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I. Introduction
The main difference between the simulation methodology of the MIMO and that of conventional single antenna systems is the spatial channel model description. In RAN WG1 23rd meeting, a virtual ray model (VRM) was proposed in [1] based on correlation matrix model (CMM). We propose an enhancement of VRM in [1] with consideration of spatial geometry in [2]. 

II. Spatial channel modelling for MIMO system
A. An enhancement of VRM with spatial geometry 

Lucent proposed the VRM for simulation of MIMO spatial channel in [1]. The VRM is based on CMM, however, each component comprised channel matrix is generated from summation of many sub-rays from each Node B antenna element to each UE antenna element. 

In [1], the random variables, angle of arrival (AOA) and angle of departure (AOD) are generated at the beginning of the simulation. To our understanding, the VRM does not specify how to generate spatial parameters such as AOA and AOD and does not consider backward compatibility of power delay profile (PDP) although it is flexible to develop the fast fading phenomenon for MIMO system. The spatial channel model for MIMO system should provide explicit modelling of forward link interference in terms of AOA, AOD and so on.

In [2] a spatial channel model with constant delay ellipse for each excess time delay was proposed by Motorola. Each delay ellipse is depicted from each delay profile in ITU PDP. UE AOA is defined by a randomly selected position of scatter on the constant delay ellipse and location of the UE. Node B AOD is also computed in the same manner. 

In this document, we propose an enhancement of VRM with spatial geometry. At the first step of simulation, the spatial parameters such as AOA of UE and AOD of Node B are determined by position of UE and Node B and position of reflector on the constant delay ellipse. After the long-term spatial parameters are specified, each component of channel matrix for spatial fast fading model is generated by summation of sub-rays based on spatial parameters determined at the first step. 
B. Spatial channel model set-up 

We assume 19 cells, 3-sectored configuration for system level simulation. 

Step I :  Determine spatial geometry of UE and Node B, given figure 1, and delay spatial parameters per path. 

- Determine the positions of UEs randomly.

- Choose the PDP from ITU channel model. 

- Specify the AODs of Node Bs and AOAs of UEs based on positions of UEs, Node Bs, and scatterers on the each constant delay ellipse for each resolvable multipath determined from PDP.

Step II : Generate spatial fast fading for each component of channel matrix.

- Determine number of sub-rays for each resolvable path.

- Determine azimuth spread (AS) and power azimuth spectrum (PAS) for each resolvable path.

- Generate each resolvable path from summation of sub-rays with AS and Doppler effect.
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Figure 1. The pictorial description of spatial channel set-up procedure

At the step I, when random UE orientation and the position of large reflector are determined from the spatial geometry with the constant delay ellipse, the spatial distance from each UE to each Node B can be calculated. The path loss and the lognormal fading can be generated from this spatial distance and same parameters in table 2 of conventional HSDPA system level simulation in [2]. With procedure described in step II, the spatial parameters such as AOA, AOD, PAS and AS can be treated as independent random variables. The spatial model described is very flexible to add another channel characteristics such as a line of sight path and independency between resolvable multipaths. In [4] presented by Qualcomm the measurement results show that the fading of one path is independent of the fading in another path. We believe that the AOA, AOD, AS should be also treated as independent parameter for MIMO spatial channel model. We can generate independent AOA and AOD for each path with different excess time delay ellipse. However, the amount of AS for each different resolvable path is open issue.

C. Mapping to the ray-based model (RM)

The spatial channel models can be roughly classified under two categories - the CMM and RM. In CMM, each 
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th antenna element. The correlation coefficients can be derived based on antenna configuration and antenna spacing for specific AOA. The main advantage of this model is its simplicity to simulate. In the RM the signal impinging on each element of UE antenna array is described by the ray propagated through spatial channel after departing from each element of Node B antenna array. This model is very flexible to adopt spatial channel parameters and seems to be realistic to simulate MIMO spatial channel. In system simulation, AOA, AOD and AS should be treated as random variables. It seems to be not feasible to adopt CMM for system simulation since we should have many sets of correlation matrix for each combination of AOA, AOD and AS.
To our understanding, although VRM describes the MIMO spatial channel as a matrix as defined in CMM to generate the MIMO spatial channel, the VRM is equivalent to RM. We demonstrate how the RM can be mapped into the VRM. Based on RM [3], we can generate a resolvable multipath as follows.
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where
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 the complex constant with Gaussian density;
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 AOD of Node B for 
[image: image21.wmf]l

th sub-ray;


[image: image22.wmf],

AOAl

j

 AOA of UE for 
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 distance between antenna elements of Node B if linear antenna array is adopted;
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 distance between antenna elements of UE if linear antenna array is adopted;
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 Doppler frequency;
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Eq. (1) can be used for spatial fast fading of RM in [2], although [2] does not describe spatial fast fading model in detail. Eq. (1) is equivalent to the 
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 in [1] if Doppler effect is plugged into each component of channel matrix. Consequently, the 
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[image: image31.wmf]j

th Node B antenna element to 
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th UE antenna element in the RM.

Conclusion

We proposed the enhancement of VRM considering spatial geometry and backward compatibility of ITU PDP. Each component of channel matrix is generated by sum of sub-rays from each Node B antenna element to each UE antenna element after spatial parameters, such as AOA and AOD, are specified with spatial geometry. We showed each component of channel matrix from the VRM is equivalent of each ray from each Node B antenna element to each UE antenna element in the RM. To our understanding if VRM adopts the spatial geometry for choosing long-term variables such as AOA, AOD, AS and so on, the VRM in [1] seems to be equivalent to RM in [2]. 

References

[1] Lucent, “MIMO system simulation methodology”, 3GPP Tdoc R1-02-0142, RAN 1 meeting #23, Espoo, Finland, Jan. 2002. 

[2] Motorola, “System level channel model and simulation”, 3GPP Tdoc R1-02-0102, RAN 1 meeting #23, Espoo, Finland, Jan. 2002.

[3] Lucent, “Proposal for a unified spatial channel model”, 3GPP
, Tdoc R1-01-0722.

[4] Qualcomm, “Update on MIMO channel measurement results”, 3GPP Tdoc R1-02-0143, RAN 1 meeting #23, Espoo, Finland, Jan. 2002.

[5] Motorola , “Spatial channel model parameters for MIMO”, 3GPP Tdoc R1-01-0918.

















- 4 -

_1073929626.unknown

_1073929920.unknown

_1074022278.unknown

_1074958394.unknown

_1075122427.unknown

_1075214007.vsd

_1075122383.unknown

_1074022328.unknown

_1073931155.unknown

_1074022225.unknown

_1073929946.unknown

_1073929701.unknown

_1073929760.unknown

_1073929797.unknown

_1073929834.unknown

_1073929735.unknown

_1073929649.unknown

_1073929285.unknown

_1073929555.unknown

_1073929601.unknown

_1073929536.unknown

_1073929234.unknown

_1073929250.unknown

_1073928681.unknown

_1073929205.unknown

_1073928645.unknown

_1073804029.unknown

