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1. Introduction
In RAN4 #66 meeting, MIMO channel model for UL 8Rx receiver was discussed [1] ~ [7], and some agreements were reached [8]:
· For SIMO 1x8 case, XP antennas in receiver are used. For MIMO 2x8 case, XP antennas in both transmitter and receiver are used. 
· The eNB polarizations are slanted +45 degree and -45 degree. For 1 Tx antenna case the UE polarization is vertical (90 degree). For 2 Tx antennas case the UE polarizations are vertical (90 degree) and horizontal (0 degree). 
· For XP antennas, the N antennas are labelled such that antennas for one polarization are listed from 1 to N/2 and antennas for the other polarization are listed from N/2+1 to N, where N is the number of transmit or receive antennas.
· Agree on the spatial correlation matrix: 
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· Agree to use low correlation as baseline for spatial channel correlation matrices.
· Agree to use gamma = 0 as baseline assumption. 
To finalize channel model definition, the two remaining issues, including the formulations of polarization correlation matrix 
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 and permutation matrix 
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, need to be solved in this meeting. Regarding the polarization correlation matrix, two options were given in last meeting:
· Option 1
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· Option 2
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In this contribution, we give some further analysis on the two open issues and make the corresponding proposals. 
2. Polarization correlation matrix
Firstly, we start by investigating the channel branch between one transmitting antenna and one receiving antenna. Assuming the transmitting antenna i and receiving antenna j are respectively slanted by 
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, the channel coefficient can be expressed as
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where:

· 
[image: image11.wmf][sin(),cos()]
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 is the polarization vector at transmitting side, i.e., the projection vector to the vertical and horizontal polarization directions.
· 
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 is the polarization vector at receiving side, i.e., the projection vector to the vertical and horizontal polarization directions.
· 
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 is the channel matrix between two pairs of cross-polarized antennas at the transmitter and receiver sides. The antennas at both sides are vertically and horizontally polarized. Here v stands for vertical polarization and h stands for horizontal polarization.
Then, let us consider the channel matrix for an uplink 2Tx 2Rx system, where the antennas at UE and eNB are slanted by {90 o, 0 o}, {+45 o, -45 o} respectively, as Figure 1 illustrated. According to equation (1)

, we can obtain
· For the 1st transmitting antenna with slant angle of 90 o, 
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· For the 2nd transmitting antenna with slant angle of 0 o, 
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· For the 1st receiving antenna with slant angle of +45 o, 
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· For the 2nd receiving antenna with slant angle of -45 o, 
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Figure 1.  Cross-polarized antenna elements at UE and eNB
Through (1)

 we can calculate channel coefficient between each pair of transmitting and receiving antennas, and then we can get the uplink 2x2 channel matrix,
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Let 
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, and the polarization covariance matrix is given as
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Assuming that
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, where XPR is the cross polarization power ratio
and then the matrix 
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can be expressed as
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Let 
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 which would typically make 
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, and the normalized polarization correlation matrix is given as


[image: image33.wmf]100

100

001

001

UL

g

g

g

g

-

éù

-

êú

=

êú

êú

ëû

Γ


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (4)

For one transmitting antenna case with cross polarized antennas configured at receiving side, the polarization correlation matrix can be obtained as
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Based on the above analysis, our proposal is as follow:

Proposal 1: Use option 1 as the polarization correlation matrix for UL 8Rx channel model. More specifically, formula (4) is used for two and more transmitting antennas case, and formula (5) is used for one transmitting antenna case.
3. Permutation matrix
During the Rel-10 eDL-MIMO WI period, the permutation matrix is introduced for downlink channel model, in order to make the antenna indexing to be the same for RAN1 codebook design and RAN4 CSI testing [9]. For the cross-polarized antennas, when using 
[image: image35.wmf],

SpatULUEULeNB

RRR

=ÄGÄ

 to model MIMO spatial correlation matrix, the receiving antenna indexing is aligned with RAN1 codebook design, i.e., antennas for one polarization are listed from 1 to Nr/2 and antennas for the other polarization are listed from Nr/2+1 to Nr, as illustrated in Figure 2. 

Meanwhile, without using permutation matrix, the transmitting antennas are labelled such that antennas for one polarization are listed in order of {1, 3, …, Nt-1} and antennas for the other polarization are listed in order of {2, 4, …,Nt}, which could not match RAN1 codebook design, as illustrated in Figure 3. In this case, a proper permutation matrix is needed to re-arrange the transmitting antenna indexes. 
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Figure 2. Antenna indexing with or without using permutation matrix (BS/receiving side)
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Figure 3. Antenna indexing without using permutation matrix (UE/transmitting side)
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Figure 4. Antenna indexing with using permutation matrix (UE/transmitting side)
For uplink channel correlation matrices with 8Rx, it is suggested to define the permutation matrix as
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where 
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 is the ceiling operator.
Formula (6) is derived based on the permutation matrix in TS 36.101, and the only change is that ceiling operation is performed on 
[image: image41.wmf]/2
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 to obtain the values for j. The motivation for this change is to obtain the permutation matrix for one transmitting antenna case. When the transmitting antenna number is no more than two, the permutation matrix is found as an identity matrix, i.e., 
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 for uplink 1x8 case and 
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 for uplink 2x8 case.
Actually, introduction of the permutation matrix may not be a necessary condition for LTE_UL_8Rx-Perf WI, since there are at most two transmitting antennas for the demodulation tests. However, if we consider the consistence with the channel model definition in TS 36.101 and the potential extension of uplink transmitting number in the future, it’s better to include the permutation matrix for uplink channel model as well.
Proposal 2: Define (6) as the permutation matrix for uplink 8Rx channel model.
4. Conclusions
In this contribution, we discussed MIMO channel correlation matrices for UL 8 Rx antennas, and made the following proposals:
Proposal 1: Use option 1 as the polarization correlation matrix for UL 8Rx channel model. More specifically, for two and more transmitting antennas case, the polarization correlation matrix is defined as
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For one transmitting antenna case, the polarization correlation matrix is defined as
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Proposal 2: The permutation matrix for uplink 8Rx channel model is defined as
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where 
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 is the ceiling operator.
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