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Abstract: This paper analyses the channel characteristics of 
radio links that will become more important in the future 
(mobile-to-mobile and base-to-base link) with a stochastic 
spatio-temporal propagation model (SSTPM) [1]. Especially for 
asymmetrical data services and services where relaying is 
involved, these links are very important. To comprise the special 
propagation scenarios for the base-to-base link, new model 
assumptions are introduced. Simulation results of Doppler 
Spectra and Scattering functions are presented. As expected, the 
resulting Doppler Spectra for the mobile-to-mobile and the 
base-to-base links differ significantly from the well-known Jakes 
Spectrum. For the mobile-to-mobile link the Doppler Spectrum 
is also derived analytically and match very well to the 
simulation results. 

 
1. INTRODUCTION 

An efficient usage of the allocated spectrum is one of the 
key issues of personal mobile communication systems. The 
2nd generation systems were designed to work in frequency 
division duplex mode and therefore needed paired bands with 
fixed bandwidth. This was okay since at that time only 
symmetrical speech service was considered. By introducing 
asymmetrical data services it can be advantageous being 
flexible in allocating resources in uplink (UL) and downlink 
(DL) direction. This can easily be done with time division 
multiple access systems that work in time division duplex 
(TDD) mode by flexible allocation of time slots that work in 
UL and DL ("variable switching point"). Some 3rd generation 
standards are designed in this way. An additional advantage 
of TDD mode is that only a single band has to be allocated. 
 

The flexibility in adjusting the switching point between 
UL and DL causes new types of interferences. Mobile 
stations (MS) are not any longer only disturbed by base 
stations (BS) but can also be disturbed by other MS. The 
same is true for BS. These interfering links are different from 
the classical links between BS and MS, where the BS is fixed 
and the MS is moving. This paper characterizes the 
properties of a MS-MS channel as well as of a BS-BS 
channel. Analytical results are given and verified with 
simulations. 

 
2. SIMULATION MODEL 

The simulation model is based on a 2-dimensional ray-
tracing model, where scatterers are grouped together to 

clusters. They act as reflectors for the propagation rays 
between transmitter and receiver. Such a cluster can be 
thought as a contributor of a single dispersed tap in the 
impulse response of the mobile radio channel. Both clusters 
and scatterer are placed randomly, uniformly distributed 
within the simulation area and at least for static scatterers, 
their positions never change during simulation. 

 
Inspired by the physical model that only near objects of 

transmitters and receivers contribute a significant part to the 
radio propagation, not all scatterer with the simulation 
environment are considered in the path calculation of the 
channel. This model assumption deals with the fact that the 
reflected energy by far scatterer is very low and therefore it 
can be neglected In [1] this model is named as Stochastic 
Spatio-Temporal Propagation Model (SSTPM), but in that 
article it was considered for uplink and downlink only.  
 
2.1 Scatterer Selection 

Based on a pre-definable radius around the radio terminals 
(BS or MS) the local scatterers for the transmission are 
selected out of environment. This approach is depicted in 
Figure 1: 
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Figure 1 – Scatterer Selection for Radio Terminals. 
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As long as the MS moves, a time variant fading situation is 
present due to the changing local scatterers and the individual 
Doppler spread of the multi paths.  

 
2.2 Mobility 

The mobility model of the radio terminals is assumed as a 
pseudo random walk mobility model with semi-directed 
trajectories. It is performed according to [2] for a vehicular 
macro environment. That document is intended to give 
simulation procedures for UMTS 3G-mobile communication 
systems. Thus, it makes it possible to compare different 
mobile communication standards due to the same 
fundamental parameters and model definitions. 

 
2.3 Inhomogeneous Scatterer Types 

In [1] only static, non-moving scatterers are considered. 
However this models needs to be extended for the base-to-
base link, since then resulting Doppler Power Density 
Spectrum (PDS) would be a Dirac pulse due to a constant 
propagation scenario. Nevertheless moving obstacles and 
reflectors cause also temporal Doppler frequencies, which is 
analyzed theoretically in [3] and also verified due to 
measurements, although only for indoor microwave channels. 

