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1
Introduction

A new WI for “Performance Requirements of 8 Rx Antennas for LTE UL” was approved in RAN#58 [1]. The target of the WI is to fulfill the following objectives:

· Specify the channel model for UL 8 Rx antennas
· Specify the demodulation performance requirements of 8 Rx antennas for UL channels
· Identify the performance requirements set to be specified, e.g., set of UL physical channels, Tx antenna numbers, propagation conditions, etc.
· Specify the conformance tests of 8 Rx antennas for UL channels
In this paper, we present our view on the MIMO channel model for supporting the performance requirements for UL 8 Rx antennas.

2
MIMO Channel models for UL performance requirements with eight UL Rx antennas
2.1 Existing multi-antenna channel models

Currently, TS 36.104 has defined the multi-antenna channel models for up to four antennas with high, medium and low correlation levels for both UE and eNB sides, as shown in Table B.5.1-1 and Table B.5.1-2 in [2]. 
Table B.5.1-1 eNodeB correlation matrix [2]
	
	One antenna
	Two antennas
	Four antennas

	eNode B Correlation
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Table B.5.1-2 UE correlation matrix [2]
	
	One antenna
	Two antennas
	Four antennas

	UE Correlation
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The parameters [image: image7.wmf]a

 and β  in the tables are also defined for the high, medium and low correlation levels. Then, the channel spatial correlation matrix[image: image8.wmf]spat

R

 for the multi-antenna channel with more antennas at either eNodeB or UE or both will be expressed as the Kronecker product of correlation matrix for UE [image: image9.wmf]UE
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 and correlation matrix of eNB [image: image10.wmf]eNB
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 according to 
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2.2 Extension of the UL MIMO channel models to 8Rx Antennas 
The above multi-antenna channel models were developed based on some assumptions on antenna configurations, polarizations, and patterns, such as uniform linear array (ULA) and exponential decaying on correlation coefficient,, etc. If the same assumptions are adopted, the multi-antenna channel model for eight Rx antennas in eNB side can be defined as follows to support eight Rx antenna:
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(1)
With above definition, the channel spatial correlation matrix[image: image13.wmf]spat

R

 for the multi-antenna channel with eight Rx antennas at eNodeB cases can still expressed as the Kronecker product of correlation matrix for UE [image: image14.wmf]UE
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 and correlation matrix of eNB [image: image15.wmf]eNB
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 according to 
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Similar with 2x4 and 4x4 high correlation cases, the values of the correlation matrices for high correlation may need to be adjusted to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision with the equation:
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Where the value “
[image: image18.wmf]a

” is a scaling factor such that the smallest value is used to obtain a positive semi-definite result.  For the 2x4 and 4x4 high correlation cases, the values of  “
[image: image19.wmf]a

” are curently defined as 0.00010 and 0.00012, respectively. For 2x8 and 4x8 cases, different values of  “
[image: image20.wmf]a

” are needed, which can be easily detemined.
With above discussion, we may have the following option for the multi-antenna channel models with eight UL Rx antennas:

Option 1: Introducing the correlation matrix 
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 into TS 36.104 to cover eight UL Rx antennas as shown in Equ.(1). The channel spatial correlation matrix[image: image22.wmf]spat
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 for the multi-antenna channel with eight Rx antennas at eNodeB are still expressed as the Kronecker product of correlation matrix for UE [image: image23.wmf]UE
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 and correlation matrix of eNB [image: image24.wmf]eNB
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[image: image25.wmf]spatUEeNB

RRR

=Ä

. Proper values of the values of the scaling factor “
[image: image26.wmf]a

” need to be determined to keep the property of positive semi-definite of the correlation matrix for high correlation.
2.3 Channel models for cross-polarized 8Rx antennas
While it is straightforward to extend existing MIMO channel models for UL 8Rx antennas as discussed above, the underline assumption of the extension that the eNB antennas configuration is UAL may not match the eNB antennas configuration in practical deployments where cross-polarized antenna configuration are commonly deployed. To address this issue, different multi-antenna channel models were developed for enhanced downlink MIMO where the channel correlation matrices are defined for the antenna configuration using cross polarized antennas at both eNodeB and UE. The cross-polarized antenna elements with +/-45 degrees polarization slant angles are deployed at eNB and cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed at UE.

The channel spatial correlation matrix 
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  developed for eDL MIMO with 8Tx antennas is expressed as [3]:


[image: image28.wmf](

)

T

UE

eNB

DL

Spat

P

R

R

P

R

Ä

G

Ä

=

,


Where [image: image29.wmf]UE
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 is the spatial correlation matrix at the UE with same polarization, [image: image30.wmf]eNB
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 is the spatial correlation matrix at the eNB with same polarization, 
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 is a polarization correlation matrix, and [image: image32.wmf]T

)
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denotes transpose, and 
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 is a permutation matrix for index alignments. 
The above approach can be easily adopted for our case with UL 8Rx antennas, and the channel spatial correlation matrix 
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  for UL 8Rx antennas can be defined as:
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where the matrices
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 for UL spatial correlation matrix 
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 can be defined in a similar way as those matrices for DL spatial correlation matrix 
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. Thus, we will have another option for the multi-antenna channel models for supporting eight UL Rx antennas:

· Option 2: Introducing the channel spatial correlation matrix[image: image42.wmf]spat

R

 in TS 36.104 for the multi-antenna channel with eight Rx antennas at eNodeB as 
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, where the matrices 
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 are already defined in TS 36.101 for the eDL  MIMO cases with Tx eight antennas in eNB, and 
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 can also be easily derived as shown in [7]. Similar with Option 1, proper values of the values of the scaling factor “
[image: image48.wmf]a

” need to be determined to keep the property of positive semi-definite of the correlation matrix for high correlation.
3
Conclusion
In this paper, we discussed the MMO channel model for supporting the performance requirements for UL 8 Rx antennas and presented the following two options for new channel spatial correlation matrix. Our preference is to have Option 2.
· Option 1: Introducing the correlation matrix 
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 into TS 36.104 to cover eight UL Rx antennas as shown in Equ.(1). The channel spatial correlation matrix[image: image50.wmf]spat
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 for the multi-antenna channel with eight Rx antennas at eNodeB are still expressed as the Kronecker product of correlation matrix for UE [image: image51.wmf]UE
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. Proper values of the values of the scaling factor “
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” need to be determined to keep the property of positive semi-definite of the correlation matrix for high correlation.

· Option 2: Introducing the channel spatial correlation matrix[image: image55.wmf]spat
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 in TS 36.104 for the multi-antenna channel with eight Rx antennas at eNodeB as 
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, where the matrices 
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 are already defined in TS 36.101 for the eDL  MIMO cases with Tx eight antennas in eNB, and 
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 can also be easily derived as shown in [7]. Similar with Option 1, proper values of the values of the scaling factor “
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” need to be determined to keep the property of positive semi-definite of the correlation matrix for high correlation.
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