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Abstract

Cellulaf systems are going wide 'spread po.pularit'y.'davy by day because it
'.offers_' subscrib.ervs lo‘catibonvindependent 'accesé to a variety of vtelephonel services. In a
~ cellular network a m‘obile stations connects to a mobile switching center via a radio base
A .stat.ior.l since mobvile.subscriber are not static, mobility manégémént in the kéy issue in
s:e'l;h';‘lar netwdrk(i.e. to locate subscribers and maintain cells during_ movem-e‘nt).

This dissertation br'esents thé basic - concepts of mobility management in
celluiar network and discuss the key issue likeblocétion updating; handover t}echniq-uesﬁ
First of all architecture of cellular systems is discilssed.wh.ich_ 'comprises type of cells,
fx'équeﬁcy feuse and different.compvonents of the cellular syé‘tems. Then a reference
.lm(b)bdvel. for ¢ellular systems is giveh with channel selectionv, location ‘management.
Location management discuss location updating, databa;é used for the purpose with an
_eXample of GSM (global syvste‘:m for mobile communication). Handovers are then
discussed Which includes cell to cell handovers, domain to domain handover énd éubﬁet’
to subnet handover. Three handovers schemes are suggested for effective and vefﬁ’ciént.v

handovers.
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CHAPTER 1

INTRODUCTION

1.1 The Evolution of Cellular Systems

.Cellu‘lar is one of the fastest growing and most demanding telecdmrﬁunicétions
applications. Today, it represents a continuously increasing percel.ltage. of all .new.
telephone subscriptions ar.ound\the world. Currently there are more than 45 million
cellular subscribers worldwide, and nearly 50 percent of those subscribers are ldcatéd iﬁ
the United States. It is forecasted that cellular systems using a digital téchnology will
become the universal method of telecommunications. By thé year 2005, forecasters
predict that there will be more than 100 million cellular sﬁbscribers worldwide. It has
even been estimated that some countries may have more mobile phones than ﬁxe‘d
‘phones by the year 2000.
The concept of cellular service is the use of low-power transmittérs where 'frequenéies
can be reuséd within a geographic area. The idea of cell-based mobile radio service wés
~formulated in the United States at Bell Labs in the early 1970s. However, the Nor_dic
countries were the first to introduce cellular services for cbmmercial use with {ll_e

introduction of the Nordic Mobile Telephone (NMT) in 1981.
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Figure 1.1 Cellular Subscriber Growth Worldwide

~ Cellular systems began in the United States with the release of the advanced mobile
phone service (AMPS) system in 1983. The AMPS standard was adopted by Asia, Latin
America , and Oceanic countries, creating the largest potential market in the world for
cellular. v

In the early 1980s, most mobile telephone systems were ana‘lo-g rather than digital. like
today’s newer systems. One challenge vfacing analog systems was the inability to handle
the growing capacity needs in a cost-efficient manner. As a result, digital teé'hn"ology was
welcomed. The advantages of digital systems over analog systems include ease of
signaling; lower levels- of interferenee, integration- of- transmission..and. switching,. and
increased ability to meet capacity demands. Table 1 charts the.wbrldwide development of

mobile telephone systems.
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Table 1. The Development of Mobile Telephone Systems

Year Mobile ,Sys'tem ,

1981 Nordic Mobile Telephone (NMT) 450

1983 American Mobile Phone Systém _(AMPS)-

1985 Total Access Communication System (TACS)

1986 'I\Jéx;dic Mobile Telephony (NMT) 900
1991 Americén Digital Cellular (ADC)

1991 Global Syéten\l for Mobile Communication (GSM)
1992 Digital Cellular System (DCS) 1800

1994 Personal Digital Cellular (PDC)

1995 PCS 1900—Canada

1996 PCS—United States

1.2 Cellular System Basics

1;2.1 Cellular Strﬁcture

In a cellular system, the covering area of an operator is divided into cells. A cell
-cbrrésponds to the covering-area of one transmitter or a small collection of transmitters.
. The size of a cell is determined by the transmitter's power. |
Th¢ concépt of cellular systems is the use of low power transmitters in order to enable the
efficient reuse of the frequencies. In fact, if the transm_itters used are very powerful, the
frequencies can not be reused for hundred of kilometers as they are limited_ to the
covering area of the transmitter.
The frequency band allocated to a.cellul_a;.mobilé radio System i's. vdistributed éver a group
of cells-and this distribution is repeated in all the covering area of an operator. The whole

number of radio channels available can then be used in each group of cells that form the ,
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covering area of an operator. Frequencies used in a cell will be reused several cells away.
The distance between the-cells using the same frequency must be sufficient to avoid
interference. The frequency reuse will increase considerably the capacity in number of

users.

Figure 1.2 Frequency Reuse in a Cellular System

In orde; to work properiy, a celluiar system must verify »tfle following two main

conditions: |
e The power lével of a transniittef within avsingle cell must be liinited in order to
ire.duce the interference With the transrhittérs of neighboring cells. The interference

will not produce any damage to the system if a distance of about 2.5 to 3 times the



5 o | o . CHAPTER |

diameter of a cell is reserved between fransmitters'. The receivér"ﬁlters must also
be.v.ery ;.)r.eferment;
o .N_eighborivng cells can not share the vsame channels. In order to reduce the -
interfere-nce; the ,freQuencies must b,e;-reused only within a certain ,pat‘térh.
In 6rder to exchénge the int‘drmati-on needed to maintain the émnmunicaﬁon links _Mthin
.the cellular network, several vradio' chénhéls are reserved.vfor‘thé .si.gna‘li.ng‘» ix{varim'c_l'ti(’)nr -
1.2.2Cluster
‘The cells are grbuped into clusters. The number of cells in a cluster must be defermined ,
so that the cluster can be_fepeated contimiously within the covering are‘a;b-f‘ an operator..
The typicai clusters contain 4, 7, 12 or 21 cells. The number of C-ellé in each vvcl»'us_t_er is
very important. The smaller the number of cells per cluster is, the bigger the number of
channels per cell will be. The capacity of each cell will be therefore increaéed. Howe?er av.
balance must be found in order to avoid the interference that could occuf bétweén .
neighboring clusters. This interférence 1s produced by the small size of thé ch.lsters.v(t_l_‘f:_
size. of the cluster is defined by the number of cells per cluster).'_The_fotal n’ulnbcg“g;f -
channels per cell depends on the number of available channels and the type of cluster
used. |
1.2.3 Types of cells
The density of population in a country is so varied that different types of éell_s are used:
e Macrocells
e Microcells

o - Selective cells

e Umbrella cells
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1.2.3.1 Macrocells

- Thé macrocells are ldrge cells for remoté and sparsely populated areas.

1.2.3.2'Micr0c'el‘ls '. |

These cells are used for dénse'ly populated areas.'B.y, spli{ting; the existing areas into
smaller cells, the num'ber'of channels avéilable is increased as well as the capacity of the
c-ells’. Tile power level of the transmitters used in these cells islthen decreased, reducing

the possibility of interference between neighboring cells.

1.2.3.3 Selective cells

[t is not always useful to define a cell with a full coverage of 360 degrees. In some cases,
“cells with a particular shape and coverage are needed. These cells are -called selective
cells. A typical examplé of selective cells are the cells that may be located at the
entrances’ of tunnels where a coverage of 360 degre-es is not needed. In this case,-a-
selective cell with a coverage of 120 degrees is used.

1.2.3.4 Um.brella cells

A freewéy crossing very small célls produces an important number of handovers améng
the differeni small neighboring cells. In order to solve this problem, the concept of
umbreila cells is introduced. An umbrella cell covers several mfcrocells. The powe_f level -
inéide an umbrella cell'is increased comparing to the power lev'evls' used m thé microcells
that form the umbrella cell. When the speéd of the mobile 1s t(»)o. high, the mobile is

handed off to the umbrella cell. The mobile will then stay longer in the same cell (in this
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case the umbrella cell). This will reduce the number of handovers and the work of the
network.
A too important number of ha__ndovers demands and the propagation characteristics of a

mobile can help to detect its high speed.

1.3 Cellular Netwofk Eleﬁents

Subscriber Station (SS): The subscriber .stati.on is the terminal unit that pe;forms the
function of a conventiéhal telephone. Unlike a conventional'telephone, however, the
- subscriber 'station includes a full duplex radio subsystem that provides for a full duplex
voice channel plus the necessary signaling between the subscriber station and the radio
base station.

