[

[ @ Ia J o
ﬂ'l'iﬂ')‘]JﬂiJﬂ'li@lf]‘lJﬂJﬂ'l‘iﬁﬂﬂlla%ﬂWﬁ]ﬂﬂiill‘Uuﬂ'Jﬂ‘ﬂff'lﬁil]

4 1 <3 1 a 4 9 A A
ﬂ']'iLL@H@@@T\I@EJ'N!,3'Jaluiﬂiﬂsll'lﬂﬂum’f)iLuﬁuliﬁWﬂ!ﬂﬁ@uVl

J J a

% [
UNANNIAFNNA VAZAWUT

g q

"}wenﬁwuﬁfiﬂudauwﬁwmms?fﬂymmwﬁﬂqmﬂ?aujmuﬁmmmmamumﬁmcﬁ@
awnImnssu i aadndaanssullih
AUZIAINTTUANAAT  2NINTAINMANGSE

Umsdnu 2547
ISBN 974-53-1478-1

a a J a [
AVANTUYDIPINIAINTUNNIINYIAY



CALL ADMISSION CONTROL AND BANDWIDTH ALLOCATION FOR
FAST HANDOFF IN MOBILE WIRELESS INTERNET NETWORKS

Miss Nutsupang Pitakapan

A Thesis Submitted.in Partial Fulfillment.of the Requirements
for the Degree of Master of Engineering in Electrical Engineering
Department of Electrical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2004
ISBN 974-53-1478-1



@ a a

’J"la.l)fJ’J‘I/]fJﬂ!WH‘ﬁd fﬂiﬂ’J‘Uﬂllﬂﬁﬁ@ﬂ%ﬂﬂﬁﬁﬂﬂuazﬂﬁ%@]ﬁ‘iilmuﬁ’aﬂﬁigﬂﬂgﬂfﬂi

s g " a s P A A
LL%H@@’BV\'@EJN!?'Jcluiﬂﬁﬂslﬂﬂ@ul'ﬂﬂiluﬁulﬁﬁ'lﬁl!ﬂﬁ@uﬂ

v J o af ] 4
Tae unaNagAnn s Uazanius
ALRREA Jengsulnih
21136015011 594MANTINTE A5.117A 1WaANana

a a

a J J a @ CZR o J Y < '
AUZIAINTTUAITAT JWAINTUNNIINY1Y mgm1ﬁummmwumuuﬁzﬂumu

WIRYDINMIANHIAINHANTATUTY RN UNA

.................................................. ﬂmﬂaﬂﬂlﬁiaﬁ’lﬂi‘iuﬁ1ﬁﬂ§

-4 a @ Aaa

(AA319158 AT.ALIN E’I"I'Jil\lgﬁﬁ)
a a o
AUSHITUNMTITIUVINIIUNUD

................................................... 55 IUNTTUMS

4

J a
(393MNMTNT19158 AT ANPIY IASTWUTND)

a

s (R
................................................... 919159015

-4 a
(39IMNMTNI19158 AT.21N4 !.’]Jiluli)Wﬁf]‘a)

................................................... NITUNIT

' 4 Ia @
(é)ﬂf’;lflﬂ"lﬁﬁi1%1'iﬂ AT.LB1IUAH amqa)

................................................... NITUNIT

4 @ 4 aa
(@158 AT FULVHY TYI9919)



\|

%

gaand  Uagaius: mImugumsaousuMsiEonuasmstaassuuualIaidmsy
4 (] <3 1 a o Y A ~
msugunoerlediusalulnssiiedumesiualimendoud  (CALL  ADMISSION
CONTROL AND BANDWIDTH ALLOCATION FOR FAST HANDOFF IN MOBILE
WIRELESS INTERNET NETWORKS) 0. M1/5n11: 503e1a@519156 #3.21%0 twayawana,

