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1 Introduction
For the performance part, there is only one meeting in SI to identify the scope and WI objective for LTE DL 4 Rx AP in Rel-13. In this contribution we discuss the above for the SNR/SINR and the MIMO channel correlation definition with 4 Rx. 

2 Scope of SNR/SINR and MIMO channel correlation definition
The general objective of this work item is to specify DL UE performance and CSI requirements for 4 Rx AP.The detailed objectives should include the following.

· Update SNR definition for 4 Rx AP

· Define proper antenna configuration, MIMO channel correlation matrices, propagation channel condition for 4 Rx AP based MIMO in order to support UE performance and CSI requirement

3 Discussion

SNR: The definition of SNR need to be updated in section 8.1.1 of 36.101
Until now the SNR is defined based on two antennas only, so a definition that is applicable for the 4 Rx antennas needs to be defined for a UE with 4 Rx antennas. 
In the WI LC_MTC_LTE-Perf, the definition of SNR also needs to be updated based on the number of receive antennas. Therefore a new definition of SNR and SINR is proposed by Ericsson [1] for the LC MTC WI according.  
	8.1.1
Definition of SNR and SINR [Receiver antenna capability]

The performance requirements are based on UE(s) that utilize one or more antenna receivers. 

For all test cases, the SNR is defined as
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where NRX denotes the number of receiver antenna connectors and the superscript  receiver antenna connector j. The above SNR definition assumes that the REs are not precoded. The SNR definition does not account for any gain which can be associated to the precoding operation. The relative power of physical channels transmitted is defined in Table C.3.2-1. The SNR requirement applies for the UE categories and CA capabilities given for each test. 

For enhanced performance requirements type A, the SINR is defined as
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where NRX denotes the number of receiver antenna connectors and the the superscript receiver antenna connector j. The above SINR definition assumes that the REs are not precoded. The SINR definition does not account for any gain which can be associated to the precoding operation. The relative power of physical channels transmitted is defined in Table C.3.2-1. The SINR requirement applies for the UE categories given for each test.

For the performance requirements specified in this clause, it is assumed that NRX = 2 unless otherwise stated.


This definition also fits the need when 4Rx is specified.
MIMO Channel Correlation Matrices: 
The MIMO Channel Correlation Matrices need updates in 36.101, appendix, B.2.3 and B.2.3A
In appendix B.2.3 the MIMO Channel Correlation Matrices are defined for a Linear Array antenna, in B.2.3A it is defined for cross polarized antennas. 
For 4 Rx UE antennas the cross correlation for the uniform linear antenna is defined as 
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 and the spatial correlation matrix is defined as 
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For the cross polarized antenna polarization correlation matrix, [image: image5.wmf]G

,is defined as 
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 and then the spatial correlation matrix is defined as 
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 and P is a permutation matrix defined in 36.101, B.2.3A.1
The relevant definitions of the Uniform Linear Array (ULA) and Cross Polarized (X-pol) antennas are thereby specified.  There is however no Medium Model defined for the polarized antenna model. The existing correlation models are given in Table 1 together with a new proposal of medium correlation.
Table 1: Existing and proposed new Correlation Models in 36.101.
	Correlation
	α
	β
	γ

	Low correlation ULA
	0
	0
	-

	Medium Correlation ULA
	0.3 
	0.9 
	-

	High Correlation ULA
	0.9 
	0.9 
	-

	High Correlation, Cross Polarized Antennas
	0.9
	0.9
	0.3

	Proposed NEW MEDIUM for ULA
	0.3
	0.6
	-

	Proposed NEW MEDIUM for Cross Polarized antennas
	0.3
	0.6
	0.2


The existing correlation model for the Medium Correlation use the same parameter from the UE correlation matrix, β,  as is used in the high correlation models, so there is no model between no correlation between the UE antennas and a model with very high correlation. In order to better reflect measured antenna correlations a new MEDIUM-LOW correlation model is proposed for both linear array and and cross polarized antennas. 

The new medium models keeps the eNodeB correlation parameter α= 0.3 from the old model for medium correlation and has a changed  UE correlation parameter β that is decreased to 0.6, compared with the previous model and a new polarization correlation parameter γ, which is lowered to 0.2 compared with the value for the high correlation model, γ=0.3. 
The rational to have a new Medium Correlation model is that 

1) There is no any Medium Correlation model for Cross Polarized antennas. Based on the simulation results shown below it is essential that there exist a good Medium model also for Cross Polarized antennas.
2) The New Medium Correlation antenna model is, based on internal measurements and e.g. [2], more realistic than the current Medium Correlation Model.

4 Simulations
In Figure 1 and Figure 2, the performance of the PDSCH with MSC 14 and BW=5MHz, is simulated on an EPA5 channel with the current and with the new model for Medium correlation.
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Figure 1: The performance of receivers with the Current Medium and the New Medium Antenna Correlation Model in a Single Cell environment.

In Figure 1 it is shown that the performance when the New Medium model is used is better than for the current ULA model. With this new model the model will be more realistic and it will be easier to test with this model since the Max throughput will be reached for lower SNR.
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Figure 2: The performance of the Cross Polarized antenna as well as linear array for a medium correlation.
In Figure 2 the performance of Cross Polarized Antenna and Uniform Linear Array are shown. The Medium model used for the Cross Polarised antenna is the same as for the ULA and added the cross correlation parameter gamma=0.3. In the Figure, it can be seen that the cross polarized antenna model has a better performance than the Linear Array model. Especially for rank 4, the performance of the 4x4 ULA Rank 4 is very poor.  Due to this behavior it is essential that a realistic model for the Cross Polarized antenna, as proposed here, is used in the standardization.
Based on the results above we have the observations and proposal as following.

Observation 1: New medium correlation is needed to reflect more realistic scenario as more practical antenna configuration.

Observation 2: Xpol is a better antenna configuration than ULA in terms of user throughput.

Proposal 1: The above scope in Chapter 2 should be included as conclusion for the WI objective.
5 Conclusion
There is a need to update the SNR definition as well as the Correlation for the 4Rx performance definition. We provide simulation results in this paper together with observations and proposal as following.
Observation 1: New medium correlation is needed to reflect more realistic scenario as more practical antenna configuration.

Observation 2: Xpol is a better antenna configuration than ULA in terms of user throughput.

Proposal 1: The above scope in Chapter 2 should be included as conclusion for the WI objective.
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