RédioBase Statién (RBS): The radio base station has the necessary radio, control, and
multiplexing- functionality to maintain full-duplex radio connections to multiple
sub501'iber stations, set up and tear down conne'ctions to subscriber stations, track signal A.

strength and other parameters associated with specific subscriber stations, and provide-

trunking to the mobile switching center. A single radio base staﬁon setves a well-defined -
geographicﬁ area surrounding the base station. The size of the area its serves depénds on
many factors, but in contemporary cellular systems the area may range from as small as
one squaré mile to as large as 200 square fniles.

Mobile Switching Center (MSC) : Its performs t‘he switching fl‘,lrleﬁOIl and .many control
fmetions for the cellular serving a_rea,‘ which typically consists- of tens: or-hundreds: of
radio baSe;s_tations spread over an extended metfopolitan or fural area. Unlike a switching

end-office in the PSTN, whose primary role-in the network is switching calls, the MSC
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has a significant processing burden in managing mobility, In addition to its ordinary

switching function. At a minimum, the mobility management function requires the switch

Other Base Stations -

A

Radio -
Base
Station

Mobile Switching

Center Ly
MSO)
Radio
' Base
Station
_ v
Other MSCs

Radio
Base
Station

Figure 1.3 Basic Cellular Network Elements
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“ 10 "locate subscriber stations to which incoming calls are directed, managed the
© assignment of radio resources in all of the base stations as calls are originated, and track
- the motion of subscriber stations as they move between the serving areas of individual

~radio base stations to ensure continuous and uninterrupted ‘service. . -
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CHAPTER 2

Mo-b‘il‘ity' Management In Cellular Swi'stem's:

In cifferingi___tihe promise of making telephone' ser’viéé gvailable to subscriber
stations independeni of their location. Cellular .syste'm‘s icreate. a multifaced problem.
known as mobility management. The Mobility Management. furiétion is in charge of all
thé_aspects related with the mobility of the user, specially the location managemén_t and ,
the authentication and security. .This scheme covers all aspects cif the problem of lcicating ‘,
and trackiiig subscriber stations as they move about in their home service area, or outside
wheré they may be visiting and desir¢ to obtain service.

Before we discuss the various aspects of mobility manaéement in cellular systems,
we need a more general network model because additional network elements are required |
to manage mobility. Also, to understand the operation of mobility, we need to deﬂiie
three parameters that are stored in the subscriber station anci give it a uniqiie ‘dentity.
These are: ]

. Hbme system Identity (SID) 15-bit system identity inciiéator that is set to the SID of
the sutiscriber station’s- home systém. The FCC has defined a set oi‘ cellular
geographic serving areas (CGSAs), and potentially two cellular systems Iirov_ide v'
service in each CGSA. Each of these systems has a unique SID. The SID (if t}ie

system.in which the subscriber station subscribes for service is the. Home SID.
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Mobile identification number (MIN) '10—digit directory number of each Subscribér

station.is encoded in to a 34-bit value called the MIN.

Electronic serial number (ESN) 32-bit value that uniquely identifies the subscriber
station. This number consists of an 8-bit manufacturer. code, an 18-bit serial number.

and 6 reserved bits.

The network elements shown in this model are

Subscriber station (SS)

‘Radio base Station (RBS)

Mobile swz'tchz'ng‘cenrer (MSC)

Public switching telephone network (PSTN) and integrated Services digital network

- (ISDN) These are external networks with which the MSC will be interconnected.

Home location. register (HLR) The HLR 1is a database used for storage and
management of subscriptions. The HLR is considered the most im.portarit database, as
it stores pefmaﬁeﬁt data about MIN, ESC, current ( last reported ) location , service
profile , and information associated with authentication of users. The HLR may be an ]
integral part of the MSC, or it may be a physically separétc entify providing HLR
services to one or more MSCs. |
Vz'.S'ilorllocation register (VLR) The VLR is a database thaf contains temporary 
information about subscribers that is needed by thev MSC in order to service visiting
subscribers. The VLR is always integrated with- the-MSC. When va- mobile -sta-t.ion_'
roams into a new MSC area, the VLR connected to that"MSC will request data about

the mobile st_atioﬁ from the HLR. Later, if the mobile
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‘sfation ;makes a call, the VLR will have the information needed for- call‘ setup
withéut having to interrogate the HLR eaéh time. | |
. Authenlicatioh center (AC) A unit called the AUC provides authentication and
e_nc;‘yption parameters that verify the user's identity and ensure the coﬁﬂd‘e”mialit_\/
of e»ach call. The AUC protects network operators from different types'of fraud.
found in today's cellular wolrl_d. Again, the AC méy or ﬁot be an integral part of
‘the MSC. |
e Equipment identity regi;cter (EIR) The EIR is a databasé that cdntains information
about the identity of mobile equipment that prevents calls from stolen,
unauthorized,br defectiye mobile stations. The AUC and EIR afe i'mplenv)entve.d as
stand-alone nodes or as a combined AUC/EIR node. The EIR may o.r may not be

an integral part of the MSC.

2.1 Access!a.n'd Signaling Channel Selection

When a éubscriber sta.tioﬁ is first powered up, it executes, a procedure for
determining the radio base station that will provide it the best service, and o‘btains other
-information required to operate properly on the system to which the serving rédio base |
station be}ongs. The subscriber station starts by determining its preferred. system status,
which is information stored in the subscriber station .The subscriber station then-
measures the power on the 21 dedicated control channels that belong to its preferred_
system ( 313-333 for system A; 334-354 for system B )-,—émd chodses the channel with the
greatest power. [t-then attempts to receive. a system parameter overhead message on this

channel. If it cannot successfully receive this message, it tries on the second strongest
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channel. If 'rt can’t receive a system overhead meésage on either of these channelﬁ, it can
'change.serving systems and try again.

Aléng with the.dedivcated control channels, there separate pégirig and access functions,
Which may be a_ssign_éd to the same physical chénnels as tlre dedic.ated} control channels or
may be assi‘gned to physjcaliy distinct channels. B_ecausé a'll. channels, includi_n_g the
control channels come in duplex pairs, if distinct chamvlels‘are assigned ro the paging
function .and access functi.on, these are duplex pairs of chann‘él's that carry all tratfic, on
both base-to-subscriber and subscriber-to-base’ links, asso.ciatea'with the paging and
access functions, réspecti»vely.v |

As part of the system parameter \voverhead message, the spbscriber station receives
information that.allows it to dererrnine- what channels to ﬁse.for paging and for access.
The subscriber station must proceed to scan through the set of paging channels and
choose the strongest one. This paging channel 1s then monitored continuously, _asrlong as

the subscriber station is otherwise idle.

2.2 Systerﬁ Access

Once a éubscriber station has powered ui), and completed any initialization routines, it
may try trS access the system to make a call atternpt, or simply await an incoming call. If
the subscriber chooses ro initiate a call attempt, or the subscriber station needs to respond
a page, the subscriber station perforrns the system access function, as fql'loWs. First, the
_subscribe_r station scans all the acceés channels and chooses the strongest one.- Then it
attempts to seize the subscriber-to-base link on the access chanrrel through a random-

access procedure. Once the link is seized, the subscriber station transmits its message. -
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If the system access is for a call dfiginatiOn or a page response, the sﬁbscribgrsta’tiéri
next waitsféf a-subsequent message designating a voice chénnel, thgn tunes to fhe voice
chanﬁel indicated. The base station powers up the deéignating avoice channel énd starts
transmitting supervisory audio tone (SA_T)‘ on the ghannel ét the samé fime a:s it tr.a‘nsmitsv
the voice-channel designation message. When thé subécribgr station tunes to thé
designated voice chan.nel, it starts transponding the SAT. This tténsmission; serves as
confirmation to the radio bvasle station. that the subscriber st.a,tion has'x.‘-.fcceived its_voice-
channel designation message and successfully tuned to the designated channel.

Further signaling necessary for call control occurs on the call-control channel that is
embedded in the designated voice éhannel. I.f the access is a call oriéination, then the
subscriber station goes in to conversation mode immediatelyl'on‘ tuning to the voice
channel. If the access is a page response, then the .subscri_ber station is instructed fo alert
the user (ring the phone), and wait until the user answers, at which time, the subscriber

- station goes into conversation mode.

