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Abstract

Nowadays, a variety of wireless network technologies is developed. Different
wireless networks (e.g. GSM/EDGE, WCDMA, LTE) create a heterogeneous wireless
network environment. For those multi-mode mobile terminals(MTs), it is important to
provide a seamless service for them. When there is a group of MTs stay closely in a
vehicle and decide to handover to another networks, it is an important issue to help
these MTs to decide a proper target network which is good for both users and the
system provider.

In this thesis, we tend to reduce the group handover blocking ratio, reduce the
number of handover, balance the traffic load between networks, and meet the quality
of service (QoS) requirements. Therefore, a simulated annealing based group
handover decision scheme using cost function is proposed. In the simulation result,
the proposed scheme can reduce the group handover blocking ratio efficiently and
balance the load. Besides, when the number of group MTs is not quite large, the

number of handover also reductive. Also, it can meet the QoS requirements.



Rl e /)if&i—m)]!'@-i TS E R S e il s TR
R LR AL AF BEARY SUEA S L

ECR RS - e &mitllﬁkaf%‘ffo*" BRBE R T HIES £ kAL ¥
T F A Rl 2w ey i s : RIE X NS R TR
W2 T o BRE 3 : % EAFE L Lo R
FEET &

4 L e o B
oA - e ik

P

sG] ehE AR B AT L

E, 3 ; R % o
R e )
Ci 5 7 A\

; F E : ' g}"‘!f“’ o,
72 A 2 :
Y E

: 5 5 e i
N [ - B = % 3



Contents

Chapter 1 INtrodUCTION ............coouoiiiicieceeeee e 1

Chapter 2 System MOEl ... 6

2.1 Heterogeneous Wireless Network ENVIronment..........cceceveeveeceeneeneeieeneene 6

2.1.1 GSM/EDGE NEIWOIK ......ccvieietieieeiestee ettt 6

2.1.2 WCDMA NEIWOIK ...c.eveteeiieeiecieecie ettt eie st sre e sreeseennens 9

2. 1.3 LTE NEIWOIK. ccoin e et et i 10

2.2 Channel M @ile N . ..., 12

2.3 MOobility MOEL. ..ot et atb et 14

PN T T AN N P W N T e 17

2.5 Group HandOVEr SCENAIIO...........coeiieeierteieenesaessasneeseeensasseassneseesesseesseenees 20
Chapter 3 Simulated Annealing Based Group Handover Decision

(SA-GLHEE) Scherfles——4i SN .. NS AW ... 22

3.1 Problem FOrmulation ...........c.oooeiiiiiniiiiiiieese e 22

8.0 1 Cost FONGIEIRE——. e . ......... 0. N, 25

3.2 Simulated Annealing AlgOrithm ..coocuoiiiiiiiieie e e 28

3.3 SA-GHOD SCREME ..ttt et b e 32

SOV TNEUY.. T - g g R e 32

3.3.2 Generation and ACCEPLANCE........ccverveerreeeecreeie et e et ete et sre s 35

3.3.3.C00IING SChEAUIE ..ottt 38

Chapter 4 Simulation ReSUILS................c.ooveciiieiecciieiciee e, 40

4.1 Simulation ENVIFONMENL...........cooi it et esmiee e ere et see e e e 40

4.2 Traffic Source Model and Q0S ReqUIrEMENtS...........cceecvevveveereeneerireeeneenes 41

4.3 Parameters Setting OF SA ... 43

4.4 AB-GHOD Scheme and RSP-HO Scheme.........ccooceevinieneeienienceeeeeiene 44

4.5 Performance EValuation...........ccooeveiininenieieeeese s 45

Chapter 5 COoNCIUSIONS..........ccoviiieieccee e 52

BIDHOGIapNY ... s 53

VT ot 55



List of Figures

Figure 2.1: Heterogeneous Wireless Network ENVIronment. .........cccccevvvevveeceeseeivennnns 7
Figure 2.2: GSM/EDGE Multiframe StruCtUre. ........cceevueveevieeieceee e 7
Figure 2.3: Downlink DPDCH/DPCCH Data/Control Multiplexing. ..........cccceevevveennn. 9
Figure 2.4: Resources in LTE SYStEM.......cccueiieiiieeerieiie e seere et 11
Figure 2.5: Mobility MOdel..........cii i i 13
Figure 2.6: Three types of Paths of a \ehicle in Network j.............ccccoovevevvevieeiennnne. 17
Figure 2.7: Voice traffic model. .............coooviieiee i it 18
Figure 2.8: Video traffic MOdEl. ... ittt sttt s 19
Figure 2.9: HTTP traffic MOEL. vov oot 19
Figure 2.20: FTP traffic models . . oo ooiin i i ek e et 20
Figure 3.1: Group Handover Blocking Ratio FUNCLION. .ccc.ovveeeeiciiei e 26
Figure 3.2: Flow Chart of the SA-GHOD Scheme. .....cccc..ooovveiieceic e 31
Figure 4.1: Average GHO bIOCKING FALIO. viivveiueerieeeeseeiie ettt st 46
Figure 4.2: Cumulated number of handOVEr. ........ccceeuveiieiieeiieeieeiececes et 47
Figure 4.3: Average load balancing factor of candidate networks. .......ccc.................... 48
Figure 4.4: Average video packet dropping rate. .........cceeceeeveeeiereesienrsssioeenneeinesnnenns 49
Figure 4.5: Average video packet delay. ..........cocuveveiveeiieiinnsceiieeestiee e 49
Figure 4.6: Average voice packet dropping rate. ....ccveeeeeerieieeeeceeseeee e 50
Figure 4.7: Average voice packet delay. ........cccocevieeieiicieceeeeeeee e 50



