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1 Introduction

This contribution is the revision of R1-1904432 [1].

It has been agreed to support HARQ feedback for unicast and groupcast. In RAN1#96, there was a discussion about whether or not to support multiple PSFCH formats. Also, it was discussed what each PSFCH format will look like if multiple formats are supported. However, there was no consensus on these issues [2]. This contribution will discuss possible candidate formats for PSFCH in NR V2X.
2 Discussion
This section briefly reviews Rel-15 NR PUCCH formats and discusses possible PSFCH formats for NR V2X.
2.1 Rel-15 NR PUCCH formats
Rel-15 NR supports 5 PUCCH formats as shown in Table 1 and they are categorized into short PUCCH (PUCCH formats 0 and 2) and long PUCCH (PUCCH formats 1, 3, and 4). 
Short PUCCH
Short PUCCH can have up to 2 OFDM symbols and depending on the encoding scheme, there are two formats: PUCCH format 0 conveying 1 or 2 bits where sequence selection is used and PUCCH format 2 conveying more than 2 bits where two different channel coding schemes are used depending on the UCI payload size. When 2 bits < UCI payload size ≤ 11 bits, RM (Reed Müller Code) is used in PUCCH format 2. Otherwise, i.e., UCI payload size > 11 bits, Polar code is used in PUCCH format 2. The BLERs of short PUCCH are provided in the Appendix.
Table 1: Rel-15 NR PUCCH formats

	Formats
	0
	1
	2
	3
	4

	# of symbols
	1 – 2
	4 – 14
	1 – 2
	4 – 14
	4 – 14

	# of PRBs
	1
	1
	Configurable
(1 – 16)
	Configurable
(1 – 6, 8 – 10, 12)
	1

	Encoding scheme
	Sequence selection
	Sequence modulation
	Coded modulation
	Coded modulation
	Coded modulation

	
	NA
	NA
	RM code for 2 < # of UCI bits ≤ 11, 

Polar code for # of UCI bits > 11

	Waveform
	CP-OFDM
	DFT-S-OFDM
	CP-OFDM
	DFT-S-OFDM
	DFT-S-OFDM

(Pre-DFT OCC)

	DMRS ratio
	N/A
	Variable
	1/3
	Variable

	# of UCI bits
	1 – 2 bits
	1 – 2 bits
	> 2 bits
	> 2 bits
	> 2 bits


Long PUCCH
As shown in Table 1, there are three formats for long PUCCH. PUCCH format 1 can convey 1 or 2 bits where sequence modulation is used. PUCCH formats 3 and 4 can convey more than 2 bits and two different channel coding schemes are used depending on the UCI payload size (same as PUCCH format 2, i.e., RM and Polar). 
The motivation for introducing short PUCCH was to support fast HARQ-ACK feedback for reducing RTT (round trip time) while providing less UL coverage than long PUCCH. So, for coverage enhancement purposes, long PUCCH is also supported in Rel-15 NR at the expense of latency.

2.2 PSFCH formats for Rel-16 NR V2X
The following have been agreed:

	[RAN1#94bis]

Agreements:

· …
· Sidelink feedback control information (SFCI) is defined.

· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.

· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.

· FFS how to include other feedback information (if supported) in SFCI.

· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel

· …
[RAN1#95]

Agreements:

· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
[RAN1#96]

Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:

· CQI

· RI

· PMI

· CSI reporting can be enabled and disabled by configuration.

· It is supported to configure a subset of the above metric for CSI reporting.

· There is no standalone RS transmission dedicated to CSI reporting in Rel-16

· NR sidelink CSI strives to reuse the CSI framework for NR Uu.

· Discuss details during WI phase




The first discussion about PSFCH is which information should be transmitted via PSFCH on top of HARQ-ACK information, i.e., whether CSI reporting is transmitted via PSFCH or not. It was agreed in [3] that only aperiodic CSI reporting is supported for NR V2X as a working assumption. Also, WID on Rel-16 NR V2X clearly captures that CSI is delivered using PSSCH [4]. So, from our understanding, it is natural to use PSSCH for transmitting CSI feedback in order to keep the same design philosophy as Rel-15 NR as discussed in our companion document [5].
According to the above, SFCI includes only HARQ-ACK information for the corresponding PSSCH as agreed. So, PSFCH is similar to PUCCH formats in terms of the contents conveyed in SFCI and hereafter we use the terminologies of short PSFCH and long PSFCH. They are similar to short PUCCH (PUCCH format 0/2) and long PUCCH (PUCCH format 1/3/4) respectively. Then, the question could be whether or not both PSFCH formats should be supported in NR V2X.
Short PSFCH and long PSFCH will have their own pros and cons likewise short PUCCH and long PUCCH as discussed in Section 2.1. So, it can be argued that since short PSFCH has limited coverage, long PSFCH also needs to be supported in NR V2X. However, that argument is not true in NR V2X anymore because of the following: in Rel-15 NR, since UE transmission power (e.g., 23 dBm) is smaller than gNB transmission power (e.g., 43 dBm), in general, UL has less coverage than DL. So, using short PUCCH only cannot easily compensate the coverage gap between DL and UL. However, in NR V2X, as long as PSFCH coverage is comparable to PSCCH, there is no strong motivation to introduce long PSFCH at all. We think that PSCCH structure should be based on Rel-15 NR PDCCH and PSCCH occupies up to a few symbols as discussed in [6]. So, short PSFCH only is enough for Rel-16 NR V2X in terms of coverage, and likewise short PUCCH in Uu, short PSFCH can have two formats; one format is used for transmitting 1 or 2 bits of SFCI and the other format is used for transmitting more than 2 bits of SFCI.

