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1. Introduction
In NR Adhoc, Jan. 2017 [1], the following agreement was made for NR:
Agreements:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI
· Possible down selection can be performed throughout Phase I WI
· If more than one schemes is supported, these schemes should be complementary
· This includes further refinement within each category
· Note: other schemes within each category are not precluded
· Descriptions for Category 1 and 2 are given in the following slides
· For the purpose of summary in TR38.802
· Category 1: precoder feedback based on linear combination codebook
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams
· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1
· Subband reporting of phase quantization of beam combining coefficients
· Beam amplitude scaling quantization can be configured for wideband or subband reporting
· Category 2: covariance matrix feedback
· A quantized/compressed version of covariance matrix is reported by the UE
· Quantization/compression is based on a set of M orthogonal basis vectors
· Reporting can include indicators of the M basis vectors along with a set of coefficients
· FFS: basis set 
· Category 3: Hybrid CSI feedback 
· Type II Category 1 or 2 CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)
· The LTE-Class-B-type-like CSI feedback can be based on either Type I or Type II CSI codebook

In this contribution, we share our views on NR type II Category 2 CSI feedback design.

2. MU-MIMO Feedback/NR Type II CSI
2.1. Covariance Matrix Feedback
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 upper triangular values of  A(π(1:M), π(1:M)) 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 (assuming all zeros except for 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 entries

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 or best beam indices from beam management protocol. 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.
Proposal 2. Consider feedback the best M ports of beamformed CSI-RS along with corresponding covariance matrix entries

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
	

	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)
	



2.2. Application of Covariance Matrix Feedback
To tackle large dimension training overhead in massive antenna FDD system, joint spatial division and multiplexing (JSDM), cascaded precoding, dimension reduction technique or hybrid beamforming have been proposed recently. Basic idea of this hybrid beamforming is two stage beamforming. The pre-beamforming/first precoder is determined by spatial channel information (such as channel covariance Eigen spaces) to minimize the interference across different group of users and the MU-MIMO precoding/second precoder is determined by multiuser interference within each group. One of major benefit of the two stage beamforming is dimension reduction of training signal as well as feedback overhead while maintaining optimality (when number of antennas as well as number of users are relatively large). Even better part of this two stage beamforming is that it only requires a coarse knowledge of channel not entire channel, and thus it is a good candidate scheme for quantized covariance based feedback. 
Basic procedure of two stage beamforming is as follows. First transmitting (large number of ports) non-precoded CSI-RS, and gathering channel covariance matrix from multiple UEs with low duty cycle (in the order of few hundred millisecond or even few seconds level). Based on channel covariance matrix from users, determining pre-beamforming/first precoder. And transmitting small number of ports beamformed CSI-RS to certain group of users to get PMI (based on Type I feedback with small dimension) and CQI. In this case, there could be multiple beamformed CSI-RS resources assigned to different group of users, and assuming there is no inter group interference (by pre-beamforming). Note that this procedure can be done by currently agreed CSI acquisition mechanism. For example, TRP sets one resource setting with non-precoded CSI-RS and one CSI report setting with CSI Type II category 2 feedback. TRP sets another resource setting with beamformed CSI-RS and another CSI report setting with CSI Type I PMI and CQI feedback. Additionally TRP sets additional resource setting for MU-MIMO interference measurement which is based on either zero power CSI-RS or non-zero power CSI-RS of different group. Another possible procedure of two stage beamforming is using beam management procedure to determining first precoder. This mode of operation is beneficial especially for high frequency band with hybrid antenna architecture. Note that UE complexity of two stage beamforming is quite low thanks for dimension reduction in second precoder phase.
Observation 1. Two stage precoding is optimal MU-MIMO scheme for large number of antennas. Covariance matrix feedback is one of feedback scheme for two stage precoding.
Observation 2. Covariance matrix feedback requires less complexity and less overhead (low duty cycle and dimension reduction).
Observation 3. Covariance matrix feedback is suitable for hybrid antenna architecture using beam management protocol.

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 entries
Proposal 2. Consider feedback the best M ports of beamformed CSI-RS along with corresponding covariance matrix entries
We further discussed application of covariance matrix feedback, and we observed that
Observation 1. Two stage precoding is optimal MU-MIMO scheme for large number of antennas. Covariance matrix feedback is one of feedback scheme for two stage precoding.
Observation 2. Covariance matrix feedback requires less complexity and less overhead (low duty cycle and dimension reduction).
Observation 3. Covariance matrix feedback is suitable for hybrid antenna architecture using beam management protocol.
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