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CHAPTER IV

QoS ENHANCEMENT BY USING CHANNEL
RESERVATION TECNIQUE

In order to provide committed QoS to the usergcminmunication service
providers use different channel allocation schen@se of such schemes is the
adaptive bandwidth allocation scheme. QoS is imgdoby minimizing the
probability of call dropping Rcd) and the probability of call blockingPcb) and
by allocating channels, optimally. This chapter rigeiwith introduction of the
Fixed Channel Allocation (FCA), Dynamic Channeloa#tion (DC) and Hybrid
Channel Allocation (HCA) as well as cell overlappitechnique to enhance the
capacity of HAP. It also introduces the basic theof blocking and dropping
probabilities

In this chapter, reserved channel technique has Ipeeposed for HAP based
communication services deployment. Then, the pagdranalysis of reservation
channel technique has considered for hand-off calld new requested calls. It is
shown that the proposed reservation channel tecleniqprove thePch a new
call and Pcd of an hand-off calls, by varying the value of reed channels for

new request calls and reserved channels for hahdadif.



4.1. Introduction

Recently, wireless mobile networks have becomeabrike brightest areas of
growth in telecommunication industry [168, 169]. Ome side, the total number
of concurrent users of such networks is grown ewasty while on the other side,
there are limited numbers of channels availablepforiding user services [105].
Therefore, efficient management and sharing of Wa&ith among the users
become very important to enhance system performanbeh is done using
various channel allocation techniques [169].

Cellular networks are comprised of cells. The cellthe cellular network are
allocated frequency channels from the availabledindith. These frequency
channels are responsible for communication betwien mobile users. The
number of available channels in a cell is limitewladue to this limitation if
traffic in the cell is high, users may face cathtenations and may be blocked by
the cell completely. Such users are needed tolbeatéd permanent channels so
they never face dis-connectivity due to unavailgbdf channels in the cell.

A mobile network is created by deploying BS whodver a small geographic
area, by dividing it in multiple smaller cells, leml BS coverage area [128].
Higher performance and capacity of a mobile systermbtained by exploiting
frequency reuse in cells [112, 170]. Each cellliscated a portion of the total
available frequency band [171]. A user can makel§ when he is inside a
mobile cell. Also, during a call, when he movesirone cell to another, his call
is continued in the next cell, using hard handesfEoft hand-off [172]. Further,
when the call traffic inside a cell increases belydhe capacity, the cell gets

overloaded and the QoS is degraded drastically, [1B3).
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In HAP, the geometry of each cell is defined aglipse. The elliptical cell is
dependent on the beam direction and elevation ahiglece, the radius coverage
of the HAP cell is approximatel$0 Km at20 Km altitude [128]. The entire
coverage of HAP is then divided into 127 smalldiscg.28]. HAP is capable of
providing all types of mobile services and therefoif any part of terrestrial
mobile communication is affected, same area coldd be serviced by using
HAP.

Inside any such mobile cell, users communicate w#lch other by using
wireless channels that are allocated to varioussuss per the channel allocation
scheme used. There are three types of channelattlocschemes viz Fixed
Channel Allocation (FCA), Dynamic Channel AllocatidDCA) and Hybrid
Channel Allocation (HCA) [174, 175]. Channel allboa focuses on the efficient
utilization of bandwidth and how to divide the sarbetween cells [176].
Considering that the bandwidth in wireless netwasksa limited resource, the
system needs to block/drop any request for a newlto# call, if all channels
within that category, have already been allocab¥dpping call is more annoying
than blocking call [177]. Furthermore, increasimgffic load in a cell leads to
increase in blocking and dropping call probabilify/8]. Therefore, FCA and
DCA are not suitable for providing high QoS for someasons. FCA is not
efficient in using channels and increase droppatg.rOn the other hand DCA, it
required for exohosive channel, need for keepiagking channels, and more
delay for assign channels.

Efficient channel management is therefore very irtgod in order to provide
high QoS. To provide high QoS, reducing theb and Pcd is essential [179].