List of Tables

Table 4.1: System parameters for GSM/EDGE, WCDMA, and LTE...........ccccveuee.e. 40
Table 4.2: Parameters for voice traffiC Class. ..........coevevereiiniencnicneceeeee 41
Table 4.3: Parameters for video traffic Class. ..........ccccovereiniencnieinncceee 41
Table 4.4: Parameters for HTTP traffic Class. .........coceovveveiinienenicenccceeee 42
Table 4.5: Source model parameters for FTP traffic class. .........ccccceeeevieveecieiieieen. 42

Table 4.6: The QoS Requirements of each traffic ¢ (ol oot 43

vi



Chapter 1
Introduction

In recent years, the use of smart phones and tablet personal computers has
increased noticeably. People change their manners from watching newspaper to
watching videos or browsing the web by smart phones when they are taking bus, train,
or mass rapid transit (MRT). Therefore, there have a large group of people who seat
closely and mave together using their smart phones in the same vehicle. In the mean
time, there are different access cellular networks for smart phones, such as global
system for mobile communications (GSM), the enhanced data rate for GSM evolution
(EDGE), wideband code division multiple access (WCDMA) network, long term
evolution (LTE) and etc. These networks comprise a heterogeneous network and serve
those users in the same area.

In.a vehicle, there have many mobile terminals (MTs) that are served by different
wireless networks. When the vehicle drives away from a base station (BS) of one of
the wireless networks, there have more than one MTs that served by the BS triggering
their handover at the same time duo to that their channel conditions are similar, which
is caused by that they are close to each other. These MTs with same serving BS and
same serving network forms a handover group and a group handover decision (GHOD)
is going to make for these MTs.

In traditional handover decision scheme, it only consider that there is only one
MT doing handover at a time. Therefore, the metrics such as received signal power,
signal-to-interference and noise ratio, and so on that are used to decide the target BS
of a MT. The MT may choose the best BS which have largest received signal power to

be the target BS. If the single MT handover decision scheme is used in group
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handover decision scheme, the MTs in the handover group are more likely to
handover to the same “best” BS due to that it doesn't consider the impact of other
MTs such as traffic loading, traffic type, and so on. This will result in network
congestion if the target BS cannot provide enough resources. In other words, the
handover blocking ratio of the handover group (group handover blocking ratio) will
increase. In addition, it also causes inefficient utilization of system resource due to the
traffic loading between each BS is not balanced, which may result in a highly new call
blocking rate if there have some MTs want to access the network. Besides, there are
many kinds of traffic types nowadays, such as voice, video, HTTP, and FTP. Each
traffic type has its own requests. Therefore, the design of GHOD scheme needs to
satisfy their requirements. Furthermore, each handover requires network resources to
reroute the MT to a new BS. So a high number of handover spend more network
resources. Also, it increases more delay in the processing of handover requests and the
chance that a call will be denied access to a BS. Therefore, decreasing the number of
handover also needs to be considered when designing the GHOD scheme.

The GHOD involves measurements and information collection. Based on which
device do the measurement and collect the information, and which device do the
group handover decision, the GHOD can be categorize into four types [1].

Type 1: Mobile - controlled GHOD (MCGHQOD) [2] |3]

In MCGHOD, each MT must take its own measurement and also make the
handover decision by its own. It is the highest decentralize handover decision scheme.
Type 2: Network - assisted GHOD (NAGHOD) [4]

In NAGHOD, network collects information such as network capacity, traffic load
of other MTs, and so on to each MT. After that, each MT make the handover decision
by its own.

Type 3: Mobile - assisted GHOD (MAGHOD) [3] [5] [6]
2



The MTs will in charge of doing measurements and collecting information to
inform their serving network. After receiving the information, the serving network
will do the GHOD.

