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Abstract

The next generation of wireless mobile network has been designed to support a
combination of both real-time service (such as voice, video transmission) and non real-
time service (such as data transmission). To support such awide range of traffic, Quality
of Service (QoS) has to be taken into consideration while designing the infrastructure
itself for the wireless mobile networks. One of the central issues characterizing the
performance is how the handoff is handled. Two hybrid reservation handoff scheme, one
is priority reservation and the other with preemptive procedure, for integrated rea-time
and non real-time service wireless mobile network have been proposed and analyzed in
this dissertation. These handoff schemes are service dependent. The system is modeled
by a multi-dimensional Markov chain and a numerical analysis is presented to estimate
blocking probabilities of originating calls, forced termination probability of real-time
service handoff requests calls, and average transmission delay of non real-time service
calls. This scheme is also simulated using extensive runs and the results are observed to
agree fairly closely. In the proposed scheme, forced termination probability of real-time
service calls is seen to be significantly decreased. The probability of packet loss of non
real-time transmission is made to be negligibly small, as a non real-time service handoff
request in the queue can be transferred from the queue of current base station to another

one.



Acknowledgments

First and foremost | would like to thank Dr. Dharma P. Agrawal for al of his
invaluable advice and guidance. During the past two years, he aways was helping me to
get through the various problems in my research work. | am also very appreciated for the
help that | received from Dr. Qing-An Zeng. He aways gave me assistance as soon as
possible whenever | have questions. Without his help, | couldn’t have continued the
progress on my project so smoothly.

Acknowledgements must always be made to my committee members, Dr. Samir R.
Das and Dr. Carla C. Perduy, who have read the draft of this dissertation thoroughly and
gave me so many valuable suggestions.

It is also necessary to acknowledge to my friends and colleagues in center of
distributed and mobile computing, who give me warmth and selfless help whenever |
needed.

Last but not least, | want to express my deepest appreciation to my wife, Li Gao,
who has aways been there with me. Without her support and love, this work will be

impossible. Thanks.

Jingao Wang



LIST OF FIGURES ... bbb bbb s 3

1. INTRODUGCTION oo e eeees e esees e s es s s s eee s eseseseessessesssesseessesesesesssssesseeseesseseseensens 5
11 WIRELESS MOBILE NETWORK ... e e ees e s essees e ss s eeseens 5
1.2 HANDOFF FUNCTION IN WIRELESS MOBILE NETWORK .....ooooveveeeee. 6

1.2.1 [ F= 000 (0 = 0 Yo L1 | <R 6
1.2.2 [ F= 00 (0] B T (<1t ) IR 7
1.2.3 HaANOO EXECULION.....eeeeeeee ettt ettt e e e e e e e et e e e e e e sa e e eeeeeesaesneeeeeeeesaaenrneeneeean 9
1.3 QOSINNEXT GENERATION WIRELESS MOBILE NETWORK ................. 10
1.4 ORGANIZATION OF THE DISSERTATION ..o eenes 11

2. RELATED WORK ...ttt e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaeaens 13

2.1 HANDOFF SCHEME IN VOICE CELLULAR NETWORK ..o, 13
211 Non-prioritized Handoff SChEIME. ..o 13
2.1.2 Guard Channel Handoff SCREIME. ......ooeeee ettt e et e e e e e e s e e eeeeeeeraan 13
213 Queueing Priority Handoff SChEME ..o 14

2.2 HANDOFF SCHEME IN INTEGRATED SERVICE WIRELESS NETWORK ...15

221 TWO DImeNSIONal MOGE ........cuooiieecececee ettt e be e enee 16
222 Priority Reservation Handoff ..ot 16
223 Priority Reservation with preemptive priority Handoff ............ccccooevviii e, 16

3. HYBRID RESERVATION QUEUEING HANDOFF SCHEME .......ccccooiiiiiit e 19
3.l SYSTEM MODEL ..o sssssssss s 19
3.2 PRIORITY HYBRID RESERVATION QUEUEING HANDOFF SCHEME.............. 21
3.3 PREEMPTIVE HYBRID RESERVATION QUEUEING HANDOFF SCHEME .....25



4. ANALYTICAL MODEL ...ttt e e s 28

41. TRAFFICIMIODEL ... es s s ses e e s s 28
4.1.1. (@0 T YTt | T 0= 28
4.1.2. Handoff Ar@a DWEI TIME .....eeiiieeie ettt e s et e e e e s s ae e s esareeeeans 29
4.1.3. Arrival ProCess Of SEIVICE CallS ......oueiiiiiiie ettt e e st e s s e e s e eatee e 30
4.1.4. Channel HOlAING TIME .....couiiiiieiie ettt ettt b e et b e e b 32

4.2 PERFORMANCE ANALY SIS ....oooeooeeeeeeeeeeeseeeeeeeeeeeeeeseeseeeeesee s seseee s 33
42.1. Multi-dimenSioN MarkoV ChaliN ...........eeeieeeiie et e s s e s et e e seea e e s sbaeessssreeesans 33
422 SOR and ItEration MELNOM..........oooiuiie e eee e e s e e s e bae e s seran e e s sabeeeas 36
4.2.3 2o Tot (T o T 0] = o ] 1 PP 38
4.2.4 Forced Termination Probability ..........ccccveeviiiieesiesece et 38
4.2.5 SYSLEM UL ZALION. ...ttt 40
4.2.5 Forced Termination Probability of Real-time Servicein Lifetime..........cocooevvinninenneen. 41
4.2.6 Average Transmission Delay of Non Real-time Service in Lifetime..........ccocooveininenneen. 42

5. SIMULATION AND NUMERICAL RESULTS ...ttt ettt et stee st s svessbes s vessabes s svessaresens 44

5.1 SIMULATION PLATFORM ..o eeee e eese e 44
511 Discrete EVENt SIMUIALION..........coceeie ittt et e s e e e e erae e s snaee s s snbeee s 44
51.2 RaANAOM NUMDEr GENEIALION ......ccuveieiieieie ettt e s e s e e e e ebae e s sraee s s snbeee s 45
513 Criteria of Termination of SIMUIALION..........cueiiiiiiii e e 46
514 SIMUIALOT RESUITS ... .eeieieii ettt e et e e e s e e e s et e e s sesaeeessabeeesssaessssaneessabeness 46

5.2 NUMERICAL RESULTSAND DISCUSSION........coooooiieeoeeeeeeeeceeeeeeeseeeceseeeeseeeeese 51
521 Priority Hybrid Reservation Queueing Handoff Scheme..........ccccoiioiniiiicnccnee 51
522 Preemptive Hybrid Reservation Queueing Handoff Scheme...........cocoiiiiiiiccncnccnes 54

B. CONGCLUSIONS.......oece ettt ettt et et e et e s beesbeesaeesteeaesaaesebesabe et e eabesatesressbeesbeestsenessnessreenreenns 57
L o NN o T 59



List of Figures

Figure 1.1

Figure 1.2

Figure 3.1

Figure 3.2 (9)

Figure 3.2 (b)

Figure 3.3

Figure 4.1

Figure 4.2

Figure5.1

Figure 5.2

Figure5.3

Figure5.4

Figure 6.5

Cell and mobility support in awireless network

Handoff and handoff area

System model

A flow diagram in priority hybrid reservation handoff scheme for
originating calls

A flow diagram in Priority hybrid reservation handoff scheme for
Handoff request calls

A flow diagram in preemptive hybrid reservation handoff scheme
for handoff request calls

State transition diagram for (1, 1, 1, 1, 1)

SOR method in computing state probability in Markov Chain
Exponential distribution generator

Comparison of average channel utilization and queue length of
analytical model and simulation for priority handoff scheme
Comparison of Bogr, Bon, Phf and Ty between analytical model and
simulation for priority handoff scheme

