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1 Introduction
In addition to the existing Channel correlation matrices in 36.101, chapter B2.3 and B.2.3A, new medium channel correlation matrices have been proposed for some meetings. In order to progress this, a CR is also contributed in [2].

It has been discussed for several meetings that a New Medium correlation model shall be included in the testing of the UE performance. 
UEs with 4 RX antennas will have limited space to add these antennas and the possible distances between antennas are small. In order to decrease the correlation between the antennas Cross polarized antennnas may be used in the future. Further input on the usage and feasibility of Cross Polarized antennas in UEs should be provided by Mobile Phone Vendors. 
In RAN4#76 4Rx adhoc [1], the following was agreed

Agreements

· Introduce new medium channel correlation targeting at lower correlation than the existing medium one.

Option 1 : Beta=0.6, xpol 

Option 2 : ULA, beta =0.3874

· Decide in RAN76bis between option 1 and 2  based on alignment simuations for both and further inputs from vendors
In the email discussions afterwards it was clarified that the options are based on the following parameters. 

	Correlation
	
	
	γ

	Proposed NEW MEDIUM for ULA
	0.3
	0.3874
	-

	Proposed NEW MEDIUM for Cross Polarized antennas
	0.3
	0.6
	0.2


2 Scope of MIMO channel correlation definition

The MIMO channel correlation definition is used to emulate the correlation between both eNodeB Tx antennas as well as between the UE Rx antennas. 
The correlations are defined by the matrice 
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 where : 

· [image: image2.wmf]UE
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 is the spatial correlation matrix at the UE, in case of cross polarized antenna with same polarization.
-
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 is the spatial correlation matrix at the eNB, in case of cross polarized antenna with same polarization, 

-
[image: image4.wmf]G

 is a polarization correlation matrix for both UE and eNB.
2.1 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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 for the eNodeB the crosscorrelation 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 for 4 receivers, [image: image8.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 proposal in this contribution is to define better MIMO channel correlation matrices, propagation channel condition for 4 Rx AP based MIMO in order to support UE performance and CSI requirements
3 Proposal
3.1 New Proposed Models

As discussed in the Introduction of this paper and in contributions to previous meetings in e.g. [2] and [3] it is proposed to add one or two New Medium Correlations in the correlation models in 36.101. 
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
	0.3874
	-

	Proposed NEW MEDIUM for Cross Polarized antennas
	0.3
	0.6
	0.2


Proposal 1: Add the Proposed New Medium Correlation models in 36.101 for both ULA and X-POL
4 Discussion
The testing of 4Rx will be done on cases where there is a clear gain with 4Rx compared with 2Rx. These testcases will define the environments when it is mandatory for a 4Rx UE to have 4 receivers activated. In other cases it is up to the UE to decide whether 2 active receivers are used or 4. Based on this fall-back concept, it is important to test the 4Rx performance with realistic antenna correlation. 
Observation 1: The testing of 4Rx performance defines in which scenarios 4Rx needs to be activated, therefore it is important to test with a realistic model
Thereafter it can be concluded that the Low correlation model is not a realistic model with 0% correlation between the UE antennas. That is clearly not feasible on a UE

Observation 2: The Low correlation model is not a realistic model for the UE.
It is also observed that there is no Medium Correlation model for the cross polarized antenna models.  
The Medium correlation model for ULA is defined with 90% correlation between the UE antennas, same correlation as the High correlation model. The gap between the 0% correlation and the 90% correlation is very large, especially as realistic correlations between physically separated UE antennas is assumed to be higher than 0% and lower than 90% as shown in [2]. In the simulations for TM4 with 1 layer it is also shown that the performance difference between the Low and the New Medium Correlation is quite small. It is therefore feasible to define testcases also for high SNR testcases where the current Medium model leads to a SNR that is too high to test.
Observation 3: A Medium Correlation Model for the Cross Polarized Antennas should be considered to be included.
Observation 4: A new more realistic Medium Correlation Model for ULA is needed where the correlation between the UE antennas is lower than 90%, same as used in the High Correlation model. 
The performance of proposed testcases simulated with the New Medium Correlation model with XPOL are slightly worse than for the Low Correlation model, and much better than for the Medium and High Correlation models. Thereby the testcases are still testable with the New Medium even if the SNR values for the Medium and High Correlation Models becomes too high. 
5 Conclusion

Observation 1: The testing of 4Rx performance defines in which scenarios 4Rx needs to be activated, therefore it is important to test with a realistic model

Observation 2: The Low correlation model is not a realistic model for the UE.
Observation 3: A Medium Correlation Model for the Cross Polarized Antennas should be considered to be included.
Observation 4: A new more realistic Medium Correlation Model for ULA is needed where the correlation between the UE antennas is lower than 90%, same as used in the High Correlation model. 
Proposal 1: Add the Proposed New Medium Correlation models in 36.101 for both ULA and X-POL
6 References
[1] 155201:
Ad hoc minutes for 4Rx, Ericsson
[2] R4-154579 Proposal of a New Medium correlation for 4Rx, Ericsson
[3] R4-154580: CR: Introduction of the New Medium Correlation, Ericsson. 
_1277052297.unknown

_1483857275.unknown

_1483857319.unknown

_1366731031.unknown

_1274525710.unknown

