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1 Introduction
In RAN4 #77 meeting, the performance requirments for Rel-13 FD-MIMO were agreed in [1]. In order to evaluate the EB/FD-MIMO performance, new channel model i.e correlation matrix for 12 and 16 antennas in eNB side with 2D planar arrays need to be specified in RAN4. In this contribution, we discussed the methodology of introducing channel model for FD-MIMO.
2 Background of Channel Modeling Methodology
2.1 Channel coefficient generation
The downlink MIMO input-output relationship can be typically expressed as:

,




where  is an Nt*1 input (transmited) signal vector,  is an Nr*1  output (received) signal vector, and  is an Nr* Nt MMO channel matrix. The channel matrix  can be expressed as:

,
So, vec(H) (vectorization operation) is indexed as [r1t1, r2t1,…, rNrt1, r1t2, r2t2,…, rNrt2, …, r1tNt, r2tNt,…, rNrtNt].


For each channel tap, the MIMO channel matrix of size  can be generated as:

,


where Ptap is the tap power, is Ptap a MIMO channel matrix of size Nt* Nr with complex circular i.i.d. Gaussian random coefficients, operators  and  perform vectorization/devectorization respectively, and Rspat is spatial correlation matrix. 

2.2 Spatial correlation matrices generation
ULA antennas:



Channel spatial correlation matrix  is expressed as the Kronecker product of and   as for ULA antennas 
[image: ]


The matrix [image: ] and [image: ] is parametrized by and , which governs the correlation between the ULA receiver elements.
For example, the correlation matrix for 4*2 case is


Cross polarized (XP) antennas:
For eDL-MIMO in Rel-10, new spatial correlation matrix was introduced for cross polarized antennas.


where
· [image: ] is the spatial correlation matrix at the UE with same polarization, 
· [image: ] is the spatial correlation matrix at the eNB with same polarization, 
· [image: ] is a polarization correlation matrix, and 
· [image: ]denotes transpose.
The matrix [image: ]is defined as


where parameter γ depends on the cross-polarization ratio (XPR) as γ = (1-XPR)/(1+XPR).
The permutation matrix P elements are defined as
[image: ].
This is used to map the spatial correlation coefficients in accordance with the antenna element labelling system which states that: for the cross-polarized 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.

2.3 Deriving correlation values

During Rel-8 timeframe, RAN4 made use of a channel capacity based criterion to derive the pairs of parameters  governing the spatial correlation and the corresponding MIMO spatial matrices for low, medium and high correlation. A particular choice of values stems from the following capacity criterion:



, , ,





where  is the Nr*Nt spatially correlated MIMO channel matrix generated using the methodology describled in section 1.1 and 1.2.  and denote the MIMO channel capacity at 15dB SNR for zero and full correlation, respectively. It was agreed to useand  for medium and high correlation, respectively.

For ULA antennas, three pairs of values  are defined for low, medium and high correlation as below talbe.
Table B.2.3.2-1 (TS 36.101)
	Low correlation
	Medium Correlation
	High Correlation

	
	
	
	
	
	

	0
	0
	0.3 
	0.9 
	0.9 
	0.9 




Then during Rel-10 timeframe, this methodology is reused to define the values  for high spatial correlation of XP antennas. The values are given in below table.
Table B.2.3A.3-1 (TS 36.101)
	High spatial correlation

	
	
	

	0.9
	0.9
	0.3

	Note 1:	Value of α applies when more than one pair of cross-polarized antenna elements at eNB side.
Note 2:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.



3 Proposed Spatial Correlation Modeling Methodology for 2D Antenna Array


Under EB/FD MIMO WI, a 2D planar uniformly spaced antenna array model is used. In RAN4, the configuration of a 2D antenna array model can be represented by, and total number of antennas is, where
· N1 is the number of antenna elements with the same polarization in the first dimension,
· N2 is the number of antenna elements with the same polarization in the second dimension
· P is the number of polarization dimensions. 
To have clear statement in this paper, we assume the first dimension is vertical direction and the second dimension is horizontal direction, i.e N1 is the number of rows, and N2 is the number of columns.