 
Here a model of two novel types of scatterer cluster is 

introduced, which are intend end to deal with this time-
variant situation [4]. One is the mobile scatterer cluster, 
which is depicted in Figure 2a.). It models moving objects in 
a macro environment such as e.g. vehicles and trucks. All 
scatterers within a cluster steer in the same direction and are 
uniformly distributed within a rectangle. They follow to the 
same mobility model as described in Section 2.2. 

a.) Mobile Scatterer b.) Dynamic Scatterer

( x0 , y0 )

( xk ,  yk )

 
Figure 2 – Scatterer Cluster Types. 

The second scatterer model, depicted in Figure 2b.), is 
named dynamic scatterer, for which the center of cluster is 
not moving. Only the scatterer within the cluster are jittering 
stochastically around the center. This cluster is intended to 
model e.g. trees, doors and windows that are opened or 
closed and crossings with high density of vehicles. For a 
arbitrary time the coordinate is assumed to result from a 2-

dimensional Gaussian process with a variance σ2 around the 
center (x0,y0). It can be easily deduced that the resulting 
probability density function of the velocity of such a scatterer 
follows to a Rayleigh distribution with an expectation value 
of  

{ }
2
πσ

T
vE

∆
=r  , (1) 

where ∆T is the update period for the process. 
 

2.4 Multi Path Transmission Model 

As already indicated in Figure 1 the transmission path goes 
over the local scatterers of the transmitter and receiver. 
Actually the multi path transmission is performed as depicted 
in Figure 3. Each closed ray from transmitter to receiver is a 
single contribution to the total multi path propagation.  
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Figure 3 – Transmission Path over all local scatterers 

with the appropriate Transmission Distances. 

Between the nodes, free loss propagation according to the 
distances s(1), s(2) and s(3) is assumed and at each reflection 
point at a single scatterer an additional constant reflection 
loss Γ is inserted. 

 
2.5 Doppler Frequency 

For a scenario of a fixed and a moving radio terminal, no 
matter whether the transmitter or receiver is moving, is often 
found in literature (e.g. [5]) the Doppler frequency fD can be 
expressed as: 

)cos(
0

0 α⋅⋅=
c
f

vf D
r , (3) 

where || vr || is the velocity, f0 the transmission frequency , c0 
is the propagation velocity and α is the incident angle of the 
ray in relation to the steering angle of the moving radio 
terminal. 
 

To compute the Doppler frequency fD for the scenario 
depicted in Figure 3, where inhomogeneous scatterer can 
move as mentioned already in Section 2.3, a more general 



approach must be considered. The differential length change 
has to be summed up over all path segments:  
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where N is denoting the number distance changing path 
segment. Actually in this case in the transmission at 
maximum three path segments are involved and thus N=3. 
 

In order to simplify expression (4) as a first step, the 
complete calculation problem is divided into a simpler form 
with two moving nodes, which is equivalent for a scenario 
with N=1. In Figure 4 the geometry relation of two moving 
nodes is depicted.  
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Figure 4 – The distance differential of two moving  

position vectors . 21, rr rr

By using the general formulae in (4) for N=1 and with the 
reasonable assumption that the distance s >> dtv 2,1  the 

Doppler frequency results as: 
 

)cos(
0
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with  and 12 vvv rrr −=∆ 12 θθθ −=∆  [4]. This equation looks 
very similar to the single moving node definition in (3). 
 

3. RESULTS 
 

3.1 Theoretical Doppler Spectra for the MS-MS Link 

To find a theoretical correspondence of the Doppler PDS 
for the mobile-to-mobile link some mathematics must be 
considered prior. As expressed in equation (4) the total 
Doppler frequency results as a sum of the appropriate 
Doppler shifts on the path segments. In a static scatterer 
scenario for the mobile-to-mobile link, two path segments 
contribute to the total Doppler shift with their distance s(1) 
and s(3) and with two different relative velocities ds/dt . Since 
the scatterer nodes are static, the resulting Doppler PDS can 

be thought as a sum of two random variables with Jakes 
PDS. 

