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1. Introduction
In RAN4 #77, there was a preliminary discussion on link level propagation channel model for EB/FD-MIMO performance requirements [1]. In order to verify CSI feedback performance for newly defined MIMO codebook with 12/16 Tx antenna, RAN4 needs to define a new channel model with 2D array at eNB. In this contribution, we propose a channel model for EB/FD-MIMO performance evaluation. 
2. Discussion
2.1. Antenna array model
In EB/FD-MIMO WI, RAN1 specified a new codebook for 2D antenna array at eNB with up to 16 transmit antenna. Codebook design is based on 2D antenna array model at eNB as described in [2] where each antenna in 2D array is cross-polarized. RAN1 designed codebook in a generic way so that codebook can be constructed when antenna array parameters N1 and N2 are given. eNB provides antenna array size (N1, N2) and corresponding codebook oversampling rate (O1, O2) via RRC signaling when UE is configured with non-precoded CSI-RS ports. According to RRC signaling for EB/FD-MIMO specified in [3], N1 and N2 can be {1, 2, 3, 4, 8} though N1×N2 cannot be larger than 8 in Rel-13 design. In Rel-14, RAN1 is supposed to extend MIMO design for EB/FD-MIMO for up to N1×N2=32. RAN4 should assume same antenna array model when specifying link level channel model. It would be desirable to specify a channel model in a generic way so that channel can be generated for arbitrary 2D antenna array up to N1×N2=32 with N1 and N2 from {1,2,3,4,8}. 
Proposal 1. Specify a channel model in a generic way so that channel correlation matrix can be generated for arbitrary 2D antenna array up to N1×N2=32 with N1 and N2 from {1, 2, 3, 4, 8}.
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Figure 1. Antenna array model for EB/FD-MIMO (N1=2, N2=4)
2.2. Correlation matrix for cross-polarized antenna with linear antenna array
In B.2.3A of TS 36.101, correlation matrix for cross-polarized antenna with linear antenna array is specified as 
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 is the spatial correlation matrix at the UE with same polarization, 
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 for 8 Tx antenna. 
The polarization correlation matrix [image: image12.wmf]G

is defined as 
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Figure 2. Antenna index permutation
A permutation matrix[image: image15.wmf]P

elements are defined as
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where 
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 and 
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 is the number of transmitter and receiver antenna respectively. Note that permutation is introduced to change the antenna labelling as depicted in figure 2. 
2.3. Correlation matrix for cross-polarized antenna with 2D antenna array

If we compare antenna configuration of EB/FD-MIMO channel and cross-polarized channel with linear array, the only difference is that 2D antenna array is used at eNB instead of 1-D linear antenna array. On UE side, same linear antenna array with cross-polarized antenna is used. Also, we can assume 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. Therefore, we can reuse the same equation for spatial correlation matrix 
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as long as we can define[image: image20.wmf]eNB
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, i.e., spatial correlation matrix at the eNB with same polarization for 2D antenna array, and permutation matrix corresponding to new antenna element labelling system. 
2.4. eNB correlation matrix for 2D antenna array
As pointed out in [1], when RAN4 specified correlation matrix for 4 Tx antenna, exponential decaying assumption is used. Spatial correlation of the ith and jth antenna element is 
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where dij is the antenna spatial separation, α is a reference correlation at the antenna spatial separation of Δ. If we extend this method to 2D antenna array illustrated in figure 3, we can derive following relation. 
· Let’s assume antenna correlation between two adjacent antennas in vertical direction separated by 
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· Antenna correlation between two adjacent antennas in horizontal direction separated by 
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· Antenna correlation between two adjacent antenna in diagonal direction separated by 
[image: image26.wmf]22

12

dd

+

 is 
[image: image27.wmf](

)

2

22

2222

121

1112

/

//

23

ddd

dddd

r

aaaab

+

===



[image: image28.emf]1 3

2

1

d

2

d

22

12

dd




Figure 3. Antenna correlation for 2D antenna array
Observation 1. In 2D antenna array, spatial correlation between two antennas is equal to the product of spatial correlations in vertical and horizontal direction. 
By using the relation in observation 1, we can derive eNB correlation matrix for 2D antenna array as 
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where 

