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1. Introduction
In RAN#68, the WID [1] on EBF/FD-MIMO has been approved.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNodeBs. One of the enhancements is to enhance CSI reporting:
· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

·  If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 

· Necessary channel state information for beamformed CSI-RS
In this contribution, we present a beamformed CSI-RS based feedback scheme which utilizes spatial correlation for reducing dimension of channel base on beamformed CSI-RS. Furthermore, we discuss and evaluate the enhancements related to this scheme. 
2. Beamformed CSI-RS based feedback scheme
Beamformed CSI-RS scheme has been widely adopted to reduce feedback overhead and computation complexity.   The concept is to divide the precoder into two precoders corresponding to long term channel statistics and short term CSI, this scheme can be described by formula (2.1).   
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Here the precoding matrix F is divided into the long term N𝑡 x Nc precoder matrix P and short term Nc x Nl precoder W as shown in (2.1). The long term precoder P can be considered as a virtualization matrix which virtualizes the channel from the full dimension to the channel with reduced dimension. Therefore, Nc is the dimension of the channel after virtualization.  This virtualization matrix is obtained based on long-term channel statistics which does not change frequently.  It can be shared by the UEs in the same group with similar long term channel properties and used in the entire bandwidth.   The linear precoder W based on the short-term CSI of the effective logical channel  Heff = HP  with the dimension of Heff reduced to  Nr x Nc. The number of columns in W depends on the number of data layers Nl . To obtain the short term preocder, it usually needs short term and frequency selective feedback. The implementation of beamformed CSI-RS scheme can be realized in the steps shown in Fig. 1.
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Fig. 1 CSI Feedback for beamformed CSI-RS scheme
Step1: Obtaining channel covariance matrix R
There are two methods to obtain channel covariance matrix R-via UE feedback or via channel reciprocity based on SRS.   For UE feedback, traditional implicit codebook based approach seems not to be an efficient method as the dimension of R can be high.    Another way is to consider explicit path information feedback[3].  R can be decomposed according to the following equation:
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where
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 represents the amplitude of the i-th path, 
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 is eigenvectors which is related to the antenna topology and its 3D beamforming angles.  This can be generated by kronecker product of multiple DFT vectors.  R can be obtained by relatively long term statistics.  It is sufficient to include only the number of significant paths and the corresponding  direction information of these paths in the feedback information.  

The second method is to obtain channel covariance matrix via channel reciprocity based on SRS.   This method can be used by TDD.   This is also considered in [6] for FDD system.  Although it is considered the channel reciprocity exists even for FDD system, it may not be trivial to accurately transform from channel on uplink frequency fu to the channel on downlink frequency fd.  Hi,j is the channel in the j-th OFDM symbol and i-th sub-carrier.  NRB is number of sub-carriers in the entire bandwidth and NOFDM is number of OFDM symbols in the measured subframes. Then, the channel covariance matrix of each user is expressed as follows:
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Therefore, it is the average of channel covariance matrix over frequency and time domain resources. After obtaining the covariance matrix from each user, the base station can calculate the average covariance matrix over all the UEs in the same group with similar long term channel prosperities as follows.  
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 where Ri  represents the channel covariance matrix of UE i and there are NUE UEs in this group.

Step2:  CSI-RS virtualization 

The CSI-RS virtualization can be done by using the Nc strongest eigenvectors of the average
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 to obtain Nc CSI-RS ports. The virtualization matrix P can be formed by these Nc eigenvectors.  The users in the same group can measure the effective channel Heff = HP from the CSI-RS precoded by P.
Step3:  CSI feedback and re-construction

In this step, CSI quantization is done by the UE based on the reduced dimension channel to calculate the CSI feedback.   CSI quantization can be done by codebook.   Further port selection and CSI feedback based on the port selection can be done as shown in Figure 2 and described in [9].   This step is optional.  It is useful particularly when the configured beamformed CSI-RS is for a group of users.
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Figure 2： Port set selection conjunction with RI/PMI/CQI corresponding to the selected port set
The base station can obtain the precoder W from each UE.  The eNB can then use P·W as the overall precoder which is approximate to the best precoder for the full dimension channel.  
Although W can be simply based on existing codebook,  existing codebooks are constant modulus which only have phase information.  Without amplitude information, it degrades the performance of weighted linear combination of eigenvectors.  Therefore, enhancements can be considered in standardization.
3. Enhancements related to reduced channel dimension by beamformed CSI-RS
This section we discuss the potential enhancements on the reduced dimension channel scheme.    We have two parts in this section.   Part 1 discusses how to change the long term virtualization matrix with D matrix.  Part 2 discusses how to maintain the orthogonality of the precoder for a rank 2 codebook. 
Part 1 - Design for D matrix
As described in section 2, the constant modulus codebook cannot well reflect the channel characteristic when all the beams have the same transmit power.  This makes the efficiency and accuracy of quantizing the CSI for precoded channel low.  Here a diagonal matrix D is used to increase the quantization efficiency of the reduced dimension channel scheme. The procedure of getting  this diagonal matrix are as follows:

1. Obtain Rgroup from a user  group according to equation (2.4)
2. Perform Singular Value Decomposition (SVD) on Rgroup to obtain Nt eigenvalues.   .