64 Y111, ISBN 974-53-1478-1.

1Y ] 9 d'l d' Y L] diy ] a 4 d‘l [
mawmuﬂmww"lsmﬂmaau1/1114@guuwugmsummemaumaimmwmmiumi

v 9
v = =

Sudalofiudininafidnsfeyaiiqaiu il Insehe 1faegninegluaniilaenssuuuylulns

EY)

4 = =

a 1 Y [V J A dg’ J 1 a J
Wiﬂlcﬁa@jaﬁ dawalvinsiseniionsimsteuaoeuiniu msuauasonlulnseviedumesiua
Y A Ay <3 A = ~ = = ~ 1 a
]15ﬂ1ﬂmaﬂuﬂ@f’)\‘]!i'l'1/‘|ﬂﬂi]$ﬁﬁﬂLﬁENﬂ"li@:illu!,ﬂﬂl,!,WﬂLﬂﬁTI]l'NI@ﬂ"liﬂi%'NL’Jfﬂ UUUUAUDNIT
~ a Yo o 4?} A o 4 [} < [] a 4 9
a\‘l‘ﬂZL‘UEluiq]llﬂ'lﬂh],ﬂi'ﬂﬂ?iWﬂJHT’UuLWf]’(?fuL]Jﬁ‘qu‘L!ﬂ'lﬁllﬂuﬂ@’E’]‘V‘I'E]EJNL‘i’ﬂl‘liﬂ‘i\?"lﬂﬂ@ulﬂﬂiluﬁqi
A A a a J o ;d 9 [ 1% Y v ~ 1
qEYnaUN 'J'i/]EJ'I‘L!‘W‘L!‘ﬁﬁ'U‘LILli]ﬂ@]!ﬁu’ﬂﬂ'lii]ﬂ’ﬁiiWiWﬂWﬂi"Uﬂxﬁ%U‘U‘lWﬂ‘Uﬂ'ﬁLiElﬂcluiﬂiﬁall'lﬂ
~ a o 4 1 < 1 a 4 Y
ﬂ'liﬁ\?‘V]%L‘]Jﬂu@jllﬂ'lﬂuﬁ%ﬁ"lll'liﬂﬁu°]Jﬁ‘lg‘Llﬂ1iLLE’IuﬂE’J'f)‘V\l'fJEﬂ\?!i’ﬂHIﬂi\?ﬂl'lElﬂulﬂ@i!L!G]Vl,i’ﬁ'lﬂ
A4 Ay
INADUNNIY
@ @ { [~ 1 o o
HUULURUMSIATITNI NN NLa U0 ByuTlu 2 mu”lﬁuﬂ FIUVDINITAIUANNITADUITY
=S 1 [ Ia 76 Y 1 a . [ [ 9
31500 LazaIUVINTIATITUUUAIAN IHuANT 1 nYs2ian streaming L!‘U‘]Jﬂil]@]']hlﬂ

Y
U %

o = A d? 4 o ~ 4 A
LL‘U‘Ullwuﬂﬁ'ﬂ')ﬂﬂllﬂ'liﬁﬂﬂillﬂ'ﬁﬁflfW]Lﬁl!f]sllu‘l_l3$ﬂ@UVlﬂﬂ'JUﬂ'l§ﬂ'l\ﬂuﬂ 2 IEAVUYU Ulﬂ!l,ﬂ N

e

4 =\ A A ~ A [ = 1A A
inardved TaumsasnzidisuniaigasulasuionousunssenlnunmnayuluTamuns
= A 4 Ja AQ Yas [ 1 Y dy @ Yo o
anzeu tazNinaduausaaIngn 1435MIIaassalsniuunugIuveInIs e ldddu
o W (% = { A J o @ ] 3
anudIAyAuNIsToniinaInnstauaoe tagasosulseiuanuuivziluveanis
< { A 4
aselmsiseniinannmsuaudeeild namInaaeUANIIOULVOWLULNUNTAIUANNTADL
FUMIFENNAUDNU IV VLHUNITAIVANNTABVT UM ITona a0 s UlsziuaInL
1 I~ I~ N I'4 % @ ] o
nzituvesmiiaiodmsiSeninasinnisuausaon la uazdimuisodSuar Iiidduaning
a a { { 9 da 4 [ v o
aden uazlSuamsdnnalasuutlas ntuvuwumssaassuuumanuuulsudii sy

