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1. Introduction
The work item on NR MIMO enhancement has been approved in RAN#80 [1]. The enhancement on MU-MIMO has the following objectives:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
In this contribution we provide our views on overhead reduction and rank 3-4 codebook design for Type II CSI. 
2. Overhead reduction for Type II CSI
The major payload of Type II CSI comes from the overhead of subband amplitude and phase, which relate to both the number of beams and the number of subbands. Overhead reduction of Type II CSI could be considered from two aspects. On the one hand, spatial domain compression could be studied to reduce the number of beams. On the other hand, frequency domain compression could be used to reduce the number of subband amplitude/phase coefficients. In NR Rel-15, partial subband CSI reporting is supported, where half of the subbands could be omitted. From our point of view, such mechanism could be further extended in Rel-16 due to its flexibility. In addition, according to the study in [2], the frequency correlation of amplitude and phase has been proved. Another possible overhead reduction scheme is to utilize such frequency correlation property to compress the subband amplitude/phase coefficients. As the frequency domain compression is more easily and has been widely investigated, we prefer to support frequency domain compression in Rel-16.
Proposal:
· Frequency domain compression is preferred to be supported for Type II CSI reduction in Rel-16. 
In the following, we discuss the scheme utilizing the frequency correlation property. Considering a WB+SB amplitude configuration, and assuming the number of CSI subband to be N, subband coefficients of the rank-1 Type II codebook could be represented as:

· Amplitude coefficients:
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· Phase coefficients:
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where each row corresponds to one coefficient and each column corresponds to one subband. L is the number of the beams, and the first (K – 1) leading coefficients are reported as subband amplitude coefficients. In addition, the subband phase coefficients are denoted as 
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Based on the frequency correlation assumption, the coefficients of each row could be compressed. The basic compression principle is to change the basis of the coefficients to another set of basis. To change the basis, the coefficients are right multiplied by a transform matrix. In this way, for each subband amplitude coefficient or phase coefficient, M transformed coefficients, instead of N, need to be reported.  More details are given in the following.
 Define the transform matrix as
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There are two alternatives to calculate the transformed coefficients:
· Alt-1:  Perform transforming on the complex subband coefficients, i.e.
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· Alt-2: Perform transforming on subband amplitude coefficients and subband phase coefficients, respectively, i.e.
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where 
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 is the subband phase matrix, represented by
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On the gNB side, the coefficients of N subbands could be reconstructed by the corresponding inverse transform matrix. In this way, the number of subband coefficients is decreased from 
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 for Alt-1 (the transform results in the same number of amplitude coefficients and phase coefficients) or 
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, the subband payload could be reduced. Either DCT (discrete cosine transform) or DFT could be used as the candidate transform. Note that the dynamic range of the transformed amplitude or phase coefficients may become larger compared with the original subband coefficients. Non-uniform quantization scheme may be used to decrease the number of quantization bits.
Proposal:
· The transform based subband coefficients compression scheme could be adopted in Rel-16, where M terms after the transform (M is smaller than the number of subband) are fed back to gNB. 
3. Rank 3-4 codebook design
According to the current Type II codebook structure, the beam combining coefficients of each layer and each polarization are independently calculated. If such structure is directly extended to rank 3-4, the CSI payload will be significantly increased. On the other hand, for higher rank transmission, inter-layer interference becomes more severe. From our point of view, orthogonality among layers is beneficial to mitigate suppress the inter-layer interference. In the following, a rank 3-4 codebook design is described. Both CSI overhead and layer orthogonality are taken into account. The principle of the design is to generate layer 0-1 and layer 2-3 from two different orthogonal beam groups, where any beam of one group is orthogonal to all the beams of the other group. For illustration, Figure 1 shows the two possible beam groups for the antenna layout 
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. Group 1 includes four orthogonal beams (red dots) used for layer 0-1 construction, and Group 2 includes 2 orthogonal beams (blue dots) used for layer 2-3 construction. As shown in Figure 1, the number of beams of each group could be different due to the channel characteristics of each layer. These six beams are orthogonal to each other. In addition, the orthogonality among different layers constructed by beams within the same group should also be guaranteed. One simple solution is to use the same combining coefficients per polarization together with co-phasing.
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Figure 1. Beam groups of rank 3-4 codebook
According to the above principle, the proposed rank 3-4 codebooks are defined, respectively, as:

