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Abstract 

This thesis is concerned with call admission conrrol ( C AC) in wireless com­

munication networks. .--\ salient featurf' uf mobile wireless communications is the 

support of roaming. HO\wver. 11st'r mobility has a profound effect on QoS provi­

:--ioning . .--\ study of the effect of user mobility on QoS prO\·isioning is tirst studied. 

It provides a fundamental 11ndcrstanding of the etfect of user roaming on utiliza­

tion performancf' and capacity requircmf'nt. For a CD:\IA em·ironment. a linkage 

betm•1•n tlw link laycr :--pt•citication and network layer QoS performance is estab­

lisht->tl. Second. a proposed joint-leveb rPsource allocation I RA) scheme is studied. 

This sd1emf' is based on simultant->ous satisfaction of the packet-le\·el and call-level 

QoS constraints. It i:-- :--hown that tlw utilization is greatly increased. Third. a 

proposed movable bonn,lary ( }.{B) channel allocation scheme for two traffic classes. 

real-time and non-real-time. is discussed. By allowing non-real-time traffic to bor­

row idle real-time channels. utilization is enhanced. Fourth. a combined scheme. 

hy integrating the joint-levels RA scheme and 11B channel allocation scheme, is 

presented. Results have shown that the combined scheme improves the utilization 

performance drastically. Lastly. a C AC mechanism based on the combined scheme 

is structured. 
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Chapter 1 

Introduction 

\Vircless technology providf's tetherless communication accPss. The prevailing pen­

etration of the sf'cond gen<'ration wireless syst<'ms has proven the \Vidt• acceptance 

of wireless communications. The second generation systems. such as GS:\I. IS-136 

and IS-95. are digital narrowband systems. They can support only digitized voice. 

and limited low bit rate data services. As the popularity of the internet and the 

world wide web grows at an exponential rate. the extension of these services from 

the fixed wireline domain to the wireless domain becomes inevitable. The need 

of multimedia support manifests the inadequacy of the second generation wireless 

systems. The drive tmvard the third generation (3G) is now on a full swing. Fig­

ure 1.1 gives the currently envisioned evolution path of wireless systems from the 

second generation (2G) to 3G. 

1 
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l 1s-s-i _,r ---

( GSM },------•■-;[ GPRS ) I EDGE )----• ( IMT-2000 

I JDC 

~ f 

~,.....• --------:_ cdm31000.lx i • l cdmalOO0.Jx) 

> ___ 2_G __ ~>------~2-~5G _______ ~> ___ 3G ___ > 
in commercial use under deployment 2002-2003 

Fig;urc 1. 1: Sy:-tPm .\lodd 

There arc four major :ZG standards: IS-136 ( IS-5-l ). GS.\[ ( The Global System 

for :\lobile Communications) . .JDC (.Japan Digital Cellular). and IS-9,5 (c<lmaonc). 

They are all TD.\L.\-basc,l ( time division multiple access). except for IS-95. which 

is CDM.-\-based (code division multip!P accc'ss). IS-136_ GS.\[. and .JDC a.re mainly 

used in ::-forth .-\merica. Enropc. and .Japan. respectively. IS-95 has its major market 

in '.',;orth .-\merica. Tlw 2G systems arc cirrnit switched_ making it inefficient for 

digitized information transfer. In addition. the bit rate of the 2G systems are 

limited to 9.6 kbps to 1-l.-l kbps. This makes 2G insufficient for multimedia traffic. 

.\lost of the air interface proposals for the 3G are CD.\L.\-based. e.g .. cdma2000.3x 

from ~forth America and \V-CD:\-L.\ in I:\IT-2000 ( International Mobile Telecom-

munications) from Europe. In fact. its ability of universal frequency reuse. soft 

handoff and multipath resistance. etc .. make CD.\L.\ the de-facto standard for 3G 

\vireless systems_ The 3G system is expected to support infom1ation rate of up to 
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2 :\!bps for stationary wireless access and about 500 kbps with mobility. 

Except for IS-95. t'volution toward the 3G involves major changes to existing 

infrastructure due to thf' inherent difference in the multiple access technology. To 

nwet current deman<l of higher bit ratf's. modification to the current 2G systems is 

underway so that minimal changes are inrnln'd. allowing a cost-effective migration 

toward the 3G. The t>\·olved 2G systems are' callC'd the 2.5G systems. This includes 

the GPRS (Geueral Packet Radio Service) svstems and the EDGE (Enhanced Data 

Rat(' for GS:\1 Evolution). Thf' most clistiuctiv<' ditferC'nce lwtween the 2G systems 

and 2.5G systems is the support of packt>t switching. With the support of multiple 

time slot assignment and more dficient modulation scheme. information rate of up 

to 38-1 kbps is expected. EDGE and nlma2000.lx repre:,wnt the major stepping 

stone toward 3G. 

The network under consideration is shown in Figure' 1.2. It consists of a collec­

tion of wireless subnets interconnected through a wireline backbone network. The 

wireline backbone is an IP/ AT1I based network which supports multimedia traffic 

and guarantees quality of service ( QoS). Each wireless subnet. commonly called a 

radio cell. consists of a base station (BS) or access point (AP). serving a number 

of mobile terminals (1IT's) within its coverage area. The BS's are connected to 

the backbone wireline network through a mobile switching centre (MSC). As its 

name implies. the .\ISC has the responsibility of collecting information and mak-
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ing control decisions. e.g .. handotf decisions. The :\ISC also serves as the wireline 

attachnwnt point for a wireless subnet. 

~tsc"-~ Backbone Wireline IPl.-ffJf .Vetwork < 

~ISC , Mobile Swucliing Centre 
• , Base Station 

_:L_ • Base S latlon Coverage 

----·MSC ~ 

i-~J---i 

Figure 1.2: System :\Iodcl 

Resourn' management is essential in QoS prons1onmg [l. 2. 3. -!. 5. 6]. It in­

cludes flow control. resource allocation (RA). congestion control. call admission 

control (C..\C). etc. Resource management in the wireline ATM network is already 

,·ery challenging dm' to the complexity in the traffic behaviour of the multiplexed 

multimedia traffic. In a wireless network. the presence of user mobility poses an-

other level of complexity. The main focus of this thesis is in resource management 

and call admission control in a wireless subnet. shown in Figure 1.2. 

This thesis has four main objectives: 
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,...I 

i 
' 

~ 
~-s--A-----
!I! BS 

Figure 1.3: .-\ wirde::-s snhnr-t 

1. to study the effect of mohility on QoS prm·isiouing. and to provide a linkage 

betW<'<'n th<' link layer specification and Ul'twork layer performance. 

2. to proposf' a new rf'so11rrf' allocation sclwnw baserl on simultaneous satisfac-

tion of the parket-lt•vd and call-lcn:>l QoS factors. 

3. to propose a nov<'l channel allocation scheme to s11pport two QoS classes based 

on ,1 mO\·able ho11udary approach. and 

-L to structure a C.-\C mechanism. nsing the understanding of the effect of mer 

bility. and incorporating the proposed resonrre allocation scheme and channel 

allocation scheme. 

The rest of this thesis is organized as follows. In Chapter 2. an overview of 

n'source management and call admission control is presented. Recent ·work in the 

literature is reviewed. The motivation for pursuing the research is then given. 

Chapter 3 studies the effect of mobility on QoS pro\·isioning. The analytical 

queueing model is first presented. then the effect of mobility on utilization perfor-
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mance and capacity r('qnir('lll('Ilt is discusst'd. 

In Chapt('r -L the propos('d joint-kn.,ls rt'sourcC' allocation (RA) schC'me is de­

scrilwd. It is basf'd on simnltam'otts :--atisfaction of both thf' packet-level and call­

lewl QoS factors. \"nnwrical f'Xampk!-- show that it allows mon• multiplexing and 

incrt'asf's th<· sy!--t<•m ntilization. 

Chapt<'r 5 dt•scribe!-- t ht• proposf'd mO\·able boundary ( :\[B) channel allocation 

schPme. It supports two QoS classes. rt'al-time (RT) and non-real-time (~RT). In 

this ~cht'me. \"RT traffic may borrow icll<· RT channels on the basis that it may be 

pret'mpt<'<l if the borrowed channels are reqnired ll\' the RT traffic. This scheme 

also incrt'as<'s the system ntilization significantly. 

In Chapter 6. th<' joint-l<'\·ds R . .\ sclwnH' and :\[B channel allocation scheme 

are intc•grat1•rl. The combined schem<' also takes into consideration the mobility 

pffrcts obtained in Chaptf'r 3. Based on the combined sdwnw. a CAC mechanism 

is structured. It improves the systf'm utilization significantly. 

Chapter 7 gives the concluding remarb. The contributions of this thesis are 

summarized. Some interesting further rf'Sf'arch topics are also described. 



Chapter 2 

Background and Motivation 

Call admission contrnl ( C.-\C) is to e11s1m· tht' uetwork integrity by restricting access 

to the network to an1i1l o,-erload and congt·stiun. at the same tinw. to ensure the 

quality of service (QoS) requirements of all ou-goirw; conm•ctions are satisfied. The 

C.-\C problem is thc following. Suppost' th<'H' art' .\"., - 1 ongoing calls. \Vhen 

the .V~h request arrives. the network rnkulatt>s the available resources. If there is 

enough resource to admit the .Y~h call such that its QoS requirements. as well as 

those of the ongoing calls. are satii;fied. then admission is granted. Otherwise~ the 

connection request is denied. 

Resource allocation is a vital component of C.-\C. The performance of CAC de-

pends on the effectiveness of resource allocation. Given a knowledge of the amount 

of physical resources. resource allocation determines the maximum number of calls 

-
I 
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of each of the .\[ classes that can lw supported while satisfying; all the QoS con-

straints. 

To set the stage for our discussion of cellular mobile communications and net­

working. the communications problem is dividt'd into thn'e conceptual It,vels: (i) 

the physical level which im·oln·s modulation. coding;. rt>cein·r dt'siµ;n. de.: (ii) the 

link level where quality is charact<'rizPd by the error rate or sig;nal-tn-interfrrencc 

ratio (SIR); and (iii) the network le\·cl that is characterized by th<' protocol layers 

abo\·e the media acn·ss control (~l.-\C) protocol in the protocol stack. 

Resource allocation is a nNwork levd problem. In a win·lt·ss mobile nc>twork. a 

mobile user can freely travel from onf' plan' to another during; a connection. This 

gin:>s rise to the nen'ssity for handotf. in order to en:-ure St'n·ict> continuity. Handotf 

is unique to wireless mobile nPtworking. Then'fort'. the t•fft'rt of user mobility 

needs to be taken into considPration in resource allocation. The> rt'st uf this chapter 

provides a literature review of resource allocation and call admission control in 

wireless communications. Their shortcomings are identified and the motivation 

behind this thesis is then presented. 
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2.1 Review on Resource Allocation 

Resource allocation are often considered at either the packet lcYel or the call level. 

The packct-len·l QoS factors inclwle the packt>t loss rate. PLR. the mean packet 

delay. and the packet delay jitter. The delay and <ielay Yariation requirements can 

often be met by choosing an appropriate bntfer size. Therefore. the primary packet­

level QoS factor of interest is PLR. The call-leYel QoS factors of interest include 

the nt'w call blocking probability. P,.. the forced termination probability. P1. In 

resource allocation. the network resom-cf's are a:-signed to th<' ongoing calls on the 

ground that their QoS rcqnin'meuts. at both the pack<'t and call level. are satisfied. 

2.1.1 Packet-Level Resource Allocation 

The packet-level resource allocation is concerned with the assignment of the packet 

transmission capacity of the link. It attempts to maximize the system utilization 

through statistical multiplexing. Resource at the packet level is the link transmis­

sion capacity. often measured in bits per second (bps) or packets per second. \Vhen 

a link capacity is specified. the resource allocation problem in a wireless system is 

very similar to its wireline counterpart. 

There are three major approaches to resource allocation: pure analytical-based. 

pure measurement-based. and hybrid analytical/measurement-based. In analytical-
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based approaches (e.g .. [,. S. 9. 10. 11. 12. 13. 1-L 15]). sources are assumed to 

conform to some mathematical mo<leb. TlH' resource allocation problem is then 

soh·ed analytically or numerically. For example. etfecti\·e bandwidth [10] is one 

of the most popular analytical-based rt>Sl)urct' allocation approaches ( [,] to [15] ). 

where the packet arrival stream is modeled by an ou/otf process with exponential 

on and otf periods. St•rvicc ,tt the packet kwl is modeled using a single server 

queue with infinite waiting room. The PLR can then be estimated by the tail 

distribution of the buffer occupancy. descril)('d by a set of differt>ntial equations. 

Analytic tractability is the main advantag<' uf the <•tfective bandwidth approach 

and other analytical-based schemes. 

In measurement-based approaches !e.g .. [ 16. 1,. 18]). the aggregate traffic is 

characterized hy some measured statistics . .\Ieasnrements are mapped into system 

paramt•ters to yield the current resourn.' usage. \Vith the given traffic parame­

ters and the prescribed QoS factors. the resource requirement of the new call is 

computed. Admission decision is then gen('rated by determining whether there is 

enough spare resource to support the new call. For example. Saito and Shimoto 

[18] attempt to constrnct the distribution of the arrival process from traffic mea­

surements. \Vhile this approach is completely adaptive to any traffic stream. the 

overhead to construct the traffic distribution is enormous. 

In hybrid analytical/measurement-based approaches [19. 20. 21. 22. 23. 24. 25]. 
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there is an underlying assumption of traffic model. either analytical [19. 20] or em-

pirical [2-1]. Traffic measurements are used to tine tune the parameters of the traffic 

model to yield the resource allocation results and admission decisions. The hybrid 

approaches try to strike the l)('st tradeotf betwePn adaptability and implementation 

o\·er head. 

2.1.2 Call-Level Resource Allocation 

Call-levPl resource allocation is nmn'rned with the call handling capacity of the 

link. It attempts to maximize the channel occupancy. Resource at the call level is 

the numbt>r of a\-a.ilahlf' transmission channels. h·c· In FD:\1.-\. I<c is the number 

of fn,quency bands. while in TD:\IA. Kc is thf' numb<'r of slots during one use of 

t hf' systt•m. In CD :\L.\. th{' users all share a common spectral allocation over the 

tim<' they are activf'. The capacity requires qualification because it is soft and 

intt:'rference-limite<l. 

From Viterbi and \"iterbi [26]. the number of users that can be supported per 

cdl satisfies the inequality 

(2.1) 

where '7 = S 0/ 10 • and 
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ir spread spectrum bandwidth. 
R data rate. 
Eb bit energy. 
IO rna.ximnm total acceptable interference density . 
.\'0 thermal (background) noise density. and 
f ratio of uther interferenn'-to-own cell interference. 

If the number of users i->xceeds S. then the total interference will increase beyond 

the acct'ptable level [0 mid the bit error rate will not be satisfied. \Ve define K,... = N 

as g;in'n by (2.1 ). in the case of CD:\l...\. The aim of the call-level resonrcP allocation 

is to ntilizf' the [\.. channels as many as possible. Due to user mobility. handoff. 

a call-level phPnomenon. is inL•vitable. ResonrcP allocation at the call lewl thus 

needs to consider the effect of han<loff . 

...\ simple. yt>t effective approach to perform resource allocation at the call level 

and takf' into considt'ration handoff from nPighbouring cells is guard channels reser-

vation. e.g .. [27. 28. 29. 30. 31. 32. 33. 34. 3-S. 36. 37]. l{g channels are reserved 

solely for the purpose of handoff. Ont of the [\.c channels. if more than Kg are 

unoccupied. both new calls and handoff calls will be accepted. When less than K9 

channels are free. only handoff calls will be accepted. :'.\ew calls will be blocked. 

Guard channels reservation reduces the forced termination probability significantly 

by compromising with the new call blocking probability slightly. 

Virtual connection tree ( \TT) is another approach [38] . .-\ VCT is a cluster. 
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which i:-- a collt>ction of cPlls in which a mobile u:--er is most likely to be found for 

the dnration of the call. \\"hen a mobile u:--er i:-- aclmittPd into the network. resource 

is resprw<l in each base statiun in tht' \-CT to ensure fast handoff by simplifying 

thf' handl1tf admission procednres while kct>ping handotf blocking probability below 

some tksin·d len•l. .-\pplication of \"CT in multimedia traffic and the optimal cluster 

:-;ize arf' discus:-;ed m [39]. Ctilization of \-CT is low dut' to excessive resource 

rt'st•rvation. Shadow clustc'r is thus introduced [-10]. It takf's into account the 

dirPction of tlw mobile mown1t'nt and associatt's a probability of visit for each cell 

in t lw clnstPr. Tht' amonnt of n·sourn· rl'S<'rvcd at each ba:w st atiou in the shadow 

clnstc>r is accorclin~ to tll<' probability of which tlw mobi!t• terminal will visit . 