The high priority is assigned to higher QoS [180].
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Currently, this reservation channel technique asexd used for WiIMAX
[181]. On the other hand, reservation channel tiecienhas reserve channels for
hand-off and remaining are used for mobile callspessented in cell [182].
Accordingly, in a HAP based mobile system deploymevhen, fixed users
within a single mobile HAP cell are served usingnp@nent channels and when
the number of hand-off call drops are minimized fmpvisioning reserved
channels, the QoS is enhanced significantly as showigure4.1.

In this chapter, we have considered different tephes of ‘channel
allocation’ and ‘channel reservation’ so that thebability of availability of
channels, both for a new call admission and sucockashand-off call, could be
improved in each mobile cell. Accordingly, we hadiscussed the concept of
Poisson distribution with the help of Markov Chéanmeasure the probability of
call blocking Pcbh) and probability of call droppingP¢d). Consequently, in this
contribution, we have proposed an algorithm foicefht channel reservation
technique for reducing the probability of call bloxg and call dropping. In this
technique, we have created three exclusive charpwits: one for ‘new call
requests’, second for ‘hand-off calls’ and thedteannels pool is a ‘buffer pool'.
It is the buffer pool, which allocates addition&lacnels, both to the ‘new call’
pool as well as to the ‘hand-off’ pool, typicallyhen there are no channels
available in either of these pools. By distributtotal number of channels in these
three pools, we have created different scenariosamalyzed different states of
channel availability, by using Markov Chain andccddted thePch of a new call

andPcd of a new hand-off call.
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Figure 4.1 Reservation Channel Technique in HAPs@ad Scenarios

4.2. Channel Allocation Techniques

In wireless cellular networks, channel allocati@thniques deal with the
allocation of channels to various mobile cells. @l drop occurs when the user
moves from one cell to another cell and there isspare channel in next cell
during his movement. On the other hand, user insttmae cell may request for a

new call and the new call request will be blocKeallithe channels are occupied.
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Channel distribution to various cells and subsetjabannel allocation can be
done centrally or in a distributed manner [174]tHe centralized distribution, all
calls are monitored centrally while deciding whattannel should receive the call
(hand-off or new call). In the case of centralizetieme, the status of the system
is known as globally and it is more likely to maimt a good configuration of the
system [174]. On the other hand, distributed sclseafiew each BS to decide and
allocated channels based on the local cell knovdedg4]. This distributed
subset of cell knowledge is then shared with o8r The channel allocation
technique inside a cell will then require the imfation about the neighboring
cells only. Therefore, more distributed the schénéhe less global knowledge is
required while, in more centralized schemes, greatgount of cell information
will be required [174].

The aim of channel allocation is to manage the wekdistribution between
the BS such that the interference is kept mininmal at the same time the traffic
demands are fulfiled [141]. Channel allocation hi@que deals with the
allocation of channels to cells. Dropping call ascanly during inter cell hand-
off. This subscriber moves from previous cell whithas empty channels to cell
where not sufficient channels to accept this ddknaging the channels can be
done on a centralized or distributed basis. Incéee of a centralized system, the
BS is required to communicate with a central cdl@roThis gives the advantage
of being able to monitor the whole system whileidi@g which channel and it
should be used.

On the other hand, the distributed schemes allogh &S to decide and
allocated channels based in the local cell knowdedgistributing knowledge

among all BS is distributed subset. Dominatingade®S could be identified, and
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each dominating BS could coordinate its own ba3ine channel allocation
strategy is requiring only information about sumding cells. So that the more
distributed scheme is the less global knowledgereiguired and the more
centralized scheme is the greater is the mournigoabng required.

HAP provides a line of sight communication in vascells, as formed on the
ground and there will be less obstacles betweers as®l the platform. HAP can
centrally keep track of all cells and respectivargtels that are being used within
its coverage area. Channel allocation techniquese laéso been configured for
HAP by exploiting cell overlap [105]. In HAP, alhe BS are co-located and
central management and control becomes easier .[188nsidering all
eventualities at this stage help to address thdlictsn which might cause
dysfunction of the communication services, in wvasiocells. Several radio
resource allocation management techniques are amatfor a broadband multi-
beam HAP architecture [105]. These are based @adl fthannel assignment at the
HAP and distributed dynamic channel assignmenthatuser end of the link,
allowing the inherent cell overlap to be exploif@d5]. Channel allocation can be
mainly divided into the following three categorieased on the manner in which
channels are allocated inside a cell or withinaugrof cells [174].

