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BER/COVERAGE/RELAY STATION/WIMAX

WIMAX (Worldwide Interoperability for Microwave Access) is a wireless
technology that provides a high data rate and a wide coverage range, which is based
on IEEE 802.16 standard. IEEE 802.16j has adopted the use of relay stations in order
to extend the coverage range and improve the shadowing spot. This can save the cost
of cable because the interface between base station and relay station istotallywireless.
Consequently, the quality of data transmission is influenced by distance and
surrounding between base station and relay station. To defeat this impairment, the
WIMAX standard employs data and channel encodings. From literature, there are
many works dealing with Jocating the relay stations without the concern of bit-signal
quality. In this thesis, the study of coverage range in WiMAX system based on bit
error rate consideration has been presented. All data and channel encoding in physical
layer of WiIMAX have been investigated and modelled for locating the relay stations.
Moreover, the mathematic solutions to find the relay stations under bit error rate
constraint have been proposed. The outcome of this thesis is helpful to design the

preliminary locations for relay stations based on requirements of bit error rate.
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2.44 Pilot Symbols
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2.5.2  HUVD1a94 Path Loss Modified Stanford University Interim (SUI)
a { a ! a
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7 @9 Path Loss Exponent Taglinaaaunisn (2.25)

V= (a —bh, + hij
b (2.25)

h,

~ A a X a
Iﬂﬂ‘ﬂ o mmqwaﬁ’fmugmﬂmwuﬂu (10 URT < hb > 80 LUNT)

a byazc  foAneh Fagldanmaei 2.3

A157199 2.3 Ua@A9A1 SUI Terrain

Constant Terrain A Terrain B Terrain C
A 4.6 4.0 3.6
B 0.007 0.007 0.0065
C 12.6 17.1 20
Taon d AD 2L NTEUINEDUFIUNUAT 05V TRy 10 (4 2do
do  foiAn 100 wms
Xf A . = Y A
A9 Frequency-Correction Factor Tagiaaaaumsi (2.26)
f
X, =6log |—— (2.26)
2000
Taogd T doaiwd
Xs &0 Correction Factor M5UAMNFI0UAT 05U A yu 1M
hm ) [
X, =-10.8log | — @131 Terrain Type a llag b (2.27)
2

b

h
X, =-10.8log (—mj @13 terrain type ¢ (2.28)
2
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2.5.3 RMS Delay Spread
1 I = o dy
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A1 RMS Delay Spread AU

T =T,d°Y (229)
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=D.
o

Tag Ao szezn1lumied Tawas

= 1 A T A d :1 LA v
19 AURAYUVDY "M NISYT AN, € UMTEUIN 0.5-1

Y fo amusdsiuved Log-Normal

2.5.4 Fade Distribution ‘ﬂ%’e) K-Factor

o { o [ a
dyanunluBiapaL 92 NaNYLASHINIIDUTIFIU (Ricean Distribution)

v £
g v aHA 0 o

Fawnaiine s Ny UeIMILINLIILLVIIAD A1 K-Factor #a@mnsnuaasdiuilsznouma

A g o A . A I a A A 1 o
nlunuvszan (Fixed) ERBIIRISIREEIOR (Scatter) ﬁ]"lﬂNﬁﬂ”li‘l/lﬂa’fNVI‘]JiL’Jm?J"l’ﬂuiﬁ
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v Y H
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Y 2
NHAMINADIUTINITOHIAT K-Factor 1aaa1

K = FSFh FbKodJ/U (230)
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A A a2 9
TagN  F, A9 Factor NUUBENUYY 1ag F, =1 lugaiou F, =2.5 luggriun