Type 4: Network - controlled GHOD (NCGHOD)

The measurements and information collection are all doing by network. This
type will increase the burden of the network side. Hence, it is seldom to use.

In GHOD, load balancing is.important to increase the overall system utilization.
In [2], Cai and Liu proposed a MCGHOD scheme using random delay. Each MT
makes the group handover decision after a random delay, and decides a target network
with minimal load intensity. This scheme let each MT avoid making decision
simultaneously in order to improve the load balancing between each network. But it
does not consider the QoS guarantee for different service, and the random delay will
increase the handover latency.

In[3], S. Lei et al. proposed two MCGHOD scheme. The first scheme is that
different traffic types use different random delay interval to decide when to start the
GHOD, and selects a target network with minimal load intensity. The second scheme
is that different traffic types has different predefined selecting probability of each
network. This scheme will not bring the unnecessary delay during handover. However,
it cannot get the optimal decision results due to the fact that the predefined selecting
probability is subjective, and it does not guarantee that the group handover blocking
ratio is less than a predefined value.

In [4], W. Lee and D. H. Cho proposed a NAGHOD scheme using both adjusted
delay and adjusted probability that can limit the group handover blocking ratio under
a predefined value, which is, each MT makes the GHOD after an adjusted delay, and
decide its target network by using adjusted probability. However, this scheme does not

consider the QoS guarantee for different services.
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In [3], S. Lei et al. also proposed a MAGHOD scheme. it deploy a common radio
resource management (CRRM) entity between each network. The CRRM entity
collects the handover information from the group of handover MT and multiple
networks. The GHOD scheme in CRRM entity decides the target network of all the
real time MTs by minimize the average transmission delay, and the target network of
all the non-real time MTs that by minimize the average packet loss rate.

Once more, the group handover blocking ratio. is an important factor in GHOD.
In [5], L. Shan et al. proposed a predictive GHOD with channel borrowing using
mobile relay scheme to reduce the group handover blocking ratio. First, it deploy a
mobile relay in a bus to reduce the system signaling overhead which is caused by
group of MTs performing handover frequently. Second, this scheme will predict the
target BS and send the handover channel borrowing requests to the target BS when
there is no free channels in the target BS for the coming handover MTs. But the
channel cannot be borrowed when there is no connection using more channels than
the minimal number of channel in the target BS.

In [6], G. Zhang and F. Liu proposed an auction based GHOD with mobility
prediction scheme. It formulate the decision problem as a multi-assignment problem
to maximize the system throughput, reduce the number of handover, and keep the load
of all candidate networks under a target level. After that, an auction algorithm is
adopted to solve this problem. However, the residence time of a vehicle in candidate
networks, which used to judge the number of handover is not precise. And this paper
does not consider the group handover blocking ratio, which is an important factor in
GHOD.

The group handover decision is in charge of deciding proper target network for
different MTs. It is recognized as a NP-Hard problem [7], which means a great deal of

time is needed to find the optimal solution. In this thesis, we use the simulated
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annealing algorithm to solve the problem. It is a good technique for minimizing
functions of many variables [8]. Moreover, it is more efficient than Genetic algorithm
when they achieve the same performance [8]. Therefore, a simulated annealing based
group handover decision (SAGHOD) scheme is proposed for heterogeneous wireless
networks. The scheme of SAGHOD intends to minimize the group handover blocking
ratio, balance the loading between networks, minimize the number of handover, and
support QoS requirement such as average packet delay, average packet dropping rate,
and minimum transmission rate. Based on the goals in the above, we create a cost
function and try to find a solution that can minimize the value of the cost function and
also satisfy two constraints.

The rest of the thesis is organized as follows. Chapter 2 describes the system
model. Chapter-3 formulates the GHOD problem, introduces the simulated annealing
algorithm, and describes the proposed SAGHOD scheme in detail. The simulation
results and discussions are shown in Chapter 4, and the conclusions are given in

Chapter 5.



Chapter 2
System Model

2.1 Heterogeneous Wireless Network Environment

Fig. 2.1 shows the heterogeneous wireless network environment which
containing a GSM/EDGE cellular network, a WCDMA cellular network, and a LTE
cellular network, where the coverage of these three networks are overlaid on the same
area. For a MT i in the heterogeneous network, we define the traffic class of the MT
as h, where hedl, 2,3,4}. The MT with h=1 2,3 0r4 represents the MT with
voice traffic, video traffic, HTTP traffic, or FTP traffic, respectively. A cellular
network 'is defined by j, where je{l,2,3,4}. j=1 represents GSM system in
GSM/EDGE network with inter-side distance (ISD) 1 km. j=2 represents EDGE
system.in GSM/EDGE network. j=3 and j=4 represent WCDMA network with

ISD 0.645 km and LTE network with ISD 0.5 km, respectively. In network j, the load

intensity of network j is denoted by p;, the average voice/video packet delay and the
average voice/video packet dropping rate are denoted by d;, and p;,, h=12,

and the average HTTP/FTP transmission rate of network j are denoted by R, .,

h=3,4. In the next subsections, we introduces the network environment of the four

networks.