.-\ chanrlt'l carrying technique is proposed in [--11] wh<'re a set of channels m 

t•ach cell. shariu~ common frpquency slots as the neighbouring BSs. is dedicated 

for handotf calls. The trau::-mission chann<'l is thus allowed to carry over and it 

facilitates handoff. at the <'Xpense of increased frequency reuse factor and reduced 

capacity ( number of users). 

2.2 Review on Call Admission Control 

Call admission control in wireless mobile communications networks can be per­

fonned from either the network layer or from the link layer perspective. 
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2.2.1 CAC in Network Layer 

14 

From the network layer p<'rspectin'. the QoS of interest an· PLR. Pn and Pi- \Vhen 

there is a new cnuncction r<'qncsr. n'sonrcc' allo,·arion dt>tcrrninf's the amount of re-

source n'quire<l to guarantee rlw prescribed QoS constraints of both the requesting 

call and th<' ongoin!?: calls. The packet-le\·d n'souret' allocation sd1<'mes are con-

n•rnecl only with tht• packet-lewl QoS factors. namely PLR. The effectiveness of 

the n'sourct' allocation sclwme is retl<'cted in the utilization. This utilization can 

be translated into tht• capacity n·giou ddiut'd by an .\l-dinwnsional span" with in-

tPrc<'pt points at.\".,,~.,,,= 1.2.· ·· . .\I. for the purpose of C.-\C. where.\[ is the 

total number of tratfic cl~s<'S. Figure 2.1 shows a capacity n'gion for .\/ = 2. After 

admitting thf' new call rP<p1est. if the m1mber of calls. n .. = (n,. 1 .n,.,.· · · ,nu_,r). is 

within the' capacity region. tht•n the nt>w call can be admitted. Otherwise. the call 

request will be n·jertf'd. The packt>t-le,·cl resource allocation sclwmes discussed in 

Section 2.1.1 can lw used for C.-\C in this fashion. 

The call-levf'l resource allocation schemes are concerned only with the call-level 

QoS factors. namely P,. and Pi. They are discussed in Section 2.1.2. The results 

are already expressed as the number of admissible users and can be used for CAC 

decisions directly. 

There are also C AC approaches which do not use the result of resource allo-
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Fig;nn· 2.1: Capacity rt·!!iuu for .\I = 2 

cation. t>.g .. [-!2. --1:3. -!-L -!5. -!6. -!7]. Ft)r ,t gi\"t'Il number of transmission channels. 

thc>se approad1t•s aim to satisfy the P,. and I'1 reqnin•ments. In [-!2]. handoff char-

acteristics are estimat<'d by exchanging; stat<' information ( number of handoff calls) 

among ncig;hbouring cells. On th<' otht·r hand. ,t forn·d termination probability 

indPx is compnt<'d in [-!3. -!-!]. The> forced tc•rmination probability inclex reflects the 

likelihood that th<' new call will be terminatt•d prt·maturely if admitted. Admission 

is granted if the index is bPlow a preset tlm·shold value. Giwn the number of 

channels. [-!5. -!6. -! ,] study the admission cu totf threshold. Integrated voice and 

data traffic is studied in [-1,] and data traffic may use idle voice channels on a 

reservation basis. to enhance the utilization. These papers give case studies of the 

blocking performance for different system sPttings. 
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2.2.2 CAC in Link Layer 

16 

There are C.-\C schemes aiming at satisfying the link-len~l QoS constraints. l'.g. 

[-!S. -!9. 50] . .-\s mentioned at the beginning of this chapter. the link-lcwl quality 

is characterized by the sigual-to-interfer<'nn· ratio (SIR) .. .\ desired bit error rate 

performance will give a sp<'citication of the required SIR value. This approach is 

quite common when studying CD:\I.-\ syst<'ms lit'ca11:-e the capacity is interference-

limited. In [-!8. -50. -!9]. tht> intc>rfrrenr<' and the arhil•vabk SIR arc analy;'.cd. If 

the anticipated SIR rnlut• is below tlw threshold. theu tht• nt•w call rPquest will lie 

rejected. The admission threshold in [:jO] is adapt in' t hrongh traffic nwasurPments. 

C.-\C is used in conjunction with power control in [-!9]. Tlw aclmissihlt> region is 

<lefined by the power allocation requirE'nwnt of the .\/ traffic classes. If the power 

allocation Vt'ctor is within the aclmissiblt• rc>gion. t ht' call request is accepted. These 

schemes are mainly targeted for homog<'nmus niice traffic. 

Multimedia traffic is considered in [51. 52. 53. 5-L 55. 56. 5i. 58. 59]. Different 

powPr allocations for diffen-nt traffic classes are considered in [51. 53 . .52 .. 58]. The 

achieved interference is obtained and compared to the interference threshold to 

make admission decision. Integrated data and voice are considered in [54. 56. 5i. 

59]. In [54. 56]. data traffic use the left-over capacity of voice. Data traffic can be 

queued up in [54] while access to the idle voice channels is achieved on a slot-by-slot 
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reservation basis. Admission is also based on the interference analysis. Wu et al. 

allows soft-QoS requirements to enhance the system utilization [59]. In [55]. the 

effective bandwidth from the packet-lewl resunrce allocation is used in obtaining 

the procC'ssing gain. The resultant interference is then determin<'d and sPrve<l as 

the basis of the a<lmis::-ion decision. 

2.3 Motivation and Goals 

2.3.1 Effect of Mobility on QoS Provisioning 

:'-l'etwork layC'r C.-\C needs to satisfy both the' packet-le•:d and call-l<'vel QoS fac­

tors. Packct-lew'l rPsourcc allocation approaches guarantee the packet-level QoS 

factors. namely PLR. The tt>chniques arf' borrowed heavily from wireline AT~I re­

source allocation. The call-lt,wl resource allocation schemPs guarantPe the call-level 

QoS factors. namely Pn and Pi- The need to satisfy Pi is due to presence of user 

mobility . .-\11 the guard channel techniques improve the Pi performance. by con­

sidering certain handoff characteristics. The question of how mobility affects the 

performance has to date received little attention except in [60. 61. 62]. 

The effect of user mobility. using a two-state ~nIPP model. is studied in [60. 

61]. The two states are referred to as normal and hot. \Vhere the latter causes 

user aggregation. These two papers are mainly concerned with the effect of the 
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duration of the hot state. which is characterized by relatively low user speed and 

hence long cell crossing time. In [62]. the Ptfect of mobility is represented in a 

more general way using a mobility parameter. This way of representing mobility 

information offers some degree of flexibility in terms of studying the impact of 

nser mobility on uctwork-le\'cl QoS provisioning undertaken in the present paper. 

For this reason. in what follows we also employ a general user mobility parameter 

to incorporate the cfft'Cts of handotf and call blocking. This thesis first studies 

the effect of user mobility on the cdl utilization and the cell capacity required 

to maintain the prescribed network-lt>\'el QoS. This problem is of grf'at interest 

because it provides a fundamental nnd<'rstanding of the effect of mobility on QoS 

prov1s1onmg. 

2.3.2 Coupling of the Link and Network Layer Require-

ments 

CAC can be studied from the link layer or network layer point of view. Although 

the main focus of this thesis is on the network layer CAC. an understanding of the 

coupling effect of the two layers is important. From the network layer perspective. 

the capacity is the number of transmission channels, Kc- Kc is limited by the 

tolerable interference. This is particularly crucial in CDMA-based system since the 
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capacity is soft and interfrrC'net'-limited. The capacity of CD:\1.-\ systems has been 

studied extensiv""ly. e.g .. [63. 26. 6-L 65. 66. 61. 67. 6S]. From the link layer point of 

view. these papers consider the effect of transmission channel characteristics. such as 

fading. and imperfrct power control. on the bit f'rror performance and the achievable 

SIR value. Eb/ !0 . Eb/ lu determines the system capacity. /\",.,. The consideration is 

in a bottom-up manner. :\"et work layer quality of service (QoS) performance such 

as Ilf'W call blocking probability. Pn. and for,f'd termination probability. Pi. are not 

st ndic><I. 

From the' network layer point of view in a top-down manner. the effect of mo­

bility on the channel rt'quiremeut is considt'rr•d in [69. 62]. Th<:' number of channels 

a\·ailable in the systf'm. K-. is the measurf' of capacity in these studies. For the 

sf'cond generation TD:\1.-\-based systems such as GS:\I and IS-136. the capacity 

(number of channels) is fixed. However. for the 3G wideband CD:\!.-\ (either IMT-

2000 or cdma2000) systems. the number of channels becomes a variable due to its 

soft capacity characteristics. :\fore importantly. the capacity studies in the link 

layer and the network layer have been considered in isolation. ~onetheless. the ca­

pacity available at the network layer is the same capacity provided by the link layer. 

Therefore. the capacity can be viewed of a CD:\!.-\ system as a varying para.meter 

Kc. expressed as a function of Eb/ !0 . In this regard. a linkage between the link 

layer and the network layer can be provided through [\·c• This coupling provides 
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the rdationship between the link layer spc>cification Eb/ [0 and the network layer 

QoS performance and rt•quirements. in the presence of user mobility. To the best 

of our knowledge. this coupling has not been studied in the literature. 

2.3.3 Joint Packet-Level and Call-Level Resource Alloca-

tion 

Rt>sonn·p allocation either focuses on satisfying the packet-level or call-level QoS 

factors. Few studies are aYailahlc for joint con!--idcra.tion of tlH' QoS factors of the 

two [eye ls. [,0. 11. ,2. 13]. HowPvPr. the two lf'vds are ,·ousidered in isolation. except 

in [13]. As also noted in [13]. the nun-i11tf'raction bf'tween the two le,·els results 

in excessi,·p allocation of rf'sourct:' at tlw packet level. Therefore. it is important 

to consider a joint satisfaction of the packet-leYel and call-level QoS factors in 

rt'sourcc allocation. A joint-lewis resource allocation scheme is thus introduced. It 

1) couples the packet-le,·el and call-level QoS parameters for CAC. and 2) captures 

the non-persistent nature of the traffic flows at the packet level. in order to achieve 

further statistical multiplexing gain. This piece of work is in a similar spirit as 

[,3] in which the source effective bandwidth developed in [20] is weighted by a 

factor o E (0.1]. in order to reduce the resource requirement at the packet level. 

However. no attempt is made to optimize or to determine the best value of dJ that 
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would ma.ximizC' utilization. The proposed joint-k\"ds resource allocation scheme 

mak<•s nst> of statistical multipll'Xin~ hy din'ctly linking the packct-lcn--1 and call­

lt--\"d constraints. and taking advantage of th<' non-persistent nature of the traffic 

Hows. to perform n•source allocation to maximize the utilization. 

2.3.4 Movable Boundary Channel Allocation 

To consider h<'tcrog<'nt'o11s traffic types. we grossly 1li\·idt' the traffic into two types. 

r<'al-tim<' ( RT\ and non-real-time (:'.\RTL RT traffic will be of an interacti\·e type. 

<'.g .. voice. which is ,lelay-sensitin--. ~RT traffic will be of a distributi\"e (non­

interacti\"<') typt'. 1'.g .. data. which is dt•lay-inst>nsitiw. h11t is loss-sensitin'. \Vith a 

spt>cilied n·ll rapacity [\·r. an dficient sd1emC' to di\"idt' the K,. channels among the 

RT and ~RT ns<'rs is required. A mo\·ahk honndary channel allocation scheme is 

proposed. The scheme is a form of \"irt11al partition in the sense that :'{RT traffic 

can make nse of the unused capacity nominally allocated to RT traffic without 

atfecting the RT ser\"ice performance. This is achieved by allowing RT users to 

preempt :\"RT usPrs when necessary. 

The idea of rno\"able boundary for integrated \·oice/clata services in computer 

communication networks was first introduced by Fischer et al. [,4]. In the inter­

\"ening time. there have been numerous ensuing studies reported in the literature, 



CH . .\PTER 2. B..\Cl{GRO[·:\·D .-\SD .\IOTI\:.\TIO.V 22 

e.g .. [75. 76. 77]. In g;t'neral. a TD:\I (Time DiYision :\lultiplexing) structure is as­

smned. In a framf' of /\. slots. S slots are allocatt>d to Yoice users. thus supporting 

S ,·oice usPrs. Tllf' remainin~ K - 5 slots are cledicatecl tn <lata users. In addition. 

tht' 5' idle \·oin' slots ar<" also ntilize'<l by data nse'rs to increase data transmission 

rate. Data packPt:- art' lmtfer<'d awl transmittl'd \·ia I\. - S + S' slots in each frame. 

These work art' cunn'nwd with rc'snurc<' sharinQ; at the packt•t lcYel. \Yhile suit­

able for wirelinP rnmmnnications such as . ..\ T:\I. tht•y an' not completely applicable 

in the wirdt'ss muliilt· t'u,·ironrrwnt. in partindar. wlwu \\T are interestt>d in the 

satisfaction of call-lt•\·d QoS. i.t'. P,. and Pi-

In a wireless nJmm1micatiun:- system snpportine; \·oice and data. the capacity. 

[\·. ([\.slots for TD:\I...\. or[\. spreading codes for CD:\l...\) are allocated to voice and 

rlata users. The aho,•p works use the 5' idle slots to increase the data transmission 

rate. In practice. a:-signing these idle slot:- rlynamically on a frame-by-frame basis 

is difficult. Instead. tllf' proposed scl1t'mt' uses the idle channels to support more 

data users and thus enhance the system utilization . .\"0 • In other words. the above 

works deal with resource sharing at the packet len•l \vhile the proposed scheme is 

concerned ,vith resource sh=uing at the call len·l. To the best of our knowledge. using 

movable boundary for resource sharing at the call level has not been considered. 

In the literature. a number of capacity allocation schemes are reported, e.g .. 

[,S. ,9. SO. 81]. Virtual partitioning is performed in [78. 79. SO]. Incoming packet 
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priority varies dynamically according to the instantaneous «·apacity usage and buffer 

occupancy of each class. Again. these- schcuws art' mainly concerned with multi-

plexing traffic types in a wireline network. Also. thf's<' papers are concerned with 

enhancing QoS performance. The qm·stion of how to engincf'r the network. such 

that the set of prescribed QoS parametPrs are satisfied. is not addressed. In [Sl]. a 

dynamic channd assignment algorithm by carrit•r switching is prnposed. Data users 

may obtain their requirPd slots through ditfrrc·ut carriers. If nt'cessary. a data user 

may be assigned fewPr slots than rt'qnircd during handotf to reci11cc han«lutf blocking. 

This scht•me increases rc•source utilization awl n·dnn·s blocking. Huwen'r. carrier 

switching is cliffirnlt tu implement in practin•. Tlw rPason of adopting the movable 

boundary approach as opposed to ,·irtnal partitioniu~ and carrier switching is that 

it is simplPr to implement. 

2.4 Summary of Objectives 

The four objectiws of this thesis are summarized as follows. 

1. To study the effect of user mobility on QoS provisioning. The cell capacity and 

cell utilization as a function of the network-level QoS factors and user mobility 

are quantified. The excess capacity requirement and utilization degradation 

as a function of handoff rate are giwn. ( sing the cell capacity as the common 
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thread. the linkage between the link-len'l QoS ( Eb/ [0 ) and the network-level 

QoS ( P,. and Pi) as a function of handotf ratf' is obtained. Th<'se are studied 

in Chapter 3. 

2. To propose a joint pack<'t-lewl and call-len·l rP:;011rcc allocation ( R.--\) scht>mc. 

It incorporates the non-persistent tlow charactt>ristics in the packet-kvd anal-

ysis. The joint-levels R.--\ problem is formulatt>d as an optimization problem to 

find the rna.'i:imum /\". .. subject to simultam•ous satisfaction of the pach•t-len'l 

anci call-lewl QoS constraints. This sclwmc can be us{'d in wirdin<.' networks 

as well as win'lf'ss networks includine; CD:\L.\-basf'd systt>ms. The joint-1<.'vcls 

RA scl1Pme is discussed in Chaptt•r -L 

3. To introduce a movable boundary ( :\IB) channel allocation scheme to support 

two traffic types: RT and );"RT. It assigns the idle mice charmels to data traffic 

on the ha.sis that it may be preempted if voice traffic needs the channels at 

a later time. The amount of data traffic can be increased. The preemption 

process gives priority to voice traffic so that data traffic will not affect its 

performance. The :\IB channel allocation scheme is studied in Chapter 5 

4. To combine the joint-levels RA scheme and the :\-IB channel allocation scheme. 

and incorporate the findings of the effect of mobility. to structure a mechanism 

for CAC. This is discussed in Chapter 6. 



Chapter 3 

Effects of Mobility on QoS 

Provisioning 

The objectives of this chapter are two folds. First. the effect of nser mobility on 

syst('m utilization and PXC('SS rapacity reqnire<l to maintain a prescribed level of QoS 

is investigated. Second, the link-level QoS in terms of Eb/ [0 and the network-level 

QoS in terms of P,. and Pi are coupled through the available system capacity. 

