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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 communication using communication range information.
During the normative and maintenance work on specification of NACK-only feedback regime it was identified that NACK-only groupcast regime 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 by a limited specification work.
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 according assumptions listed in Annex. As it can be seen, the Rel.16 solution does not achieve PRR equal to 1 even at short communication distances.
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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 w/o considering the feedback, thus increasing the chances that at least one of the two control channels were successfully received, as illustrated in the analysis above.

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 solution with difference spec impact. The following options are considered in descending order of spec impact / generalization:
· Option 1: Introduce a configurable minimum number of blind retransmissions N and support of mixing blind retransmissions and feedback-based retransmissions for a TB
· In this case, it is fully controllable by configuration whether a UE explicitly performs N blind retransmissions first and then switches to the feedback-based regime. Furthermore, when the feedback is not requested in SCI, redundant PSFCH are not generated on receivers.
· Specification in this case needs to introduce RRC signaling of the minimum number of blind retransmissions as well as MAC support for switching between blind and feedback-based modes for the same logical channel after the minimum number of blind retransmissions.
· Option 2: Introduce a configurable minimum number of retransmissions N performed w/o considering the feedback from receivers
· In this case, it is fully controllable by configuration whether a UE implicitly performs N blind retransmissions first and then switches to the feedback-based regime.
· Specification in this case needs to introduce RRC signaling of the minimum number of blind retransmissions. But since the feedback can be ignored, there is no evident impact on MAC specification.


Figure 1: Illustration of Option 1 and Option 2 mitigation of half-duplex for NACK-only feedback regime

· Option 3: Introduce a fixed number of minimum two retransmissions and support of mixing blind retransmissions and feedback-based retransmissions for a TB
· This option is based on Option 1 without considering configurability of the minimum number of blind retransmissions, thus reducing or eliminating RRC spec impact but still requiring changes to MAC specifications as per Option 1
· The mechanism could be enabled/disabled by configuration or left up to UE implementation to decide.
· Option 4: Introduce a fixed number of minimum two retransmissions performed w/o considering the feedback from receivers
· This option is based on Option 2 without considering configurability of the minimum number of blind retransmissions, thus reducing or eliminating RRC spec impact.
· The mechanism could be enabled/disabled by configuration or left up to UE implementation to decide.
All of the above options are backward compatible with Release-16 receivers in the same resource pool.
At this point of TEI proposal discussion, it seems all options are viable with Option 1 having the most flexibility and spec impact, and other options providing less flexibility with smaller spec impact.

Proposal
· Agree on Release 17 TEI work to introduce mitigation of half-duplex issue for sidelink V2X communication in groupcast NACK-only feedback regime by introducing a fixed number of minimum two retransmissions performed without considering the feedback from receivers

Conclusions
In this contribution, we have shown technical problem of NR sidelink groupcast communication with NACK only feedback and have shown simple changes that can address it with minimal changes in the Rel.16.

Observation
· Rel-16 groupcast sidelink communication with NACK-only regime suffers from half-duplex issue which limits the achievable reliability even at very high SNR links

Proposal
· Agree on Release 17 TEI work to introduce mitigation of half-duplex issue for sidelink V2X communication in groupcast NACK-only feedback regime by introducing a fixed number of minimum two retransmissions performed without considering the feedback from receivers
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Annex: 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 = 70 km/h

	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: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 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 200m report HARQ feedback
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