Comparison of average channel utilization and queue length of
analytical model and simulation for preemptive handoff scheme
Comparison of Bogr, Bon, Phf and Ty between analytica model and

simulation for preemptive handoff scheme

20

23

24

35

37

45

48

48

50

50



Figure 5.6

Figure 5.7

Figure5.8

Figure5.9

Figure 5.10

Blocking probability and forced termination probability versus
offered traffic in priority handoff scheme

Blocking probability and transmission delay of non real-time service
versus offered traffic in priority handoff scheme

The loss probability and the average transmission delay versus the
ratio of real-time traffic / total traffic in priority handoff scheme
Blocking probability and forced termination probability versus
offered traffic in preemptive handoff scheme

Blocking probability and transmission delay of non real-time service

versus offered traffic in preemptive handoff scheme

52

52

53

55

56



Chapter 1.

| ntr oduction

1.1 WirelessMobile Network

In the late 1970s, the first Advanced Mobile Phone Service (AMPS) test system
was established in Chicago and Washington, D.C. Over the last two decades, the
evolution of core radio and mobile network technologies, from Advanced Mobile Phone
Service (AMPS), Globa System for Mobile Communications (GSM) to EIA/TIA 1S-95
Digital Cellular System (CDMA) and third-generation Mobile System (WCDMA,
CDMA2000), made wireless network penetrating people’s common life and enabled the
development of the ubiquitous wireless mobile network that can provide the mobile user
with integrated voice, data, and multimedia service at any time, any place, and in any
format [1].

In order to overcome the restriction of limited radio frequency resources all of
these systems are designed around the concepts of cells so that radio frequency can be
reused (shown in Figure 1.1). Basicaly, the idea is to split geographic area into small
cells and cover each geographical area by a low-power transmitter. Since the signals
transmitted by the low-power base station are distance-limited, signals from the
noncontiguous cells using the same frequency band do not interfere with each other. And
hence frequency can be reused by cells as long as some minimum physical distance could

be maintained by two cells using the same channdl.



Figure 1.1 Cdll and mobility support in a wireless network

1.2 Handoff Function in Wireless M obile Networ k

121 Handoff Procedure

When a mobile user is engaged in conversation, the mobile station (MS) is
connected to the base station (BS) via a radio link. If the mobile user moves to the
coverage area of another BS, that means it moves out of current cell to another adjacent
cell, the radio link to the prior BS has to be eventually disconnected and a new radio link
to the new BS need to be established to continue the communication. Handoff represents
such a process of changing the channel (frequency, time dlot, spreading code, or
combination of them) associated with the current connection while a call is till in
progress [2]. To continue the communication, when an MS moves from one cell to

another cell, the handoff procedure must be completed while the MS is in the overlap



Figure 1.2 Handoff and handoff area

region. As the MS moves toward the edge of the cell, the signa strength and quality
begin to deteriorate. At some point, the signa from a neighboring BS (the new BS)
becomes stronger than the signal from the serving BS (the old BS). Additionally, the new
BS receives a stronger signa from the MS than that received by the old BS. The radio
connection needs to be handed over to the new BS before the link between the old BS

and the M S becomes unusable. Otherwise, the call could be disconnected or dropped.

1.2.2 Handoff Detection

The handoff process usually consists of two phases. One is the handoff
initialization phase and the other is the handoff execution phase.

To initiate a handoff, the quality of current communication channel is monitored
in order to decide when to trigger the handoff. Handoff is a very rigorous process, so

unnecessary handoffs should be avoided. If the handoff criteria are not chosen carefully,



the call might be handed back and forth severa times between two neighbor BS,
especially when mobile user is moving around the overlapping region between the two
BS coverage area boundaries. If the criteria are too conservative, then the call may be lost
before the handoff can take place.

Handoff detection is based on measurements on the link status. The measurement
process determines the need for handoff and the target new cell for transfer. Since the
propagation condition between the BS and the MS is made up of the direct radio
propagation paths (direct, reflection, refraction), various types of handoff initiating
criteria have been proposed [3][4]. Such as:

* Word error indicator: Metric that indicates whether the current burst was
demodulated properly in the MS.

* Received signa strength indication: Measure of received signal strength. The
Received signal strength indicator metric has a large useful dynamic range,
typically between 80 to 100 dB.

* Quality indicator: Estimate of the “eye opening” of a radio signal, which related
to the signal to interference and noise ratio, including the effects of dispersion.
Quality indicator has a narrow range (relating to the range of S/I ratio from 5 dB
to 25 dB).

The handoff detection can be initiated either by MS (i.e., Mobile-controlled handoff) or

by BS (i.e., Network-controlled handoff) or by both (i.e., Mobile-assisted handoff).



1.2.3 Handoff Execution
After the handoff detection phase decides to initiate handoff, the handoff
execution phase begins. In handoff execution phase, the Message Switching Center
(MSC) controlling the new BS assigns new channel (frequency, time slot, spreading
code, or combination of them) to the handoff call. Channel assignment schemes attempt
to archive a high degree of spectrum utilization for a given grade of service. There could
be afailurein the handoff execution phaseif:
* Nochannel is available on selected BS,
» Handoff is denied by the network for reasons such as the MS has exceeded some
limit on the number of handoffs that may be attempted in a given period of time,
» It hastaken too long for the network to set up the handoff after itsinitiation, or
» During the execution of handoff, the target link failsin some way [1].
When a mobile user initializes a call in current cell, an originating call is generated in the
current cell. Since handoff requests and originating calls compete for radio resources,
new call or handoff request could fail if a BS is too busy. The originating call attempts
that fail because there are no channels available is called blocking call. The handoff
requests for existing calls that must be turned down because there are no channels
available are called forced terminations. Obviously, from user’s point of view, forced
termination of an ongoing call is much more undesirable than blocking of new call

attempts.



1.3 QoSin Next Generation Wireless Mobile Network

The next generation of wireless mobile network has been designed to support true
convergence of both real-time service (such as voice, video transmission) and non real-
time service (such as data traffic). In order to support such a wide range of traffic, the
Quality of Service (QoS) has to be taken into consideration during the design phase of the
wireless mobile network infrastructure itself.

From the viewpoint of end users, QoS should be provided based on an end-to-end
basis. QoS attributes should be genera enough but simple. From the viewpoint of the
network, QoS can be defined with a set of parameters. The classes QoS defined in
wireless mobile network are very different from fixed networks due to the restrictions
and limitations of the air interface [1]. Based on delay sensitivity, two QoS classes have
been defined for next generation wireless mobile network. Real-time service is defined
for the most delay-sensitive applications, such as the traditional voice call, VolP, video-
on-demand, etc. The real-time service needs better channel coding, retransmission
scheme and handoff design to meet the required QoS. Non real-time service is defined for
delay-insensitive applications, such as Telnet, email, FTP, etc. These services can
tolerate some degree of transmission delays without affecting the QoS substantially.
Several QoS parameters have been defined in 3G TR 23.907, including maximum,
minimum, and guaranteed bit rates, delivery order, maximum packet size and reliability
[11[5].

One of the central issuesin the performance characterization is how the handoff is
handled. In the design of a general handoff scheme, it is expected that the blocking

probability for calls originated in a cell need to be minimized. However, from the user’s
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point of view, traffic with service of handoff request is more important, as forced
termination of an ongoing call is much more disastrous than blocking of new calls. On
the other hand, attempt should be made to decrease transmission delay of non real-time
service cals and maximize channel utilization. Unfortunately, al simultaneous
requirements cannot be optimized and there are some tradeoffs between various
parameters. From the reliability of transmission viewpoint, minimization of forced
termination probability of real-time service and the average transmission delay of non
real-time service need to be paid more attention.

