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Abstract 

This paper investigates a three-state simulation model for a frequency-selective land mobile satellite communication 

(LMSC) channel. Aside from ionospheric effects, the propagation channels for LMSC systems are also characterized 

by wideband effects due to multipath fading which makes the channels time-variant and exhibit frequency-selective 

distortion. Hence, an adequate knowledge and modelling of the propagation channel is necessary for the design and 

performance evaluation of the LMSC systems. A three-state simulation model for a frequency-selective LMSC 

channel, which is a combination of Rayleigh, Rician and Loo fading processes, is developed. The propagation 

characteristics of the proposed LMSC channel model are presented, and comparisons are made with the Rayleigh, 

Rician and Loo fading channels using bit error rate (BER) as the figure of merit. The simulation results show that the 

degree of fading experienced by the LMSC link depends on the length of time the mobile terminal is in a particular 

state or location, depending on the assumed probability of occurrence of each fading process; and it is observed from 

the BER results that the propagation impairment of the LMSC fading channel is relatively lower than that of 

Rayleigh and Loo fading channels but higher than the Rician fading channel. 

Keywords: mobile, multipath fading, propagation channel, satellite communication, wideband. 
 

1. Introduction 

The use of artificial satellites for telecommunications has received increased attention for various applications such 

as fixed or mobile, stratospheric platforms, navigation or broadband systems [1]; and the role of satellites is changing 

from the traditional telephony and television (TV) broadcast services to user oriented data services [2]. The growing 

demand for highly-mobile multimedia access, such as Digital Video Broadcasting Satellite Services to Handheld 

devices (DVB-SH), at high data rates via the internet and other networks irrespective of the user’s geographical 

location makes the role of mobile satellite communications very significant. Mobile Terminals (MTs) are designed to 

communicate with the satellite while in motion and can be classified as land mobile, aeronautical mobile or maritime 

mobile, depending on their locations on or near the earth surface [3]. The unpredictable nature, due to time-varying 

radio channel, however, places a limitation on the achievable data rates and quality of service (QoS) of the land 

mobile satellite communication (LMSC) systems. Like the terrestrial links, the LMSC links too could be frequency 

selective and time varying. Frequency-selective fading occurs if the maximum excess delay experienced by a signal 
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is greater than the symbol period. This results in rapid fluctuation in the amplitude, phase and angle of the arriving 

signal [4], and invariably results in signal distortion. However, the LMSC links are not exactly similar to the 

terrestrial cellular links because the level of propagation impairments experienced by the LMSC links depends on the 

geographical location, elevation angles and operating frequency band [5]. The need to investigate the characteristics 

of the LMSC channel is therefore very important and most of the existing works are based on single- and two-state 

models. 

The available statistical models for LMSC channels can be categorized into two namely: single-state models and 

multi-state models [6]. A single-state LMSC channel model known as the Loo model is a single statistical model 

characterized by log-normal probability density function (pdf) and Rayleigh pdf and finds application in rural 

environments [7, 5]. The log-normal distribution models the shadowing attenuation affecting the line-of-sight (LOS) 

signal due to foliage while the Rayleigh distribution describes the diffuse multipath components. The resulting 

complex received signal envelope is a sum of Rayleigh and log-normal processes. Corraza-Vatalaro model is another 

single-state model that combines Rician and log-normal distributions used to model the effects of shadowing and 

LOS component [8]. The received signal envelope is assumed to be a product of Rician and log-normal processes; 

and the model is suitable for medium-earth orbit (MEO) and low-earth orbit (LEO) links [5]. [9] proposed an 

extension of Suzuki model for frequency non-selective (or flat) satellite communication channels, by considering that 

for most of the time a LOS component is present in the received signal. The model is a product of Rician and 

log-normal pdfs. The components of the Rician process are mutually correlated. 