Channel allocation focuses on the bandwidth and toogvide between cells.
Bandwidth can be ideally divided into a set of aes. These channels are
separated by a redefined guard band to avoid eren€e with each other. The
bandwidth is very expensive and limited resourcetlsat it is required to
minimize the guard bands between channels andaserhe number of channels.
The balance between maximizing capacity and minimgimterference is the aim

of channel allocation.
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Channel allocation techniques can be divided maintyg three categories
based on the manner in which co-channels are deparéhe first one and the
most basic is FCA and the second one is the DCAhasvn in Figure4.2.
Resource Allocation Techniques (RATs) consist orotel allocation, power

control, and adaptive modulation and coding teahesg

Classification of Channel
Allocations

FCA DCA HCA

NN

Ordering Simple o FCA
Barrowing | | Barrowing Scheduled | | Predictive +DCA

Figure 4.2 Classification of channel allocations

4.2.1. Fixed Channel Allocation (FCA)

Here, each cell is assigned as a fixed pool of mhlsras shown in Figue3.
If all the channels as assigned are in use, the gaMequest shall be rejected.
The purpose of this type of channel allocatioroisniaximize frequency reuse. In
HAP, this technique is easy to implement and wowkl in high traffic
conditions and becomes inefficient when some @elsmore loaded than others.
Further, improvement in FCA based schemes hasbhalso obtained by using cell
overlap [105]. This technique improves the QoShierrtin terms oPch andPcd
because of the higher trunking efficiency withitlswverlapping areas [112].

For further improvement of QoS, in FCA, anotherhtgque called ‘channel

borrowing’ is also used and has been shown in Eigu4t.
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/ \

Figure 4.3 Fixed Channel Allocation

In channel borrowing, besides the routine poolt@mels, a cell can borrow
additional channels from its neighbor cell, whilesering that it will not cause
interference with channels that are in use in otedls. It is also ensured that as
long as the channel is in use with the borrowel, delvill not be used by the
owner cell [174]. In the Figurd.4, borrowing of channels is shown in white,
using directed arrows. Therefore, this techniqu&eaa=CA more flexible and

minimizesPcb andPcd.
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BarrowNtwo channels

Figure 4.4 Borrowing Channel Technique

4.2.2. Dynamic Channel Allocation

DCA technique tries to address the problem facedF@A technique,
especially when the cell traffic is dynamically dtuating and cannot the
estimated crisply. In this technique, all chanreis placed in a common pool
while addressing to the requirements of each Ggllreceiving a channel request
from a cell, it is provided dynamically from thermamon pool. It is done, on a call
by call basis, for all the cells and the frequemeyse requirements are also
ensured [174]. After the requested call is finishib& channel comes back to the
central pool. Further, more channels can be asgigaethe cells which are

carrying heavier traffic. This technique is showrFigure4.5.
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Figure 4.5 Dyna

mic Channel Allocation

Table 4.1 Difference between FCA and DCA

FCA

DCA

Perform better under heavy traffic

Perform bettatar high moderate traffic

Low flexibility in channel assignment

Flexible atltion channel

Maximum channel reusability

Not always maximumraoiel reusability

Sensitive to time and special changes

3 Insendibiviene and special changes

Not stable grade of services per cell

an interference cell group

iBtable grade of services per cell in

interference cell group

High forced call termination probabilit

yLow forced call termination probability

Suitable for large cell environment

Suitable ircrai cellular environment

Low flexibility

High flexibility

Independent channel control ful

centralized to fully distribute

lyControl depend on the scheme

Low computational effort

High computational effort

Low setup cell delay

Moderate cell setup delay

Low implementation complexity

Moderate implemeiaiatcomplexity

Low signaling load

Moderate signaling load

Centralized control

Centralized and decentralized
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4.2.3. Hybrid Channel Allocation

An HCA is a mixture of the FCA and DCA techniquestbat channels are
divided into fixed and dynamic sets. Fixed set aorg a number of channels
which are assigned to cells. On the other handdsimamic set is shared by all
users in the system to increase flexibility. Wheral is a required service from a
cell, but all of its nominal channels are busy, tly@amic set is assigned to the

call [174, 184].

