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On the Quality of Service Optimization
for WiMAX Networks Using Multi-hop Relay Stations

Chutima Prommak and Chitapong Wechtaison

School of Telecommunication Engineering, Suranaree University of Technology
Nakhon Ratchasima, Thailand, eprommak@sut.ac.th

Abstract. Network quality of services and the limitation of network installation
budget are important concerns in the widespread deployment of mobile
WIMAX access networks. This paper presents a novel quality of service
optimization model for WiMAX networks utilizing multi-hop relay stations
with special considerations of network budget limitation. The proposed model
aims to optimize the network quality of services in term of the user access data
rate guarantee and the radio service coverage to serve potential user traffic
demand in the target service area by determining optimal locations to install
base stations and relay stations in the multi-hop manner. The numerical results
and analysis show that the proposed model can improve the user access data
rate and enhance the network service coverage compared with other existing
techniques.

Keywords: Network quality of services, Network optimization, WiMAX,
Access networks, Network planning, Wireless networks,

1 Introduction

WIMAX (Wireless Interoperability for Microwave Access) network technology has
become potential solutions to bring broadband internet access to people in the remote
area where wired network infrastructures cannot reach [1), [2]. With the support of
the IEEE 802.16j standard, onc can deploy the network topology using multi-hop
relay stations (RSs) to enhance services of the base stations. As illustrated in fig.1,
R8s can provide coverage extension to the cell boundary area, the shadowing area and
the coverage-hole area [1], [2]. To enable network operators to provide low cost
coverage with the quality of services guarantee, there is a need for an efficient
network design.

Several works have devoted to the studies of the performance improvement of
wireless networks and the wireless network design problems. In [3], the authors
proposed an adaptive cross-layer bandwidth scheduling strategies for the hierarchical
cellular networks. [4] presented a study of the baseband transceiver for WIMAX
[EEEB02.16d. Research works in [5-16] dealed with the wireless network design
problems. [5-7] presented the studies of the radio network planning for cellular
networks. In [8-12], the authors considered WiMAX radio network planning and



presented the practical network deployment with performance analysis and
evaluation. Although the results gave insight of the real network performance, the
mathematical model was not used to optimize the network installation. Later works in
[13-15] proposed mathematical models for the base station (BS) placement problems.
The cobjective was to minimize the network cost but the multi-hop relay topology was
not considered.

In [16], the authors proposed an integer programming formulation dealing with the
BS and RS placement problem for the WiMAX multi-hop relay networks. The
objective was to determine the locations of BSs and R8s by minimizing the network
cost and the normalized path losses between the user demand locations and BS/RS
locations. While their contribution is significant, the proposed planning method could
not provide quality of services guarantee. For this reason, efficient WiMAX network
planning techniques are needed.

In our paper we propose a novel WIMAX network planning approach, accounting
for the quality of services guarantee in the design process. Specifically, we aim to
solve the BS and RS placement problem for the WiMAX networks that can maximize
the network quality of services in term of the network service coverage and the access
data rate to the target users by deploying not only the BSs but also the multiple hop
RSs in the WiMAX networks.

The rest of the paper is organized as followed. Section 2 provides the problem
definition and describes the problem formulation. Section 3 presents numerical
experiments and comparisons. Section 4 demonstrates network planning experiments
in real service scenarios. Finally, section 5 concludes the paper.

2 Quality of Service Optimization for WiMAX Networks

The problems of quality cf service optimization for WiMAX networks are defined
and mathematically formulated as follows:

Highway caverage 5??
d;—"‘ o Do ;'_“’*-.h
T -,

Fig. 1. Relay station deployment in WiMAX networks



2.1 Problem Definition

In the WiMAX network planning, we consider the probiem of maximizing quality of
services of the network by determining the optimal locations to install BSs and RSs.
We denote the proposed problem as a MQoS problem which involves selecting
locations to install the BSs and the RSs from candidate sites of BS and RS,
respectively, so that the network quality of services in term of the user data rate
guarantee and the radio service coverage are maximized for a given budget limitation.
In particular, here the multiple-hop network configuration is formed in the way that
the users can access the network directly through the BSs or indirectly via the RSs
which connect to the BSs.

[n the network pfanning model, we consider that BSs and RSs operate at the same
transmitting power (a specified value). We consider that the user demand i1s modeled
by Demand Points (DPs) which represent the geographic distribution of the expected
user traffic in the service area and the target service area is represented by a set of
discrete grid points called Signal Test Points (STPs} at which the received signal
strength is tested. The network quality of services in term of the user access data rate
and the network service coverage are incorporated n the model via the received
sensitivity requirement at DPs and STPs, respectively. Such requirements in turn
provide the user access rate guarantee.

2.2 Problem Formulation

The problem of network quality of service optimization for WiMAX networks is
formulated as an integer linear programming model, denoted as a MQoS model. Table
I defines notations used in the model. The notations consist of sets, decision variables
and parameters.