In the case of non-stationary scenarios when either the satellite or MT or both move in a large area, the propagation 

characteristics of such environments are appropriately characterized by the multi-state models [5]. The Lutz model is 

a two-state (good and bad states) statistical model based on data obtained from measurement campaigns in different 

parts of Europe at elevation angles between 13o and 43o. The good state represents LOS condition which follows 

Rician distribution, while the bad state follows Rayleigh distribution [10]. Higher-state LMSC channel models are 

based on Markov modelling approach [11, 5]. A Markov process is a stochastic process in which a system takes on 

discrete states. [12] proposed a three-state statistical channel model after performing L-band measurements in Japan 

at an elevation angle of 32o [11]. The first state is LOS condition, described by Rician distribution; the second state is 

shadowing condition, described by log-normal distribution; and the third state is the blocked condition, described by 

Rayleigh distribution. 

Most of the available LMSC channel models are narrowband models applicable to second-generation (2G) and 

third-generation (3G) systems. However, this paper focuses on the development of broadband channel models, which 

are more appropriate for the propagation channel characterization for future generations of LMSC systems that are 

expected to provide multimedia and internet services. 

 
2. Derivation of the State Occurrence Probability Functions 
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Let Ap , Bp  and Cp  be the state occurrence probability functions for Rician, Loo and Rayleigh fading  

respectively. The LMSC channel condition is a function of the assumed state occurrence probabilities as shown in 
Figure 1. Assuming the MT is in a rich scattering environment, that is with non line-of-sight (NLOS), as in urban or 
suburban environments, the LMSC link experiences multipath Rayleigh fading for most of the time, Cp  is assumed 
to be 0.4, while the remaining 60% is left between Rician and Loo distributions to share. The probability of 
occurrence of both Rician and Loo distributions can be given as: 

         6.0=+ BA pp
 

                            (1) 

The probability of occurrence for the Rician distribution, assuming the minimum elevation angle of the satellite is 

10o, is computed as [12]: 

                  

( )
qq

pA

64001090 2

=−=                                    (2) 

with 41066.1 ×=q implies 39.0≈Ap . Next, the probability of occurrence for the Loo distribution  

is computed by (1), which gives 21.0=Bp . In order to make the model flexible, Ap  can be varied  

within the range of 0.39 and 0.21 and Bp  within the range of 0.21 and 0.39. The resulting pdf of the  

received signal envelope is a linear combination of the Rician, Loo and Rayleigh distributions given as: 

                             )()()()( rpvpgprorvorgp CBA ++=                          (3) 

whereg  is the Rician distribution, r  is the Rayleigh distribution and v  is the distribution of the Loo model, 

which is the sum of log-normal and Rayleigh distributions. The Rician distribution accounts for the effect of 

ionospheric scintillation. The Rayleigh distribution describes the NLOS effect in the terrestrial mobile channel. The 

shadowing effect, which is the attenuation caused by the vegetation and foliage, is described by the Loo distribution. 

 
3.  Frequency-Selective LMSC Channel Modelling 

The LMSC channel simulator presented in this paper is based on a three-state model which consists of LOS or clear 

(state 1), shadowing (state 2) and deep fading (state 3); and are described by Rician, Loo and Rayleigh distributions, 

respectively. A multi-state LMSC channel model is assumed because the relative motion and location of the 

transmitter and the receiver would result in varying propagation behaviour. The channel is characterized by wideband 

effects caused by multipath fading. The wideband effects of the LMSC channel can be well represented by the 

channel impulse response (CIR) ‘ ],[ τnh ’ of a discrete-time multipath fading channel model that can be expressed 

as: 

                
∑

=

−=
pL

l
ll nnhnh

1

][][],[ τδτ
       

             (4)

  

where 

pL
is the number of resolvable paths; n  is the discrete-time index, l

τ
is the discrete relative delay of the 

thl path; 

][ ⋅δ  denotes Dirac delta function. The scattered waves with their respective delays are summed together to give the 
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impulse response of the channel. A modified Clarke-based channel model is used for the fading channel process [13]. 