2.1.1 GSM/EDGE Network

In GSM/EDGE network, we assume that each BS has N, downlink frequency

channels, and each channel has 200 kHz bandwidth. For each downlink frequency
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channel, as shown in Fig. 2.2 [9], it use 52 TDMA frames structure to form a
multiframe. In a multiframe, two frames are reserved for transmission of the packet

time advanced control channel (PTCCH), and the other two frames are idle frames.

<:> GSM/EDGE cell -
) ISD.1 km

<:> WCDMA cell -

ISD 0.645 km

O LTE cell -

ISD 0.5 km
ISD : Inter-site distance

Fig. 2.1 : Heterogeneous Wireless Network Environment

1 Multiframe with 52 frames (240 ms)

T T T [ T T T T T T T T
T
L L L L o L

L I Y
0 4 8 13 17 21 .26 30 34 39 43 47 51

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 6 Slot 7

«0.577 ms—»

<

1 frame with 8 slots (4.615 ms)

Packet time advanced control channel D ldle frame
(PTCCH)
Fig. 2.2 : GSM/EDGE Multiframe Structure

The slots in the remaining 48 frames are allocated to different information. Slot 0 and

slot 1 are used to transmit the control message of every MT. Slot 2, slot 3, and slot 4



are used to transmit GSM voice signal, and each slot here can only serve one voice
MT. Slot 5, slot 6, and sot 7 are used to transmit EDGE data MT, and each slot here
can serve multiple data users. Herein, every data user can use three slots in one frame
at most. The time of each frame is 4.615 ms with eight slots, and each slot is 0.577
ms.

After that, we can calculate load intensity by knowing the characteristic of
resources. A load intensity of a BS is defined as a ratio between 0 and 1. It represents
whether the traffic loading is light or heavy in the BS. Because of GSM/EDGE use
circuit switch for voice MTs (slot 2 to 4) and use packet switch for data MTs (slot 5 to
7), it needs two load intensity to represent these two different services. In addition, we
only consider the downlink side resource allocation due to the data is transmitted from

base station to MT mostly. The load intensity of a GSM BS is defined as

Ng
PL=D A (2.1)
i'=1

where Ng is the total number of voice MTs that are served by the BS of GSM.

Ap,, s the increased load of a BS of GSM caused by MT 1", and is defined as

1
Ap,, = . 2.2
pl,l NtXNf ( )

where N, is the total number of time slots for voice MT in a frame. N, is the total

number of frequency channels.

The EDGE load intensity, denoted by p,, is defined as
Ne
Py =2 Apy,, (2.3)
i'=1

where N is the total number of MTs that are served by the BS of EDGE. Ap;, is

the increased load of a BS of EDGE caused by MT i’, and is defined as
8



Apy , ==, (2.4)

A | O

m

where ¢, is the required mean data rate of MT i’, and R. is the maximum

transmission rate of EDGE BS.

The handover parameter of GSM/EDGE that we use is received signal power in

dBm, denoted as P, , can be obtained by

P, =R, +FK(D), (2.5)

where P, is transmitted signal power in dBm from serving BS. F (r) is large scale

fading in_dB. The handover triggered condition is P, <7., where 7. is the

handover threshold in dBm.

2.1.2 \WWCDMA Network

In WCDMA network, the bandwidth of DL frequency channel of WCDMA BS
is 5 MHz. Furthermore, it use different orthogonal codes to differentiate different
physical channel in the same frequency and same time duration. MT’s data is sent by
dedicated physical data channel (DPDCH) and the control information is sent by
dedicated physical control channel (DPCCH). The frame structure of downlink

DPDCH/DPCCH is shown in Fig. 2.3.

1 DL DPDCH/DPCCH frame = 15 slots (10 ms)
\o\1\2\3\4\5\6\7\8\9\10\11\12\13\14\

DPDCH DPCCH DPCCH DPDCH DPCCH
N 1 slot = 2560 chips (0.667 ms) >

TPC Transmit Power Control
TFCI Transport Format Combination Indicator

Fig. 2.3 : Downlink DPDCH/DPCCH Data/Control Multiplexing
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In one power control period, there is 10 ms length frame which is split into 15
slots and there are 2560 chips in each slot. It means that the chip rate will be 3.84
Mbps. It is Assumed that we can use pilot control signal in DPCCH to broadcast a BS

load intensity in each frame. The BS load intensity of WCDMA is defined as [10]

