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CHAPTER YV

QoSENHANCEMENT BY USING CAC TECHNIQUE

Exponential growth in the number of subscribersnafbile communication
services has prompted service providers to maintagh level of QoS. QoS
performance is usually measured in terms of Bed andPcd parameters.
Recently, HAPs are being explored to deploy matmlamunication services due
to various advantages.

This chapter begins with introduction CAC techngjuand the QoS
requirements. It also introduces the basic theocapdwidth reservation scheme
and bandwidth degradation scheme in detail to @elithe desired QoS. This
chapter describes how an analytical model can beeldped by using Markov
chain model for performance evaluation. It also cdisses the bandwidth
reservation and bandwidth degradation schemes. edUnthe bandwidth
reservation scheme, we allocated dedicated bandwidt each category of
service. Consequently, when a new call requesvesrand when there are no
more channels available, in that particular classje use the ‘adaptive
degradation scheme’ under which the allocated badthwof each channel is
reduced slightly and additional channels are créassd hence allocated to the
new call request.

It is shown that the proposed bandwidth reservatiand bandwidth
degradation schemes in conjunction with CAC tealmiq significant improved
for bandwidth utilization has been obtained ovesfprred category of committed
QoS and the connections services enjoy more availsndwidth with improve

in thePcb andPcbh.




5.1. Introduction

In the present scenario, the life of every personery much affected by two
objects i.e. mobile and computers. These two objeaeive changed the way of
communication. Exponential increase in the numbeusers has resulted into
large demand of high quality of wireless communaat services. This
requirements lead to the development of more intiacommunication
infrastructures. Terrestrial and satellite systears established to provide
communication services to the users. Overcoming dhertcomings of both
terrestrial and satellite systems is the only iraime way to provide cellular
communications services via HAP [156].

There are two types of requested call namely newested call in same cell
and hand-off requested call. Hand-off takes plabemthe user movement from
original cell to new cell. Predication user moliliemains very challenging task
due to fuzziness of human mobility patterns [188]18he call of this new user
may get dropped due to insufficient bandwidth offreell to avoid the congestion
state. Therefore, it is the responsibility of netikveervice provider to reserve the
required bandwidth for each admitted call.

When requested new connection occurs, CAC takescesidn whether to
accept the connection or not [124]. This decisiah e based on the current
network load and the bandwidth required by the egtion during its lifetime.
Further, considering that call-drop during hand-@ff more annoying, higher
priority is given to connection request due to hah¢l90]. CAC increases the
efficiency of the system by determining the optimalmber of new user

connections and by minimizing the call-drop durivamnd-off [191].
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During the last two decades, CAC has been receiaitgntion due to its
central role for QoS provisioning in terms of siggaality, Pcb andPcb, packet
delay, loss rate, transmission rate etc. [192]tHemmore, a good CAC algorithm
should be adaptable to implement any changes isg¢hgce management policy
with low computational complexity [193]. A good CA&gorithm should also be
capable to handle bandwidth with much flexibilitlyis also designed to fulfill the
objectives of minimizing the signal exchange betwd¢AP and terrestrial
segments as well as to reduce the delay of requesteection [194].

CAC alone cannot guarantee the required QoS withibat support of
bandwidth degradation [195], scheduling [196] aaddwidth reservation scheme
[197]. Loung et al. (2006) have proposed an appmakion method to calculate
the guard channel based CAC algorithm for use ifPslAetworks which keep the
Pcd under predefined threshold while approaching theximum bandwidth
reservation [198]. Kalikivayi et al. (2008) and Haug et al. (2005) proposed a
CAC scheme that assigns highest priority to Ungelic Grant Service (UGS)
flows and aims to maximize bandwidth utilization lsing bandwidth borrowing
and reduction methods [199, 200]. In their propoadlile bandwidth borrowing
and reduction helps accept more connections, the @ahe ongoing real-time
Polling Service (rtPS) and non real-time Pollingv&= (nrtPS) connections must
be guaranteed.

