Chlnuelunlilthcﬁgnaldro;sbclownusnblclml.Allhlspolnl.Minmlhcmlchmk
in scarch of the stongest basc station signal. For each cellular systerm descibed in Tabies 1.7
through lJ.dncconuolchumhmedcﬁnulnndmndudizedmdnemﬁmgeoy-phicam
medandwpiauynmkcupabouis%ofumlouunurnbcro(c!nnnelsav-ﬂ-blcinu'ncsysu:m((hc
other 959% are dedicated to voice and data traffic for the end-users). Since the control channels are
WMmiwumymdMImmuwmunuyamﬁmum
phone scans the same channels while idle. When a telephone call is placed to a mobile user, the

mﬁmumwm'Mmﬁmml&m;ymmmw
rmsoyrber (MIN), Mkmmw'smnm.amumﬂam
over all of the forward control channcis throughout the cellular system. The mobile receives the
paging message sent by the base station which it monitors, and responds by identifying itself over
‘unused voice channcl within the ccll (typically, between len o _sixty voice channels apnd just one
ﬁ_&dmmb‘ﬁmn's base station). At this point, the base station signals the mobile
an alery) is tansmitied over the forward voice channel 1o instruct the mobile

. ' : "out of range of cach basc station. This is called a handoff. Special con-




Timing diagram illustrating how a call to a mobile user
Initiated by a landline subscriber is established

‘ T o Receives cull from Vernfies thit the Reguests BS w Connects the
MSC PSTN, Sends the mobile has a valid § move mobile to L mobile with the
requested MIN o MIN, ESN pair unused vosce calling party on
all base stanons channel pair, the PSTN
g HCC Transmits page Transmits data
{MIN) for message for mobile
specificd user. 10 move o specific
yoice channel.
RCC Receives MIN,
ESN. Stanon Class
g;‘: n Mk and passes o
; o MSC
: FVC Begin voxce
: transmmesaon.
RVC Begmn voice
reception
FCC Receives page and Receives data
maiches the MIN Mmessages 0 move
z with its own MIN 1o specified voice
channel.
RCC Acknowledges
recerpe of MIN and
Mobile sends ESN and
Station Class Mark
FVC
RVC
time —» .

Figure 1.6 nmmhmauwn;mu-mmmw@mma




Timing diagram illustrating how a call initiated by a
mobile Is established.

Connects the mobile

Tnstructs FOC of

Receives call imuation
request from base originating base station with the called party on
MSC stanon and verifies thut | 10 move mobile to a pair the PSTN.
the mobile has a valid of voice channels.
MIN. ESN pair
FCoCo Page for called mobile,
mnstructing the mobile to)
move to voice channel.
RCC [ Recsives call inination
ase request and MIN, ESN,
ghﬁon Stanon Class Mark.
FVvC Begin voice
RVC Begin vowce
recepon.
FCC Receoives page and
matches the MIN with
its own MIN. Receives
instruction to move 10
voice channel.
RCC | Scnds a call imtaton
obl reguest along with
Sobtte subscribe MIN and .
number of called party.
FVC Begin voice
. receplion.
o0 transmesaon
tume —

Flguny Timing diagram illustrating how a call initiated by a mobile is established.



When a mobile originates a call, a call initiation request is sent on the reverse control
channel. With this request the mobile unit transmits its telephone number (MIN), electronic
serial number (ESN). and the telephone number of the called party. The mobile also transmits a
station class mark (SCM) which indicates what the maximum transmitter power level is for the
particular user. The cell bage station receives this data and sends it to the MSC The MSC 15C vali-
dates the request, makes connection to the called party through the PSTN, and instructs thc base

_station and mobile user to move to an unused forward and reverse voice channel pair to allow the

conversation to begin. Figure 1.7 shows the sequence of events involved with connecting a call
ﬁ‘ - - - - - -
which is initiated by a mobile user in a cellular system.

All cellular systems provide a service called roaming. This allows subscribers to operate
in service areas other than the one from which service is subscribed. When a mobile enters a city
or geographic area that is different from its home service areq, it is registered as a roamer in the
new service area. This is accomplished over the FCC, since each roamer is camped on to an FCC
at all times. Every several minutes, the MSC issues a global command over each FCC in the sys-
tem, asking for all mobiles which are : previously unregistered to report their MIN and ESN over

the RCC. New unregistered mobiles in the system periodically report back their subscriber infor-

— —

~ mation upon receiving the registration request, and the MS SC ih—Tl uses the rg_u_/gs__mm__

WWJ&NW ister (HLR) for each ing mobile. If a par-
ticular roamer has roaming authorization for billing purposes, the MSC _n.zmets the subscg'gg[

-

_as a valid roamer, Once registered, roaming mobiles are allowed to receiv _
that area, and billing is routed automadcally to the subscriber’s home service MI‘" .g.
“working concepts used o implement roaming are covered in Chapter 0. A



‘ Major Mobile Radio Standards

USA

Standard Type Year | Multiple Frequency Modulation Channel
Intro | Access Band BW

(MHz) (KH2)