VANVUFIVOITIEDINMANIATL Ta8 F, = (h/3)%%

d
A d'd%’ 1
F, A8 Factor NYUDY
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a 23 v o A A o~ o6
Fo A8 Factor NYUDBYNUAINNUNINUYNAAAU BINAT Fy = (b/17)™
Ko Uag y Ao Regression Coefficient a4 Ky =10, =-0.5
A o A A 0w =
u Ao aautls Log-Normal NUANURAYNINUY 0 dB UASANMMUIUDUNINTIIU
uAuNA 8 dB

y Ao A 3U39UUD9 Log-Normal

2.5.5 Antenna Gain Reduction Factor (GRF)
Y

Factor H1Hd M5 UN915 011 link budget ¥o9@1881MANIASY VINHANTNARD
Maluisnauruiies TasnnugavesageMananitigiuga 43 a3 a1801MANNIASTUga
5.2 104 1Az 165 1WA LAZE1891M1AAIASULAIMN T 19ved1ndY 10° 15 UAT GRF
H Y H
NA1801N1ANIATUGI 5.2 1005 WULANNINY 10 dB d9UA1 GRF NA180101ANIATUGY
10.4 19z 16.5 W03 3zUA)321101 7 dB

25.6 HUUDI@OITOIT fyeu 18 Modified Stanford University Interim (SUI)
o 2 ' 1 o < = =
Tunnydiaestvzutiagduuvvesresdyaraeeniu 6 Jluuy Hagaaen
v 2

nnawgilsemeluarigonin sguiiaesininz dmiuldlunstaewassnuvy
o Y o o | Y Y 2
wauaz 19 lunmsnadeumalulagnunzaunumsdeasuuundanuy limenuniia

X 1 a J 1 A o Ay Y 9 Y
SHIATNITTULADTA N €] gmaaﬂmmmm‘umaaw%ﬂmammwu

Input Tapped Delay Output
Tx ) | Mixing | == | Line (TDL) | =) | Mixing | == > R¥
Primary or Co Matrix Matrix Matrix

channel

Interference

517 2.20 Tassardravewuuassrosdayaa SUI

Rl

' o = A ' I J
Taseadevesrosdynna SUT iuaaslugii 2.20 utsesn 1dilu 3 dau fe

1 - I @ @ J 1 @
1) Input Mixing Matrix Tudautaziduanuduwusseniadyyia

A

dunn e ldaoe1madarialodu



2) Tapped Delay Line Matrix Tuauiazihy multipath fading 6U’ENGI)"’eNf"l{J‘f,lJu

9

{ % 1 ES I v
i tapped delay line 3 tap Falunnay tap W21 U U non uniform delay LLag @RI 10818

= a A A A g I . A
UMFLINUIIUVUTITEU NI K-Factor > 0 H3olluuuuisoa (Rayleigh) Ny K-Factor = 0

! f < v o 1 [ J
3) Output Mixing Matrix Tugauilagiluanudunussenindygraemyn

A Y o Y
1/]1]ﬂ'lii‘]fﬁWEJ@Wﬂ'lﬁﬂ'lﬂTlJﬁﬂWfl@u

AUMMTIIADIA1N 7 YOI¥OsF YR SUT (Erceg et al., 2001) d1un5oagil

Y v P~ =3 P~
vlﬂﬂ\‘lﬁ'li'l\?‘ﬂ 2.4 DM 1NN 2.10

{ ' a S ' )
@nﬁ’]ﬂ‘ﬁ 2.4 AMWITTUNDTIAN €] VOIBDY YUY SUI

Uszinnueagiiilszimer suvuYeIdy v SUI
C SUI-1 SUI-2
B SUI-3 SUI-4
A SUI-5 SUI-6
f1 K-Factor ﬁ 1
Doppler Low delay spread Morderate delay spread High delay spread
Low SUI-3 SUI-5
High SUI-4 SUI-6
f1 K-Factor (4p)
Doppler Low delay spread Morderate delay spread High delay spread
Low SUI-1 SUI-2

High

I
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M1519% 2.5 MTimesa1e q Tugesdayana SUT 1

SUI-1 Channel

Tap 1 Tap 2 Tap 3 Units
Delay 0 0.4 0.9 1S
Power (omni Ant.) 0 -15 -20
90% K-Fact. (omni) 4 0 0 dB
75% K-Fact. (omni) 20 0 0
Power (30° Ant.) 0 -21 -32
90% K-Fact. (30°) 16 0 0 dB
75% K-Fact. (30°) 72 0 0
Doppler 0.4 0.3 0.5 Hz
Ant. Corelation : PENY =07 Terrain Type : C

Gain Reduction Factor : GRF =0dB
Normalization Factor : Fympi = -0.1771 dB

Fapo = -0.0371 dB

Omni Antenna : trMs = 0.1115
Overall K : K=3.3 (90%); K=10.4 (75%)
30° antenna : TRMs = 0.042u8

