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1. Introduction
In the last RAN#58 meeting, the WI for LTE UL 8Rx antennas has been approved [1]. As part of WI planning, the work on 8Rx channel model will be kicked off in RAN4#66 meeting.   
In this contribution, we discussed 8Rx MIMO correlation modeling for cross-polarized antenna configurations and also provided our analysis on the derivation of polarization correlation matrix, spatial correlation matrix, focusing on 8x2 and 8x1 cases. 
2. 8-Rx spatial correlation matrix for cross-polarized antennas 
During the discussion of the channel model for the eDL-MIMO 8Tx cross-polarized antennas, we adopt the antenna indexing in figures 1 and 2. For UL 8Rx, we propose to consider the same cross polarized antenna array for both UE and eNB sides as eDL-MIMO [2][3].
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Figure 1 Antenna indexing for 2Tx cross polarized antenna at UE side
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Figure 2 Antenna indexing for 8Rx cross polarized antenna at eNB side

2.1 Polarization correlation matrix

According to the derivation of 8Tx polarization correlation matrix in [1], in the following, we focus the discussion on how to get polarization correlation matrix when the transmit antennas are cross-polarized and co-polarized. We start by investigating the spatial correlation between two pairs of dual-polarized antennas at the transmitter and receiver (see Figure 3). 
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            Figure 3 Cross-polarized antenna elements at UE and eNB with slant angles of {0,90} deg.
The corresponding polarization matrix in figure 3 is given as:
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where the pair of indices 
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refers to channel branch between transmitter antenna 
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 and receiver antenna 
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, subscript 
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 stands for vertical polarization and 
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 stands for horizontal polarization. Now considering the antenna configuration in figure 1 and figure 2, where eNB antenna are slanted by {+45,-45} degrees relatively to the nominal v/h orientations ({0,90} deg.).
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Figure 4: Cross-polarized antenna elements at UE and eNB with slant angles of {+45,-45}, {0,90} deg.
Similar with the polarization matrix 
[image: image11.wmf]S

, the corresponding polarization matrix in figure 4 is given as:


[image: image12.wmf]imjm

injn

trtr

trtr

QQ

Q

QQ

éù

=

êú

êú

ëû

                         
and the matrix 
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 can be expressed as: 
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where the rotation matrices for UE and eNB are 
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The polarization matrix covariance matrix
[image: image20.wmf]cov
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 is given by：
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where 
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So we can have 
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Assuming
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, which means different polarization channel branches are mutually uncorrelated,
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 and then the matrix 
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 can be simplified as: 
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Therefore, the polarization correlation matrix 
[image: image29.wmf]Γ

(i.e. 
[image: image30.wmf]cov
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 normalized to correlation matrix) is found as:
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(1)              

where:
· The indexing for the polarization correlation matrix 
[image: image32.wmf]Γ

 would be denoted as 
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· The parameter 
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 depends on the cross polarization ratio (XPR) as 
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· If the relative antenna orientation of UE/eNB is different from Figure 1 and 2, then we may get different polarization correlation matrix 
[image: image36.wmf]Γ

. 
If the antenna configuration of UE is co-polarized, through the same calculation process as the cross polarized case, we can get the following polarization correlation matrix.
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2.2 8Rx spatial correlation matrix

The UL spatial correlation matrices for cross polarized arrays may be modelled as 
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where 
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and 
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 are correlation matrices for ULA sub-arrays at UE and eNB, respectively, and 
[image: image41.wmf]G

is the polarization correlation matrix we have analyzed in section 2.1.
For the 8x2 antenna configuration (xxxx -> +), the spatial correlation matrix is obtained as:
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(3)

where the parameter 
[image: image43.wmf]a

 defines the spatial correlation between the antennas at the eNB. The spatial correlation matrix at the UE side 
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For the 8x2 antenna configuration (xxxx -> ||), the spatial correlation matrix is expressed as:
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     (4)

where the parameter 
[image: image46.wmf]b

defines the spatial correlation between the ULA antennas elements at the UE. If no power is received along one polarization at the UE (i.e. XPR=0), then the value of  
[image: image47.wmf]g

 in Equation (4) is 1.