Further, dynamic bandwidth reservation has beempgsed in [201]. The
authors focused on UGS flows by assigning highéoripy to the flows. The
scheme divides the scheduling services to UGS anmdtWGS (rtPS, nrtPS and

Best Effort (BE)) service types.
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In this chapter, we have proposed an advanced @alihique. The proposed
technique has been analyzed by modeling the CAGsmg Markov Chain model
for its performance evaluation. Accordingly, foettelivery of committed QoS,
in different priority classes of users, two schewies‘bandwidth reservation’ and
‘bandwidth degradation’ have been integrated witACC Therefore, in this
contribution, we have considered four types of iserelasses belonging to high/
low priority user: (i) Unsolicited Grant ServicedGS) — as high priority users,
(ii) real time Polling Service (rtPS) — low prigriusers, (iii) non-real time Polling
Service (nrtPS) - low priority users and (iv) *Bé&dfort (BE) — low priority. We
have proposed that ‘bandwidth reservation’ schente ‘bandwidth degradation
scheme’ can be augmented through real-time chastatd information obtained
from the CAC, to manage and regulate incoming antdaing calls as shown in
Figure 5.1. Here, different bandwidths can be ek according to the priority
for each type of service category. Further, bantwitbgradation scheme can be
used to create extra channels for use in a higthenity category by degrading the

channel bandwidth of lower priority user category.

*Best Effort (BE) services are designed for apgi@as with no rate or delay requirements e.g.
HTTP etc. and therefore has not been consideredtady, yet it has been included for sake of
completeness.
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Figure 5.1 Channel Reservation and Bandwidth Diegian supporting CAC

5.2. Call Admission Control Technique

CAC is a technique to provide QoS in any wirelegtwork depend on
available bandwidth in cell. Available bandwidthssiach cell are channelized and
Pcb andPcd are the relevant QoS parameters which are meag202¢l When a
requested new connection is blocked, this sergi¢mown as call blocking and its
probability is known a®cb. When the user moves from one cell to another cell

this service is known as call dropping and its piolity is known acd, it needs

Page 124



to request connection from the cell into which usegntering. A successful hand-
off needs sufficient number of available allocabethdwidths at the destination
cell.

CAC keeps a track of available channels as alldcateespective cells. CAC
take decision while ensuring that (i) the accepganfcthis new-call does not affect
the QoS of other already accepted calls, in thatice category and (ii) the
desired QoS is also delivered as requested bygatisso admitted.

The role of CAC is to regulate the total numbercalis in each cell, under
each service category. When considering CAC algmst for HAP, we note that
the unique characteristic of HAP is that all BS eoflocated. This means that
information about the current interference condsiowithin the cells can be
exchanged between base stations with minimal sigpadverheads and delay.
Hence, distributed global CAC techniques can belempnted more efficiently
and jointly for HAP and terrestrial system. In fattie above characteristic of
HAP allows the implementation of more integrati®g that interference is
managed centrally rather than at individual BS.

A good CAC can achieve many desirable features.eSofnthe desirable
features of CAC are as following [203] such as dpeecuracy, stability of QoS
and easy to configurable to accommodate additisealices. QoS is the ability to
provide different priority to different applicatisnor users. The implementation
of efficient CAC algorithms is useful to preventngestion and guarantee target
Qo0S. Telecommunication network can be divided thtee parts, core network,
and radio access network and user equipment. @&weork provides the function

related to transport, manage, and interconnectetiter networks.
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Radio access network is set of radio network subsysused to allow
connection between UE and the core network as shWwigure5.2. It composes
of a radio network control and set of nods B. tinection of radio access network
are admission control, congestion control, broaitgscontrol, radio link
encoding, hand-off, control and management. Eacho raetwork subsystem
manages set of cells through radio network comrolhich is used to manage
mobility management, call processing, radio ressummanagement, link
maintenance, hand-off control, traffic concentnatisupport of mobile services.

The BS is located in the HAP payload and the HARsisd for carrying a set
of electronic equipment (antennas, transceiveras..shown in Figur®.2. This
payload basically consists of a set of antenna® @NC and Node B equipment)
as shown in, each one pointing to different pomiser the earth. It can also be
used as a combined radio network control and Nodg2®}]. The HAP
concentrates the traffic of all users inside thePH#overage, and forwards it to
the terrestrial radio network control. This radietwork control could be in the
payload of HAP or in a terrestrial node, dependinghe role of the platforms in

the network.