Ny
P3=2 AP s (2.6)
i'=1

where N, is the total number of MTs that are served by the BS of WCDMA in a

frame. Ap, , is the increased load of a BS of WCDMA caused by MT i, which is

defined as

‘(Eb/NO)i'

Api . =V,
p|,3 i W/Ciy

[@- o)+ fil (2.7)

The v, is the activity factor of MT 1. The (E,/N,); is the required signal energy
per bit divided by noise spectral density of MT i". The W is the chip rate. c, is the
required mean data rate of MT i’. The ¢, Is the channel orthogonality of MT i’.
The g, is the ratio of other cell BS power to own cell BS power, received by MT

The handover parameter of WCDMA is the received signal code power (RSCP)

in CPICH. The own RSCP is defined as P.. in dBm, P.. can be obtained by
Pesc = Prsc + Fi (1), (2.8)

where the Py is the transmitted signal code power from serving BS in dBm. The

F (r) is the large scale fading in dB. While the handover triggered condition is

Prsc <1 » Where 7, is handover threshold in dB.

2.1.3 LTE Network

10



In LTE network, it is assumed that the total downlink bandwidth is 3 MHz. In 3
MHz, there are 15 subchannels and the bandwidth of each subchannel is 180 kHz.
One subchannel is divided into 12 subcarriers, and each subcarrier is with 15 kHz. In
time domain, one frame is 10 ms and is consist of 10 subframes. And one subframe is
formed by two OFDM control symbols and 12 OFDM symbols. In addition, we

defined one resource unit (RU) as one subframe over one subchannel as shown in Fig.

2.4.[11]

frequency V
1 Resource unit
: mAN +2 OFDM control symbols in the front+
I Subcarrier 11 S E with 12 OFDM data symbols behind
< | 1St W G .
cQ (0.5 ms)
c
53 TITTI LTI )L
& = Subcarrier 1 A% K‘
- A,\‘ i ]
J Subcarrier 0 v | Slot0 | Slot1 Slot2 | Slot3 Slot 18 | Slot 19
v >
Subframe 0 time
= 2 slots (1 ms)%—Subframe 1— <«——Subframe 9—»
1 frame = 10 subframes (10 ms) >

Fig. 2.4 : Resources in LTE System

There are 150 RUs in one frame over 3MHz. In LTE resource allocation, RU is
a basic unit of resource, which means that one RU can only serve one user, or many
RUs serve the same user. By ignoring the coding rate and the deployment of antenna,
we can calculate the number of bits in a resource unit by multiplying 12 data symbols
in a subframe, 12 subcarriers in a subchannel, and m bits per symbols of this resource

unit. That is, 144m bits. The BS load intensity of LTE is defined as
N
Pa=D AP 4, (2.9)
i'=1

11



where the N, is the total number of MTs that are served by the BS of LTE in a

frame. Ap,, is the increased load of a BS of LTE caused by MT i’, and is defined

as
C;

Apy ==, (2.10)
’ RL

where ¢, is the required mean data rate of MT i’, and R; is the maximum

transmission rate of LTE BS.
The handover parameter of LTE that we use is received signal power in dBm,

denoted as Pg,, can be obtained by
Pa = Pr, + F (1), (2.11)

where Py, is transmitted signal power in dBm from serving BS. F(r) is the large

scale fading which measured in dB. While the handover triggered condition is

P <m,,where 7,  isahandover threshold in dBm.

2.2 Channel Model

The wireless fading channel is composed of large-scale fading and small-scale
fading. The large scale fading includes path loss and shadowing effect, which
represents the average signal strength loss due to the distance between
transmitter-receiver (T-R). The small-scale fading reflects the rapid fluctuation of the

radio signal over a short period of time. The large-scale fading is modeled as [12] [13]

F(r)=PL(r)+X_, (2.12)

where PL(r) is the average path loss for an arbitrary T-R separation, which is

12



defined by

PL(r) = PL(r,)+10n Ioglo[%) (2.13)

0

where PL(r,) is measured path loss at the close-in reference distance r, km. n is

path loss exponent. The value of n depends on the specific propagation environment.

That is, n =3 ~ 5 for shadowed urban cellular radio environment. The r, is the

close-in reference distance, which is determined from measurement close to the
transmitter. The .d 'is T-R separation distance. The X, is zero-mean Gaussian

distributed random variable with standard deviation o . This is caused by the fact
that the surrounding environmental clutter may be vastly different at two different
locations having the same T-R separation.

In this thesis, the small-scale fading is not considered. It is because that the
small-scale fading will cause ping-pong handover [14]. The ping-pong handover is

not our main consideration.

Fig. 2.5 : Mobility Model
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2.3 Mobility Model

In our mobility model, we modify the random waypoint model [15] to model the
mobility of a vehicle. The proposed modified random waypoint model is created by
the following steps:

Step 1: Generate an initial waypoint of a bus w, and a destination waypoint of
the bus w,.

