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1 Introduction

At the previous meeting [1-2], it is agreed that:

Agreements:

· RAN1 supports aperiodic CSI report on PUSCH, including two cases: 

· Case-1: CSI reports multiplexing with uplink data in PUSCH

· Case-2: CSI reports only in PUSCH (no uplink data)

· Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
· FFS: aperiodic CSI report on PUCCH
Agreements:

· Support following features for NR CSI acquisition

· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· CSI reporting via short duration PUCCH

· FFS on detailed setting in CSI reporting setting

· CSI reporting via long duration PUCCH

· FFS on detailed setting in CSI reporting setting

· PUCCH reporting which is contained in a single slot

· FFS on PUCCH reporting which is contained in multiple slots
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 discuss CSI feedback for type I and type II codebook on PUCCH or/and PUSCH. 
2 CSI reporting on PUCCH/PUSCH
It has been agreed in previous meeting that two types of PUCCH transmission are supported in NR, including short duration PUCCH and long duration PUCCH. The UCI payload size of short PUCCH can be at least a few tens of bits, while that of long PUCCH can even be up to at least a few hundreds of bits. The codebook supported in NR includes Type I single panel codebook, Type I multi-panel codebook, Type II single panel codebook and codebook for beamformed CSI-RS. The typical CSI reporting parameters includes at least CRI (usually on wideband), RI (usually on wideband), CQI (wideband w/o differential subband) and PMI (wideband or/and subband). With the supported high UCI payload for PUCCH, both type I and type II with subband PMI feedback can be considered in PUCCH.

As in LTE, the payload size for CSI parameters except for PMI in NR can be summarized in Table I. 
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 and K means the number of configured CSI-RS resources. For CQI wideband reporting, 4 bits are used for only one codeword and additional 3 bits for the second codeword. For CQI subband reporting, 2 bits are employed for each codeword.
Table I Payload size CSI parameters reporting
	
	CRI
	RI
	CQI

	Wideband
	k
	3
	4 or 7

	Subband
	-
	-
	2


For the PMI reporting with Type I and Type II codebook, the payload size can be summarized in Table II~V and the configuration assumptions are listed as follows:

For type I,

· (N1, N2) = (4, 4), (O1, O2) = (4, 4)
· L=1/4 for rank1~2 and L =1 for rank 3~8

For type II, 

· (N1, N2) = (4, 4), (O1, O2) = (4, 4)
· Rotation bits: 
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· Z = 3 and beam selection is jointly signalled with 
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· Strongest coefficient reporting for each layer: 
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Table II Payload size for type I codebook with subband PMI reporting
	Type II
	L-beam selection
	Beam offset index
	Antenna group co-phasing
	Total

Wideband

payload
	Subband beam selection
	Subband co-phasing
	Total payload

(WB + 10 SBs)

	Rank 1
	L=1
	8
	-
	-
	8
	-
	2
	28

	
	L=4
	6
	-
	-
	6
	2
	2
	46

	Rank 2
	L=1
	8
	2
	-
	10
	-
	1
	20

	
	L=4
	6
	2
	-
	8
	2
	1
	38

	Rank 3
	7
	-
	2
	9
	-
	1
	19

	Rank 4
	7
	-
	2
	9
	-
	1
	19

	Rank 5
	8
	-
	-
	8
	-
	1
	18

	Rank 6
	8
	-
	-
	8
	-
	1
	18

	Rank 7
	8
	-
	-
	8
	-
	1
	18

	Rank 8
	8
	-
	-
	8
	-
	1
	18


Table III Payload size for type I codebook without subband PMI reporting
	Type II
	Wideband beam selection
	Beam offset index
	Antenna group co-phasing
	wideband co-phasing
	Total

Wideband

payload

	Rank 1
	8
	-
	-
	2
	10

	Rank 2
	8
	2
	-
	1
	11

	Rank 3
	7
	-
	2
	1
	10

	Rank 4
	7
	-
	2
	1
	10

	Rank 5
	8
	-
	-
	1
	9

	Rank 6
	8
	-
	-
	1
	9

	Rank 7
	8
	-
	-
	1
	9

	Rank 8
	8
	-
	-
	1
	9


Table IV Payload size for type II codebook with subband PMI reporting
	Type II
	Rotation

bits
	L-beam selection
	Strongest coefficient

reporting
	Wideband amplitude
	Total
Wideband

payload
	Subband amplitude
	Subband phase
	Total payload

(WB + 10 SBs)

	Rank 1
	4
	11
	3
	21
	39
	5
	19
	279

	Rank 2
	4
	11
	6
	42
	63
	10
	38
	543


Table V Payload size for type II codebook without subband PMI reporting
	Type II
	Rotation

bits
	L-beam selection
	Strongest coefficient

reporting
	Wideband amplitude
	Wideband phase
	Total wideband payload

	Rank 1
	4
	11
	3
	21
	21
	60

	Rank 2
	4
	11
	6
	42
	42
	105


For the time domain behaviour of PUCCH/PUSCH, the configuration in Table VI has been agreed.