v 2 4
’mmmaﬂmmﬁ"uﬁﬂuTﬂiwwuazi@ﬁumiﬁﬂﬂ"lﬁ'muﬁuﬁ’w

A Jeanssy I AV DFOT TN oo,

a a A A A (R
11 'Jﬁ?]ﬂﬁ'ill]l‘N‘ﬁT AHOFDOI1ITINUTAB Y. ..o



##4470698021: MAJOR ELECTRICAL ENGINEERING

KEY WORD: CALL ADMISSION CONTROL (CAC) / BANDWIDTH ALLOCATION/ FAST

HANDOFF/ MOBILE INTERNET NETWORKS
NUTSUPANG PITAKAPAN: CALL ADMISSION CONTROL AND BANDWIDTH
ALLOCATION FOR FAST HANDOFF IN MOBILE WIRELESS INTERNET
NETWORKS. THESIS ADVISOR: ASSOC. PROF. WATIT BENJAPOLAKUL D.ENG.,

64 pp. ISBN 974-53-1478-1.

Development of mobile wireless networks based on internet networks provides higher
data rate transmission. The system architecture becomes micro/picocellular, in which handoff rate
is increased. In mobile wireless internet networks, call must handoft fast enough to alleviate the
loss of delay-sensitive data. Regional registration is a famous solution for fast location updating
scheme. Then, this thesis proposes fast resource allocation in regional registration which can also
support fast handoff.

The proposed resource allocation scheme includes Call Admission Control (CAC)
function and adaptive bandwidth allocation for streaming traffic class. In the proposed CAC
scheme, there are 2 layers of CAC: Gateway Foreign Agent (GFA) at domain level and Regional
Foreign Agent (RFA) at radio cell level. The key behind this idea is a threshold that is set to
admit a new call at GFA cooperating with Measurement-based Pre-assignment (MPr) algorithm
for handoff prioritization at RFA where handoff call dropping probability can be guaranteed for
users by the proposed CAC scheme. Simulations are conducted to validate the performance of
handoff call dropping probability and show that the proposed CAC scheme is flexible in
employing in any traffic load condition-and any network environment:

Moreover, adaptive bandwidth allocation provides more admitted calls in domain level.
The congestion-can-be reduced and the handoff call-dropping probability-can-be decreased by

adjusting effective bandwidth of calls.

Department Electrical Engineering

Field of study_____Electrical Engineering Advisor’s signature.............c.cveiiiiiennen.

Academic year 2004
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Call Admission Control Scheme with GoS
Guarantee for Wireless IP-based Networks

Nutsupang Pitakapan and Watit Benjapolakul
Department of Electrical Engineering,
Chulalongkorn University, Bangkok 10330, Thailand
E-mail : nutsupang.p@student.chula.ac.th, watit.b@eng.chula.ac.th

Abstract—This paper focuses on Call Admission Control A significant advantage of the hierarchical network structure
(CAC) algorithms in the Regional Registration networks. We s that a mobile node does not necessarily send location update
propose a novel CAC scheme to take info account two layers: yai 16 jis home agent when the mobile node handoffs across
Gateway Foreign Agent (GFA) and Regional Foreign Agent di r— s but still be in th Redi | R
(RFA). The key behind this idea is a threshold that is set to admit f"‘ Jac?en _— CC S. ut still be in the same . eglon_a _eg—
a new call in GFA, cooperating with a dynamic channel allocation istration. Thus, mobile node can handoff fast in Registration
algorithm in RFA. Explicit advantages of this scheme are not only Regional Networks.
reduced congestion in the hierarchical network structure, but Nevertheless, location and mobility update schemes would
also guaranteed Grade of Service (GoS) in terms of handoff call e jnefficient if there are not any network resources for serving

