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1. Introduction
In the RAN 1 #87 meeting, the following has been agreed [1]. 
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3
· For Type II CSI, 
· Study the following CSI feedback schemes
· Analog CSI feedback
· Linear combination based CSI feedback
· For example
· Projection of channel and/or covariance matrix and/or eigenvectors onto a basis
· Linear combination of a basis
· Schemes may have orthogonal and/or non-orthogonal basis
· Quantization examples
· Magnitude and phase
· Real and imaginary
· Vector quantization
· Precoder / Precoding Matrix
· Downloadable codebook
· Contents for Quantized or Unquantized CSI feedback
· Channel covariance matrix feedback
· e.g. Hermitian-form codebook, analog CSI feedback, linear combination codebook
· Channel Approximation and/or Measurement 
· e.g. analog CSI feedback, linear combination codebook
· Channel Eigen vectors
· e.g. analog CSI feedback, linear combination codebook
· Other forms of channel representation are not excluded.

In this contribution, we share our views on NR type II CSI feedback design.

2. Covariance Matrix Feedback
Among considered Type II CSI feedback contents in NR, in this contribution, we focus and discuss channel covariance matrix feedback quantization. As the number of antenna ports increases, the amount of covariance matrix feedback becomes problematic, and thus compression method should be considered.
System model
L-tap double directional MIMO channel model can be represented by 
,

where L is number of path, and  is l-th path complex weight,  is Dirac delta function with delay ,  is AoA, is ZoA,  is AoD,  is ZoD, Nr is number of receiver, and Nt is number of transmitter.
For two dimensional array, array response u can be represented as
 
Rel. 13 Class-A codebook consists of DFT vectors whose phase value increases with same amount of value to mimic this channel. This type of beamforming is called as progressive phase shifting beamforming.
Proposed Scheme
Let’s define U as a basis matrix which consists of Nt orthonormal basis with


Values  are determined from DFT-based codebook (e.g. Class A codebook) and should fulfil orthogonal condition, i.e. UHU = I. For instance, UE selects best  from NR Type I or LTE Class A codebook, and then find the remaining vectors to construct U matrix accordingly. 
Then, the covariance matrix can be represented as 
,
where A is Hermitian matrix. Since many elements of A has small power, those values can be ignored for the compression. For example, the best M vectors (or best M directions) of   may be enough to represent the channel covariance matrix. So, we propose that UE to select best M diagonal values of A, and feedback (i,j) complex values (or magnitude and phase), and i real values where i>j which are within selected M indices. In other words, if π is the ordered indices of diagonal elements of A, then feedback A(π(1:M), π(1:M)) values together with the best M indices. 
After receiving the best M indices and A(π(1:M), π(1:M)) values, TRP reconstruct Cov using A (all zeros except the feedback values) and U. Since  can be part of feedback information of Type I, proposed scheme requires log2(NtCM-1), M-1 real values and M(M-1)/2 complex values. 
Proposal 1. Consider orthogonal DFT basis for channel covariance matrix compression.
      - UE feedbacks the best M orthogonal DFT basis vectors along with corresponding covariance matrix entities

Additional Considerations
Covariance matrix can be represented as 

                                                                 
In this case, UE can select best MH and best MV indices for each dimension. 
Also, we can consider TRP to form U as a beamformer of CSI-RS, so that UE can find best M indices of calculated covariance matrix. U can be determined based on UE(s) feedback of W1. In this case, calculated covariance matrix at UE is equivalent to A since U is already multiplied at TRP transmitter. Remaining procedure is same as above. In this case, how to determine U can be TRP implementation specific. This mode of operation may be useful for MU-MIMO operation as U can be determined based on multiple UE feedbacks.
Preliminary Results
We evaluated proposed scheme using capacity comparison where we calculate rank-1 and rank-2 using SNR with 6dB margin. (e.g. 3dB for capacity to mutual information convert, and 3dB for implantation loss)
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Figure 1 Proposed performance results based on different number of M
The average mean gain over W1 only feedback is summarized in below table. Note that the number of ports used in the evaluation is equal to 32.
Table 1 Average mean gain over W1 only feedback
	
	UMa (1,1,2,8,2)
	UMa (1,1,4,4,2)
	UMi (1,1,2,8,2)
	UMi (1,1,4,4,2)

	M = 4
	4.57%
	3.62%
	4.19%
	4.20%

	M = 8
	11.72%
	9.54%
	11.42%
	11.78%

	M = 12
	16.63%
	14.07%
	17.24%
	17.61%

	Ideal
	20.36%
	17.85%
	22.43%
	23.37%



Example overhead calculation can be derived based on 2 bits magnitude calculation and 3 bits phase calculation for complex value.
Table 2 Example Feedback Overhead
	
	M = 4
	M = 8
	M = 12
	M =32 (Full Covariance Feedback)
	Note

	W1 (O = 4)
	(10)
	(10)
	(10)
	(10)
	Part of Type I Feedback

	Best M indices
	13
	22
	27
	0
	[bookmark: _GoBack]

	Diagonal 
Real Value 
(2 bit each)
	6
	14
	22
	62
	

	Complex Off Diagonal Values
(5 bit each)
	30
	140
	330
	2480
	

	Total
	49+(10)
	176+(10)
	379+(10)
	2542+(10)
	



3. Conclusion
In this contribution, we discussed consideration on Type II codebook design, and we proposed followings.
Proposal 1. Consider orthogonal DFT basis for channel covariance matrix compression.
      - UE feedbacks the best M orthogonal DFT basis vectors along with corresponding covariance matrix entities
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