Observation 1: As long as PSFCH coverage is comparable to PSCCH, there is no motivation to introduce long PSFCH.
On the other hand, there is another drawback of long PSFCH which does not exist in NR Uu. More specifically, long PSFCH uses more symbols than short PSFCH and it will make half-duplexing problem in NR V2X severer. For example, it is possible for a UE to have multiple connections with different UEs, i.e., UE1 transmits PSCCH/PSSCH to UE2 and at the same time, UE3 transmits PSFCH to UE1.  In such case, if long PSFCH with longer symbols is used for UE3, then UE1 cannot receive PSFCH from the UE3 or UE 1 cannot transmit PSCCH/PSSCH to UE2 due to half-duplexing problem at the UE1 side. So, long PSFCH is not desirable for NR V2X environment. 
Furthermore, long PSFCH will make NR V2X system more complex because it has so many different structures such as many DMRS patterns depending on the number of PSFCH symbols. Also, it should be noted that in Uu, short PUCCH is based on CP-OFDM and long PUCCH is based on DFT-S-OFDM. Rel16 NR sidelink only supports CP-OFDM, as agreed in [2]. So, if long PSFCH is supported in NR V2X, it should be designed based on CP-OFDM. It will require more standardization efforts because CP-OFDM based long PUCCH is not supported in Rel-15 NR.

Observation 2: Long PSFCH suffers from more half-duplexing problem than short PSFCH.
Proposal: Only short PSFCH is supported in Rel-16 NR V2X. 
The following agreements have been made:

	[RAN1#96]

Agreements:

· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

[RAN1#96bis]

Agreements:

· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool


According to the agreements above, the time gap between PSFCH and the associated PSSCH is (pre)configured for Mode 1 and Mode 2 and PSFCH resources can be (pre)configured periodically with a period of N slot(s) where N > 1. So, there is a case where the (pre)configured time gap indicates PSFCH transmission in a slot but there is no PSFCH resource in the slot as shown in Figure 1, where it is assumed that PSFCH resources are configured with N = 4 and the PSFCH resources exist in slot#0, slot#4 and slot#8. Also, it is assumed in Figure 1 that the time gap is (pre)configured with K = 4. Then, according to the configured time gap, if a UE receives PSSCH in slot#1, then the UE has to transmit PSFCH in slot#5. However, there is no PSFCH resource in slot#5. The same situation happens when the UE receives PSSCH in slot#2 or slot#3.
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Figure 1: An example of the case where the time gap = 4 slots and N = 4 slots
So, some clarification is necessary regarding whether or not the time gap means a minimum UE processing time. If yes, then the UE can transmit PSFCH in slot#8 for the associated PSSCHs which are received in slot#1, slot#2 and slot#3. If not, further study is need for handling this situation.

On the other hand, HARQ-ACK multiplexing should be supported in NR V2X in order to reduce half-duplexing problem as discussed in our companion document [7]. It is beneficial that whenever the UE has an opportunity to transmit PSFCH, all HARQ feedback information should be transmitted in the given opportunity. In order to support this, two PSFCH formats are needed: one for up to 2 bits of HARQ-ACK transmission and the other for more than 2 bits of HARQ-ACK transmission.

Proposal 2: Short PSFCH in Rel-16 NR V2X supports two formats:

· One format carries up to 2 bits of HARQ-ACK information.

· The other format carries more than 2 bits of HARQ-ACK information.

3 Conclusion

In this contribution, we have discussed possible PSFCH format for NR V2X. The following have been observed and proposed:
Observation 1: As long as PSFCH coverage is comparable to PSCCH, there is no motivation to introduce long PSFCH.
Observation 2: Long PSFCH suffers from more half-duplexing problem than short PSFCH.
Proposal 1: Only short PSFCH is supported in Rel-16 NR V2X. 
Proposal 2: Short PSFCH in Rel-16 NR V2X supports two formats:

· One format carries up to 2 bits of HARQ-ACK information.

· The other format carries more than 2 bits of HARQ-ACK information.
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Appendix
This section provides performance of different short PUCCH formats, i.e., PUCCH formats 0 and 2. All evaluations are performed over TDL-C channel model with 300 ns RMS delay spread and simulation parameters are shown in the end of the Appendix.
PUCCH format 0
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Figure 2: BLER performance of PUCCH format 0
PUCCH format 2
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(a) 1-symbol                                                                 (b) 2-symbol without FH
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(c) 2-symbol with FH
Figure 3: Required SINR vs. the number of UCI bits for PUCCH format 2

Table 2: Evaluation parameters

	Parameter
	Value

	Number of PRBs
	1 RB for PUCCH formats 0 

1, 2, 4, 8 RBs for PUCCH format 2

	UCI payload size
	1 – 200 bits

	Channel coding
	Reed Müller (32, O) when UCI payload size ≤ 11 bits  

Polar Code when UCI payload size > 11 bits

	CRC bits
	6 bits for 11 < UCI bits ≤ 19, 11 bits for UCI bits > 19

	Channel estimation
	MMSE for Option 1a and Option 1b

	FFT size
	2048

	CP length
	144∙TS 

	Antenna Configuration
	1 Tx – 2 Rx (MRC)

	Channel model
	TDL-C with 300 ns RMS delay spread
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