The coordinates of wy iS (X, Yo) Which is randomly selected on the boundary

of the circle with center O(0,0) and radius 2 km as shown in Fig. 2.5. The

coordinates of wy is (—X,,—Y,) Which is symmetric about the center with w,.

Step 2: Generate a waypoint set between the initial waypoint and the destination

waypoint: W ={w,, @

‘sz, m=12. W}

The mth waypoint w, with coordinates (x.,Y.) IS generated from the

(m-1)th waypoint w,, with coordinates (X, ;, Ymy) DY

X g+ @y 1 COS(W g + @y y)s I (W, Wy [ > 0.3,
x - 1 1 COS(W g + Prt) AT (2.14)
— Xy, ifjw. w,|f<0.3,
Yo g + %y SINW o + @), 1T (W, W, | > 0.3,
y = 1 1MW+ Py - ‘ 1y (2.15)
e if Wm_le‘SOB,
where m=12,..,W, W is the number of element of %/, the symbol Wm_lwdH

denotes the length of a vector which initial point is w__, and the terminal point is

W, . The parameter ¢, , is the distance from the waypoint w, _, to the waypoint

m-1

w._ in unit km, which is defined as

m

a,, , =random[0.2,0.3], (2.16)

14



where z = random[X, y] represents that z is a random variable uniform distributed

from 0.2 to 0.3. It illustrates that the vehicle will move a straight line distance

between 0.2 km and 0.3 km, then start to make a turn. The parameter y, , is the
angle between the vector w_w, and the unit vector of x-axis 1, which is

calculated by

cos (S Wnaaad 2y if (=¥o) = Y120,
Wm—lwd
Vmi g <w, W, 1> @40
360 —cos " (— ) if (=y,) = ¥, 4 <O,
Wm—lwd

. NEL <

where <w_ ,Ww,,1 > is the inner product of the two vectors w, ,w, and i. the

parameter ¢, , is an angle deviation from the vector w, ,w, to w,,w, in unit

degree, which is defined as
@, 1 = random[-60, 60]. (2.18)

The equation (2.18) means that the angle of a turn is limited in 60 degree. The

constraint ‘ w,,O

‘32 indicates that the generated waypoint will be bound by the

circle with radius 2 km. If the generated waypoint.w,. is out of the boundary, it will
generate again until satisfies the constraint.
Step 3: The bus moves along a straight line between each waypoint with a
constant velocity v. After reaching each waypoint w,,, the bus will wait in a
waiting time duration U (w,) before continuing moving to the next waypoint.
The bus will keep moving from the initial waypoint w,, passing through W
waypoints, then arriving at destination waypoint w, .
In the proposed modified random waypoint mobility model, it is assumed that

networks can get the information of the route map of each bus due to that the route
15



map of each bus is usually fixed. According to this assumption, we can calculate the

dwelling time of a bus in network j precisely.

It is assumed that a bus towards a waypoint w,, and the group handover

decision in the bus is happening at point g with coordinates (g,,9,). Firstly, we

defined the waypoint set in the cell range of network j as

Wy ={W, | [N, W || < 7jem=K, K +1,..., W}, (2.19)

where n; is the BS location of network j with coordinates (xj,y;) and y; is the

BS cell radius of network j, j=1,2,3,4. Then we define a total point set in the cell

range of network j as

Q, ={g}uW, ={u, u....u, }, (2.20)

where the coordinates of u, is (X, Y¥,.), £=12,..,,, U, =g The dwelling time

of a bus in network j can be calculated by

P
-1, w; =1,
v
P E o (2.21)
= u ] +P)+D U (U)o >4,
\Y xk=1 k=2

where P; is the path length in the cell range of network j from waypoint u, 1o the

next waypoint w, which is out of the cell range of network j , and is calculated

+|w|

by

% if U, =Wy,
P, { mHCOSQj +\/712 +(Hmusin 9J_)2, if U, # Wy, (2.22)
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where ¢, is the angle between the vector uwjnj and the vector u, w, " and is
calculated by
<u,n;,u, w
0, =cos™ (—r " o]~ ). (2.23)

Fig. 2.5 shows three kinds of path situations when a bus passing through the cell

range of network j.

@

Fig. 2.6 Three types of Paths of a \ehicle in Network j

2.4 Traffic Class

We consider four service classes: conversational class (h=1), video streaming class
(h=2), interactive class (h=3) and background class (h=4). The conversational class
represents real-time (RT) multi-media applications such as voice over IP. The RT
streaming class includes streaming type of applications, like video on demand. The
interactive class is a non-real-time (NRT) service which composed of applications
such as Web browsing (HTTP). The background class is the service using best effort
transmission, such as file transfer protocol (FTP).

