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1 Introduction

In previous RAN1 meetings, the following agreements have been achieved [1]:
· Periodic CSI reporting is carried at least on 

· Short PUCCH 

· Long PUCCH

· FFS whether in single-slot only or in multiple slots
· 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
In this contribution, we discuss the CSI feedback details for Type I codebook.
2 Discussion

2.1 Type I codebook payload size
2.1.1 SP codebook
According to the agreed NR Type I SP codebook, the typical payload size is shown in Table 1, with the assumption of (N1, N2) = (4, 4), (O1, O2) = (4, 4), and K=10 subbands for subband reporting.
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	Table 1. Type I SP PMI payload

	Type I SP
	Wideband payload (W1)
	Subband payload (W2)
	Total payload

	
	
	
	(WB+ 1 SB)
	(WB + K SBs)

	
	
	
	
	K
	K=10

	Rank 1
	L=1
	8
	2
	10
	8+2K
	28

	
	L=4
	6
	4
	10
	6+2K
	46

	Rank 2
	L=1
	10
	1
	11
	10+1K
	20

	
	L=4
	8
	3
	11
	8+3K
	38

	Rank 3
	9
	1
	10
	9+1K
	19

	Rank 4
	9
	1
	10
	9+1K
	19

	Rank 5
	8
	1
	9
	8+1K
	18

	Rank 6
	8
	1
	9
	8+1K
	18

	Rank 7
	8
	1
	9
	8+1K
	18

	Rank 8
	8
	1
	9
	8+1K
	18

	* (N1,N2)=(4,4), (O1,O2)=(4,4), K=10 subbands assumed




From the above calculation, up to 11 bits payload size should be preserved for Type I SP wideband PMI reporting, and up to 46 bits payload size should be preserved for subband PMI reporting, with a 10 subbands assumption.
Observation 1: Type I SP PMI consumes up to 11 bits for wideband reporting, and up to 46 bits for subband reporting, with 10 subbands assumed.
2.1.2 MP codebook
The typical payload size of NR Type I MP codebook is shown in Table 2, with the assumption of (Ng, N1, N2) = (2, 4, 2), (O1, O2) = (4, 4), and K=10 subbands for subband reporting.
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	Table 2. Type I MP PMI payload

	Type I MP
	Wideband payload (W1)
	Subband payload (W2)
	Total payload

	
	
	
	(WB+ 1 SB)
	(WB + K SBs)

	
	
	
	
	K
	K=10

	Rank 1
	Mode 1
	9
	2
	11
	9+2K
	29

	
	Mode 2
	11
	4
	15
	11+4K
	51

	Rank 2
	Mode 1
	11
	2
	13
	11+2K
	31

	
	Mode 2
	13
	4
	17
	13+4K
	53

	Rank 3
	Mode 1
	11
	2
	13
	11+2K
	31

	
	Mode 2
	13
	4
	17
	13+4K
	53

	Rank 4
	Mode 1
	11
	2
	13
	11+2K
	31

	
	Mode 2
	13
	4
	17
	13+4K
	53

	* (Ng,N1,N2)=(2,4,2), (O1,O2)=(4,4), K=10 subbands assumed




From the above calculation, up to 17 bits payload size should be preserved for Type I MP wideband PMI reporting, and up to 53 bits payload size should be preserved for subband PMI reporting, with a 10 subbands assumption.

Observation 2: Type I MP PMI consumes up to 17 bits for wideband reporting, and up to 53 bits for subband reporting, with 10 subbands assumed.
2.2 Type I CSI reporting modes
The following reporting modes are to be considered.

	Table 3. CSI reporting modes

	 
	No PMI
	Single PMI
	Multiple PMI

	Wideband CQI
	1-0
	 1-1
	 1-2

	UE selected (subband CQI)
	2-0
	 2-1
	 2-2

	Higher layer configured (subband CQI)
	3-0
	 3-1
	 3-2




2.2.1 Type I wideband CSI reporting

One of the main purposes of NR periodic CSI reporting is to provide the link monitoring capability for link maintenance. A light weight report with coarse CSI would be sufficient for this purpose. 
For wideband Type I SP CSI reporting (mode 1-1), a maximum of 24 bits are to be reported, which consists of