2.3 Paging

- Paging 1s the funétion for -ﬁnding the subscriber stati()'n.'al‘ld ihforming it about
incoming traffic. Iﬁ the other words Paging is. the procédure throuéh' wﬁi:_ch a called
subscriber station is located by‘the MSC when a caller dials the directory number of that
subscriber station. In its simplest form, péging operates as follows. When a call ‘arrivesval '
the MSC, the MSC sends a page request t.o'all the radio base statiohs iﬁ the cellular
serving-area. Each of thesé radio base statidns; in tﬁm; broadcasts the page request on its

paging channel.
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A‘llv powered-up. subscriber stations ‘that are not occupied. by an >a"ctiv.e call must
_continﬁouﬂy monitor the paging channel for page messages. When a page message 1S
received, the subsc.rib‘eps_tavtionvattempts to match the MIN ( éncdde_d directoryhuxﬁber )
contained in tthe'pagc niessage to its programmed MIN. If fhe MINS don"t.match, the
page message is ignoreid. If the MINs match, the subscriber ste.l.tibn attempté to respond
thh a page-response message to the fadio baée stafion thatvissue.d th.e‘ page lﬁessage.
When t_he rad‘io base stétidn receives the page response, it'returné a page response to
the MSCY; when the MSC g.ets this page response, i‘t issués a _setub order to the fadio base
station fhat resultsbin a voice-channel designation and SAT tone transmission as in the
call-setup sequence originated by. the subscriber statioﬁ. This step is followed: by -alerting ~
( 1'i;igillg ) “and answering if the user is present to respond to the alerti.‘ng.r The subscriberl )
station then goes into conversation mode, and further signaling necessary for céll _controlv
occurs on the call;'control channel that is embedded in the voice channel.
If the mobile is not powered up in the sérving area, or for some other reason can not

successfully réspond- torjthe page, there will be no response to the page.ilf , after an
: approbr_iate time intervai, the MSC does not receive a page response, it resbonds to the
call attempt in some suitable manner. For exémple, it may use a voice méssagev-informing
the caller that the subscriber i§ not responding to the call, or. may forward the call to
another landline number or voice mailbox.
2:-.'4 Registration |
F(')r-.large: 'cell.ula_r systems, the capacity. of 'the paging -channel e\‘/e_ntual'ly becomes an
issue, because e've.ry incoming call can result.in a pége message being sent by eVery radio

base station in the system. .
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It is pbssible thaf in a large system, the scenario above may exaggerate the paging. load,
because éustomer traffic may be only .0l or .015 Erlang per subscriber, and a fra.ct-ion.
. smaller than half of this traffic may be incoming calls. Howevef; 1t ié clear that paging‘
load can become excessive if all incoming galls result in a page message being broédéa’st
by each c;ll in the. system. In some cases, the systemr operator has the optfoh of
dedicating a set of c/har:mels to carry paging )tr_afﬁc o.nly, so that eéch radio base station
has on.evdupléx pair of ché.nnelsdedicated_. to ‘page an’d‘ page‘-r‘esponsev message, ahd a
separate éet of channels for system access traffic. This arr'alngemerit isvundesirable,v
howéver, becausé it u.ses'channels fhat would- otherwise be available forh voice traffic.
_Another way df controliing paging. traffic is to require subsériber stations to register
their presence with the system when they power up and power down.. In-this way the
MSC knows which subscribér stations are powered up and ready to receive‘ca‘lls, so.that :
it pages only subscriber stations that are present in the systéxn. Furthermore, bepausév the
subscriber station sends its registration message to a specific radiq base station, the _MSC
knows where the subscriber station was at power up. If the MSC‘then sends i)age requests
for that subscriber station only ;co a group of rad’iq base statio,r_ls. in.th_e--areé" around the
radiol base station where the subsériber statién originally registered, the paging traffic can
be cut down considerably.. This improvement in paging traffic is offset by a modest
amount of extra traffic onb'the access channels associated with the vpower-up_énd power-
down registratio‘ns. Power-up registration is not a feature of the AMPS sféndér_d, and. SO it.
“is not.available for use with the vasf majority of AMPS-compatible subscﬁ.bex" staﬁoﬁs in-

existence today.
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T_hé simple é’pproach relying only on power-upvand pQwer-d-own registration has the
disadvantage that if the subscriber‘station moves é great distance after power requests.
- This limitation can be overcome with two-stage paging, where the MSC pages in the area
where power-up regietration oceurred; if there is no ;eSponS_e, it will page over a wider
area, or over the entire sysfem. However, this procedure 'increases’ call-setup time, as well
as paging traffic. If a large percentage of customers are hig'hnly' .mobile,'then this strategy
will not lleip paging traffic much relative to the sivmple. wide-areavp.aging, approach.
vThe- 'registration process can also expanded to inciude pef'iodic regist.rétion by
subscribe'r sfations,_ SO that.as fh.e. subscriber station moves afou'nd the system, the MSC
can update its .‘knowledge of the position of the subscriber Sfation, and direct page
reqﬁests accordingly. Thisvm.ethod will help . limit paging traffic to areas where the
subscriber station is likely te be foﬁnd. However, if the subscriber is not moving, the
periodic registrationl will provide redundant information to the_ MSC énd '_L.mnecessarily
load the access channel.
2.5 Location Areas
A Vmore general form of registfation that takes care of tracking hi»gh_ly mobile subscriber
stations while limiti.ng‘access-channel traffic for slowly meving or stationary subscriber
stations involves the location areq. A location area is covered by a group of one or more
radio base stetions that the system operator identifies as a_n-area where the operator
considers all subscriber stations to be in a common paging area. The operator dividee the
service area up into a set of non overlapping location areas and.assighs a number to each
locaii011' area.‘ Eaeh bradio base'.s»’tatiori 'fnc.IUd'e.s the number of _the-tlocatiovn afea to which it

belongs: in the overhead message train that it transmits. When a subscriber, powers up,

-



20 ' , , ' ' | | v' | Chapter2
selects the strdngest dedicated éonirol 'chahnel, ana reads the ovérhead message train, it | _
stores the number of the locatioﬁ area to 'whi'.ch the radio bése station bclongi%, and then -
sends a regis’tratién r'n'essagé. Subsequéntly, When itisin i.dle mode, it reads. the dverhe‘éd
message train on the paging or dedicated control channel to whiﬁh it is tuhed._' Whén it
reads a location-area identity that is di_fferent from fhe oﬁé that it has .'stofed, it sends”
another registration mesvsage -to:inform the MSC that it has moved to a new paging area.
In déternminixlg, appr.opriate sizes for the location areas, the s‘ystenm opérator must ccﬁﬁider. _
both reductions in Iiaging traffic that are gained by decreasing the size of the location
areas; and reductions in registration traffic that are achieved by increasing the size of the
: locétioﬁ areés. If each radio base station is a distinct location area, then the MSC needé 1o
send a page reéuest to only.one radio base station to complete a call. This act, howevér_,l B
will_result in a ;'egistration_attempt by every subscriber station e_ach‘ time it moves out of
the range of a rad'.io base station for éver? incoming call. Between these '[WO' extremes is
an optimal point that minimizes the load on the paging and access. channels. This
optinium’ point will'vary according.to the. size 6f the system énd the .mobilivty profiles
“exhibited By the sub'scx‘i'be:s--on thé‘ system.

2.6 Handover

As a subscriber station moves around in a cellular system, the radio base station that

provides the best service Will change. When the su.bscvriber_stati(m is idle and monitoring
only paging channel traffic, as it moves out of range of one radio base stgtidﬂ, it will seek

out another radio base station that provides the strongest signal, and continue to monitor

paging traffic on the pagihg channel on the new radio base station.
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When a call is in progress, however, a more elaborate mechanism is required. for

[

changing the radio base station that a subscriber station is communicating with as it

moves away from its serving radio base station and the call quality is deteriorated by

decreaéing signal strength and increasing interference. Changing the radio 1ink_ from one
radio base station-to anot'her is'called hana’over, or handoff. Idealiy, the subscriber é.tation
will always be communicating with the radio'base stati_on‘thatv provides the best sigﬁalv,
and handover from one radio base station to another radio basé sta'fion will be

accomplished without disrupting the current call. However, 'niany_ problems are

associated with determining which radio base station is the best for providing service at

any given time, and with coordinating the handover in a timely . fashion .and without

- disrupting the call.