This chapter offers the following major contributions: 

• The cell capacity and cell utilization as a function of the network-level QoS 

factors and the user mobility parameter are quantified. This knowledge can 

be used to enforce call admission control. 

25 
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• Csing the cell capacity as the common thread. the linkage between the link­

len.•l QoS (Eb/Io) and the network-lew•l QoS ( Pn and P1) as a function of 

user mobility parameter is obtained. For the prescribed network-level QoS 

r£>qniremenrs. this information quantifies the \·alue of Eb/ Io required as a 

function of han<lotf rate. If the Eb/ [0 value turns out to be too small so that 

the bit error rat£> (BER) at the link-le\·d is not acceptable. then the user and 

the nl'twork provider can use this information to renegotiate net\'vork-level 

QoS ~pecification. 

• Th<' degradation in cell utilization as a fnuction of the handotf rate is es­

tablished. To maintain the zero-haudotf-rate utilization as the handoff rate 

increases. a larger cdl capacity is needed. This information can be used to 

reqnest the radio transmission level to choose a better channel code and/or 

antenna lliversity. 

The rest of this chapter is organized as follows. Section 3.1 describes the problem 

associated with QoS provisioning in a CD~IA setting. and the representation of user 

mobility using a mobility parameter. The behaviour of a radio cell is characterized 

using a queueing model in Section 3.:2. The mathematical characterization of the 

effect of user mobility and the coupling between the network-level and link-level QoS 

are provided in Section 3.3. Section 3.-1 presents numerical results to demonstrate 
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the effect of user mobility on resource management. Concluding remarks are given 

in Section 3.5. 

3.1 Problem Statement 

Lt>t h-c be tht' system capacity mcasurc>d in terms of the number of channels per 

cdl. In the case of FD:\1.-\. l\-c is the number of frequency bands. while in the case 

of TD:\1.-\. K,. is th<' number of slots clnring one nse of the system. In either case. 

[\·,. is well-ddirwd. giYing rise to a hard capacity. In CD:\IA. the users all share a 

common spt>ctra.l allocation on'r the time they an' active. The quality of service 

is specified hy a pn'scrilwd lewl of signal-w-intPrfcrence ratio. or Eb/ lo. In this 

respect. the capacity of a cell is soft and rc>qnires <tualification. 

CD:\IA is interference-limited. The link-len-.1 QoS in terms of BER can be 

specified by a prescribed level of Eb/ [0 . For examplP. the minimum required Eb/ Io 

for BER < 10-1 is , dB. as specified in [63]. To support multimedia traffic. it is 

assumed that there arf' .\l traffic types. with different traffic rates Rm and QoS 

requirements (Eb/IO )m. The minimum required transmit power of the /h type m 

source is given by 

(3.1) 
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where 11.,.) is the maximum tolerable total interference consisting of intracell and 

intercell interferenn' and background thermal noise. experienced by the /h type m 

source. f m 1 and Rm 1 are thf' traffic dt'man<l and the data rate of the /h type m 

so11rc1'. respt'ctin•ly. Thi:- treatment i:- adopted from [82]. For h·,.m users of type m. 

r,,.,., r.:,.m 

Sm = L 5,,.1 :2: L r rn1 • I1.,,). (3.2) 
1=1 1=1 

If S = [51• 5 2 . • • •. 5\f] can lw found such that inequality (3.2) is met. the required 

QoS of all usPrs is satisticd. Due to tinire tran::-mit power. the value's of l\.c"' are 

limited. The .\/-dimcn:-ion hyperplane denned by inequality (3.:2) describes the 

powf'r allocation for wideband CD~L\ system::- is givm in [82]. 

In this thesis. the primary interests are in investigating the effect of mobility 

on utilization and capacity requirement. and establishing the coupling between the 

link-level and the network-level QoS. In this regard. a simpler case is treated in 

this chapter and Chapter -L where all users are of the same type. i.e .. . \l = 1. Two 

traffic classes. i.e .. .\[ = 2. is considered in Chapter 5. In the sequel. the subscript 

m is dropped. For JI = 1. the maximum number of users that can be supported 

per cell is as obtained in [26]. and it satisfies the inequality (2.1 ). Imposing equality 
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and setting Kc = .Y. ( 2.1) hernnws 

lr/ R 1 - 'I K-:S----­
£,) lo l + f 

( 3.3) 

L<'t S,, be the syst<'m utilization. ddinc>d as the a\·<'ragt> unmlwr of users that 

can be supported per ct-'ll. If each user ocntpies only one channel. as for cellular 

n)ict> st•n·icc>s. then the system can support at most l\.c users at any given time. 

D1H' to the random naturf' of the call arri\',11 process. allowing .\"11 = Kc users in 

tht· systt·m would driv<' the call blocking probability toward one. Although the 

blocking probability is always lt•ss than unity h<'caust' tht> -;ystem is finite. if we 

wish to maintain it at any reasonable len•l of practical intc>rest. say 10- 1 
.. Vu must 

lw less than /\·.-- Intnitin•ly. when users roam from cell to cC'll. to maintain the same 

QoS performance'. either the system utilization will decrease or additional capacity 

is required. 

Let _\"5 and Sm denote'. respectively. the system utilization when all mobile 

users are stationary and when mobile users are in motion. Our first problem is to 

determine the degradation in utilization. ~.V .. = .V5 - .Vm • due to user mobility. 

subject to a prescribed set of QoS specifications. For the problem under consid-

eration. the QoS requirements are the new call blocking probability, P;. and the 

forced termination probability. Pj. 
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Our second prohkm is to dPtermiue the additional capacity. ~l\·c• required 

to maintain the zrro-handotf-rat<:' utilization when all users are m motion. 1.e .. 

Sm = .\",. In other words. it is Ilt'cessary to increase rhe system capacity· from l\.c to 

K,. + ~!\·,. in ordrr to maintain the same !en,[ of QoS. \\'e are interested in assessing 

the \·alue of tht• excc•ss capacity. ~I\", .. Ilt't'ded to maintain a given utilization and 

to guarantee the pn•scril>t'd QnS facturs wh<'Il nsers are on the move. 

In practin·. the nnmlwr of available chamwb s11hject to a prescribed link-level 

QoS specification is ofrt>u fixed by rlw radio transmission method used. Therefore. 

the first problem is of pran ical intere::;t whik the second provides a motivation to 

find methods to incr<'as<' th<' system capacity.<'.!!; .. antenna design and/or channel 

coding. This is of partint!ar interest to CD:\I.-\ syst<'ms whPrr the capacity is soft. 

Eq. ( 2.1) illustrates the soft capacity featnw nf CD:\I.-\. Consider homogeneous 

traffic. for examp!P. cligitizr-d mice of ratf' R. If WP assume that hoth TJ and J in 

( 2.1) can be bounded and treat them as constants. then the capacity. Kc. is just a 

function of Eb/ !0 . The smaller is the \·alue of Eb/ I0 • the higher will be the capacity. 

Eb/ I0 specifies thf' SIR reqnirenwnt in order to satisfy a certain bit error rate (BER). 

For exampl<'. as mentioned earlier. the minimum required Eb/ !0 for BER < 10-3 

is specified as , dB in [63]. This takes into account the coding performance and 

antenna design efficiency. Therefore. with better coding and/or antenna design. 

the Eb/ !0 requirement can be reduced to increase the system capacity. 
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~ote that in defining the capacity in tt•rms of the link-level QoS. (2.1) does not 

capture mobility information. Howcw·r. user mobility directly atfrcts thP network-

level QoS. i.e .. p· and P1•. which are in turn a function of the svstem utilization n -

Su and capacity K,.. It is noted that !lt'\\" call initiation by diffrrent 11s£>rs and 

handoff call initiation by the system ( the mobile switching Cl'Ilt{'r. assisted by the 

mobile and the base station) from utlwr cells are ind{'Pl'IHknt random events. In 

this thesis. new calls and handoff calls are tn.•att'd alikt•. and it is assumed that 

call arrivals obt•y a Poisson distribution and that rlw nlt'an service time and mean 

inter-handotf time an· t>xpow•utially distributed. 

Inter-haruloff call arrivab may not obi•y a Poisson distribution. since handoff 

initiation depends on both th<' dirrrtion of mo\·cment and the :-pet>d l)f the mobile 

[S3. S-1]. Gammadistribntion and the mix<'<l Erlang distribnticm haw been proposed 

to model general inter-hanclotf time. Howewr. in certain situations. the exponential 

distribution gives good approximations. Figures 3.1 and :3.2 show the simulation 

results demonstrating the accuracy of the exponential approximation for Kc = 35 

channels and [\.c = 30 channels. respectiwly. ~labile units are traveling inside a 

10 x 10 square grid with \Vrap-around edges. Different handoff rates are achieved 

by choosing different user speed and cell size. For example. the handoff rate for a 

user traveling at -! km/h in a picocell of 20 x 20 m 2 is 3.33 per min .. while that 

for a user traveling at -10 km/h in a macrocell of 1000 x 1000 m 2 is 0.667 per min. 
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Four movement directions are possible: riorth. _..:outh. east and we_..:t. Call duration 

is assumed exponentially distributed with a mean of 2 minutes. Fnnr different 

scenarios are simulated and are descriht'd as follows. 

1. Constant speed w-ith fixed direction All mobile nnits ha\'e tht• same speed. 

constant throughout the call lifetime. Tht• direction is randomly chosen at 

call initiation and is fixed until the call ends. 

•) Con.-:t,mt .-.:peed urith din,,ction change · All mobile units hav1• tlw s,urH' speed. 

constant throughout th<' call lifrtinw. The dirt'ction is ramlomlv chosen at 

call initiation and it changes ewry 10 sc>conds with 

P(go straight. turn left. tum right.C-turn) = (0.7.0.13.0.13.0.04). 

3. Uniform . .-:peed with fixed direction - The mobile speed is uniformly distributed 

( between (--10. 60) km/h for cell edge gn'atcr than 200 min length and between 

( 1. 4) km/h for cell edge less than 200 m in length.) It is determined at call 

initiation and remains constant throughout the call lifetime. The direction is 

randomly chosen at call initiation and is fixed until the call emls. 

--l. Uniform speed with direction change - The mobile speed is uniformly dis­

tributed. as described above. It is determined at call initiation and remains 
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Figure 3.1: .-\ccuracy of tlH' exponential inter-haudotf time assumption with I<c = 
35 

constant throughout the call lifetime. The direction is randomly chosen at 

call initiation and it changes every 10 seconds with 

P(go straight. turn left. turn right.C-turn) = (0.,.0.13.0.13.0.0-l). 

Figures 3.1 and 3.2 show the achievable cell utilization when P~ = Pj = 10-3 

are satisfied simultaneously for increasing handoff rates. It is seen that the expo­

nential inter-handoff time gives good approximation to the achievable utilization. 

Therefore. the exponential approximation is used in this thesis. The analytical 

results obtained wiil provide a meaningful relationship bet,veen the link-level and 
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Figure 3.2: .--\cntrary of the <'Xponential inter-handotf time assumption with Kc = 
50 

network-level QoS. 

\Vith the above assumptions. we can model the radio cell as an '.!.If'sl/ Kc/ [\.c 

queueing; system. In this ca:-r. the system blocking probability is given by the 

Erlang Loss Formula. denoted by 

(3.4) 

where P is a generic call blocking probability at the radio cell, related to Pn and 

From the above discussion. we see that Eb/ 10 gives the link-level specification 
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in order to support the required BER. At the same time. Kc specifies the require­

ment to support nc>twork-lewl QoS requirements ( P,; and Pj) in the presence of 

ns<'r mobility. h.c thus provicks the \·ertical coupling between the link-level Eb/ Io 

specification and the network-le\·el QoS p<'rformance through ( 2.1) and ( 3.-1 ). 

Our third problem is to quantify the Eb/ [0 requirement to provide the excess 

capacity in order to support a prescribed lcn'l of user movement. Kc is the cou-

pling parameter between the network-level QoS performance and link-level BER 

rt'quirt>mt'nt. 

:\"otc> that the excess capacity requirement is referred to as the channel cost of 

mobility in [62]. We heliew that th<' utilization 1lc>g;radation is a more appropriate 

quantification of the cost of mobility because this is the price for supporting mo­

bility. An increas<' in capacity is not always feasible. The work in this chapter of 

the thesis differs from that in [62] in the following ways. First. the QoS factor is Pi 

while the QoS factor in [62] is Pd. where P.1 = Pn + Pi is the call dropping proba­

bility. the probability that a call will ever be dropped from the time of connection 

request to the expected end of connection. Pn and Pi are considered separately here 

because they are the performance seen directly from the users· perspective. Second. 

the handoff rate. ,\h, is used as the mobility parameter rather than fJ E (0, 1] as 

in [62]. which is mapped from ,\h E (0. ::,c). This will give more insightful results. 

Third. the utilization degradation. which is of practical interest. as mentioned be-
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FigurP 3.3: Queueing ~lodel for Homogeneous Traffic 

fore. is also considered. In addition. t lw rnnpliug; bt>twt.•en the network-level QoS 

rwrformancP and the link-lcvd £&/ [0 requirement through the common parameter 

[\-,. is pnwided. To unr knowlt•d~L'. this has nut lwt'n addressed in the literature. 

3.2 Performance Analysis 

In the preceding section. we alluded to the fact that the behaviour of a radio cell can 

be modeled using an .\I/.\[/!{.:/ Kc qneucin~ system. The functional block diagram 

of this queueing model is shown in Figure 3.3. .-\ similar modeling approach was 

used in [85]. This model encapsulates the parameters that characterize the effects 

due to user mobility. In a cellular network. it is assumed that every cell exhibits 

identical behaviour. so that Figure 3.3 models the behaviour of a generic cell. 

In the queueing model of Figure 3.3. ongoing calls cut through the system: only 

new calls and handoff calls may experience blocking. From the blocking probability 
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point of \·iew. onh· the Ilf'\\" calls and handoff calls net'd to be considered. The 

paranwtt•rs that gon·rn the qnt'Ut'ing model an' as follows. 

• 1/p • call holding timl'. 

• ,\,, haudoff rate. 

• P gPnt'ric call blocking probability at the ,di. 

• .\ a11;gregatt> arri\·al ratl' of IH'W and handoff calls ( offf•red load). 

• n arrival rate of acct>ptcd traffic after blocking ( carried load). and 

Tht' carri,,d load n is rC'lated to th,• otfC'rPd load .\ by 

a = ( 1 - P) • .\. (3.5) 

wht:>re the otfrred load is given by 

\ -' (1-P).\,\ 
. - " + .3 h· 
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The sen·ice rate is 

( 3.6) 

Solvin~ for .\. Wt' obtain 

( 3. ,) 

From a moddinµ: puiut uf \·irw. WP an• intt-rPstt-d in asst>ssin~ the pf'rft)rmancc trend 

as tht> handotf rate incr1•ast's. To this cud. a hnmogPueous traffic t>nvironment is 

consi1lt'n·d and handotf and Ht'W calls arc trratt>d c•qually likely. i.r .. handotf calls 

an• not g;in·n highf'r priority. [t is further a:-;snmed that each user occupies one 

channel. as in the c<'llular voice systems. Let P = Pr(no channel is available). i.e .. 

the probability of blocking in the quent>ing sy:-;tem. l·sing (3.5). (3.6) and (3.,). the 

utilization (or the a\·era~e number of users). Su. is given by 

( 3.8) 

The approximation in ( 3.S) for P :::; 10- 2 is reasonable. 

Define the mobility parameter 0 E [0. 1) as the probability that a departure is 
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<lue to handotf [62]. Thus. 

0 ~ Pr( the cleparturP is tlw· to hawlotf) 
( 3.9) 

= 

Thf' closer 0 is to 1. the higher is the mohility. 1-H is tht• probability the departure 

is due to call completion. Recall that tht• two rnusi1krcd QoS factor:- arc Pn and Pi-

A new call is blockc•d wh<'u there is no fret• channel. Tlwrcfore. Pn = P. The forced 

termination probability. Pi. is the probability that ,t call is forced to terminate 

prematurely dnt:' to an nnsnccessful handotf at :-O!llt' inst ant cluring the lifetime of 

t ht' call. A handoff is nnsncet'ssfol if it cannot tind a fn,f' d1am1t•l during any handoff 

attempt in the lifetime nf a connection. Therd·urc. taking into consideration the 

number of han<loffs (luring tlw calrs lifNimP. P1 is giwn by 

( l - Pfl03 p + ... 

0?(1-P) 

1-(1-P)0' 

(3.10) 

(3.11) 

Eq. ( 3.11) 1s a quadratic function in P. Soh-ing for P. the admissible root 1s 
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expressible as a function of Pi: 

p-_0(_1_-_P_1_l_-_J_B_J_(l_-_~_1_2 _-_-l_BP_1_(_1_-_0) 
- :.8 • ( 3.12) 

TherPfore. to satisfy the prescribe<l. Pj. 