3. Pick the Nc largest eigenvalues.  i.e.λ1, λ2,..,λNc and Generate the diagonal matrix with these eigenvalues:
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                                                                      (3.1)
After applying the matrix D，it enhances the precoder in equation （2.1）from F=PW  to
F=PDW                                                                                (3.2)
Since D is a diagonal matrix with descending eigenvalues,   The D matrix in (3.2) equivalently transforms the matrix P to P*D with different powers on different eigenvectors so that it can steer beams to the target UE or UE group more accurately.  Another way to look at it is to transform the current codebook to support non-constant modulus codebook equivalently D*W.    This can be realized in the specification in two different ways: 
· Method 1 - Applying D at the eNB.  The beamformed CSI-RS is precoded with P*D.  The equivalent becomes Heff =H*P*D to better match the codebok W.   The CSI fed back from the UE would be based on this effective channel.
· Method 2 - Applying D at the UE.  The beamformed CSI-RS is precoded with P.  The equivalent becomes Heff =H*P.   D is configured by RRC signaling to the UE so that the UE can apply the matrix D  on measured effective channel.  After applying D, the effective channel becomes  Heff*D =   H*P*D.   CSI feedback using the existing codebook can be used based on this effective channel.
The advantage of method 2 over method 1 is to have UE specific matrix D configured to each UE.   In this case, a group of beams can be shared by a group of UEs which reduces the overhead of beamformed CSI-RS.   Different UEs will have different weighted linear combination of different eigenvectors.   The indication of D can be seen as power information per port.   
Part 2 - Orthogonality of rank 2 precoder
Although applying D can better match the channel，the column precoders in case of rank 2 transmission in equation (3.2) may not necessarily orthogonal to each other.   Considering the cross-correlation of the corresponding two precoders F1 and F2 :
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                                                                        (3.3)
where  F1 and F2 represents the 1st column and 2nd column of the rank 2 precoder F, the equation (3.3) may not equal to zero since DHD is a diagonal matrix.  Even W1 and W2 are orthogonal i.e. W1HW2=0, it does not mean the expression in (3.3) is zero.  To ensure the orthogonality of two column precoders in rank 2 case, the design utilizing the properties of polarized antennas is considered.  

According to [7,8] the channel covariance matrix is obtained by averaging the covariance matrices from all the UEs in the same group over all the sub-carriers and all the OFDM symbols.  It can be estimated that the number of samples are large enough to assume the block diagonal property for the channel covariance matrix Rgroup.
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is a (Nt /2)x(Nt /2) Hermitian matrix.  It is a channel covariance matrix per polarization channel.  For long term channel properties, it is assumed that the  channel covariance matrix is the same for both polarizations. P and D derived from 
[image: image14.wmf]group

R

%

 can satisfy the block diagonal structure as well, i.e.
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where U is a matrix which contains the first Nc /2 largest eigenvectors of 
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 is a diagonal matrix with the corresponding eigen-values in its diagonal.  Therefore, the final effective two-stage precoder becomes:
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                          (3.6)
where a is 1 or j, w1 and w2 are DFT vectors e.g. according to the standardized 8Tx codebook.  They are orthogonal to each other.   It can be easily observed that the codebook structure of the final rank-2 precoder has the orthogonal column vectors. 
4. Evaluation Results and Analysis

In this section, simulation is done to evaluate three schemes which is list in Table 1
Table 1 Three beamformed CSI-RS scheme schemes

	
	CSI-RS virtualization matrix P
	Diagonal matrix D
	CSI feedback based on the channel with reduced dimension 

	Scheme A 
	P is the Eigenvectors of channel covariance matrix R of each UE
	no Diagonal matrix D
	W from LTE-Advanced  codebook

	Scheme B
	P is the eigenvectors of channel covariance matrix R of each UE 
	D is diagonal matrix as in(3.1)
	W from LTE-Advanced  codebook

	Scheme C
	P is block diagonal of the eigenvectors as in equation (3.5)
	D is block diagonal matrix  in equation (3.5)
	W from LTE-Advanced codebook

	Scheme C
	P is the eigenvectors of channel covariance matrix R of each UE
	no Diagonal matrix D
	Ideal channel covariance R feedback


Simulation assumptions are summarized in table A.1.  The results are shown in Table 2.
Table 2 - Performance of beamfored CSI-RS schemes for reduced channel dimension with (M,N,P,Q)=(8,4,2,64) and 4 virtualized CSI-RS ports under 3D-UMi scenario

	Offered Load/

NT
	CSI feedback scheme
	RU
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	λ=5
NT=4
	Cat 2 baseline[7]
	0.71
	22.66
	3.13
	19.04

	
	Scheme A
	0.73
	23.04(1.64%)
	2.56(-18.17%)
	18.78(-1.41%)

	
	Scheme B
	0.65
	24.50(8.09%)
	4.31(37.82%)
	20.73(8.81%)

	
	Scheme C
	0.64
	26.03(14.82%)
	4.75(51.72%)
	22.60(18.64%)

	
	Scheme D
	0.56
	28.67(26.50%)
	6.44(105.9%)
	27.40(43.84%)


It can be observed that Scheme B performs much better than Scheme A.  P*D which better represents the virtualized channel can be obtained by just applying a diagonal matrix D to the eigenvectors P matrix of the channel covariance matrix.  Scheme C performs better than Scheme B because the block diagonal structure of  virtualization matrix P can ensure the final column precoders of the rank 2 matrix are orthogonal to each other.  
To support scheme diagonal matrix D, we have the following proposal:

Proposal :  Support indication of per-port (or per-beam) power allocation information
Overhead of this indication can be reduced for cross polarization since the same set of power allocation can be applied to both polarizations.
5. Conclusion
In this contribution, we discuss the schemes with CSI feedback based on reduced dimension channel.  The reduction on channel dimension is done by CSI-RS virtualization.  Based on the observations,  we have the following proposal:
Proposal:   Support indication of per-port (or per-beam) power allocation information 
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: (M,N,P,Q)=(8,4,2,64）

Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

ideal channel covariance R, PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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