Poorly designed handoff schemes tend to generate very heavy signaling traffic
and thereby, a dramatic decrease in QoS. With the penetration of next generation wireless
mobile network and personal communication system, the micro cell and hybrid cell
(macro-, micro-, pico-) structures are being exploited to support the drastically increased
demand. However, smaller the size of cell is, more frequent handoffs will be due to the
variable propagation condition of signals [6]. Therefore, the handoff strategy should be
given acareful consideration in the next generation wireless mobile networks.

It should be observed that the focus of this dissertation is about the handoff
execution phase, and it is assumed that the handoff request detection and initiation
procedures are perfect for rea-time application (i.e., all valid requests are detected and no

invalid requests activate the handoff procedure).

1.4  Organization of the Dissertation

This paper is organized as following: Chapter 2 gives a brief introduction of

previous work. Chapter 3 proposes two hybrid reservation handoff schemes. Chapter 4
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presents the analytical model of hybrid reservation handoff schemes, starting from traffic
analytical model, the analytical model for proposed scheme has been obtained using
Multi-dimension Markov Chain. Simulation and numerical results are presented in
Chapter 5. Finally, Chapter 6 concludes the thesis, with some discussion on potential

future work.
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Chapter 2.

Related Work

The study of handoff is not a new topic to the wireless communication world. In
order to provide better service for mobile user with limited frequency spectrum resource,
various types of handoff scheme have been proposed. A brief introduction about those

handoff schemes will be made in this chapter.

2.1 Handoff Schemein Voice Cdlular Networ k

2.1.1 Non-prioritized Handoff Scheme

A non-prioritized handoff scheme is employed by most first generation wireless
mobile network and is simplest one to implement. In this scheme the BS handles a
handoff request call in exactly the same manner as anew call. That is, the handoff request
call is blocked immediately if no channels are available. Since no priority is given to
handoff request calls over originating calls, the forced termination probability is

relatively higher than normally anticipated [1].

2.1.2 Guard Channel Handoff Scheme
The use of guard channels for handoff has been commonly employed by voice
cellular networks. Guard channel handoff scheme is similar to non-prioritized handoff

scheme except that a number of channels in each BS are exclusively reserved for handoff
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request calls. Therefore, the total number of channels are divided into two groups: the
normal channels, which serve both originating call and handoff request calls, and the
reserved channels, which serves handoff request calls exclusively. By this way, thereis a
built in priority for handoff request call over originating call as long as channels within
Guard channels are still available. The system performance is better than non-prioritized

handoff scheme.

2.1.3 Queueing Priority Handoff Scheme

The queueing priority handoff scheme is based on the fact that there are
overlapped areas between adjacent cells in a wireless mobile network. This areais caled
the handoff area where a cell can be handled by either BS of adjacent cells. The time that
an MS spends in the handoff area is referred as the handoff area dwell time. In queueing
priority handoff scheme, each BS have one or more queueing buffers for al incoming
cals. When a call arrives the BS, it will check whether there is channel available. The
call can be serviced immediately if there is channel available in BS. However, even if no
channel is available when a call arrives, the call will not be blocked or dropped as far as
there is free space in the queue for this kind of service. The incoming call is kept put in
the queue to wait for the next channel available. Whenever a channel is released, the BS
first check whether there are any waiting calls in the queue. If there is, the released
channel is assigned to awaiting call in the queue and is usually done on afirst-in-first-out
basis from the queue.

In queueing priority handoff scheme, there are two issues that is of major concern.

How many queues should BS have and which kind of service call should be included in

14



to the queue? If handoff request call can be queued, the queued handoff request calls can
keep communication with the old BS as long as it is still in handoff area, so that the
forced termination probability can be decreased. If originating call can be queued, the
blocking probability of originating call can be decreased. In [7], system with queues only
for voice handoff requests are studied. In [8], queues are allowed only for the originating
voice calls. Both the originating calls and handoff requests are allowed to be queued in
[9]. In [10][11], the handoff schemes with two-level priority reservation have been
proposed. Cellular communication systems that support a mixture type of platform are
considered in [12][13]. However, in all of the above studies, only cut-off priority for real-
time user is considered while the multiple types of services have not been taken into

consideration.

2.2 Handoff Schemein Integrated Service Wireless Networ k

With the development of wireless mobile system, non real-time service has to be
incorporated and taken into consideration [14]. Thus, a handoff scheme in non real-time
wireless network has been studied in [15]. However, future wireless networks will be
required to support multiple types of services, such as voice, video and data traffic. In
order to meet the future demands, the handoff strategy needs to take different features of
these services into account, which implies that the ideal handoff processes is service-
dependent. For example, real-time service transmission is very sensitive to interruptions.
On the other hand, transmission delay of non rea-time service does not have much

impact on the non rea-time service performance (delay insensitive). Therefore, a
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successful handoff without interruption is very important to real-time service, but not so

critical to non real-time service.

2.2.1 Two Dimensional Model

F.-N. Pavlidou proposed a specia two-dimensional model for rea-time cellular
mobile systems [16]. This model gave preemptive priority to real-time service calls.
However, in thismodel, no distinction is made between originating real-time service calls
and handoff requests. Since, from the user’s point of view, forced termination of ongoing
real-time service cals is more annoying than blocking of originating calls, much more

priority should be given to real-time service handoff calls.

2.2.2 Priority Reservation Handoff

Q. A. Zeng proposed a handoff scheme in real-time cellular systems with priority
reservation for real-time service handoff requestsin [17]. In this scheme, some number of
channels is reserved for real-time service handoff requests. Queues are allowed for real-
time service handoff reguests and non real-time service handoff requests. Moreover, a
non real-time service handoff request in the queue can be transferred to another queue in

an adjacent cell when the mobile user moves out of cell before getting a channel.

2.2.3 Priority Reservation with preemptive priority Handoff
In [18], Q. A. Zeng proposed a number reservation handoff scheme with
preemptive procedure. In this scheme, calls are divided into three different classes:

originating calls, real-time service handoff calls, and non rea-time service handoff calls.

16



The real-time and non real-time service handoff requests make their own queues. A given
number of channels in each cell are reserved exclusively for handoff request calls. Out of
these channels, some are reserved exclusively for the real-time service handoff request
calls. The remaining channels are shared by both the originating and handoff request
calls. The real-time service handoff requests have priority over non real-time service
handoff requests and al the handoff requests have priority over originating cals. The
right to preempt the service of non real-time service is given to real-time service handoff
cals if no channels available when real-time service handoff cal on arrival. The
interrupted non real-time service call will be returned to the last position of the non real-
time service queue and waits for some channelsto be available.

These handoff schemes are helpful to reduce the forced termination probability of
real-time service handoff requests. However, if the traffic load is heavy, the non real-time
service calls (both originating and handoff calls accepted by the system) may be keeping
waiting or being preempted due to its lower priority. It will lead to the starvation problem
for non real-time service requests. What is more important is that all of these handoff
schemes are based on the number of reserved channels. All the channels are open to
every class of calls, but the maximum number of channels used by lower priority class of
calls ought to be limited. There is another important reservation method in wireless
mobile system, which is the channel priority reservation. Every class of calls has a part of
channels reserved exclusively for their use. When acall arrives, it only checks for its own
class of channels and sees whether there is an idle channel or not. The implementation of

channel reservation handoff scheme is simpler and faster than that of number reservation
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handoff scheme. To get a comprehensive result for handoff scheme design, the service-

depended channel priority reservation handoff scheme ought to be studied.
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Chapter 3.

Hybrid Reservation Queueing Handoff Scheme

In this chapter, two hybrid reservation queueing handoff schemes for integrated
service wireless mobile network are proposed: One is priority reservation only and the

other is with preemptive procedure.

