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CORRELATION MODEL FOR SHADOW 
FADING IN MOBILE RADIO SYSTEMS 

Indexing terms: Electromagnetic waves, Mobile radio systems, 
Wave propogation 

A simple autocorrelation model for shadow fading in mobile 
radio channels IS proposed. The model is fitted to both large 
cells and microcells. Results show that the model fit is good 
for large lo moderate cell sizes. It is however shown that the 
model does not provide adequate results for microcells. 

Introduction: Fading in mobile radio systems may be divided 
into two different types, fast and slow fading. Fast fading is 
caused by multipath propagation. The statistical properties of 
multipath fading have been studied extensively in the liter- 
ature.’ The other type of fading, slow fading or shadow 
fading, is caused by obstacles in the propagation path between 
the mobile and the base station. Slow fading has been charac- 
terised in the literature by its one-dimensional distribution 
function, which can be well approximated by a log-normal 
distribution.’ In the design of diversity and handover schemes 
a better understanding of the correlation properties of the 
slow fading process is required. We propose a simple model 
for these autocorrelation properties. Very good results are 
achieved when the model is fitted to measured data from a 
suburban environment, 

Signal model: Signal strength measurements are in most 
mobile communication systems performed at regular intervals 
which is why we have chosen a time discrete model. We 
assume the received analogue signal strength is sampled every 
T seconds. Let us then denote the logarithm of the received 
signal strength as A(n). Assume that A(n) has a Gaussian dis- 
tribution with an average dependent of the distance between 
mobile and base as 

a = K ,  - K ,  log (4 (1) 

Parameter K,  is determined by the transmitter power, and K ,  
is a propagation constant in the range between 20 (line-of- 
sight propagation) and 60. This is the well known Okumura 
model’ of the large scale average of received signal strength in 
mobile radio systems. 

To model the correlation properties we have used a simple 
decreasing correlation function. We assume that the mobile 
velocity IS U. In the proposed model the correlation is given by 

R,(k) = u2aIk1 (2) 

a = pJ (3) 

The variance U* is usually in the range between 3 and lOdB., 
The correlation coefficient a in eqn. 2 may be expressed as in 
eqn. 3. Here parameter E~ is the correlation between two 
points separated by distance D. 

The model is easy to analyse3 and is well suited for gener- 
ating shadow fading envelopes in simulators. It is easy to see 
that a white Gaussian noise process, filtered through a first 
degree filter with a pole at a, will produce a log-envelope 
signal with the required properties. 

Model verification: The model defined in eqn. 2 is verified by 
fitting it to measured data. Measurement data are from two 
different environments, a suburban area in a large European 
city (macrocells) and an urban environment (microcells) in 
another European city. The model is fitted by estimating the 
constants in eqns. 1 and the parameter E~ in eqn. 3. 

The measurement data in the suburban case are from a 
900 MHz measurement. To remove the effect of the multipath 
Fading we have average the measured signal over a distance of 
approximately 27 m. During the measurement the mobile 
moved in an area of approximately 15 x 15km2. The base 
station was located in the centre of this area. 

A typical result of the model fit is shown in Fig. 1. The 
propagation constant K, was found by mean square estima- 
tion to be 33. In Fig. 1 we see that the simple correlation 

0 500 1000 1500 2000 2500 
j748111 distance, m 

Fig. 1 Normalised autocorrelation (measured and Jifted) in suburban 
environment 

Standard deviation of signal strength was estimated to be 7.5dB, 
and correlation at distance of l00m was estimated to be 0.82 

~ fitted 
measured _ - - _  

model proposed here works ‘satisfactorily’ for distances up to 
approximately 500111. We can also see that the correlation is 
quite high. 

The measurement data for the urban environment is from a 
1700MHz measurements. Here we have chosen to show the 
results of mobile movements on a non-line-of-sight street. The 
distance from mobile to base was 1W600m. In this case the 
propagation constant K ,  was estimated to be approximately 
50. To remove some of the effects of fast fading, we averaged 
the measured signal over a distance of 1.5m. In Fig. 2 we see 
the result of the fitting of the autocorrelation function. 

The microcell measurement data have been averaged over a 
very short distance. Therefore, the filtered signal will certainly 
contain both slow and fast fading components. When we aver- 
aged the signal over a longer distance it was shown that the 
simple correlation model gave poor results. 
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Results: If we use the results in Fig. 1 and assume that a 
mobile IS moving wtth a velocity of 50 km/h and that the 
sampling interval is 0.5s (as in GSM) our estimate of the 

signal will have almost the same value as the present sample. 
If we carry out the same calculahon for a mobile in a micro- 
cell we see that the correlation parameter a 1s much less than 
1. In the design of mobtle communicatton systems this large 
difference in the correlatton properties of the slow fading 
should be observed. 