Radio Network
Control

Radio Network
Subsystem

User Terminals

User Terminals

Figure 5.2 CAC Implimented in HAP
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5.3. CAC Principles
The aim of CAC algorithms should be to keep thgydinog probability under

a predefined threshold while minimizing the bloakjprobability and maximizing
the bandwidth reservation at the same time. Dragpppmobability is the
probability that a request for hand-off is rejectediile blocking probability is the
probability that a new connection is blocked. S&QCneeds to use both the
system and user characteristics to manage theabiaibandwidth, monitor the
system’s available capacity, accommodate the ndélwerpuests and at same time
ensuring the QoS of existing calls.

Analysis of CAC algorithms for QoS guarantees hingae several design
principles and techniques. These principles antinigaes help the design of
better CAC algorithms in the future. The CAC altfums developed are designed
to manage channel allocations such that QoS camstrior distinct service call
types are satisfied. Two main schemes have beenh toseeservation channels
(partitioning channel) and setting threshold. Sedc@theme is degradation
scheme. The idea behind degradation is to incris@seumber of accommodation
connection while reservation channel is to satsfyngent QoS constraints of
some service call types. While this technique i1y y®werful to satisfy stringent

QoS constraints, it reduces channel utilization.
Furthermore, a good CAC algorithm for parameteesP.cd andPcb should

be very flexible to any changes in the service mganeent policy and should have
very low computational complexity. It can achievany desirable features. Some
of the desirable features of CAC are as followia@d]:

» Speed: the decision to admit or block a connecttoould be fast for

minimizing setup process time.
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* Accuracy: CAC technique should ensure connectio® Qoth in the
uplink and downlink.

* Environment: CAC should be adaptable even in mimmaapacity. It
must provide an acceptable and stable QoS in v@eauironments.

e QoS stability: network performance should be manet
continuously to ensure user satisfactory.

» Reconfiguration: CAC technique should be easily figumable to

accommodate additional services with different @agiirements.

5.4. CAC and QoS Requirement

CAC determines the extent to which network bandwddare utilized and

whether the promised QoS parameters are actudiiyedsd or not.

5.4.1. Bandwidth Degradation

Wireless communication networks must guarantee Q& requested by
users, which includes minimizing dropping and blagkcall. But, increasing the
admitted number of users shall pressurize netwmrkaximize the revenue [205].
Bandwidth degradation scheme is an important regonrtanagement in wireless
communication networks. As the number of hand-affd new calls increase in a
cell the requirement of bandwidth increases andllfinbecome insufficient to
accept the requested call.

In brief as user requests a call and in case tisen® enough bandwidth to
satisfy this call then this call will complete witither connected calls. So here
bandwidth degradation plays a major role, i.e. badth degradation is used to

degrade some of the bandwidth of admitted usergrucohdition that minimum

Page 128



sufficient bandwidth required by a user is allodatguch that QoS is maintained
efficiently. Its main characteristic is that it @&ble to provide higher priority to
hand-off calls as compared to new calls in additmimcrease the capacity.

Actually there are maximum and minimum bandwidtliscated to every

connected user. Degradation can be calculated byrasting maximum and
minimum level bandwidth [195]. This can be explairze follows:

1. If new call request arrives and bandwidth requesadore than available
bandwidths, then ongoing calls are degraded toageelevel as shown in
Figure5.3 (fulfil minimum required bandwidth).

2. If handoff call arrives and bandwidth requestednisre than available
bandwidth, then ongoing calls are degraded to mimntevel as shown in

Figure 5.3 (more than sufficient BW).

Degradation for
-~ >
accepted new call

BW Min BW Min+3 BW Avg BW Max

<«——  Accepted Bandwidth ~~—

Figure 5.3 Bandwidth Degradation

5.4.2. Bandwidth Reservation

The main and basic technique involved in bandwitkkervation is the
dynamic adjustment of bandwidth reserved for hafficrocording to the arrival
intensity of new connection and hand-off connectidhis scheme is used to
increase the number of admission opportunitiesné&w coming connections and
guarantee QoS for hand-off calls. Bandwidth resemaanalyze the behavior of

hand-offs and new connections in order to enswgthmising QoS. The amount
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of reserved bandwidth is allocated based on theniireg and outgoing behavior
of hand-off connections to make the resource atilin more efficient [206].

