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1 Introduction
In RANP#81 meeting [1], the following agreements were achieved:
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Enhancements on MU-MIMO support:
· 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  
This contribution is focused on CSI overhead reduction.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Analysis of CSI Overhead
In NR Rel. 15, both Type I and Type II CSI are supported. The potential feedback overhead can be very large for Type II CSI. The following is an example of Type II CSI feedback overhead when subband reporting is configured and 10 Subbands are indicated to report. 
Table 1 Type II CSI Feedback Overhead (bits)
	Parameters
	RI
	
	PMI1
(WB)
	Amplitude
(WB)
	Total
(WB)
	PMI2 (SB)
	Amplitude
 (SB)
	CQI
(SB)
	Total
(WB+SB)

	=
(4,4)
 
=
(4,4)
	1
	RI=1
	L=2
	13
	9
	23
	9
	3
	4
	183

	
	
	
	L=3
	17
	15
	33
	13
	3
	
	233

	
	
	
	L=4
	18
	21
	40
	19
	5
	
	320

	
	
	RI=2
	L=2
	15
	18
	34
	18
	6
	
	314

	
	
	
	L=3
	20
	30
	51
	26
	6
	
	411

	
	
	
	L=4
	21
	42
	64
	38
	10
	
	584



As shown in the table, in the case of the number of beams L=4 and RI=2, the total feedback overhead can be as large as 584 bits. Among them, the wideband part of Type II CSI, including RI, wideband PMI, and wideband beam amplitude, takes only 64 bits, while the subband part of Type II CSI takes the remaining 520 bits. Therefore, the CSI feedback overhead is mainly led by the subband part of Type II CSI. If more subbands are configured to report, the feedback overhead can be even larger. Therefore, the feedback overhead to Type II CSI feedback needs to be considered.
Observation 1: The feedback overhead is mainly led by the subband part of Type II CSI, and thus the feedback overhead reduction should be focused on the subband part.
3 Feedback overhead reduction to Type II CSI
In NR Rel.15, the Type II CSI codeword for the subband  can be written in a compact structure as 

where  are a matrix for L wideband beams of size N*L with N= (assuming single polarization for simplicity, and dual polarization can be extended accordingly), and  are a diagonal matrix for L wideband/subband beam amplitudes, and  are a vector of subband phases and amplitudes for the subband . Consider there are a number R of subbands to be reported, the Type II CSI can be further expressed as
where  of size L*R.
The feedback overhead lies mainly on the feedback of the matrix . Although multiple subbands are required to be reported, the frequency-domain correlation is not considered in the feedback of the matrix . To further avoid excessive feedback when configuring more reporting subbands as in NR Rel.15, frequency-domain correlation can be exploited. To do this, the Type II CSI can be written into a structure as

where  is a matrix of size L*r and S is a matrix of size r*R. Basically, S contains a number r of frequency response vectors led by propagation paths in the channel, while  is a predefined codeword  for wideband/subband gain matrix associated with  and . If frequency response vectors are designed for across all the subbands, the feedback overhead in NR Rel.15 can be reduced.
Proposal 1: To reduce the overhead of Type II CSI, the frequency response vectors for subband part can be fed back.
Since the matrix S is fixed to all the reported subbands, the matrix S should be considered as wideband. In this regard, the matrix S should be contained in the first part of CSI report together with matrix . When feeding back the matrix  and the matrix S, joint encoding, i.e., joint frequency-spatial encoded vector scheme, can be considered.
Proposal 2: Support to report he frequency response vectors in the first part of CSI report.
4 Conclusion
This contribution provided our proposals for CSI reporting in NR. And particularly, there are:
Observation 1: The feedback overhead is mainly led by the subband part of Type II CSI, and thus the feedback overhead reduction should be focused on the subband part.
Proposal 1: To reduce the overhead of Type II CSI, the frequency response vectors for subband part can be fed back.
Proposal 2: Support to report he frequency response vectors in the first part of CSI report.
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