3.1 Rayleigh Fading Process 

The Rayleigh fading process r  for the thl path can be expressed as:  

           
)()()( tj

ll
letAtr β=                       (5) 

with  

             
)()(cos)( ttt llml φαωβ +=                      (6) 

and 

          
∑
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i
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                                (7) 

where )2( mm fπω =  is the maximum angular Doppler frequency shift; )(tAl  is the fade amplitude (or  
attenuation); )(tlα  and )(tlφ are the angle of arrival and phase of the thl path, respectively, and are statistically 
independent and uniformly distributed over [-π, π); mf  is the maximum Doppler frequency  
shift, which is given as: 

                       c

vf
f c

m =                                               (8) 

where cf is the carrier frequency, c is the speed of electromagnetic wave and v  is the speed of the MT. 

sN  sinusoids are assumed to generate the fading process, (5) can be rewritten as: 

                          

( )∑ +=
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i
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Expressing (9) in inphase and quadrature form gives: 

   

              )()()( tjrtrtr QIl +=                                 (10) 

)(trl  is the normalized low-pass fading process whose pdf is Rayleigh. The fade envelope of )(trl  is then 

obtained as: 

                           { })()()( 22 trtrtr QIl +ℜ=                              (11) 

and the phase is: 
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where }{ ⋅ℜ denotes the real part. (9) is a modified Clarke’s model which is a Wide-Sense Stationary Uncorrelated 

Scattering (WSSUS) Rayleigh fading simulation model. The fading process is generated for all the paths and the 
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resultant fading process is the sum of all the pL fading processes.  

3.2 Rician Fading Process 

Similarly, the normalized low-pass fading simulation model for the Rician fading can be expressed as: 

                         
)()()( tjgtgtg QIl +=                            (13) 

with  

                        
{ } KtKtrtg mII +++= 1)coscos()()( 00 φθω            (14) 

                        
{ } KtKtrtg mQQ +++= 1)cossin()()( 00 φθω              (15) 

where K is the Rice factor, which represents the magnitude of the LOS signal; 0θ  and 0φ  are the angle of arrival 
and the initial phase, respectively, of the LOS component. 

 

3.3 Loo Fading Process 

The Loo simulation model is an addition of lognormal and Rayleigh processes which can be expressed as: 

               

                 
( ) ( )[ ]{ })2exp()()()()()( tfjtrtvjtrtvtv cQQIIl π+++ℜ=              (16) 

Iv  and Qv  are lognormal inphase and quadrature components, respectively. The moderate shadowing is 

assumed and the values of the mean (µ) and standard deviation (σ) for lognormal distribution used in the 

simulation are -0.115 and 0.161, respectively, given by [14]. 

 

3.4 Simulation Method 

A tapped-delay line of six paths (Lp= 6), typical of wideband fading effect of mobile communications, is used 

to model the frequency-selective fading channels. Each tap is described by its time-varying gain la and the 

corresponding delaylτ . The delay set for the six paths is 50,40,30,20,10,0=τ  samples. The relative amplitudes 

(or attenuations) of the multipath components are assumed to follow the exponential power delay profile expressed 

as: 

                             
∑

=

−−=
6

1

)30exp()30exp(
i

illa ττ ,                       (17) 

Using the state occurrence probabilities, a set of states consisting of 1s, 2s and 3s is randomly generated and sorted in 

ascending order. Then for a particular run, the simulator generates the fading process corresponding to the state 

number as the LMSC channel, which could be Rician, Loo or Rayleigh fading channel. Separate fading signal is 

generated for each of the 6 paths in order to make a path independent from another. The Algorithm 1 describes the 
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process of generating the frequency-selective LMSC fading channel. The fading is applied to the transmitted signal 

through convolution. 

