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1. Introduction

For recent MIMO OTA discussions, there have been discussions on what kind of MIMO channel models should be used for MIMO OTA. It was agreed in [1] that further discussion based on the available 4 options will be performed to limit the options and achieve agreements on MIMO channel model for OTA testing and one option is to use WINNER II scenarios. In this paper, we proposed the WINNER II scenarios for MIMO OTA tests and how to do the simplification tomake the chosen channel model suitable for MIMO OTA testing.
2. Discussion
MIMO OTA test requires channel models to test the MIMO OTA performance. It is expected that realistic channel models can be used to do the MIMO OTA test so that the test results can be realistic. However, it is prohibitive to use realistic channel models due to the number of parameters that could be changing. It is therefore agreed that some kind of simplified channel model which is simplified but is still able to reflect the key aspects of channel under real situation will be used for MIMO OTA test. 
For a lot of discussions, SCME [2] has been considered for the MIMO OTA test. However, based on the following observations, we recommended using the scenarios of WINNER II [4] instead of SCME.
1) SCME does not provide the scenario for indoor

2) SCME model has the same AS of AoA for UE for all the scenarios

3) SCME model does not provide XPR values for all the interested scenarios.

4)SCME is available only as an extension for SCM in a paper. This paper itself is not self contained. We have to refer to both SCM [3] model document and that paper at the same time to get the whole idea of SCME, which is not convenient. On the other hand, no explicit simplification assumptions are available on how to simplify SCME to get channel models suitable for MIMO OTA test.

Different AS of AOA is important to tell the good and bad antenna array design with different antenna spacing. For two different antenna arrays, one consisting of two omi-direction antennas and one consists of two 3-sector antennas, the spatial correlation between the two antennas for a given AOA, with different antenna spacing and different AS of AoA is given below.

[image: image1.emf]
                  Fig.1 Correlation v.r.t antenna spacing and AS of AoA

From Fig.1 it is clear that the sensitivity of correlation is different w.r.t antenna spacing for different AS. When the AS is very large (35 degree), the correlation is sensitive to antenna spacing within 1 wavelength, but beyond that, it is not sensitive to the antenna spacing. On the other hand, if the AS of AoA is small, the correlation is not sensitive to the antenna spacing within 1 or 2 wavelength, but is more sensitive when antenna spacing is relatively large.
Thus the chosen channel model scenarios should have different angular spread for AoA so that the model can be sensitive to the antenna design for a wide range of antenna spacing to cover the testing of both handset and laptop. WINNER II model improves SCME model a lot by proving more scenarios and different AS of AoA for different scenarios and thus have better sensitivity to antenna design with different spacing. It is thus proposed to choose some of the WINNER II scenarios for MIMO OTA test.

The performance of MIMO under the following usage scenario will be very important: Rural macro cell, urban macro cell, urban micro cell and indoor macro cell. It is important for the operators which has large rural areas to cover to understand how MIMO works in the rural area. For the urban macro cell and micro cell, this will be the typical application scenarios and thus it is important to be able to test the OTA performance under those scenarios. Now more and more operators are considering to use femtocell inside the building to provide high performance service indoor. The indoor OTA performance will be thus very important to be tested. The coverage area of femtocell for business building could be much larger than home application, indoor macro cell is thus more interested in this case. Based on the above observation, it is proposed to use the following scenarios of WINNER II for MIMO OTA:

1) D1 NLOS in WINNER II for rural macro cell

2) C1 NLOS in WINNER II for urban macro cell

3) B1 LOS in WINNER II for urban micro cell
4) B3 NLOS for indoor large hall in WINNER II for indoor macro cell
It has been show through the measurement that whether there will be LOS component depends on the distance and the probability of LOS decreases with the distance for the outdoor case. Thus LOS is only considered for urban micro cell. For the indoor case due to the environment, it is usually a NLOS case, especially when an indoor macro cell is considered.
It has been well known that the geometry based model like SCM, WINNER II with the measurement calibration of the parameters is able to result in statistics matching with channel measurement results when the parameters are following the statistics, which is derived from channel measurement results. However, using the multi-drop channel model implementation based on the statistics of geometry based model is too much for MIMO OTA test in the test time and configurations. It also results in comparison problem when it gets to compare the OTA test solution from different companies because the multi-drops generated based on the statistics of channel model will not be the same from different implementations. The results are only comparable in the statistics after running a large number of drops. The test time to achieve comparable statistics could be very long. Thus we have to make simplifications to the chosen WINNER model to make it suitable for MIMO OTA test.

Simplification 1) The first simplification is to remove the large scale parameters. The large scale parameter like path loss, shadow fading, etc will mainly in the SNR change at the UE and it is controlled through the test instrument in the MIMO OTA tests. It is thus proposed to omit those large scale parameters but specify the SNR value instead. 