Wireless communications possess some challengésasuscarce bandwidth,
dynamic channel qualities, and diverse user demardsh are solved by the
combination of CAC and bandwidth reservation. Inaign of CAC and
bandwidth reservation avoids long latency of patiurlding and guaranteed QoS.
Bandwidth reservation is used to provide flexibleage of limited channel in
wireless cellular. This work of CAC is taken oveérBS. The role of CAC is to
estimate whether a remained bandwidth in the cafi provide the required
bandwidth of new connections without violating QofSalready admitted users.
However, pure bandwidth reservation for hand-offyniacrease efficiency of
hand-off but, lead to an inefficient channel uiibn and increase of new call
blocking probability.

Bandwidth reservation is used to prioritize the dlicsted Grant Service
(UGS) connections. Degradation scheme is the metbbddecreasing the
Bandwidth allocated to the admitted connectionsrufer to accommodate more
number of connections.In this study the performance of the CAC scheme is
evaluated in terms of QoS parameters like blockirapability, dropping probability
and bandwidth utilization.

Each cell has its own channels, where channelisidtminimum bandwidth
that required for allocated Ms. Each Ms has to submeport of the service that
includes the required channel. The CAC in the BSukes the requirement of
QoS and keep the channel for user until finishchlis CAC used for comparison
the required channel and the available channehefcell. If new request call is

less than available channel the channel is alldcttethis call, it keeps channel
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until the call is finished in the cell or the usapves out of the cellAnd if the
available channel is sufficient, the new call iseggated otherwise the new call is
rejected.

The new requested call is accepted only if thenreation of channel utilized
and channel required for the new request call $s khan the total number of
channels which given to the cell.

Usually, there are two types of call in wirelessweogks, Viz, new calls and
hand-off calls. The new call is the one which jsistrted but hand-off call is call
which is already ongoing but is moving on to neWw. deccepted the request new
call for new call or hand-off call is depending the available of channel in the
cell. During the process of hand-off, the call nmay able to gain channel in new
cell for continuing service due to limited channdlkis will lead to dropping call.
Thus hand-off calls assigned higher priority, begawsers tend to be more
sensitive to call dropping than to call blocking.

Channel reservation is varying the sized of chamasked on the demand of
users as shown in Figuke4, and the reservation is success only whenabiail
free channels are sufficient. Therefore, integratiof CAC and channel
reservation avoids long latency of path rebuildamgl guaranteed QoS. Based on
available channel in cell along with reserved clnCAC can determine

whether call accept or reject.

- |

Figure 5.4 Different Channels for Different Seesc

[}

7 8 M Free
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5.4.3. QoS Requirements

QoS is related to user's mobility. To provide Qa$% various types of
multimedia applications class like application faansferring voice, call, video
and other kinds of data. To guarantee QoS andazhigh bandwidth utilization,
the main approach of admission control is to asaigonstant bandwidth and an
effective bandwidth to a class of calls [5].

A cell is provided with four distinct service class These services class are
explained in [207], UGS, rtPS, nrtPS, and BE aswshd-igure 5.5 and
comparison between different services in Tdhte Allocation channels are the
one for daily general services but channel resemaiare one which are just used
for some special function or services like somenadets are reserved while

mobile hand-offs occurs

Requested service

| CAC |

Bandwidth Bandwidth
reservation allocated

L1
[ UGS | | rtPS | [ nrtPS | [ BE |

N

Service classification

Figure 5.5 Classification of Services
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Table 5.1 Services and QoS Parameters

Services QoS Parameters Applications
Unsolicited Grant Maximum Sustained RateVolP
Service (UGS) Maximum Latency

Tolerance

Jitter Tolerance
Real-time Polling Minimum Reserved Ratg Stream Audio or
Service (rtPS) Maximum Sustained RateVidio

Maximum Latency

Tolerance

Traffic Priority
Non Real-time Polling | Minimum Reserved Rate File Transfer
Service (nrtPS) Maximum Sustained RateProtocal
Traffic Priority
Best Effort Service Minimum Reserved Rate Data transfer,Web
(BE) Traffic Priority browsing etc.

