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1 Introduction
In LTE-A, enhanced Downlink MIMO is specified and up to eight layer transmission will be supported. In order to evaluate the performance of multiple layer transmission, a set of correlation matrices, i.e. low, medium and high correlation, would be needed. In the RAN4 #56 meeting, two very useful contributions were presented to design the DL-MIMO channel model with eight transmit antennas [1

 REF _Ref264119365 \h 
 \* MERGEFORMAT , 2], where both the dual-polarized and ULA channel model were discussed. 
This paper will follow these contributions. Since there has already been correlation matrices for up to four transmit antenna in TS36.101, we will focus on eight transmit antenna configuration.
Previously a pragmatic method was used to design the sufficient medium and high correlation matrices in RAN4, which was not precisely based on a practical antenna configuration. But just like designing the four transmit correlation matrix, to choose a real antenna configuration as a baseline would be benefit for the design. There would be two candidate configurations [1

 REF _Ref264119365 \h 
 \* MERGEFORMAT , 2], i.e. dual-polarized and ULA. Instead of using kronecker products [1], 
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is suggested for dual-polarized MIMO, since it matches the real network well. 
In this paper, the above two methods will be analyzed, using the capacity criterion similar to Rel-8/9, where the formula of 
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 and λ=0.5 and 0.9 at 15dB are used as indication to obtain medium and high correlation respectively. Here we would follow that procedure. But from RAN4 perspective, we might not need two configurations but one set of correlation matrices for evaluation of full, medium and low rank transmission.
2 Discussion

2.1 Dual-polarized based DL-MIMO correlation matrix
In a long time ago, when the work on LTE MIMO channel was initialized in RAN4, a correlation matrix based on 
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 was accepted [4]. But finally the other simpler model was used. 
For Rel-10, the cross-polarized array antenna with ±45° slant polarization on transmitting side and vertical and horizontal polarization on receiver side (e.g. xx->+ channel) was prioritized for codebook design in RAN1. In order to capture RAN1 agreement and obtain a good test especially for Rel-10 PMI, the cross polarized antenna configurations would be suitable as a baseline. And the correlation matrix
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would be reasonable. In [5], a normalized covariance matrix of Γ matrix is given for high azimuth spread cases as following
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where the value of γ depends only on the cross polarization power ratio (XPR). And RUE is a N×N matrix if all the receive antennas have the same polarization, or a (N/2)×(N/2) matrix if receive antennas are cross-polarized, where N is the element number of receiver antenna. Likewise, ReNB is a M×M matrix if all the transmit antennas have the same polarization, or a (M/2)×(M/2) matrix if the transmit antennas are cross-polarized, where M is element number of transmit antenna array.
Therefore, three parameters, including α, β and γ, need to be defined for this model. And the ReNB and RUE defined in TS36.101 could be reused and no new ones need to be added. In Table 1 the correlation matrices are listed.
Table 1 Correlation matrix for cross-polarized antenna
	Dual polarized Antenna configuration
	Correlation matrix

	8×2
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	8×4
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	8×8
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From Figure 1 through Figure 4, we plot the capacity versus SNR curves for 8×2 and 8×8 antenna configuration when the values of α, β and γ vary and make some observations, assuming the vertical and horizontal on UE and the slant ±45° polarizations on eNB. 
· Firstly, if the capacity criterion is used, it would be difficult to obtain medium/ high correlation especially for this cross-polarized antenna configuration, because even when γ=0 and α=β=1 the minimum available capacity, e.g. for 8×2, is still much larger than full correlation case. The largest available λ≈0.3 for 8×2, λ≈0.7 for 8×4, and λ≈0.8 for 8×8. That would be because the orthogonal polarized antennas are used at receiver. So it would be difficult to design medium and high correlation matrix for 8×2 and high correlation for 8×4, if the channels like xx->+ were used. 
· Secondly, the capacity would be not very sensitive to γ and then to Г, when the xxxx->+/++ are used. We speculate that we could fix one Г for the design based on that kind of antenna configurations. 
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Figure 1 the channel capacity for 8×2 MIMO antenna configuration when γ=1
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Figure 2 the channel capacity for 8×2 MIMO antenna configuration when γ=0
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Figure 3 the channel capacity for 8×8 MIMO antenna configuration when γ=1
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Figure 4 the channel capacity for 8×8 MIMO antenna configuration when γ=0
Based on the above observations, we have two proposals for cross-polarized based matrix design:
· Proposal1: formula (1) could be used to design the low correlation matrix for 8×2 and low and medium correlation for 8×4. And γ = 0 would be suggested to be used, since if α=β=γ = 0 the resulted low correlation would be identity matrix, which is aligned with the existing low correlation matrices.
· Proposal2: in order to obtain medium and high correlation matrices for 8×2 and high correlation for 8×4, we have to resort to the other kind of antenna configuration. The channel like xx->|| could be feasible, because the full correlation would be approached only if the polarization failed at the receiver. 
The Г for xxxx->|| and xxxx->|||| channel could be denoted as
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Regarding to δ, one choice is 0, resulting in an identity matrix, and the other would be 1. The identity matrix would be simple, but α and β would be quite large to obtain medium and high correlation. For example, for 8×2 high correlation case, λ=0.6386 when α=0.9 and β= 0.9 and λ= 0.8703 when α=0.99 and β= 0.99. But if δ=1, λ=0.9045 when α=0.9 and β= 0.9. So we prefer δ=1, which corresponds to the case that no power was received along one polarized direction (e.g. horizontal).
· Proposal3: for 8×8, maybe we could suggest using λ≈0.8 as high correlation indication and still xxxx->++++ channel, since there is no 8×8 RUE matrix defined in TS36.101 and 8×8 would not be quite a typical configuration.
The possible correlation matrices are summarized in Table 2. And since α=0.3, β=0.9 and α=0.9, β=0.9 are used for medium and high correlation respectively in RAN4, we also list the λ corresponding to these specified α and β, which are highlighted in yellow background. We can observe that if using these values the λ values under some antenna configurations could not be optimized according to the capacity criterion mentioned above.
Reusing existing values would result in the concise specification text, but might not provide a good performance evaluation for medium and low rank multiple layer transmission. So we suggest choosing different values for different antenna configurations. The preferred values are highlighted in bold.
Table 2 Detailed values for correlation matrix based on cross-polarized antenna