0(1- Pj) - ✓82 (1 - Pj)J --10Pj(l - 8) 
p·=-----'--------

28 
( 3.13) 

Eq. (3.13) gin•s the required Pin order to support th<' pr<'scribed Pi- :--;otice 

that there arc' two solutions when solving for Pin (3.11). Only (:3.13) is picked 

because the other solution results in a situation which is not of practical interest. 

The derivation of (3.13) is giwn in Appendix A. To satisfy the prescribed P~. 

p· = P~. (3.1-l) 

Equations (3.13) and (3.14) impose the requirement of P" of the cell. in order 

to satisfy P,; and Pj. From (3.11). it is observed that ,vith Pn being satisfied, there 

is a certain degree of P1 guarantee. In fact. 

e P~ ( 1 - P~ l < p·. 
1-(1-P,;)0 I 
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is possible for certain values of 0. \\"hen 0 :S Ber• where 

p· 
(}CT= f 

l 1 - P,; l ( P,; - Pj) 
(3.15) 

Satisfying P; implies satisfaction of Pj as well. Csing (3.9). the above condition is 

equivalent to ,\h :S ,\h,.,. when' 

(3.16) 

Therefore. as far as ,\,, is conn"'rne<l. p· is di videcl into two regions. When ,\h :S ,\h,,. 

P; is dominant and the requirement of p· is given by (3.1-1). \Vhen ,\h > ,\,,,,. Pj 

is dominant and the requirement of p· is gi\·en by ( 3.13 ). The requirement of p· 

to satisfy P~ and Pj can be l'Xpressed as 

p·= 
p· 

n 

ti( I-Pi )-✓62 ! I-Pi )2 -.JO Pi( 1-0) 

!.6 

(3.17) 

The need to satisfy Pj is due to the presence of user roaming. As a result. (3.17) 

captures the effect of user mobility through Pj and >..h and encapsulates them into 

the p· requirement of the cell. 

Assume that the arfrval stream is Poisson distributed with mean rate>... and that 
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the mean service rime µ- 1 and mean handoff time ,\;;- 1 are exponentially distributed. 

We can model the radio cdl as an >.[/>.[/ l\.c/ h.c queueing system. The system 

blocking probability is given by the Erlang Loss Formula [86]: 

( 3.18) 

1.e .. the probability that all I\",. channels are occupied for an average number of 

users .V11 • The approximation in (3.18) is based on the Stirling approximation: 

r ~ .-r r ~ .r.~t .r v..:.;r.r. 

and that the denominator in ( 3.18) is approximated by the exponential function. 

Assuming equality and taking the natural logarithm on both sides of (3.18). it 

reduces to 

(3.19) 

Here. the system capacity Kc is expressed in terms of the network-level QoS pa-

rameters. Eqs. (3.13). (3.1-1) and (3.19) give the relationship among mobility 

profile ,\h. utilization Su, capacity I<c• new call blocking probability Pn and forced 
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termination probability P1. These equations can be solved numerically to obtain 

the performance characteristics. Here. thP );'ewton-Raphson method is used to ob-

tain numerical results for utilization degradation ~.Vu = .Vs - Sm. excess capacity 

(3.20) 

is obtained from ( 3.3). The subscripts m and _.. are used to represent the parameters 

when all mobiles art' in motion. and :-tatinnary. respectively. 

3.3 Effect of Mobility on System Performance 

The presence of user mobility degrades system perfonnanre. Specifically. if the 

network-level QoS were to be presc>rved. then the number of connections that can 

be supported \vould decrease. Otherwise it would be necessary to increase the 

system capacity by whatever means. In this section. the impact on utilization 

degradation is first examined. Then. the additional capacity required to maintain 

the same level of network QoS as user mobility increases is im·estigated. One way to 

increase system capacity is to lower the Eb/ [0 specification. _..\ relationship between 

the link-level QoS. the network-level QoS and handoff rate is derived. In this way, 
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spt>cifications of blocking probability. forn'd termination probability and handoff 

rate yields the \·alu<' l)f Eb/ [0 necessary for supporting; the prescribed network-level 

QoS and usc>r mobility information. 

3.3.1 Utilization Degradation 

To study the impart un utilization degradation dne to nsPr mobility. the number of 

transmission channels. h·c• is assumed fixed. Tu accommodate a new call blocking 

probability of P,; < 1. it is 1wp1ircd that .Y,. < /\",.. In th<' case where all users 

arc immobilt•. the system ntilization is .Y,. = .\",. \\"hen users are in motion. the 

utilization . .\".,. rt'dnces from .Vs to .\",,. in ur<lt'r to maintain the QoS requirement. 

Clt::'arly. K:- > .\", > .Yrn. 

Lt-•t P; and P;, dc•note the systf'm blocking probabilities when all users are 

stationary and in motion. rc:-p<'ctiYely. so that the nsPr prescribed QoS is satisfied. 

When there is no mobility. p
5
• = P;. In the presence of mobility. to guarantee 

a forced termination probability of Pj. the utilization degradation is obtained by 

substituting .Yu= Kc - ~-Vu in (3.19): 

(3.21) 

where P;. is given by (3.13). ~Su in (3.21) can be solved using the Newton-Raphson 
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nwthod. 

3.3.2 Excess Capacity Requiren1ent 

\\'hen considering thP t'XCPss capacity rPqnircmcnt. the utilization is held fixed. 

Let l\·_, dt•note the numbl'r of channeb rcquireci to guarantee I',; when all users are 

statinnary. \\"hen mobility is iutro,luced. in order to maintain the same utilization 

(uumlwr of 11sers) . .\".,. additional channt>ls (capacity) are required. 

:'\otin• from \ :J.S ). :-inn~ the \·ahtt' of P can \·ary. ,\ and Jl need to be \·aried 

,1ppropriately to maintain a nmstant .\",.. HoweYcr. from the network's perspective. 

,\ and JL ar<' the 11ser traffic paramctt>rs that should not be chang;f'd. Consequently. 

a:- I' d1anges the \c1l11c of .\"., will not be pre:-ervecl. Howen.'r. since P is small. 

th<' \·alne of .V., rPmains approximately tlw same f'Yen with nsPr mobility. In other 

words . .\",,. ::::: .\", ::::: ,\/p. The excess capacity requirement is then obtained by 

substituting l\·c· = Km = l\·,. + ~K- in (3.19): 

( K, + ~[\-c )[ln Su - !n([{,. +~Kc)] - l ln[2ii( K,. + ~Kc)] + 

(h",. + ~Kc) - Su -lnP:, = 0. (3.22) 

~I<c can then be solved using the :-.;ewton-Raphson method. 
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3.3.3 Eb/ Io Requirement 

Eb/ [0 is a link-lrvr•l QoS and the syst<'m capacity as a fnnction of Eb/ [0 is given 

by (2.1 ). Consider rhe capacity of an isolated cdl. In this case. f = 0 .. .\ssuming 

t'quality. ( 2.1) becomes 

(3.23) 

Remark: I\·,. in (:3.19) and 13.23) rqm·senrs rlw sanw systt'm capacity of a single 

S11bstit11ting f{c- as giv<'n by (3.23) into 1:3.19) yields 

(3.24) 

Eq. ( 3.24) gives the relationship among; the link-level SIR specification Eb/ / 0 , the 

network-level QoS parameters P; and Pj (through (3.13) and (3.14)). the mobility 

information ,\h. and the system utilization .Y,.. Given the network-level specifica-

tions. the user handoff rate. the system bandwidth. and the user transmission rate. 

Eq. (3.24) can be solved for Eb/ [0 using the )re,vton-Raphson method. 
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3.4 Numerical Results and Discussions 

This section computes and presents the rf'snlts of utilization ,legradatiou. excess 

capacity required to maintain the same 1wtwork-lcwl QoS. and the Eb/ 10 require­

ment as nser mobility changes. ThP values of tht• paranwtt>rs used in the numerical 

evaluations are: 

• call duration fl - i = 2 ruins .. 

• System bandwidth ff = 12.5 :\!Hz. 

• Data rate R = 16.2 kbps. 

• ;-;ew call blocking probability I',;= 10- 1
. 

• Forced termination probability Pj = 10-•,. 

With '7 = 0.1 and assuming a nominal Eb/ lo \·aliw of 7 dB [63]. the number of 

channels. Kc, is 139. by imposing t'quality in \2.1 ). The handoff rate ,\h is varied 

between O and 10 per min. This covers basically ,111 the scenarios from pedestrian 

users to users traveling on a highway (see Appendix 8). ,\h = 0 is the case when 

all users are stationarv. 

3.4.1 Utilization Degradation 

Figures 3.-1 to 3.6 ( the solid lines corresponding to the left vertical axes) show 

respectively the system utilization .Yu. the utilization degradation ( J..i'iu = .V~ - Nu) 
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and the percentage degradation (:::..~Vu/.Y, x 100%) as user mobility ,\h increases for 

a giwn number of transmission channels. [\·, .. subjt'ct to satisfaction of the Pj 

specification . 

.-\s expected. \vith no increasP in systf'm capacity. the utilization refluces as 

mobility increases. r tilization also decreases for mort' stringc'nt Pj requirements. 

Inspection of tht' figures shows that with the indicated paramet<'r values. the uti­

lization . .V.,. is 110 out of the 139 channels. in orckr to support a P,; of 10-\. even 

when all users are stationary ( ,\,. = 0 ). \\'hen mobility is introduced. the utilization 

is further rt'duced. This shows that it is necessary to pro\·idc ~tandby resources to 

support a P; < 1. Supporting user mobility requires excess ~tandhy rPsources. 

:'\ote that when Pj = 10-:i . .\"11 and :::..s .. rPmain constant until ,\,. exceeds a 

certain thrPshold (at the left end of the graphs). This is the rf'snlt of (3.1 'i). wherP 

the p· requirement of the cPll is divided at ,\1, = ,\1,cr into two regions. :\"ote that 

when ,\1, :::; ,\her. satisfaction of P; imples the satisfaction of Pj. Therefore. no 

excess capacity is required to maintain the utilization. Since [\.c is fixed. utilization 

is not degrading. 

It is also obserwd that a small change in mobility when mobility is low (small 

,\1,) causes a larger utilization degradation than when mobility is high. This is 

manifested in Figure 3.5 where the :::.Nu curves are the steepest for small >.,. and 

level off with increasing ,\h, This suggests that a change in mobility has a greater 
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effect in a macrocell than in a microcell or a picocell. It is because user speed in 

a macrocell is larger and handotf rates tenrl to be larger. This etfc<.:t is ewu more 

pronounced for more stringent Pj requirements. 

Figures :3., to 3.9 show the utilization for different number of available chan­

nels, lie, as a function of the mobility parameter ,\h. with Pj as a parameter. It 

is observed that ntilization degradation increases with increasing system resources. 

Kc (Figure 3.8). However. the percentage utilization degradation actually decreases 

with increasing system rcsourcPs. [\.c ( FigurP 3.9). Therefore. for a cell with more 

resources. i.e .. larger number of transmission channels. it requires a smaller percent­

age of standby resources to support mobility. This suggests a benefit for macr<r­

cellular environment. For picocellular em·ironment. I-:c is typically much smaller. 

Therefore. it requires more overhead to support mobility. 

3.4.2 Excess Capacity Requirements 

The excess capacity requirement results are shown in Figures 3.4 to 3.9 ( the dashed 

lines corresponding to the right vertical axes). The observations are similar to those 

of utilization degradation in the preceding subsection. From Figures 3.4 to 3.6. it 

can be seen that excess capacity requirement increases for increasing mobility. >.h. 

It is also observed that the excess capacity requirement is larger for more stringent 
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Figure 3.-!: Ctilization and Capacity Rf'quin'ment as a function of mobility ( Kc = 
139. /t- 1 = 2 mins. P,; = 10-:i) 

2 4 6 
Handoff rate, "'ti (min-1) 

P"::10-6 
I 

8 

25 

:x:: 
20<1 

c., 

Figure 3.5: Ctilization degradation and excess capacity requirement as a function 
of mobility (n.·c = 139. µ- 1 = 2 mins. P; = 10-3 ) 
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Figure 3.6: Pncentagc utilization clegraclation and t'Xcess capacity requirement as 
a fnnction of mobility ( [\ • .: = 139. 11- 1 = 2 mius. P; = 10-:i) 

Pj. and that. whPn ,\h < ,\1,rr· wht'rP ,\,,,.r is given by (3.16). no <'XCess capacity is 

From Figurt> 3.5. it is S<'t'Il that a small change in mobility when ,,\h is small 

results in a larger excess capacity requirement than when >..h is large. In fact, the 

~A-.: curves are the steepest for small ,\h and level off with increasing ,\h. As with 

utilization degradation. this suggests that a change in user mobility has a greater 

effect on excess capacity requirement in a macrocell than in a microcell or picocell. 

These observations are not made in [62] because of the use of (J as the mobility 

parameter by Foschini et al. 
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Fignre 3.,: Ctilizarion and capacity rC'q11irer11t'nt as a function of mobility (Jt- 1 = 2 
• p· 10-ti p· 10-·1) nuns. 1 = . " = . 

Figures 3. 'i to 3.9 show thC' t'xn·ss capacity requirement for ditferent number of 

arnilablt> channels. l\·c· It is obsern·d that excf'ss capacity rf'quircment increases 

with incn•asing systf'm rf'sources. [\-c. Howe\·cr. the percentage of excess capacity 

rcquirf'd actually decreases \vith iucrrasing Kc- This is in agreement with the ob-

servations in utilization degradation. This suggests that it requires more overhead 

to support mobility in a cell with a smaller amount of resources. Since a macrocell 

usually has more transmission channels than a microcell or picocell. this means a 

macrocell requires a smaller percentage of excess capacity to support mobility. 
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Figure' 3.8: l"tilization dPgraclation and PXcess capacity rl'<ptirement as a function 
of mobility (/l-l = 2 mins. Pj = 10-6 . P,; = 1()-l) 

3.4.3 Eb/ !0 Requiren1ents 

Figures :J.10 and 3.11 show the Eb/ [0 requirement as mobility increases. From 

( 2.1 ). it is sePn that Eb/ I0 and I\.c are inwrscly proportional. If more users are to 

he supported ( by providing more channels. i.e .. by increasing Kc). then it requires 

a smaller Eb/ !0 . In the studies here. if mobility is introduced. to maintain the same 

11tilization. Kc needs to be increased by decreasing the Eb/ Io specification. This is 

illustrated in Figure 3.10. where 139 and 180 channels are initially provided when 

the users are all stationary. in order to support P; ~ 10-3
. \Vith user mobility. to 

maintain the same utilization. smaller Eb/ !0 values are required. From Figure 3.11. 
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Figurf.' 3.9: Percentage utilization degradation and excess capacity rt'quirement as 
a function of mobility (p- 1 = ~ mins. Pj = 10-•;. P,; = 10-.1) 

it is obsen·ed that small Pj spt'cifications will require the link kn-'! to operate at 

small Eb/ Io specifications. Iu u;t'Ill'ral. the larger is the capacity requirement. the 

lowPr will be the Eb/ Io specification. This proYides a lwnrhmark for manipulation 

of the link-leYel functions such as channel coding and power allocation. 

From Figure 3.--l. the utilization when all users are stationary is 110. Consider 

the case when >.h = 2 pt->r min. In order to maintain .Yu = 110. the capacity 

needs to be increased from 139 to 168. This corresponds to decreasing the Eb/ /0 

specification from 7 dB to 6.15 dB. In practice. this may not be achievable. e.g .. 

when both channel coding and antenna diwrsity have been frozen. Figure 3.12 
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illustrates such a tradeoff between Eb/ IO and .Y,. for <litfereut \a.lues of ,\h. The 

curves exhibit a conwx behaviour. );°ote thar when ,\h --;. 0. Su --;. 110 at 7 dB. 

This is the case \vhen all users are stationary and t hns no Pxress capacity is required. 

so that the nominal value of Eb/ Iu = 7 dB is sufficient. \\"ith impro\·Pd ch:umel 

coding snch that Eb/ Io < 7 dB is implemented. Figure 3.12 gin's tht' t>Xpecte<l 

utili;:ation. subject to satisfaction of UPtwork-lt•n'l QoS. narw•ly P; and Pj. For 

example. for ,\h = 2 per min .. if Eb/ Io = G.15 dB in order to maintain .Yu = 110 

is too costly. perhaps choosing a coding scheme which µ;iws Eb/ Io = 6.--17 dB to 

allow .V11 = 100. i.e .. a utilization degradation of 10. is mon• dcsirah!P. The vertical 

coupling betwe('n the nt>twork-levPl pt'rformaH<"<' ( P,; and Pj) and the link-level 

requirement Eb/ I0 through K, provides a rnlnahle linkage betm_'t'Il the network­

level and link-le\·el design. 