The performance of CAC depends on the effectivenésssource allocation.
Giving knowledge of the amount of channel, resowaitecation determines the
maximum number of calls of each class that canupparted while satisfying all
the QoS constraints:

1) UGS supports constant bit rate (CBR) such as Voves Internet Protocol
(VolP) without silence suppression. It also suppoeal time traffic with
fixed size data packets on a periodic basis. Ihtgich periodically without
a polling-request procedure and thereby reduciadatency.

2) rtPS supports real time traffic with variable sidata packets such as
MPEG video on periodic basis generate at VariableRAte (VBR). The
rtPS is suitable for connections carrying servitke VoIP or video
streaming services.

3) nrtPS supports delay tolerant traffic that requaesinimum serviced rate.
The nrtPS are favorable for network services wahable rates like File

Transfer Protocol (FTP) and Hypertext Transfer &sok (HTTP).
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4) BE supports in regulating data services. The mam af BE is to

accommodate data streams that have no lower linsiérwice requirement.

There are two important dynamic parameters in thalysis of service
provided, they are: 1. Minimum Reserved Trafficd&R@RTR) and 2. Maximum
Sustained Traffic Rate (MSTR). MRTR used to defime minimum rate reserved
for the connection whereas MSTR used to specifypgak information rate of the
service.

UGS connections have only one kind of QoS requirgm&hich is MSTR
whereas rtPS, and nrtPS connections have both kinQsS requirements MRTR
and MSTR. BE connections have only one kind of Qe§uirements which is
MSTR. The connections of UGS and rtPS are easdppid or blocked because
they have QoS requirements on Latency. Hence, ldéndennections must be
given higher priority than new connections. Hanflvathout interruption is very
important for real-time services, but is not catiéor non real-time services [7].
To reduce the dropping and blocking probabiliti€sion real time connections,
queuing schemes is required [208]. So whether dheection is a new or a hand-
off from other cells, the priorities of UGS and $tRre higher than those of nrtPS
and BE.

The UGS connection is accepted only when its MS3Rat larger than the
remaining bandwidth, the connection of rtPS or &riB accepted when their
MRTR are satisfied, and BE connection is always itdth i.e. Minimum
bandwidth is required for each service class. Wihenrequested connection is
admitted, it will take specific amount of bandwidtmtil the connection is

complete or hand-off occurs to another cell.
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5.5. Proposed CAC

CAC function is to regulate the total utilized bandith, the total number of
calls passing a specific point per unit time. Thane different services need
different bandwidth for their satisfying QoS. Sealesteps are followed in the
adopted CAC techniqueo guarantee QoS, they are: 1. Manage and regulate
incoming calls, 2. Reserve and degrade bandwidtiDegide whether the new
requested connection accepted or rejected 4. Moaiftub andPcd, 5.Maximize
the bandwidth utilization so as to guarantee Qo@ure 5.6 is the block diagram
of the proposed admission control scheme. Bandwiddervation is used to
prioritize the UGS connections. Degradation is thethod of decreasing the
bandwidth allocated to admit connections in ordeadccommodate more number

of connections.

Bandwidth
Reservation

CAC management

Bandwidth
Degradation

Connection
Arrival

Service
Classification

Figure 5.6 Framework of CAC

Our proposed CAC technique is used for maximiziagdwidth utilization.
Therefore, it is possible for any service connectio receive some bandwidth
from existing connection which doesn’t have higheority service class without

any drop of already admitted connections. Allocdtaddwidth for rtPS and nrtPS
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connections is varied between MRTR and MSTR bueérkesi bandwidth for
UGS connections is represented by MSTR.

Bandwidth cannot be borrowed from UGS class becatigs higher priority.
Therefore, UGS connections can borrow bandwidthiglgr from existing rtPS
and nrtPS connections belonging to the same HAPwbereas rtPS bandwidth
can borrow from existing nrtPS connections. BuP8ricannot borrow from any
existing nrtPS connections.

The most important concern in CAC technique is targntee QoS of
different type of connections, to increasing theccassful of connection
probability and at the same time, to optimize thendwidth utilization. To
guarantee QoS, the delay of the rtPS connectionst e satisfied by using
Equation 5.1) [209].

