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1. Introduction
In RAN1 #86b meeting, there are some discussion on the quantization of W2 feedback between the two schemes: one is phase and amplitude based quantization; the other is phase-only weighting. In this contribution, we provide more details about the W2 quantization.
2. Discussion
The frequency domain receiving signal in one subcarrier can be given as:
                                                  (1)
where y, , , , and  represent  receiving vector,  channel matrix,  precoding matrix,  vitalization matrix,  precoding matrix,  transmitting vector, and  noise vector, respectively. The matrix dimension number , ,  and  represent the number of receiving antennas, the number of transmitting antennas, the number of virtualized antenna ports and the number of layers, respectively.
Firstly, the virtualization matrix , containing the dominant signal subspaces of all UE signals, is calculated through Eigenvalue decomposition of composite channel covariance matrix. The covariance matrix is calculated according to estimated channel on sounding RS as: 
                                                    (2)
where  is  the estimated uplink channel of UEi, and  denotes number of UEs in the cell served by this given eNB. Then  columns of Eigen matrix of the composite channel covariance matrix, corresponding to  strongest Eigen values, are adopted as . The elements of  are quantized and reported by UE to improve the CQI measurement accuracy.  
To further reduce the overhead and UE computation complexity, the full spatial dimension of channel can be approximately emulated by halved dimension with same polarization and a co-phasing angle. UE performs Eigenvalue decomposition on the halved-dimension covariance matrix, and utilizes the /2 strongest Eigen vectors  to construct the  as the equation (3). Then it can quantize  by Givens Rotation or Householder transformation through either even or uneven granularity.
                        (3)
After virtualization on , the larger number antenna elements are virtualized into the smaller antenna ports, e. g. 8 ports, and then UE can derive and report the channel state information based on beamforming the CSI-RS, which can maintain the complexity and overhead in irrespective to the number of antenna elements. Based on beam formed CSI-RS, the channel can be estimated more accurately. 
Theoretically, the Eigen vector corresponds to the best digital pre-coder and achieves the maximum performance. The antenna ports can be divided into two groups, where each group contains the antenna elements with the same polarization. The eNB can apply the same virtualization matrix on these two antenna port groups. At the UE side the W2 can be constructed based on the Eigen vectors of the halved antenna ports and one additional angle of co-phasing elements to decrease the reporting overhead.
To further reduce the reporting overhead, in [1], two quantization schemes based on Givens Rotation (GR) and Householder (HH) transformation are studied for element quantization. For  beam formed CSI-RS antenna ports and rank , total  real elements are required to be reported, e.g. 26/14 real elements need to be quantized and reported for rank 2/rank 1 respectively based on 8 beam formed CSI-RS antenna ports. To further reduce the CSI reporting overhead, the uneven quantization can be considered. For example in Type-I approach different range of the elements for quantization can be utilized, as illustrated in the Figure 3 and Figure 4 of [2], where the elements with wider distribution range can be quantized with more bits, e.g. 4 bits, while the elements with smaller distribution range can be quantized with smaller number of bits, e.g. 3 bits. In this case the reporting overhead can be reduced to 97 bits and 52 bits for rank 2 and rank 1. On the other hand, in Type-II approach the Eigen vector corresponding to strong Eigen value are quantized by using more bits, e.g. 4 bits, while the Eigen vector corresponding to weak Eigen value by smaller number of bits, e.g. 3 bits. In this case the reporting overhead can be also reduced to 92 bits for rank 2.
Some system level simulation results are shown in [2] and Table A-1 and A-2 in appendix. It can be observed that the explicit CSI reporting scheme can achieve better spectral efficiency comparing to the implicit Class A CSI reporting scheme. 
Proposal 1: To reduce the overhead, W2 can be reported by Eigen vectors of halved channel covariance matrix and the angle of co-phasing element. The phase and amplitude based quantization scheme should be supported and some uneven quantization schemes, such as GR and HH quantization can be supported to reduce the overhead.
3. Summary
In this contribution, we provide some discussion on advanced CSI feedback. Based on the discussion the following proposals can be made:
Proposal 1: To reduce the overhead, W2 can be reported by Eigen vectors of halved channel covariance matrix and the angle of co-phasing element. The phase and amplitude based quantization scheme should be supported and some uneven quantization schemes, such as GR and HH quantization can be supported to reduce the overhead.
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Appendix – System Level Simulation Results
Table 1: Gain over Rel.13 class A codebook feedback with λ = 1.8
	() = (4,4,4,4)
	Edge SE
	Mean SE
	Overhead

	Class A
	0%
	0%
	16 bits

	Non-quantization, =8
	26.8%
	2.4%
	+∞

	GR, =8, even quantization, 4bits
	21.5%
	1.9%
	~83bits

	GR, =8
Type-I uneven quantization, 4 bits+3 bits
	21.1%
	1.7%
	~78bits

	GR, =8
Type-II uneven quantization, 4 bits+3 bits
	21.5%
	1.2%
	~80bits

	GR, =8, even quantization, 3bits
	19.3%
	-0.7%
	~63bits

	HH, =8, even quantization, 4bits
	21.9%
	1.9%
	~83bits

	HH, =8
Type-I uneven quantization, 4 bits+3 bits
	16.0%
	0%
	~78bits

	HH, =8
Type-II uneven quantization, 4 bits+3 bits
	22.0%
	0.5%
	~80bits

	HH, =8, even quantization, 3bits
	17.7%
	-2.3%
	~62bits



[bookmark: _Ref458725826]Table 2: Gain over Rel.13 class A codebook feedback with λ = 2.8
	() = (4,4,4,4)
	Edge SE
	Mean SE
	Overhead

	Class A
	0%
	0%
	16 bits

	Non-quantization, =8
	14.53%
	12.81%
	+∞

	GR, =8, even quantization, 4bits
	12.84%
	10.50%
	~88bits

	GR, =8
type-I uneven quantization, 4 bits+3 bits
	3.72%
	10.97%
	~69bits

	GR, =8, even quantization, 3bits
	1.69%
	5.81%
	~62bits

	GR, Reported W1, full-dimensionW2,=4, 
even quantization, 4bits
	17.9%
	13.2%
	~111bits
(W1 78bits, 
W2  33bits) 





Table A-1: Simulation assumption
	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	eNB Antenna 
Configuration
	X-polarized: 45/-45 degrees

	
	

horizontal spacing; vertical spacing

	
	2D antenna pattern defined in TR36.873, (4,4,2)

	UE Antenna Configuration
	+ polarized: 0/+90 degrees, 2Rxs, 

	UE 
Configurations
	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS Configuration
	2Tx at UE 

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	[bookmark: _Toc439664579]PF

	Number of UEs per cell
	10

	traffic model
	   FTP, Model 1, 0.5MByte

	Transmit Mode
	Dynamic SU/MU: rank adaptation
Max of 2 paired UEs

	Receiver
	Ideal channel estimation

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-1

	
	CQI and PMI reporting triggered per 10ms 

	
	Feedback delay is 10ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB
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