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Abstract—The coverage probability and range of IEEE 802.16 
systems depend on different wireless scenarios. Evaluating the 
performance of IEEE 802.16 systems over Stanford University 
Interim (SUI) channels is suggested by IEEE 802.16 specifications. 
In order to derive an effective method for forecasting the coverage 
probability and range, this study uses the SUI channel model to 
analyze the coverage probability with Rayleigh fading for an IEEE 
802.16 system. The BER of the IEEE 802.16 system is shown in the 
simulation results. Then, the maximum allowed path loss can be 
calculated and substituted into the coverage analysis. Therefore, 
simulation results show the coverage range with and without 
Rayleigh fading. 
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I.  INTRODUCTION 
RTHOGONAL frequency division multiplexing (OFDM) 
is the most popular wireless communication technique in 
recent years and adapted in IEEE specifications, e.g. 

802.11 and 802.16 serial standards. The coverage range of the 
802.11 system is restricted within approximately 100 m. 
Therefore, the IEEE 802.16 serial standards have been 
proposed to solve this problem. The IEEE 802.16 system has 
not only a higher data rate but also a wider transmission range; 
the maximum data rate may achieve 75 Mbps and the 
maximum coverage range may achieve 50 km [1]. However, 
in reality, the coverage range and probability vary with 
different wireless environments for an IEEE 802.16 system. 
Thus, evaluating IEEE 802.16 system coverage probability 
and transmission range before constructing a base station is 
extremely important. In [2], the coverage of the IEEE 802.16 
system was predicted for several channel models using 
different modulation schemes. In [3], the IEEE 802.16 system 
performance, including transmission range, was analyzed. In 
[4], the coverage analysis for WiMAX systems was presented 
by using the free space propagation model.  
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In [5], the coverage analysis of the IEEE 802.16d system 
over the Stanford University Interim (SUI) channel was 
studied and applied by the smart antenna system. IEEE 802.16 
specifications propose that the SUI channel model [6] is 
suitable for evaluating the performance of IEEE 802.16 
systems. In this paper, the performance of the IEEE 802.16e 
system is evaluated by utilizing the SUI channel model. This 
work also applies Rayleigh fading to the path loss model of 
the SUI channel and analyzes the coverage availability. 
Simulation results show the coverage probability with 
Rayleigh fading over the SUI channels. 

The remainder of this paper is organized as follows. Section 
II introduces the SUI channel model and presents the basic 
analysis of the coverage probability. Section III proposes the 
coverage probability with Rayleigh fading. Section IV 
presents the simulation results for the performance evaluation 
and the coverage availability. Finally, the conclusion of this 
work is drawn in Section V. 

II. PRELIMINARY 

A. The Description of SUI Channels  
For the SUI channel model [6], a set of six typical channels 

is selected for three terrain types and described as follows. For 
Terrain type A, SUI-5 and SUI-6 channels are hilly terrain 
with moderate-to-heavy tree densities. For Terrain type B, 
SUI-3 and SUI-4 channels are hilly terrain with light tree 
densities or flat terrain with moderate-to-heavy tree densities. 
For Terrain type C, SUI-1 and SUI-2 channels are flat terrain 
with light tree densities. The basic path loss equation of the 
SUI channel model is 
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where r is the distance (m) between a transmitter and receiver, 
and r0 is the reference distance (m). In this work, r0 is 100 m, 
and r has to be larger than r0. A can be represented as  
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where λ is the wavelength of the propagation wave. γ is a 
random variable that can be represented as  
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b

ca bh x
h γγ σ= + + +                     (3) 

where hb is base-station antenna height and between 10 m and 
80 m. The values of a, b, c and σγ depend on the scenarios and 
are shown in Table 1, and x is a Gaussian random variable 
with a zero mean and unit variance. 

In (1), the terms Xf and Xh are modified factors for the 
receiver antenna frequency and height, respectively. Notably, 
Xf and Xh are defined as 

6 log
2000f

fX ⎛ ⎞= ⎜ ⎟
⎝ ⎠

                         (4) 

and 
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where f is receiver antenna frequency (MHz) and hr is receiver 
antenna height and between 2 m and 10 m. 

