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1
Introduction
EB/FD-MIMO WI assumes 8 or more transceiver units (TXRUs) per transmission point, where the transmission antenna elements can be lied out with 2-dimension (2D) array. The existing cross-polarized channel correlation matrix in TS36.101 is modelled with the assumption Tx antennas are placed in horizontal direction only. In order to introduce new CSI reporting and/or DMRS-based PDSCH demodulation requirements, RAN4 has started the discussion on the MIMO correlation matrix supporting 2D layout [1]. In this contribution we discuss the numbering of 2D layout antenna element so that we reuse the existing MIMO correlation matrix as much as possible. 
2
Antenna element numbering for 2D layout
2.1
eNB antenna correlation matrix with 1D layout 
The cross-polarized MIMO channel correlation matrices defined in TS36.101 B.2.3A is based on the assumption the antennas at eNB are polarized at +/-45 degrees and antennas at UE are polarized at +90/0 degrees polarization. The correlation antenna matrix between eNB and UE, 
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where 
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is the permutation matrix, 
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 is the spatial correlation matrix at the eNB with the same polarization, 
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 is the spatial correlation matrix at the UE with same polarization, and 
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 is a polarization correlation matrix. The detailed definition is specified in TS 36.101 B.2.3A.1 [1]. In this paper, our discussion only focuses on the configuration of eNB antenna correlation matrix 
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 because EB/FD-MIMO changes eNB antenna layout only. 
3GPP TS36.101 specifies the cross-polarized eNB correlation matrix with 8 antenna elements for the same polarization specifies as follows:
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,
This matrix is built based from the antenna layout shows in Figure 1, and 
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 is the antenna correlation between the farthest elements. In the figure, it corresponds to the antenna elements 1 and 4, and set the distance to Δ. For shorter distance such as Δ/3, given by the distance between antenna element 1 and 2, the correlation is given by 
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Figure 1
Antenna element numbering for 1D-layout eNB antenna configuration with the same polarization.
2.2
eNB antenna correlation matrix with 2D layout
EB/FD-MIMO WI assumes 8 or more transceiver units (TXRUs) per transmission point, where the transmission antenna elements can be lied out with 2-dimension (2D) array. If we assume the antenna port is placed equally spaced in both horizontal and vertical directions, 2x2 antenna element layout for one polarization is shown in Figure 2. Here we put numbers to the antenna elements from upper-left to lower-right.
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Figure 2
Proposed antenna element numbering for 2D-layout eNB antenna layout with one polarization. 
If we apply the same methodology as existing antenna correlation matrix, the eNB correlation matrix 
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 is given as follows:
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.
Then we consider another polarization. We propose to put numbers with a line-symmetric way as shown in Figure 3.
[image: image15.png]



Figure 3
Line-symmetric antenna element numbering for 2D-layout eNB antenna configuration with another polarization.
With the line-symmetric antenna element numbering, it is observed that the eNB correlation matrix 
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The reason we don’t propose the same numbering as Figure 2 is because the result eNB correlation matrix are not identical. Figure 4 shows the same numbering as Figure 2. 
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Figure 4
Same numbering as Figure 2 for another polarization. 

The eNB correlation matrix corresponding to Figure 4 is given as follows. 

[image: image20.wmf]ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

=

1

1

1

1

1

1

*

)

4

/

1

(

*

)

4

/

1

(

*

4

/

1

*

)

4

/

1

(

4

/

1

*

)

4

/

1

(

4

/

1

4

/

1

_

2

_

2

_

a

a

a

a

a

a

a

a

a

a

another

D

eNB

R


It is observed that 
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 is not identical with 
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. If we want to reuse the existing cross-polarized MIMO correlation matrix definition for 2D-layout eNB antenna configuration, the eNB correlation matrices for both polarizations should be identical. Therefor we propose the numbering of 2D layout antenna elements with one polarization is line-symmetric with another polarization. 
3.
BS antenna correlation matrix for 2D layout
3.1
Antenna configuration
Table 1 shows the antenna layout for CSI-RS Class A agreed by RAN1 [2] with antenna element numbering, where N1 means the number of the antenna ports in vertical direction and N2 means the number of the antenna ports in horizontal direction.

If we set the furthest distance among antenna elements to Δ, then the antenna correlation matrix is given in Table 2 for configuration (N1,N2) = (2,2), (3,2), (2,3), and (4,2). As we discussed in the previous section, the eNB antenna correlation matrix of another polarization become same in the case of the symmetrical numbering. This mean the difference between 1D layout and 2D layout is given by the eNB antenna correlation matrix. One interesting observation is that 
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 for 2D layout does not become identity matrix, even if the correlation factor is 0 (α=0), although the eNB correlation matrix becomes identify matrix for the legacy 1D layout. 
Table 1
Transmission antenna configuration for CSI-RS Class A.
	Number of CRS-RS antenna ports
	(N1,N2)
	Layout

	8
	(2,2)
	[image: image24.png]




	12
	(2,3)
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	(3,2)
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	16
	(2,4)
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	(4,2)
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	(8,1)
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Table 2
eNB correlation matrix example.

	(N1,N2)
	Correlation matrix

	(2,2)
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	(3,2)
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	(2,3)
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	(4,2)
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4
Conclusion
In this contribution, we discussed the MIMO correlation matrix used for UE demodulation and CSI reporting test in EB/FD-MIMO WI. It is shown the exiting MIMO correlation matrix in TS36.101 can be used with the line-symmetric antenna element numbering. We propose RAN4 consider our investigation to introduce the MIMO correlation matrix for 2D antenna port layout.  
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