dropping probability. Simulations are conducted to validate level bil de’ Ils. On th t iat [
of target handoff call dropping probability. In practical aspect, MRS S weus- -0 e conirary, appropriate resource al-

the simplification of implementation is achieved by the proposed l0cation can improve the efficiency of Regional Registrations.
scheme. Call Admission Control (CAC), one of the network resource

allocation tasks [5], functions to consider and admit call set up
request. CAC ensures network integrity by restricting access to
the networks to avoid overload and congestion and to ensure
that Quality of Service (QoS) requirements of all ongoing
connections are satisfied [6].

The exploitation of IP-based mobility in wireless networks Normally, call set up can be categorized into two types; new
has drawn a lot of considerable attention. Several works hay&l and handoff call. From the mobile user’s view, in the worst
proposed the location update schemes and mobility updatese; blocking a new call is more acceptable than dropping an
schemes to be a solution for seamless transparent host migi@going call. Therefore, there is a need to consider that the
tion in the mobile Internet [1]. Among many mobility updatepriority of handoff call is higher than that of new call in the
schemes, there is Mobile IP, a famous mobility managemespected CAC schemes.
protocol for network layer. Handoff prioritizing schemes are usually done at radio cell

In Mobile IP, when a mobile node moves to a new foreiglevel. For example, traditional famous handoff prioritizing
network, which is a new radio cell. Mobile node has to registenethod uses guard channel which reserves a fixed number
itself with the new foreign agent which sends location updat# radio cell channels for handoff calls to make handoff call
data signaling to the home network. Mobile node has tiropping probability lower than new call blocking probability
wait until the location update process is completed then [if]. However, static reservation is not efficient to the varying
goes on connection with its correspondent node [2]. Thusaffic conditions of wireless system.
delay in transferring IP packets between mobile node and itsThus, a ‘number of ‘recent handoff prioritizing schemes
correspondent node occurs and causes packet the loss in easedynamic _channel allocation that can dynamically reserve
of delay sensitive data packets, e.g. real time applicatiohannels based on the current traffic condition [8], [9], [10],
packets. Not only packet loss is occurred from location upddtel]. Some of the dynamic channel allocation schemes require
process, but also lots of signaling are transferred in the systemwffic information exchanges among adjacent radio cells that
in case mobile nodes handoff frequently. may lead to high complexity and computation in the system

Packet loss problem can be alleviated by fast handof8], [9].

Regional Registrations emerged as a well-known fast locationin Regional Registration network, a lot of location update
update scheme that can support fast handoff and reduce sigirdbrmation is transferred within and between networks. Thus,
ing in wireless IP-based networks [3]. Such an IETF internéte appropriated CAC scheme with handoff prioritization for
draft concept introduces a hierarchical network structure thRegional Registration network should not increase signaling
minimizes packet loss and handoff latency. This networksad of system. Then a new CAC scheme is proposed herein
structure includes two layers whose upper and lower layers #econstituting two layers: GFA and RFA, whose functions of
Gateway Foreign Agent (GFA) and Regional Foreign Agentsll set up and allocating channels are in Regional Registration
(RFAS) respectively [4]. network level and radio cell level, respectively.