In (1), s is a lognormal-distributed path loss factor that 
accounts for shadow fading caused by trees and terrain 
structures. In [6], the standard deviation of s, which depends 
on terrain type, is typically 8.2–10.6 dB. Additionally, s can be 
represented as a zero mean Gaussian random variable. 

σys =                      (6) 

where y is a Gaussian random variable with a zero mean and 
unit variance. In [7], variability σ depends on different 
environments, e.g., suburban or urban environments. Thus, σ 
can be represented as  

σσ σμσ z+=      (7) 

where μσ is the mean of σ, σσ is the standard deviation of σ, and 
z is a Gaussian random variable with a zero mean and unit 
variance. Table 1 shows the values of μσ and σσ. Therefore, s 
can be represented as a Gaussian random variable with a zero 
mean and variance 2

σμ . 

B. Coverage Probability Analysis 
After describing the path loss model of SUI channel model, 

this study analyzes the coverage probability of an IEEE 802.16 
system over SUI channels. Fig. 1 shows a cell coverage area. 
Assume that rΔ  approaches 0. For any variable r, the average 
coverage probability of the IEEE 802.16 system [7], Pcell, can 
be represented as  

TABLE I PARAMETERS OF THE SUI CHANNEL MODEL 

Model Parameters Terrain A Terrain B Terrain C 
a 4.6 4 3.6 
b 0.0075 0.0065 0.005 
c 12.6 17.1 20 
σγ 0.57 0.75 0.59 
μσ 10.6 9.6 8.2 
σσ 2.3 3.0 1.6 

 

r
rmax

Δ r

 

Fig.1 Cell coverage area for probability analysis 
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where rmax is the maximum transmission range of the IEEE 
802.16 system and Pe(r) is the probability of the path loss 
below the threshold value at distance r and described clearly in 
Sec. III. 

III. THE ANALYSIS OF COVERAGE PROBABILITY WITH 
RAYLEIGH FADING  

For the SUI channel model, the path loss model without 
Rayleigh fading is described in Sec. II-A. In this section, 
Rayleigh fading is added on the path loss model of the SUI 
channel model, and then the analysis of the coverage 
probability is presented. Therefore, the new path loss model 
with Rayleigh fading can be represented as  

( ) 10
0

10 log f h
rPL r A X X s R
r

γ
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⎝ ⎠

   (10) 

where R is Rayleigh fading factor and has a log-Rayleigh 
distribution. If path loss (PL(·)) is less than the path loss 
threshold (Lth) at distance r, the probability of coverage 
fraction, Pe(r), can be expressed as 

( ) ( ( ) )e thP r P PL r L= <         (11) 

where Lth can be represented as 

( )th t t rL P G S= + −      (12) 
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where Pt is transmission power and Gt is antenna gain at the 
transmitter. Sr is the minimum input level sensitivity of the 
receiver [8] and can be represented as  

102 10 log
16

used sch
r r s
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S SNR f

N
⎛ ⎞

= − + + ⋅ ⋅ ⋅⎜ ⎟
⎝ ⎠

        (13) 

where SNRr is the SNR (dB) at the receiver when the BER 
reaches the threshold value; Nsch is the number of allocated 
subchannels (the default number of subchannels with no sub-
channelization is 16); Nused is the number of subcarriers; and 
NFFT  is the FFT size. fS is the sampling frequency (MHz). 
Then, (10) is substituted to (11), and the probability of 
coverage fraction can be rewritten as  
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Assuming B=10log10(r/r0), (14) can be rewritten as 

( ) ( )( )e th f hP r P B s R L A X Xγ= + + < − + +    (15) 