· CRI: up to 3 bits for Ks=8 CSI-RS resources configured

· RI: up to 3 bits for maximum Rank 8

· CQI: up to 7 bits for two codewords, i.e. 4 bits for 1st codeword, and 3 bits for 2nd codeword

· PMI: up to 11 bits for wideband reporting 

For wideband Type I MP CSI reporting (mode 1-1), a maximum of 26 bits are to be reported, which consists of

· CRI: up to 3 bits for Ks=8 CSI-RS resources configured

· RI: up to 2 bits for maximum Rank 4

· CQI: up to 4 bits for one codeword

· PMI: up to 17 bits for wideband reporting
According to previous agreements on NR PUCCH, UCI payload of 1 ~ at least a few tens of bits is assumed for the short-duration PUCCH, and UCI payload of 1 ~ at least a few hundreds of bits is assumed for the long-duration PUCCH. In this case, both long- and short-duration PUCCHs have the potential for supporting at least the wideband Type I SP/MP CSI reporting. 
The detailed design then depends on the actual UCI payload size. For short-duration PUCCH with 1 or 2 OFDM symbols, the wideband report is to be contained in a single slot, rather than spread across multiple slots. Consider further even the 2-symbol NR PUCCH case (including possible down-selection), the actual container for CSI reporting on short-duration PUCCH is likely to be solely one symbol. In this case, joint encoding of CSI parameters into a single packet should be supported. 
In addition to the PUCCH, Type I wideband CSI reporting can be also supported on the PUSCH.
Based on the above discussion, the following Type I wideband CSI reporting modes can be considered

· Mode 1-0, 1-1

· Periodic reporting on either one of short-duration PUCCH and long-duration PUCCH

· Aperiodic/semi-persistent reporting on either one of short-duration PUCCH, long-duration PUCCH, and PUSCH

Proposal 1: NR supports Type I wideband CSI reporting with
· Jointly encoding the wideband CSI parameters into a single packet

· Single slot reporting
2.2.2 Type I subband CSI reporting
In addition to the wideband CQI reporting, the higher layer configured subband CQI reporting is beneficial for frequency selective scheduling. In this case, for subband CQI and no PMI reporting (mode 3-0) assuming 10 subbands, a maximum of 53 bits are to be reported, which consists of

· CRI: up to 3 bits for Ks=8 CSI-RS resources configured

· RI: up to 3 bits for maximum Rank 8

· CQI: up to 47 bits for two codewords, i.e. 4 bits for 1st codeword in wideband, and 20 bits for 1st codeword in subband; 3 bits for 2nd codeword in wideband, and 20 bits for 2nd codeword in subband.
For subband CQI and single PMI reporting (mode 3-1) assuming 10 subbands, a maximum of 64 bits are to be reported, which consists of

· CRI: up to 3 bits for Ks=8 CSI-RS resources configured

· RI: up to 3 bits for maximum Rank 8
· CQI: up to 47 bits for two codewords, i.e. 4 bits for 1st codeword in wideband, and 20 bits for 1st codeword in subband; 3 bits for 2nd codeword in wideband, and 20 bits for 2nd codeword in subband.
· PMI: up to 11 bits for wideband reporting (SP codebook)

Considering the potential container of short-/long- duration PUCCH and PUSCH, these two reporting modes can also be supported by either the short-duration PUCCH, the long-duration PUCCH, or the PUSCH.
Comparing to the wideband reporting, the payload size of subband CQI reporting differs significantly according to the RI. The payload size is 24 bits for RI = 1~4, while it is 47 bits for RI=5~8, with 10 subbands assumed. In this case, separate encoding should be adopted. For instance, CRI/RI can be encoded into one packet, while subband CQI and single PMI can be encoded into the other packet.

For subband CQI and multiple PMI reporting (mode 3-2) assuming Type I SP codebook and 10 subbands, a total of 99 bits are to be reported, which consists of

· CRI: up to 3 bits for Ks=8 CSI-RS resources configured

· RI: up to 3 bits for maximum Rank 8

· CQI: up to 47 bits for two codewords, i.e. 4 bits for 1st codeword in wideband, and 20 bits for 1st codeword in subband; 3 bits for 2nd codeword in wideband, and 20 bits for 2nd codeword in subband.