 

Algorithm 1: LMSC fading channel 

1. Inputs: path delays and attenuations sets 

2. Outputs: fading channel 

3. BEGIN 

4. Get current state number 

    5.       IF state is 1, generate Rician fading; END IF 

    6.       IF state is 2, generate Loo fading; END IF 

    7.       IF state is 3, generate Rayleigh fading; END IF  

    8.  FOR k � 1 to pL  

    9.  Generate the fading process corresponding to 

        the state number 

    10.  Apply attenuation[k] to fading signal 

    11.  Apply delay[k] to fading signal 

    12.  Sum fading signal for each k path  

END 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Results and Discussion 

The simulation of the fading channels was carried out in MATLAB® software environment. MATLAB codes 

Simulation Parameter Specification 

Signaling scheme OFDM-QPSK 

Signal-to-noise ratio 0 to 18 dB 

Number of paths 6 

Fading spectrum  Modified Clarke’s model 

Number of fading sinusoids 16 

Number of channel realizations 100 

Path delays (samples) [0, 10, 20, 30, 40, 50]  

Average path gains (dB) [-4.8434,-6.2911,-7.7387,-9.1864,-10.6340,-12.0817]  

Rice factor (K) 3 

Angle of arrival of LOS component π/4 

Angle of elevation of satellite 10o 

Mobile speeds 20 km/h, 150 km/h 

Carrier frequency 2.2 GHz 
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were written for the implementation of the models and run to generate results in form of graphs for 

visualization. The comparison between the LMSC fading channel and each of Rician, Loo and Rayleigh fading 

channels are done in terms of bit error rate (BER) performance of an OFDM-QPSK signaling scheme for 

signal-to-noise ratio (Eb/No) of 0 to 18 dB at mobile speed of 20 km/h and state occurrence probabilities of pA 

= 0.39, pB = 0.21 and pC = 0.40 for Rician, Loo and Rayleigh fading respectively. 

Table 1 shows the state occurrence probabilities for different propagation conditions. This means that at any 

time instant, the LMSC link can experience a transition from one state to another. The lower the probability of 

occurrence of any distribution, the lesser the contribution of the distribution to the resultant LMSC fading 

channel. The exponential power delay profile of the 6-path frequency-selective LMSC channel is shown in 

Figure 2. The average received power (in dB) reduces as the period of the delay (in µs) increases. This implies 

that the delay experienced by any specific path results in loss of the signal power. Figures 3(a) and 3(b) show 

the power spectral density for mobile speed of 150 km/h and 20 km/h respectively. The results show that the 

higher the Doppler frequency the broader the fading spectrum. That is, as the speed of the mobile terminal 

increases, there is a corresponding increase in the maximum Doppler frequency shift which invariably widens 

the fading spectrum. 

Figures 4(a) and 4(b) show the frequency response of the LMSC channel for mobile speed of 150 km/h and 20 km/h 

respectively. The higher spikes observed for the speed of 150 km/h as compared to 20 km/h reveals that the higher 

the mobile speed, the higher the variation in the frequency response of the channel with time as a result of increase in 

the Doppler frequency shift. Figures 5 and 6 show the pdf of the Rayleigh and Rician fading process respectively. 

The effect of varying the Rice factor K which is the specular (or LOS) component is shown. It is observed from the 

graph that if K = 0, the Rician pdf reduces to the Rayleigh pdf, which implies that there is NLOS between the 

transmitter and the receiver. 

The pdf of the Loo (Rayleigh + log-normal) fading process is shown in Figure 7. Figure 8(a) shows the pdf of the 

LMSC channel fading distribution, which is a combination of the Rayleigh, Rician and Loo; with the probability of 

occurrence of 0.39, 0.21 and 0.40 for the Rician, Loo and Rayleigh respectively. The contribution of the Rayleigh pdf 

to the resultant pdf of the LMSC channel is the highest, followed by the Rician pdf and the Loo pdf gives the lowest 

contribution. Conversely, the probability of occurrence of 0.21, 0.39 and 0.40 for the Rician, Loo and Rayleigh 

respectively give the LMSC channel fading distribution pdf shown in Figure 8(b). Here, the Loo pdf gives higher 

contribution than the Rician pdf . The reason why the Rayleigh fading contribution is made the highest is based on 

the assumption that the LMSC link experiences NLOS most of the time. This is true for typical urban and suburban 

environments. 