2.7 Roaming

One of the most pbwerful features of cellular technology, however is the potential for
delivering service to a subscriber regardless of location. ._In particular, it is highly
desirable to be able to deliver service to a subscriber who is visiting a service area outside
of his or her home service area. A subscriber who subs'cribesvvfor_ serv.icev in Noida, for.
example, and has a difectory number with the area code and Delhi exchange, should be
able to go to Faridabad and receive the same service that he or she receives in Noida. A
subscriber unit  that is operating outside its home service area is said to Be roaming.
Strictly speaking, a subscriber station is said to be roaming when the Homé SiD that 1s
programmed into thé subscriber station is different from the SID of the system that is

providing service. This condition can happen when the subscriber station is a subscriber

- on the B system in-a given geographic service area and is receiving service from the. A
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| syétem, o>r vice versa, as well as when the subéériber station is operating outside its. home
service area. A subséfiber statioﬁ always knows when it is roaming Becausé the SID is
always broadcast on the overhead message tr‘ain’, and the subscriber station compares i'ts.
, progrémm_ed homé SID with thg SID vt'ha‘t 1t reads on ‘the Qverhead messaéé train.
| Subééribef stations are Veqiuivpped with an indicator such as a l’igh’.t that is turﬁé_d :on when

the subscriber station is roaming.

2.8 Location Management

‘Location management is concerned with the ‘procedures that enable the éystemI to know |
the current location of a powered-on mobile station so thét incoming call routing -can be
corh’pleted. LocatiQn updating A bowered-on rﬁobile is informed of an inéoming callbya _
paging message sent over the PAGCH channel of a cell. One extreme would be to.p‘ége.
every cell in the network for each call, which is obviously a waste of radio bandwidtli.

The othér extreme would be for the mobile to notify the sysfe;ﬁ, via location updating
mess’ages,. of ité_curr_ent location af the individual cell lével. This w01.1>1d rcquife paging
messages to be sent to exactly one cell, bvut would be very wasteful d_ué to: the large
number of location updating messagés. Updating messages .arevreqqired when moving. .
between location areas, and mobile stations are paged in the cells of their current location -
area. |

The location updating procedures, and subsequent call routing, use the MSC and two

location registers: the Home Location Register (HLR) and the \_/isitor'-Locatio.n Regisﬁer

(VLR); When a mobile station is switched on in a new location area, or it moves to a new

lécation’ area or different operator's PLMN, it must register with the netwc_)rk to i.xidicate

its current location. In the nbrmal case, a locati.on.update ‘message is sent to the new

MSC/VLR, which records the location area information, and then sends the location
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information to the subscr_ibér’s HLR. The ihformativ_on sent to the HLR ié normally the
- SS7 address of the new VLR, although it niay bé a routing numbrer. The reason a rduting
vnurvnber isvnot normally assighed; e?eﬂ though it wovuld reduce:signalling, is that t_hg:re is
only a limﬁed number of routing 'numb'ers a?ailable in the new MSC/VLR -and v‘they are
allocated o'nvdemand for incoming célls‘. If the subscriber is entitled to sérvice, the HLR |
sends a subset of the subscriber infofmatién, needed for call contrdl, t’d the new
MSC/VLR, and sends a message to the old MSC/VLR to éancel the old _re'gi.straﬁo'n..

Fbr reliability reasons, Celiular systems also has a periodic locéﬁén updatihg proce_dure.
If an HLR or MSC/VLR f;iils; tc_) ha\%e, each mobile. register s_imultaneoﬁsly fo .br.ing the
database up to date would éause over‘lo>ading. Therefore, the database is updated as
location .updating events éccur. The éndbling_of periodic upda‘tingv, and tiie time period
, betweven peri'ddic updates, is controlled by %he ope}rator:,.and s a fradé-off between
signalling traffic and speed of recovery. If a mobile does not register after the updating

time period, it is deregistered.

A prd'cedure related to location updating is the iMSI attach and :detach. A detach lets the
network know that fhe mobile étation is unreachable, and avoids having to 11eedlessly
allocate chahnels and send 'paging messages. An attach is similar to'a location update, and
informs the system that the mobile is reachable again. The | activation of [MSI

attach/detach is up to the operator on an individual cell basis.

2.9 Authentication and Security -

Since the radio medium can be accessed by anyone, authentication of users-to prove-that
~they are who they claim to be, is a very important element of a mobile network.

Authentication involves two functional entities, the SIM card in the mobile, and the
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__Aﬁthghficatibn Center (AuC). Each subsCribef is given a secret key, one copy of .WhiCh is .
- stored inv.vthe SIM card\gnd the other in the AuC; During aulthen‘ti.cation, the -AuC
gé_nerates a'random number that it sends to the mobile. Both the n‘lo'bile: and the AuC thenv
use the random number, in conjuction with the sub_spriber's secret key and a cibhering
algoﬁ_tl’x_ni'called-AS‘, to generét_e a signed r'esp_oﬁk '(SRES) fhat’is- sent back to the AuC. If
.thve number sent- by ‘the mobile is the same as f[hé‘ c;he ’céI'CLllafed by the AuC, the
subscriber'is authentica_ted.. _

The same initial random number and subscriber ‘key .a.re also uéed to »éompute the
ciphering key using an algorithm called A8. This ‘ciphering kéy, together with the TDMA
frame number, use the A5 algorithm to crééte a 114 bit sequence that is XORed with the
,114 bi‘ts of a burst (the two 57 bit blocks). Enciphéring 1s an option for the fairly
paranoid, since the signal is already coded, int‘erlleaved, and transmitted in a T_DMA
manner, vthus providing protection from all 'but'the most bersis’tent andbdedicated

eavesdroppers.
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CHAPTER 3

| Ldéation Management

Location management schemes are essentially based 'on‘"usefs’ mobility and
incom'ingv- céll rate cllafacteris_ti.cs. The network m.o‘b.ilitvy précess has to face strbﬁg
.éntagonisni between its two »basic procedures: location- >and péging. _The lqcation_ B
proc_erdure allows the system to keep the use;r's 1oéé-tiovn' k.n‘owledgé,‘ more  or less
| éécurateiy, iﬁ 6rder, to be able to ﬁhd him, in case of avcomir‘1g call, for.'examp‘le. Lbcation
' 'registrétion is also used to-Bring th¢ -user's service profile near its location and élloWs ;he
network prov_idé him rapidly with his services. The paging. p‘ro.cessv achieved ,b.y the‘
~ system consisting of sending paging messages in gll cells. where- the mobile t'erminat
cQuld be l_ocatedv. Therefore,‘ if the location cost is high (and thus the user locati}oﬁ.-
knc}wle’dge 1s aécurate),‘the paging cost will be low (paging 1i1éééaées will be only be
transmitted over a small area) and vice versa. » |
3.1 Present Location.Managément‘Methods

3.1.1 No Location Manag.emen.tv
In earlyr wide area Wireless system (not yet cellular), human opérétors had to
process the calls and the users' locatioﬁs were not managed by the system. A user was
_ able to generate a call through.anly'base station (BS), ahd paging messages‘_iaddressed.
to the called mobiles were transmitted‘ through all BSs. The main cha.racteristics. of .

these systems were very large cells, and lower user population and call rates.

Small-capacity cellular systems (with a few tens of BSs serving a fewthousand i

users) may also not use a location management method, even when the standard
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allows it. If subscriber number and calling rates do not require it, the location”
management method is not activated; resource consumption for finding users is not so

important that its reduction is mandatory. . -

This level 0 method is therefore as simple as could be no location management is

realized; the system does not track th_e mb_biles. A search for a .called user must

-therefore be done over complete radio coverage area and within a limited time. This

method is usually referred to as flooding algorithm. It is used in paging ‘systenis ,
because of the lack of an uplink channel allowing a mobile to inform the network of -
its whereabouts. It is also used in the small'private mobile networks because of their

small coverage area and user populations.

The main advantage of not locating the mobile terminals is obviously simplicity; in
particular, there is no need to implement special databases. Unfortunately, it does not

fit large networks dealing with high numbers of users and high incoming call rates.
3.1.2 Manual Registration

This method requires the user to locate himself by achieving a special procedure
if he ‘wishes to receive his incoming calls. From the network site, this method is

relatively simple to manage because it just requires the management of an indicator,

- which stores the current location of the user. The mobile is also relatively simple;. its

task is just limited to scanning the channels to detect paging messages.

£E
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user has to- register-itself each time he moves to a new island of CT2 beacons.. To

page.a user, the network first transmits messages through'the beacon with which he
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registered and. it the mobile dose not answer. extends the paging to neighboring

beacons.

The main drawback of this method is the constraint for a user to register cach
time he moves. Nevertheless, this low ergonomic can be balanced by the low
equipment and management costs of the network, which allow the operator to offer

users attractive fees.
3.1.3 Use of Location Areas for Automatic Location Management

Presently, the location method most widely implemented in the first- and second-

generation cellular system (NMT, GSM, IS-95, etc.) makes use of location arcas

(LAs) (figure 3.1). In these wide-area radio networks, location management is done

automatically.