Overall K : K=14.0 (90%); K =44.2(75%)
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A5 2.6 MMM sA1e 9 Tugesdayana SUT2

SUI-2 Channel

Tap 1 Tap 2 Tap 3 Units
Delay 0 0.4 1.1 1S
Power (omni Ant.) 0 -12 -15
90% K-Fact. (omni) 2 0 0 dB
75% K-Fact. (omni) 11 0 0
Power (30° Ant.) 0 -18 -27
90% K-Fact. (30°) 8 0 0 dB
75% K-Fact. (30°) 36 0 0
Doppler 0.2 0.15 0.25 Hz
Ant. Corelation : PENY =05 Terrain Type : C

Gain Reduction Factor : GRF = 2dB

Normalization Factor : Fyyni = —0.393 dB

Fzpo = —0.0768 dB

Omni Antenna : trMs = 020215
Overall K : K=1.6 (90%); K =5.1(75%)
30° antenna : TRMs = 0.069us

Overall K : K=6.9 (90%); K=21.8(75%)




M519% 2.7 MWTime a1 q Tugesdayana SUI 3

SUI-3 Channel

Tap 1 Tap 2 Tap 3 Units
Delay 0 0.4 0.9 18
Power (omni Ant.) 0 -5 -10
90% K-Fact. (omni) 1 0 0 dB
75% K-Fact. (omni) 7 0 0
Power (30° Ant.) 0 -11 -22
90% K-Fact. (30°) 3 0 0 dB
75% K-Fact. (30°) 19 0 0
Doppler 0.4 0.3 0.5 Hz
Ant. Corelation : PENY =04 Terrain Type : B

Gain Reduction Factor : GRF = 3dB
Normalization Factor : Fypnj = -1.5113 dB

Fzpo = -0.3573 dB

Omni Antenna : TRMs = 0.2645

Overall K : K=10.5(90%); K=1.6(75%)

30° antenna : tTRMs = 01238

Overall K : K=2.2(90%); K=7.0(75%)




A1519% 2.8 MMTIme a1 q Tugesdayana SUT4
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SUI-4 Channel

F3Oo =

Normalization Factor : Fyypni =-1.9218 dB

-0.4532 dB

Overall K : K =0.2 (90%);

30° antenna :

Overall K : K = 1.0 (90%);

Tap 1 Tap 2 Tap 3 Units
Delay 0 1.5 4 1S
Power (omni Ant.) 0 -4 -8
90% K-Fact. (omni) 0 0 0 dB
75% K-Fact. (omni) 1 0 0
Power (30° Ant.) 0 -10 -20
90% K-Fact. (30°) 1 0 0 dB
75% K-Fact. (30°) 5 0 0
Doppler 0.2 0.15 0.25 Hz
Ant. Corelation : PENY =03 Terrain Type : B
Gain Reduction Factor :GRF =4dB Omni Antenna : tRMs = 125718

K =0.6 (75%)

TRMS = 0.563/.&5
K =3.2(75%)




M1519% 2.9 MTime a1 q Tuvesdaaa SUL S

SUI-5 Channel
Tap 1 Tap 2 Tap 3 Units
Delay 0 4 10 1S
Power (omni Ant.) 0 -5 -10
90% K-Fact. (omni) 0 0 0
dB
75% K-Fact. (omni) 0 0 0
50% K-Fact. (omni) 2 0 0
Power (30° Ant.) 0 -11 -22
90% K-Fact. (30°) 0 0 0
dB
75% K-Fact. (30°) 2 0 0
50% K-Fact. (30°) 7 0 0
Doppler 2 1.5 2.5 Hz
Ant. Corelation : PENY =03 Terrain Type : A
Gain Reduction Factor : GRF =4dB Omni Antenna : TRMS = 2.842u8
Normalization Factor : Fynj = -1.5113 dB Overall K : K=0.1(90%); K=10.3(75%)
Fao° =-0.3573 dB K=1.0(50%)

30° antenna : TRMS =1.27645

Overall K3 K =0.4 (90%); K=1.3(75%)