3.1 System Modd

For simplicity, we consider a system with many homogenous cells with a fixed
channel assignment scheme and a set of S channels is permanently assigned to each cell.
In such a homogenous system, we focus our attention on a single cell, which we cal as
the referenced cell in the paper. When a mobile user generates a call in the referenced
cell, we donate it as an originating call. When a real-time service mobile user holding a
channel approaches toward the referenced cell from a neighboring cell and enters the
handoff area of the referenced cell, a handoff request of real-time service is generated in
the base station of the referenced cell. There is no handoff area for non real-time service
mobile users. Instead, we use the cell boundary, which is defined by the points where the
received signal strength between two adjacent cells is equal. When a mobile user holding
a channel approaches the referenced cell and crosses the cell boundary, a handoff request
IS generated.

The system model for the referenced cell is shown in Figure 3.1. In the figure, the
following notations are used:

Aor:  Thearrival rate of originating real-time service cals;

19
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Figure3.1. System model

Aur: Thearriva rate of handoff request calls of real-time service;

Aon:  Thearrival rate of originating non real-time service calls;

Aun:  Thearriva rate of handoff request calls of non real-time service;

Mhawel: The dropping rate of the queueing real-time service handoff requests;
Hawei: The transferring rate of the queueing non rea-time service handoff

requests.

The total channels S of referenced cell are divided into three sections, namely,
Real-time service Channel (RC) section, Non real-time service Channel (NC) section and
Common Channel (CC) section with the channel capacity Sg, Sy, and Sc respectively. RC
are reserved for real-time service cals (including both real-time originating and handoff
request calls) only and NC are reserved for non real-time service call (including both non
real-time originating and handoff request calls). CC are reserved for the overflow from

the real-time service or the non real-time service handoff request cals from RC or CC

20



respectively. Out of CC, a certain number of channels is reserved exclusively for the real-
time service handoff request calls so that real-time service handoff requests are given
higher priority over non real-time service. We use Sg to mark the number of free channel
reserved before non real-time service handoff request calls could be served in Sc. There
are two queues in the referenced cell, real-time service handoff request queue (RHRQ)
and non real-time service handoff request queue (NHRQ). RHRQ with finite capacity Mg
for real-time service handoff request cals and NHRQ with finite capacity My for non
real-time service handoff request calls. The originating service calls do not have their
own queue. The departuring rate of serving channels (RC, CC and NC) are marked as the
rate of completed calls, the rate of handoff calls (and the the rate of preemptive calsin

the preemptive hybrid channel reservation handoff shceme).

3.2 Priority Hybrid Reservation Queueing handoff Scheme

When an originating real-time service request arrives, it can be served only if
there are channels available in RC. Similarly, an originating non real-time service request
can be served only if there are idle channels in NC. An originating real-time service call
(or an originating non real-time service call) will be blocked if it finds no channelsin the
RC (or NC). Figure 3.2 shows the flow diagram of handling call in priority hybrid
channel reservation scheme.

When a real-time service mobile user holding a channel approaches toward the
referenced cell from a neighboring cell and enters the handoff area of the referenced cell,
a handoff request of real-time service is generated in the base station of the referenced

cell. The real-time service handoff request call will be served if there are idle channelsin
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RC on arrival. If RCisfull on arrival, it will check whether there are idle channelsin CC.
A red-time service handoff request call is queued in RHRQ when it finds there is no
available channel in both RC and CC. If RHRQ is full, it will be blocked. The real-time
service handoff requests waiting in the queue could be dropped if the mobile user moves
out of the handoff area before getting service. Allowing waiting time for the real-time
service handoff requests in RHRQ is the dwell time of real-time service handoff requests
in the handoff area. A blocked real-time service handoff request call will still keep the
communication via the current base station until the received signa strength goes below
the receiving threshold. However, in this dissertation, we neglect the probability that a
blocked real-time service handoff request call completes the communication before the
received signal strength goes below the threshold of received signals. A blocked handoff
request can repeat trial handoff until the received signal strength goes below the
threshold. However, in the proposed schemes, we do not consider repeated trials of
blocked handoff requests.

When a non real-time service mobile user holding a channel enters the referenced
cell and the strength of the received signal of the current base station goes below that of
the base station of the referenced cell, a handoff request of non rea-time service is
generated. The non real-time service handoff request call is served in NC if there is any
channel available in NC. If NC is full, it can be served in CC if the number of idles
channels in CC are larger than Sg. Otherwise, it is put into NHRQ. A non real-time
service handoff request is blocked on arrival if NHRQ is full. The non real-time service
handoff requests in NHRQ can be transferred from the referenced cell to one of the target

cells when the mobile user moves out of the referenced cell before it gets service.
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Therefore, if the size of NHRQ is to be large enough to hold all the non real-time handoff
requests, the forced termination of non real-time service would never happen. Indeed, we
do not need an infinite buffer to hold the non real-time service handoff request queue.
The maximum possible waiting time of non real-time service handoff request in NHRQ is
just the dwell time of non real-time service subscribers in the referenced cell, even if the

non real-time service user does not get servicein the referenced cell.

3.3 Preemptive Hybrid Reservation Queueing Handoff Scheme

In preemptive hybrid reservation handoff scheme, the handling of coming
originating real-time service calls, originating non rea-time service cals, and non real-
time service handoff request calls are same as the previous priority reservation handoff
scheme arrives (as we have introduced in the previous section). The difference between
preemptive hybrid channel reservation handoff scheme and the priority hybrid channel
reservation handoff scheme isin the procedure for real-time service handoff request calls.
A flow diagram of handling handoff request calls in preemptive hybrid channel
reservation scheme is shown in Figure 3.3.

When a real-time service user holding a channel enters the handoff area of the
referenced cell, a handoff request of real-time service is generated. The real-time service
handoff request call can be served if there is any channel available in RC or CC. If both
RC and CC have idle channels, the free channel in RC will be assigned to the handoff
request cal firstly. However, even there is no idle channel in either RC or CC, the real-
time service handoff request calls can still be served the service of non real-time handoff

request call in CC can be preempted (we assume there is ongoing non real-time service
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call in CC and NHRQ is not full). The interrupted non real-time service call returns back
to NHRQ and waits for an idle channel to be served based on first-in-first-out rule. A
real-time service handoff request is queued in RHRQ when all the channels of RC and
CC are occupied by prior calls and NHRQ is full. This means that non real-time service
calls in service can not be preempted by real-time service handoff calls when NHRQ is
full. We could possibly consider preempting non real-time service calls irrespective of
non real-time service handoff queue being full or not. However, this does not cause any
difference with a very large non real-time service handoff queue. The real-time service
handoff requests waiting in RHRQ could be removed when the mobile user moves out of
handoff area even if the mobile user does not get service in the handoff area. The
maximum allowed waiting time for the real-time service handoff requestsin RHRQ is the
dwell time of real-time service handoff requests in the handoff area and is discussed in

the next chapter.
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Chapter 4.

Analytical Model

4.1. Traffic Modd

4.1.1. Cell Dwel Time

We choose the fluid flow model [19] as the mobility model of mobile users.
However, our proposed method can be easily used to other mobility models as well. The
model assumes a uniform density of users throughout the area and also assumes that a
user is equally likely to move in any direction with respect to the cell boundary. Let fy(v)
be the probability density function (pdf) of the random variable V of the speed of all
mobile usersin the following section.

We assume that both the real-time and non real-time service subscribers have the
same probability distributions of moving speed. Let fy(v) be the probability density
function (pdf) of the random variable V with mean E[V] being the speed of mobile users.
For two-dimensional fluid flow model, the average outgoing rate figwe 1S given by

_ E[V]L
Hawell = A

(4.2)

where L is the length of the perimeter of a cell with arbitrary shape and A is the area of

the cell. We assume that the cell dwell time Tywe has a random exponentia distribution
with mean 1/ tigwei, then the average cell dwell timeis given by

TTA

E[wad| ] = ﬁ

(4.2)
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4.1.2. Handoff Area Dwell Time

A real-time service handoff request callsis going to be put in the RHRQ if the BS
in the target cell can allocate channel resource to it. If a channel is assigned to the request
during its stay in the handoff area, the handoff is successful. If received signal strength
reaches the receiver threshold prior to the assignment of a channel (that means mobile
user moves out the handoff area before it gets channel resource), the call is forced to
terminate. The maximum allowable waiting time of a real-time service handoff request in
RHRQ is equal to the dwell time in the handoff area. In the following, we find the
average dwell time of a handoff call in the handoff area.

