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1. Introduction
The DL MIMO correlation matrices have been described in TS 36.101 for up to 4-Tx antennas. It was proposed to define 8-Tx correlation matrices for cross-polarized (X-pol) antenna configuration in RAN4 [1, 2]. It seemed that the formula of 
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 was acceptable. In this paper, we will give some detailed design for 8-Tx X-pol correlation matrices.
2. Discussion
In Rel-8, the low, medium and high correlation matrices are designed. And low and high correlation matrices are mainly used to evaluate the closed-loop and open-loop MIMO demodulation performance and CSI test. The medium correlation is used for transmit diversity demodulation performance. And the capacity criterion is used in the design. But in Rel-10, the 8-Tx correlation matrices might be mainly used for CSI tests. Here both SU-MIMO and MU-MIMO would be considered.
It was agreed that X-pol Tx will be prioritized in RAN4. And there would be two antenna configurations: X-pol Tx -> X-pol Rx, and X-pol Tx -> co-pol (co-polarized) Rx. For the first configuration, it would be difficult to achieve the high correlation matrix as shown in [1, 2]. We might need to resort to the second configuration for high correlation. According to [1], there might be mainly two kinds of Г, i.e.
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for the above two configurations respectively.
Firstly for SU-MIMO, low (for rank>1) and high (for rank=1) correlation matrices would be very useful but medium correlation would not. When the medium correlation is used for rank>1, the required multiple-layer SNR for certain throughput would be too high for some MCS such as 16QAM. Although we can define some medium correlation matrices here for the easy potential extension in the future, we suggest concentrating on low and high correlation in Rel-10.
Secondly for MU-MIMO, the azimuth spread is low which implies highly spatially correlated channel. In this scenario, the long-term property of channel might be constant, which means the constant W1 to be fed back. But unlike Rel-8 high correlation matrix, the capacity of channel might not approach that of full correlation matrix if the X-pol Rx is used, because it will bring two uncorrelated branch and give two spatial degrees of freedom. So there might be two typical scenarios for MU-MIMO. One is for X-pol Rx, whose capacity is much larger than that of full correlation and could support two (only two) layer transmissions. The other is with co-polarized Rx, whose capacity approximates that of full correlation and can be considered as high correlation according to the capacity criterion.
Thirdly if Rel-8 high correlation matrix was used, one primary PMI would be fed back in very high frequency during the test, because the existing high correlation matrix has one primary direction mode.
Therefore, we propose

Proposal 1: Prioritize low and high correlation matrices for Rel-10 CSI requirements.
And if we only used the same high correlation design criterion as Rel-8, we could not cover the typical scenarios where X-pol Rx was used but the spatial correlation was high. In MU-MIMO especially for FDD, the accurate PMI feedback would be useful. So we propose
Proposal 2: Cover the highly spatial correlated cases with both co-pol and X-pol Rx.
When the low correlation matrix is used, the different wideband W1 and subband W2 will be uniformly selected and fed back. When the high correlation matrix combined with X-pol Rx was used, one primary W1 would be fed back but different W2 might be selected to maximize the throughput. When the high correlation matrix combined with co-pol was used, the both one primary W1 and one primary W2 would be fed back.
3. Cross-polarized correlation matrices
For low correlation matrix, we suggest using the configuration of X-pol Tx -> X-pol Rx, because we can easily extend the low correlation matrix from 8x2 to 8x8 using the same formula without defining new 8-Rx ULA based correlation matrix. And we suggest using γ=0 (XPR=1), because when α=β=0 the resulted correlation matrix would be identity matrix. Although it might be difficult to obtain the identity matrix when X-pol was used, the identity matrix would be helpful to get the different PMI precoders to be fedback equiprobably.
For high correlation matrix, we suggest changing the wording from “high correlation” to “spatially high correlation”. In that way, we can define two kinds of spatially high correlation matrices. One is based on the configuration of X-pol Tx -> X-pol Rx (Г1 is used). Here the ReNB and RUE are set to be highly correlated and γ=1 (XPR=0) is suggested to ensure selecting different W2’s equiprobably. The other is based on X-pol Tx -> co-pol Rx (Г2 is used). Here one pragmatic choice is that δ≈0 (XPR=1), which would lead to high correlation both in spatially domain and for cross-polarized branch. 
4. References
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Annex C: Channel Models 

C.x
Correlation Matrices for 8Tx with cross-polarized antennas

C.x.1  
Definition of MIMO Correlation Matrices

Table c.x.1-1 defines the spatial correlation matrix ReNB for cross-polarized antenna pair on the eNodeB side.
Table c.x.1-1 eNodeB spatial correlation matrix for one pair of cross-polarization antennas
	
	One antenna pair
	Two antenna pair
	Four antenna pair

	eNode B spatial Correlation
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Table c.x.1-2 defines the spatial correlation matrix RUE for cross-polarized antenna pair on the UE side.
Table c.x.1-2 UE spatial correlation matrix for one pair of cross-polarized antennas
	