K=4.2(50%)
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M1519% 2.10 Awiime A o lusesdaqia SUI 6

SUI-6 Channel
Tap 1 Tap 2 Tap 3 Units
Delay 0 14 20 73
Power (omni Ant.) 0 -10 -14
90% K-Fact. (omni) 0 0 0
dB
75% K-Fact. (omni) 0 0 0
50% K-Fact. (omni) 1 0 0
Power (30° Ant.) 0 -16 -26
90% K-Fact. (30°) 0 0 0
dB
75% K-Fact. (30°) 2 0 0
50% K-Fact. (30°) 5 0 0
Doppler 0.4 0.3 0.5 Hz
Ant. Corelation : PENY =03 Terrain Type : A
Gain Reduction Factor : GRF =4dB Omni Antenna : TRMS = 524018
Normalization Factor : Fynj = —0.5683 dB Overall K : K=0.1 (90%); K=10.3(75%)
Faoe =-0.1184 dB | K= 1.0 (50%)

30° antenna : TRMS = 2.3708

Overall K3 K=0.4 (90%); K=1.3(75%)

K=4.2(50%)
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2.6 MmNt uIUUYS UM (Adaptive Modulation and Coding : AMC)
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Abstract—WIMAX is an IEEE802.16 standard that provides a
high speed transmission with wide coverage range. In IEEE
802.16j, the multiple Relay Stations (RS) are added to employ
multihop links for WiMAX systems to extend coverage range and
capacity. Many works in literature concern the RS locations
based on the effective cost and the opfimum user capacity. Most
of them assumed the lossless transmission between RS and Base
Station (BS). Consequently, the distance hetween RS and BS has
no effect on localing RS. Iowever, the real performance of
WiMAX signals has to take the physical link between RS and BS
into account. Therefore, this paper proposes the design of
suitable RS distances (o provide the required Bit Error Rale
(BER) in coverage range. The results indicate the importance of
designing relay distances, Also this paper reveals the method to
design the suitable RS location under BER. consideration.

Keywordst; WiMAX; 802.16; Relay; BER; coverage; distance.

I INTRODUCTION

WIMAX  (Worldwide  interoperability  for  Microwave
Access) is a wireless networking standard which target for
addressing interoperability across IEEE 802,16 standard-based
product. In the first place, the [ELE 80216 standard was
designed to address commumecation with'diteet visibility n the
frequency band [rom 10 to 66 Gllz. The amendment 802 16a
[1]-4] working in a lower frequency, between 2 and 11GHz,
because the communication on IEEE 80216 standard at high
frequency 18 difficult to non-line-of-sight transmission. The
IEEE 802.16d [5] specification is a variation of the fixed
standard (IEEE 802.16a) with the main advantage of
optimizing the power consumption of the Subscribers (S3).
This amendment was also known as 802.16-2004 n view of
fact that 1t was released m 2004, The IEEE 802.16e [6] 15
amendment to the 802.16d based specification with target to
both fixed and mobile communications. This standard also
knows as 802.16-2005 in view of fact that 1t was released in
2005. The IEEE 802.167 [7] specification is the multthop relay
for extension of IEEE 802.16 to support relay mode operation.
An RS will increase the coverage, to enhance the throughput
and QOS of the WIMAX system.

I'rom literatures [8], there are three categories of RS to be
implemented for WIMAX system. Firstly, Amplify and
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Forward (AF) RS 15 a very simple RS and provides a very short
delay. This AF system 1s an RS that amplifies the received
signal and immediately forwards it to subscribers or BS
without modifying any signals. The drawback of this type is
that 1t has to also amphly nose mixed mto the amphlied
signals. The second category 1s a selective DeCode and
Forward (1IDCF) RS. This station performs channel coding by
using cyclic redundancy check (CRC) and forwards a new
signal to subscribers or BS. This RS type can avoid error
propagation through the RS, but the processing delav 15 quite
long. For the last category, DeModulation and Forward (DMEF)
RS is the station that performs the demodulation task and
forwards a new signal to subscribers or BS without decoding,
The complexity of DMF lies between AF and DCE. In this
paper, the authors focus on DCF type only because this RS
provides the best performance in comparing with the others.