3.5 Conclusions 

A queuemg model for analyzing and assessing the performance of a radio cell is 

described. ~umerical results which show the impact of mobility on (i) utilization 

degradation. and (ii) excess capacity requirement in a wireless network to main­

tain a prescribed level of QoS are presented. The link-level Eb/ [0 specification 

needed to support user mobility is also given. This inwstigation provides a good 
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understanding of the impact of mobility on QoS provisioning and hence resource 

management. An interestin~ result is the coupling madf' betwf'en the net\vork-level 

QoS performance and the link-level Eb/ I0 requirement. The tradeoff between Eb/ Io 

specification and the system utilization offers a unique linkage between the link and 

network-level QoS provisioning. 



Chapter 4 

Joint-Levels Resource Allocation 

This chapter sturlies the proposer! joint packPt-levd and call-level resource alloca­

tion method. referred to as the joint-lewis RA scheme. It 1) couples the packet-level 

and call-levPI QoS parameters for CAC. and 2) captures the non-persistent nature 

of the traffic flows at the packet level. in order to achieve further statistical multi­

plexing gain. 

The rest of this chapter is organized as follows. Section •tl discusses the resource 

allocation problem. In particular. subsection 4.1.1 considers the RA problem at the 

packet level: subsection -1.1.2 treats the RA problem at the call level; and subsection 

-tl.3 couples the packet-level and call-level QoS factors and studies the joint-levels 

RA. The joint packet-level and call-level QoS-based RA problem in a cellular CDMA 

environment is investigated in Section 4.2. Finally. concluding remarks are given 

58 
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in Section -1.3. 

4.1 The Resource Allocation (RA) Problem 

In this section. the packet-lt.•Yel a.u<l call-len•l resource allocation problems are ex­

amined in turn. Then. the combined call-lewl and packet-level RA problem is 

studied. The following notations arc used. 

C = the physical capacity of the sy~tem defined as the number of channels available 

( corresponding tu 1wak rate allocation with no statistical multiplexing). 

[\. = the maximum number of nsers that can lw handlecl by the BS taking into 

consideration the achie\-ablt' statistical multiplexing and only the packet•level 

QoS constraint. 

h.c = the nominal capacity clefined as th1" number of virtual channels . 

. V,. = the channel occupancy (or utilization) in Erlangs subject to satisfaction of 

the constraints Pn :S P;. Pi :S Pj and PLR :S PLR •. The superscript "' 

denotes QoS specification. 
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4.1.1 Packet-Level RA 

60 

The packt>t-len•l resouret' allocation attt>mpts to maximize the system utilization 

through statistical multiplexing of the bursty traffic sources. This is equivalent to 

fiucling tht> maximum 11umber of traffic Hows [\. that the system can support. subject 

to satisfaction of the QoS requin•nwnts. In orrler to demonstrate the viability of 

tlw joint-lt'Ycls RA schenw. voin' is asecl as the tt>st traffic. Only PLR :S PLR" is 

considcn·d. Tlw d('lay and cklay variation requirements are assumed satisfied by 

limiting the butfrr size· . 

. .\. \·oice source is modeled by a two-state cm-otf process. as shown in Figure -!.l. 

Tht' mt•au on period is o; 1 = 1 sec and the mean otf period is '7_; 1 = 1.5 sec. and 

they an' assumed exponentially distributed. The \·oice activity factor is given by 

.-is = r1 .• /\r1 .• + o,) = 0.-!. Suppose the outgoing link from the BS is a Tl link of 

1.5 :\lbps. \·oice is sampled at a rate of S000 samples per second. \Vith 8 bits per 

sample. a voice source is generating 170 ..\. T~I packets I per second. \Vith peak rate 

allocation. the Tl link can support C = 20.8 voice sources. Because the source 

activity factor is less than unity. statistical multiplexing gain will allow sharing 

of channels by the ongoing calls. The packet-level RA takes the source activity 

factor to perform statistical multiplexing to find the actual capacity K. subject to 

1The .j:3-bytes AT~I cells are referred to as .-\T~I packets to avoid confusion with radio cells. 



CH..-\.PTER -4 . .JOIST-LE\"ELS RESOC:RCE .-\.LLOC..-\.TION 61 

satisfaction of PLR :S PLR •. 

as 

Figure -L 1: Two-staH' ou-otf \·oice model 

To assess the PL R. the service at the packc•t !en'[ is modeled by a single-server 

queue with intiuite waiting room. Th<' PLR can then be estimated by the tail 

distribution of tht> lrntfrr occupancy l when it t'XCt•t•ds a prescribed buffer size B. 

i.e .. P( l > B ). The equilibrium bntfer occnpancy is described by a set of differential 

equations. as describ<'d in [1,j. S7]. It is fonnd that for B = 1000 packets. !{ = 35 

in orckr tu ~arisfy PLR -:::; PLR" = 10-ti_ 

4.1.2 Call-level RA 

The call-lev<'l resource allocation determines the maximum utilization ,Vu that the 

systPm with l\.c channels can achiew. with satisfaction of Pn '.S P~. Assume that 

the call arrival pron·ss is Poisson. and the call interarrival time and call holding 

time are exponr>ntially distributed with mean ,\- 1 and p- 1
. respectively. Then. the 

BS can be modeled by an '}.-1/M/ Kc/ Kc queueing system. Given that there are Kc 

channels. the average channel occupancy .Yu subject to Pn '.S P~ is governed by the 
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Erlang Loss Formula from (3.1S). which is repeated here: 

~ote that ,\- 1 and 11- 1 characterize thf' non-persist<'nt bt'liaviour of the traffic 

tlows. S., = ~( 1 - P,;) :::::: ~- Thr approximation is reasonable for practical values µ ,, 

of P,; which is usually less than 10- 2
. \\"lwn packer-kv<'l and call-level resource 

allocation are p<'rforn1<•rl in isolation. th<' timv non-1wr~istt'Ut natnrt' cannot be taken 

into consi<kration. \\"p can only 11~<' h. obtairll'd from the packet-kvel analysis to 

approximate Kc- \\"ith onr \·oin' tf'st sources. [\".. = [\. = :35_ S,, = 20.52 Erlangs 

by solving (3.18) nuuwrically. Let Pc bt' the' call-l<'n'I utilization factor defined by 

( 4.1) 

In this case. Pc = 58.62';:{. This. together with .\"., = 20 .. 52 Erlangs. will serve as 

the call-level performance benchmark. 

~ote that only Pn is considered here. \\'h<'n mobility is taken into consideration. 

the probability of force<l termination. Pi. is another QoS parameter. To facilitate 

the illustration of the joint packet-level and call-level RA. the treatment of mobility 

is deferred until Section -!.2. 
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4.1.3 Joint Packet and Call Level Resource Allocation (RA) 

The joint packet and call len•ls RA prohl<•m is to maximizt> tht> channel occupancy 

( or utilization) .V,, subject to satisfaction uf Pn ::S P,; and PLR ::S PLR • by finding 

the ma.ximum allowable [\',.. It is nott>d that if K,. is maximized. then S 0 will 

be maximized. This can be fornmlatC'd as the following constraint optimization 

problem: 

(-1.2) 

~.t. PLR ::S PLR •. 

/{,. 

PLR =LP, . ::,. ( 4.3) 

The P, ·s are the steady state probabilities of the ').1/~I/ K) Kc queueing model at 

the call-level. They arc obtained by solving the birth-death process. with state 

transition diagram shown in Figure -1.2. The ~. ·s are the marginal packet loss rate 

when there are i ongoing traffic flows. They are obtained using fluid flow analysis 

as described in [15. Si]. The strategy is to express PLR as a snm of the marginal 

packet loss rates . .::; ·s. ·weighted by their corresponding state probabilities. P/s. 

This weighted sum incorporates the non-persistent nature of the traffic flows in the 
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packet-lewl analysis. From ( 4.3 ). it is obsern·d that the packet-level QoS perfor-

mance is governed by the ~. ·s. and is coupled with the non-persistent behaviour of 

the traffic flows described by the P, ·s and l\·c• [\",. then restricts the allowable Su 

and Pc· Figure -!.2 df'picts the idea of joint-le\·el:-- RA. 

Figure -!.2: Illustration of the joint-lewis R . .\ as a qtH'neing; model 

Equations (-!.2) and (4.3) together consritute a nonlinPar optimization problem 

which we solw by enumeration. That is. the problem is soh·cd by fixing P; and 

PLR • and obtain a graph of the achievable packet loss ratP as a function of Kc. 

From this graph. the largest value of l{c such that PLR :S PLR • is rletl'rmined. 

The corresponding value of .V,. is then obtained by solving ( 3.18) numerically or by 

solving 

numerically. Eq. (-1.4) is an approximation of (3.18) [69]. 

\Vithout joint-levels RA. Kc is approximated by K = 35. It is found from ( 4.3) 
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Table -!.1: ::\Iaximum \·alue of h·c• Xu, and Pc when PLR· = 10-n and P; = 10-3 

Kc .Vu (Erlangs) Pc 
Without .Joint-Levels RA 3-5.00 :W .. 52 58.62'7r 

\Vith .Joint-Levels RA -10.5-1 2-1.SS 61.3-5% 

that the actually achiewd PLR is -;-.-11 x 10- 10 « 10-i;. Therefore. further statistical 

multiplexing is possible to re-gain the loss in utilization clue to overallocation of 

resource at the packet le\-el. 

Figure -1.3 :;hows the achievable packet loss rate as a function of [\.c when P; = 

10-3
_ obtained hy soh·inµ; (-!.2) and (-!.3). It is compared to the case when joint-

len'ls R.-\ is not used ( using only the packet-l<'vel analysis and approximate h.c by 

[{). From Figme -!.3 W<' can deduce that th<' value of [\.c can be increased from 

35 to -10.5-!-! while satisfying P,: = 10-3 and PLR· = 10-0 simultaneously2 
.. Vu is 

increased from 20.52 Erlangs to 2-1.88 Erlangs and Pc is increased from 58.629c to 

61.35%. The results are summarized in Table -!.l. The improvement in Pc is modest. 

However. the capacity that is re-claimed via further statistical multiplexing at the 

packet-level results in an increase in .Vu by -!.36 Erlangs. a 21 % improvement. This 

translates into higher amount of multiplexing and higher revenues. 

So far. the effect of user mobility has not been considered. A salient feature of 

2 By enumeration. Kc is an integer. '.'ion-integral value of Kc is obtained by interpolation 
assuming the curve is a straight line around the optimal value of Kc-
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cellular communications is the ability to support user roaming. Joint-levels R.-\ in 

thP presence of user mobility is considered in the next section. 

4.2 Joint-Levels RA in a Cellular Environment 

It is shown in Chapter 3 that the presence of mobility gives rise to the requirement 

of Pj. To satisfy both P; and Pj. the required p· at the BS is given by (3.17). 
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In this chapter. ,,- 1 = 2 mins. P; = 10- 1 and Pj = 10-6 are considered. For the 

c<'llular el!'vironnwnt considered in this st'ction. p· replaces P,; in ( -!.4) to obtain 

.\".,. ~otice that p· :S P; with equality when ✓\1i :S ,\,.'". Therefore. the effect of 

mohility is mcapsulated in the more string<"'nt p·. p· in turn affects the capacity 

req11iremPnt ancl tht> achievable call-len'l utilization. In general. from Chapter 3. it 

is found that in the presence of mobility. 

1. if the \"alue of .\"., at zero-mobility is to be maintained. excess physical trans-

mission rapacity is n•quin'<l. or 

2. if the physical transmission capacity is kept constant. the utilization Nu will 

decrease. 

The transmission capacity of CD~L-\ systems is interference-limited. In the 

\vireless transmission media. the time-varying interference results in the variation 

of physical transmission capacity. C. Kc will then be varied. causing a variation 

in :,;u· For simplicity. assume that C takes on J values: (C1,C2 ,·· • .CJ). Pc= 
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( Pc
1

• Pc1• • • • . Pr;) is the capacity Jistribntion characterizing the wireless channel. 

where P,
1 

is thf' probability that the> capacity is Cr for j = 1. 2. • • • . .J. The 

optimization problem for the CD).L\ t'Il\·ironment i:,; giwn by: 

(-!.5) 

s.t. PLR :::; PLR". 

when' 

J /\·,. 

PLR = L Pc1 LP, · ~,r ( 4.6) 
;=I t=U 

P, ·s are the probabilities that there are i admitted connections and ~;1 ·s are the 

marginal packet loss ratt.•s when therc> are I admittPd connections and C = Cr 

ThPy are obtained a:,; describt>d in :,;ubsections 4.1.1 and 4.1.2. ~otice that the 

objective function ! -1.5) for the varying capacity environment is the same as ( 4.2) 

for the wireline case. except that PLR is modified to (4.6). PLR is the sum of 

the marginal PLR1 when the physical capacity is C1 • weighted by its probability of 

occurrence Pc
1

• i.e .. 

K~ 

PLRJ = LP, . ~.)' (4.7) 
•=O 
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The effect of C1 is captured in ::,1. The etfect of the time \c1rying interference is 

nnbraced in the Pr
1 

·s and thc call-len'l traffic bt•haviour is Pncapsulated in the 

P, ·s iu (--1.6). ::--;ote that it is crucial to obtain rhe Pc
1 
·s. the characterization of the 

varying channel capacity. In what follows. we assume the existence of the capacity 

distribution. but make nu attt•mpt to deri\·e it. 

For illustration . ./ = -4 is ass1m1<'cl. For c = 1.-5 :\!bps. the physical capacity. 

without taking the voice acti\·ity factor into account. is C = 20.S. In the considered 

CD'.\1.-\ environment. it is assunwd that .I = -4. i.e .. C = ( 1 ,.S.1S.S.19.8. 20.S) 

(t'qnivaleut to c = ( 1.28.1.:36. 1.-41.1.50) in :\!bps). C, = 20.S corresponds to the 

case whcn intt'rferenn' is minimal and tht•rt· is no capacity d1•gradation. C1 = 1 ,.8 

corresponds to the cast' when interfrrc•nn· is large. rPsulting in a large capacity 

1legradation. Thr<'<' diff1•rent d1aractc•rization l)f the wireless channel are considered: 

P;.11 (0.0.0.1\ 

p(2) 
C (0.02. 0.05. 0.13. 0.8) ( 4.8) 

P? 1 rt>presents the case when there is no physical capacity variation. which corre­

sponds to a TD.:\il.-\ environment. P?' corresponds to the case when the physical 

capacity variation is severe. Fig11re -1.--1 shows the achievable packet loss rate as a 
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function of nominal capacity h",. for these threl"' wird<'ss en\·ironnH:'nts whl"'n >..h = 0. 

i.e .. when the' ust•rs art• immobile. It is obst•rv<'d that for a given PLR". the physical 

capacity variation canst>s a n·ductiou in h", .. 

Figures --1.5 to -1. i show the' achievable p,, in the three wireless environments. as 

a function of ,\h. It is ohsen·cd that the utilization factor p,. degrades for increasing 

mobility. \\'ith the use of joint-levels R.-\. p,. is incrcasc<l due to the increase in 

the allowable [\·,. and achievable .V11 • Sinn' larger capacity variation reduces the 

allowable n.·,.. p,. for PP1 is the lowest among the three wireless environments. 

The performance of the joint-levels R:-\ for the three wireless environments ( Pj/l 
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Table -1.2: Performance in CD~L\ environment P~.1) with PLR • = 10-0
. P~ = 10-3

. 

and Pj = 10-0
. from ,\h = 0 to ,\h = 10 

.J-RA Kc .Y,. ( Erlangs) Pc 
Without 3-5.31 --+ 35.31 20.,.s--+ 12.19 :38. ,6% ➔ 3-l:.527c 

...... .. • n - . -.. ' . - - -~ n n n• """_,,...,, ·"" .. ""'.--, 

Table -1.3: Performance in CD~I..-\ c>nvironment P/.2' with PLR. = 10-6
. P; = 10-3 • 

and Pj = 10-0
. from ,\h = 0 to ,\h = 10 

.J-R . .\ 
I 

r..:(" .\",. lErlangs) Pc 
Without I 32.31 _. 32.31 lS.-1-1 _. 10.6, ,5,.0,% --+ 33.02'/t 

With 
I 

3,.99--+ 48.,3 22.S.5 --+ 20.51 60.15%-+ 42.09% 

to PSll) are summaried iu Tables -!.2 to -l.-1. The llt>graliation in performance as ,\h 

is increased from O to 10 ( from immobile case to high mobility case) is shown. The 

improvement by usini?; joint-len•ls R.-\ is e,·ident. 

By comparing Tables -1.2 to -1.-1. it is seen that the effect of physical capacity 

variation is a rPdnction of .V,. from P? 1 to P~31
. at any >.h. due to the decrease in 

the allowable Kc. \Vith joint-levels R.-\. the allowable h"c is increased . .-\s a result. 