· 
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· 
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Note that antenna element is labelled as shown in figure 1, i.e., antenna along first dimension is indexed first. For example, for 
[image: image36.wmf]12

N

=

 and
[image: image37.wmf]24

N

=

, 

[image: image38.wmf]14

99

222

114

*

999

1

222

411

**

999

1

222

41

***

99

222

1

1        

1

    1

1

1

eNB

aaa

a

aaa

a

aaa

aaa

*

æö

ç÷

ç÷

æö

ç÷

=Ä

ç÷

ç÷

èø

ç÷

ç÷

èø

R


where 
[image: image39.wmf]1
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 is correlation between first and last antenna in first dimension and 
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 is correlation between first and last antenna in second dimension.

Permutation matrix is applied to change the antenna labelling at eNB so that antenna elements in the same polarization is labelled first. As shown in figure 2, without permutation, correlation matrix is valid for antenna element labelling wherein antenna element is first indexed along polarization dimension. Since the equation for overall spatial correlation is same as before, we can reuse same permutation matrix with
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Proposal 2. Specify a correlation matrix for EB/FD-MIMO channel by following method. 

· 
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 where UE antenna correlation matrix 
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· Permutation matrix is same as before with
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2.5. Support of 3 and 8 antenna array

As pointed out in section 2.1, RRC signalling for non-precoded CSI-RS is specified for {1, 2, 3, 4, 8} antenna elements along first and second dimension. In Rel-13, RAN4 might consider the case of N1=2 and N2=3, i.e., 12 Tx antenna case. Also, in Rel-14, antenna array with N1=4 and N2=8 could be considered to support up to 64 antenna elements. In B.2.3 of 36.101, MIMO correlation matrices are defined for linear array with 1, 2 and 4 Tx antenna. Therefore, it is necessary to specify MIMO correlation matrix also for linear array with 3 and 8 Tx antenna. Correlation matrix for 3 and 8 Tx antenna can be defined by applying the same methodology to define correlation matrix for 4 Tx antenna as below. 
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 for 8 Tx antenna

Proposal 3. Specify correlation matrix for linear array for 3 and 8 Tx antenna. 

2.6. Beam steering
In B.2.3A.4 of 36.101, beam steering is defined to introduce slow rotation of channel direction. Beam steering is applied directly to transmit signal vector after MIMO precoding and defined as 
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 is the beam steering matrix. 
For 8 transmission antennas, 
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For 4 transmission antennas, 
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For EB/FD-MIMO channel, beam steering should be defined separately for first and second dimension of eNB antenna array. Assuming antenna element labelling in figure 1, beam steering matrix can be defined as
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where 
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Note that we can specify different beam steering speed or direction for first and second dimension by specifying different value for 
[image: image57.wmf]1

q

 and 
[image: image58.wmf]2

q

.

Proposal 4. Define beam steering for EB/FD-MIMO with beam steering matrix 
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where 

[image: image60.wmf]/

100

00

,   1,2

00

i

i

jNi

Ni

j

e

Si

e

q

q

éù

êú

êú

==

êú

êú

êú

ëû

L

L

MMOM

L

.

3. Conclusions

In this contribution, we proposed channel model for EB/FD-MIMO performance evaluation. Our observations and proposals are
Observation 1. In 2D antenna array, spatial correlation between two antennas is equal to the product of spatial correlations in vertical and horizontal direction. 

Proposal 1. Specify a channel model in a generic way so that channel correlation matrix can be generated for arbitrary 2D antenna array up to N1×N2=32 with N1 and N2 from {1, 2, 3, 4, 8}.

Proposal 2. Specify a correlation matrix for EB/FD-MIMO channel by following method. 

· 
[image: image61.wmf](

)

T

UE

eNB

spat

P

R

R

P

R

Ä

G

Ä

=

 where UE antenna correlation matrix 
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· Permutation matrix is same as before with
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Proposal 3. Specify correlation matrix for linear array for 3 and 8 Tx antenna. 

Proposal 4. Define beam steering for EB/FD-MIMO with beam steering matrix 
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where 
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