We consider the new random variable V*, which is the speed of mobile users
crossing the cell's boundary. As is mentioned in [23], the pdf fy«(V) is different from the

above pdfs fy(v). f«(v) isgiven by

vy, )
eV

fys (V) = (4.3

where E[V] isthe average of the random variable V.
The random variable T, is defined as the time spent in the handoff area of real-

time service mobile user. It is given by

D

T, = :
h =\ (4.4)

where random variable D is the length of moving path of the mobile users in handoff

area.
From Equation 4.3, we have
00 00 f N (V)
ES1=]1f, Mav=] %L dv=—t s
H oV " 0 E[VH] E[VH]
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Assuming that the path length and velocity of mobile users are independent, we can get
the average dwell time E[ T;)] using equations 4.4 and 4.5 as

E[D]
E[V*]’

ElT, ] = El 1 = E[V—l*l E[D] = 4.6)

The random variable Ty, is assumed to have an exponential distribution with the
above average. Therefore, we use thawe tO present the leaving rate of mobile user of
handoff area and the average value of Lhawe 1S given by

1

4.1.3. Arrival Processof Service Calls

We assume that the arrival processes of the originating real-time service and the
non real-time service cal in a cell are Poisson. The arrival rates of originating real-time
service and non real-time service calls are donated by Aor and Aoy, respectively.

For the arrival rate of rea-time service handoff requests Apr, we can not
arbitrarily assume that it does not relate to Aor. We have to compute it by the following
method. If the call holding time of a mobile user is greater than the dwell time in the cell,
a handoff request is initialized in the neighboring cell. Since we assume an equilibrium
homogeneous mobility pattern, the mean number of incoming usersinto a cell is equal to
that of outgoing ones from the cell. Therefore, the arrival rate of real-time service handoff

request calls in the referenced cell is equal to the departure rate of real-time service
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handoff calls from the cell. For the outgoing rate Aoytr Of real-time handoff request in a
referenced cell, we have
Aocurr =EICRIH o (4.8)
where E[Cg] is the average number of rea-time service calls holding channels in a cell.
Therefore, the average arrival rate of real-time service handoff requests Ayr is given by
Avr = A ourr = E[CRIH gy - (4.9)

Similarly, for the arrival rate of non real-time service handoff requests Apn, we
can assume it as an arbitrary value neither. The arrival rate of non real-time service
handoff request cals in the referenced cell is equal to the departure rate of the non real-
time service handoff calls from the cell. For non real-time service calls, not only the
ongoing non real-time service call but also the request waiting in the NHRQ can cause
handoff requests in neighbor cells. If the rate of calls going out of a cell without
completing communication for non real-time service users, is E[ Cn] tawel, Where E[Cy] is
the average number of non real-time service users holding channels in a cell. Therefore,
the first part of the handoff rate of non real-time service handoff request calls Ayn1, which
is caused by ongoing non real-time service cal, is given by

A s = EICy 1 oot - (4.10)
The second part of part of the handoff rate of non real-time service handoff request calls
Aunz IS caused by waiting non real-time service request in NRHQ. The non real-time
service handoff request in the queue of the current cell is transferred to the queue of
target cell from when the non real-time service mobile user moves out of the cell before

getting a channel. Thus, it given by
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Ahnz = E[L \ 14 awell (4.11)

where E[Ly] isthe average length of NHRQ. We approximate the arrival process of each
type of calls above by a Poisson process with above rate. Therefore, we can get the

arrival rate of non real-time service handoff requests Apn by
Aun = EINGIH g (4.12)
where E[Ny] is the average number of both non real-time service requests and calls in

each cdll,

E[Ny]=E[Cy]+E[Ly]. (4.13)

4.1.4. Channel Holding Time

A channel held by a user will be released by either of the following reasons, that
is, by the completion of the conversation or by the handing off the call to a neighboring
cell (or failure of it, i.e., forced termination). Thus, the channel service is decomposed
into two rates.

We assume that the cal holding time Tcr of rea-time service calls has an
exponential distribution with mean

BT ]=—. (4.14)

CR

Therefore, the channel holding time Tr of a real-time service call is equal to the smaller
one between Tywe and Tcr. Since the random variable Tywe @nd Tcr have exponential
distributions with mean 1/ tigwe and 1/ Licr, the average channel holding time of real-time

service call can be given by the memory-less property of the exponential pdfs
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1 1
ET]=—"—=——"—, (4.15)
R He  Her t Howel

Similarly, We assume that the call holding time T¢y of non real-time service cals
has an exponential distribution with mean

BT ]=— (4.16)

CN

and we can get the average channel holding time of non real-time service call

1 1
BT ]=—=—"—""——, (4.17)
N He  Hon + Hawel

And the channel holding time Tr and Ty are exponentially distributed with mean E[Tg]

and E[Ty] respectively.

4.2 Performance Analysis

4.2.1. Multi-dimension Markov Chain
Queueing theory is the key analytical modeling technique used for handoff
procedure performance analysis. Let’s give some definitions in Queueing theory to help
analyzing large system.
Stochastic Chain: A random function of time or sequences, in which the number of
possible value of states if finite or countable, is caled a discrete-state process. A
discrete-state processis a so called a Stochastic Chain [20].
Markov Chain: In the future states of a stochastic chain are independent of the past
and depend only on the present, the stochastic chain is called aMarkov Chain [20].
Birth-Death Markov Chain: A Markov Chain in which the transitions are restricted to

neighboring states only is called Birth-Death Markov Chain [20].
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The priority handoff scheme and preemptive handoff scheme queueing system
can be specified by following characters:
* Arrival Processisgiven by Arrival Process of Service Callsin Chapter 4.1.3
e Service Time Distribution is given by Channel Holding Timein Chapter 4.1.4
*  Number of Server isthe number of total channelsin RC, NC and CC
e System Capacity is the sum of number of channels and capacity of RHRQ and

NHRQ.

» Population Size is the number of mobile users, we assume it isavery large number.
» ServiceDisciplineis described in System Model in Chapter 3.2 and Chapter 3.3.

Based on those characteristics of our handoff scheme, the handoff system can be
presented as a Multi-dimension Birth-Death Markov Chain. The state of the referenced
cell can be marked as five-tuple of non-negative integers (i, j, k, |, m), where

i is the number of channels used by real-time service cals (including originating
calls and handoff request calls) in RC,

j is the sum of the number of real-time service handoff request calls in CC and
RHRQ,

k is the number of non real-time service handoff request callsin CC,

| is the number of non rea-time service calls (including originating calls and
handoff request calls) in NC,

misthe number of non real-time service handoff requests waiting in NHRQ.

The value ranges of discrete parameters are
i O[O0, SR,

j O[O0, SctMg],



kO [01 SC_SE] ’

| O[O0, S\],
m] [0, MN]
Jon @) )
RHRQ O » RC
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____________ <
Hnawell l O }SE
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Hawell l 6 _________
NC
Aon Q
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Figure4.1. Statetransition diagram for (1,1, 1,1, 1)
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The total number of statesin Markov chain is

Nt =M, (So-5:+1) (Mp+Sese+8+5:+1)
+ %(SN +1) (SC—SE+1) (ZMR+( Sr+l) (S+S+2) ) (4.18)

As an example, the state transition diagram of state (1, 1, 1, 1, 1) isgiven in Figure 4.1.