Location areas allow the system to track the mobiles during their roaming in the

Location area
e

Figure 3.1 Location Area



Chapter 3
networks: subscriber location is known if the system knows the LA in which the

subscriber is located. When the system must establish a communication with the

mobile, the paging only occurs in the current user LA. Thus, resource consumption is

limited to this LA; paging messages are only transmitted in the cells of this particular

LA,

Implementing LA-based methods requires the use of databases. Generally, a home -
database and several visitor databases are included in.the network architecture. There _
are also several locations updating methods that can be im’plemehted based on LA -

structuring.

3.1.3.1 Periodic location updating

This method is simplest because it just requires the mobile to periodically transmit its -

~identity to the network. Its drawback is its resource consumption, which-is use‘f

dependent and can be unnecessary if the user does not move from a LA for severat

hours. Generally, this method is combined with the next one.
3.1.3.2 Location updating on LA crossing

This method first requires each BS to periodicallyv broadcast the identity of its LA
Second, the mobile is required to permanently listgn to network broadcast -inforn.]ation
(on the. broadcast channel) and to store the current LA 'idéntity. of tvhé_rvecei'ved‘ LA
number differs from the stored one, a location update (LU) procedupe is autbiﬁatically

triggered by the mobile.



29 Chapter 3

Figure 3.2 Location of Updating on LA corssing

The advantage of this method is that it only requires LUs when the mobile actually
moves. A highly mobile user will generate a lot ot LUs; a low mobility user will only

trigger a few.

S
e

A hybﬁd method which combines the two previous ones can also be implemented.
The mobile generates its LUs each time it detects a LA crossing. Nevertheless, it no
communication (related to a LU or a call) has occurred between the mobile (i rd}é
mode, i.e., powered on but not communicating) and the network tor a fixed period,
the mobile generates a LU. This periodic LU typically allows the system to recover

user location data in case of a database failure.
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3.1.4 GSM EXAMPLE

 The GSM standard defines a database structure based on:

¢ An HLR (Home Location Register) where all subscriber related informationi is
stored (access righf; user location, etc.). Security parameters and-algorithms are
managed by the authentication center (AuC) which is often considered part of the

HLR.

e Several VLRs. Each VLR stores part of the data regarding the users located in its o

related LAs. |

The ‘l-ocation management method defined in GSM combines the periddic LU method and
,.the LU on the border ’croésing. The VLR stores the LA identifier, and the HL.R stores the

VLR identifier.

* This consists of three main typeé of LU procedures: The intra-VLR LU, the inter VLR

- LU using TMSI (temporary mobile subscriber identity), and the inter_ VLR LU using'

IMS.I (international mobile subscriber identity). A fourth one, the IMSI attach pro_é,edhgg;if

is triggered when the_ rhobile is:poweréd on in the LA where it was powered off."
~ In the following, we present the most complete LU, which is inter VLR using MISI. vThi»s -
procedufe mainly consists of the following steps:

¢ A signaling channel is allocated to the MS, and a LU is requested.

 The MS provides the network with-its IMSI, which allows the new. VLR (VKR2)
to load authentication data from the HLR/AuC, mainly the triplets for the

authentication and the ciphering procedures.
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e The VLR is then able to authenticate the MS; if this step succeeds, it updates the

location at the HLR. The HLR informs the old HLR (VLR1) to remove the user's

data stored in VLRI,

e Ciphering may be required id available.

e A new TMSI is allocated to the MS, and . after acknowledgment of its LU

request ( first message sent by the MS ), the channel finally released
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32 Locatibn Mﬁnhgement methods for Cellular systems

.,We ‘classbiﬁévs the iocation management rﬁethods into two major groups (ﬁg;'ir.e 5) In the
1 ﬂrsf, We concludes éll- methods based on algofithins’ énd_ ﬁetwork architecture,b mainly on’
the pfdée;ssiné cdpabi-lities of the system. The sg_:coﬁd groﬁp gathersj the methods based on
.'leé'mivng p'r,ocessés,_ which require the collection of sfatistics oh users' mobility behavior;
for instance. Th_e second me'__thodv emphasizes the informatibn capabilities of the hetWork.

3.2.1 Mem(_)_ry-lests-Methods

3.2.1.1 Database architecture
We divide into three cases:

¢ Centralized database architecture: presents an “architecture where a unique -
.o centralized database is used. This is well suited to small and medium

networks, typically based on a star topology.

e Distributed database archiiecture: uses several independent  databases
acc‘ordi-ng"to geographical proximity or service providers. It is. best suited to
large rnetworkvs including subnetworks managed bydi_,fferent operators and

, 'Jservice providérs. The Cellular worldwide network, defined as the nétwork
made up of all interconnected Cellular networks in .the world, caﬁ be such an
example of a large network. The main drawbacks of this architecture are
vclearly tﬁe cost of- dataEase .system acquisition, implementétion, and

management.

e Hybrid database architecture: combines the centralized and distributed

architectures. In this case, a central database (HLR-like) is used to store all
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user information. Other small databases-(VLR-like) are distributed all over the

metwork. These VLR databases store portions of HLR user records.

3212 Optimizing fixed network architecture

In - second-generation - cellular networks and third-generation systems, signaling  is.

‘managed by the ».i-.ntél,li:gent netwd_rk (IN). Appropriately ofganizing' mobility functions
and entities can help reduce the signaling burden at the network site. The main ad\}antage

of these propositibns is that they allow us to ‘reduce ‘the network mobility ' costs

independent of the radio interface and LA organization. For example, it-is proposed to

Chapter 3 .

use different degrees of decentralization of the control functions. Thus, using adapted

signaling network nodes, interconnection allows mobility costs to be reduced.
3.2.1.3 Combining location areas and paging areas

In current systems, a LA is defined as both an area in which to locate a user and an area

‘in which to page him. LA size optimization is therefore achieved by taking into account

two antagonistic procedures, locating and paging. Based on this observation, several

s

proposals have defined location management procedures, which make use -of LAs and =

paging areas (PAs) of different sizes. One method often considered consists of splitting

an LA into several PAs.

An subscriber station registers only once, that is, when it enters the LA It does not
register when moving between different PAs of the same LA. For an incoming call,
paging messageé will broadcast in the PAs according to a sequence determined by

different strategies. For example, the first PA of the,sequence can be the one where the

X}
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subscriber station was last detected by the network. The drawback of this method is the

possible delay increase due to large LAs
3.2.1.4 Multilayer LAs

In present location management methods, LU traffic is mainly concentrated in the cells of.
the LA border. Based on this observation and to overcome this problem, Okasaka has
introduced the multilayer concept. In his method, each subscriber station is assigned to a

given group, and each group is assigned one or several layers of LAs

According to figure 6, it is clear that group 1 and group 2 subscriber stations will not
“generate Lus in the same cells, thus allowing the LU traffic load to be distributed over the _
cells. Nevertheless. this location updating method, although it may help' channel

congestion, does not help reduce the overall signaling load generated by LUs.
3.2.2 Memory - Based Methods

The design of memofy-basedlocation management methods hés beén motivated by the
fetlctthat. systems do a lot of repétitive actions, which can be avoided if predicted. This is .
particularly the case for LUs. Indeed, present cellular systems achieved everyday, at the
same peak hours, almost the same LU processing. Systems act as memory-less processes.
ShQrt-te_rm_and long-term memory processes can help the system évoid these repetit_ive
actidns. Some methods have thus been proposecvl. that be ‘b'ased»on' user and system

 behavior observation and statistics.
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'372.2.'1 Short-term observation for dynamic LA and PA size

In current systems, the size of LAs is optimized according to- mean parameter values,
--which in practical situations vary over a wide range during the day and from one user to

another.

Based on this ob-bs‘évr‘\?ationr, it is proposed- to- manage'”u'ser ldéation by de_ﬁning multrilevel
Lass in a hierarchical cellular struéture._At each level the iLA size is di'fferent, and a 'celil‘
belc.)ngs“tc‘s différent _LAé of different sizés. According to.'paAst énd present subscriber
station mo.bilit}vl behavior., thé scheme dynamically changles‘th'e hierarﬁ:hical level of» the

LA to which the subscriber station register. LU savings can thus be obtained.

A variant Qf this strétegy requires from mobiles to regis_tér in_ the cells whefe they are
camped on. .Regis'trations involve a periodic timer which value hés to be optimized. Thus
rather thdn'pagi.ng a mobile in all cells of a LA, the mobile will be paged only in the cells N
visited during the last peridd: these are cells .the mobile camped on during its traversal of

the LA.