The QoS requirements of RT service are bit error rate, maximum delay tolerance,

and maximum allowable dropping rate. The QoS requirements of NRT and BE
17



services are bit error rate and minimum average transmission rate. For MT i with

traffic class h, we donote d,,,PDR ,,andR, as the requirements of the

transmission delay, the packet dropping rate, and the average transmission rate,

respectively. If the transmission delay of RT service is beyond the maximum delay

tolerance (d, ), the packet will be dropped. On the other side, the packets of NRT

services will be queued in the buffer and it will be dropped if the buffer has no

vacancy.

Co-1

Silence Talking

(State 0) (State 1)

01-0
Fig. 2.7: Voice traffic model

The conversational class service is modeled as two-state ON-OFF
(Silence-Talking) model [16] shown in Fig. 2.5. During ON period, voice packets are
generated with D, packet/sec. During OFF period, there is no packet generated. In

addition, the periods of ON and OFF follow the exponential distributions with mean

1 . e ] .
— and % This model has a transition rate with value qo-1 in the ON state and a
a

transition rate with value q;-¢ in the OFF state.
Fig. 2.7 depicts the packet trace of one video streaming session model, which is

composed of a sequence of video frames generated regularly with a constant interval

T, [17]. Each video frame consists of a fixed number of slices N, where each slice

corresponds to a single packet. The size of packet is denoted by P,, and the
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inter-arrival time between each packet isT, .

« 1 video streaming session >

1 frame

4P szp+

0 Ty 2Te  (K-1)T; KT;

Fig. 2.8: Video traffic model

The interactive class service can be modeled as a sequence of packet calls (pages)
as shown In Fig. 2.8. Each packet call consists of a sequence of packet arrivals, which

is composed of a main object and several embedded objects [17]. Four parameters,

including inter-arrival time, reading time T, main object size S, , embedded

reading !
object size S, number of embedded objects per packet call N, , and packet
inter-arrival time T, are used in this model.

The background class service is modeled as a sequence of file downloads [17]

and is shown in Fig. 2.9. We denote the size of each file by S; , and the inter-arrival

time between each file by T .

«S,> <S» «S,» <S>

<A packet calls+ Tz'mding - A packet call——

«7 »

Fig. 2.9: HTTP traffic model
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File download File download File download

Fig. 2.10: FTP traffic model

2.5 Group Handover Scenario

In our group handover scenario, there have many ongoing MTs in a moving
vehicle. While the vehicle is driving away from a serving BS of a serving network,
the received signal power of all. MTs that are served by this serving BS is decreasing.
A handover group will be formed by these MTs. If a MT detects that its received
signal power is less than a threshold, the MT will trigger the handover decision by
sending the handover trigger message to the serving BS. Due to that MTs are close to
each other in the vehicle, which means that the long-term channel condition of each
MT is similar. The MTs in the handover group will send the handover trigger message
at the same time or nearly simultaneously. After receiving these handover trigger
messages, the serving BS is going to make a group handover decision.

We define the handover group set'as . For the MT i, ie M, the required

mean data rate is c; kbps, the increased load of network j which caused by c¢; is

denoted by Ap, ;, the communication life time is X; which is modeled as an

exponential distribution with mean E[X;], the head-of-line (HOL) packet delay is d;

ms, the packet dropping rate is p,, and the average transmission rate is R, kbps.

The handover trigger message sent by MT i includes the candidate network set of MT
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I, which is denoted by «;. The MT i will scan and select one BS with largest pilot

signal power in each network to represent each network. After selecting one BS in

each network, the MT i will decide its candidate network set %, by satisfying

PI,>PI’ (2.24)

where PI; is the pilot signal power of network j, and PI; is a required pilot signal

power of network j. Besides, GSM network (j=1) can only serve the MTs with voice
traffic class (h=1). In other words, GSM network cannot be included in the candidate
network set of MTs with video, HTTP, and FTP traffic class (h=2, 3, 4). Therefore, the

candidate network set of each-MT I in the vehicle is given by

25)

i

{j‘PIj >Pl;, 1< j<4}, for the M Ti with voice traffic; @
~ [{j|P1; =PI}, 2< j<4}, for theMTi with video, H T TR F T Ptrafi =

During the group handover decision, the serving network will decide the target

network for each MT from the candidate network set of each MT in the handover

group. The target network decision result of MT i is denoted by sj, 1<i< |9vz| . All the

s, forms a target network decision vector which is denoted by s, where

S=[s,s, ... S\M]' If the serving network decides to let MT 1 handover to network j, the

value of s; will be set to j, j=1, 2, 3, 4. If the serving network decides to block the MT
i, the value of s, will be set to 0. The reason why a MT will be blocked by the
serving network are that, there is no network that can satisfy the QoS requirements of
the MT in the handover group, or there is no network that can provide enough loading

capacity to accept the MT in the handover group.
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Chapter 3

