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1. Introduction
The WI on performance requirements of 8 Rx antennas for LTE UL was approved at RAN #58 [1]. Since the channel model for UL 8Rx antennas is absent in TS 36.104 currently [2], it’s suggested in [3] that the channel model should be discussed and specified within the first two meeting cycles of the WI. In this contribution, our views on MIMO channel correlation matrices for UL 8 Rx antennas are presented.
2. Discussion
In TS 36.101 [4], MIMO channel correlation matrices for DL 8 Tx antennas have been defined for CSI reporting tests at UE side. This kind of correlation matrices is derived based on the antenna configuration using cross polarized antennas (CPA) at both eNodeB and UE, instead of using uniform linear arrays (ULA) at eNodeB and UE sides. 
Regarding the deployment of 8 antenna eNodeB in practical systems, CPA configuration is considered to be superior to ULA due to the space limitation. From this perspective, we propose to use MIMO correlation matrices with CPA configuration for specifying UL 8 Rx performance requirements, and the modeling methodology of MIMO correlation matrices in TS 36.101 can be reused in TS 36.104 for BS performance requirements. 
Proposal 1: Reuse the modeling methodology of MIMO channel correlation matrices with CPA in TS 36.101 for specifying UL 8 Rx performance requirements in TS 36.104.
Considering the spatial correlation level, some modifications are needed when reusing the MIMO correlation matrices in TS 36.101 for BS performance requirements in TS 36.104. As known, in TS 36.101, the DL 8Tx 2Rx correlation matrix for high correlation is finally introduced due to the test purpose of CSI reporting, and the double codebook structure in Rel-10 DL [5] [6]. However, when it comes to UL 8 Rx demodulation requirements, the main intention for the testing purpose is to evaluate the channel estimation performance and demodulation capability of BS, and especially, to verify the 8 Rx diversity gain. Moreover, it’s important to differentiate the performance of UL 4 antenna and 8 antenna receivers. Since the existing requirements for UL 4 Rx antennas have been defined based on ULA configuration with low correlation, it’s natural and meaningful to introduce correlation matrices with CPA configuration and low spatial correlation for specifying UL 8 Rx performance requirements.

Furthermore, if we look back to the discussion in Rel-10 eDL-MIMO WI, we can see that, a joint CR on eDL-MIMO channel model using cross-polarized antennas has been agreed in RAN4 #59 meeting after full discussion [7]. In this CR, the values of parameters α, β and γ for low correlation are all defined as 0. Although these correlation matrices with low correlation were not included in TS 36.101 in the end, we propose to introduce them in TS 36.104 for UL 8 Rx performance requirements, taking into account the testing purpose discussed above. The details of the MIMO channel correlation matrices with low correlation are shown in section 3.
Proposal 2: Introduce MIMO channel correlation matrices with low spatial correlation, and define the values for parameters α, β and γ as 0.
According to the discussion on RAN project management discipline in RAN #58 meeting, there is a strong possibility that WI/SI completion dates will be considered as strict deadlines. Therefore, it’s critical to complete LTE_UL_8Rx-Perf WI on time (by Dec 2013). For the discussion on channel model, it was usually time consuming, but we need to reach consensus in a timely manner. It this sense, it’s straight forward to reuse the output of MIMO correlation matrices in eDL-MIMO WI, and we propose RAN4 to set the above two proposals as baseline for channel model of UL 8 Rx antennas. 
3. MIMO channel correlation matrices
The MIMO channel correlation matrices discussed in this section apply for the antenna configuration using cross polarized antennas at both eNodeB. The cross-polarized antenna elements with +/-45 degrees polarization slant angles are deployed at eNB. For one Tx antenna at UE, the antenna element with +90 degree polarization slant angle is deployed. For two and more Tx antennas at UE, the cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed.

3.1. Definition of MIMO Correlation Matrices using cross polarized antennas

For the channel spatial correlation matrix, the following is used:
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 is the spatial correlation matrix at the UE with same polarization, 
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 is the spatial correlation matrix at the eNB with same polarization, and
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 is a polarization correlation matrix. 
· Polarization Correlation Matrices
For 1-antenna transmitter with +90 degree polarization slant angle,
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For 2-antenna transmitter using one pair of cross-polarized antenna elements,

[image: image6.wmf]100

100

001

001

Γ

g

g

g

g

-

éù

êú

-

êú

=

êú

êú

ëû


3.2. Spatial Correlation Matrices using cross polarized antennas 
· Spatial Correlation Matrices at eNB side

For 8-antenna receiver using four pairs of cross-polarized antenna elements, 
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· Spatial Correlation Matrices at UE side
For 1-antenna transmitter with +90 degree polarization slant angle, and 2-antenna transmitter using one pair of cross-polarized antenna elements,
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· MIMO Correlation Matrices using cross polarized antennas
The values for parameters α, β and γ for low correlation are given in Table 1.

Table 1  Values for parameters α,  and γ
	Low correlation

	
	
	

	0
	0
	0

	Note 1:
Value of α applies when more than one pair of cross-polarized antenna elements at eNB side.
Note 2:
Value of β applies when more than one pair of cross-polarized antenna elements at UE side.


The correlation matrices for low correlation are defined in Table 2 as below.
Table 2
MIMO correlation matrices for low correlation

	1x8 case
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	2x8 case
	
[image: image10.wmf]16

low

R

=

I




4. Conclusions
In this contribution, we discussed MIMO channel correlation matrices for UL 8 Rx antennas, and made the following proposals:
Proposal 1: Reuse the modeling methodology of MIMO channel correlation matrices with CPA in TS 36.101 for specifying UL 8 Rx performance requirements in TS 36.104.
Proposal 2: Introduce MIMO channel correlation matrices with low spatial correlation, and define the values for parameters α, β and γ as 0.

In order to reach consensus on channel model in a timely manner, we propose RAN4 to set the above two proposals as baseline for channel model of UL 8 Rx antennas.
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