The proposed model aims 10 devise the optimal WiMAX network configuration
deploying multi-hop relay stations and maximize the network quality of services in
term of the service coverage availability and the user access data rate guarantee.
These can be mathematically written as the objective function (1).

d

i
Maximize Z(u,” TV, )+ Z(Xq, Y, (H

h=l 2=l

The network design requirements, such as signal quality, nser data rate and the user
distribution characteristics, arc incorporared into the mathematical model through four
sets of constraints, denoted C1, C2, C3 and €4, C1 15 a constraint that put a budget
limitation on the network construction cost. C2 consists of constraints that ensure the
signal strength level in the target service area. C3 is a set of constraints that specify
the access data rate requirement to population of the target network users. The last set
C4 consists of constraints that allow multi-hep connections between mobile users and
base stations through intermediate relay stations.



Table 1. Notations

Parameters

Definition

Sets:

B8
R
b
T

A set of candidate sites to install base stations {BSs)
A set of candidale sites to install relay stations (RSs)
A set of demand points (DPs)

A set of best signal test points (STPs)

Decision
variables:

A
¥
Ly, a
Vg
.w

."g.i

A binary {0, 1} variable that equals 1 if the BS is installed at site

1.J =8B, 0 otherwise

A binary {0, 1} variable that equals 1 if the RS is installed at site
i.ieR; 0 otherwise

A binary 10, I} variable that equals | if the STP 4 is assigned 1o
BS . heTandj=B; 0 otherwise .
A binary 10, 1} variable that equals | if the STP 4 is assigned' to
RS i, heTand i R; 0 otherwise

A binary {0, 1 variable that equals ! if the DP g is assigned 10
BS, gD andj ¢8; 0 otherwise

A binary {0, 1} variable that equals 1 if the DP g is assigned to
RS i, geDund i eR; 0 otherwise

A binary 10, 1) variable that equals 1 if the RS 7 is assigned to
BS /. i=R andj<B; 0 otherwise

Constant
paramelers:

T T T R S T

= ®

£

o

=

Cost Lo instail base station 7, j =8

Cost 1o msiall relay station 7. i eR

Newwork inswitation budget

The received signal strength threshold for STPs

The received signal strength threshold for DPs

The received signal strength threshold for RSs

The signal strength that a STP A receives from BS /. AeT and j 8
The signal strength that a STP # receives from RS i AcT and i R
The signat strength that 3 DP g receives from BS /, g and j 8

The signal sirength that a DP g receives from RS 1. geD and i =R

CL: Budget limitation

SEpB+Y Er<C @

vied

Yielt

Constraint (2) specities budget lmitation on the network cost, including the
equipments and the construction cost of base stations and the relay stations required in

the netwark.

C2: Radio signal requirements

S+ Sv, <

7z

YieR

FheT (3)

o



Uy, = . ,WheT,jeB (4

iy J
Vi SV _ VheT,ieR (5)
uly(F:‘;,i AL, VheT,jeB (6)
Vi (Pm - P:)2 0 ,¥heT, ieR )

Constraints (3) — (7) specify the radio signal coverage of the network by assessing
the signal strength at each STP 4 and ensuring that the signal strength received at STP
h from BSy or RS / must be greater than the threshold P,

C3: User access data rate requirements

ngr‘ + Z«Vzﬂ <! ,VgeD [t
vich icR

Xy, <, ,VgeD, jeB b))
Yo SV WVeeD, ieR (16)
Xy (Pu —PJJZ 0 WeeD, jeB (i
J’g;(Pg,- -P,)z0 WD, ieR (12)

Constraints (8) — (12) enforce the network to accommodate the target user traffic
demand and guarantee the user access rate by specifying that the signal strength the
user at DP g receives from the BS j or the RS J is greater than the threshold P, so that
the data transmission can aperate at the required data rate.

C4: Multi-hop connections

Z“’u =7  VieR (13)
vied

w, < p, VieR, je8 (14)
WU(R,—RJEO JEeB. iR (1s)

Constraints (13) - (15) allow the multi-hop connections from a user to BS via an
intermediate RS. Constraint (13} specifies that the installed RS must be connected to
one BS. Constraint (14) specifies that the selected BS must be installed. Finally, to
ensure the radio connectivity, constraint (15) states that RS / can connect to BS  if the
signal strength received at RS / from BS is greater than the threshoid P..



3 Numerical Experiments and Comparisons

This section demonsirates the numerical experiments of the WiMAX network
planning using the proposed MQoS model. The netwaork performance is evaluated in
term of the percentage of the user data rate and the service coverage guarantee under
the specified budget limitation.

3.1 Experiment Setup

In numerical experiments, we use the design scenarios of the service area of size
3km3km as shown in fig.2. The number of candidate sites to install BSs and RSs are
20 and 60, respectively, There are 200 DPs and 256 STPs (grid size of 200mx200m).
We consider the cost of each BS and RS are $120,000 and $40,000 which are an
approximate cost from typical supphers {13]). We consider the WiIMAX standards
IEEE 802.16. Table 2 shows the parameters used in the numerical studies (see [13]
for more details). Table 3 presents the minimum received signal strength (in dBm) to
be able to achieve a certain physical data rate according to the choices of modulation
technigques. The wansnit power of each BS and RS used for the tests are 35 dBm
which are typical values used in the WiMAX networks [6].