AMPS Cellular 1983 | FDMA 824-894 FM 30

UusDC Cellular 1991 | TDMA 824-894 DQPSK 30

CDPD Cellular 1993 | FH/Packet 824-894 GMSK 30

|S-95 Cellular/PCS 1993 | CDMA 824-894 QPSK/BPSK | 1250
1800-2000

FLEX Paging 1993 | Simplex Several 4-FSK 15

DCS-1900 | PCS 1994 | TDMA 1850-1990 GMSK 200

(GSM)

PACS Cordless/PCS | 1994 | TDMA/FDMA 1850-1990 DQPSK 300




‘ Major Mobile Radio Standards -

Europe

Standard Type Year Multiple Frequency Band | Modulation | Channel
Intro | Access (MHz) BW
(KH2)
ETACS Cellular 1985 FDMA 900 FM 25
NMT-900 Cellular 1986 FDMA 890-960 FM 12.5
GSM Cellular/PCS 1990 TDMA 890-960 GMSK 200KHz
C-450 Cellular 1985 FDMA 450-465 FM 20-10
ERMES Paging 1993 FDMA4 Several 4-FSK 25
CT2 Cordless 1989 FDMA 864-868 GFSK 100
DECT Cordless 1993 TDMA 1880-1900 GFSK 1728
DCS-1800 | Cordless/PCS | 1993 TDMA 1710-1880 GMSK 200




‘ Cellular Networks

= First Generation

Analog Systems

Analog Modulation, mostly FM
= AMPS

Voice Traffic

FDMA/FDD multiple access

= Second Generation (2G)
= Digital Systems
= Digital Modulation
= Voice Traffic
= TDMA/FDD and CDMA/FDD multiple access

= Digital Systems
= Voice + Low-datarate Data

= Third Generation
= Digital
= Voice + High-datarate Data
=  Multimedia Transmission also




2G Technologies

cdmaOne (1S-95)

GSM, DCS-1900

1S-54/1S-136
PDC

Uplink Frequencies (MHz)

824-849 (Cellular)
1850-1910 (US PCS)

890-915 MHz (Eurpe)
1850-1910 (US PCS)

800 MHz, 1500 Mhz
(Japan)
1850-1910 (US PCS)

Downlink Frequencies

869-894 MHz (US Cellular)
1930-1990 MHz (US PCS)

935-960 (Europa)
1930-1990 (US PCS)

869-894 MHz (Cellular)
1930-1990 (US PCS)

800 MHz, 1500 MHz
(Japan)

Deplexing FDD FDD FDD
Multiple Access CDMA TDMA TDMA
Modulation BPSK with Quadrature GMSK with BT=0.3 /4 DQPSK

Spreading

Carrier Seperation

1.25 MHz

200 KHz

30 KHz (I1S-136)
(25 KHz PDC)

Channel Data Rate

1.2288 Mchips/sec

270.833 Kbps

48.6 Kbps (1S-136)
42 Kbps (PDC)

Voice Channels per
carrier

64

3

Speech Coding

CELP at 13Kbps
EVRC at 8Kbps

RPE-LTP at 13 Kbps

VSELP at 7.95 Kbps




‘ 2G and Data

= 2G iIs developed for voice communications

= YOUu can send data over 2G channels by
using modem

= Provides a data rates in the order of ~9.6

Kbps

= Increased data rates are requires for internet
application

= This requires evolution towards new systems:
2.5G




25 Technologies

= Evolution of TDMA Systems

o HSCSD for 2.5G GSM
0 Upto 57.6 Kbps data-rate

0 GPRS for GSM and 1S-136
0 Upto 171.2 Kbps data-rate

o EDGE for 2.5G GSM and 1S-136
0 Up to 384 Kbps data-rate

= Evolution of CDMA Systems

0 1S-95B
0 Up to 64 Kbps




‘ 3G Systems

= Goals
o Voice and Data Transmission
= Simultanous voice and data access

o Multi-megabit Internet access
= Interactive web sessions

o Voice-activated calls

o Multimedia Content
= Live music




‘ 3G Systems

= Evolution of Systems

= CDMA sysystem evaolved to CDMA2000
CDMAZ2000-1xRTT: Upto 307 Kbps
CDMAZ2000-1xEV:
CDMAZ2000-1xEVDO: upto 2.4 Mbps
CDMAZ2000-1xEVDV: 144 Kbps datarate

= GSM, I1S-136 and PDC evolved to W-CDMA (Wideband
CDMA) (also called UMTS)

Up to 2.048 Mbps data-rates
Future systems 8Mbps
Expected to be fully deployed by 2010-2015

= New spectrum is allocated for these technologies




Interest to 3G Applications

Western Eastern USA

Europe Europe
Emails 4.5 4.7 4.3
City maps/directions 4.3 4.2 4.2
Latest news 4.0 4.4 4.0
Authorize/enable payment 3.4 3.8 3.0
Banking/trading online 3.5 3.4 3.2
Downloading music 3.1 3.4 3.2
Shopping/reservation 3.0 3.1 2.9
Animated images 2.4 2.7 2.6
Chat rooms, forums 2.3 2.9 2.2
Interactive games 2.0 2.2 2.4
Games for money 1.8 1.8 1.8

(Means based upon a six-point interest scale, where 6 indicates high interest and 1 indicates low interest.)




‘ Upgrade Paths for 2G Technologies
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