The research on RS in WIMAX systems has been widely
presented in literatures. In [9), the investigation of heuristic
algorithm to_ find number and position of RS has been
proposed. In'[10], the stochastic programming formulation 15
developed 1o find the best RS position. Instead, the authors n
[11] use the-nteger programming problem to [ind the optimum
BES and RS based on the user requirements. In [12], the least
amount and position of RS can be found by using heuristic
algorithm. However, all of them assume the perfect
transmission between RS to BS as a lossless link. This is not
practical because the distance between RS and BS causes the
attenuation of desired signals. Then the power ratio between
desired signals to noise 15 ncreased and degrades the BER
performance.  Although the DCE type 15 chosen lo be
implemented at KS but still the unlixable it error 15 forwarded
to BS. In this light, the paper presents the design of relay
distances for multthop WIMAX systems based on BER
consideration. This design reveals the practical range between
RS and BS to maintain the lossless region for finding the
optimal RS locations.

The remamder ol this paper 15 orgamzed as lollows. In
Section II, the explanation of all models used for IEEES02.16;
systems 15 given. Then the desipn of relay distances is
presented in Section III. In this section, the analytical formula
of BER performance is provided. This formula ground basis of
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distance design for multihop WIMAX system. The results and
discussion 1s described in Section TV. Finally, the main point of
this paper is concluded in Section V.

1. SYSTEM MODELS FOR WIMAX SIMULATION

The models of WiIMAX system are based on the TEEE
802.1¢) standard as well as the common information for
cellular systems. Figure 1 shows the block diagram of
WIMAX system. The basic parameters are given in the

followings [13], [14];
Frequency Bands: 2.5GHz
BS high: 80m.
RS high: 30m.
User high: 2m.
Band Width: SMHz
Radio Technology: OFDM with 256 subcarriers
Cyelic Prefix: 1/4Data Randomization

The randomization process 1s the converted information
bits to improve the coding performance. The other details for
simulating WiMAX signals are given in the following sections.

A. Forward Error Correction (FEC)

In WiMAX system, FEC consists of concatenation of Reed-
Solomon outer code and a rate compatible convolution inner
code. Reed-Solomon encoding is the process of adding
redundancy bits to the data sequence. The redundancy bits help
in correcting a block error that occurs during transmission of
the signal This encodmg 1s based on Galois Field
computations to do the calculations of the redundant bits. In
WIMAX system, it uses a systematic RS (n=225, k=239, t=§)
code based on GF (2%)

n =number of bytes after encoding
k =number of bytes before encoding
t =number of bytes that can be corrected

The convolution encoding is the process of adding binary
convolution encoder to correct the random errors in the data
transmission. The generator polynomials are used to obtain
their two output code bits, named as X and Y These generatot
polynomial codes are:

A =171, =1111001 binary for X
B =133, = 1011011 bmnary for Y

TABLE I. WIMAX MODULATION AND CODING SCHEMES

Input bits

Y

Randomizing

A
Channel
Coding

A
Pilots Symbol

" » .
Insertion mapping

v

Qutput Bits
Iy

Derandomizing

i

Channel
Decoding

'y

Symbol
Demapping
A

Channel
Equalizer

Channel
Estimate

AMC | Modulation | RScode | dcefa " cg:srrz'tle
1 BPSK (12,12,0) 1n 1
? QPSK (32.24.4) " 1
3 QPSK (1036,2) /6 3
4 16-QAM (6448.4) " 17
5 16-0AM (80,72.4) 56 34
6 64-QAM (108.96,6) 34 20
7 G-QAM | (120,108,6) /6 304

Add Cyclic IFFT A A
Prefix

Pilots

FFT Extraction

i

Path Loss + Multipath Remove
Fading Chanel + AWGN Cyclic Prefix

Figure 1. WiMAX system block diagram

B. Interleaving

Interleaving 15 a simple process to spread a burst data error
and reduce the error concentration. For WiMAX systems, the
interleaving process employs 12 interleaving levels.

C. Modulation

The wireless systems usually employ a modulation scheme
to map the coded bits for the purpose of including higher
spectral efficiency, powerful error correction techniques,
resistance. to channel impairments, more efficient multiple
access strategies, better security and privacy. For WiMAX
system, four types of modulations are considered. These are
BPSK, QPSK, 16-QAM and 64-QAM. The 64-QAM
techniques provide the highest speed data rate but having the
least capability to resist noise and mnterference. On the other
hand, BPSK modulation gives the lowest speed data rate but
providing the best resistance to noise and interference.

