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1. Introduction

Several discussions on channel modelling for link or system level simulations took place in the last RAN WG1 meetings. This contribution provides the point of view of France Telecom Research and Development about this topic. The first part describes the latest works that were conducted by France Telecom to characterize the MIMO propagation channel modelling. The second part compares the different modelling approach and promotes the ray tracing approach. 

2. Channel characterisation.

France Telecom R&D has carried out several wideband measurement campaigns to investigate the frequency and angular selectivity of the propagation channel at 2 GHz in typical small and macro cell environments. During the small cell campaigns [1]
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[2]
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[4], the base station antenna consisted of a linear 8 elements antenna array and was located on rooftops above mean height of surrounding buildings. The typical environment was dense urban and urban. During the macro cell campaign [4], the base station antenna was the same linear antenna array and was located on the top of a 35 meters height building with no obstacles around. The typical environment was rural.

For each campaign, the Power Angular Spectrum (PAS) at Node-B was processed using an usual beam forming algorithm. Fig. 1 shows an example of spatio-temporal measurement. The average spatio-temporal power repartition is an interesting graph because it shows local areas, centred around a direction of arrival and a delay, where the transmitted or received energy at Node-B is concentrated. These local areas correspond physically to a cluster that can be seen as a rays group with similar angle of arrival and delay. The UE was a car that moved along a street in urban cases or a road in rural cases. No information about the direction of arrival at the UE was available but an analysis of the Doppler spectrum, which is highly dependent of the Direction Of Arrival (DOA), was done.
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Fig. 1: Spatio-temporal measurement example (( Power angular profile (PAP), ( Power delay profile (PDP), ( Averaged spatio-temporal power repartition, the 0° is the pointing axis of the array antenna).

The main results of these campaigns were the following:

· Angle of arrival at the Node-B:

 The table given by Telia AB [8] during the last meeting is completed by the results of France Telecom Research and Development for the urban and rural environments. These results were obtained in the framework of the French RNRT project SIMPAA (Simulateur Matériel de Propagation pour Antennes adaptatives). The aim of this project is to develop a propagation channel hardware simulator adapted for the UMTS system and multi-antenna technologies.
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[2]
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18(
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[14]
-
8(
-

Grey Areas correspond to France Telecom R&D work.

In rural environment, the maximum of the power spectrum azimuth angle of arrival corresponds almost always with the azimuth angle Node-B/UE and was almost the same for each cluster. In dense urban, and particularly for small distances Node-B/UE, these two observations are no longer true. The azimuth angles of each cluster are not equal and differ from the azimuth angle Node-B/UE. This explains partially why the AS increases in urban environments.

· Doppler Spectrum at UE:

Fig. 2 gives three examples of Doppler spectrum. The Doppler spectrum shape can be asymmetric and is consequently very different from the classical shape that is unfortunately the most used in the normalized tap model. An asymmetric Doppler spectrum means that the PAS at the UE is not uniformly distributed over 360°.
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Fig. 2: Typical urban power delay profile and Doppler spectrum

There are little available articles, which deal with the direction of arrival at the UE. One was already mentioned in a 3GPP contribution [3]
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[9]. Others results can be found in [6]

 RENV _Ref5700049 \r \h 
[7]. The conclusions of these articles are very close.  A systematic uniform PAS at the UE is not valid because it doesn't take into account two major propagation mechanisms. The first one is the canyon street phenomena, where the rays are aligned with the street. The second one is the street corner phenomena where the AS could be large but it is more due to a few  "specular-like" reflections with different azimuth angles. 

3. Channel modelling

Most of the time, a wideband propagation channel is used in link or system level simulation and we can easily imagine that the common user of channel model is not a propagation expert but a person with a signal processing background. So the channel model has to be simple and easy-to-use. On the other side, a channel model has to be realistic and representative of a typical environment. Thus, the work of propagation experts is not easy because they must find the right compromise between simplicity and reality. At France Telecom R&D, different approaches for modelling the UMTS propagation channel were discussed and especially the tap model approach and the geometrical approach. The first one is widely used in present simulations but has paradoxically great disadvantages: the tap numbers are limited and the selected Doppler spectrum is often the classical shape although it has been shown that this shape is very far from reality. For multi-antenna applications, the original tap model did not give the directions of arrival or departure, which are key parameters to estimate the performance of MIMO systems. To solve this problem, other parameters were added as the correlation matrices. But this method does not allow to separate easily the antenna configuration from the propagation channel or to take into account of the polarization diversity that could be used in MIMO equipment. Furthermore, the increasing number of parameters for MIMO applications complicates the model and we can wonder if it is still simple. For all these reasons, we think that the tap model is not adapted for UMTS MIMO simulations and that is why we investigated the geometrical or ray-based approach.

In the ray-tracing approach, the channel is modelled by a set of rays with geometrical and propagation characteristics. The geometrical characteristics are the length (or the delay in time domain) and the direction of arrival at the UE and Node-B. The propagation characteristics are the complex amplitude in two orthogonal polarisations. For MIMO application, we assume that the set of rays is identical for all antennas except for the phase that depends of the antenna configuration. Adding each ray weighted by the antenna complex gains generates the impulse response. To avoid a long list of rays and to get the model more comprehensive, a solution consists to define clusters or reflectors as it is shown in Fig. 3 [1]
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[2]. A cluster contains scatterers, a reflector is a single scatterer. Rays are traced by joining the base station, a scatterer from a far cluster and a scatterer from the mobile cluster. This ray tracing method is not the only one and recently a similar approach was proposed in the 3GPP RAN1 [10].  
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Fig. 3: Relationship between reflectors and clusters location and channel impulse response.

The ray-tracing approach has a lot of advantages:

· It is easy to understand. A cluster or a reflector can be associated with a group of buildings or with an isolated building

· It is easy to be implemented by simple addition of the ray's complex amplitude 

· It is highly flexible for adding further model details as a ray birth-death mechanism to simulate a street corner passage.  

· The antenna pattern is taken into account independently from the propagation channel. Simulations with polarization diversity are so simple as spatial diversity

· The impulse response is realistic. A Gaussian distribution in distance and an uniform distribution in azimuth of the scatterers inside far clusters leads to a Laplacian shaped angular power profile and an exponential decaying function for power delay profile [5]
· Specific location of local scatterers around the mobile leads to realistic Doppler spectrum and simulate very well propagation effects as canyon street or corner street.

4. Conclusion

In this contribution, some results about the spatial and frequency selectivity of the UMTS propagation channel were introduced and additional AS values at Node-B in urban and rural environment were given. A possible channel model using a ray-based was proposed and the advantages of such a model were discussed. 
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