When discussing the channel model for the 2D antenna array, we assume that cross polarized antennas (i.e. P=2) is default configuration. 

Correlation matrix:
For the spatial correlation matrix of cross polarized 2D antenna array, we propose using following formula:

                                              (Eq. 1)
where
· 
  is the spatial correlation matrix of vertical direction at the eNB with same polarization
· 
 is the spatial correlation matrix of horizontal direction at the eNB with same polarization

Proposal 1: For the spatial correlation matrix of cross polarized 2D antenna array, following formula can be used:

.

Antenna labelling:
Before generating the correlation matrix, we need a label system for each antenna element.

In order to align with RAN1 agreement with codebook structure, we propose that antenna labelling starts at different columns within the first row (N2), then goes through all the rows (N1), and at last for another polarization.
More detailly, for 2D antenna arrays with (N1,N2,P), the 2* N1 *N2 antennas are labeled such that antennas for one polarization are labeled as 1,2,…,N2;……;(N1-1)*N2+1,…, N1*N2, and antennas for the other polarization are labeled as N1*N2+1,…, N1*N2+ N2;……;(2*N1-1)*N2+1,…, 2*N1*N2.

For example, the antenna array  is shown as below figure.


Figure 1: Antenna laballing for antenna array (2,4,2)

Proposal 2: Antenna labelling starts at different columns within the first row (N2), then goes through all the rows (N1), and at last for another polarization. I.e. labelling order following: first horizontal direction, then vertical direction and finally for another polarization group.

Consideration on matrix Γ and matrix P:
The way of labeling the antenna element may impact the polarization correlation matrix Γ and permutation matrix P. Here we have a discussion on this.
Since matrix Γ stands for the polarization correlation relationship between a pair of cross-polarized antenna elements at eNB to a pair of cross-polarized antenna elements at UE, no matter it is 1D antenna array or 2D antenna array, so there is no impact on polarization correlation matrix Γ.

Regarding the permutation matrix P, when using antenna laballing system in Figure 1, one polarization antennas after the Kronecker product of the two dimensions at eNB, i.e. , are indexed as [1 2 3 4, 5 6 7 8], which are same as the index order for 1D antenna array. So, there is also no impact on permutation matrix P.
Observation 1: When the antenna labelling system in Proposal 2 is used, there is no impact on polarization correlation matrix Γand permutation matrix P.

Spatial correlation matrix for eNB with 2D antenna array:
The next step is to derive the correlation matrix for eNB with 2D antenna array. The exponential decaying model for one-dimension antenna array can be reused here.
Explicitly, the spatial correlation of the ith and jth antenna element at vertical direction is


And the spatial correlation of the ith and jth antenna element at horizontal direction is 


where d1ij, d2ij is the antenna spatial separation at vertical and horizontal direction respectively, α1, α2 is a reference correlation at the antenna spatial separation of Δ1, Δ2 for vertical and horizontal direction respectively. 
For example as shown in Figure 2, regard to the antenna array (2,4,2), the antenna element separation of two adjacent elements in is Δ1 for vertical direction, and 1/3*Δ2 for horizontal direction.


Figure 2: Antenna spatial separation for antenna array (2,4,2)

Correlation values definition:
To obtain the channel spatial correlation matrix, the values for 4 parameters are needed to be defined, i.e. α1, α2, β and γ.
Just describled in section 1.3, during Rel-8 and Rel-10 discussion, in order to obtain the concrete values for the correlation matrix, i.e., α, β and/or γ, the channel capacity is evaluated based on those values to get the high and medium correlation matrix for ULA antennas, and to get high correlation matrix for XP antennas.
Here, for 2D antenna array using cross polarized antennas, the similar way can be reused for evaluation to define the concrete values of parameterα1, α2, β and γ, and then obtain the channel spatial correlation matrix.