Figures 9 and 10 show the simulated LMSC channel fading at 150 km/h and 20 km/h, respectively. The results show 

that the fading signal level varies more rapidly at 150 km/h but slower at 20 km/h. In Figure 11, the Rician channel 

gives a mean BER of 0.0609 while the LMSC channel gives a mean BER of 0.0852. The AWGN channel, the ideal 

channel condition needed for reliable LMSC link, gives a mean BER of 0.0228. The result from Figure 12 reveals 

that the Loo channel gives a mean BER of 0.1004 as against 0.0852 for the LMSC channel. Also, from Figure 13, the 

Rayleigh channel gives a mean BER of 0.1010 compared to 0.0852 for the LMSC channel. The comparison of all the 

fading channels is presented in Figure 14. The mean BER results show that the Rayleigh channel produces the worst 
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propagation impairments followed by the Loo channel, and then followed by the LMSC channel, while Rician 

channel gives the least propagation impairments. 

It is observed in Figure 15 that for pA = 0.39, pB = 0.21 and pC = 0.40, the mean BER is 0.0852; and the LMSC link is 

considered clear as it experiences Rician fading more of the time than the Loo fading. This is because for the Rician 

channel, there is a strong LOS path among the signal paths; while for the Loo channel, all the paths experience 

shadowing. For pA = 0.21, pB = 0.39 and pC = 0.40, the mean BER is 0.0930 and the LMSC link is said to experience 

more shadowing effect than LOS. When pA = 0.10, pB = 0.30 and pC = 0.60, the mean BER is 0.1782. This is a deep 

fading scenario where the LMSC link experiences multipath Rayleigh fading (with NLOS) almost the entire time 

share, typical of an environment with many blockages in the signal path. 

 

5. Conclusion and Recommendations 

5.1 Conclusion 

The development of a simulation model for frequency-selective land mobile satellite communication channel has 

been analyzed, and the performance characteristics of the channel model have been evaluated in terms of bit error 

rate. The model assumes a three possible channel states namely clear, shadowing and deep fading. The results 

obtained from computer simulation show that the degree of propagation impairments of the LMSC channel depends 

on whether the channel is experiencing Rician fading (clear), Loo fading (shadowing) or Rayleigh fading (deep 

fading). The proposed simulation model is flexible because by varying the state occurrence probabilities: pA (for 

Rician), pB (for Loo) and pC (for Rayleigh), the model is applicable to the moderate suburban, suburban and urban 

environments. Thus, the proposed LMSC channel model presented in this paper demonstrates the possibility of 

evaluating the performance of a land mobile satellite communication system based on the propagation environment 

under consideration. 

 

5.2 Recommendations 

For further works, the proposed model is open to modifications and empirical validations because it could be 
considered as a heuristic approach. This work would serve as a useful reference for researchers and engineers in the 
field of mobile and satellite communications. 
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Table 1. State occurrence probability of Rice, Loo and Rayleigh Distributions 

 

Rician 

Ap  
Loo 

Bp  
Rayleigh 

Cp  
LMSC 

channel state 
0.39 0.21 0.40 clear 
0.21 0.39 0.40 shadowing 
0.10 0.30 0.60 deep fading 

 

   

0 0.2 0.4 0.6 0.8 1 1.2

x 10
-5

-13

-12

-11

-10

-9

-8

-7

-6

-5

-4

Path Delay (us)