Keywords—Call Admission Control; Grade of Service
Handoff Prioritization; Wireless IP-based Networks

I. INTRODUCTION



(e Home Metwork C{?} IIl. PROPOSEDCALL ADMISSION CONTROL SCHEME

' In a systematic way, we propose CAC scheme in the Reg-
@ X istration domain. The proposed CAC scheme includes two as-
@ sociated CAC algorithms in GFA and RFAs. In a Registration
domain, there is a GFA functioning as call admission controller
@ ' in the domain. Each radio cell has an RFA functioning as call
admission controller in the cell. The procedure of GFA and
G RFA CAC alogorithms can be summarized as follows,

A. Call Admission Control at GFA

i GFA GFAZ GFA At GFA, there are steps for admission of new call described
as follows:

o « If mobile node accesses to Registration domain for the
:i\ ‘£ _ A:\ _ first time, it needs to set up a connection and register to
A RFA GFA
Y . o The mobile node has to wait for the admission from GFA.
@ « After admitted, the mobile node can use network resource
and handoff within Registration area without requesting
Fig. 1. The structure of Regional Registration network admission from GFA.
A threshold for admitting new call at GFA must be set.
o 0" 4 ~ New call request will be rejected if the total call in Regis-
~ Taking into account the handoff prioritization, the motivagation domain exceeds the threshold. The main objective of
tion of this paper stems from employing dynamic channglnploying the threshold is to reduce congestion in network
allocation algorithm [11] in RFAs. \We adopt Measuremengecause some channels are reserved to be available to handoff
based Pre-assignment (MPr) to allocate channels in radio Ggllis petween RFAs [12]. Maintaining GoS for mobile users
based on each radio cell estimation. MPr provides Grade ffheayy traffic load in the Registration domain makes CAC
Service (GoS) guarantee for mobile users by using the pigachanism of RFA unable to provide target guarantee handoff

reservation channels to serve handoff calls. Combining Wigh| dropping probability. So new call admission threshold is
setting up a threshold in GFA [12], admits new calls Ofroyght to solve this problem.

Regional Registration domain to maintain GoS for all traffic

conditions. Simulation results verify that the proposed CA8. Call Admission Control at RFA

scheme indeed provides the desired handoff call droppingRFAs have their own CAC mechanisms separately. The

probability. CAC algorithm called Measurement-based Pre-assignment
This paper is organized as follows. First, we introducgviPr) [11] is employed in RFAs to allocate channels and

system architecture of Regional Registration network. Thgioritize handoff call. MPr is a dynamic channel allocation

proposed CAC scheme in Regional Registration networglgorithm in which radio cell measures local statistical data

composed of CAC at GFA level and at RFA level, is then pr@ontinuously. That are the incoming handoff call rate and

posed. Then simulations are shown the performance of systeéaparture call rate. Then the CAC mechanism calculates the

which is measured in terms of handoff call dropping/new catlumber of MPr reserved channel§) that have to be reserve

blocking probability and utilization are shown by simulatiorfor a_handoff calls using. from Equation (1),

results. Finally, we present conclusion and future work.

In (CDPcos+<m/Ah)—1) _1
[I. SYSTEM ARCHITECTURE N> CDPgos )
System architecture, illustrated .in Fig. 1,.is based on Re- In(zir /An)

gional Registration network which is arranged in form oifvhere N represents the number of channels, which are re-
hierarchical topology. There are two layers where Gatewagrved to satisfy guaranteed handoff call dropping probability
Foreign Agent (GFA) is the highest level with many Regionalenoted byC D Pg,s. Incoming handoff rate and call de-
Foreign Agents (RFAs) below it. A GFA functions as bordeparture rate are represented by and p,., respectively. The
router between Registration domains. In the same Registratterivation of (1) can be found in [11], by considering channels
domain, mobile nodes use IP address of Registration domainriqre-reservation pool a&//M/1 queue system.