D. Orthogonal Frequency Division Mulfiplexing (OFDM)

OFDM is the key technology to increase data rate
transmission under multipath fading channels. OFDM 15 a
Multi-Carrier Modulation (MCM) scheme in which a channel
is divided into many subchannels or subcarriers. With this
operation, the system is able to endure Inter Symbol
Interference (IST) while protecting immunity to multi-path and
having less sensitivity to frequency selective fading, The
baseband signal is given in (1).

1

x[n] = ﬁzgvgol){[i]ef“m'/’”,0 <n<N-1 (1)
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Where x[#] 1s a sampled signal in time domain, X[7] is a
received signal in frequency domain and N is number of
subcarriers.

E. Path Loss

The path loss is the attenuation of signals due to the
distance between transmitter and receiver. This paper adopts
the model in [15]. For the link between RS to BS and RS to
RS, the path loss 1s modeled by free space loss as expressed in

.

Ply =324+ 20logyq dyy, + 20l0gyg frgm, (D

For the link between BS to user and RS to user, the SUI
path loss [15] model is used as given in (3).

Pl = A+ 10y logys (S) + X, +X, 45 ()
0

In this paper, the authors select the terrain type B and SUIL-

3 for simulation. The reason is on the outdoor scenarios with

similar consideration as cellular network. The parameters of
SUI-3 model are depicted in Table T1.

TABLEII. SUI-3 CHANNEL MODEL PARAMETER

Tap1 Tap2 Tap3
Delay (ps) 0 04 0.9
Power (dB) 0 -5 -10
K factor (dB) 1 0 0

1. DESIGN OF RELAY DISTANCES

In order to design the relay distance, the BER performance
has to be firstly realized. This paper uses an analytical model
describing the relationship between BER and SNR in [16].
Note that the modulation type of WiMAX system in this
section focuses on BPSK only. This is because-the ,other
modulations can easily follows all steps in this section ‘by
replacing the relationship between BER and SNR to be their
modulation types. For BPSK modulation, the relation 1s
expressed as

P, = QVZSNR ®)

Where P, is the probability of bit error which is implied to
BER, SNR is the signal power to noise power ratio. In (2), the
SNR is resulted by path loss, multipath fading, and noise
effects. For multthop link, it is obvious that the part of
calculating signal power is to be modified by including the path
loss between RS to BS and RS to user. The illustration of
WIMAX systems with and without RS is depicted in Figure 2.
As shown in Figure 2 (a), the probability of bit error P, can be
given as shown in (3).

I —
Py = QJ PNlO(A+10ylng1o(d%)+xf+xb+5)/1°

3)

Where Pgy 1 the transmitting power of BS (consider
downlink) and P, is the noise power.

For multihop link shown in Figure 2(b), the expression in
(3) has to be modified by dividing the distance to be subsection
according to BS to RS, RS to RS and RS to user. For example,
the probability of bit error for one RS is written in (4) and for
two RS is given in (5). Note that the probability of bit error
depends on the type of RS which this paper employs DCF type.

Py = P,(BS to RS,) + P,(RS, touser) (da)
2Pgs

(324420108 Dpgq+20108f)
Pyl10 10

B=0 +

2P s,y

d-D
(A+10y10g10< dfsl

Pyl0 )

(4b)

)+Xf+Xb+S)

Py = Py(BS to RS,) + P,(RS, to RS,) + P, (RS, touser) (5a)

2P
(22.4+20l0g Dgg;+20l0gf)
Pyl 10

Pb=Q +

2PRsgy +
Q (32.4+2010g(Dg57=Dps1) +2010g f)
P10 10

2P s,
T-Drs,

(A+10y logyg (T)+Xf+xb+s)
Pyl0

(3b)

10

Where d 1s the distance between BS to user, Dy 15 the
distance between BS to RS, and Dy, 18 the distance between
BStoRS,.