 
According to a mathematical theorem, the PDF of two 

summed independent random variables results from the 
convolution of the two single PDF and since the PDS is 
directly proportional to the PDF [6] this is also valid for the 
power density spectra. Thus the Doppler spectrum for the 
cross mobile link results from the convolution of two Jakes 
spectra. This process of convolution can be even proceeded 
for more distance changing path segments, since the 
convolution is associative. The convolution in the original 
domain1) can be expressed also by the inverse Fourier 
transform of the product of the single Fourier transforms. 
Hence the resulting cross mobile link Doppler spectrum JPN 
for N distance changing path segments follows 

 

{( }){ }N
DJakesN fSJP )(1 FF −=  (6) 

with the assumption that all contributing path segments are 
out of the same distribution, with the same maximum 
Doppler frequency fDmax. 

This expression can be brought into an even more general 
form by using the fact that the ACF of the Jakes spectrum is  

 
( tfJtr Dxx ∆⋅=∆ max0

2 22)( πσ )
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where J0(⋅) is the zero-order Bessel function of the first 
kind [6]. Now the convolution can be expressed as 
multiplication in the time domain and then JPN can be 
expressed by a Fourier transform of a power of a zero-order 
Bessel function of the first kind [4]: 

 
(({ }N

DN tfJJP ∆⋅= max0
2 22 πσ F . (8) 

 
The Doppler spectra JPN are plotted in Figure 5 for 

different number of distance changing path segments N. For 
better visualization of the resulting shapes, also here the 
graphs are not scaled for equal power, but to the maximum 
numerical values of the PDS. Actually as N grows, the 
Doppler frequency variance also grows, but the intensity at a 
certain Doppler frequency gets lower or more flat. 

 
An interesting characteristic, explainable by the Central 

Limit Theorem, is that for approximately N ≥ 6 the shapes 
turns out to be proportional to Gaussian distribution. In fact 
this type of PDS, or more precise a superposition of shifted 
Gaussian PDS, is also used in the COST 207 for the 
definition of GSM channel models [6]. 

                                                           
1) Note that the original domain, the Doppler frequency domain, 

is already a frequency domain. 
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Figure 5 – Doppler power density functions for N distance 

changing path segments. 

 
An empirical estimate of the standard deviation σf of the 

resulting Gaussian PDS is given by the following empirical 
formula: 

N
fk D

f
max⋅=σ  , (9) 

Uplink Macro Cell Urban (y34a)
Downlink Macro Cell Urban (z38a)

with the constant k ≈ 0.73. 
 

3.2 Simulated Doppler Spectra for the MS-MS Link 

The simulation result of the Doppler PDS is obtained by 
accumulation of the time variant Doppler frequencies over 
the simulation time. Now the theoretical spectrum JP2(fD) can 
be compared to the simulated one. This is done in Figure 6.  
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Figure 6 – Comparison of Theoretical Mobile-to-Mobile 

spectrum with the simulated one for Static Scatterer Scenario 

As can be seen, the results are almost the equal, only some 
difference due to imperfect convergence is detectable.  

 
3.3 Simulated Doppler Spectra for the BS-BS Link 

On the other hand, for the BS-BS link the resulting 
Doppler PDS is almost a Dirac pulse with only a little 

variance in the Doppler frequency domain. This is because of 
an assumption of 60% static scatterers, 30% mobile scatterers 
and 10% dynamic scatterers in this simulation environment. 
For comparison purposes the BS-BS Doppler spectra is 
depicted in Figure 7 together with the MS-MS link, as well as 
for uplink and downlink. 
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Figure 7 – Overview of Doppler Spectra  

On a logarithmic scale, as depicted for the Scattering 
Functions in Section 3.4, some small amount of power 
(below approximately 20 dB) with an exponential decay 
beside 0 Hz is noticeable. 

 
 

3.4 Scattering Functions 

A statistical description of the mobile communication 
channel is the Scattering Function. It describes the Doppler 
Spectrum Power density function over the time delay 
(e.g.[6]). The Scattering Function Ssc(τ, fD ) is calculated here 
in a discrete way. This means that the amplitude of a single 
multi path contribution, within a propagation delay interval 
(τi, τi +∆τ ] and also within Doppler frequency shift interval 
(fDj, fDj +∆fD ] is accumulated to a mean power density value 
over time. For one simulation step, the accumulation is done 
in a coherent way by complex summation. 
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4. CONCLUSION 
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