Table 4.-1: Performance in CDM.-\ environment P?1 with PLR· = 10-0
. P,; = 10-3 _ 

and Pj = 10-6
. from ,\,, = 0 to ,\h = 10 

J-RA Kc Nu (Erlangs) 1 
Pc 

Without 30.61 -+ 30.61 1,.14-+ 9.,4 56.00%-+ 31.82% 
With 3-5.61 -+ 45.68 20.99 -+ 18 .. 59 58.94% -+ 40.69% 



CHAPTER -l. .JOLVT-LE\"ELS RESOCRCE A.LLOCA.TION 74 

.Vu is also increased . 

.-\t Ah = 0 . .V,, is increased from 20. 75 Erlangs to 2-LSS Erlangs in the P~1 
l 

ern·ironment. This corresponds to an increase uf -l.13 Erlangs. or a 19.90% im­

pro\·cment. The percentage improvement is also increased with capacity variation. 

In PS21
. there is a 23.9:t/r increase (-l.-!1 Erlangs) in .Vu. while in P~1

l. there is a 

22.--16¼ increase (3.85 Erlangs). 

The improvement by tht' joint-lc•wls R.-\ is t'W'Il more prominent at higher user 

mobility .. .\t ,\h = 10 . .V,, is incrf'ased from 12.19 Erlangs to 22.06 Erlangs in the 

P;.1 
l environment. This corresponds to an increase of 9.S7 Erlangs. or a 80.96% im­

pron•ment. The percc·ntagc improvement is also increased with capacit)· \ctriation. 

In P? 1. there is a 92.221
;{ increase (9.S-l Erlangs) in .Y,,. while in P?1. there is a 

90.S67r increase ( 8.85 Erlangs ). 

Significant gain is achif'ved. The improvement is more noticeable when there 

is physical capacity variation. ~otice that the joint-levels R.-\ increases the allow­

able nominal capacity [\",. without invoking excess transmission capacity. e.g .. by 

improved antenna dt•sign and channel coding . 

.Joint-levels R.-\ is especially beneficial in CD~L..\. In TDM..\. (P~1l). the increase 

in I<c due to joint-levels R.-\ entails simultaneous time slot assignment to multiple 

users. Implementation can be difficult due to the complexity in time synchroniza­

tion of different users. The implementation complexity of joint-level RA in TD:M.-\ 



CH.-\.PTER 4 . .JOI:-lT-LE\.ELS RESOURCE .-\.LLOCATION 75 

may outweigh its benefits. In CD~L-\. joint-levels R.-\ is readily applicable because 

sirnultaueons acn·ss of tht' wirPkss media of multiplt' ust>rs is implied. The complex 

tinw s,·nchrouization is not required . .-\s a result. joint-levels R.-\ is a great asset 

to CD ~I..\ systt>ms. 

4.3 Conclusions 

In this chapter. the proposed resource allocation method based on joint packet/call­

len-1 Ql)S constraints is st111lied. The method capitalizPs on the extra statistical mul­

tiplrxine; gain achievahlt- at the packet level when incorporating the non-persistent 

fiow behaviour in thf' packt•t-kvd analysis. \ umerical results indicate that the 

proposed metho,l yidcls a significant gain in utilization in terms of Er!angs at the 

call kwl. Tht> joint packet/call-level R.-\ approach is applicable in both the wire-

line em·ironmcnt. such as .-\T~I networks. and the wireless Pnvironment with user 

mobility. In TD).1.-\. the complexity in the implementation of time slot assignment 

to multiple users may overshadow the benefits of the joint-levels RA. However, in 

CD~L.\-based systems. the improvement in utilization in the presence of physical 

capacity variation and its readiness in application make the joint packet/ call-level 

RA method especially beneficial. 



Chapter 5 

Channel Allocation for Two 

Traffic Types 

In this chapter. the proposed movable boundary resource (channel) allocation scheme 

for handling two traffic types. RT and :\"RT. at the base station. is studied. The 

scheme is a form of virtual partition in the sensc that ).j°RT traffic can make use of 

the unused capacity (channels) nominally allocated to RT traffic without affecting 

the RT service performance. This is achieved by allowing RT users to preempt NRT 

users when necessary. The QoS parameters of interest are the new call blocking 

probability. P; and the forced termination probability. Pj. The goal is to increase 

the system utilization. defined as the number of users . .Vu. that the system can 

support subject to satisfaction of P; and Pj. 

,6 
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5.1 System Model 

The total svstPm capacity 1s partitioned into equal rate transmission channels . 

.-\ transmission channel can lw considered as tht' hasic capacity unit. capable of 

supporting one RT user. which is presumably voice of 6-! kbps . .-\n RT user occupies 

one channel while a :--;RT ust>r rakes np ,. 2 l chaunds. r is constant among all 

:\'RT users. Consickr a total of K- channds when.' [\.RT are allocated to RT traffic 

and [\" '.\RT = [\"'" - KR r are allocated to :\'RT traffic. Tht> aggregate arrival rate ,\ 

consists of thf' RT arri\·al. ,\in. and :\'RT arrival. ,\:--;Rr. Let /}:\;RT be the probability 

that tlw arrival is >l'RT. Theu. ,\~r = ,\( l - P'.\RT ). an1l ,\:-;RT = ,\ · P~H.T • r. They 

are assumed incl1•pt•n1lt>ut. The call holdin~ timt's are 11~~r = /LR-} = p- 1
. To be 

consistent with the pr<'\·ious chapters. it is assumed that the arrival rate is Poisson 

,listributed with mean ,\ and t ht> uwan call holding time p- 1 and mean handoff 

rinw ,\;; 1 arc expouentially ,listributed. 

If the partition between the RT allocation and the >l'RT allocation is hard. it in 

effect consists of two independent queueing systems and the performance analysis 

of each can be treated as in Chapter 3. This is simply complete partitioning and 

the RT and :'.'iRT performance are guaranteed. However. it is inefficient because 

utilization is low. and is thus undersirable. in particular in the wireless environment 

where the spectral resource is limited. The other extreme is complete sharing where 
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utilization is high by compromising on performarK<' guarantee. 

The mO\·able boundary charmcl allocation (:\Ill) scheme is proposC'd to take 

advantage of the> delav-inst'nsitiw' natnre of :\RT tratfic to increase the system 

t'fficic>ncv. The underlying assumption uf tlw :\II3 sclwnw is that \'RT traffic is 

non-delay sensitiw and if bC'in~ pn·empte(l. upper laycr protocol will take care of 

the rC'·transmissions. so that th<' loss rt'quiremcnt is mt't. 

Figure 5.1 depicts tlw modi,[ of the proposed :\IB scht'Illl'. \\"hen the ~RT 

allocation is folly occupied and tlw RT allucat ion is underntilizecl. a new :\'RT call 

can borrow an idle RT chaunl'!. That is. riH' \'RT traffic is allowed to be over-utilized 

when tlw RT tratfic is undl'riddi:;cd. The \'RT users using the borrowed channels 

will be pr<'Pmptt'd whcnt>vc>r th<' RT tratfic n·quirC's the horrowerl channels back. 

The ~IB sd1f'I1H' is illustrated in Figure 5.1. The RT /\'RT allocation boundary can 

move abon' hut not below the nominal allocatil)n boundary (the dotted line). 

The performance metric consists uf the RT blocking probability. PRT. ~RT 

blocking probability. P:--.Rr, ~RT preemption probability PP. and ~RT delay D. 

Blocking occurs when a newly arrived call finds there are no free channels. The 

QoS parameters of interest are the new call blocking probability P; and forced 

termination probability Pj. They are assumed to be the same for both the RT and 

XRT traffic. 
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..:onststs of RT 
·•n.-i 'i'A'T,•"lll, 

' • nominal b..iunJar;. 

FigurP 5.1: RT and ~RT channd allocatiuu with a mm·ahle honndary 

5.2 Performance Analysis 

.-\s far as the RT traffic is concerned. it is simply an \1/\1/ /\.RT/ /\-R:r system. The 

performance analysis of such a system is well-known and can bt' found in. e.g .. [86]. 

The blocking performance of the RT partition is giwn by the Erlang Loss Formula: 

( 5.1) 

.VuRT is the utilization. i.e .. the average number of occupied channels. of the RT 

partition. Strictly speaking. the first argument of the Erlang Loss Formula in ( 5.1) 
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should be the traffic intensity PRT• given by 

On the basis that PRT « 1 in order to satisfy P,; = Pj = 10-:i. PRT ::::: .\""RT is 

r<'asonahle. From Chapter 3. it is found that thf' presence of user mobility entails 

a mort> stringent blocking requirement p· at the bast' station. In this case. it is 

r<'<[llired that I'Rr ::S Pfrr · wherf' PRT is given by (3.17). The rest of this chapter is 

,ievotf'd to the qneueing; lwhaviour of the \'RT traffic. The rn:-t' of r = 1 will be 

considered first. followed by the more general rn:,;e of r 2'. 1. 

5.2.1 Case of r = 1 

For r = 1. a simple one-dimension birth-death process can lw used to describe 

th<' queueing behaviour of the \'RT traffic. It can bC' described by the birth-death 

process as shmvn in Figure 5.2. This birth-death process is dependent on the 

behaviour of the RT process. ~ote that P( RT ::S .r) denotes the probability that 

the number of on-going RT traffic flows is less than or equal to .r. 

From flow balancing in the state transition diagram of Figure 5.2. the state 
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Figure' 5.2: ~RT Birth-Death Process 

prohahilitif's are' givm hy 

( 5.3) 

and 

I = 1. 2. · • · . CT, 

(5.-1) 

\vhcrc er is the maximum number of channels that can be borrowed from the RT 

partition. It is obvious that a :S [{~RT. The performance will be measured in terms 

of the call blocking probability. P~RT. call preemption probability. Pp. and delay 

D. P:--.RT is defined as the fraction of incoming call requests that are rejected due 

to insufficient channels. Pp is the fraction of the admitted )J"RT calls that are being 
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preempted to make room for RT traffic. P~rrr and Pp an' giwn as follows: 

( 5.5) 

( 5.6) 

system and !\.Rf· It is required that P'lRr ::S P~RT· where P~RT is given by (3.17). 

5.2.2 Case of r > 1 

For the general case of r 2'. 1. a two dimensional state transition diagram is con-

sidered. as shown in Figur<' 5.3. The state is a 2-tuple ( nRT. n:--iRT ). the number 

of on-going RT and NRT calls. respectively. The (0.0) state is the case where the 

system is empty. The state migrates to the right when there is an RT arrival. and 

migrates down when there is an :NRT arrival. Conversely. the state moves to the 

left when an RT call is completed and moves up when an NRT call is completed. 

The RT allocation can accommodate at most n 1 ~ .V1 = h°RT calls simultaneously . 

.Vi thus constitutes the right limit in Figure 5.3. Similarly, the NRT allocation 
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can accommodate at most n 2 ::S .V2 = L/\":',RT/rj calls. where L.rJ is defined as 

the largest intt'ger less than or equal to .r (the floor function of .r). Since NRT 

traffic may borrow np to fJ idle RT channels. n2 may exceed .V2 . In particular, 

0 :S n 2 :S l' I\. :-.RT + fJ) / r J. Tht' states in the shaded region occur when NRT traffic 

borrows RT channels. Figure 5.3 assumes .V2 and (j are integral multiples of r. 

( .Y1 . .V2 ) corn•sponds to a fully utilized system when there is no borrowing. 

When NRT traffic borrmvs RT channels. a fully utilized system consists of the 

right-most state in each row of th<' ,hadl'd region. In this case. ·when there is an RT 

arrival. it will randomly preempt an :\"RT user rnrrently borrowing RT channels. 

This corresponds to the ,liagonal transition wht,rc one :\"RT user is given up to make 

room for a newly arriwcl RT nser. Tht'rcfore. preemption occurs in the right most 

state in each row in tl1e shaded region. Blocking of the RT traffic occurs at the 

right-most states in the unshaded rt'gion. Blocking of the ~RT traffic occurs at the 

last r states in each row in the shaded region and the last row in the unshaded region 

(the row immediate above the shaded region). where there are no free channels to 

accommodate the incoming ~RT call. 

The state probabilities can be solw·d. and thus P.'iFIT and Pp can be obtained. 
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NRT traffic borrows RT channels 

Figurf' .j.3: \'RT Birth-D<'ath Process fur r 2: 1 

In particular. 

s~ 

Pru L P(.Y1,!), (5.i) 
•=I 

r-1 l(n~1tr+o-l/rJ 

L L P( .Y1 - j • r - k . . V2 + j). (5.8) 
k=O ;=O 

l( K c'iRT+o-)/r J 

L P(.Y1 - j • r. N2 + j). (5.9) 
1=0 

Due to state explosion problem. analytic values are only feasible for small systems, 

e.g .. I\·, = [\.RT+ [\-~RT < 100. Therefore. computer simulations are used to obtain 
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unmerical resnl ts. 

5.2.3 Delay, D 

(5.10) 

wlwn' ,,~~T i:- tllt' call holding; tinw. £(SP) is the t•xpectcd number of preemptions 

h<'fore rhe rall i:- rnmpkted. E( a) is the ('Xpccwd number of attempts before a sue-

n•:-sful connt•ction n.•-t•stal,li:-hnwut after lwiu~ prt·t•mptcd. £( T) is the mean time 

lwtwet•n re-establishmt'Ut retry attempt:-- which depends on the particular retry al-

gorithm. ~ote thar th<'1'xcc:-s d('lay d1w to tlw :\IB scheme. ~D = E(.Vp)E(a)E(,). 

E( SP) and £(a) are gin°u by the following. 

1 
E(a)=---

1 - P:--rrr 

(5.11) 

(5.12) 
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Substituting (5.11) and (5.12) in (5.10) giws 

-I I'p 
D = /1\Rf + -, 1---P-)! 

I p 

1 
----E(r). 
1 - P\1n 

(5.13) 

It can lw st>en that ~D is a function uf P\IU ancl PP. Sinct' );RT is mostly data. it 

is very likely that it reqnirl'S r > 1. The analysis of r = 1 is included here because 

it gi,·cs dosed-form expression for I'\llf· P,, anll thus D. 

5 .3 Numerical Results 

\" umerical results for the :'.-.[B scl1<·m<' an' obtairwd and pn•st'Utf'd in this section. 

Each RT user occupies one rhannd. capablt' l)f supporting one voice user of 64 

kbps. All :\'RT 11s<'rs have th<' sa111<' chanrwl n•quin•nwnt. r. r = 3 and r = 6 

are considered. corresponding to data ratl's of 192 kbps and 38--1 kbps. respectively. 

Denote ,\ the aggn•gate arrival rate and P:-.RT the probability that the arrival is 

~RT. The individual arrival rates art' ,\RT = ,\ · ( 1 - P:--iRT) and ,\,-.;irr = ,\ · PNRT • r 

for RT and :\'RT. respectiwly. 

In the proposed :\IB scheme. RT traffic is not affected by the ~RT traffic. 

Therefore. the focus is on the performance of the :\1B scheme for NRT traffic only. 

[\-RT is chosen such that p· is satisfied for a gi,·en ,\. ~ote that ,\ governs .YuRT" 
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Table 5.1: Parameters for t lw two consiclt->rf'd cases 

Ca .. ,e 1 Case 2 
r 3 G 

p-.:1rr 0.2 ll.l 

as given in l 3.1S ). For the \"RT traffic. to satisfy P:--;RT < P~irr · the following two 

problems are studied: 

1. The ctfect of a on \"RT channel rc'<[llircmt'Ilt. [\.'<RT· 

2. The reduction of utilization degradation ~S":-.Rr and t•xce:,;s capacity require-

ment ~K:,..;1tr to support mobility with th1• 11st' of ).1B scheme. 

5.3.1 Effect of {J' on /(NRT 

To study the effect of a on l\·:,..:R'f. the ratio of RT to :\RT traffic is held fixed. and 

user mobility is not considered. i.e .. PRr = P~p:r = P,;. For r = 3 and r = 6. 

/1NR'T are chosen as given in Table 5.1. Although data traffic is now growing. in the 

foreseeable future, RT voice is still the dominant traffic [SS]. The choices of p;-1ITT 

in Table 5.1 are such that the amount of RT voice traffic exceeds :'.'rRT data traffic. 

The traffic ratio of RT to ~RT are -!:3 and 3:2 for the two cases. 

The results are obtained as follows. The arrival rate ,\ is varied. ,\R, and ,\;-1R, 

are varied accordingly with P~R'T· The purpose is to keep the traffic ratio constant. 



CHAPTER 5. CH.-\..V:'-TEL .-\.LLOC.-\.TIQ?,i FOR TH·o TRAFFIC T'r"PES 88 

The utilizations are 

,\'-HT/ II. 