Bs; < [ (mj — 1) * (1 + Chreps/Creps) *Ti * f Equation(5.1)
m; =d;/f Equation(5.2)

WhereBs; Bucket size of connectian fis duration of a timeframe (ms) which

includes downlink and uplink subframe; is maximum delay requirement of a

connection (ms)y; is the average data rate of conneciip6,,s is total amount of

bandwidth allocated to rtPS connections &pgps is total amount of bandwidth

allocated to nrtPS.

5.6. Algorithm of CAC Technique

CAC is used with bandwidth reservation and bandwdakgradation schemes
to enhance QoS as shown in Fig&&. When new requested call is received
CAC will determine either hand-off request callrfranother HAP cell or new

request call in same HAP cell.
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In case of hand-off request connection of UGS cotme arrives to HAP cell
with request bandwidtiB, s, the CAC in HAP checks whether the remaining
bandwidth is sufficient or not. If yes then it wilheck whether the delay
guarantee are satisfied or not by using Equattoh) @nd if satisfied admit the
connections, else reject. If the remaining bandwidtUGS less thaB,gs, then
perform degradation on nrtPS class in steps urdakimum degradation step is
reached. If this degradation is satisfy the reguibandwidth forB,ygs, then
check the delay guarantee using Equatiéil)(and if satisfied admit the
connections, else reject. If degradation of nrtR@sd’t satisfy the requested
connectioBcs, then perform degradation on rtPS class in stepis maximum
degradation step is reached. If this degradaticsaisfy the required bandwidth
for B.ygs, then check the delay guarantee using Equatol) éand if satisfied
admit the connections, else reject. If the maxinaiep degradation in nrtPS and
rtPS are not satisfying the required bandwidth ttegect the connection.

If a newly originated UGS connection arrives at tHAP with requested
bandwidth equal t®3,y¢s, the CAC at the HAP checks whether the remaining
bandwidth in UGS class greater than the requirediwalth B,¢s, then it will
check whether the delay guarantees using Equdidhdgnd if satisfied admit the
connection. Else reject the connection. If rem@nioandwidth is less than the
required bandwidthB,;cs , then degrade the bandwidth allocated to nrtPS
connections in steps maximum degradation stepsaished. After degradation, if
bandwidthB,¢s is satisfied then check whether delay guarantsesyEquation
(5.)) and if satisfied admit the connection, else rejipe connection. If the
maximum step degradation in nrtPS is not satisfyiregrequired bandwidth, then

reject the connection.
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Figure 5.7 CAC Algorithm

End

Page 138



5.7. Analytical Model of a HAP Station asa Markov Chain Model

The performance evaluation of the CAC techniguedistussed in this
chapter and obtained by ergodic Markov Chain asvehia Figure5.8. In this
scenario, we consider a single BS in HAP coverau the user will request
bandwidth from this BS. There are three type ofises is considered for request
connections which are UGS, rtPS, and nrtPS. CAGnigue in that BS will only
accept the connection if there is sufficient BW,amommodate the connection

and provide sufficient QoS, otherwise the connect&ect.

Figure 5.8 State Diagram Using an Ergodic Marktai@

Represent state is given By= (n,,n,n,) based on number of accepted
connection. Wheren,, n,, and n,, represent currently accepted connection of
UGS, rtPS and nrtPS respectively. The arrival isitgnof new requested
connection of UGS, rtPS and nrtPS are assumed Rwisson withl;, A, , andi,,

, respectively and the service time is assumeblet@xponentially distributed

with mean A1, 11 and 41 respectively.
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The steady state probabilities for each state the above example can be
obtained as follows. Assume that the steady statieability of states = (0,0,0)
in the above example b, o). The steady state balance equation of the state
s = (0,0,0) can be observed in FiguBes.

T(0,0,0)(Au + Ar +An) = WuT(1,0,0) + WrTT(0,1,0) T UnTT(0,0,1) Equation (5.3)

Similarly, we can get the steady state balance temsaof all the states s in
the state space If there are n numbers of states, wergeependent steady state
balance equations.