· PMI: up to 46 bits for subband reporting 

For subband CQI and multiple PMI reporting (mode 3-2) assuming Type I MP codebook and 10 subbands, a total of 80 bits are to be reported, which consists of

· CRI: up to 3 bits for Ks=8 CSI-RS resources configured

· RI: up to 2 bits for maximum Rank 4

· CQI up to 24 bits, i.e. 4 bits for wideband, and 20 bits for subband 

· PMI: up to 51 bits for subband reporting

Considering the potential container of short-/long- duration PUCCH and PUSCH, these two reporting modes can at least be supported by either the long-duration PUCCH, or the PUSCH.
Due to the significant deviation of subband PMI/CQI payloads corresponding to different RIs, separate encoding of CSI parameters should be supported. For instance, CRI/RI can be encoded into one packet, while PMI/CQI can be encoded into the other packet.
Based on the above discussion, the following Type I subband CSI reporting modes can be considered

· Mode 3-0, 3-1,

· Periodic reporting on either one of short-duration PUCCH and long-duration PUCCH
· Aperiodic/semi-persistent reporting on either one of short-duration PUCCH, long-duration PUCCH, and PUSCH

· Mode 3-2

· Aperiodic/semi-persistent reporting on either one of short-duration PUCCH, long-duration PUCCH, and PUSCH

Proposal 2: NR supports encoding wideband and subband CSI parameters into different packets for Type I subband CSI reporting 
Furthermore, providing in-time CSI reporting is important for scenarios with fast channel aging or fast interference variation, and/or to enable a low scheduling latency. For TDD system where UL-centric subframe is not available for a long time, aperiodic CSI reporting being carried only by PUSCH and long PUCCH may not be capable of providing an in-time CSI reporting. Hence, aperiodic CSI reporting via short duration PUCCH should be considered as well. 
Considering the large payload size of subband Type I CSI reporting, one shot PUCCH may not have sufficient capacity. Thus, multiple shots of PUCCH carrying subband Type I CSI are needed. For CSI reporting on multi-shot PUCCH, one way is to report RI/PMI1 first, and then report PMI2/CQI of each subband at each subsequent time instance. However, inter-slot dependency will be introduced which will compromise the CSI reporting robustness.

To avoid the inter-slot dependency, a self-decodable CSI scheme is proposed. At each time instance, UE report RI/PMI1and PMI2/CQI of some subbands. That is, UE repeats RI/PMI1 at each time instance. Then the CSI packet of each slot is self-decodable. Considering the increased capacity of short PUCCH comparing with PUCCH in LTE, two or three instances would be sufficient to finish the CSI reporting.
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Figure 1 self-decodable CSI reporting on multi-shot short PUCCH
For the CSI packet of each slot, at least RI is separately encoded to avoid payload size uncertainty. The first part can be protected with a lower coding rate to guarantee a higher reliability. 
Proposal 3: NR supports Type I CSI reporting mode 3-2 on multi-shot short-duration PUCCH, where  

· CSI at each shot is self-decodable, including PMI2/CQI of some subbands and repeated RI/PMI1

· At least RI is separately encoded from subband parameter PMI2/CQI
To enable frequency selective scheduling while reducing CSI reporting payload size, mode 2-0 can be also considered for aperiodic/semi-persistent CSI reporting, since only the CSI of the best M subbands are reported. In this case, aperiodic/semi-persistent reporting on either one of short-duration PUCCH, long-duration PUCCH, and PUSCH can be considered.
3 Conclusions

In this contribution, we discuss the CSI feedback details for Type I codebook. The observations and proposals are summarized as follows

Observation 1: Type I SP PMI consumes up to 11 bits for wideband reporting, and up to 46 bits for subband reporting, with 10 subbands assumed.
Observation 2: Type I MP PMI consumes up to 17 bits for wideband reporting, and up to 53 bits for subband reporting, with 10 subbands assumed.
Proposal 1: NR supports Type I wideband CSI reporting with

· Jointly encoding the wideband CSI parameters into a single packet

· Single slot reporting
Proposal 2: NR supports encoding wideband and subband CSI parameters into different packets for Type I subband CSI reporting
Proposal 3: NR supports Type I CSI reporting mode 3-2 on multi-shot short-duration PUCCH, where  

· CSI at each shot is self-decodable, including PMI2/CQI of some subbands and repeated RI/PMI1

· At least RI is separately encoded from subband parameter PMI2/CQI
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