4.2.4. Exploiting Cell Overlapping

Channel allocations are very important for impreystem capacity, enhance
bandwidth, then improving QoS. Therefore, cell ¢tyas are required to ensure
that not only the blocking and hand-off calls aeptkminimal. However, the
fairness QoS is measured in term of blocking amgpping levels. Reducing the

Pcb andPcd may be reduced by cell overlapping as shown inr€ig.6.

Figure 4.6 User in Overlapping Cell
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Therefore, cell overlapping can improve the perfamge of system and give
more flexible allocation for channel cells. Expiog the overlap region is proven
to be beneficial for a cellular communication sgstelhen the system capacity
increases.

The users which request calls in the overlappirea anay be redirected to
another cell if all channels are occupied in thenpry cell. The characteristics of
the antenna main lobe of each cell can generateorellapping as well as
determination of cell overlapping depend on chanimétrference ratio and
minimum received power. Reducing the QoS variatimough some CAC can
possible for improvement in the overall servicelijya

The most important features over wireless terstsiystems made the
practical problems that terrestrial communicatigatems face are not applicable
HAP, because of the nature of HAP system. Naturaily{AP all transceiver are
co-located on the platform as well as the line ightswhich platform provides
with the stations on the ground. So that, therd té only fewer obstacles
between stations in the ground and platform anldoselrlap can be used in all of
the system cells [105] as shown in Figdré.

HAP can provide large coverage area so that itkedpof channel tracks in
use within its coverage area. The size of footphas to be large enough for
keeping all of users attend inside the coverage. dree user can select which BS
to be connected to by distance and minimum recegposeer threshold or RSS. By
any way, the cells are still set to overlappinghwdach other to ensure full
coverage area. Thus, exploiting the overlappingoregpossible to accomplish
fairness and improve QoS. Significant gain can bstinduished through

balancing the QoS through the service area [185].
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Figure 4.7 HAP Cells and Overlapping

4.3. Probability of Call Blocking and Dropping

Available bandwidth in each cell is channelized fowlised on call-level QoS
measured. Therefore, QoS is measured and evalbasedl on term ofPch and
Pcd which are considered [186]. Blocking call occutsew all channels in a cell
are busy and there is no channel available in #fiet@ entertain a new user. So
the user will be rejected to make new connectiamti@ other hand, dropping call
occurs when the user in during goes connectiorrettie cell and its call dropped
because the channels at that time are busy. Nawngrrcall and unavailable
channels lead to dropping call.

The new call blocking refers to blocking of newlgahnd the dropping call
refers to blocking of ongoing calls due to the ntibbof the users. Distinguishing

the difference between two kinds of calls are mesbterms is shown in Figure
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4.8. By using channel reservation based channkhigge, we can assign groups
of channels to a group of users according to aathtibn. So, short duration calls

will not be blocked due to long duration calls.

Hand-off

Figure 4.8 New Call and Hand-off Call

4.4. The Proposed Reservation Channel Technique

Under the assumption that each cell has been #ddozertain number of
channels, QoS can now be improved by the chaneé#festive allocation and
utilization. Accordingly, two different conditionsave been considered viz (i)
when a user intends to initiate a new call, whignfy in the cell itself; and (i)
when a user moves from one cell to another typioathen a call is already in
progress. For the condition at (i) a call-blocklwitcur when all the channels are
already occupied and (ii) a call-drop will occurewvihthere is no channel available
to receive this hand-off call, in the next cellnebvement.

Accordingly, to reduce the rate of call-block aradl-clrop i.e. to improve the
QoS, we have proposed a novel channel reservaamigue for implementation
in HAP. As per this technique, the total channéls) (as allocated to each cell

have been divided in three pools. PoolCh1) comprises of channels which will
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be used by users who initiate new calls. Poal'722] comprises of channels for
the user’s hand-off calls (seeking entry in thid)c&emaining channelsr) are
placed in Pool 3dp3), as per Equatiord(1).
Cp3 = Tc- (Cpl + Cp2) Equation (4.1)
Rc = Cp3 Equation (4.2)
Under heavy traffic conditions, additional channelay be provided from
Pool 3 to Pool 1 i.eA Cp1 and/or Pool 2 i.eA Cp2, in order to reduce thBch

andPcd.

