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Abstract – For multihop/Ad-hoc networks, the conventional one-dimensional (1-D) channel 

model cannot capture the spatial correlation of the shadowing processes. This paper 

investigates the joint spatial/temporal correlation property the shadowing process for 

peer-to-peer radio links in urban environments. Statistical analysis reveals that the 
shadowing process is mainly a result of the movement at the mobile station (MS) side. 

Furthermore, the joint correlation property of the MS-MS channel shows that MS movement 

at each end of the peer-to-peer link have independent and equal effect on the correlation 

coefficient. A filter based joint shadowing process simulation model is proposed for urban 

peer-to-peer radio channels. Simulations illustrate the potential of the proposed channel 

model. 
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I. INTRODUCTION 

The demand for flexible mobile multimedia services continues to grow. Traditional cellular solutions 

are coming under increasing pressure from peer-to-peer WLAN solutions such as 802.11b. Beyond 

third generation networks are looking to combine peer-to-peer connectivity together with traditional 

cellular solutions to improve coverage, reduce transmit power, and ultimately provide ubiquitous 

high capacity connectivity. This area has been widely studied and a number of wireless systems that 

explore adaptive self-configurable networks over peer-to-peer radio channel have been proposed 

[1-5]. To evaluate the performance of such systems in an urban setting, proper radio propagation 

models for peer-to-peer links that can provide all the essential channel characterizations are 

necessary. Among those channel characterizations, the spatial/temporal correlation properties of 

shadowing attract considerable interest in the field of multihop/ad-hoc networks. One of the core 

ideas here is to provide high capacity connectivity by overcoming the heavy shadowing and more 

efficiently reusing the radio resource spatially [1,3].  

Most existing channel models [6,7] are established based on the base station to mobile station 

propagation channel for cellular networks, where only the auto-correlation of the Base-station to 

Mobile Subscriber (BS-MS) is modelled. A two-dimensional (2-D) sum of sinusoids (SOS) based 

channel model is developed in [8] to simulate the BS-MS shadowing process in a virtual map. In [9], 

the cross-correlation of MS to multi BS links is modelled for handoff performance studies. However, 

in a multihop/ad-hoc network, the shadowing correlation between a large number of MS-MS links 

needs to be closely investigated. [10 ] reported that incomplete consideration of the spatial 

correlation in multipoint-to-multipoint (M2M) radio channels (i.e. multiple MS-MS links) can lead to 

significant inaccuracies in simulation results, especially for the routing protocols and radio resource 
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management (RRM) performance evaluations. A simple biased fading (random or site-specific) 

process applied to each MS is suggested in this paper. In [11], a general mathematical joint 

correlation model for shadow fading between two BS and two MS is derived. However, this model is 

unable to be extended for M2M channels. 

In this paper, the spatial correlation properties between MS-MS links have been investigated, as well 

as for other links existing in a multihop network, e.g. BS-MS, BS to fixed Relay Node (BS-RN), 

RN-MS, RN-RN. The joint correlation function is extracted and a filter based shadowing process 

model is proposed. The performance of the proposed channel simulator is analyzed in terms of the 

autocorrelation function of the simulated shadowing process. Simulations illustrate the potential of 

the proposed channel model. This model, incorporating the statistical channel model developed in 

previous study [12], provides a complete solution for power prediction in system level simulations 

that incorporate multihop/ad-hoc and fixed relay network elements in an urban environment at 

UHF/VHF frequency band.  

The remainder of this paper is organized as follows: In section II, the 3-D ray model used to obtain 

the channel data is introduced together with the simulation settings; the data analysis and extracted 

joint correlation function is given in section III; in section IV, the proposed shadowing model is 

described; finally, the performance of the proposed model is analyzed in section V and some 

concluding remarks are drawn in Section VI. 

 

II. Ray Model Simulation 

As it is extremely difficult to obtain sufficient data samples by means of measurement due to the 

need to measure all mesh links between MSs, BSs and RNs, the shadowing correlation is analysed 

based on the data generated from a fully three-dimensional deterministic propagation model [13]. 

This model uses geographic data (terrain, building, foliage and ground cover data) to predict power 

as well as time, frequency and spatial dispersion in the radio channel. The model was developed at 

the University of Bristol and has been validated for transmitter (TX) locations both above rooftop and 

below rooftop in urban environments at 2GHz and 5GHz [14,15]. In the Bristol comparison, the 

mean error of the predicted power was less than 4.5dB and the rms. error was less than 7.5dB. 

Simulations are conducted on a 1.4km x 1.4km area of central Bristol (Figure 1). The urban 

environment is typical of a European city with buildings typically 3 storeys in height. The average 

building height for this region was 12m.The test area also includes several hills with terrain height 

variations in the order of 60 meters. The height of the antennas was set to 15m, 5m and 1.5m for BS, 

RN and MS respectively. Carrier frequencies of 2.1GHz and 5.2GHz were assumed. 

For the study of the spatial shadowing auto-correlation, 6 moving routes were defined in Single 

Route simulation mode, during which the TX remained at a fixed location while the receiver (RX) 

moving around. The RX was set to be a MS, and the TX was set to be either a MS, RN or BS for 

comparison. As the spatial correlation is environment dependent, to obtain the averaged correlation 

function, 6 routes were placed at different areas on the map, with a total length of 8km. For the 

MS-MS link shadowing cross-correlation investigation, Route Set simulation mode was defined, in 

which route set was used. Each route set consists of a moving TX route as well as a moving RX 

route. 4 route sets have been defined in the city centre area, with a total length of 2km (TX) x 2km 
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(RX). The route configurations are shown in Figure 2. The channel data has been generated with RX 

(and TX in Route Set mode) moving along the pre-set routes at 1 metre intervals. 

Figure 3 shows an example of the predicted local mean received power and the shadow fading from 

Single Route simulation mode. The Route Set mode result is shown in Figure 4. The term of local 

mean received power was obtained by summing the power in all the arriving rays, where the phase 

of each ray was not taken into account; hence the fast fading is averaged out. The shadowing data 

was calculated by subtracting the local mean power by the distance dependent mean path loss 

found in the previous study [12]. For more detailed information, please refer to [12]. 

 

 

Figure 1: Bristol database as used in the simulations 
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Figure 2: Routes Setting, (a) Single Route mode, (b)Route S
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