4 Channel Capacity Consideration for the Proposed Methodology
4.1 Simplifications for deriving the spatial correlation matrix
Only considering XP antenna array:
As mentioned above, cross polarized antennas are the typical configuration for 2D antenna array. So, when discussing the channel model for the 2D antenna array, we only considered cross-polarized antennas, i.e. P=2. 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.

Only considering high spatial correlation:
Similar as cross polarized antennas for the legacy 1D antenna array in current specification TS 36.101 [2], we only consider high spatial correlation for 2D antenna array at eNB, i.e. medium correlation is excluded for 2D antenna array.

Reusing legacy values:
We can see that when N1 = 1, the 2D antenna array fall backs to a 1D antenna array , i.e. 1D antenna array is a special case of 2D antenna array.  So, we propose to use the legacy values of the 3 parameters, i.e. α, β and γ, for the high spatial correlation in 2D antenna array using cross polarized antennas. Here, the correlation value α2 for the horizontal direction at eNB is reused from the legacy value α.
In this way, we only need to get the new parameter α1, which can greatly simplify the spatial correlation matrix calculation work.
Proposal 3: The lagecy values α, β and γ for the high spatial correlation in 1D antenna array using cross polarized antennas can be reused in 2D antenna array, and only the value of vertical direction correlation needs to be defined.

Priority for 2Rx antenna configuration:
Since there are several typical Tx antenna configuration at eNB, such as (N1,N2) = (2,2), (2,3), (3,2), (2,4), (4,2), if we consider both 2Rx and 4Rx antenna configuration at UE, there will be so many Tx/Rx antenna configuration combinitions.
In the perspective of tightened progress of EB/FD MIMO topic in RAN4, we only consider 2Rx at first when defining the value of vertical direction correlation parameter α1. Later, if time is enough, we can have further consideration on 4Rx.

4.2 Channel Capacity based Simulations
In the following, we will discuss the possible value of vertical direction correlation parameter α1 using the capacity-based methodology.
Firstly, we set up the simulator and have calibration with other companies’ results [3, 4] from Rel-10 eDL-MIMO discussion. The calibration results are attached in the Annex, which can be well matched with other companies’ results.
Then, we simulate the channel capacity for various antenna configurations: 16*2, (N1=2, N2=4, P=2); 16*2, (N1=4, N2=2, P=2); 12*2, (N1=2, N2=3,P=2).
At last, we get the channel coefficient from the 3D channel model for system level simulation in RAN1, and simulate the 3D channel model’s MIMO capacity for comparison.

In below Figure 3 ~ Figure 5, we plot MIMO capacity curves as a function of the SNR assuming the diferent channel configurations for following cases:
· C0  : Capacity with zero spatial correlation;
· C1  : Capacity with full spatial correlation;
· C(α1=0,α2=0,γ=0,β=N/A): Capacity assuming the spatial correlation matrix in (Eq. 1) with α1=0, α2=0 and γ=0;
· C(α1=0.9,α2=0.9,γ=0.3,β=N/A): Capacity assuming the spatial correlation matrix in (Eq. 1) with α1=0.9, α2=0.9 and γ=0.3;
· C(α1=0.9,α2=0.9,γ=0.3,β=N/A): Capacity assuming the spatial correlation matrix in (Eq. 1) with α1=0.3, α2=0.9 and γ=0.3;
· C - 3D UMa 0.5L: Capacity of 3D channel model with related antenna configuration and 0.5L (wavelength)-spaced antenna elements in both vertical direction and horizontal direction.