In addition, the effect of channel coding (Reed-Solomon) is
also.taken into account by evaluating BER from P, given in

GHE[16]as

1 . : nei
BER = =Y i {; ) /1 =R ©)

»)) \R(? st RS2nd

) (|

(b)

Figure 2. WiMAX systems (a) without relay station ( b ) with relay stations.
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Figure 3. BER vs EWNO for all modulation schemes in WiMAX standard.
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Figure 4. BER vs Distance for all modulation schemes in WiMAX standard.

From (3) to (6). it can be easily noticed that the relay
distance is the main parameter to determine BER. However,
the relationship between relay distance'and BER is.not a direct
linear function. Therefore, in order to design (hé relay
distance, the use of simulation programming is introduced. By
setting the target of BER, the iteration of relay distance can be
oradually increased until reaching the target.

IV, REsuLTS AND DISCUSSION

All simulations are performed by using Matlab programs.
Al First, the 88 data bits are randomly generated for BPSK
modulation. Next we use the function in Matlab named as
rsenc(msg,N,K,varargin) to perform Reed-Solomon encoding
with the output of 96 bits (8 code word bits). Later, the 96 bits
are input of viterbifmsg, template,Ix) in order to perform
Convolution encoding. At this stage, the output of data stream
is 192 bits. Next, the task of interleaving 192 bits is carried on
by using inirlv(data,elements). Now. it 1s ready to change the
data in form of bit information to be symbols. For BPSK, the
number of bits is equal to the number of symbols. The
function to modulate data is called as pskmodix M) in which
pskdemodyxM) 1s a function to demodulate signal.

10
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Figure 5. BER vs Distance of 1 RS WiMAX system for vanous distances of
RS location,
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Total of data symbols are 256 symbols which is the input of
IFFT process to perform OFDM. After that, it provides 256
OFDM symbols in which the cyclic prefix with size of 1/4 of
OFDM symbols is added. In all simulations, the results are
presented by averaging over 3000 rounds.

Figure 3 shows the effect of SNR to WiMAX physical layer
simulation. This paper displays Eb/NO instead of SNR because
most of the work regarding BER performance concerns Eb/NO
(independency from modulation). Tn addition, the value of
EbNO 15 directly proportional to SNR. As seen in this figure,
the results are similar to many work presented m literature.
This confirms the reliability of our own developing
programming.

To focus on relay distance, the simulations are performed
by changing the distance between BS to user. The path loss 13
the important key parameter to link between distance and BER
performance. As observed in Figure 4, BER increases as a
function of distance for all modulation types. This is due to the
fact that the signal power is reduced by the loss of path
distance. Consequently, the decrease of SNR causes the chance
of bit errars to be increased. The results also reveal that the RS
has a limit distance to be installed without bt errors.

Figure 5 presents WIMAX system with 1 RS for various
distances between BS and RS. It is obviously seen that the use
of RS can extend the range of coverage. However, there 15 a
limit distance to be aware of RS installments. Some works in
literature assumed any distances between RS and BS providing
a lossless and error free range. In contrast, the results in this
figure show the error free range of installing RS up to 800 m
only. After that, the error does exist and this effect gets more
severe if relay distance is larger. Figure 6 shows the same
nvestigation as Figure 5 but with 2 RS consideration. Tt can
be noticed that using 2 RS can extend longer range than 1 RS.
However, the results still provide the same conclusion of
limited distance as the results shown inFigure 5.

The example of designing relay distances 1s presented in
Figure 7. The results show the BER performance of WiMAX
system with no RS, 1 RS and 2 RS. The BER target is set at
10* and then using computational method to find the relay
distances for | RS and 2 RS. The solution is 300m for 1 RS
and 500m, 900m for 2 RS. It can be observed that the BER
performance of no RS reaches 10 BER at 450m. By using
relays, the coverage range extends to 850 m for 1 RS and
1350m for 2 RS.

V. CONCLUSION

This paper indicates the effect of relay distance for
multihop WiMAX system. The results also reveal the limited
distance of using RS to extend coverage range without error.
This 1s important because most works in literatures neglect
and assume the relay distance without limitation. Also in this
paper, the example of design method to achieve the relay
distance according to BER target has been presented. The

results help the WiMAX engineers to realize the real
performance of using multiple relay networks.
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