1/p = 2 minutes is assunwd . .-\s a result. as ,\ is \·aried . .\""RT and .\"":-;RT are also 

\aried. To satisfy P1iT ~ P;. the RT channel requir£>meut. h.RT can he obtainPd 

using ( 3.18 ). ThP :'\RT channel requirement. [\.:,;Hr are obtained from simulations. 

for diffen·nt values of er. 

Figures 5.4 to 5.5 show the effect of er on ch,mnd requirement and preemption 

probabilities. respectively. as a function of utilization. for r = 6. anll P; = 10-:i. 

The results are obtainf'd in the absence of usf'r mobility. Similar obsf'nations and 

conclusions can be drawn for r = 3. Reduction in \"RT channel requirement is 

achieved for increasing er. However. Pp increases at the same time for increasing a. 

It may appear that it is necessary to set a upper bound on (j such that cr ~ (jmax < 

.Krrr. Otherwise. :'.\RT delay D may be too large. However. from Figure 5.5. we 

observe that the increase in Pp decelerates for increasing (7. If (j = KR:r is allowed. 

PP is still kept below 10-J_ In this case. from (5.10) to (5.12). E(.Vp) :::::: Pp and 

£( r) ::::: 1 because P:-iR:T = P; = 10-3
. £( T) is probably in the millisecond range. 

As a result. D is dominated by µ~irr- In other words. the introduction of the :VIB 
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Figure 5.-l: Channel Requirement as a function of Ftilization for different a with 
r=6 

channel allocation scheme is not introducing significant excess delay. Therefore. it 

is concluded that ~RT traffic should bP allowed to borrow any number of idle RT 

channels. i.e .. a= h°RT· The foll advantage of :\IB can thus he exploited. For the 

results in the sequel. a = [\"RT is used. 

5.3.2 The Effect of User Mobility 

Figure 5.6 shov;s the XRT channel requirement in order to achieve a desired uti­

lization for different user mobility Ah and t,vo values of r. subject to satisfaction 

of P; = Pj = 10-3
. It is observed that more channels are required for increasing 
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Figure 5.5: Prccmption Probabilities as a function of Ctilization for clifferent a with 
,. = 6 

mobility. In addition. when each data user requires more channels (increasing r). 

a larger K:-:RT is necessary in order to maintain the same utilization. From this 

diagram. it re-contirms Chapter 3 with the effect of mobility: 

1. To support higher mobility. utilization will decrease if the number of channel 

is fixed. 

'' To support higher mobility. excess capacity is necessary if we want to maintain 

the utilization. 
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) 

5.3.3 Utilization Degradation 

To study the cfft"'ctin· uf tht• :\II3 channel allocation scheme. in terms of utilization 

performance iu the presence of user mobility. arbitrary nominal allocations are 

assumed: /{RT= 135. /{~RT= 106. and they are held fixed. Csing (3.18) .. VuRT = 

106.-12 in ordt>r to satisfy P~ = 10-3
. K:-iRT = 106 is chosen so that .VuR'f = 80 

at >.h = 0. The performance of the RT traffic can be analyzed based on the 

').1/":-.I/ KRT / KRT model in Chapter 3 because it is not affected by the MB scheme. 

For the ~RT traffic. Figures 5. 'j to 5.9 show the utilization. utilization degrada­

tion and percentage utilization degradation. respectively. as a function. of mobility 
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and subject to simultan<"ous satisfaction of P,; = Pj = 10-1 for r = 3. The per­

formance is summaried in Table -5.2. Comparison is made with the case \vhen the 

'.\IB scheme is uot nsed. It is seen that the ntilization decreases for increasing mo-

bility. This decreasf' is also rPtlect<"d iu fignrc 3.6. However. with the :\1B channel 

allo,ation scheme. a much hi1dwr utilization is achien'<l. The difference between 

tht• two n1n·t•s is thP ~ain due to tht' '.\IB scheme. From Table ,5.2. it can be seen 

that with the '.\1B rhamwl allocation schemt>. the ntilization of the >l"RT traffic 

is inneas<'d by 1,.15 Erlan1;s 12,.5:tX increase) at ,\h = 0 and by 20.62 Erlangs 

(39.,37') at ,\h = 10. Iu addition. thl' dq?;radation in utilization. and more im­

portantly. the percentae;<' dt>gradation. are much srnallf'r when the :\1B scheme is 

nst>cl. The percentag;t> degradation is almost halved. The gain in the :\1B channel 

allocation schernf' comf's from the fact that it is able to utilize the idle RT channels . 

. .\s mobility is increased. the ntilization of RT traffic is decreased. This is <lue to the 

rC'quircment of standby n'sourcC's to support user mobility. The :\IB scheme is able 

to utilize the idle standby capacity to increase the YRT performance. >l"ote that the 

iltilization remains constant until ,\h = ,\1,,r. When >.h > ,\h,r. the generic blocking 

requirement at thP cdl. P~ITT is dependent only on Pj. This phenomenon is studied 

in Chapter 3. :\'ote also that K:-;RT takes on non-integer values. The results are 

obtained from interpolation between integer points in order to give smoother curves 

( as opposed to staircase-like curves). In practice. [{~ITT must be integer valued. 
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Table 5.2: Ctilization performance of the :\IB channel allocation scheme in terms 
of utilization with P,; = Pj = 10-:i. from ,\h = 0 to >.h = 10 

~m scheme •'"U'\:PT ..1.YU'\:PT 7c ..1SU'\:P'T 

Without 62.32 -+ .j 1.89 10.-13 16.74% 
\Vith 79.-17-+ 72 .. jl 6.96 8.76% 
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5.3.4 Excess Capacity 

To study effectiveness of thP ~IB chaund allocation scheme. in terms of excess 

capacity requirement in tht> prPsPnc<' of nser mobility. ntilizarious an' to be main­

tained constant at .\""Rr = 106.42 an(l .\"11 :--:Rr = 50. as dwst>u in the pre\·ious 

section. >i'ote that as ,\h is increast>d. it is necessary that [\.RT is also increased. in 

order to maintain .Y"Rr = 106.42. ..\n,dysis from Chaptt>r 3 ran lw nsed to studv 

the RT traffic performance since it is unaffected by the :'\RT traffic. 

For the ~RT traffic. Fi~nrcs ,j.10 ro 3.12 show the capacity requin'ment. excess 

capacity requirement and the percentage <'Xcess capacity requirenwnt. respectively. 

as a function of mobility and snhject to sirrmltam'ous safr,faction of P,; = Pj = 10-3 

for r = 3. The performance is also !-UIUmarif'd in Table .j.3. Comparison of the 

pPrformance with thr case when thP ~IB schf'mf' is not u~Pd is made. It is seen that 

when the .\"11 :.RT is to be maintainecl. tht> capacity r<'q11irement is inrreasecl. This 

increase is also reflected in Figure .j.6. Howewr. with the ~IB channel allocation. 

the capacity requirement to achie,·e .\"11:.R-r = SO is rPduced. From Table 5.3. it can 

be seen that with the :\IB channel allocation scheme. the capacity requirement of 

the :'-iRT traffic is decreased by 22.94 ( 1, .09%) at ,\h = 0 and 28.50 ( 29.68%) at 

✓\h = 10. This improvement is. again. coming from the ability of the :'.\·IB scheme to 

utilize the idle RT channels. putting aside standby to support mobility. The excess 
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capacity and percentage excess capacity requirements are also reduC"ed significantly. 

This means that with the ~IB channel allocation ~cherne. le~s <'Xtra overhead is 

rf'quired to support inneasing mobility. 

~umerical results are also obtained for r = 6 and different target .VuNnT· Results 

are similar to Figures 5.7 to 5.11 and are not shown here. Therefore. the ~IB scheme 

is very effective. It increases the radio cell utilization and reduces degradation of 

utilization when supporting higher degree of user mobility. 
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Table 5.3: Excess capacity performance of the \IB channel allocation scheme in 
terms of utilization with P~ = Pi = 10-3

. from ,\h = 0 to ,\h = 10 

::-..IB scheme K~RT I ~/\:--;RT 7c ~/\'.'IRT 

Without 128.36 ➔ l-!-!.84 I 16.-!7 12.83% 
nr:.i. , (\/:: t? 1 11': ? 'l I I) (\( 1)?1l'/,_ 

5.4 Discussions 

The effectiveness of the \IB channel allocarion scheme comes from the fact that 

the :'\RT traffic can 11ti!izt' tlw idle RT channels. Tht• amount of RT capacity which 

may IH' borrowed by :\'RT traffic is gin•n by 

( 5.1-!) 

.-\s a result. when the capacity allocated to the RT and ~RT traffic is c 1Ibps each. 

the effective capacity for the );"RT traffic is c · (1 + () .. -\s mentioned in Chapter 

3. with an increased capacity. the utilization degradation and excess capacity re-

quirement to support user mobility are reduced . .-\t high user mobility. since more 

standby resource is necessary .. VuRT is decreased. Thus. ( is increased and NRT 

traffic can borrow even more idle RT capacity. Therefore. the utilization degra­

dation and excess capacity requirement in the presence of mobility. using the MB 

channel allocation scheme. is further reduced. 
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5.5 Conclusions 

In this chapter. the proposed movable boundary chapter allocation scheme for han­

tlling RT and ~RT traffic types. at a base station. is studied. This scheme allows 

\"RT traffic to ruakt' 11st' of unnst'd RT capacity. For a giYcn QoS requirement. 

it is demonstratt>d that RT st>rYiC(' pt'rformance is nnaffecte<l while ~RT resource 

requirrnwnt is re,luced. This is achiewd by allowing RT users to preempt ~RT 

users who arc borrowing RT channels. when necessary. The :\IB scheme is simple 

to impl<'rnent. It increast>s thP resource utilization and reduces the capacity require­

rrwnt. ThP degradation in utilization and excess capacity requirement in order to 

support user mobility are significantly reduced. It makes the :\IB scheme especially 

applicable in tht• wireless mobile environment. 



Chapter 6 

Call Admission Control 

This chapter iutf'grates tlw joint-lewis rPsonrcl' allocation scheme (in Chapter 4) 

and the movable boundary c·hannel allocation scheme ( in Chapter 5 ). and incor­

porates the findings of the dfects of mobility ( in Chapter 3). to devise a resource 

allocation stratf'gy and provi<k a mechanism for structuring call admission control. 

The effectiveness of the joint-levels resource allocation ( RA) scheme and the 

movable boundary ( :\IB) channel allocation scheme are demonstrated in chapters 

4 awl 5. respectively. With a fixed capacity. the utilization can be increased. In 

the presence of user mobility. the utilization degradation and the percentage degra-

1lation are reduced . .-\lternatively. with user mobility. excess capacity is necessary 

in order to maintain utilization at zero-mobility. \Vith either of the two scheme, 

the amount of excess capacity required is reduced. Either scheme used in isolation 

100 
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already gin's promising results. \\"ht•u tht•y are used together. the performance can 

be fort her enh,mcPti. In practice. tht• a,-ailahle capacity is fixed for a given antenna 

clt>sigu and channPl coding scheme. Ther<'fore. in ,, practical situation. the joint­

levPls IL-\ sdwnw aud the :\113 channel allocation schemf' can he ust>d to increase 

utilization. Thf' aim of this chaptt'I" is to study the t'tfoctivf'ness of the combined 

schemc> iu thf' utilization pt•rformann•. 

In tht• combined scheme. two traffic classes art:> considert:>d: RT and )rRT. The 

:\IB chamwl allocation sd1<•11w is usf'd to increase the \"RT utilization by utilizing 

idlt• RT channels. whik satisfying the call-kvd QoS factors of P,; and Pj. \Vithin 

tht' indivitlual RT anrl :'.'iRT allocation. joint-lew•ls R.-\ is pt•rformcd iu order to 

guarantt't' both th<' cali-kvd QoS factors. P~ and Pj. and thP packet-level QoS 

factor. PLR •. 

The rest of this chapt<·r is orµ;auizf'd as follows. In Section 6.1. the performance 

of the combined schcnw is studied. In Section 6.2. the mechanism for C AC using 

the combined scheme is described. 

6.1 Performance of the Combined Scheme 

In order to keep the analysis within a manageable size. c = 1.5 :\-Ibps is assumed. 

as in Chapter -L The mean call holding time. µ- 1 = 2 mins. The call-level QoS 
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factors are P~ = Pj = 10--1
. The packet-kn·l QoS factor is PLR • = 10-6

. The 

utilization p<'rformancc of 1) the juint-h-n·b R.-\ scht'me alone. 2) the :\IB channel 

allocation schPrne alone. and :3) the rnmbint•d scheme. are compared. 

For the RT service. Figures 6.1 to 6.3 show the utilization. utilization degrada-

tion and percentage utilization degradation. respectively. as a function of mobility, 

subject to simultaneous satisfaction of the packet-level and call-level QoS factors. 

From the packet-level analysis. r = 1.5 :\Ihps corresponds to 36 channels in order 

to satisfy PLR· = 10-0 . 

It is obsen-ed that the pPrformance improvement only comes from the joint-
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Figure 6.2: Ctilization degradation as a function of mobility for RT service (c = 1.5 
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Table 6.1: Performance of the combined scheme for tlw RT service m terms of 
utilization with P; = Pj = 10-:3 . from ,\h = 0 to ,\h = S 

Scheme 
Without .J-R.-\. 21.27 ~ 17.99 3.:2S 15.-12';{ 

.-. ,..._,..., 
~.lJ,J/( 

levels ( R.-\) scheme. This is expected because the :\IB channel allocation scheme 

gives higher priority to RT traffic. The performanct> of :'-iRT sen·ice improves with-

out affecting the RT sen·ice performance. From Figures 6.~ and 6.3. it appears 

that the points obtained for using the joint-lt>n'ls RA l)r the combined scheme are 

not following a smooth trend. This is <lue tl) discretization l)f !,.":-;RT· In Chapter 

5. the capacity rt'quirement results [\·:-;1n- e.g .. in Tablt, 5.3. are obtained by inter-

polation. giving rise to non-integer val11es. In practice. both [\.RT and [\·:-.RT must 

be integer-\·alued. For example. at ,\h = 0. the nominal capacity of [\.RT can be 

increased from 36 to -H.60 channels. Hmven'r. 41 must be used in practice. Dis-

cretization causes the results to be slightly rough. :'-ionetheless. the general trend 

is still re\·ealed clearly. Table 6.1 summarizes the utilization performance when >.h 

is increased from O to 8. .-\t ,\h = 0. the utilization is increased by 3.94 Erlangs 

( 18.529c) \Vith either the joint-levels RA or the combined scheme. At ,\h = 8. the 

ntilization is increased by 5.04 Erlangs (28.02% ). At the same time. the utilization 

degradation and the percentage degradation due to user mobility are also reduced. 



CHAPTER 6. CA.LL A.D.\IISSIO?\ CONTROL 105 

25,-----,-----,-----,----------, 

b a 

2ol 
0 

0 
C 0 

i 
:::s I 

z_ i5; 
C: i 
Q I 

:~ i 
5101 

\,----------------, 
i I - Without J-RA and MB! 

5r!, I .• With J-RA i 
With MB ! 

i i O With J-RA and MB 

00 2 
Handoff rate, A.h (ter min) 

8 10 

Figurf' 6.--1: Ctilization as a fonction of mobility for ~RT sf'rvice ( c = 1.5 1Ibps. 
/l-

1 = 2 mins. P,; = Pj = 10- 3
_ PLR" = 10-6

) 

For the :'.'l"RT service. Figures 6.-1 to 6.6 show the utilization. utilization degrada-

tion and percentage utilization degradation. rt'spectively. as a function of mobility. 

subject to simultarwons satisfaction of th<' packC't-level and call-lC'n'l QoS factors. 

The ~RT capacity is also c = 1.5 ~Ibps. corresponding to 36 channels. Each :NRT 

source requires r = 3 channels. 

Similar to the RT case. due to discretization. the results for the cases involving 

the joint-levels RA scheme do not yield perfectly smooth curves. However. the 

general trend is revealed clearly. Table 6.2 summarizes the utilization performance 

when >.h is increased from O to S. C sing the case ,vhen none of the two schemes 
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Figure 6.5: Ctilization degradation as a function of mobility for ~RT service ( c = 
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Table 6.2: Performance of the combined scheme for the ::S-RT service in terms of 
utilization with P,; = Pj = 10- 1

. from ,\h = 0 to ,\h = S 

I Scheme .Y.,,_QT ~.Y.,,_DT 9r- ~_\'U'JQT 

I 
Without .J-RA and :\IB 12.68 ➔ 9.12 3.-56 28.01 % 

I n·:.1-. 1 T) --'·· 1 I Q ' , •') , ·) •) 'l f; 1 ')l)lt,. 
I t t j,t.,U, •J ... V,Ul~• . ._, .__, ... _ -,t,.JV I . •V"-1,\. \ 1 1 6 

! With :\IB only 19.--1:9 ➔ 16.22 3 •)-·-' I 16.78% 

I 
Comhined 22.6-l ➔ 22.01 0.63 

I 
2.78% 

are nst'll as tht> benchmark. the improvement by the joint-levels R.-\ scheme. -YIB 

channel allocation scheme. and the combined scheme. are dearly shown. Csing the 

combined s,hcnlt'. tht' urilization is increased by 9.96 Erlangs ( ,S.52% ). ar ,\h = 0 . 