4.4.1. Proceduresand Algorithm

We have Tc as the total number of channels alldcttea cell. For this cell,
Tc is further divided in t&p1, Cp2 andCp3. Generally, at any particular point of
time, the condition whet < Cp1, wherek is the number of channels being used
for calls andt = 1: Cp1, delivers the desired QoS. Whier> Cp1, a channel is
borrowed fromCp3, if available else the new-call request is blocled the
desired QoS considered degraded.

Similarly, in case of any hand-off call requestngelly, at any particular
point of time, the condition wheh < Cp2, wherel is the number of channels
being used for hand-offs arid= 1: Cp2, the hand-off succeeds and the desired
QoS is delivered. Wheln> Cp2, a channel is borrowed froGp3, if available,
else respective hand-off call request is dropped Hre desired QoS gets
degraded. Furtherm is defined as the number of channels that ardadolaifor

allocation in the poal’p3. The proposed algorithm is shown in Figure 4.9.
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Initialization
Cpl, Cp2, Cp3
K=1,L=1, M=1

l

i —P> Requested call o E—
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Hand-off Call
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New Call/
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0 M=M+1 No

Borrow Channel Borrow Channel

from Cp3 from Cp3

i‘
No

Yes
No \
Rejected

Figure 4.9 Reservation Channels Algorithm
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4.4.2. Probability Model of the Proposed Technique

In this mode, the arrival of a ‘new-call requestdahe *hand-off call request’
has been assumed to follow the Poison distributi®®2]. The new-call arrival
intensity is represented by, while hand-off call arrival intensity is represedt
by 4;. The total call intensityA}) is therefore calculated as the sum of hand-off
call arrival intensity {;) and the new-call arrival intensity,) i.e. 1, =1y +
A + A, Wherel, is initial intensity (att = 0), before we begin our test time
interval. Here, we also represdgt1,=A,, for the sake of clarity and
convenience.

We consider the total number of calls in this melmiéll as j, ang;; is the
probability of success of a new-call arrival requé¥e also define thap;, is
probability of success that a hand-off call requestuccessful. Lastly, at the start
of this experiment event, initial probability ohaw-call arrival request and a new
hand-off call request ip,; andp,,, respectively.

There are basically two possible states of a matalker, during a particular
test time At): operational state (i.e. the user is busy iall)tand it is represented
by u; and free state (i.e. the user has completechtkeand the handset is set free)
and it is represented by

The sum of number of above two states per unittiest is called ‘service

intensity’(u + n). This is our main criteria for sample space inbaiality.

The total number of states is defined by Markovcpss i.e. s+1 states and
s =cpl +cp2 + cp3. Figure 4.10 shows the state diagram for resemati
channel technique. It is shown that both the arin&nsitiesA, and2; move till

the last state's’ and both are independent of e#toér. The probabilities are given

by the following equations:
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The equation forPch andPcd is given respectively by Equatiod-7) and

S
Pcb = Z Pj1
j=0

Pcd = ¥ D)2 Equation (4-8)

Equation 4-8):
Equation (4-7)

20 +Ali + Ak

®

Figure 4.10 Reservation State Diagram for the &eg@ Technique
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4.5. QoS Analysis of the Proposed Technique

Three scenarios have been considered, for thedzmesi mobile cell. For this
cell, we have assumed that the total number otaiéxl channelsT¢) is 150.
These channels are then re-distributed among thoeks following the proposed
scheme, vizCp1, Cp2 and Cp3 for three different scenario. The probability of
blocking of a new-call Kcb) and the probability of dropping of a new-hand-off
call has been then explored by varying the trafitensity parameters i.e. the
instantaneous value of new-call paramétesand new hand-off call parameter
The QoS performance analysis has been done using_B.

1. In the first scenario, we allocate 20 channels rfew-call requests i.e.

Cp1 = 20 while 70 channels for hand-off call requests €2 = 70, and
the remaining channels are allocated to the respa@ Cp3 = 60.
Respective plots fdPcd andPcb are shown in Figuré.11.

2. In the second scenario, we allocate 15 channeladw-call requests i.e.
Cp1 = 15 while 40 channels for hand-off call requests g2 = 40, and
the remaining channels are allocated to the respa@ Cp3 = 95.
Respective plots fdPcd andPcb are shown in and Figure12.

