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1. Introduction

The joint ad-hoc group of 3GPP and 3GPP2 is currently developing channel models for MIMO channels in urban macro – and microcellular environments. While agreement has been reached for a considerable number of parameters, recent contributions by Mitsubishi and Motorola have raised some additional questions. This paper summarizes several questions and tries to give answers to most of them. The discussed topics are rather diverse, but we thought it might be a good basis for discussion to have all the issues in a single document.

2. Far scatterer clusters

In a previous document, Mitsubishi had stressed the importance of far scatterer clusters, showing that channels with a far cluster behave differently with respect to correlation coefficient, capacity, and interference under a variety of circumstances. In the ensuing phone conference, doubts had been raised about the validity of the model. Specifically, the fact that a cluster (path) with a large number of subpaths had been compared to two clusters consisting of a single subpath each was considered an unfair comparison. Furthermore, the issue of complexity was mentioned, in case that a far cluster was chosen in addition to the existing paths.

In the following, we first briefly summarize the arguments for the inclusion of far scatterer clusters. It was shown in Ref. [Mitsubishi] (and also agreed on in the ensuing phone conference) that far clusters have been frequently measured in urban environments, especially larger cities. Furthermore, we argued that it is not always possible to replace two widely separated clusters with a single cluster with similar delay spread. We had shown figures comparing two clusters with a small angular spread each (i.e., only one subpath) single cluster  with a cluster with  multiple subpaths. This equivalence is not possible for various reasons:

1. The correlation coefficient, and thus the diversity degree, depends only on the rms angular spread as long as the maximum angular spread is much smaller than 90 degrees. If far clusters are present, this latter condition is not fulfilled anymore.

2. The capacity distribution can be different in the two considered cases. This difference becomes relevant only for large antenna arrays (>4*4), and high SNRs (>20dB). 

3. A system with beamswitching diversity behaves very differently in channels with or without multiple clusters. As long as the cluster angular spread is smaller than the beamwidth, a system will see as many different (diversity) paths as there are clusters. 

4. Similarily, the effect of the beamwidth of a sector antenna on the system is very different for the single and the multiple cluster case. In the former case, a narrower beamwidth will not change anything, as the cluster spread (up to 15 degrees) is much smaller than the considered beamwidths (60 and 120 degrees). If we have multiple clusters, however, those might be suppressed by a smaller-beamwidth antenna. 

5. The behavior for interference is different, especially when interference-suppression based on directional information is used. There can be two cases: 

a. There are two possibilities: the far scatterer cluster can be a common scatterer for the signal from the desired BS and from the adjacent BS. In that case, it is usually advantageous to apply beamforming, so that the signal from the far cluster, as well as from the direction of the adjacent cell BS location itself, can be suppressed.  

b. the far scatterer cluster is visible only for the desired BS. In that case, it is advantageous to exploit the signal from the far scatterer.

This shows that the multiple-cluster case might be a “best case”, or a worst case, depending on whether the far scatterer acts as “conduit” for interfering radiation or not.

6. As far as complexity is concerned, we suggest to use only two paths for the far cluster, though the angular and delay cluster spread can be chosen the same as for the local cluster. This means that the increase in complexity is at most 35%. It would even be possible to represent the local cluster by 4 paths, and using 2 for the far cluster. However, we think that it agrees with measurements that there are at least 8 distinct paths. As 8*8 systems seems the maximum size, this would imply that (at least as far as pathnumber is concerned), the transfer function matrix has full rank. 

Summarizing, we suggest the use of one far cluster per cell. The placement is according to the (updated) COST259 rules: the probability of a far cluster decreases exponentially with the distance from the BS (with a decay constant of 1500 m.  A disk around the BS is free from far-scatterers – something that can usually be achieved by appropriate cell planning. We suggest to have the radius of this disk as 1000m. The angle w.r.t. quasi-LOS is uniform. 

The attenuation of the far clusters is 1dB/microsecond of excess delay. The excess delay can be computed from geometrical considerations. 

Figure 1 shows a comparison of the cpacity cdf for a 8*8 system with 30dB SNR, with 6 local paths, 6 path for local cluster plus 2 paths for the far cluster, and 4 path for local cluster and 2 paths for the far cluster. We observe the different behavior when a far cluster is included, while the number of paths in the local cluster seems to have a relatively minor role.
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3. Issues with the current version of the Channel document (version 1.9)
3.1 Model for the delay spread

Currently, the model defines a delay spread that is independent of the distance between BS and MS, though it is correlated with the angular spread. We state that the model by Greenstein as well as the one by COST 259 defines a d^0.5 dependence of the delay spread on distance. In other words, the delay spread as computed currently would have to be multiplied by (d/d_ref)^0.5. If it is decided that this is not desirable because of complexity considerations, then we should point this out in the document.

