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ABSTRACT
This paper presents a comparative analysis of system-level

TD-CDMA simulation results obtained for different shadow-
ing simulation models. Namely, relevance of aspects such
as cross-correlation or spatial autocorrelation of shadowing
is studied. It is shown that, in terms of system capacity,
modelling of cross-correlation plays a more important role
than spatial autocorrelation. Another relevant issue that arises
from the analysis is the relevance of cross-link correlation in
shadowing for a time-duplexing scheme such as TD-CDMA.

I. INTRODUCTION
The development of precise shadowing models is a key

issue in system-level simulation of wireless networks, since
it can significantly affect the dynamics of both signal and
interference power variation at the receiving unit and, con-
sequently, coverage area and received signal quality [1]. For
instance, neglecting shadowing spatial autocorrelation present
in wireless systems results in significant underestimation of
both capacity and performance of techniques that strongly
depend on radio link quality conditions [2].

The purpose of this paper is to analyse how the choice
of a shadowing model affects capacity results of TD-CDMA
system-level simulations. Time duplexing technique causes the
network to undergo specific interference situations that are
not present in frequency-duplexing systems such as GSM or
WCDMA [3], for which the impact of shadowing modelling
has already been analysed. This fact justifies the need for the
study herein presented.
The structure of the paper is as follows: section II covers

the description of different aspects of shadowing and their
models, section III deals with the description of the TD-
CDMA simulator, section IV presents the obtained simulation
results and, last, section V summarises the conclusions.

II. SHADOWING MODELLING

A fair amount of work in shadowing modelling has been
reported in the literature. Research has mainly been done in
three directions:

* Finding a probability density function that suits statistical
behaviour of shadowing processes.

* Modelling the relation between shadowing experienced
by links from one point to two different sites.

* Analysing shadowing spatial autocorrelation function, or,
in other words, modelling the relation between shadowing
in links from one site to two different points.

A more detailed explanation of each aspect follows.
A. Probability density function

It is widely accepted that shadowing loss fits well a log-
normal distribution (i.e. gaussian in dB) [4]. As for parameters
of distribution, shadowing average is null (0 dB) and proposed
values oscillate between 7 and 10 dB (e.g. [5]), depending on
the selected simulation scenario.
B. Site-to-site cross-correlation

The existence of correlation between shadowing affecting
links that have a common node has been recognised since
the early work by Graziano [6]. This implies that shadowing
processes correponding to links from one point to two different
sites have a cross-correlation factor (PAB in (1)) whose value
is greater than 0:

PAB (XOS YO) E [LA(XO, Y,) LB(XO, ye)]
PAB(Xo, ~ I [L' (xo, yo)] F [L' (xo, yo)] (1)

where LA(X, Y) means shadowing loss from site A to point
(x,y). The simplest site-to-site correlation model consists in
making such correlation factor equal to a fixed value, indepen-
dently of the relative positions of sites A and B with respect
to the point that is common to both links. A typical value of
PAB = 0.5 is common although 0.3 can also be used [7].
C. Spatial autocorrelation

Mobility of any of the elements of a wireless link implies
shadowing changes along time that are closely related to
changes in position. Therefore, even when a single link is
modelled, there is a need to characterise its temporal evolution,
which corresponds to a description of its dependence on spatial
shift:

r(A\, AY) = F [L(x0, yS) L(x0 + Ax, yS + Ay)]r(Ax,Ay) F~~~[LI (xo, yo) ] (2)
where r is the autocorrelation factor. A pioneering work in this
field is Gudmundson's model [8]. It approximates autocorre-
lation of shadowing as a exponential decay function whose
parameters (e and D) depend on the specific environment:
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Fig. 1. Interference scenario in TDD systems.

,r(t) = e-IVtlD 3

where v is speed and D is called "decorrelation distance".
The main limitation of Gudmundson's model is that it only
has one dimension, that is, distance is measured over mobile
unit's trajectory. Therefore, it does not consider any correlation
between different mobile units, no matter how close they
might be. If that correlation is to be considered, then a two-
dimensional model that relates inidvidual mobile trajectories
to map coordinates is needed. An approach to extending
Gudmundson's function to two dimensions, which consists
in bi-dimensional filtering of uncorrelated random maps, is
reported in [9].

D. Specific aspects of time-duplexing systems
In TDD systems, UTRA-TDD among them, both uplink and

downlink share the same frequency band. This, along with
the flexibility that 3GPP specifications give to radio resource
management strategies, leads to interference scenarios fair
different from those of FDD systems. Namely, interference
does not only occur within the same link, but it also may
happen between different links [3]. Figure 1 shows a typical
TDD scenario with two sites (A and B) and two mobile units
(i and j). Mobile i is served by site B whereas mobile j is
served by site A. If interferences upon links between i and B
are studied, the following types may occur:

Uplink to uplink (UL-UL): sju interferring on su if both
uplinks share the same time slot within the TDD frame.

* Downlink to downlink (DL-DL): sDi interferring on S
if both downlinks share the same time slot.

. Uplink to downlink (UL-DL): su' interferring on SD if
uplink jA and downlink Bi share the same time slot.

. Downlink to uplink (DL-UL): SDB interferring on s$uj if
downlink Aj and uplink iB share the same time slot.

While the first two are the same as in FDD systems and their
behaviour is well-known, the other two are specific to TDD

Fig. 2. Height variation profile obtained from sampling of matrix H.

and they are not so well defined in the literature. For instance,
cross-correlation of shadowing experienced by signals sjuB and
Su in figure 1 has been widely analysed, (spatial autocorre-
lation, subsection II-C). The same can be said of correlation
between shadowing in signals sDi and sDi (cross-correlation,
subsection II-B). However, cross-correlation between shadow-
ing in signals su and sDi, and between sDB and s$u' has not
been described yet, though necessary to model [10]. For the
sake of simplicity, UL-UL and DL-DL will be referred to as
same-link interference hereon, whereas the other two cases
will be named cross-link interference.

E. Multiple Diffraction Model
Within this subsection, we introduce a shadowing model

capable of accounting for cross-link correlation. The model is
based on previous works reported by Berg [11] and Saunders
and Evans [12].

Let's suppose that we want to simulate a wireless network
within an area of R x R (m2) (the form of the area is
assumed to be square without loss of generality). Let's also
assume that for this area we have obstacles above which
propagation occurs and the mean height of obstacles is hB (m)
while b (m) is their mean width. The first step of shadowing
modelling consists in generating a random matrix HnX
with gaussian distribution [13] that simulates obstacle height
variations around hB for all the simulation area.
Now, let P(xP, yp, hp) and Q(Xq, Yq, hq) be two points

within the simulation area between which shadowing is to be
generated. In order to do so, a set of equally spaced samples
{hi, h2 ... hm} between P and Q must be obtained from
matrix H. As a result, a profile of height variations around
their mean value hB is obtained (figure 2).
From [12], total loss due to obstacles can be written in

decibels as the sum of the effects of each individual obstacle.
In our case:

m
Ldiff = E Li (hp, hq, hB, hi, b, r)

i=l
(4)

where hB + hi is obstacle height, r is propagation distance and
the rest is as defined before. (4) becomes a path-loss model
if hi = VVli. However, if there is any i for which hi :t 0,
variations over path-loss model occur, thus shadowing appears.
Assuming that height variations around their mean value are








