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Introduction

The assessment and use of techniques as beamforming, transmit diversity or MIMO relies on the use of directional information, which, for simulations, must be provided by a channel model. Following this purpose, this document presents a channel model capable of providing directional information for the particular case of a micro-cell. Based on a similar approach as [1], it is a partially statistic ray-based model, comprising a small set of input parameters, which try to establish a compromise between environment reproduction accuracy and complexity.

The model was assessed and optimised according to a set of measurements performed in Duisburg, Germany [2]. Resulting optimised input parameters are presented here, as well as comparison between measurements and simulations for spread and path loss parameters.

Moreover, the model has already been used in link-level simulations for the assessment of adaptive antenna techniques [3].

The Model

The model is proposed for a micro-cell environment, in which it is assumed that the Base Station (BS) is below rooftop level. A particular operational environment [4] is considered: the Line of Sight (LoS) street, which assumes both BS and Mobile Terminal (MT) positioned along the same street.

Scatterers are randomly positioned according to a particular distribution [5], [6], [7]. Only two dimensions are considered, therefore, the scatterer distribution is a planar one.

Given the fact that measurement results have shown signals arriving in clusters [8], it is proposed to group scatterers into clusters instead of having discrete ones, as also suggested by [9]. From the current operation environment, it is assumed that in this case the BS antennas are relatively low-height; hence, scattering will be present in the surroundings of an existing LoS path. This means that multipath scattering is as likely near both the BS and the MT. Therefore, the scattering region is chosen to be an ellipse whose foci are the BS and the MT [5]; the ellipse size is confined to the street width.
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Figure 1 – Spatial distribution of scatterers

within a street.

The cluster spatial distribution assumptions are so that clusters are fixed in space according to a uniform distribution, and that scatterers within each cluster are distributed according to a Gaussian distribution. The number of scatterers per cluster is generated according to a Poisson distribution. Figure 1 [10] depicts an example of the operational environment and the resulting scatterers positioning. The elliptical scattering region for a particular MT position is also represented. Some exemplifying signal paths are also represented in the picture.

Another simplifying assumption of this model is the consideration of single specular reflection. It is known, however, that in micro-cell environments the street guiding effect is important, namely through higher order reflections along the street. This phenomenon is accounted for in a simple way: an effective street width (larger than the real one) is assumed, thus emulating multiple specular reflections through longer distanced single reflections. In this way, longer delays are considered in the simulations for the same physical environment, compensating for the longer spread delays and angles that characterise such effect.

Scatterers’ reflection coefficients are random variables both in magnitude and phase, assumed uniformly distributed within the intervals [0, 1] and [0, 2([, respectively.

Each scatterer is individually treated, generating a ray that, besides reflection attenuation, is affected by free space attenuation. The assumption of LoS presence and the scattering distribution chosen generate a non-uniform angle distribution at both MT and BS. Also a non-purely Rayleigh channel is obtained, following the recommendations by [11].

The fact that scatterers are fixed in space produces temporal variations on the channel for a moving MT. This comes from the fact that during MT motion, the scattering influence region will move along with it, and so new multipath components will be added and others removed. This prevents one from having to include additional short-term fading into the channel model. It also guaranties correlation between different signal samples taken along MT motion.

When the number of scatterers increases (e.g., in the case of an additional cluster being included in the scattering region due to motion), also the probability of each of the signal components being blocked increases. To account for this phenomenon, an obstruction factor Fobs is included. This factor, which is multiplied by the total signal components, is expressed by

	
[image: image2.wmf](

)

1

2

2

1

obs

obsobsscat

FKN

a

-

=×+


	(1)


where Nscat is the total number of scatterers included in the current scattering region, Kobs and (obs are constants, referred to as obstruction factor gain and obstruction factor exponent, respectively.

The same scatterer distribution is used for both up- and down-links. Partial correlation between the two different link directions is obtained by using different reflecting coefficient phases, in agreement with expected scattering behaviour variation.

This being a propagation channel model, it can provide information about both Angle of Departure (AoD) and Angle of Arrival (AoA). Consequently, it is independent of both end antennas, which can be subsequently incorporated.
Polarisation effects were not accounted here, but they can be accounted for if random polarisation differentiation is also included into the reflection coefficients.

A measurement campaign was used to assess the model. The model’s input parameters were optimised accordingly. The final parameter set is listed in Table 1. Figure 2, Figure 3 and Figure 4. depict the comparison between the measurement’s output parameters and their equivalent simulated ones [12].

Conclusions

This work proposes an assessed and optimised model for the simulation of micro-cells when directional information is necessary.
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	Parameter
	Value

	effective street width ratio, rw
	12

	cluster Gaussian standard deviation [m]
	1

	cluster density [m-2]
	10-3

	average number of scatterers in each cluster
	10

	obstruction factor gain, Kobs 
	1/7

	obstruction factor exponent, (obs
	1.7


Table 1 – Optimised model parameter set.
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Figure 2 – Propagation Gain vs. distance.
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Figure 3 –Delay spread vs. distance.
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Figure 4 – Delay and Angle spread in fixed positions.
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