contact with their home networks. When mobile nodes handoff After obtaining the number of MPr channels which keep
and change their connecting RFAs but still be in the sanmandoff call dropping probability below the target guaranteed
Registration domain, they send location update informatidrandoff call dropping probability level, an incoming handoff
to GFA only. So, this can reduce location update signalirgall is assigned to a pre-reservation channel if it is available.
between Registration domain and also support fast handoffBat if pre-reservation channels in pre-reservation pool are
mobile nodes. depleted, handoff call will compete for an available channel
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Fig. 2. New call blocking probability versus new call arrival rate with targeffig. 4.  Utilization of Regional Registration domain versus new call arrival

handoff call dropping probability of 0.1 rate with target handoff call dropping probability of 0.1
10°
Number of RFAs/ 1 GFA 20
.+ Number of channels/1 RFA 30
L 107 b b b D DI Db Number of simulated calls 300,000
§ e i i i i i i i i i i i % Mean call service time 0.5 unit time
g » ® Mean channel holding time in 1 RFA 0.15 unit time
£ o2l | Pre-reservation pool calculation period.01 unit time
g @ 1 time unit 600 seconds
5
E 4 — For comparison, we present the simulation results of the
10 °F 4+ no call admission threshold 4 . .
& > new call admission threshold of 540 channels proposed CAC scheme using MPr algorithm to reserve chan-
O new call admission threshold of 510 channels nel for handoff call dynamically without and with new call
) * _new call admission thieshold o SS0SERNRSE admission thresholds of 540, 510 and 480 channels (10, 15,
W T o0 80 100 10 ot and 20 percent of the total capacity of Registration domain),
New call arrival rate (calls per UnitEMpAEEEEEey respectively in Fig. 2 and Fig. 3. The target guaranteed handoff

call dropping probability is set to 0.1.
Fig. 3. Handoff call dropping probability versus new call arrival rate with ) o
target handoff call dropping probability of 0.1 We found that when new call arrival rate is increased, new

call blocking and handoff call dropping probability is increased
too. In heavy traffic load, some of handoff call dropping proba-
outside the pre-reservation pool. However, incoming new c&lllity curves cannot maintain guaranteed handoff call dropping
cannot employ available channel in pre-reservation pool. Néwobability because MPr algorithm cannot function well in this
number of pre-reservation channels is re-computed perio@ituation but this can be served by setting appropriate new call
cally. admission threshold. However, when we consider utilization
of 'Registration domain in Fig. 4 we found that utilization of
network is decreased when we decrease new call admission

IV. SIMULATION RESULT threshold.

In this section, simulation results are presented to evaluateComparing the proposed CAC scheme that using new call
the proposed scheme. Performance of proposed CAC schedmission threshold equal to 480 channels with/without using
can be evaluated from new call blocking, handoff call droppindPr algorithm as handoff prioritization at RFA level is shown
probability, and utilization by increasing new call traffic loadn Fig. 5. We found that MPr algorithm can guarantee handoff
that enters the system. We use single type of traffic sall dropping probability of 0.05 for mobile users overall
simulation which one mobile node uses one fixed channataffic load. Network utilization are presented in Fig. 6, when
Our simulation study, we consider hexagonal cells and use set a same new call admission threshold, the proposed
wrap around topology to eliminate the boundary effect. DefatAC scheme give utilization of domain close to CAC scheme
parameter values are made under the following assumptiomgithout using MPr algorithm at RFA.
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V. CONCLUSION

In this paper, a new CAC scheme based on two layers:
Gateway Foreign Agent (GFA) and Regional Foreign Agent
(RFA) has been proposed to carry out the fast handoff required
in wireless IP-based networks. At GFA, we set a threshold
for admit new calls that enter into a Registration domain.
At RFAs, Measurement-based Pre-assignment (MPr), dynamic
channel allocation with handoff prioritization, is employed.
Two of advantages are affordable herein. The first advan-
tage is to provide a guaranteed GoS in term of handoff
call dropping probability. Additionally, implementation of the
proposed CAC scheme in practical wireless IP-based networks
is very simple. However, for the future work, appropriate new
call admission threshold should be considered in details. In
addition, the proposed CAC scheme in this paper should also
be applied in multi-traffic environment.

[11] X. Luo, B. Li, I.
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