It 15 necessary to compute the received signal strength at DPs and STPs and input
the obtained values in the MQoS model to find the optimal locations to install BSs
and RSs. This computation ¢an be done by using the propagation model. In this paper
we use the Stanford University Interim (SUI) model which is recommended by the
IEEE 802.16 10 evaluate the path loss in WiMAX networks {14-15].

% Canddrlale 28¢ a celected kRS + Test Donts
— Canddate Bss v Selected BSs + Cernard Pomts
|
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2 - -
O N T T e S AL TR 1
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251 0. e L. A
+ 0+ F o+ % o+ o+ o+ + o+ + o«
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Fig. 2, Numerical experiment setup



Table 2. Parameters used in the network planning experiments

Parameters Value
Height ¢f BSs and RSs 60 m
Height of TPs 2m
Transmitted Power 35 dBm
Transmitled antenna gain 16 dBi
Received antenna gain 2 dBi
Frequency 2.5 GHz
Terrain type C
Bandwidth 3.5 MHz
Data rate requirement for DPs 12.71 Mbps
Data rate requirement for STPs 5.64 Mbps
Cost of cach base station 120,000 §
Cost of each relay station 48,000 %

Table 3. Receiver sensitivity threshold for physical data rate requirement
{Alvarion BreezeMAX 2t 3.5 MHz)

Modulation Physical dala rate Receiver sensitivily threshold
techniques (Mbps) (dBm)

BPSK 1/2 141 -100

BPSK 3/4 212 -G8

QPSK 172 2.3 -97

QPSK 3/4 4.23 -94

QAM 16172 5.64 -21

QaM 16374 8.47 -88

QAM 64 273 I11.29 -83

QAM 64 3/4 12.7] -82

3.2 Result Comparison and Analysis

The WiMAX network planning for the considered scenarios was solved by inputting.
the set of BS and RS candidate sites and other parameters to the MQoS model and
implementtng the MQo8 mode! with the ILOG-OPL development studio. Then it was
solved with CPLEX 3.2 optimization solver. Computations are performed on an Intel
Centrino Core? Duo Processor 2.0 GHz and 2GB of RAM.

We compare performances of the network obtained from the proposed model with,
those obtained from other techniques including the Uniform BS placement (UB) and
the Estimating Approximation (EA) method. In UB, the BSs are simply distributed
uniformly across the target service region whereas in EA the center of gravity
technique is used to find the location of BSs for a set of specitied DPs. The following
shows numerical result analysis and comparisons.

Table 4 shows numerical results comparing the netwoerk planning using the MQo3S
model and that using the UB and EA method. The performance matrices used for the
comparison included the budget limitation, the number of installed BSs and RSs, and
the quality of services in term of the user data rate guarantee and the service coverage
guarantee. The results show that the MQoS model results in better network



performances in all cases of the budget limitation. Specifically, in the case where the
budget lLimitation is of 800,000 USS, the MQoS model could yield the network
confrguration that guarantees 100% user access data rate requirement and provides
100% service coverage guarantee, Fig, 3 compares the network quality of services in
term of the percentage of the user data rate and the service coverage guarantee.

To analyze the signal propagation characteristic across the service area, we apply
the SUI path loss model [14-15] in the compwation. Fig.4 shows the cumulative
density function of the received signal strength a1 STPs and DPs for the case of
budget limitation 800.000 USS. Different design techniques yield different signal
propagation characteristics in the service area. We can see that the network
configuration designed by the MQoS model yields better signal quality, i.e. stronger
signal level, at STPs and DPs compared with those of the EA and UB method. This
results in higher access data rates (0 end users,

Table 4. Numerical result comparisons

Budget limitation (USS) 400,000 800,000
Techniques MQoS uB EA MQoS us EA
Number of BSs used 2 3 3 4 6 6
Number of RSs used 3 0 0 6 0 0
Number of served DPs 157 148 1s 200 192 170
Number of served STPs 244 240 236 256 256 243
gﬂ‘::’fﬂ':‘:e USCraceess | 78.50% | 74.00% | $9.00% | 100.00% | 96.00% | 85.00%
So“v"‘e’fa“g‘zc radio service | o 310, | 93.75% | 92.19% | 100.00% | 100.00% | 94.929%

|

k /’/ AR
095.00% -
90.00% l
83.00% a/

| MQoS
800D% -7
78.00%
BA
Guoronioo Uses Dot
Rew Guamnise Senico
Covarnge

Fig. 3. Quality of service comparison



5 Conclusions

In this paper, we have studied the WiMAX network planning problem and developed
an integer linear programming mathematical model that can optimize the network
quality of services by determining optimal locations to install base stations (BSs) and
relay station (RSs) and determining optimal interconnections between BSs and RSs in
the multi-hop manner.

Numerical results show that the proposed network planning model can greatly
improve the network quality of services in term of the user access data rate and the
network service coverage compared with those of other technigues. Specially, the
proposed model could determine network configurations that result in high network
performances when taking into account the budget limitation in the network planning
processes. Qur ongoing research aims to further investigate and analyze the effects of
using multiple objective functions on the network quality of service optimization.
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