Let D be Lth － (A ＋ Xf ＋ Xh). Then, the probability is 
represented as 
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where the distribution of R can be represented as 
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where 2
Rσ  is the variance of the random variable R. The 

distribution of s in (16) can be represented as 
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2
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where 2
σμ  is the variance of the random variable s. The 

distribution of Bγ  in (16) can be represented as 
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(19) 

where B(a-bhb+c/hb) is the mean of the random variable Bγ 
and Bσγ2 is the variable of the random variable Bγ. Substituting 
(16) into (9), the average coverage probability with Rayleigh 
fading can be represented as 
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max

2 0
max

2 0
max

1 ( ) 2

1 ( ) ( ) ( ) 2

r
cell er

r

r
B s R D

P P r rdr
r

f s dsf B d f R dR rdr
r γ

π
π

γ γ π
π

=

=
+ + <

= ×

= ×

∫

∫ ∫∫∫
 

(20) 

In the simulation of this study, the numerical analysis of the 
coverage probability with Rayleigh fading is calculated by 
utilizing (21) in Sec. IV. Comparing the coverage probability 
with Rayleigh fading, the analysis of the coverage probability 
without Rayleigh fading is shown in [5] and represented as (21) 
simply. 

max

2 0
max

1ˆ ( ) ( ) 2
r

cell r
B s D

P f s dsf B d rdr
r γ

γ γ π
π =

+ <

= ×∫ ∫∫   (21) 

IV. PERFORMANCE EVALUATION 
The flowchart of the IEEE 802.16e system for the 

simulation in this paper is shown in Fig. 2. To overcome the 
inter-symbol interference (ISI), the cycle prefix (CP) is 
utilized. According to the IEEE 802.16e specification [1, 8], 
the setup parameters are demonstrated in Table 2. The QPSK 
modulation is used in this simulation. The FFT size is 512. 
The number of data subcarriers is 360, the number of pilot 
subcarriers is 60, and the number of null subcarriers is 92. The 
FEC is not used in order to save the consuming time of the 
simulation. The channel Bandwidth is 5 MHz. The operating 
frequency is 2.5GHz. The subcarrier frequency spacing is 
10.94 kHz. The OFDM symbol duration is 114.2 μs, while the 
CP duration is 22.8 μs. The SUI-1 and SUI-6 channels are 
used and their parameters are shown in Table 3 [6]. 

Fig. 3 shows the BER over the AWGN, SUI-1 and SUI-6 
channels. While the BER is 10-4, the required SNRs for the 
BER over the SUI-1 and SUI-6 channels are more than that 
over the AWGN channel, i.e. increasing by about 1 dB and 7 
dB, respectively. After obtaining the required SNR under 
BER=10-4, the receiver sensitivity can be calculated by (13), 
and then the maximum allowed path loss can be calculated by 
(12). The link-budget is shown in Table 4. The transmission 
power is 46 dBm, and the transmission antenna gain is 17 dB. 
The height of the transmitter antenna is 80 m, and the height of 
the receiver antenna is 10 m. Xf and Xh can be calculated from 
(4) and (5), respectively. Then, Table 5 shows the receiver 
sensitivity and the maximum allowed path loss of the SUI-1 
and SUI-6 channels. When the threshold BER is 10-4, the 
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required SNRs of the SUI-1 and SUI-6 channels are 11.8 dB 
and 17.2 dB, respectively. Therefore, the receiver sensitivities 
of both channels are -84.2478 dBm and -78.8478 dBm, 
respectively. Then, the maximum allowed path losses of the 
SUI-1 and SUI-6 channels are 147.2478 dB and 141.8478 dB, 
respectively. After the maximum allowed path loss is obtained, 
the coverage probability with and without Rayleigh Fading can 
be calculated by (20) and (21) respectively. Fig. 4 and 5 show 
the coverage probability with and without Rayleigh fading 
versus cell radius over the SUI-1 and SUI-6 channels, 
respectively. Table 6 shows the cell radius of the SUI-1 and 
SUI-6 channels without and with Rayleigh fading under the 
coverage probability of 99%. For the SUI-1 channel, the cell 
radius without Rayleigh fading is 4198 m, and the cell radius 
with Rayleigh fading is 3524 m. The cell radius with Rayleigh 
fading is less than that without Rayleigh fading, i.e. decreasing 
by 674 m. For the SUI-6 channel, the cell radius without 
Rayleigh fading is 1327 m, and the cell radius with Rayleigh 
fading is 1123 m. The cell radius with Rayleigh fading is less 
than that without Rayleigh fading, i.e. decreasing by 204 m. 
Therefore, the simulation result depicts that the cell radius may 
gets smaller when Rayleigh fading is considered into the 
propagation model. 