16*2, (N1=2, N2=4, P=2):
[image: ]
Figure 4: Channel capacity for 16*2(N1=2, N2=4, P=2) antenna configuration

16*2, (N1=4, N2=2, P=2):
[image: ]
Figure 4: Channel capacity for 16*2(N1=4, N2=2, P=2) antenna configuration

12*2, (N1=2, N2=3, P=2):
 [image: ]
Figure 5: Channel capacity for 12*2(N1=2, N2=3, P=2) antenna configuration

Based on the results in Figure 3 ~ Figure 5, the following observations can be made:
· Similarly to [3~5], we observe that the spatial correlation modelling leads to lowly correlated for all cases, regardless of the chosen values for α1. This is essentially due to the fact that Tx and Rx branches – belonging toorthogonal polarizations – are mutually uncorrelated.
· For 16*2, (N1=4, N2=2, P=2) antenna configuration and  12*2, (N1=2, N2=3, P=2) antenna configuration, α1=0.9 has a slight deviation compared with 3D channel capacity;
· For 16*2, (N1=2, N2=4, P=2) antenna configuration, the closed value for α1 may be eqaul to 0.5 ~ 0.6.
Considering the parameters uniformity for all antenna configurations, we propose that value of vertical direction correlation parameter α1 equal to 0.9. And this value is same to the horizontal direction correlation parameter α2, which is reused from the lagecy value of parameter α.

Proposal 4: The values for parameters α1, α2, β and γ for high spatial correlation are as below.
	High spatial correlation

	
	
	
	

	0.9
	0.9
	0.9
	0.3

	Note 1:	Value of α1 applies when more than one pair of cross-polarized antenna elements in the first dimension at eNB side.
Note 2:	Value of α2 applies when more than one pair of cross-polarized antenna elements in the second dimension at eNB side.
Note 3:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.



4.3 LLS simulation results
In previous chapters, we analyzed how to model MIMO channel for FD-MIMO with 2D planar antenna arrays in eNB side. Delatiled parameters were derived based on capability simulation which is close to SLS 3D channel modelling.
On the other hand, in order to verify the feasibility of proposed channel model for RAN4 test purpose, in [6], we evaluate link level throughput performance with different PMI selection method under proposed channel model for 16 antteans (N1=2,N2=4,P=2) and 12 antenans ((N1=2,N2=3,P=2) case.  
Based on simulation results, we observed that under proposed channel modelling, there is large performance gap between following PMI and random PMI. Also in [6], we proposed some beam steering approach to randomize channel beam directions in both vertical direction and horizontal direction.
[image: ][image: ]
Figure 6: Absolute throughput for PMI test from [6] (left for multiple PMI and right for single PMI)

5 Conclusion
In this contribution, firstly we discussed the channel model for EB/FD MIMO performance requirement evaluation. Then we provided evaluation results of the channel capacity for different antenna configurations. Based on our analysis, the proposed channel modelling based on existing RAN4 methodolgy is closed to SLS 3D channel modelling which target for 2D planar anteanna arrays, meantime it’s feasible for RAN4 simulation and TE’s implementation. Also based on link level evaluation, such propsed channel modelling is feasible to discriminate different UE behaviour which can serve RAN4 test purpose of verifying UE reporting PMI accuracy very well.
The proposals and observations are summarized as below:
Proposal 1: For the spatial correlation matrix of cross polarized 2D antenna array, following formula can be used:

.
Proposal 2: Antenna labelling starts at different columns within the first row (N2), then goes through all the rows (N1), and at last for another polarization.
Observation 1: When the antenna labelling system in Proposal 2 is used, there is no impact on polarization correlation matrix Γand permutation matrix P.
Proposal 3: The lagecy values α, β and γ for the high spatial correlation in 1D antenna array using cross polarized antennas can be reused in 2D antenna array, and only the value of vertical direction correlation needs to be defined.
Proposal 4: The values for parameters α1, α2, β and γ for high spatial correlation are as below.
Table 1
	High spatial correlation

	
	
	
	

	0.9
	0.9
	0.9
	0.3

	Note 1:	Value of α1 applies when more than one pair of cross-polarized antenna elements in the first dimension at eNB side.
Note 2:	Value of α2 applies when more than one pair of cross-polarized antenna elements in the second dimension at eNB side.
Note 3:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.
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7 Annex - Simulation results for calibration
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