We can get Nt balance equations through state transition diagram. Equilibrium
probabilities P(i, j, k, |, m)s are related to each other through the state balance equations.
However, notice that any one of these balance equations can be obtained from other Nr—1
equations because we have that the sum of all state probabilities is equal to 1, i.e,

normalizing condition. The normalizing equation is given by

S -5 Sk Sy S-S S +Mek Sy
2 D PG kILO+ D D D P(Sk ikl )
i=0 k=0 j=0 1=0 k=0 j=Sp—k+11=0 (4.19)
SSCS ko My S-S S Mk My '
*2 Y PG, ikSy.m) + 2. D D P(Sks ik Sy,m) =1.
i=0 k=0 j=S.-Se-km=1 k=0 j=So—k+lm=1

Adding the normalizing equation (11), we can obtain Nt independent equations.
In these equations, Ayr and Ayn are two unknown variables. Considering the relations (6)

and (7), we can get Nr+2 nonlinear independent simultaneous equations for Nt+2

unknown variables.

4.2.2 SOR and Iteration method
As Ny is rather a large number, we use the Successive Over-Relaxation (SOR)
iteration method [21] in the form of pseudo-code to solve Nt+2 independent nonlinear
equations and compute al the state probabilities P(i, j, k, I, m)s.
Stepl: Select arbitrary initial (positive) values for Apr and A,

Step2: Compute all the probability P(i, j, k, | m)s using SOR method.
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Step3: Compute all average numbers of real-time service calls holding channels E[Cg]

and non real-time service waiting and holding calls E[Ny] using the following

formulas:
where
S SSe Sk S+Mpk Sy
E[CR]=2. 2. L(uﬂ)LP(qum) + L (Sg + Sc k) L D P(Sg.j.k,1,0)
i=0 k=0 j=0 1=0 k=0 j=Sc—k+11=0 (420)
St &S Sk Sc+tMpk My
+, (|+j)LP(|ijN m)+L(SR+SC—k) L D P(Sg. i,k Sy, m),
i=0 k=0 j=Sc-S¢-k m=1 k=0 j=Sc -k+1m=1
and
Su %S S-S S Mgk Sy
E[N,]= L (k+I)LLP(| k10 + D, L D (k+1)P(Sg, j.k,1,0)
1=0 j=0 i=0 k=0 j=S-k+11=0 (421)
S, —$E Sk My S Mk My
+. 2. DSy +k+mPl.jkSy.m + D, D, D.(Sy +k+mP(Sg. .k Sy.m).
i=0 k=0 j=S-Sc-kmel k=0 j=S—k+lm=1

Stepd:  Compute new Apr and Ay substituting with Equation 4.20 and 4.21. If
|[new Apyr — 0ld Ayr |[<= €and |new Ayn —old Ayn |<= &, stop. Otherwise, go to
step2.

And € isasmall positive number to check the convergence.

/‘HR and AHN
Initialize and normalize all probability P and P’
do

{
P=P
P’ (I)=W* state balance equation of P(i) + (1-W)P(i)
[* Compute the new probability P* where W/{1, 2) is the convergence adjustment
parameter*/
twhile (2|P (i)-P)|/|P’ (i)+P(3i)] > &)
[* eisa small positive convergence criteria */

Output all Nt probability P

Figure4.2 SOR method in computing state probability in Markov Chain
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The SOR method to compute all the probabilities (i, j, k, I, m)sis given in the pseudo

codein Figure 4.2.

4.2.3 Blocking Probability

Based on the above probahility set P(i, |, k, |, m)s, the system performances can be
obtained. When originating real-time service call arrives, the cal is blocked if thereis no
free channel in RC since there is no queue for originating calls in our system. Therefore,
the blocking probability Bor of originating real-time service cal is the sum of
probabilities of states in which the number of channels used by real-time service cals

(including originating calls and handoff request cals) in RC is equa to the capacity of

RC iei=%
S-S Sk Sy, IS ok My
Bor =1- 2. PG, k1,00 - >, 2P, j.kSy,m). (422
i=0 k=0 j=0 I=0 i=0 k=0 j=S-Sc-km=1

Similarly, the blocking probability of originating non real-time service cal is the
sum of probabilities of states in which the number of channels used by non real-time
service calls (including originating calls and handoff request calls) in NC is equal to the
capacity of NC, i.e. m= S..

Sy 1Sk S¢S Kk Sy 1S ~Se S *tMg-k
Boy =1- 2 2 2 2P j.k10) -2 2 2P(S k10 (4.23)

=0 i=0 k=0 j=0 =0 k=0 j=S—k+l

4.2.4 Forced Termination Probability
Forced termination probability Fyr of real-time service handoff request calls in the
market cell consists two parts, i.e. Bur and Dg. Byr is the blocking probability of real-

time service handoff request cals, that is the probability of real-time service handoff
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request call is dropped when there is no space available in RHRQ, i.e. j+k = Sc+Mg. For
non preemptive handoff scheme, this formula means al the CC and RHRQ are full. For
preemptive handoff scheme, this formula aso implies that NHRQ is full, i.e.,, m=My, or
k=0 otherwise the non real-time service calls in CC will be preempted by arriving real-
time service handoff request calls. However, in both schemes, the Byg, the blocking

probability of real-time service handoff request calls, can be given by

Sc'se SNV %'st MN
Bur = 2. 2 P(Sg.Sc +Mg -k, k 1,00+ 2, 2 P(Sg,Sc +Mg -k, k,Sy.m), (4.25)
k=0 1=0 k=0 m=0

Dr is the dropping probability of real-time service handoff requests in RHRQ. The real-
time service handoff requests waiting in RHRQ could be removed when the maobile user
moves out of handoff area even if the mobile user does not get service in the handoff
area. DR represents the time-out probability of real-time service handoff request in
RHRQ. The average number of real-time service handoff request calls arrived in unit

time is equal to (1-Bpyr)Anr. The average number of real-time service handoff request

removed in unit time from RHRQ is equal to thawe* E[LR] , Where E[LR] isthe average

S¢~Se SctMp -k Sy
E[Lg]l= 2 2 (i+k-Sc)X P(Sg.i.k1,0)
k=0 j=Sc-k+1 =0
Se—Se So+Mank v, (4.26)
+ 2 2 (i+k-Sc)2 P(Sg.i k Sy.m).
k=0 j=Sc-k+1 m=1

Therefore, the time-out probability of real-time service handoff request in RHRQ

H E[LR]
D, = hawell =L-r

T @By R (4.27)

The forced termination probability Fur of real-time service handoff request calls in the
market cell, which is combination of Byg and Dg, is given by

Fir = Bur *(1-Byr) Dk, (4.28)
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For the non real-time service handoff requests in NHRQ, it can be transferred from the
referenced cell to one of the target cells when the mobile user moves out of the
referenced cell before it gets service. If the size of NHRQ were to be large enough to hold
al the non real-time handoff requests, the forced termination of non real-time service
would never happen. Therefore, forced termination probability of non rea-time service

cal isnot given here.

4.25 System Utilization
The average utilization of RC is given by:

. =@. (4.29)

where E[ Crc] , the average number of callsin RC, is given by

S Sc—Se Sc+Mg—k Sy

E[CRC]zii Z:,Scz_,g P(i,j,k,1,0) +Sg* 2 L 2. P(Sg, i,k,1,0)

i=0 k=0 j=Sc-k+11=0 (430)

Sk Sc~Se My Sc~Se SctMp-k My .

