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1 Introduction

In order for di®erent proposals for MBWA to be compared fairly, the perfor-
mance of each proposed system has to be simulated using the the same pro-
cedure. It is the common understanding of IEEE802.20 community that the
simulation shall be performed in two parts, as link level simulatoin and system
level simulations, where the system level simulation make use of the statistics
obtained by the link level simulation. In order for the simulation following this
approach to be feasible and a®ordable, we proposed in [1] to simplify the chan-
nel model developed in [2]for both the link-level simulation and the system level
simulation. This contributoin focuses on the link level channel model, and we
look for an adequate model in the following aspects:

1. Power-Delay Pro¯le: It speci¯es the power fraction and the associated
time delay of each single path fading process.

2. Power Spectrum Density: It characterizes the frequency response of the
fading channel for each single path

3. Cross Correlation: It quanti¯es the quality of the implementation of the
theoretically independent fading processes.

4. Physical Background: Variables within the model should have physical
meaning and either directly or inderectly measurable.

To satisfy all these requirements is in fact very tough, given the feaibility of a
computer simulation. Thus, the result oughts to be a compromise. In the rest
of this contribution, we are going to present a detailed fading model to be used
by the link level simulation.

2 Power-Delay Pro¯le

The power-delay pro¯le includes the power distribution and the associated delay
of a multipath channel, so that it captures the frequency selectivity of the chan-
nel. For a simulation to be useful, power-delay pro¯les should be used that are
considered representative for the given topographical environment, such as those
summarized in documents of di®erent standard development organizations[ITU,
3GPP, 3GPP2]. Therefore, we will follow and consider the power-delay pro¯le
recommended by [2]. In particular, we assume for the link level simulation in
this contribution the power-delay pro¯le chosen by [1] , so that the channel
model has the following expression

h(t; ¿) =
M¡1X
k=0

bkhk(t)±(¿ ¡ ¿k) (1)

where

² M : number of paths of the channel
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² bk : given path amplitude satisfying the power normalization condition
M¡1X
k=0

b2k = 1 (2)

This requirement allows the channel to be scaled by the transmit power
in the simulation.

² ¿k : time delay of the path relative to the ¯rst path; normally ¿0 = 0 is
assumed.

² hk(t) : the fading model of the k-path, can be Rayleigh or Rician.
² ±(t) : the delta distribution charcterizing the ideal channel response

The physical interpretation of this channel model is that the fading process is
a linear combination of identical fading process with di®erent powers and time
delays. Each fading process is referred to as a propagation path.

3 Fading Model

The fading process of a propagation path is assumed as a linear combination of
rays, referred to as sub-paths. The model we propose for such a fading process
is based on the idea of S.O.Rice[4], in which the fading response of a channel in
time is a linear combination of independent sine wave oscillators. What di®ers
this model from that proposed by W.C.Jakes[5] is that we do not assume de-
terministic coe±cients and doppler shifts for each oscillator. Rather we assume
only the power normalization of i.i.d. random amplitude of each oscillator and
uniformly distributed incident angles. For simplicity of the simulation, we as-
sume further a ¯xed, but su±ciently large, number of such oszillators for each
fading process. Depending on whether the line-of-sight is present or not, the
model can have di®erent expressions, as will be shown in the following.

3.1 Rayleigh Fading

This applies to the situation where there is no line-of-sight. A propagation path
with index k is computed as funtion of time t by

h1;k(t) =
N¡1X
i=0

ak;ie
j[(!¢cos µk;i)t+Ák;i] (3)

with
! = !c

v

c
(4)

where

² N : the number of sub-paths
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² !; !c: angular frequency of Doppler shift and the RF carrier, respectively
² v; c: mobile speed and light speed, respectively
² Ák;i; µk;i : a uniformly distributed random number in [0; 2¼), where Ák;i
accounts for the random phase introduced by the scatter and µk;i accounts
for the random incident angle due to the scatter.

² ak;i : a uniformly distributed random number in [0; 1) satisfying the nor-
malization condition; it accounts for di®erent attenutations of the di®erent
scatters and the normalization condition

N¡1X
i=0

a2k;i = 1 (5)

is required so that the generated fading response for each k has an expected
unit power.

The random numbers are generated once for every i and every k. Details of
this fading model can be found in the attached document.

3.2 Rician Fading

This applies to the situation where there is a line-of-sight. Based on the model
for Rayleigh fading of (3), the Rician fading is obtained as a linear combination

h2;k(t) =

p
R ¢ ej(!¢cos µk)t + h1;k(t)p

1 +R
(6)

with
! = !c

v

c
(7)

where

² R: the power ratio between the line-of-sight component and the non-line-
of-sight components.

² µk: a uniformly distributed random number in [0; 2¼)

4 Conclusion

For a fair comparison of di®erent proposals for MBWA, performance simuation
for each proposal should be based on the same procedure and using the same
basic models. For the link level simulation we propose to use the channel model
(1), in which the fading process hk(t) is either modeled by (3) for non-line-of-
sight or modeled by (6) for line-of-sight. Since both (3) and (6) are designed
to be independent, a model in which multiplathes are correlated can be readily
derived from the basic model (1) for given correlation coe±cients.
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5 Recommendation

We recommend to adopt the proposed fading model for the link level simulation
and incorporate the formula given here into the evaluation criteria document
[3].
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A Appendix: Deterministic Fading Model

A.1 Formulation

A Rayleigh fading process can be formulated for the vertical electrical ¯eld as
follows

Zt(c; a;b; N) =

N¡1X
i=0

ci ¢ ej[(w¢cos ai)t+bi] (8)

where c = (c0; c1; :::; cN¡1); a = (a0; a1; :::; aN¡1);b = (b0; b1; :::; bN¡1) are ar-
rays of non-negative real random numbers, and t 2 N refers to the discrete time
and w is the maximum radian Doppler frequency. In terms of mathematics, Zt
is a sequence of random variables, i.e.