3. In the third scenario, we allocate 10 channelsriew-call requests i.e.
Cp1 = 10 while 25 channels for hand-off call requests g2 = 25, and
the remaining channels are allocated to the respoa Cp3 = 115.

Respective plots fdPcd andPcb are shown in Figuré.13.

Page 112



4.6. Results and Discussion

We have tested our proposed algorithm under thrdéereht channel

distribution scenarios viz. Scenario 1, 2 and 3 tledprobability of blocking of a

new call and the probability of dropping of a hasffl-call shows significant

reduction. The reserved channels in for all scesas shown Tablé.2.

Table 4.2 Channel Reserved for all Scenarios

First Scenario Second Third Scenario
Scenario
k 20 15 10
l 70 40 25
m in case of reserved 60 95 115
Reservation Channel Technique
1 —
0.8} .
B
o
2
S 06- .
&
‘5
2
T 0.4h i
3
8
a
0.2} .
Pcd
Pcb
0 | |
0 50 100 150

No. of Busy channels

Figure 4.11 Probability of Call Blocking and Drapg in Scenariol
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Reservation Channel Technique

Probabaility of Pcb and Pcd

oL

1.
0.8
0.6
0.4
0.21

— Pcd
— Pcb

0

1
50

|
100
No. of Busy channels

150

Figure 4.12 Probability of Call Blocking and drapg in Scenario 2

Reservation Channel Technique

Probabaility of Pcb and Pcd

1
0.8+
0.6
0.4+
0.2+

ok

— Pch ||

0

L
50

L
100
No. of Busy channels

150

Figure 4.13 Probability of Call Blocking and Drapg@ in Scenario 3
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In case of reserved channel, Figudl, Figure4.13 and Figuret.12 are
shown that, by reducing the number bthannel for hand-off calls, thecd is
increased (i.e. probability of calls dropping Figdt1l < that of in Figurd.12 <
that of Figure4.13). This increase irPcd is caused by reducing number lof
channels for hand-off calls. On the other hand;ase of1 channels, (means, we
havel channel for hand-off) if all of channels in cefeadusy and any hand-off
call requested arrives to the cell, it will be atenodated. Therefore, tH&d in
case ofl channels is less than tRed in case of unreserved channels.

In case of reserved channel, Figutd1,Figure4.12, and Figure.13 are
shown that, by reducing the numberko€hannels for new calRcb is increased
(i.e. probability of calls blocking Figur4.11 > that of in Figurd.12 > that of in
Figure4.13). The reasons behind that is reducing the eumwik channel for new
calls and increasing the number bfchannels for hand-offPcb in case of
unreserved channel for new call and hand-off calgyreater than thBcb in case
of reserved channel for new call and hand-offscdl addition, decreasing the
number of available channels leads to highdy, otherwise, thePcb is low.

The results show that Pcd increases as the nunfbehamnels in Cp2 is
reduced, in Scenario 1, 2 and 3. In first and sesmenario Pcb increases as the
number of channels in Cpl is reduced, in Scenaribahd 3.

It has been observed that theb shows a decreasing trend when we increase
the number of reserved channels for new calls, iHA® cell and vice-versa.
Similarly, thePcd also shows an increasing trend when we decreaseuimber

of reserved channels for new hand-off calls, infPHell and vice-versa.
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Also, if the number of hand-off calls is very hjghen the HAP cell requires
to increase the number of reserved channels faptiog such new hand-off call

requests, which can be done dynamically as well.

4.7. Conclusion

We have performed our analysis based on resenaahehfor new calls and
hand-off calls in HAP mobile cell. The comparisdrresults is done for enhanced
QoS in terms oPch andPcd. It is found that thé®chb decreases if the number of
reserved channel for new call in a HAP cell incesaand vice-versa. Therefore,
thePcd increases if we decrease number of reserved chmreand-off calls in
a HAP cell and vice-versa. For QoS enhancemeniieifnumber of users inside
the HAP cell is very high, then the HAP cell willquire to increase the number
of reserved channel for new calls. And, if the nembf hand-off calls is very
high, then the HAP cell requires to be increasedniimber of reserved channels
to serve these hand-off calls. The results haverteg that with our channels

reservation technique, the Pcb and Pcd has beatiygiraproved.
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