	Antenna configuration
	λ
	α
	β
	Г

	8×2 low
	―
	0
	0
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	8×2 medium
	0.4849 
	0.2
	0.7
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	0.7023
	0.3
	0.9
	

	8×2high
	0.9045
	0.9
	0.9
	

	8×4low
	―
	0
	0
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	8×4medium
	0.5041
	0.6
	0.9
	

	
	0.4411
	0.3
	0.9
	

	8×4high
	0.9028
	0.5
	0.9
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	0.9622
	0.9
	0.9
	

	8×8low
	―
	0
	0
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	8×8medium
	0.5016
	0.2
	0.4
	

	
	0.6785
	0.3
	0.9
	

	8×8high
	0.8094
	1
	1
	

	
	0.7617
	0.9
	0.9
	

	Notes: all the values are tentative.


2.2 ULA based DL-MIMO correlation matrix
In the cross-polarized based design, no new matrix except for Г need to be added. But for the ULA based design method, we have to design new ReNB and RUE. It seems reasonable to keep the aperture constant and add more elements [2]. We follow that way and the new ReNB and RUE for eight antennas are shown as follows.
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The new correlation matrices are shown in Table 3. And the detailed values are listed in Table 4. We can observe that when the antenna number is quite large the values of α and β have to be very small to achieve medium /high correlation. And we also list the values for α=0.3, β=0.9 and α=0.9, β=0.9. Still these values are not optimal for 8×4 and 8×8.
Table 3 Correlation matrix for ULA
	Dual polarized Antenna configuration
	Correlation matrix

	8×2
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Table 4 Detailed values for correlation matrix based on ULA
	Antenna configuration
	λ
	α
	β

	8×2 low
	―
	0
	0

	8×2 medium
	0.5123
	0.3
	0.6

	
	0.7281
	0.3
	0.9

	8×2high
	0.9169
	0.9
	0.9

	8×4low
	―
	0
	0

	8×4medium
	0.5132 
	0 
	0.4

	
	0.8915
	0.3
	0.9

	8×4high
	0.8911
	0.6
	0.8 

	
	0.9676
	0.9
	0.9

	8×8low
	―
	0
	0

	8×8medium
	0.5140
	0
	0.02

	
	0.9334
	0.3
	0.9

	8×8high
	0.8991
	0.4
	0.7

	
	0.9794
	0.9
	0.9

	Notes: all the values are tentative.


3 Conclusions
In this paper, the correlation matrices for enhanced DL-MIMO are studied. The correlation matrices designed based on both polarized antenna configurations and ULA are given in Table 2 and Table 4 respectively. 
To our understanding, the key task for RAN4 MIMO channel model is to define a set of low, medium and high correlation matrices to evaluation the full, medium and low rank multiple layer transmission. So it would not be very critical whether the polarized antenna or ULA should be based on. But we need make a choice, since it would be unnecessary to define two sets of correlation matrices based on different antenna configurations. Because the polarized antenna based method matches the real network and RAN1’s working assumption, and there would be no more new ReNB and RUE formulas needed to be added, we prefer that one. But ULA based way would seem to be acceptable, too. 
And it would be FFS whether the defined correlation matrix is non-positive semi definite or not if the rounded 4 digit precision is considered.
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