Simplification 2) The channel model should be able to provide some representative characteristics (key channel parameters like frequency correlation function, delay spread, angular spread, XPR, etc) so that the MIMO OTA test results can be somehow representative to the real test results. It is thus important to have representative PDP, angular spread, XPR, etc, but less important to have those parameters varying following some distribution during the MIMO OTA test. It is thus proposed to have fixed PDP, angular spread, XPR in the channel models for MIMO OTA test.
Simplification 3) The AOA in SCM, SCME and WINNER is varying every drop based on statistics. However, since the DUT during MIMO OTA test is rotated, the AoA of each path is covering the whole 0-360 degree range. It is thus be able to provide representative results. It might not be necessary to go over all the combinations of different AoAs of the paths based on some distribution, which for sure will result in prohibitive test time and cost but add few improvement on the capability to differentiate the MIMO device under representative channel models. It is thus proposed to fix the AoA of the paths for the MIMO OTA channel model.
Simplification 4) When applying XPR, since only the representative effect (first order statistics or average value) will be important for MIMO OTA, we don't need to apply it in a statistical approach like what has been suggested in WINNER II.
As we looked at the WINNER model with all the above proposed simplifications, we noticed that the CDL model of WINNER II is a good fit. We thus propose to use the CDL model of the chosen WINNER II scenarios for MIMO OTA channel models. For completion, the channel parameters of the chosen scenarios of WINNER II is provided below:

2.1 channel parameters for each scenario
1) Rural macro cell

[image: image2.emf]
Overall AS of AoA =33 degree. AS of AoD=9 degree, DS=37ns
2) Urban macro cell
[image: image3.emf]
Overall AS of AoA=45 degree and AS of AoD=8 degree and DS=71ns
3) Urban micro cell

[image: image4.emf]
Where AS of AoA=25 and AS of AoD=3 and DS=36ns
4) Indoor macro cell (large indoor hall)
[image: image5.emf]
[image: image6.emf]
Where the AS of AoA=50 and AS of AoD=12 and DS=39

For the Rayleigh fading of each path for above mentioned channel scenarios and channel models, two implementations can be used: sum-of-sinusoid method or Doppler filter based approach.
It is proposed to use the above mentioned channel models for the MIMO OTA test under different scenarios.

2.2 base station test antenna configuration
The MIMO OTA test is to emulate the MIMO transmission under given channel models and with given base station antenna configuration and UE. Since the overall channel capacity is determined jointly by the base station antenna configuration and the UE antenna configuration and the channel in between. To do the measurement campaign, it is thus important to have the common agreed base station antenna configuration so that the comparison results will be comparable for different methods.

It is agreed that the base station antenna configuration should be such that at the base station side it is totally decorrelated. To do that some kind of standard BS antenna configuration is still expected. The following antenna configurations are suggested:

1) antenna pattern. We suggest using 3 sector or 6 sector antenna. The antenna pattern is following the below equation


[image: image7.wmf]q

is defined as the angle between the direction of interest and the boresight of the antenna, 
[image: image8.wmf]dB
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. For a 3 sector scenario 
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 is 70 degrees, 
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20dB,and the antenna boresight pointing direction is given below.  For a 6 sector scenario 
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 is 35o, 
[image: image12.wmf]m
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=23dB, which results in the pattern shown below, and the boresight pointing direction defined in below figure.  The boresight is defined to be the direction to which the antenna shows the maximum gain.  The gain for the 3-sector 70 degree antenna is 14dBi.  By reducing the beamwidth by half to 35 degrees, the corresponding gain will be 3dB higher resulting in 17dBi. The antenna pattern shown is targeted for diversity-oriented implementations (i.e. large inter-element spacings). For beamforming applications that require small spacings, alternative antenna designs may have to be considered leading to a different antenna pattern.  
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Antenna pattern for 3-sector cells
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[image: image15.wmf]6 Sector Antenna Pattern
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Antenna pattern for 6-sector cells
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Boresight pointing direction for 6-sector cells
2) The antenna configuration at base station side.
For the bi-polarized antenna configuration, it is required that the cross-polarization between the antennas is below 20dB. The antennas are place together but with polarization perpendicular to each other. For the case where non bi-polarized antenna is used, it is recommended that the distance between the antenna is 10 wavelength to de-correlate the base station antennas. The configuration can be extended to more antennas. Two possible 4 channel configuration are provided also in the antenna configuration part.

[image: image17]
3 Conclusion
It is proposed to use the channel model proposed in this paper for MIMO OTA test.
[1] R4-094080, “MIMO OTA report”
[2] Daniel S. Baum, et al. “an interim channel model for beyond 3G system—extending the 3GPP SCM channel model”. VTC2005.
[3]25.996 “spatial channel model for multiple input and multiple output(MIMO) simulations”. 3GPP
[4] WINNER II.”WINNER II channel models” D1.1.2V1.1
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Bi-polarized antennas at BS for 4 channel
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