Summary A correlation model for the received signal in 
shadow fading in a mobile radio system was proposed. Even 
though the model is simple results show good agreement wtth 
measurement data from suburban environments. In micro- 
cellular environments the signal envelope is ‘contaminated’ 
with multipath fading and the model predictions were less 
accurate. 
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Fig. 2 Normalised autocorrelation (measured and fitted) in urban 
environment 

Standard deviation of signal strength was estimated to be 4.3 dB, 
and correlation at distance of 10m was estimated to he 0.3 
_ _ _ _  measured 
~ fitted 
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correlation parameter a will be very close to 1. This implies a 
very high probability that the ‘next’ sample of the measured 

FOUR-QUADRANT MULTIPLIER COMBINING 
SIGMA-DELTA AND MULTIRATE 
PROCESSING TECHNIQUES 

Indexing term; Multipliers, Modulation, Integrated circuits 

A mixed analogucdigital solution combining sigmadelta 
and multirate processing techniques is proposed for realising 
four-quadrant multipliers. This overcomes the major l i -  
tations of purely analogue circuits and still achieves the 
attractive benefits of low power consumption and small chip 
size which cannot be afforded using digital signal processing 
techniques together with auxiliary analogucdigital and 
digital-analogue convertors. 

greatly reduce the complexity of the multiplication algorithm 
and hardware requirements. By using the well known linear- 
ised models for the analysis of the ZA modulator: it can be 

serial inputs 
1 bit at MF, 

MFs 

parallel 
outputs 

Introduction: Several approaches have been considered to 
implement in integrated circuit (IC) form the multiplication of 
two analogue signals,’-3 namely those either based on purely 
analogue or employing a combination of both ana- 
logue and digital circuits.’ Whereas the former can suffer from 
technology constraints yielding poor accuracy and reduced 

sion as desired but this requires fine quantisation to minimise 
the noise power and thus complex auxiliary analoguedigital where n is the order of the system and X(z)  and E(z), respec- 
and digital-analogue convertors are needed. Furthermore, this tively, are the z transforms of the input signal and quantisa- 
obviously increases the power consumption and the silicon tion noise. As can be seen from the previous expression, the 
area for IC fabrication. system is basically transparent to the signal whereas the quan- 

We describe a mixed-signal analogue-digital architecture in tisation noise is highpass shaped and pushed to higher fre- 
which the high speed output hit stream of a sigma-delta (ZA) quencies. Thus, to achieve a good performance in terms of the 
modulator is used to control the operation of a switched- signal-to-noise ratio, it is necessary to adequately lowpass 
capacitor (SC) decimator for filtering and sampling rate filter those high frequency components. This is provided by 
reduction. The multiplication itself is accomplished in the the SC decimator which, in addition, also reduces the sam- 
charge domain and, depending on the values of capacitance pling rate of the signal from MF, to F,. Depending on the 
ratios, can be defined with an accuracy as high as 0.1%. The required specifications, we can always adopt for the SC deci- 
range of the analogue input signals, with both positive and mator an efficient architecture for reducing the overall capac- 
negative values, is limited only by the operation of the ampli- itance spread and relax the speed of the  amplifier^.^.^ 
fiers in the circuits and the voltage reference needed in the ZA The hit stream at the output of the ZA modulator enters a 
modulator. digital shift register whose outputs control the operation of 

the input branches of the SC decimator as shown schemati- 
Architecture and operation principle: The proposed architec- cally in Fig. 2. When the controlling bit is ‘1’ the correspond- 
ture, shown in Fig. 1, consists of a ZA modulator, a digital ing SC branch is configured in a positive charge transfer mode 
shift register and an SC decimator. The ZA modulator and when the controlling bit is ‘0’ it is configured in a negative 
encodes one continuous-time input signal into a bit stream at charge transfer mode5s6 (we should note that the binary 01 
high rate MF, and whose average is a good representation of representation adopted here actually corresponds, respec- 
the input signal. Such coarsely quantised signals (binary 01 tively, to minus and plus the voltage reference of the X4 
representation) possess a high signal-to-noise ratio and can modulator). Such an operation produces the multiplication 
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riS. 1 s c k t i c  bloc. diOerMt of 
digital multiplier 

shown that the signal plus noise output components may 
expressed as 

four-qundront onolosue- 

dynamic range, the latter can potentially offer as much preci- Y(z)  CY X(2)  + (1 - z-’YE(z) (1)  