The performance evaluation of the CAC techniquediscussed in this
chapter and obtained by Ergodic Markov Chain. Biegk and dropping
probabilities are considered in as parameter fosfgaQoS of UGS, rtPS, and

nrtPS service connection.

5.7.1. Calculation of Bandwidth Utilization

Bandwidth utilization is the average ratio of theed bandwidth to the total
bandwidth. Formally, it can be calculated as:

BWy = ) (m,By + T,B, + 1B, )m,/B Equation §.4)

=S
WhereB,, B,, and B,, are the bandwidth requirements of the UGS, rtP§, a
nrtPS connections respectively, is the steady state probability of the stsite
whereB is the total bandwidth available at the BS. Fafggenance evaluation of
the proposed CAC scheme each BS is modeled uditarleov chain [210, 211].
The arrival process of the hand-off and newly oddged UGS, rtPS, and nrtPS
connections is Poisson with rates, , My Ahnrous Aor @aNd Ay, respectively,

where the subscriph represents hand off connections and the subsoript
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represents newly originated connections in a délerefore the total arrival rate
of the connection requests at the BS is equal duali the individual arrival rates
of all the connections .83 = Ay + Apr + Abn + Aou + 2or + on-

The service times of UGS, rtPS and nrtPS connestiare exponentially
distributed with meanfl , 141 and 41 , respectively. Each BS can be modeled
as five dimensional Markov chaimy, n,,n,, B,,and B,.The steady state

probability of states = (n,,n., n,, B, B, ) is T (nynpn,Br.By) - The state Space

for all possible Markov states is define basedhenpgroposed CAC technique as
given by:

S ={s=(nyn,n,B,B,) | n,*n. * ny* B.*B, <BA(B, = Blr"nin)/\(Bn
Equation (5.5)

> B;nin}
For a given stats = (n,, n,, n,, By, B,), the state transition occurs when a
new request is accepted or an on-going connecegominates. Wheremin

represented MSTRIlocatedtPSconnection

. {xhu + Aoy, if (ny +1)By + n, * BP& 4+ n BRI < B Equation §.6)
w Mu  Otherwise
1 = {)\hr + Ao, ifng * B, + (n. + 1) * BP** 4+ n, * B** < B Equation (5.7)
tr Anr,  Otherwise
- {th + Ao, ifny * By + n.* BP** + (n, + 1) * B* < B Equation (5.8)
tn My, oOtherwise
- — {1 ’ (ny, np, Ny, By, By )€ S Equation (59)
(Munrnn Br.Bn) 0, Otherwise
z R | Equation (5.10)

seS

Where B'** and B*** represent MRTR and MRTR allocated for rtPS,
respectively. Considering the normalizing conditi@guation above) and using
recursive algorithm, the steady state probabilityeach state can be obtained
[211]. Using the steady state probabilities of #ie states the following

performance parameters can be obtained.
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5.7.2. Calculation of New Connection Blocking Probability

The new connection probability is the probabilifybbdocking a new request
for connection. The blocking probability of a newridgng UGS request
connection is the sum of all the steady state pntibas of the states =
(ny,, n,ny) in the state spacg for which there is no transition to the state
(ny, + 1,n,,n,). So the blocking probability of new UGS requestgqual to the
sum of the steady state probabilities of the stgtg#s0) ,(1,1,0), (0,2,0), (0,1,1),
(0,0,3), (2,0,2), and(3,0,1). In similar manner the blocking probabilities t?$&
and nrtPS connections can be calculated. The Remof UGS, rtPS, and nrtPS

connections can be calculated as folloh for UGS connection is given by:

Z T (e BB Equation 5.11)

seS

S ={s = (ny,n,n,,B,B,) [(ny, + DB, + n, * B, +n, « BN > B} Equation 5.12)
WhereB™" js MSTR allocated for nrtPS. AlsBch for rtPS can be given by:

Z T (ny,npnp,BrBy) Equation 5.13)

seS

S ={s = (ny,ny,ny,, B, By) [ ny *By + (n, + 1) * B + n, * B, > B} Equation 614)
As well asPcb for nrtPS is given by:

z T(ny,npny,BrBp) Equation 5.15)

seS

S={s=(nyn;,n,,B,By) [n,*By+n, * B+ (n, +1) *B, >B} Equation 5.16)