3.2 Shadowing

At the moment, it is not yet clear how the shadowing works. There is the definition of the shadowing variance being 8dB, and the description how to generate the shadowing.  But the “individual-path” shadowing is still undefined (sigma_rnd). Furthermore, the question is open whether it will affect all paths independently, or whether there is correlation between paths that depends on the delay between them. For the computations mentioned below, I used zero for the variance.

Note that in the COST model, the shadowing is defined per cluster, and the values for the per-cluster shadowing are such that the total shadowing variance corresponds to the measured values of the narrowband shadowing

4. Issues raised in recent contributions 

4.1 Polarization: 

Models for the polarization have become very important recently. Motorola has made suggestions concerning the modeling of the crosspolarization, finding it a function of the excess delay of the considered multipath components. We analyzed data from Helsinki w.r.t. cross polarization (the data from [Toeltsch et al. 2002]). We could not find a noticeable dependence of the XPD on the delay. We found the mean of the XPD at 8.6, and the standard deviation at 7.8 dB. The fit to a Gaussian curve was quite good. From the same set of measurements, we also analyzed the macrocellular environment, and found 6.8dB mean and 8.5dB standard deviation. The measurements were done with a vertical dipol transmitter at the MS, and vertical and horizontally polarized patch antennas at the BS.

4.2 Microcellular model

4.2.1 Below-rooftop assumption

The question whether the BS is assumed to be strictly below rooftop in the microcellular situation naturally cannot be answered unambiguously. However, measurements have shown that antennas at rooftop exhibit many of the properties of typical “true” microcellular models. In particular the waveguiding turns out to be the dominant propagation mechanism for antennas both at and below rooftop ([Toeltsch et al. 2002], [Pajusco 2002]). However, the relative importance of a quasi-LOS component naturally is a function of the height of the BS antenna, but the model will not exhibit a detailed account of this effect anyway.

4.2.2 Pathloss model

As outlined in contribution [SCM-39], we suggest the following model for pathloss in microcells

For the microcellular case, we propose the model of [Feuerstein et al. 1994]: 

for LOS: 10*n_1*log(d/m)+L(1m) for d<d_f

                10*n_2*log(d/d_f)+10*n_1*log(d_f/m) +L(1m) for d>d_r

 for NLOS: 10*n_3*log(d/m)+L(1m)

with  n_1=2.1 n_2=4.2, n_3=2.6

When there are several clusters (as in the urban macro and microcell model), the narrowband power of the first clusters is different from the total narrowband power. However, the deviation is at most 4dB. Considering the usual modeling errors of any narrowband power model, we think that this deviation is not significant. 

The power of the additional clusters is determined from their excess delay (relative delay with respect to the first cluster). For the urban microcells, we propose 3.2dB/microsecond – this value was extracted from the measurements of [Toeltsch et al. 2002a]. 

4.3.3 Line-of-sight modeling 

We suggest to distinguish between a LOS and NLOS case. For the NLOS case, the Rice factor is set to 0. For the LOS case, the Rice factor is [Foster 1994]

13-0.03*d 

where d is the distance between MS and BS in meter.

The probability for LOS or NLOS strongly depends on how strongly the streets are curved, as well as whether the BS is located in a street canyon, or on a crossing. Furthermore, the probability for LOS is a function of distance. For simplicity, we suggest that the probability to have LOS is unity at zero distance, and decreases linearly until a cutoff point at d=300m. This model might also be used for macrocells – as a matter of fact, it has been proposed there in COST259 [Correia 2001]. 

A remaining question is whether the fact that closely spaced MSs will all have either LOS or NLOS shall be included in the model. It could be done in a reasonably easy way by the concept of “visibility regions”. Details can be found in [Correia 2000] and [Molisch et al. 2002]. 

4.3.4 Canyon effect and cell layout

Analoguously to the discussion of the street canyon effects, the waveguiding has an important effect to the DOAs as well as the DODs in microcells. The effect there is even more pronounced, as the orientation of the BS antenna w.r.t. the street is always the same. 

The suggestion by Motorola to use a rectangular grid, which would result in a geometrical determination of all involved directions, is physically reasonable and also in line with the COST259 model, where a similar (though more complicated) street grid is used. 

5. Summary

We have given an overview of several issues that are still open, and suggested remedies.  These points can serve as a basis for further discussion.
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