	One antenna pair
	Two antenna pair
	Four antenna pair

	UE spatial Correlation
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When the antenna are cross-polarized, the N antennas are labeled such that antennas for one polarization are listed from 1 to N/2 and the antennas for the other polarization are listed from N/2 + 1 to N. N refers to the number of transmit or receiver antennas. Figure c.x.1-1 gives the indexing for 8 cross-polarized antennas. 
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Figure.c.x.1-1.   The index for 8 cross-polarized antennas

For the cases with more antennas at either eNodeB or UE or both, the channel spatial correlation matrix for cross-polarized antennas can be expressed as the Kronecker product of
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where ReNB denotes the spatial correlation matrix for the eNodeB , RUE denotes the spatial correlation matrix for the UE, Г denotes polarization covariance matrix, and
[image: image12.wmf]Ä

denotes Kronecker multiplication. The cross-polarized array antennas with ±45° slant polarization are used on eNodeB side and vertical and horizontal polarizations are used on UE side. 
When cross-polarized antennas are used at receiver side, the polarization covariance matrix Г is denoted by
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When co-polarized antennas are used at receiver side, the polarization covariance matrix Г is denoted by
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Table c.x.1-3 defines the correlation matrices for the cases when the cross-polarized antennas are used on both eNodeB and UE sides. 
Table c.x.1-3 Correlation matrix for cross-polarized antenna on both eNB and UE sides
	Cross polarized Antenna configuration
	Correlation matrix

	8×2 (Note1)
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	8×4 (Note2)
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	8×8 (Note3)
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	Note 1: for 8x2 the correlation matrix label is 
{11’ ,12’, 51’, 52’;21’, 22’, 61’,62’ ; 31’, 32’,71’,72’; 41’,42’, 81’,82’};
Note 2: for 8x4 the correlation matrix label is 
{11’,12’,13’,14’,51’,52’,53’,54’; 21’,22’,23’,24’,61’,62’,63’,64’; 31’,32’,33’,34’,71’,72’,73’,74’; 41’,42’,43’,44’,81’,82’,83’,84’};

Note 3: for 8x8 the correlation matrix label is 
{11’,12’,13’,14’,15’,16’,17’,18’; 51’,52’,53’,54’,55’,56’,57’,58’; 21’,22’,23’,24’,25’,26’,27’,28’; 61’,62’,63’,64’,65’,66’,67’,68’; 31’,32’,33’,34’,35’,36’,37’,38’; 71’,72’,73’,74’,75’,76’,77’,78’; 41’,42’,43’,44’,45’,46’,47’,48’; 81’,82’,83’,84’,85’,86’,87’,88’}

where, 1’,2’... denote labels for UE end, 1,2 ...denote labels on eNB side. And 11’ denotes channel from Tx antenna 1 to Rx antenna 1’, and the others denote the same meaning.


Table c.x.1-4 Correlation matrix for cross-polarized antenna on eNB side only
	Cross polarized Antenna configuration
	Correlation matrix

	8×2 (Note 1)
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	8×4 (Note 2)
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	8×8
	N/A

	Note 1: for 8x2 the correlation matrix label is 
            {11’,12’,51’,52’; 21’,22’,61’,62’;31’,32’,71’,72’;41’,42’,81’,82’};

Note 2: for 8x4 the correlation matrix label is

            {11’,12’,13’,14’,51’,52’,53’,54’;21’22’,23’,24’,61’,62’,63’,64’;

31’,32’,33’,34’,71’,72’,73’,74’;41’,42’,43’,44’,81’,82’,83’,84’};
where 1’,2’... denote labels for UE end, 1,2 ...denote labels on eNB side. And 11’ denotes channel from Tx antenna 1 to Rx antenna 1’, and the others denote the same meaning.


C.x.2 
MIMO Correlation Matrices at High, Medium and Low Level
In Rel-8 the high, medium and low correlation matrices are defined according to the capacity criterion. But if the cross-polarized antenna is used, the cross-polarized branch at receiver will bring uncorrelated channel although the correlation between the cross-polarized antennas pairs on both eNodeB and UE sides is high, which leads to the larger capacity.
There are two correlation matrices with low azimuth spread (high spatially correlation between cross-polarized antennas pair): one is for the case with cross-polarized antennas on both eNodeB and UE sides and the other is for the case with cross-polarized antenna on eNodeB side only.
Table c.x.2-1 gives the MIMO correlation matrices at high, medium and low level when the cross-polarized antennas are used on both eNodeB and UE sides. Table c.x.2-2 gives the MIMO correlation matrices at high, medium and low level when the cross-polarized antennas are used on eNodeB.
Table c.x.2-1 MIMO correlation matrices with cross-polarized antennas on eNB and UE sides
	Low correlation
	Medium Correlation
	Spatially high Correlation

	(
	(
	γ
	(
	(
	γ
	(
	(
	γ

	0
	0
	0
	TBD
	TBD
	TBD
	[0.9] 
	[0.9]
	1


 Note: The use of medium correlation matrix is FFS.
Table c.x.2-2 MIMO correlation matrices with cross-polarized antennas on eNB side
	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	δ
	(
	(
	δ
	(
	(
	δ

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	[0.9] 
	[0.9]
	TBD


 Note: The use of low and medium correlation matrix is FFS.
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