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1 Introduction
In RAN4#66 meeting, it was found that there is high correlation between the two BS elements when the following assumptions are used.

· Base station antenna: an ideal dipole with isotropic gain and a cross polarized array with 45 degree slant.
· Channel model: SCME urban macro-cell channel model in [5] with the mean AoD of 90 degree.
This contribution analyzes the cause of this issue, and proposals are provided to resolve this issue.
2 Discussion
2.1 The major reason for the high correlation
The correlation characteristics of the MIMO channels can be affected by three aspects, the BS antenna configuration, the propagation scenario and the UE antenna configuration. Higher correlation of each part may increase the correlation between the sub-channels, thus decrease the rank of the channel.

Considering the issues reported in [1], the AoDs setting combined with the BS antenna configuration could be the major causes. The SCME urban macro-cell channel model in [5] is one snapshot of the channel behaviour and the mean AoD is close to 90 degree, and this value is questionable for the following reason:
According to [5], the BS antennas are modelled as an ideal dipole with isotropic gain and are assumed to be dual polarized equal power elements that are uncorrelated with zero λ separation, 45 degrees slanted. The effective antenna pattern for this antenna is illustrated in Figure 7.2-1 [5] copied below:
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Figure 7.2-1, X antenna gain assumption (a) Linear gain (b) dB gain
When the AoD is set to 90 degree, the UE is located on the same plane created by the two cross polarized BS dipole element antenna with 45 degree slant. In case of the UE antenna is also on the same plane, the BS horizontal gain observed by the UE is zero, which is physically correct and has been shown in the figures above, and there is only vertical gain. In this case, the two BS antennas are reduced as dual vertical polarized antennas with zero λ separation, and the two antennas are highly correlated. This is the major reason that the correlation between the two BS elements is high as reported in [2] and [3].
2.2 The AoDs and BS antenna pattern
The BS antennas and corresponding AoDs shall be configured to be closer to the real network conditions. This section discusses the BS antennas pattern and the AoDs settings closer to real scenario.
2.2.1 Base station antenna pattern
Two BS antenna patterns are defined in [4] for 3-sector or 6-sector coverage and they are duplicated from [4] as figures shown below:
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Figure 4.1: Antenna pattern for 3-sector cells
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Figure 4.3: Antenna pattern for 6-sector cells

In the urban macro-cell system simulation, the 3-sector and 6-sector BS antenna patterns are more realistic than the ideal dipole with isotropic gain BS antenna pattern. Cross polarized antenna with 45 degrees slanted is widely used for the urban macro-cell deployment.
2.2.2 AoD for the SCME urban macro-cell channel model
In real network with either 3-sector or 6-sector coverage, the UEs are usually located in the sector facing the cross polarized BS antenna, or facing the plane created by the two cross-polarized dipole antenna elements, but not on the plane. In average the AoDs of all the UEs are usually 0 degree, instead of 90 degrees if the UEs are observed from the boresight. 
The 3-sector antenna pattern used for each sector is specified by [4]
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where 
[image: image6.wmf]q

is defined as the angle between the direction of interest and the boresight of the antenna, 
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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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The sector angles for 3-sector and 6-sector coverage are 120 degrees and 60 degrees, which corresponds to -60 to 60 and -30 and 30 degrees in Figure 4.1 and Figure 4.3 respectively. To test the UE in “good” radiation conditions, the AoDs can be set as 0 degree. When the UE is being tested in “poor” radiation conditions, locations at the side-edge of the sector can be considered. For example, the AoDs can be considered around 70 degrees for 3-sector and 35 degrees for 6-sectors where the antenna gain is around 12dB lower than the maximum.
AoD of 90 degree is an extreme configuration, and the UE will be in a challenge channel condition to have high throughput.
3 Conclusion

This contribution analyzes the reason for the high correlation between the two BS elements when combining the 90 degree AoD in SCME UMa channel model with the cross polarized antenna. 
Based on the analysis, we have the following provisional proposals:
1. It’s proposed to use the antenna pattern for either 3-sector or 6 sector coverage as defined in [4]. Isotropic antenna gain is usually not a realistic assumption.
2. It’s proposed to place the UE facing the antenna plane created by the two cross-polarized BS dipole antennas. 
a) In case that the “good” radiated conditions for the UE are desirable, the average AoDs shall be set as 0 degree. 
b) In case of “poor” radiated conditions for the UE, the average AoDs can be considered to be around half of the sector angle which is 60 or 30 degrees for 3-sector antenna or 6-sector antenna. 70 degrees or 35 degrees can be considered as options for 3-sector antenna or 6-sector antenna, pending further verifications.
3. Cross polarization with 45 degrees slant is a reasonable assumption.
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