Adapting. the LA size. to each user parameter values may be difficult to managé in
practical situations. v_This.lec‘i' to - definition of a method where the VLVAs sizesvare
dynamically adjusted for the whole population, not per user as in the previous ﬁdethod.
Statisvtical‘,informati(')n about users and mobility in the network is collected in databases -
and computed. Networks characteristics in function of time, place, density, a_nd 'so"0n are
thus evaluated. Results of -this-.combutat;i-o»iaf- allow. trh’e_,pe,two.r.k.,,to,‘ dynam,i,cal‘ly,- (daily,

-weekly, monthly, yéarly.) adjust LAs sizes. For ihstanée, during the day, when call rates .
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are high, it is preferable to deal with small LAs. Conversely, at night the call rate is much

lower. and therefore larger LAs are better.
3.2.2.2 Individ:ua.l user patterns

. Observing that users show repe;itive mobility patterns, the alt_ern_étive s'trrate'g,’y (AS) i.s,.
defined; itg main go;ai is to-reduce the traffic rr.elavttéd:_ to inobility management - thus,
reduce the LUs - by taking advantage of users highlf p_rédicta‘ble p_att_cx‘fnjé., In AS, the
syst.emv handles a proﬁie recording the most probéble mo.bility pétternéx of -éaéh u.ser. Thie'_
profile of the user can be provided and updated rﬁanually by fhé subscriber himself or

determined automatically by monitoring the subscriber's movements over period of time:

" The main sévings allowed by this method are due to the non-triggered LUs when the user
keeps moving inside his profile LAs. So, the more predictable the users' mobility, the

lower the mobility management cost.

A variant of this method, called the Two-Location Algorithm (TLA), is proposed and
studied. In this strategy, a mobile stores the two most recently visited LA addresses. The
same is done at the HLR level. Obviously, the main advantage of this method relies on

the reduction of LUs when a mobile goes back and forth between two LAs.

3.2.23 Pre/dicting short-term movements of the subscriber

The method uses a process, which predicts the movements of the subscriber station
according to its direction, velocity, and so on. Processing and prediction are made at both
‘the subscriber station and the HLR. When actual- movements of the subscriber station do

not fit with those predicted, a registration is triggered by the mobile to inform’ the
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~network of its actual location. Otherwise, no exchange is required, which allows savings

in LU processing and signaling.

3.2.2.4 Mobility statistics -

A mobility management method similar to AS is defined. It is called Statistical Paging
‘Area Seleétion (SPAS) and is baséd on loca_tion statistics collect:ed by each MS which
peri}odicallly reports them to the network. These sta;istics_ consist of a list of the avex‘age.
~duration th'e MS had been located in each LA. A priority rule is déternﬁinqd to settle the
sequenc.e of LAs visited by the mobile. If thié sequence.icvl differ‘ehf from the lastﬁohe '
reéorted to the network, tﬁe MS transmits it otherwise; nothiﬁg is dor_lé. The péging
process.is achieved in the same way as in-AS. When the svubscribe’rv statioﬁmoves to an
area that is not on the reported list, it has to process a temporary_iocation registration fo

the network.
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‘ Hand(_)rver.
Handover is the mechanism that transfers a.rr'ongeir'lg cdl_l‘ fro}-m one cell to
another as a user moves through ihe.coverage area of a cellular system. As smaller cells
are deployed to meet the deménds for increased. eapaeity, the "number of cell boundary -
_eroseings ih_creases. Each -handover requires netwbrk resorlrces to'reroute the call to the
new basest'ation. Minimizing the expeeted number of handovers minimizes the switching
load. Another concern is delay. If handover does not occur quickly, the quality of service
(QoS) may degenerate below an.aceeptable_ level. Minimizing dela§ also min.imizes co--
channel interference. During 'therharrdOVer there is a brief service interruption. As the
frequency of these interruptions increases the perceived QoS is reduced. Tlre cherrces of
dropping a call due to factors such as the availability of channels increase with the
number of handover attempts. The handover process may also involve reregistration and_.
authenticat'ioh of the terminal. Handovers can be classified as follows :
1.Soft Handover
2.He1rd Handover
Soft Ha‘ndover : it occurs when the mobile terminal communication is passed to the |
target radio port without 'i11terrupting communications with the current serving radio -
port. In a soft handover, the rnobi-le »te,rmina'.l, comrrrunieates _with two radio ports
| sihrtlltaneously, with the'signél's'from‘-th'e"'rédio-'pbrt‘s~to—»t»hewterm:ina-ktreated és multipath.

signals that are coherently combined at the mobile.
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Hard 'Hanydovel; : 1t occurs when the communications to the nﬂobile terminal is passégl
between .disjoined radio systems, different frequency.as’signm.erit,' or different air interface
Charactéristics or technologieé. A hard handover is ‘a‘ “break-before-make” process at thé |
air interface. |

Whether a soft or hard handover can occ_ur is»air-interface-technology dépendent. The
handover process maintains the privacy of all callé in progress by a _traﬁsfer of the session. |
key. from the source radio. port té the target radio poft.. Th-even_cryption key may remain
unchanged at handover.

The handover process may be network directed ,térmiﬁal a.ssis'ted‘ or 't'ermjnal directed.
»The handover process may be initiéted by the netWork upon d_¢termination" that tﬁe
quality of the radio connection has deteriorated. or for managerﬁent purpose. The quality
o.f thé ra_dio connection may be asseséed _eithér ffom network méésuréfnents or from
meé@fements provi’ded by t_he ter’minél*._ In 'addition,‘ the terminal, 111aki11g vits_ own
measure_ments may speciﬁéaliy request that a vhandover take place.The _handover -
: executiop..proces-s, requires coordination‘pf »functionally contained in various network. :
elements. The mané’gement- occurs at three ;relativbe layers.
1 Ex;éution managenlént of Ahando.ver oécu'rs.‘whe.n therreso_ufces needed for hando.ver

are all within the scope of specific elements ability to control.

o

Higher-level requests occur when the resources needed for the handover are beyond
the scope of the current elements ability, and control should be passed on to an
element placed higher in the network to.execute the task.The handover request

information is passed on to the higher-level entity, which either performs the
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~ execution of the handover or determines that’s a still higher-level functionality . is

- required.

(V8]

Peer-level requeSts occur when an elcmeht dctérmines that n1a11agéx1lent of resources

. is shared within the same level of the network.No Spctia_l functionality is required of

elements -placed at a higher level in the network, but information is transferred.

between peer elements. The functional capability may be used in conjunction with or

inpl_ace of highér-level request capability.

The handover process consists of the following steps :

1.

W

Initiation : Either the mobile termi}nal or network identifies the need for a handm{m‘_

- and alerts the necessary network elements.

Resource reservation : The appropriate network elements reserve the resources .

necessary to support the handover.

. Execution : The actual handover connection of the nétWork resources takes place..

Completion : Any unneeded network resources are freed, and access signals are .

exchanged following a successful handover.

- Four different types of handovers camr be distinguished:-

¢ Handover of channels in the same cell.

. Handaover of cells controlled by the same BSC.

. Handover of cells belOnging to the same MSC but COntroliled by different BSCs:

' e Handover of cells controlled by different MSCs.

Handovers are mainly controlled by the MSC. However in Qrc{er to avoid unnecessary

signaling information,. the first:two types of handovers are managed by the concerned

BSC '(ih this case, the MSC is only notified of the handover).
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4.1 Cell to Cell Handover :

To decide when it is appropriate to handover a call, is to monitor average received

Radio Base "~ Subscriber

MSC | Stations | | . Station
P .
>

\\N\\\» SAT Transimission
Handoff —

_ +—— |~ SAT Transpo'r’xded‘ :

4__/'/ ' on new Channel

A N

——

Original Serving

New Serving
Neighbor List '

Radio Base Stations

Fig. 4.1 Message Sequence for-Cell to-Cell ‘H‘a‘ndov’er’ -
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signal power at the radio base station on which the call is operating, and when it falls
below some prev.detérrhined threshold, initiate a handover. To perform tlﬂe handover, the
MSC needs to know whic.h Base station has the be”s‘t signal quality for this subsériber
station. It s_ends a measurement request to potential candidate vfadio bvase‘ stations, Whi-c‘.h

. é-re'. the radio base stat'iqn‘s that' the: system operator has‘ prc._ev'i:ously. determined to be-
‘neighbors of v.the b.a'se station that is curfently'supportihg thc.:v _éall. These rad.io..base“
statiéns have dedicated meas'ur¢ment receivers that réspond to .t_he meaéuremént reqtlest
by tuning to fhe éhe‘mnel that the call in quesﬁon is using and measuring the avve'rage_'
received power on that chénneI. These measurements are rebértéci back to the MSC,
which then decides if any of the radio base stations have sufﬁcieﬁtly high received signal

- to support the call, and if so, which one has the highest signal strength. The MSC. then
checks to see if any channels are available in the chosen radio base station,. sets up a
circuit to tlﬁe new. radio base stétion, tells the new radio vbevxse> Station to %um. on its
transmitter for the channel to which the call is to be handed'ovér, and sends a handover
order to the subsériber station. The subscriber station then tunes to the new channel a,gf&;’
proceedévto communicate with the néw radio base station.

