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Introduction
Release 16 NR introduced support of sidelink V2X communication for unicast, groupcast, and broadcast V2X traffic services. One of the main differences of NR comparing to LTE sidelink is physical layer support of HARQ feedback and retransmissions. HARQ feedback is realized in two regimes: ACK-NACK information and NACK-only information, where the latter is assumed to be used for connection-less groupcast mode using communication range information.
During the normative and maintenance work on specification of NACK-only feedback regime it was identified that NACK-only groupcast case is susceptible to half-duplex collision on sidelink control channel which could limit the achievable performance even at very short distances, i.e. on high SNR links [1]-[4]. 
In this TEI proposal, the technical issue of half-duplex collision in NACK-only HARQ feedback regime is first illustrated by evaluation and then proposed to be solved with a limited impact on specification.
Motivation
In V2X sidelink resource allocation Mode-1 and Mode-2, UEs can use groupcast transmissions with NACK only feedback. In this mode of operation, receivers within target communication range from the transmitter provide NACK feedback in case of unsuccessful reception and do not provide ACK in case of successful reception. The susceptibility to half-duplex collisions can be illustrated by the following simple example:
1) UE1, UE2, and UE3 operate with groupcast NACK only feedback and are group members (i.e., within target communication range from each other).
2) UE1 and UE2 selected/were granted with resources in the same slot and transmitted in slot ‘n’.
3) UE3 has successfully received UE1 and UE2 transmissions and thus has not provided HARQ feedback.
4) UE1 and UE2 were not able to receive each other transmissions.
5) Due to lack of NACK feedback UE1 and UE2 assume successful reception by UEs within target communication range.
a. In Mode-1, the UE reports ACK to gNB, and gNB considers successful transmission on SL, thus do not grant retransmissions
b. In Mode-2, the UE reports ACK to higher layer, and the higher layer does not grant retransmissions
6) UE1 and UE2 stop transmissions of TBs without receiving each other transmissions.

The above problem was also confirmed by system level evaluations [1][3][4]. Figure 1 shows comparative analysis of the current Rel.16 design vs scenario when two blind retransmissions are used for groupcast communication with NACK only feedback (assumptions listed in Annex C). As it can be seen, the performance of Rel.16 solution at short communication distances has error floor even at high SNR (short distances) and can be easily improved in the order of magnitude.
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[bookmark: _Ref68459151]Figure 1: Illustration of the Rel.16 groupcast communication with NACK only feedback

Since the half-duplex collision is a fundamental issue in distributed communication systems, it may not be possible to completely avoid it. But it is possible to apply a simple enhancement which reduces the issue dramatically. Such an enhancement is to allow a UE to transmit at least two TB (re-)transmissions without considering the feedback (Figure 2), thus increasing the chances that at least one of the two control channels were successfully received, as illustrated in the analysis above.


[bookmark: _Ref78453933]Figure 2: Illustration of mitigation of half-duplex for NACK-only feedback regime by ignoring first N feedbacks

Observation
· Rel-16 groupcast sidelink communication with NACK-only is susceptible to half-duplex issue which could limit the achievable reliability even at very high SNR links

Possible Solutions
To mitigate the illustrated half-duplex problem for groupcast NACK only sidelink communication, there could be different solutions with different spec impact, as was analyzed in the previous submissions [5][6][7].
The following further detailed alternatives are considered from the last TEI discussion round:
· Alternative 1: For groupcast NACK-only feedback case, introduce a mechanism of ignoring N first PSFCH receptions and considering NACK instead
· The (pre-)configuration may be provided per resource pool and per priority, similar to the maximum number of retransmissions specified in Release 16. If it is not provided, then Release 16 behavior is applied. Further, this feature may only be applicable to NACK-only feedback case or to other cases as well. Possible values for N include 1, 2, and 3.
· Alternative 2: For groupcast NACK-only feedback case, introduce a mechanism of ignoring PSFCH reception after the initial transmission
· To support both the proposed behavior and Release 16 behavior, introduce a (pre-)configuration to enable/disable this option, also considering UE capability for Rel.17. This (pre-)configuration may be provided per resource pool and per transmission priority, similar to the maximum number of retransmissions specified in Release 16.
· When the UE is configured with only one transmission, the mechanism of course should not be in action.

In the last meeting, Alternative 2 received most support from involved companies, and this time it is proposed to be adopted directly. The example text proposals for Alternative 2 are provided in Annex A. The details of signaling related to Alternative 2 are discussed in Annex B.

Proposal
· For groupcast sidelink transmission with NACK only sidelink feedback,
· when UE is (pre)-configured with a new per transmission priority Rel.17 RRC parameter ignoreInitialNackOnlyFeedback and has transmitted a TB with a priority for which ignoreInitialNackOnlyFeedback is provided:
· UE reports NACK for the initial transmission of the TB to higher layers in the procedure for receiving HARQ-ACK on sidelink (TS 38.213, section 16.3.1) if number of resources indicated by SCI Format 1A carrying initial transmission of a TB is larger than one.