+2 0 2 L Y PG kSym FSe* 2 X 2 P(Sg. ik Sy, m),
i=0 k=0 j=Sc-Sg-km=1 k=0 j=Sc-k+lm=1
The average utilization of CC is given by:
E[C
cc - ElCecl CC]. (4.31)

Sc

where E[ Cc(], the average number of callsin CC, is given by

Sc~Sg Sc+tMgr-k Sy

Sk ScSe Sgk Sk : .
E[Cccl=2 2 2 (i+KXPG. k!0 +Sc* 2 2 2 P(Sg. i.kl0)

iOkOjO 1=0 k=0 j=Sc—k+11=0 (432)
Sk Sc-Se ScSe SctMr-kMy
+2 2 L (J+k)LP<uksN m o+Sc* Y X 2 P(Sg ik Sy.m),
i=0 k=0 j=Sc-Sg-k m=1 k=0 j=Sc-k+1m=1

The average utilization of NC is given by:

_ECy]

NC —
Sw

(4.33)
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where E[ Cnc], the average number of callsin NC, isgiven by

Sr Sc~Se Sc~Se SctMpr—k Sy

Se Sgk Sp
E[CNCJ—L LL*P(IJKIO)+L 2. 2 1*P(Sg.i k10
i=0 k=0 j=0 1=0 k=0 j=Sc-k+11=0 (434)
Sk Sc-Se Sc- My Sc~Se SctMp—kMy .
DS L LP(ukst)+S*L 2. 2 P(Sg.j.k Sy,m),
i=0 k=0 j=Sc-Sg-km=1 k=0 j=Sc-k+im=1

The average channdl utilization is given by

_ E[Crc] + E[Ccc] + E[Cy (] .

4.35
- (4.35)
The average utilization of RHRQ is given by:
E[L
T = o™ (4.36)
R
where E[Lg], the average length of RHRQ, is given by Equation 4.26.
The average utilization of NHRQ is given by:
E[Ly]
Mrro = : (4.37)
NHRQ M \
where E[Ly], the average length of NHRQ, is given by
Se-Se S-St SctMpk My
E[L, ]-L )3 L Lm*P(.;ksN moE YD) 2. m* P(Sg, j,k, Sy, m), (4.38)
i=0 k=0 j=S;-Sg-k m=1 k=0 j=Sc-k+1m=1

4.25 Forced Termination Probability of Real-time Servicein Lifetime

The forced termination probability Py, ¢ of real-time service cals is defined as the
probability that a real-time service call accepted by the system is forced to terminate
during its lifetime. The probability Py, that a real-time service call triggers handoff request
in the referenced cell is the probability that the call holding time exceeds the dwell time
of the real-time service user in the referenced cell. Thus, we have

R, =Pr{Ter > Ty } (4.39)
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We assume Tcr and Tywe are independent, we can get

p = Haa (4.40)
Her + Hane

Therefore, the Py« of real-time service calls can be expressed as

& R.F
Py =2 P Frll-Fg)P ] P =— - HR
" I=1 n MR 1-R,(1-Fyr)

(4.41)
4.2.6 Average Transmission Delay of Non Real-time Servicein Lifetime

In the proposed scheme, non real-time service handoff requests can be transferred
from the queue of the referenced cell to the queue of another oneif it cannot be served in
the referenced cell. The transmission delay Ty of non real-time service is the sum of
transmission delay Ty of non real-time service in every cell during its lifetime. Using the
Little's formula, the average waiting time E[T\y] of non real-time service handoff requests

in the NHRQ is given by

E[Ly]
ET,]=——77———, 4.42
(1= Bun) Ay ( )
where
Sk S Sk My o
E[Ly]=2. 2. 2.mP(,jk Sy,m)
i=0 k=0 j=S.-S-km=1
K-St Mgk My (4.43)
+ 2 mP(Sy, j,k, Sy, m).
k=0 j=S.—k+1m=1
The average serving time E[ Tg] of non real-time service callsis given by
E[T] Ny (4.44)

- (1_ BON )/]ON + (1_ BHN )/‘ HN .
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We define N, as the average number of handoff per a non real-time service handoff

request during its lifetime. We have

- Nh E[Tw] + E[TCN ] (4 45)
" ET] '
From equation (42) we can get
ElTey] (4.46)

" ET-ET,]
Therefore, the average transmission delay (expect average non real-time service time)
E[Tn] of non real-time serviceis

Ty = N E[Ty]. (4.47)



Chapter 5.

Simulation and Numerical Results

5.1 Simulation Platform

5.11 Discrete Event Smulation

In order to check the correction of our analytical model and closed formula for
system performance, a disserted-event simulation environment has been developed and
established. Disserted-event system change state at discrete points in time, as opposed to
continuous systems, which change state over time [22].

In modeling our handoff system, we need to describe its dynamics composition,
the way it accomplishes the handoff procedure. Three entities — activities, processes, and
events — are the constructs used to describe the dynamic behavior of discrete handoff
system. An activity is the smallest unit of work in our view of system. A process is a
logically related set of activities. A process may, in turn, be viewed as an activity of a
higher-level process. An event is a change of state of system entity or time. This change
of state results from the action of an activity. The initiation of activities is triggered by
events. Our system is viewed dynamically as a collection of interacting processes, with
the interactions controlled and coordinated by the occurrence of events. Especialy, this
process view is a hierarchical one, a system is described at a given level of abstraction by
a set of process descriptions, each specifying the activities of that process, together with

those of the previous level, form the expanded description of the system.



5.1.2 Random Number Generation

Determining and generating the distribution to use to represent amodel variableis
one of the most important aspects of simulation modeling. Input datafor the smulation is
generated probabilistically within the simulation program. Basically, there are two ways
to generate random number, the hardware generator and software pseudo-random number
generator. Modern statistical methods seem to be requiring huge numbers of random
numbers and are using them in more demanding ways, and various researches have been
donein this area and some methods are discussed in [23][24]. Various testing programs,
such as George Marsaglias Diehard tests, can be used to test pseudo-random number
generators. In our simulation, we choose the ANSI C math library to generate a uniform
distributed random number. Although the pseudo-random number generator can not be
deemed as the same as areal random number generator, it does work well in our
situations. Based on the uniform distribution random number, we can generate an
arbitrary random distribution based on the CDF of that random distribution, as shown in

exponentia inverse CDF transformation algorithm in figure 5.1.

//Calculate the random number of exponential distribution
double expntl(double lamda){

long ;

while((I=rand())==0);

doubler = ((double)l)/RAND_MAX;

return (-1*log(r)/lamda);

Figure5.1 Exponential distribution generator
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5.1.3 Criteriaof Termination of Simulation

In order to achieve a specified accuracy in simulation, we should set the criteria of
termination of simulation. It should be noted that our handoff system is represented by a
steady-state system. That means output values should be independent of initial conditions
(the length of simulation is not). When the simulation is allowed to run infinity, the mean
will be a true mean of the underlying distribution. Practically, run lengths are finite and
simulation provides only a sample set of value from the distributions [22]. Our task is get
sample mean from finite-length simulation close enough representative to the true mean.

During our implementation of simulation, batch mean method [25] has been used
to achieve this goal. The batch means method divides one long run into a set of k subruns
of length m, called batches, computing a separate sample mean for each batch, and using
these batch mean to computer the grand mean and the confidence interval. This method
provides quicker convergence of the half width to the desired value for a sequential

procedure.

514 Simulator Results

Figure 5.2 and figure 5.3 show a comparison of numerical results with analytical model
and results of our discrete event driven simulation for Priority Hybrid Reservation
Handoff scheme. In our numerical examples, we assume that the shape of the cell is
circular with radius r, and two kind of mobile users as pedestrian users. Parameters are
set as follows: r=0.1 Km, E[D]=0.1r, E[V]=0.5 meter/second, E[Tc,]=120 seconds,

E[Tcq] =60 seconds, S=Sg+S+S=10, Sx=4, S =4, Sv=2, Mr=5, &=2, M\=50, and
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£=10° The ratio of originating real-time service calls and non real-time service
calls Aor/Aon is set to 1. The simulation stop criteria set to £=10%. Both arrival events are
generated by exponential function with pseudo random number generator. Figure 5.2
shows the comparison about the average utilization of common channels, the average
utilization of real-time service channel, the average utilization of non real-time service
channel, average length of real-time service queue, and average length of non real-time
service queue. Figure 5.3 illustrate a comparison about blocking probability of
originating real-time service calls (Bog), blocking probability of originating non real-time
service cals (Bon), forced termination probability of rea-time service cal in life time
(Phf), and transmission delay of non real-time service call in life time (Ty). From the
figures, we can see that the results of simulation and analytical closed formula match
each other very well and are consistent.