4.2 Domain to Domain Hahdover :

When the cellular systems determines that a handover is required in-an éttempt o
maintain the desired signal quality of the radio link. The signal quality is cbnstan.tly
monitored by the cellular sy.stems and base station subsystem and the basé station may -
optionally forward its own measurenients to the celvlular _syéterﬁs; Domain to Domain
Handover is. performed as follows. The cellular: sysfémf’ det-emﬁ;ies that a handover is
r_equired. It sénds the_ STRN_‘MEAS message to the serving BSS. Thi‘s messége.contains
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the signal s‘trengthvmeasurements. The serving BSS sehds a HAND_REQ message to the
MSC.‘ This message contains a rank-ordered list of the target BSSs that arelb qualified to .
vreceive the call. The MSC reviews the global cell identity associated with the béSt
candidate to detemine if one of the BSSs that it controls is re_:spohsible for the cell area. In
this scenario the MSC determines that tbe cell afea ié asééciated wiﬂi the targ.ethS_S. To
perform an‘ domain to domain handover, two resources are required : a trunk bétween the
MSC and the térget BSS, and a ‘rvadio trafﬁc vchannél m the‘ new cel»lAarea.- The MSC
reserves a trunk and sends a HAND_REQ message to the t.a'.r.get' BSS. 'fhis message
includes the desired cell area for handover, the idehtity of the MSC-BSS trunk that was
reser&ed, and the encryption key. The target BSS selects and.‘reser‘v_eé the aiapropriate ‘
resources to sui)port the handover pending the connection executio-n‘. The tafget .'BSS
sends an acknowledgment to the MSC (HAND_REQ;ACK). ‘The message. contains the
new radio channel identification. The MSC sends the HAND_COMM mess.age to the
ﬁ serving BS.S. In this messag_e the new radio channelidentiﬁcétion supplied by the target
BSS is includéd. The serving BSS forwards th.e HAND_C’OMM.message to fhe cellular
systems. The »vc.ellul'a'r‘ sYsterﬁs returns - to ‘t_ﬁe~newv radio. éhannd and  sends the
HAND ACC message to'fhe targef BSS on: the new radivo chanﬁél. The target BSS sends
~ the CHH_INFO message to‘ the c'ellul'af S}./stems.bThe target BSS informs the MSC when
its bégins detecting Athe mobile handiﬁgo?ép Thev targgt BSS énd the cellular systems
exchange mes.sage's to synchronize/align the cellular systexmsvtrzllnsx;lission in the proper
time slot. Qn completion, the cellular systéms éends the HAND_COMP message to the
target BSS. At this point the MSC switches the voice path to the target BSS. Once thé

cellular systems and target BSS synchronize their transmission and establish a new
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U, — A — A Target
MS Serving MSC. ’ '
| STRN MEAS ] -
HAND_REQ |
2 g
1 HAND REQ
3 - v ™
4 <« —HAND-REQ-ACK
> HAND COMM | € HAND COMM o
6 | ‘ -
7 “HAND_ACC
g |«
. CHH_INFO -
' HAND_DET
10 , >
11 _ e
REL_RCH HAND_COMP

12 < :
3 HAND COMP R

Fig 4.2 Message Sequence for Domain to Domain Handover
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‘ :sxomlmg connectxon the target BSS sends the MSC the HAND COMP message to
indicate that the handover is successfully completed The MSC sends the REL RCH |
message to the servmg BSS_ to release the old radio traffic channel. At this point the 7
serving BSS frees “up all resources with the cellulat »syst‘ems and sends the.

REL_RCH_COMP message to the MSC.

43 Svubnet. to Subnet Handover:

In this scenario we assume that a call has already been establishe_d. fhé servtng BSS
1s c'ohtnec'ted to the: serving MSC and the target BSS to thetarget MSC. Subnet to S_ubhet
hahdover pracedure is as_ follows :The cellular system determihes thatr a handover 15 '
* required. It se’nds the. STRN_MEAS message to the svefving BSS; This messa‘ge colt‘tatns '
| the signal st1ength measurements. The serving BSS sends a HANS _REQ message to the
- MSC. This message contains a rank-ordered llst of the target BSSs that are quahﬁed to
receive the call. When a call is handed over from the serving MSC to the target MSC via
PSTN, the serving MSC sets up an inter-MSC t/eice connection by pleicing a call to the
directory number that belongs: to the target MSC'.When the ser_ving.» MSC places-this,call,
: t_'he- PSTN is unaware that the eall is a handover and follows the normal call routing

t)rocedures and delivers the call to the target MSC. The target MSC ‘sends a
_ HAND;NUM message to its VLR to assign the TMSI. The target VLR sends the ”TbMSI’
‘in the HAND_NUM_COMP message. The MSC revtews‘ the glabal cell identity

associated with the best e‘andidate'to detehline if one of the BSSs that it conttols is .

responsible for _the cell area. Ittthis scenario the MSC determ’ines that the, cell area 1s

associated with the target BSS. To perform an domain to.domain handover, two
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Scrv;ng : Serving Target — VTvar'g.
SS | . - i I
. BSS MSC MSC a3 VIR
HAND_REQ |
2 MHAND_PER
3 > e
4 L HAND NUM —p
> *HAND_NUM_COMP
6 . FHANDREQ—»|
| | @EANDREQ_ACK
8 < |
HAND PER_ACK
9 SERALD
SETUP_COMP '
1 P |
HAND COMM ¢
12 le———rx |
5 | HAND_COMM |
> HAND_ACC R
14 ¢ ' ' —
s CHH_INFO  |HAND DET = [=-
16 | | SN
17 [HAND_COMP  |(HAND COMP====="
18 <
19 ANSWER
20 “CREL_RCH
21 >
REL RCH_COMF
22 . — .> ,
- END_SIGNAL .| |
NET REL | REL_HAND-NUM{-
24 | ) :

Fig. 4.3 Message Sequence for Subnet to Subnet Handover
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resources ére. ._requirred : Ia trunk bétwéen th‘e MSC_ and the target BSS, vand a radio traffic
channel ill" the new cell are»a.. Thé MSC reserves a trunk al.lld sendé a HAND_REQ
Av-m.essage’to thv'e target BSS. Thisvmessagve ihcludgs the'deévired céllv afea for ha.ndmv/er, the
i'déx1tity of the MSC-BSS trun_k that-was reser_;/ed, a.h'dv the er‘icryption key. The target BSS -
‘ sele(':ts._ and res-efves'_t'hé appropfiate resources tov SLlppOrt t_hé he_mdovef pending th‘e' 
t_:onnection execution. VTh‘e target BSS, sends an .-acknlovwledgment to the MSC
(HAND_REQ_ACK).'Tlle fnessage’ contaihs the new radio c,‘h_é.nnevl. identification. The
target MSC sends the HAND_PER_ACK message to the se_rvihg MSC indicatihg that it
is ready for the hénd'over. The serving MS‘C‘ser‘lds the NET_SETUP méssagg to the tai'gét
MSC to set up for the call.. The target MSC acknowledges this mefssége_ wi‘thua'v'
SETUP_COMP‘_ message vto the serving M.SC. The: iMSC‘ sv:en’c.is the HAND_COMM
message to the serving.B_SS. In this' message the. new _ravdi.o channel i_denﬁﬁcation

supplied by the targe't BSS is included. The serving BSS f_drwards the HAND_COMM

message to the cellular systems. The cellular systems fetilrns to the' new radio ch ¢__
and sends the HAND ACC message- to- the farget B‘SSI-_- on the néw 1'adi§ chgnn; ,, '
target BSS sends the CHH_INFO message to thé cellular systemé.v The t;rget BSS
inforrﬁs the MSC when 1ts begiﬁs ‘detectiﬁg the mobile .hafldingover. The target BSS and |
the .‘cellular systems e*ch’ange messages to synchroﬁize/aligh the cellular systems
transmission in the proper time slot. On completion, the cellular systems sends the
HAND COMP message to the target BSS. At this point the MSC switches} the voice path