Conclusions
In this contribution, we have shown sensitivity to half-duplex of NR sidelink groupcast communication with NACK only feedback and have shown simple changes that can address it with minimal impact on the Rel.16. Based on discussion, we have the following proposal:

Proposal
· For groupcast sidelink transmission with NACK only sidelink feedback,
· when UE is (pre)-configured with a new per transmission priority Rel.17 RRC parameter ignoreInitialNackOnlyFeedback and has transmitted a TB with a priority for which ignoreInitialNackOnlyFeedback is provided:
· UE reports NACK for the initial transmission of the TB to higher layers in the procedure for receiving HARQ-ACK on sidelink (TS 38.213, section 16.3.1) if number of resources indicated by SCI Format 1A carrying initial transmission of a TB is larger than one.
· Define UE capability to indicate whether this feature is supported
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Annex A: Example Text Proposal for TS 38.213
In this section, we provide examples of text proposals that can be used as a starting point for further TEI discussion.
	16.3.1	UE procedure for receiving HARQ-ACK on sidelink 
A UE that transmitted a PSSCH scheduled by a SCI format 2-A or a SCI format 2-B that indicates HARQ feedback enabled, attempts to receive associated PSFCHs according to PSFCH resources determined as described in clause 16.3. The UE determines an ACK or a NACK value for HARQ-ACK information provided in each PSFCH resource as described in [10, TS 38.133]. The UE does not determine both an ACK value and a NACK value at a same time for a PSFCH resource. 
For each PSFCH reception occasion, from a number of PSFCH reception occasions, the UE generates HARQ-ACK information to report to higher layers. For generating the HARQ-ACK information, the UE can be indicated by a SCI format to perform one of the following 
-	if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "10"
-	report to higher layers HARQ-ACK information with same value as a value of HARQ-ACK information that the UE determines from the PSFCH reception 
-	if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "01" 
-	report an ACK value to higher layers if the UE determines an ACK value from at least one PSFCH reception occasion from the number of PSFCH reception occasions in PSFCH resources corresponding to every identity  of UEs that the UE expects to receive corresponding PSSCHs as described in Clause 16.3; otherwise, report a NACK value to higher layers
-	if the UE receives a PSFCH associated with a SCI format 2-B or a SCI format 2-A with Cast type indicator field value of "11"
-	if a UE is provided with ignoreInitialNackOnlyFeedback for a priority indicated in the associated SCI 1-A, and if the transmitted PSSCH scheduled by the SCI format 2-A or SCI format 2-B is the initial transmission of the TB, and the number of resources indicated by the ‘Time Resource Assignment’ field in the associated SCI format 1-A is larger than one, report to higher layers a NACK value; otherwise
-	report to higher layers an ACK value if the UE determines absence of PSFCH reception for the PSFCH reception occasion; otherwise, report a NACK value to higher layers
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Annex B: RRC parameters impact
In this section, impact on RRC parameters is provided, so that the feature can be completed in one meeting. In the table below, an example RRC parameter is presented:
	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification

	R17 TEI
	TEI #12
	38.213
	16.3.1
	SL-ResourcePool
	 
	ignoreInitialNackOnlyFeedback
	New
	ignoreInitialNackOnlyFeedback
	If configured, indicates that the initial PSFCH feedback for NACK-only case is ignored 
	true
	NA
	Per resource pool per TX priority
	UE-specific or Cell-specific
	38.331







Annex C: Evaluation Assumptions
In this section, we provide the list of evaluation assumptions used for analysis in this contribution. The set of main parameters used for NACK only evaluation assumptions is provided in Table 1.
[bookmark: _Ref54381537]
[bookmark: _Ref61877705]Table 1: System level evaluation assumptions for NACK only groupcast communication studies
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 140 km/h
· MTAD = 4 s

	Channel model
	TR 37.885, NR V2X Channel Model

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth: 40 MHz

	Subcarrier spacing
	30 kHz

	Tx/Rx Antenna Ports
	1Tx/2Rx

	Communication Mode(s)
	Groupcast, connection-less

	UE-to-UE Association
	· UE is considered as member of the group based on location principle
· Each UE may be a member of a multiple groups

	Traffic model
	Aperiodic variable packet size traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] B with quantization step of 200 B 
· Inter-packet arrival time: 25 ms + an exponential random variable with the mean of 25 ms
· Latency requirement: 25 ms

	TTI structure
	NR Slot TTI: 
· Slot w/o PSFCH zone: 1 AGC symbol, 1 GAP symbol, 2 PSSCH symbols w/ pilots
· Slot w/ PSFCH zone: 1 AGC symbol, 2 GAP symbol, 2 PSSCH symbols w/ pilots, 2 symbols for PSFCH

	PSFCH Zone Allocation
	Enabled, in every 2nd slot

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB
· PSSCH: 35 PRB

	SCI/Data time resource allocation
	· PSCCH: 3 Symbols
· PSFCH: 2 Symbols
· PSSCH: Remaining symbols in slot

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 B packet: QPSK, 2 TTI
· 400 B packet: 16-QAM, 2 TTI
· 600 B packet: 16-QAM, 2 TTI
· 800 B packet: 16-QAM, 2 TTI
· 1000 B packet: 16-QAM, 3 TTI
· 1200 B packet: 16-QAM, 3 TTI
· 1400 B packet: 64-QAM, 3 TTI
· 1600 B packet: 64-QAM, 3 TTI
· 1800 B packet: 64-QAM, 4 TTI
· 2000 B packet: 64-QAM, 4 TTI

	HARQ Feedback
	Enabled, NACK-only

	Feedback reporting distance
	UEs within 50 m report HARQ feedback
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