Similarly, for preemptive hybrid reservation handoff scheme, Figure 5.4 and
figure 5.5 shows a comparison of numerical results with analytical model and results of
our discrete event driven simulation for non-preemptive handoff scheme. The parameters
are set as the one of the priority reservation handoff scheme before. The ratio of
originating real-time service calls and non real-time service calls Aor/Aon isset to 1. The
simulation stop criteria is set to &=10°®. Both arrival events are generated by exponential
function with pseudo random number generator. Figure 5.4 illustrates the comparison
about the average utilization of common channels, the average utilization of real-time
service channel, the average utilization of non real-time service channel, average length
of real-time service queue, and average length of non real-time service queue. Figure 5.5

shows the comparison about blocking probability of originating calls, forced termination
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probability of real-time service cal in life time and transmission delay of non rea-time
service cal in life time. From the figures, we can see that the results of simulation and
analytical closed formula match each other very well and are consistent.

These observations substantiate the accuracy and correctness of our anaytical

model for both priority handoff scheme and preemptive handoff scheme.
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5.2 Numerical Results and Discussion

In this section, system characteristics are numerically evaluated using performance
analytical model developed in Chapter 4. In our numerical examples, we assume that the
shape of the cell is circular with radius r, and two kind of mobile users as pedestrian
users. Parameters are set as follows r=0.1 Km, E[D]=0.1r, E[V]=0.5 meter/second,
E[Tc] =120 seconds, E[Tcg] =60 seconds, S=Sk+Sc+S=10, =4, S =4, S\ =2, Mg=5,

S=2, Mp\=50, and &=10°

5.2.1 Priority Hybrid Reservation Queueing Handoff Scheme

Figure 5.6 shows the blocking probabilities Bor of originating real-time service
calls and the force termination probability Py of rea-time service calls versus offered
traffic Ao, where Ao is the arrival rate of al originating calls in a cell. In the figure, &
donates the given reservation number of channel in CC. When & is zero, the handoff
scheme is normal guard channel scheme. From the figure, we can see that the blocking
probability Bor and the forced termination probability Py increase as the offered traffic
increasing. However, the forced termination probability Py with reserved channel scheme
is one order smaller than that one of without reserved channel scheme and the blocking
probability is amost unchanged. Therefore, we can conclude that the proposed scheme
with priority reservations is effective in decreasing the forced termination probability of
real-time service calls.

Figure 5.7 shows the average transmission delay Ty versus offered traffic Ao when

Aov/Aog=1. We can see that T4 decrease when the number of reserved channels increases.
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This is because the number of channels available decreases for non real-time service
handoff requests when S increases. Since real-time service transmission is very sensitive
to interruption, decreasing forced termination probability is more important than

decreasing transmission delay of non real-time service.
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Figure 5.8 shows the loss probability and the average transmission delay versus
the ratio of real-time service over total offered traffic. We choose offer traffic Ao = 5.
From the figure, we can see that the blocking probability By, of originating real-time
service calls increases and the blocking probability B, of originating non real-time
service calls decreases when the real-time traffic ratio rises. For the forced termination
probability Py of real-time service call, it increases at a fast rate when real-time traffic
ratio increases from O to 0.5 and reaches a summit when the traffic ratio is 0.5. Py
decrease dightly when the real-time traffic ratio keeps increasing. The reason is, when

real-time traffic ratio increases over 0.5, the non rea-time service calls decreases and can
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be served by the reserved channels for non rea-time service calls, so more reserved

channelsin S can be used by real-time service handoff requests.

5.2.2 Preemptive Hybrid Reservation Queueing Handoff Scheme

Figure 5.9 shows the blocking probabilities Bogr Of originating real-time service
calls and the force termination probability Py of rea-time service cals versus offered
traffic Ao, where Ao is the arrival rate of al originating cals in a cell. The ratio of
originating real-time service calls and non real-time service calls Aor /Aon IS Set to 1.
Figure 5.9 aso shows the difference between scheme with and without preemptive
channel reservation scheme with & as the threshold number of free channel reserved
before non real-time service handoff request calls could be served by &.. From the figure,
we can see that the blocking probability Bor and the forced termination probability Py
increase as the offered traffic is increased. However, for the non-preemptive handoff
scheme, the forced termination probability Py with reserved channel scheme is an order
smaller than that one of without reserved channel scheme. For the handoff scheme
without reserved channels, we can see that the forced termination probability Py with
preemptive scheme is much smaller than the one with non-preemptive scheme.
Specifically, the preemptive handoff scheme without reserved channels performs even
better than non-preemptive scheme with reserved channels. On the other hand, the
blocking probability of originating real-time service calls remains amost unchanged.
Therefore, we can conclude that the proposed scheme with preemptive priority
reservations is very effective in decreasing forced termination probability of real-time

service cdls.
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Figure5.9 Blocking probability and forced termination probability

versus offered traffic in preemptive handoff scheme

Figure 5.10. shows the average transmission delay Ty versus offered traffic Ao
when the ratio of originating real-time service cals and non real-time service calls Aor
[Aon is set to 1. We can see that Ty decrease when the number of reserved channels
increase. This is because the number of channels available decreases for non real-time
service handoff requests when St increases. Since rea-time service transmission is very
sensitive to interruption, decreasing forced termination probability is more important than
decreasing transmission delay of non real-time service. We aso see that the average non
real-time traffic delay of preemptive handoff scheme without reserved channels is much
smaller than those of preemptive handoff scheme with reserved channels, but the forced
termination probabilities Py of real-time service calls of those are almost the same.

Therefore, we can conclude that the reserved channels will not help the QoS of wireless
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mobile network when preemptive handoff scheme is implemented in the system. This
implies the preemptive handoff scheme without reserved channels is better than other

handoff schemes.
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Figure5.10 Blocking probability and average transmission delay of non real-
time service versus offered traffic in preemptive handoff scheme
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Chapter 6.
Conclusions

The design of handoff scheme is an important consideration for QoS in the
integrated wireless mobile network system with real-time and non real-time services. The
hybrid reservation handoff schemes (without and with preemptive procedure) have been
proposed in this dissertation. An analytical model for the system performance has been
presented. Our extensive simulation results are aso matches with the analytical
evaluations. Blocking probability of originating calls, forced termination probability of
real-time service cals, and average transmission delay of non real-time service has been
evaluated. It is observed that forced termination probability of real-time service handoff
request calls and average transmission delay of non real-time service users could be
decreased by our preemptive priority reservation handoff scheme. There is no
transmission failure of non real-time service handoff requests except for a negligible
small increase in blocking probability as a non real-time service handoff request can be
transferred from the queue of one base station to another.

Some future devel opments of the work done so far are as follows.

* Mobility pattern of mobile user is akey character to model the system. How about the
system performance if we choose a mobility pattern other than the Fluid Flood
Model?

* Based on our analytical model, the performance of system can be evaluated if the

number of channels and other system parameters are given. However, during the
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system design phase, following question should be answered. Given a set parameters
of desired QoS, how to compute the minimum number of channel necessary and how
to choose the best reservation number?

In next generation wireless network, the type of traffic may be divided into multi-
classes instead of just two classes (real-time service and non real-time service). Every
class of service has different requirement of QoS and maybe has different charge
police. Therefore, extending our work to support the wireless mobile network

integrated multi-class traffic is one of the future work area.
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