Zt : (0; 1]
N £ (0; 2¼]2N 7! C (9)

for each t, where
Z¡1t : B(C)7! Ft (10)

where Ft is the ¾-algebra on (0; 1]N £ (0; 2¼]2N at time t. Thus, the process is
de¯ned on f(−;Ft; P ); t 2 Ng with the event set −, the adapted ¯lter Ft and the
probability measure P .1 In speci¯cs, ai is the incident angle, bi and ci are the

1we keep the notion of process in view of its application to simulaiton of the stochastic
process, although the outcome is actually deterministic by the de¯nition.
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random phase and amplitude associated with a scatter, respectively, accounting
for the physical property of the scatterer. The physical model is based on the
observation that the Rayleigh fading of elecmagnetic waves is caused by the
scattering of the ¯eld, causing random phase and attenuation: Each index i
refers to a ray with a Doppler frequency ! ¢ cos ai, phase bi and amplitude ci.
Phase, attenuation and incident angle are all assumed independent. Then, it is
readily veri¯ed that

EfZt ¢ Z¤t+¿g = Ef
N¡1X
i=0

c2i gJ0(w ¢ ¿ ) (11)

with J0 the Bessel function of 0-th order. This is the autocorrelation function.
Invoking the central limit theorem, one ¯nd readily, that the amplitude of Zt =
Z(c; a;b; N; t) has the Rayleigh distribution for su±cient large N .
While using this model to simulate the fading process, each sample path can
be generated by 3N uniformly distributed random numbers. The quality of the
numerical implementatoin of this model can be evaluated in 4 aspects:

² Rayleigh Distribution:

Pr(jZtj < x) = 1¡ e¡
x2

2¾2 (12)

2 The expectation and variance are

EfjZtjg = ¾
p
¼=2

V arfjZtjg = ¾22(1¡ ¼
4
)

respectively.

² Autocorrelation:
<EfZtZ¤t+¿ ) = J0(wc¿ ) (14)

² Cross Correlation:
EfZt(!)Z¤t+¿ (!0)g = 0: (15)

² Fading Duration: The expected value of ¿f := tj<Zt<0 is

Ef¿fg = 2¼

!c

p
¼=2 (16)

The distribution of the real and imaginary parts of Zt under zero shall be
identical.

2For (8) the relation

¾2 = Ef
N¡1X
i=0

c2i g=2 (13)

can be found.
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A.2 Statistic Inference

By ergodicity and large number theorem

lim
T!1

1

T

TX
t=1

jZtj = EfjZtjg (17)

The autocorrelaiton function of a sample path with ! 2 − is
½(¿ j!) = EfXt(!)X¤

t+¿ (!)j!g (18)

and the cross correlation of the sample path for two independent events is

½1(¿ j!; !0) = EfXt(!)X¤
t+¿ (!

0)j!; !0g (19)

The expected autocorrelation and cross correlation are

½(¿ ) = Ef½(¿ j!)g (20)

and
½1(¿ ) = Ef½(¿ j!; !0)g; (21)

respectively. Let zs;t denote the s-th sample at time t. Then, s represents an
independent initialization of the process, so that zs;t and zs0;t are independent
for s6= s0. The autocorrelation function is evaluated in the sense of

lim
S!1

1

S

X
s

WX
t=1

zs;tz
¤
s;t+¿ =: lim

S!1
½(¿ jS) (22)

where W is the window size for the computation of the convolution operation.
The cross correlation function is evaluated in the sense of

lim
S!1

1

S

SX
s;s0=1

WX
t=1

zs0;tz
¤
s;t+¿ =: lim

S!1
½1(¿ jS) (23)

A.3 Numerical Error

By simulation using a digital computer, the statistic inference can only be per-
formed with ¯nite samples. Thus, every implementation has error. For the
quantities concerned here the following metrics will be used to estimate the
error

² For Rayleigh Distribution:

j 1
T

TX
t=1

jzs;tj ¡ ¾
p
¼=2j (24)

for mean and

j 1

T ¡ 1
TX
t=1

(jzs;tj ¡ 1

T

TX
t=1

jZtj)2 ¡ ¾22(1¡ ¼=4)j (25)

for variance.
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²
maxj½(¿ jS)¡ J0(! ¢ ¿)j (26)

for autocorrelation, and

²
maxj½1(¿ jS)j (27)

for cross correlation.

² The variances of the correlation function:
SX
s=1

[½(¿ js)¡ ½(¿ jS)]2 (28)

for autocorrelation and

SX
s=1;s6=s0

[½1(¿ js; s0)¡ ½1(¿ jS)]2 (29)

for cross correlation.

A.4 Example

Using a samples size of S = 500, each of length T = 10000, computer simulation
is conducted with the results shown in Fig.1 and Fig.2. The variance of the
autocorrelation is within 0:3 and cross correlation has the maximum 0:2, as
shown in Fig.3.
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Correlations of Simulated  Rayleigh Fading Process (120 km/hr)
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Figure 1: Function of time lag ( unit :16 chips=16x 813.8 ns)
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Distribution of Fade Duration of Rayleigh Fading (120 km/hr, truncated at 500 time unit)
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Figure 2: Fade duration (time unit: 16 chips=16x 813.8 ns)
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Variance of Correlation Functions
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Figure 3: Function of time lag (unit 16 chips=16x 813.8 ns)
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