to the target BSS. Once the cellular systems and target BSS synchronize their

transmission and establish a new signaling connection, the target BSS sends the MSC the
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HAND_COMP message to indicate that the handover is successfully completed. At this
‘ point.‘the Héndover has been completed, the térge_t MSC sends the SEND_ENDSIG
. meSsage'to.the serving MSC. The cellﬁlaf retunes to the vnew'ra.dvio (I:hahnel?”A new voice
-patﬁ is set Llp'bet\vvéexi'the cellular systems and the targef BSS. ‘The tal'gét MSC sends an
ANSWER message to the serving MSC. The MSC sends the REL__RCH message to the
serving BSS vt_o relea‘s,e‘ the old radib traffic chanﬁél. At this point .the serving BSS freeg :
up all resources with-the cellular systems and sends thev REL*R_CH_COMI.) inessageto
the .MSC. The séfving MSC sends the END_SIGNAL meséagé to the target MSC. The
ser;/'ing MSC 'relee.xs.es"the‘ network résources and sends the NET REL me.ssaget.o the
target MSC. The térget MSCvsends the REL_HAND_NUM niessage té its VLR t..o
release the connection. | |

The mobile station is the active participant-in these procedures. In order

to perform the handover, the mobile station controls coﬁtinuously its own signal sfreng;h
and the signal strength of the neighboring cells. The list of cells that must be monitored
by the "mobile station is givgn by the base s)tation. The power measuremént_'s allow{éz‘f
decide which is the. bést cell in ’o_rder‘t-o‘ maintain the quality. of thew.'con-‘umm'i‘cationi@%%

Two basic algorithms are used for the handover :

. The minimum acceptable performance' algorithm give$ precédehce to power control
over handover, so that wheﬁ the signal degrades beyond a certain point, the p'ov‘.vev:r‘
level of the mobile is increased. If further power increases do not improve the signal,
then a-handrover is considered. This is the simpler and more common -methqd, bﬁt it

éreates 'smeared” cell boundaries when a mobile transmitting at peak power goes:
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- some di..starllce: beyénd its briginal cell boundaries into -another cell. When the qué‘liﬁx o |
of thé transmission éIec.reasés.( 1.e. the signal iis de_ter.i.oratevc.i ), the power level of the
mobile is inéreése'd. This is ddﬁé until the incfeaSe of the pow.er' level has no effect on-

the quality of the sigrial. When this‘ﬁapp‘ens,b a handover is performed.

The "power budget' al.gorith'm u.ses handover tb try t;) .ma_intain or improve a certain levél._
~of signal quality at the same or-lower power l'evei.; If thus g_i_ves'}vprécedence‘ to haﬁdover' ,
6ver_ poner cbntrol. It aQoidé the 'smeared’ cell boundary pfoblem and réduces co-channel
interference, but it is quite complicated. This algorithm perfc;r111s.-a handover, instead of
continuously increasing tﬁe power level, in order to obtain a good communication

quality.
4.4 Suggested Handover Scheme in mobility management in cellular systems

Since the' users movements can produce the need to char_lgé the channel or cell,
specially when qﬁality bf the communicatidn is decreasing. This proéedure.of changing
' the reseurce is cal:le_c_i-v handover.. Handover. are-mainly controlled by MSC.. Subscriber .
stations 1s the acti\./e participants in the proceduré.. This- When é subséribér station
removes. into the radio propagation coverage of different base station, the handover
protoc_ol. will re-determine the connection route. Basically handover protocols is .
composed of thrke‘e basic steps :- |

(a)" | Selecting interactive switching and set_tihg ilp new connection segmént

from interactive switching to the BSC/MSC.

b(b) Mapping the data path of interactive switchiﬁg into the new connection

segment on the premise of no-cell-loss optimization.
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(c) - . Whén éubécribers stétions from a new BSC/MSC:
We.can sﬁggest here three handovers schemes for the handover.
(1) Partial vpath Refoutiﬁg Schéme. :- The basiq idea of this schere is to delete
\partial 'existirig cénﬁections, ahd add some new paths; 1n0yiﬁg :éubsc:ribes st;clvtion-sl.
For examplé —if moQiﬁg from one BSC)MSC to'andther'BSC/MSC then delete -
part.ial: conn‘ec_tio'ns‘ froxﬁ subscriber sta’;ioﬁ related: Wifh first BSC/MSC and
“extend the rér_nainder of connéc_tiéns to énother..'B.SC/MSC.
(ii) Patfvl‘ Spliéiﬁg :- The basic idea of partial path .-'rerOﬁti_ng s'chemé is based on
~ BSC/MSC, not on the subscriber station. This 'sche_rhe makes subscfiber_s stétion
éend a transQafea request to the first BSC/MSC where it is, requesting the second '
BSC/MSC to join ih fhe trans area operating. First~BSC/MSC,7using the,adjaéeht
area trans area control setﬁp in advance, transfers this request to second
BSC/MSC which first implemenfs local calls permit control and auth'orivzes.
‘wireless link, and, ,accord‘ing. to the quality of service parametefs in the trans-area
request', to splice into a new path from sui)sériber statioh to second BSC)MSC.
(iti)  Path Extension Scheme - After handover,."operéting; new rouf_e,\;.i:s.' f-rqm
subscribers stations to first ‘BVSC/MSC and extend ﬁ‘oml first BSC/MSC to second
-BSC/MSC. This scheme needs no interéct-ive switching. search st.ep and

multiplexes the existing paths to a maximum extent.
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The signaling used 1n handovers schemes are as follows :-
(1) * Handover request / response
(i) Handover confirm / conﬁplete _

(iiiy  Handover join / complete.

Hﬁﬁdoye’r Request - The function of handover request is téysékle'cti iﬁtg_factjve éx;hange, o
s’e£ vnew pat.h, let subscriber station send out handover request /th.r(v)ug'h’éxis:ting BSC/MSC
to s'tar“[ handover operating. | o - | |
Handover Response - | The function of handover réspoﬁse is to coxméqt to new
BSC/MSC, new subpath and marks that new path has got ready." |

Handover confirm - - The function of handover 'convﬁrm ‘is to notify new
exvcnange that it may ﬁse the new path. Subscrit;ers statioﬁ; r'1vOtviﬁes> ékisting ports to
.pre.parvébto transform to new BSC/MSC. Then subscribers stations:sliould s"top.vcel,l -
transmission to the existing BSC/MSC and the send the cell £o the interactive exchange .
connecting new path. -
Handover Confirm/Complete - The function of :harfld:o\‘/er c;(v)rvlﬁrﬁfl-cvbnplete.">
i$ to respond to handover confirm and release old path,'transmif handoveri-»covnﬁrbm from
interactive exchange to existing BSC/MSC, release the intéractive exchange,tq the_ béth
segment of BSC/MSC , then to subscfiber stétions. If means that subsp”rib’e.r% stgtiéns can
- be handed over to new BSC/MSC..

Handover Joint - The function of handover joint is to se_tup' the new.llih‘kr fbr .

“new BSC/MSC and complete the terminal — terminal connecting path. Once subscribers



52 : ' . ’ ' : | Chapter 4
stations reeeive héndover confirmation message for each connebtion, it changes td the
new operating frequencies, the new BSC/MSC assigns, and then transmit handngr joint
the new BSC/MSC port to constitute a signaling loop. |

Handover Join complete - | The _functio‘n of the handover join'q(:)‘mple"té' is tb

constitute data path on a subscribers channel.



Conclusion

In mobile radio networks, the; nature of the radio channel and the mobilify
of subscribcré are the dominant. facvtors.affecting”routing‘ This dissertation presented the
‘mobility specific functions needed in Hc_ellu-lavr systems. - We. have- discussea‘ the
implications of these féctors, and presented the gé_néral cellular syster‘h architecture. Next
we cor}centrated on the roufing problems of | locafing vavnd tracking subscribers» and
maintaining calls during subscriberé movemeﬁt. GThe implementation of the mobi‘lity
function is strongly dependent on the cellular system infrasfructure. We have cii'scusseci :
location updaﬁng and location management and cell to cell handover, domain to domain .
handover and subhet to subnet handover for rhobility of subscriber stations inside thiese

and suggested three handover schemes for mobility management.
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