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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].

There is currently one medium correlation model for the linear antenna array, ULA, but there is no medium correlation model for the Cross polarized antenna. In order to get more realistic antenna models, a medium correlation matrix for the Cross polarized antenna model should also be added. 
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 it can be assumed that Cross polarized antennnas will be more common in the future.
2 Background

As discussed in contributions in earlier meetings there are a few issues with current correlation models 

· Current medium correlation models is only defined for Uniform Linear AntennaArrays ( ULA), there is no defined medium correlation model for the Cross-polarized antennas.  

· In mobile phones with 4 Rx antennas, Cross Polarized antennas are a good alternative to keep the correlation as low as possible in a small device.

· Current medium correlation model for ULA has a UE correlation equal to =0.9, which is the same correlation in the UE as the high correlation model. There is big gap on the UE correlation between the Medium and High correlation model on one side with =0.9 and the Low correlation model with =0 on the other side.  
3 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, 

-
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 is a polarization correlation matrix for both UE and eNB.
3.1 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
4 Proposal
4.1 New Proposed Models

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 Cross polarized antenna model. The existing correlation models are given in Table 1 together with the new proposals of  New medium correlation for both ULA and for the Cross polarized antennas.

Medium correlation should reflect correlations between different antennas in a normal scenario. In the Medium Correlation ULA model the correlation between the UE antennas is the same as the correlations between the antennas  for the high correlation models, which is 0.9. 
In [2] measurements are performed both between antennas without any polarization and for cross polarized antennas. In these references a correlation between two antennas without polarization in normal case is in the order of 0.4-0.8. The same correlations between cross polarized antennas is lower, around 0.2-0.3. 
The current medium correlation between the UE antennas,  0.9, is higher than a typical correlation in a UE. 

Observation 1: The current Medium correlation model for ULA has a higher UE correlation than what can be assumed for a normal UE. 
Observation 2: There are no Medium correlation model for X-pol.
Based on this new models are needed.  It is proposed to have new Medium models with the correlation between two UE antennas in a ULA configuration (β) to be equal to 0.6. In the same way it is proposed to have a Medium model for cross polarized antennas with correlation between the UE  antennas equal to 0.2.
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 currently there is a big gap with no model between no correlation at all  between the UE antennas and 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. For the cross polarized antenna correlation γ, it is proposed to be equalt to γ=0.2 in order to distinguish the New Medium model from the High correlation model where γ=0.3. 
Proposal 1: Add the Proposed New Medium Correlation models for both ULA and X-pol. 
5 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. Based on this it is in the High SNR testcases more feasible to use the Cross polarized antenna than to use the ULA antenna model.
In the next figure the performance of TM4, testcase 8.2.1.4.1B, with 1 Layer is shown for both Low and New Medium correlation. 
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Figure 3: The performance of TM4 for Low and New Medium Correlation model for Cross polarized antennas. 
In Figure 3, it is seen that the New Medium with 4 receivers and cross polarized antennas has a slightly lower throughput than the Low Correlation. The difference is however quite small. 
6 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 3: 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 4: 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 5: A Medium Correlation Model for the Cross Polarized Antennas is needed.
Observation 6: 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 New Medium Correlation model are, based on internal measurements and e.g. [3], more realistic than the current Medium Correlation Model.

The performance of proposed testcases simulated with the New Medium Correlation model [ ] 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. 
7 Conclusion

Observation 1: The current Medium correlation model for ULA has a higher UE correlation than what can be assumed for a normal UE. 
Observation 2: There are no Medium correlation model for X-pol.
Observation 3: 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 4: The Low correlation model is not a realistic model for the UE.
Observation 5: A Medium Correlation Model for the Cross Polarized Antennas is needed.
Observation 6: 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 for both ULA and X-pol. 
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