5.7.3. Hand-off Connection Dropping Probability
The Hand-off connection dropping probability is firebability of dropping a

hand-off connection request for admission into tleéwork. ThePcd of UGS,

rtPS and nrtPS connections can be calculated lasvilPcd for UGS is given by:
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z T o) Equation (5.17)

seS
S ={s = (ny,n;,ny, B, By) | (ng +1) * By +n, * BP™ +n, «B™  Equation (5.18)
> B}

FurthermorePcd for rtPS is given by:

Z 'IT(nu,nr,nn_Br_Bn) Eq Uatlon (519)

seS
S={s=(nyn,n,B,B,) n, *B, + (n, +1) *x BM"+n, xBP"  Equation (5.20)
>B}

Finally, Pcd for nrtPS is given by:

Z T e e Bo B Equation (5.21)

seS
S = {s = (ny,n;, 0y, B, By) [ ny * By + 0+ BP™ + (n, + 1) B Equation (5.22)

> B}

5.8. Result and Discussion

The result is shown the important of using bandwidéeservation and
bandwidth degradation schemes with help of CACniprove excellently the
bandwidth utilization of HAP. Degradation is done allow more hand-off

connections and higher priority connections to lseoenmodated. It can be

observed that th€cd of hand-off connections is very low and at sameetihe

Pcb is decreased.

Figure5.9, Figure5.10 and Figur®.11 are showi®cb andPcd of UGS, rtPS
and nrtPS respectively. Since the two schemesrddfdy in the method of
degradation, th@cb andPcd of all services are improved as indicated in Fegur
5.9, Figureb.10 and Figur&.11, respectively. Figure 5.12 is  shown

bandwidth utilization is greatly increased. It isitq evident from the Figurg.12
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that with adaptive degradation the bandwidth wtian of the system is excellent
when the network is stressed.

Briefly, the priority order of all of the types ofass in figures below is shown
Pcd UGS <Pcd of rtPS andPcd of nrtPS. On the other hanécb of new
originated UGS is ®cb of new originated rtPS arRtb of new originated nrtPS.
The proportional bandwidth degradation scheme tfutonly increased the total
number of calls admitted, but also gave differembrgies to different kinds of
class categories, which represents a trade-off detwguarantee QoS and high

bandwidth utilization.
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Figure 5.9 Dropping and Blocking Probability of 8&onnections
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Bandwidth Utilization
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Figure 5.12 Bandwidth Utilization of the System

With this technique, the higher priority categochi@ves lower probability of
call block and call drop. When the total arrivateras varied between 0 to 10
(I/Sec), the maximum Pcd reaches 0.114 for higher priority class (i.e. UGS) Page
11 of 14 while it reaches up to 0.225 in case of piority class (i.e. rtPS and
nrtPS). On the other hand, for higher values ddltatrival rate, Pcb rises up to
0.884 (for UGS) and 0.984 (for rtPS and nrtPS)peesvely. As well as at

maximum arrival rate, the bandwidth utilizationakas to 0.9858.
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5.9. Conclusion

Efficient wireless networks resource utilizationthwiQoS guarantees in the
next high bandwidth of wireless cellular networkssgs great challenges due to
scarce radio bandwidth. Efficient CAC is importémt the efficient utilization of
the limited bandwidth. In this chapter, CAC techuggis proposed to provide
efficient bandwidth utilization with both bandwidéind delay guarantees. The
adaptive degradation has small effect on the drgppnd blocking probability of
all services but it addressed the most importatesof communication which is
efficient utilization of the limited scarce bandwhid The proposed technique may
be considered as an optimal technique in term&ebandwidth utilization. The
novelty of the work lies within the scope of anafgy the follow services using
Markov chain model in an integrated way for HAP.

The simulation results show the use of bandwidgemeation and bandwidth
degradation schemes with help of CAC not only kekpsandwidth utilization at
a maximal level, but also provides a reasonableripyiorder of new requested

call in same cell and hand-off requested call dffedent service classes.
Moreover, these two schemes imprd¥eb as wellPcd of each kind of classes.

The results also indicate that the bandwidth waiion has also increased

significantly with help bandwidth degradation sclegem
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