Table VI Agreed time domain behaviour for UL channel

	
	Periodic
	Aperiodic
	Semi-persistent

	Short PUCCH
	√
	
	

	Long PUCCH
	√
	
	

	PUSCH
	
	√
	


2.1 Periodic reporting
In NR, periodic reporting has been supported in short PUCCH and long PUCCH. 
Generally, one use case of periodic reporting is to provide a basic CSI to support monitoring the link quality of UE and providing link maintenance and link adaptation. For this use case, short PUCCH can be employed. Considering the limited payload size (tens of bits) on short PUCCH, only wideband PMI should be supported for short PUCCH. 
Proposal 1: Only wideband PMI feedback is supported in short PUCCH for periodic reporting in NR.

For type I codebook, wideband PMI feedback can be transmitted in short PUCCH within single slot. For type II codebook, wideband PMI can already be up to more than one hundred bits and multiple slots should be considered if type II codebook with wideband PMI is supported in short PUCCH.
Another use case of periodic reporting is to provide an always-on low resolution CSI feedback to meet the indispensable requirement, such as voice traffic and URLLC services. Compared with wideband CQI, subband CQI can lead to significant performance improvement for the scenarios with frequency selective interference. With tens of bits supported in short PUCCH, subband CQI can be supported on short PUCCH.
Proposal 2: For periodic reporting on short PUCCH, subband CQI can be supported.

Considering the larger capacity of and the coverage enhancement by long PUCCH, the reporting mode supported in short PUCCH can also be supported in long PUCCH. The possible reporting mode for periodic reporting in our view is summarized in Table VII.
Non-PMI reporting in the case of full reciprocity [3] can be reported by the reporting mode of 1-0 and 3-0 w/o subband CQI reporting. For basic CSI feedback in FDD system, reporting 1-1 and 3-1 can be used. With reporting mode 1-1, the first stage of hybrid CSI feedback can also be supported. 
Table VII possible reporting modes for periodic reporting in our view
	Periodic reporting
	No PMI
	WB PMI
	Multiple PMI

(subband PMI)

	WB CQI
	Short/long PUCCH 
(1-0)
	Short/long PUCCH 

Type 1 PMI 
(1-1)
	FFS
(1-2)

	Single UE- selected CQI 
	FFS
(2-0)
	FFS
(2-1)
	FFS

(2-2)

	Multiple CQI (subband CQI)
	Short/long PUCCH 
(3-0)
	Short/long PUCCH

Type 1 PMI

(3-1)
	FFS
(3-2)


2.2 Aperiodic reporting
As in LTE, aperiodic reporting has been agreed to be transmitted on PUSCH in NR. With aperiodic reporting, CSI with higher resolution can be supported as a supplement CSI reporting. In LTE, the container size of PUCCH is limited and aperiodic reporting is always transmitted on PUSCH. With long PUCCH supported in NR, aperiodic reporting can also considered on long PUCCH.

In addition to long PUCCH and PUSCH, one may consider short duration PUCCH to carry aperiodic CSI reporting. One motivation is to provide fast CQI feedback for services like URLLC service requiring low latency. Another motivation is to provide in-time CSI feedback to enable a timely downlink scheduling. For example, in a TDD system where UL-centric subframe is not available for a long time (e.g., UL-DL configuration 4 or 5 in LTE), if aperiodic CSI can only be carried on PUSCH or long PUCCH, an in-time CSI feedback can’t be achieved. Thus, a large scheduling latency is introduced, and thus system throughput will be compromised. In this case, short PUCCH should be used to achieve an in-time CSI reporting. 

Proposal 3: For short PUCCH and long PUCCH, aperiodic reporting can be supported.
To show the performance gain of fast CSI feedback, simulation results considering different CSI reporting latencies are provided. Rel 13 Type I codebook is used. 10ms, 5ms and 2ms CSI reporting latencies are assumed. Other parameters are listed in the appendix. As shown in Figure 1, when the CSI reporting latency is reduced from 10 ms to 2 ms, ~23% gain and ~58% gain can be achieved for average UPT and 5% UPT, respectively. Thus, an in-time CSI feedback is important.
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Figure 1 Performance comparison with different CSI reporting latencies
Considering the short PUCCH capacity, wideband/subband CQI without PMI reporting or Type I wideband PMI reporting can be carried in a single slot. For type I with subband PMI if supported, single-slot short PUCCH may not be sufficient, and thus, multi-slots short PUCCH should be considered. Type II reporting may not be supported in short PUCCH since a large reporting latency can’t be avoided due to the large payload size. With a large payload size of long PUCCH, type I wideband/subband PMI reporting and type II wideband PMI can be carried in a single slot. For type II with subband PMI if supported, multiple slots in long PUCCH can be considered. For PUSCH, single slot transmission can carry all the reporting modes and multiple slots should be precluded.

