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1 Introduction

The new WID for eNB 8Rx demodulation performance was approved in RAN plenary meeting #58[1]. According to WID, one of the issues is channel model for UL 8Rx antenna. In this contribution, we will trigger the discussion on 8Rx channel model.
2 Discussion
In the current RAN4 specifications, there exist two kinds of channel matrices: one is based on uniform linear array (ULA) with the fixed aperture; the other is based on cross-polarized antenna array (X-pol or CPA) with ±45˚ polarization slant at eNB and +90/0 polarization slant at UE. In the following sections, we will evaluate these two kinds of channel matrices.

2.1  ULA based 8Rx channel matrix

Following the existing definition on the ULA based spatial correlation matrix, the correlation matrices of 1×8 and 2×8 can be given by the two formulas below respectively:
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2.2 X-pol (CPA) based 8Rx channel matrix

Following [2], we derive the correlation matrix for the cross-polarized antenna array. Figure 1 shows the basic channel responses from vertically polarized antenna and horizontally polarized antenna at transmitter to those at receiver. 
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Figure 1 Basic channel transfer matrix between a transmitter pair and a receiver pair

The 2×2 channel transfer matrix is denoted by
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Figure 2 shows the potential scenarios for the 8Rx performance test, where the antenna configuration and labelling rule of eNB are the same as those for 8-Tx spatial correlation matrix in TS36.101. Figure 3 shows the transfer matrices between a transmitter and a receiver antenna pair for these three antenna configurations at UE, i.e., single vertical polarization antenna (|), a pair of +90/0 polarized antennas (+), and a pair of vertical polarization antenna (| |).
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(b)

Figure 2 Antenna configuration and labelling rule for eNB with 8Rx
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(b)

Figure 3 Channel transfer matrix between a transmitter pair and a receiver pair, (a) a single vertical polarization antenna (|), (b) a pair of +90/0 polarized antennas (+)
The channel transfer matrix for UE with the single vertical polarization antenna (|) is denoted by
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where PeNB(UE) is the projection matrix to the vertical and horizontal polarization directions. The corresponding correlation matrix is denoted by
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then the matrix is changed to
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where γ=(XPR-1)/(XPR+1) which is the same as defined in TS36.101.
Similarly the other correlation matrices can be derived as follows. The channel transfer matrix for the case with a pair of +90/0 polarized antennas at UE is denoted by
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So we can obtain the correlation matrices for three scenarios: 
· 1×8 case  (| → ××××):
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· 2×8 case (|| → ××××):
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· 2×8 case (+ → ××××):
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2.3 Proposals
For the SIMO tests, there are two candidates, i.e., RU,1x8 and RX,1x8. For the UL-MIMO tests, there are three candidates, i.e., RU,2x8, RUX,2x8 and RXX,2x8. Among them, the matrices of RX,1x8 and RXX,2x8 are more realistic and the matrices of RU,1x8 and RU,2x8 are more pragmatic.
For SIMO tests, the main test purpose of 8Rx is to verify the performance of receiver diversity. So it would be beneficial to have the spatial low correlation across the receiver antenna elements, i.e., α=0. For RX,1x8, the more diversity paths can be obtained and then more diversity gain could be expected when γ approaches 0. On the contrary, when γ approaches 1, it could be observed that some paths are highly correlated (ρ=˗1) and thus less diversity gain.
For UL-MIMO, the main test purpose of 8Rx performance test is to verify the rank-2 performance including receiver diversity. And the pre-coder is quite simple. So it would also be beneficial to have low correlation at both UE and eNB. For RXX,2x8, when γ approaches 1, the rank of the channel matrix could always be 2 and thus less cross-layer interference may exist. For RU,2x8, the rank statistically approaches 2 but at some instance the channel matrix may be ill-conditioned. The performance may degrade relatively.
Therefore, when γ approaches 0, SIMO would achieve the better performance; when γ approaches 1, UL-MIMO would achieve the better performance. Maybe some moderate γ value can be selected between 0 ~ 1, or different values can be used for SIMO and UL-MIMO separately.
Alternatively, ULA can also be used to fulfil the test purpose. The disadvantage of ULA may be that it is not the practical case deployed in real network.
· Proposal 1:  set the low spatial correlation at both UE and eNB sides to verify the receiver diversity and multiplexing, i.e., α=β=0.
· Proposal 2: the values of parameters

· Option1:  if the cross-polarized antenna model is agreed, 1×8 (| → ××××) and 2×8 case (+ → ××××) are proposed. For SIMO test, α=0 and γ=0 are proposed and for UL-MIMO, α=0 and γ=1 are proposed. Or the moderate value of γ is selected.

· Option 2: if ULA is agreed, I8 is used for SIMO case and I16 is used for UL-MIMO as the correlation matrices;
· Option 3: based on cross-polarized antenna array, use I8 is used for SIMO case and I16 is used for UL-MIMO.

3 Conclusions
In this paper, we calculate the correlation matrices with 8Rx for some typical scenarios. And we propose that
· Proposal 1:  set the low spatial correlation at both UE and eNB sides to verify the receiver diversity and multiplexing, i.e., α=β=0.

· Proposal 2: the values of parameters

· Option1:  if the cross-polarized antenna model is agreed, 1×8 (| → ××××) and 2×8 case (+ → ××××) are proposed. For SIMO test, α=0 and γ=0 are proposed and for UL-MIMO, α=0 and γ=1 are proposed. Or the moderate value of γ is selected.

· Option 2: if ULA is agreed, I8 is used for SIMO case and I16 is used for UL-MIMO as the correlation matrices;

· Option 3: based on cross-polarized antenna array, use I8 is used for SIMO case and I16 is used for UL-MIMO.
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