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1. Introduction
In RAN1 #89 meeting, codebook designs for both CSI feedback Type I (including multi-panel scenario) and II were agreed. Also, in Ad-hoc meeting #2, following agreements regarding CSI feedback were agreed as
Agreements:
· Periodic CSI reporting is carried at least on 
· Short PUCCH 
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH
In this contribution, we further discuss CSI reporting contents and codebook subset restriction for both Type I and II CSI reporting. 

Discussion on CSI reporting contents 
· CSI Acquisition
In NR-MIMO, two types of CSI for acquisition are supported, 1) Type I with normal resolution and 2) Type II with high resolution. The main use case for Type 1 CSI is SU-MIMO, while the Type II CSI targets to improve MU-MIMO performance with high resolution PMI feedback. Therefore, Type II codebook is agreed to support up to rank 2 in NR Phase 1. 
In LTE Class A, PUCCH based reporting requires 3 reporting instances. For example, PUCCH mode 1-1 submode 1 can be expressed as
· 1st instance: RI
· 2nd instance: WB W1
· 3rd instance: WB W2 and CQI.
The reason for allowing multiple reporting instances is limited container size and/or different CSI change rate for each CSI component. Due to this periodic reporting mechanism, error propagation among 3 reporting instance can occur. To minimize such CSI dependency issue, we can consider one shot periodic reporting with flexible configuration of PUCCH payload size. This can allow a single instance CSI reporting which may contain RI, W1, W2, CQI, and so on. In such a single instance CSI reporting, the maximum payload size can be determined by the maximum required bits of each CSI component. 
Observation1: Single instance periodic reporting can alleviate the CSI dependency issue at the expense of much increased payload size. 
In Type II CSI feedback, the required payload size is much larger than that of the Type I CSI. Besides, the payload size is almost doubled as the rank increases from 1 to 2. Thus, PUCCH based reporting is not suitable for Type II CSI feedback. One solution allowing PUCCH based reporting with Type II CSI is restricting the size of all the codebook parameter as low as possible. However, in such case, the codebook subsampling may be additionally needed, probably resulting in performance loss. Thus, for Type II CSI feedback, only PUSCH based CSI reporting is preferable.
Proposal1. For Type II CSI feedback, only PUSCH based CSI reporting is preferable.  
Remaining issue on Type II CSI feedback is dependency of W2 size according to whether or not the preferred amplitude coefficient value is zero. Since the size of RPI depends on the value of RI, separate encoding between RI and RPI (relative power indicator) can save the total payload. For instance when L=4 (L is # of combining beams), RPI = 21 bits for RI=1 and RPI = 42 bits and RI =2. Furthermore, we can consider three separate encoding as RI, W1 (including RPI) and W2+CQI. In this case, if RPI = 0 corresponding to zero value, we can save 3-bit phase coefficient in W2 per SB. Since payload saving in W2 depends on the probability of selecting RPI=0, this probability should be verified through simulation. 
Observation2. For Type II CSI feedback, performance benefit by saving W2 payload size needs to be clearly shown.
Besides, if multiple CSI-RS are configured, CRI is also needs to be feedback along with other CSI components. In that case, the total payload size can be varying according to CRI, RI, RPI and so on. To simplify the determination of total payload size or feedback container size, payload indicator (PI) can be introduced. Table 1 exhibits an example of payload calculation for 32-port CSI-RS with Type I codebook. In the table, we assume the codebook Config 2 is employed and the # of SB is 10. Normally, the total payload can be calculated as the maximum value of each CSI component. Thus, the container size can be calculated as 3 (RI) + 9 (W1) + W2(4) + CQI (7) = 59 bits. With PI, the total container size is summarized in Table 2. As shown in Table 2, the reported payload size can be effectively reduced. 

Table 1. Example of Payload calculation for 32-port with Type I codebook Config 2
	Rank
	W1
	W2
	CQI
	Total payload
(bits, 10 SBs)

	1
	6
	4
	4
	53

	2
	8
	3
	4
	45

	3
	9
	1
	4
	26

	4
	9
	1
	4
	26

	5
	8
	1
	7
	28

	6
	8
	1
	7
	25

	7
	8
	1
	7
	25

	8
	8
	1
	7
	28



Table 2. Example of Payload calculation with PI
	Payload indicator index
	RI
	W1
	W2
	CQI
	Total payload
(bits, 10 SBs)

	0
	0
	6
	4
	4
	50

	1
	0
	8
	3
	4
	42

	2
	  1
	9
	1
	4
	24

	
	
	9
	1
	4
	24

	3
	  2
	8
	1
	7
	27

	
	
	8
	1
	7
	27

	
	
	8
	1
	7
	27

	
	
	8
	1
	7
	27


Proposal2. Payload size indicator can be introduced to simplify the determination of the total payload size. 
· Beam management
In NR, CSI-RS is agreed to be used for beam management in addition to the functionality of CSI acquisition. In that case, multiple CSI-RS ports within multiple CSI-RS resources can be used for efficient beam management. More specifically, different Tx beams can be mapped to across the multiple ports and multiple CSI-RS resources. Thus, in order to accurately indicate the best Tx beam, CRI and PMI related to the port number can be employed. Regarding PMI indication, port selection codebook with the rank 1 restriction may be one option. Also, in order to indicate the quality of the selected best Tx beam(s), its related RSRP can be also reported to the gNB in addition to the CRI and PMI. In this case, RSRP table for beam management needs to be newly introduced.  
Observation4. One or more CRI, PMI and/or RSRP indicator can be reported to indicate the best Tx beam(s) for beam management.

Discussion on codebook subset restriction (CBSR) 
In this section, we discuss the codebook subset restriction (CBSR) for NR. During the study on Rel-13 FD-MIMO, per beam based codebook subset restriction is introduced in order to efficiently mitigate the inter-cell interference. In other words, N1O1N2O2 +8 bit-map is used to restrict all of DFT beams and ranks in Class A codebook. In NR Type I CSI feedback, the same approach for CBSR can be applied. However, following issue needs to be resolved in advance.
In the case of Type I CSI with rank 3-4 and X(>=16)-port CSI-RS and multi-panel codebook, a precoding vector per layer per polarization is comprised with the DFT beam and co-phase(s). For instance, the number bitmap size with per beam CBSR for SP Type 1 CSI is varying according to the rank as  
.
A simple approach to solve above issue is setting the size of CBSR bit map as 3N1O1N2O2 and de-coupling the rank restriction part. 
Observation5. In order to apply per beam based CBSR, bit-map size varying issues on some of SP and MP Type I codebook need to be resolved. 

For Type II CSI, the CBSR is also important functionality for interference management. In Type II CSI, the precoding vector comprises with linear combination of multiple DFT beams. Thus, per beam based CBSR can also work well in Type II CSI. One of disadvantage of Type II CSI is the very large payload size. To control the payload size in Type II CSI, CBSR can be employed. In this case, the number of combining beam or the granularity of combining coefficient can be restricted by CBSR. 
Proposal3. For Type I and II CSI feedback, per beam based CBSR can be considered.  

Conclusion
This contribution discussed CSI reporting contents for both CSI acquisition and beam management in NR MIMO. Following observations and proposals are given, based on the discussion: 
Observation1: Single instance periodic reporting can alleviate the CSI dependency issue at the expense of much increased payload size. 
Observation2. For Type II CSI feedback, performance benefit by saving W2 payload size needs to be clearly shown.
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