.-\t ,\11 = 8. the utilization is increased by 12.S9 Erlani?;s ( l-H.36<.lc). Significant gain 

in nrilization is achiewd wlwn using the combined scheme. From Figures 6.5 and 

6.6. the utilization degradation and the percentage utilization degradation are also 

significantly redttc<'rl. 

6.2 Call Admission Control 

The integration of the joint-levels R.-\ scheme and the ~IB channel allocation scheme 

as a combined method is shown to be a \·iable resource allocation technique. This 

section uses the combined method to structure an effective call admission control 

mechanism. 

C .-\C makes admission decision on the basis that the QoS requirements of the 
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request as well as all the on-going calls are met. The QoS requirements consist of 

the packet-len--l factor. packet loss rate. PLR". and the call-level factors. new call 

blocking probability. P; awl forced termination probability. Pj. Two traffic classes 

are consirler<'d. real-time ( RT) and nou-r<'al-tinw ( ~RT). 

The> capacity of the transmission link is c '.\Ibps. c is offered to the users through 

l\.r transmission channels. In TD:\I..\. [\",. is the number of time slots. while in 

FD:\I..\. [\·,. is the numbn of frequency slots. K, is chosen such that each channel 

provides a transmissiun rate of R bps whik satisfying the physical layer bit error 

rate> sp<·citicatiou. In CD'.\I..\. /\.c is tht• nnmlwr of spreading codes. [\.r- is such that 

(3.3) satisfies. 

Providt•d that th<' physical layc>r bit error rate specification is al ways met by 

lower layc>r functional blocks such as antenna design and source coding. the nominal 

capacity is dt>t<'rmin<'d hy the> packet-level QoS constraint. PLR·. For a given link 

rate of c. it is assumed that CRT is allocated to RT traffic and c:--:RT is allocated .:'-iRT 

traffic. With a knowledge of CRT, C'-iRT and PLR •. packet-level resource allocation 

method such as the effective bandwidth may be used to determine the maximum 

number of users K~r and /\·:-,;RT• which c can support. 

With the QoS constraints of P; and Pj. the utilization .YuRT can be determined. 

C sing the '.\IB channel allocation scheme. the utilization of the ~RT service NuNRT 

is enhanced. The enhancement is due to the ability to utilize idle RT channels so 
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that the NRT ,·.!location is increasecl to /\":-.:1rr ( 1 + () dfectiwly. The joint-levels 

R.-\ schPme can th<'n he us<'d within thl' RT anrl :'.'JRT allocations to increase the 

fruiii tlw irnuq,utc1iitJl1 uf tlw t,tll-lt·\d lr,d[ic LH'it,t\·iuur lll dw µackl't-ievd tr,tffic 

analysis. The CAC mechanism is s11mmariz<'d as follows. 

l. Csf' pffrctin· bandwidth to determine the nominal capacity (maximum mun-

•) Cs<' the \[B d1a111wl allocation scheme' to incn•as<' th<' dfl•ctin• nominal ca-

3. Cs<' the joint-lr·vds RA sdH'!llf' to increase the nominal capacity from K1rr to 

I{;rr· ancl l\":-.:1n( 1 + () to /\·;_1rr. 

\\'ith the combined sdl!'11w. tlw nominal capacity for both the RT ancl :'.'JRT 

traffic arf' incrl'asc•d. At t hP same time. the utilization of the NRT allocation is 

rnhanced. An increase in nominal capacity and utilization means an increase in 

user population. It is conjectured that the rnmhinctl scheme offers a means to the 

network provider to incn·ase revenue. 



Chapter 7 

Conclusions and Future Works 

7 .1 Conclusions 

This thesis is concerned with call admission control in a wirPkss ('nvironment. CAC 

is perforrn('d from the pPrsp<'ctivf' of r<'somcP allocation. It consists of three major 

building blocks. 

First. the effect of user mobility on QoS prons1onmg is studied. It is shown 

that user mobility entails standby resources. The call-level QoS constraints. P; 

and Pj. are encapsulated in a single parameter. p·. which is the generic blocking 

requirement at the radio cell. It is found that with a given capacity. the presence 

of user mobility degrades the utilization. In order to maintain the utilization with 

the introduction of user mobility. excess capacity needs to be provided. These 

110 
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results are used to assess thC' pPrformance nf the proposed resource allocation and 

channel allocation schemes in the prt'senct' of rnohili ty. A linkage betwet>n the link 

layer specification and network layer performance. in a CD:\IA environment. is 

then established. The tradrntf bet,vt>Pn £0/ [0 specification anll systPm utilization 

is provided. This work provides a fundamental uudt•rstanding of the salient feature. 

namely user roaming. t>f wirdess mohik Ut'tworkint?:. 

Second. the joint-levels rPsource allocation ( R.-\ i schemP is proposed. It is based 

on simultaneous satisfaction of the packet-kn,[ and call-kw[ QoS factors. This 

scheme is enlightened from thC' obst'rvatiou that at the call le,·d. calls arc non­

persistent. The joint-lPvds RA schem<' incorporates the call-lev<>l behaviour in the 

packet-len'l traffic analysis so as to incrPaSt' thf' nominal capacity. The imprc)\·ement 

in the nominal capacity in turn enha.nn' the utilization significantly. 

Third. the mo,-ahle boundary ( :\IB) channel allocation scheme is proposed. It 

is a form of virtual partitioning in the sense the ~RT traffic can borrow idle RT 

channels, on the basis that it may be preempted if RT traffic needs them back 

at a later time. The :\IB channel allocation scheme increases the NRT channels 

utilization without affecting the RT service performance. By allo,ving NRT traffic 

to borrmv idle RT channels, the number of NRT channels are increased effectively 

to realize the utilization enhancement. 

The call admission control mechanism is based on the integration of the joint-
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levels RA scheme and the }.IB ch,mnd allocation scheme. The form{'r is :1scd to 

increase the nominal capacity in order to support more· users. The' latt<'r is usrd 

to incn•asc the carried traffic intensities to yidd a hi~lwr utilization. The· C :-\C 

provides a means to tlw network provider to incrcas<> tlw user population. aud 

hencr, revenue. 

Thc contributions of this thc•sis are summarized as follows. 

1. .-\ fundamental understanding of the effect of user mobility 011 QoS pr0\·isio11-

ing is pro\·ickd. 

2 . .-\ linkag<' ht•twecn the link layer spcqfica.tion and ndwork layer QoS rc·q11irc­

rncnts is established. The tracl<•off between t lw E&/ / 0 spc·cification ,me! nt i-

lization performance is pro\·idcd. 

3. :-\ rcsonrn' allocation scheme hasccl 011 simultannms satisfaction of packet-

level and call-lcvd QoS constraints is proposed. Dy taking the call-l<'vc'l be­

haviour into the packet-level analysis. more multiplexing is achicwcl and it 

results in an increase in utilization. 

4. :-\ channel allocation scheme based on mO\·abk boundary. supporting two 

traffic classes is proposed. By allowing the :--;RT traffic to utilize idle RT 

channels. the capacity is utilized more efficiently. 



CHA.PTER i. COS CL CSIOSS .-\:VD FFT["RE H"ORI{S 113 

5 . .-\ combined scheme based on the integration of the joint-1<~\·els RA scheme 

and :\IB channel allocation scheme is proposed. It inherents the benefits of 

both schemes and utilization is significantly increased. 

6 . .-\n effective C .-\C mechanism baseJ on tht' combined scheme is structured. 

7.2 Future Works 

The mean hanrlotf time ,\h 1 is assumed exponential throughout the thesis. .-\s 

pointed out in [83. S4]. the mC'an handoff time may be better described by a gamma 

distribution. It is interesting to inn·stigate how the handotf time' distribution affects 

the results obtained in ChaptC'r 3. and the dependency of th<' effects of mobility on 

the handotf time distributions. 

The packet-level analysis in Chaptt>r -l is based on the effective bandwidth ap­

proach. In Chapter 6. two traffic classes are considered. It is interesting to gen­

eralize the joint-levels RA scheme to handle JI traffic classes with different traffic 

characteristics and QoS requirements. using results from. e.g .. [S]. The findings can 

then be used to upgrade the combined scheme to be used in structuring the CAC 

mechanism. 

In order to facilitate the analysis to demonstrate the viability of the joint-levels 

RA scheme and the :\IB channel allocation scheme. new calls and handoff calls are 
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treated equally likely. In practice. handoff calls should havP higher priority than 

new calls bt'caus<' interruption of an ongoing call is more annoying than receiving 

a busy signal by a new call. It is of practical interest to extend the findings of the 

allocation scheme to handle handoff calls with a higher priority. This is also crucial 

for CAC. 

This tlwsis is focused on the wireless subnf't of the end-to-end communications 

systt•m. a.,; shown in Figure 1.2. It is interesting to ('Xtend the works to thf' hybrid 

win•lirw/wirdf'ss networks. As pointed out. in Chapt.c>r 1. thf' cnd-tercncl systt·rn con­

sists of a collection of wirf'less subnets. interconnected through a backhon<' wirf'line 

rwtwork . .-\ mobile terminal cornrmmicatcs with thP serving ha.<;c station via a radio 

link. The base station connf'cts to the backbone network by wirclin<' links. A ha.-,c 

station is in effect the wircline attachment point for C'ach ronrn•ction. In a hybrid 

wirelinc/wirdess network. when a mobile user migrates to a n<'ighbonring radio cell. 

th<' n<'CC'ssary hancloff may trigger a chang<' in th<' wirclinc attachment point. This 

is an interPsting phenomenon. unique to the interconnected environment. Issues 

such as the effects of the change in wirelinc attachment point on resource manage­

ment and QoS prO\·isioning are critical. With a good understanding of these issues, 

effective rC'sonrcc management schemes and call admission control schemes can be 

devised. Communications with high resource utilization and QoS guarantee, sup-
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porting multimedia traffic. is thus made possible. This is of paramount importance 

for the success of t ht' third generation wireless systems. 



Appendix A 

Forced Termination Probability 

The forced tt'rmination probability. P1. given by ! 3.11) in Section 3.2. can be ex-

(A.1) 

F sing; the quadratic formula. P can be expressed in terms of P1 and 0 as 

(A.2) 

There are two issues invoh·ed: 1) whether the discriminant is non-negative. and 

2) which of the two solutions should be picked. To ensure a positive discriminant 

116 



A.PPE:VDIX _..\._ FORCED TER_Uf:V_..\.TIOS PROR..\.BILIT1- 117 

in (..\.2). it is rt'<p1in·d that IF( 1 - P1 )2 > -WP1( 1 - 0). Consider P1 = 10-3
. it is 

necessary that 0 > 0.016. For P1 = 10-1
;. 0 > 1.000002 x 10-ti. Therefore. 0 is to be 

very small to re:-:nlt in a rwgatin' discriminant tf'rm in (..\.2). In this case. mobility 

is w'ry low and P1 ~()from (3.11). From (3.9). 0 is small when ,\his \·ery small or 

p is n•ry largP. In the former cas<'. we may simply treat ,\h = 0 and P1 = 0. In the 

lattrr cast'. call dnratinu i:-: n·ry small. pt•rhaps in the range of milliseconds. This 

will not happt'n in practicf'. Therf'for<>. in practice. we may assume the discriminant 

in (..\.21 to ill' alway:-: posiriYP. 

The rwo solution:-: to 1..\.ll an•: 

and 

H(l - P1) + J0 2l1- P1) 2 - -HJP1(l -0) 

:.0 
(..\.3) 

>l"ote that the square root term is always iess than 0(1 - P1 ): therefore. P1 and 

P2 are always positiw. In addition. P1 > P2 . In the case of P1 • P1 is satisfied 

since the blocking probability of the queueing system is too large. :\lost calls are 

being blocked upon initial request . ..\s a result. P1 is kept below the desired level. 
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In the case of P2 . Pi is satisfircl bccaus<' the blocking probability of the queueing 

system is kept very small by having <'11011gh .-.tandby re~o1Lrce.-.. Clearly. this is the 

desired situation when·as P 1 is not. Tllt'refon•. we use the st•contl solution where 

the negative of the discrimiuaut is 11:wd. i.e .. P is gin•n by the right-hand side of 

(A.-t). 



Appendix B 

Typical Values of Parameters 

Call clnration typically rangt>s from a ft>w sPcowls to. perhaps. au hour. Table B.l 

shows some typical values of call 1luration and the corresponding call completion 

rate. /t. p ranges between 0.01 and 10 (pt'r min). Short calls of a few seconds 

can arise when the calle<" is busy or unaYailable. while calls of half an hour in 

duration can arise when the two parties are discussing. perhaps interesting research 

problems. 

Three different types of communication cells are consickred: macrocells. micro­

cells and picocells. Table B.2 shows some typical values of handoff rate. >.h. ,\h 

ranges between 0.1 and 10 (per min). :\"otice that a user speed of 100 km/h is 

typical when the user is traveling on a highway. Speed of 50-60 km/h arises when 

user is traveling along urban streets. On the other hand. user speed of 2-4 km/h 

119 
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occurs when a user is walking along city streers or within a building. 

Tahle B.l: Typical call durarion and p. 

! Call duration (min) II 0.167 I 0 .. j I 1 I 2 I 3 I -! I .) i 10 I 30 I 60 I 
I p (min- 1) ii 6 I 2 11 I o .. j I 0.333 I 0.2.j I 0.2 I 0.1 I 0.0333 I 0.0167 I 

Table I3 .2: Typical ttSf'r speed and haudotf rate ,\h. 

I Cdl TypP I Diameter I Speed I ,\11 ( min - l) I 

~Iacrocdl 2 km 
100 km/h 0.833 
60 km/h o .. s 

-500 m 
.50 km/h 1.67 

).licrocell -! km/h 0.13 

200 m 
-50 km/h -l.16 
-! km/h 0.33 

30 m 
-!km/h 2.22 

Picocdl 
2km/h 1.11 

10m 
-!km/h 6.67 
2km/h 3.33 



Appendix C 

Fluid Flow Analysis 

This appendix gives the pron•dures to assess the PLR using the fluid flow approach 

as dt>scribed in [15] and [87]. 

The bnffrr occupancy distribution is denoted by 

F(.r) ~ [Fo(.r). Fi(r). • • • . Fn(.r)]. (C.l) 

where F1(.r) is the stationary probability that the buffer occupancy is less than or 

equal to .r. when i sources are in talkspurt. K is the number of multiplexed voice 

sources. The set of differential equations that describes the buffer occupancy is 
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givt'n by 

11 _,,,.... • .,., T .. 
V :::::: I :::::: l\., 

(C.2) 

with F_i(.r) = F1-:+ 1k) = 0 . .:'-iote that tlwre are I\"+ 1 equations. Eq.(C.2) may 

lw writt<·n in a compact matrix form: 

DF<.rl = .\!F(.r) 
d.r 

(C.3) 
F(.r) = D I \/ F ,i.r - • ( .r) 

where D is an ( [\.. + 1) x ( [\. + 1) diagonal matrix: 

(C.4) 

and .\[ is deriwd from ( C .2): 

-Kry. er. 0 

Kry. -[a.+ (K - l)r;.] 2a. 
.\f = (C.5) 

0 (I\" - 1 )77. -[2a. + (K - 2)77.] 
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The solution to ( C .3) is a sum of exponentials of the form 

r.· 
F(.r) = L a,F,c=,.r ( C.6) 

•=O 

where .:, is the 1t11 eigenvalue of n- 1 .\I. with the corresponding eigenvector. <Pi. 

Each row in ( C.6) can then be written as 

r.· 
F1 (.r) = L a,<l>,1 t·=•.r. 

1=0 

(C.7) 

To obtain F(x). we need to soh-e for the coefficients ai·s in (C.7). By noting 

that F,(0) = 0 when 1 > C ancl the fact that .:0 = 0 and 1I>0 = rr is a valid 

eigenvalue-eigpm·cctor pair. (C.7) reduces to 

K 

F1(0)=0=7i1 + L a/l>;r 

•=rci 

(C.S) 

I Cl is the smallest integer larger than or equal to C ( the ceiling function of C). rr 

is the steady state probability vector of dimension K + 1 where the ith element is 

rriven bv 
0 -

0 ~ i ~ K. (C.9) 
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Eq. ( C.S) gin's [\. - l C 1 t'<p1ations. F( x) is obtained by solving for the K - l C j 

values of a;. l CJ is the lare;t•st integer smaller than or equal to C ( the tloor function 

l)f C ) . PL R ( .r) = l - L ~~o F1 ( .r). where .r is the normalized buffer size. 
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