A
ve

ra
ge

 R
ec

ei
ve

d 
P

ow
er

 (
dB

)
Multipath Power Delay Profile

 

Figure 1. LMSC channel model as a function         Figure 2. Power Delay Profile of the Frequency- 

        of state occurrence probability              Selective LMSC Fading
 



Innovative Systems Design and Engineering                                          www.iiste.org 
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) 
Vol 3, No.11, 2012 
 
 

81 
 
 

 

-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10
5

0

1

2

3

4

5

6

7

8

9

10
x 10

6

Frequency

P
ow

er
 S

pe
ct

ra
l D

en
si

ty

PSD of the LMSC channel at mobile speed of 150 km/h

    
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

x 10
5

0

1

2

3

4

5

6

7

8

9

10
x 10

6

Frequency

P
ow

er
 S

pe
ct

ra
l D

en
si

ty

PSD of the LMSC channel at mobile speed of 20 km/h

 
    Figure 3(a). Received spectrum for the             Figure 3(b). Received spectrum for the 

     Clarke-based LMSC channel model at 150 km/h    Clarke-based LMSC channel model at 20 km/h 

     

0

50

100

150

200

00.511.522.53
-20

-15

-10

-5

0

5

10

Time
Frequency

F
re

qu
en

cy
 R

es
po

ns
e 

(d
B

)

       

0

200

400

600

800

00.10.20.30.40.50.60.7
-20

-15

-10

-5

0

5

10

Time
Frequency

F
re

qu
en

cy
 R

es
po

ns
e 

(d
B

)

 

 Figure 4(a). Frequency Response of the LMSC         Figure 4(b). Frequency Response of the LMSC 

           fading channel for 150 km/h                        fading channel for 20 km/h 



Innovative Systems Design and Engineering                                          www.iiste.org 
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) 
Vol 3, No.11, 2012 
 
 

82 
 
 

0 0.5 1 1.5 2 2.5 3 3.5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Fade Envelope (r)

P
ro

ba
bi

lit
y 

D
en

si
ty

 F
un

ct
io

n 
(p

df
)

 

 
Simulation

Theoretical

    
0 0.5 1 1.5 2 2.5 3 3.5

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Fade Envelope (g)

P
ro

ba
bi

lit
y 

D
en

si
ty

 F
un

ct
io

n

K=10

K=5

K=3

K=1

K=0 (Rayleigh)

 
Figure 5. PDF for the Rayleigh fading distribution        Figure 6. PDF for the Rician fading distribution 

0 0.5 1 1.5 2 2.5 3
0

0.5

1

1.5

2

2.5

3

3.5

Fade Envelope (v)

P
ro

ba
bi

lit
y 

D
en

si
ty

 F
un

ct
io

n 
(p

df
)

Loo Fading Distribution

       
0 0.5 1 1.5 2 2.5 3 3.5

0

0.2

0.4

0.6

0.8

1

Fade Envelope (h)

P
ro

ba
bi

lit
y 

D
en

si
ty

 F
un

ct
io

n 
(p

df
)

 

Figure 7. PDF for the Loo fading distribution        Figure 8(a). PDF for the LMSC channel fading  

                                            distribution with [pA=0.39, pB=0.21, pC=0.40] 
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Figure 8(b). PDF for the LMSC channel fading        Figure 9. Simulated LMSC channel fading at 150km   

distribution with [pA=0.21, pB=0.39, pC=0.40] 
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Figure 10. Simulated LMSC channel at 20 km/h           Figure 11. BER comparison of the Rician and 

                                                        LMSC channels at 20 km/h 
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Figure 12. BER comparison of the Loo and LMSC   Figure 13. BER comparison of the  

         channels at 20 km/h            Rayleigh and LMSC channels at 20 km/h 
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Figure 14. BER comparison of all the fading           Figure 15. Effect of the state occurrence    

   Channels at 20km/h                              probabilities on the LMSC channel at 20km/h 