Proposal 4: For short PUCCH, aperiodic Type I subband PMI reporting can be supported.

Proposal 5: For long PUCCH, aperiodic Type II subband PMI reporting can be supported.

The possible reporting mode for aperiodic reporting in our view is summarized in Table VIII. To deal with a failed detection of certain periodic reporting, an aperiodic reporting can be trigged. Then the reporting mode in periodic reporting should also be supported in aperiodic reporting. The motivation for reporting mode 2-0 is to provide some frequency-selective scheduling gain with a low/moderate CSI reporting payload size. The motivation for reporting mode 3-2 is provide a high resolution CSI feedback for MU transmission.
Table VIII possible reporting modes for aperiodic reporting in our view
	aperiodic reporting
	No PMI
	WB PMI
	Multiple PMI

(subband PMI)

	WB CQI
	Short PUCCH/long PUCCH/PUSCH
1-0
	Short PUCCH/long PUCCH/PUSCH 

Type 1 and [Type 2] PMI
1-1
	FFS

1-2

	Single UE- selected CQI
	Short PUCCH/long PUCCH/PUSCH 

2-0 
	FFS
2-1
	FFS

2-2

	Multiple CQI (subband CQI)
	Short PUCCH/long PUCCH/PUSCH
3-0
	Short PUCCH/long PUCCH/PUSCH
Type 1 PMI
3-1
	Short PUCCH [type I]

long PUCCH [type II] type I

PUSCH: Type 1 and type II

3-2


2.3 Semi-persistent reporting
Semi-persistent reporting has higher flexibility than periodic reporting and aperiodic reporting. Semi-persistent reporting can be seen as a time windowed version of periodic reporting, and the function of periodic reporting can be replaced by semi-persistent reporting sometimes. Actually, semi-persistent reporting can also be seen as aperiodic reporting with a lots of slots, and high resolution feedback can be configured. It seems that semi-persistent CSI is a solution to balance the persistent CSI feedback and feedback overhead, and can be supported on both PUCCH and PUSCH. The CSI reporting mode for semi-persistent reporting can follow those for periodic reporting and aperiodic reporting.
Proposal 6: For both PUCCH and PUSCH, semi-persistent reporting can be supported.

The possible reporting mode for semi-persistent reporting in our view is summarized in Table IX, with supporting the reporting modes in periodic reporting and aperiodic reporting.
Table IX possible reporting modes for semi-persistent reporting in our view
	Semi-persistent reporting
	No PMI
	WB PMI
	Multiple PMI

(subband PMI)

	WB CQI
	Short/long PUCCH
1-0
	Short/long PUCCH
type 1 and [type 2] PMI
1-1
	FFS

1-2

	Single UE- selected CQI 
	Short/long PUCCH/PUSCH 

2-0
	FFS

2-1
	FFS

2-2

	Multiple CQI (subband CQI)
	Short/long PUCCH
3-0
	Short/long PUCCH with 

type 1 PMI

3-1
	Short PUCCH [type I]

long PUCCH [type II] type I

PUSCH: type 1 and type II

3-2


2.4 Collision handling

Based on above discussions, a different CSI reporting mechanism can be applied depending on the specific use case/scenario, which introduces a certain complexity and possible collusion in CSI reporting. For example, it is possible that an aperiodic CSI reporting carried by PUCCH collides with a periodical CSI reporting. Another example, it is possible that two TRPs trigger two CSI reporting from a UE at the same time instance.
Usually, such a collision cannot be perfectly avoided, even in a well-designed system. In particular, it is crucial when the resources to send CSI feedback are limited, e.g., by using PUCCH.

One solution is that gNB can configure (or predefine) the priority of CSI reporting, in term of reporting types (e.g., periodic and aperiodic), UCI formats (e.g., for CSI acquisition and for beam management) and/or CSI quantities (e.g., wideband CQI and subband CQI). In a conflicting reporting occasion with limited resources, UE can choose the proper type/format/quantity to report, based on the configured priority.

Proposal 7: CSI reporting based on a predefined/configured priority should be supported.
3 Conclusions
In this contribution, we discuss the CSI reporting modes on PUCCH/PUSCH and have the following proposals:
Proposal 1: Only wideband PMI feedback is supported in short PUCCH for periodic reporting in NR.

Proposal 2: For periodic reporting on short PUCCH, subband CQI can be supported.

Proposal 3: For short PUCCH and long PUCCH, aperiodic reporting can be supported.
Proposal 4: For short PUCCH, aperiodic Type I subband PMI reporting can be supported.

Proposal 5: For long PUCCH, aperiodic Type II subband PMI reporting can be supported.

Proposal 6: For both PUCCH and PUSCH, semi-persistent reporting can be supported.

Proposal 7: CSI reporting based on a predefined/configured priority should be supported.
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Appendix

	Parameters
	Values

	Duplex mode 
	FDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

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

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 

500KB packet size

	UE distribution
	80% Indoor, 3km/h, 

20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

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