For the 8x1 antenna configuration (xxxx -> |), the spatial correlation matrix is expressed as:
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3. Channel coefficient matrix
In general, the channel matrix
[image: image49.wmf]H

can be denoted as 
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where 
[image: image51.wmf]t
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 is the number of transmit antenna and 
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 is the number of receiver antenna, and 
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. For each channel tap, a spatially correlated MIMO channel matrix 
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can be generated as follows [1]:
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where 
[image: image57.wmf]R

 is the spatial correlation matrix discussed in section 2.2, using the 
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 in Equation (2), the channel matrices 
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 would be indexed in the same way as the matrix in Equation (7).
For the multi-antenna spatial correlation level, considering the 8Rx diversity gain compared with 2Rx and 4Rx, we prefer to use low correlation in the demodulation tests. According to the simulation and discussion in eDL-MIMO, when the spatial correlation level in UL 8Rx is low, the values of parameters 
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 and 
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 are set to 0. 
4. Conclusions

In this contribution, we discussed MIMO correlation modeling for UL 8Rx. Based on the analysis above, we make the following proposals:
Proposal 1: In case of 8Rx with cross polarized antennas, the spatial correlation matrix can be modeled as
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Where 
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 are correlation matrices for ULA sub-arrays at UE and eNB, respectively, and 
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is the polarization correlation matrix.

Proposal 2: For UL 8Rx, we propose to consider the same cross polarized antenna array for both UE and eNB side as eDL-MIMO as shown in figures 1 and 2. The UE polarization are assumed to be vertical and horizontal, the eNB polarizations are slant +45o and -45o.
Proposal 3: Assuming the cross polarized antenna arrays in proposal 2 are used, the polarization correlation matrix 
[image: image67.wmf]G

 for the case with cross polarized elements at both UE and eNB sides is obtained as 

[image: image68.wmf]100

100

001

001

g

g

g

g

éù

êú

G=

-

êú

-

êú

ëû


For the 8x2 antenna configuration (xxxx -> +), the spatial correlation matrix is obtained as:
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Proposal 4: For the case just with cross polarized elements at eNB sides, the polarization correlation matrix 
[image: image70.wmf]G

 is obtains as
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For the 8x2 antenna configuration (xxxx -> ||), the spatial correlation matrix is expressed as:
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For the 8x1 antenna configuration (xxxx -> |), the spatial correlation matrix is expressed as:
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Proposal 5: We propose to consider low correlation in the demodulation tests, and the values of the correlation related parameters
[image: image74.wmf]a

, 
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 and 
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 are 0.
5. References
[1]
RP-121709, Proposed WI on Performance Requirements of 8 Rx Antennas for LTE UL, China Telecom. 
[2] R4-110931, Spatial correlation modeling with 8-Tx cross-polarized antennas, Renesas Electronics Europe. 
[3] R4-110993, Correlation matrix for 8Tx eDL-MIMO, Huawei, HiSilicon.
3GPP


_1418911951.unknown

_1418988505.unknown

_1419768882.unknown

_1419769341.unknown

_1419940229.unknown

_1419940236.unknown

_1419940249.unknown

_1419769380.unknown

_1419769314.unknown

_1418994197.unknown

_1418994222.unknown

_1418973816.unknown

_1418975449.unknown

_1418978629.unknown

_1418987513.unknown

_1418987581.unknown

_1418988498.unknown

_1418987501.unknown

_1418977718.unknown

_1418974173.unknown

_1418974579.unknown

_1418974787.unknown

_1418974324.unknown

_1418974057.unknown

_1418973805.unknown

_1418912039.unknown

_1418912106.unknown

_1359986287.unknown

_1418910919.vsd
UE


eNB


Stvrv



_1418911507.unknown

_1418911706.unknown

_1418911270.unknown

_1360043235.unknown

_1360046946.unknown

_1360048192.unknown

_1360051929.unknown

_1360048064.unknown

_1360046335.unknown

_1359987032.unknown

_1360042861.unknown

_1359986302.unknown

_1359023712.vsd
1


2



_1359986094.unknown

_1359986179.unknown

_1359984436.unknown

_1359985110.unknown

_1359981585.unknown

_1357481365.unknown

_1357555806.unknown

_1358944579.unknown

_1359023643.vsd
1


5


2


3


4


6


7


8



_1357556848.unknown

_1357558070.unknown

_1357539485.unknown

_1357539697.unknown

_1357481366.unknown

_1357479066.unknown

_1357480402.unknown

_1357479014.unknown

_1355748480.unknown