Simulated Annealing Based Group
Handover Decision (SA-GHOD)
Scheme

In this chapter, we propose a simulated annealing based group handover decision
(SA-GHOD) scheme to solve the group handover decision problem. The goals of
SA-GHOD scheme are to-minimize the group handover blocking ratio, improve the
load balancing of heterogeneous network, reduce the number of handovers, and
provide a good QoS for each MT. The group handover decision problem will be
formulated to an optimization equation first. Then we will introduce the simulated
annealing (SA) algorithm. Finally, the simulated annealing based group handover

decision (SA-GHOD) scheme will be proposed to solve the problem.

3.1 Problem Formulation

In the group handover decision problem, we need to select the appropriate target
network for each MT in the handover group. Firstly, we consider the group handover
blocking ratio in the handover group. The handover blocking will occur when all the
candidate networks of a MT cannot provide enough loading capacity, or all the
candidate networks of a MT cannot afford the QoS requirements of this MT. The
serving network will calculate the value of group handover blocking ratio before
making the group handover decision. If the group handover blocking ratio is high,

many MTs in the handover group will be blocked by the serving network.
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Secondly, we consider the balance of loading between every target networks.
From the view point of one operator who own the four different wireless networks, if
a network is overloaded and cannot accept any new MT while other network at the
same area is underutilized, it will affect the operator's revenue. Load balancing among
networks will improve radio resource availability and provide better quality of service
for MTs as well.

Then, frequently performing handover may cause some severe disadvantages in
the perspective of single MT. For example, it leads to heavy processing loads, causes
more delay in the processing of handover requests, and increases the chance that a call
will be denied access by a BS. In order to reduce the circumstance of frequent
handover, a BS with large cell range will be considered in the group handover
decision.

Finally, we consider that guaranteeing the quality of service (QoS) for each MT.
Because there are four different traffic classes of MTs in the handover group, the
group handover decision needs to satisfy the requirements of different kind of MTs.
The serving BS will communicate with the candidate networks of each MT to get the
quality of candidate networks, including the average packet delay, the average packet
dropping rate, and the average transmission rate. Therefore, the serving BS can select
a target network which ‘may provide a better QoS according to these quality

parameters.
The group handover decision problem is formulated as follows

s" =argmin f (s), (3.1)

subject to the QoS constraints:
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Py, T AP Sp;h' VieM,s; X,
d, ,<d;, p,» <P, for MTiwith traffic typeh=1or2,s e,
R, , >Ry, for MTiwith traffic typeh =30r4,s e x;,

and the system constraint:

Pj +ZApi,j Spﬁh, 1=12,3,4,

leM;

where f(5) is the cost function, which will be defined in section 3.1.1. 5 is the

optimal solution of the group handover decision problem. The d. ., p,,,and R, ,

are the average voice/video packet delay, the average voice/video packet dropping

rate, and the average HTTP/FTP transmission. rate of network s., respectively. The

p. is the load intensity of network s,. During the group handover decision, the

serving network will communicate with all candidate networks to get the above four

information. The d; is the upper bound of the HOL packet delay of the MT with
traffic class h. The p, is the upper bound of the packet dropping rate of the MT with
traffic class h. The R, is the minimum required average transmission rate of the MT

with traffic class h. The ., is the handover group subset, where

M, :{i|si = j,1 e M}. The handover group subsets M, M,,M,, and M, contain the

MTs that are going to handover to network 1, 2, 3 and 4, respectively. The MTs in

subset 9, will be blocked by the serving network.
The constraint p, +Ap;; < p;“ IS to assure that the target network of the MT i

in the handover group must have enough capacity to accommodate it. For the MT i
with voice or video traffic (h = 1 or 2) in the handover group, we hope that the MT

have enough QoS after group handover. Therefore, the average packet delay of the
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target network needs lower than the delay requirement of the MT (d, , < d;) and the

average packet loss rate of the target network needs lower than the requirement of

packet loss rate of the MT (p, ,, < p,). For the MT with HTTP or FTP traffic in the

handover group, the joinable network constraint R, > R, is to assure that the

average transmission rate of the target network is larger than the minimum
transmission rate requirement of the MT. The network loading constraint illustrates

that the load intensity of every network cannot overloaded after the group handover.

3.1.1 Cost Function

For agiven §, it hasa corresponding cost function f(S) which is defined as
f(5) =B(5) +W(5) + L(3), (3.2)

where B(S) denotes a group handover blocking factor, W (S) denotes a dwelling
time factor, and L(S) denotes a load balancing factor. The contents of these three

factors will be described below.

(1) Group Handover Blocking Factor
For a given target network decision vector §, we can get the 