· Rank 3:             
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· Rank 4:             
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where 
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 beams), respectively. 
Proposal:
· For rank 3-4 codebook design, orthogonality among layers should be guaranteed, where different layers could be constructed by different orthogonal beam groups.
4. Simulation results

In this section, we provide the simulation results of the compression based Type II codebook. DCT is used for the new basis. The above mentioned Alt-2 is applied and the first M terms after compression are reported. The performance of NR Rel-15 Type II codebook is also  provided as a baseline. Assume the CSI reporting bandwidth is 50 PRBs, and the subband size is 4 PRBs. Then, the total number of subband is 13. In our simulation, different M values are evaluated, corresponding to different CSI payloads. In addition, the higher layer parameter SubbandAmplitude is set to ‘OFF’, and wideband amplitude and subband phase coefficients are reported. In order to fairly compare and show the gain, subband phase coefficients of the compression based codebook and NR Rel-15 Type II codebook are not quantized. The simulation results are provided in Table I and the detailed simulation assumptions are given in Appendix Table II. 

Table I: Performance of the compression based NR Rel-15 Type II codebook (Fullbuffer traffic, 3D-UMA scenario)

	
	Cell edge user SE
（bps/Hz/user）
	Cell edge user SE
Loss
	Cell average SE
（bps/Hz）
	Cell average SE
Loss

	M=2
	0.274
	-4.0%
	5.094
	-6.2%

	M=4
	0.277
	-2.9%
	5.182
	-4.6%

	Rel-15Type II 
	0.286
	0%
	5.432
	0%


From the simulation results, it can be observed that performance loss increases with M decreasing. When M=4, there are less than 3% cell edge performance loss and less than 5% cell average performance loss. However, the subband feedback overhead of compression based codebook is only 4/13 to that of NR Rel-15 Type II codebook.

Observation:
· Compared to Rel-15 Type II codebook, when M=4, the compression based Type II codebook incurs less than 3% cell edge performance loss and less than 5% cell average performance loss with almost 70% overhead saved. 
5. Conclusions

In this contribution we discussed codebook design for Type II CSI feedback in NR. Both overhead reduction for NR Type II CSI and higher rank codebook design are discussed. Based on the discussion our views are summarized below.

Observation:
· Compared to Rel-15 Type II codebook, when M=4, the compression based Type II codebook incurs less than 3% cell edge performance loss and less than 5% cell average performance loss with almost 70% overhead saved. 
Proposals: 

· Frequency domain compression is preferred to be supported for Type II CSI reduction in Rel-16. 
· The transform based subband coefficients compression scheme could be adopted in Rel-16, where M terms after the transform (M is smaller than the number of subband) are fed back to gNB. 
· For rank 3-4 codebook design, orthogonality among layers should be guaranteed, where different layers could be constructed by different orthogonal beam groups.
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7. Appendix

Table II: Simulation assumptions

	Parameters
	Values

	Duplex mode 
	FDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Channel model
	3D-UMA

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.5, 0.8)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (1, 8, 2, 1, 1)

	BS antenna height 
	25m

	UE antenna configurations 
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1); (dH,dV) = (0.5, 0.5)λ
Cross-polarized with 0, 90deg

	UE receiver noise figure
	7 dB

	Traffic model
	Full buffer,

	UE distribution
	80% Indoor, 3km/h, 20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 4 retransmissions

	UE receiver type
	MMSE and IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	SU-MIMO with rank adaptation, max rank =2

	CSI feedback period 
	10ms

	Feedback delay
	1ms

	Handover margin
	0 dB
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