V. CONCLUSION 
The relationship between coverage probability and cell 

radius of the IEEE 802.16 system is determined by different 
wireless scenarios. The SUI channel model is used as the 
channel model according to the IEEE 802.16 standard. This 
paper presents a novel coverage probability analysis scheme 
with Rayleigh fading for the OFDM system over the SUI 
channel. While BER is 10-4 and coverage probability achieves 
99%, the cell radius of the SUI-1 and SUI-6 channels with 
Rayleigh fading decreases by 674 m and 204 m, respectively. It 
is foreseen that the cell radius becomes smaller when the SUI 
channel with Rayleigh fading is considered. Thus, the 
simulation result show that transmission ranges of the SUI-1 
and SUI-6 channels with Rayleigh fading decreases to 16.1 % 
and 15.4% less than those without Rayleigh fading, 
respectively. 
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TABLE II PARAMETER SETUP FOR THE OFDM SYSTEM 

Simulation Parameters States 
FFT Size 512 

Number of Data Subcarrier 360 
Number of Pilot Subcarrier 60 
Number of Null Subcarrier 92 

FEC No use FEC 
Modulation Scheme QPSK 

Channel SUI-1 and SUI-6 channels 
Cannel Bandwidth 5MHz 

Subcarrier Frequency Spacing 10.94kHz 
Operating Frequency 2.5GHz 
OFDM Symbol time 114.2 sμ  

CP duration 22.8 sμ  

 

TABLE III THE  SUI-1 AND SUI-6 CHANNELS 

Channel Model Path 1 Path 2 Path 3 Unit 

SUI-1 
Delay 0 0.4 0.9 sμ
Power 0 -15 -20 dB 

SUI-6 
Delay 0 14 20 sμ
Power 0 -10 -14 dB 

 

TABLE IV LINK-BUDGET OF THE 802.16 SYSTEM 

System Parameters Value 
Tx Height (m) 80 
Rx Height (m) 10 

Tx Power (dBm) 46 
Tx Antenna Gain (dB) 17 

 

TABLE V CALCULATION OF THE MAXIMUM ALLOWABLE PATH LOSS 

Require 
Uncodode 

BER = 410−  

Receiver 
SNR 
(dB) 

Sensitivity 
(dBm) 

Maximum 
Allowed 

Path 
Loss(dB) 

SUI-1 11.8 -84.2478 147.2478 
SUI-6 17.2 -78.8478 141.8478 

 

TABLE VI COVERAGE RANGES UNDER THE DIFFERENT CONDITIONS 

Threshold：99% Coverage Probability for uncoded BER = 410−  

SUI-1 Cell radius without Rayleigh Fading 4198m 
Cell radius with Rayleigh Fading 3524m 

SUI-6 Cell radius without Rayleigh Fading 1327m 
Cell radius with Rayleigh Fading 1123m    

 

World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering

 Vol:5, No:3, 2011 

254International Scholarly and Scientific Research & Innovation 5(3) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ro

ni
cs

 a
nd

 C
om

m
un

ic
at

io
n 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
3,

 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/6
81

6.
pd

f



 
Fig. 2 The flowchart of the OFDM system  

 

 
Fig. 3 The BER of the OFDM system over the AWGN, SUI-1 and SUI-6 

channels 

 

 
Fig. 4 The coverage with and without Rayleigh fading over the SUI-1 channel 

 

 
Fig. 5 The coverage with and without Rayleigh fading over the SUI-6 channel 
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