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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The study item for NR V2X was approved [1] in RAN#80 and the objectives were identified:
	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:

1: Sidelink design [RAN1, RAN2]:
Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
-	Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
-	Study NR sidelink physical layer structures and procedure(s)
-	Study sidelink synchronization mechanism
-	Study sidelink resource allocation mechanism (also including objective 3)
-	Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.



In the previous meeting in RAN1#95, the following agreements were made [2]:
[bookmark: _Ref129681832]Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
Agreements:
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use

Unicast HARQ in NR V2X
In the last meeting, it has been agreed that the UE generates at least an ACK or NACK for a received transmission. At this point, it is a valid question whether to support CBG HARQ feedback on SL. This highly depends on whether to support transmissions spanning several time and/or frequency units. This might increase partial collisions if, for example, small Mode 2 or Mode 1 transmissions from neighboring regions overlap partially with larger transmissions. In this case, the advantages of per CBG HARQ-ACK reporting are quite obvious. Due to the differing interference situation of each individual resource unit, the retransmission would profit from the per-CBG HARQ-ACK. However, for the case of equally sized transmissions, which might collide with each other, CBG HARQ-ACK would not be worth the increased reporting overhead.
Observation 1: In case of large transmissions spanning several time and/or frequency units, CBG HARQ-ACK might improve the overall spectral efficiency of HARQ.
Proposal 1: Study CBG HARQ-ACK at least for the case of transmissions spanning multiple time and/or frequency resources.

2.1  NR V2X Mode 1 HARQ for Unicast
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[bookmark: _Ref532809422]Figure 1: Source UE reporting HARQ-ACK (left). Destination UE reporting HARQ-ACK (right).
For fully in-coverage scenarios, such as NR V2X Mode 1, a gNB assisted SL HARQ mechanism can be considered. The apparent advantage of such an approach is the better control of SL resources, since transmissions as well as retransmissions are scheduled by gNB, which takes care of managing the SL resources. This mode of operation corresponds to the LTE V2X Mode 3. In this scenario, also link adaption and power control should be considered to improve the spectral efficiency and the robustness of SL communication.
Proposal 2: Mechanisms of link adaptation and power control should be considered for unicast and groupcast.
As depicted in Figure 1, either the source UE or the destination UE can transmit/forward the feedback to the gNB. The advantage of the first approach, source UE reporting, is the simplicity to unify with Mode 2 HARQ since HARQ-ACK feedback is sent on the SL in both modes. In this scenario, Mode 1 and Mode 2 HARQ would not differ on the SL interface, which makes it easier for the destination UE to react appropriately to a received transmission since it does not have to distinguish between HARQ-ACK reported to the source UE and HARQ-ACK reported to the gNB. However, the disadvantage is the increased reporting overhead on SL, especially considering that each unicast transmission in- and out-of-coverage is  ACKed on SL. This is also a design criterion for the PSFCH since it might not be required in the case that the destination UE is reporting. 
Feedback bundling, as it is done on Uu, would allow to achieve a significantly better spectral efficiency on the PSFCH. However, due to the nature of SL communications having many communication participants which all might communicate among each other, it is a challenge to design such a HARQ-ACK codebook on SL. Hence, the second approach of the destination UE reporting to gNB offers the advantage of reducing the amount of resources required for PSFCH significantly. Especially, under the assumption that most the unicast communication is happening in-coverage, this approach shows a strong benefit. 
Proposal 3: Support gNB assisted SL HARQ mechanism for NR V2X Mode 1.
Proposal 4: Study SL HARQ with destination UE reporting HARQ-ACK to gNB.
In the case that the UE reports to gNB via PUCCH or PUSCH, appropriate interfaces in the Uu PHY have to be studied. The HARQ-ACK codebook concept of Uu could be reused to enable HARQ-ACK reporting for the SL to the gNB. However, the main issue here is to enable the gNB to associate a HARQ-ACK bit with a certain transmission. This is critical especially in the scenario where the destination UE is reporting, since the SL grant for a potential retransmission has to be provided to a UE which is different from the reporting UE.
Proposal 5: Study how to enable HARQ-ACK reporting on PUCCH and PUSCH. 

2.2  NR V2X Mode 2 HARQ for Unicast
In out-of-coverage scenarios, gNB assistance cannot be employed. However, especially in these scenarios where CSI might be harder to realize, HARQ still provides a significant gain in the spectral efficiency and reliability of transmissions. In this case, direct feedback reporting on the SL to the source UE can be used to send SL HARQ. 
In the case that the destination UE is supposed to report the HARQ-ACK to the gNB in Mode 1, in Mode 2 it has to be notified for providing the feedback directy via the SL interface, since the coverage situation of the source UE is not visible to the destination UE. This can be realized by including an indication as to which HARQ procedure has to be used in the SCI associated to the data. Based on that indication, the destination UE would transmit the HARQ-ACK feedback either directly to the source UE or to the gNB.
Proposal 6: Study indication in SCI on the HARQ procedure to be used.
Proposal 7: The destination UE transmits SFCI including HARQ-ACK to the source UE only if indicated in SCI.

Groupcast HARQ in NR V2X
As discussed in the previous meeting, the main challenge for groupcast HARQ is that multiple UEs have to provide HARQ-ACK. Two approaches have been discussed. Either each destination UE provides HARQ-ACK individually or destination UEs only report NACK on the same resource. Both approaches come with their own issues and limitations. The first approach using individual HARQ-ACK reporting has the crucial drawback that the group size is limited by the maximum number of available HARQ-ACK resources. This puts a severe limitation for practical applications which might involve large groups with many member UEs. However, in contrast to the superposition reporting it does not suffer from the destructive channel sum effect which might occur since the UEs do not have a TA and unfavorable constellations might lead to an additional attenuation of the HARQ-ACK signal at the source UE. Nevertheless, the probability of such a scenario and possible solutions to cope with that effect have to be evaluated since this approach does not impose the same limitation on the group size as the other one.
Proposal 8: Study HARQ-NACK reporting on the same time-frequency resource for groupcast HARQ.

Feedback Channel Design
In this section, the incorporation of a feedback channel is discussed. In the last meeting, it has been agreed to define PSFCH to convey the SFCI. However, the location and periodicity of PSFCH is still an open point. This design choice highly depends on the HARQ-ACK reporting procedure. In case of direct SL HARQ-ACK reporting for unicast and groupcast, the location of PSFCH could be implicitly linked to the transmission itself, as shown in Figure 2. However, this would result in reserving PSFCH resources even for broadcast transmissions, if there is no separate broadcast resource pool with a different slot structure. Also unused SL resources would result in unused PSFCH resources.
However, in case of no direct HARQ-ACK on SL in Mode 1 HARQ operation, the PSFCH could be indicated together with the SCI scheduling the data allocation. This would offer the advantage of dynamically reserving resources for PSFCH without operating with overprovisioning as required for implicitly linked PSFCH, as mentioned in the previous paragraph.
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[bookmark: _Ref532809924]Figure 2: PSFCH implicitly linked to PSSCH.
In the case of SPS transmissions, the control information transmitted by a UE will contain details of allocation of resources for feedback in the subsequent time slot of the SPS transmission. The destination UE can then send the feedback for the previous transmission in the said subsequent time slot, which is depicted in Figure 3. 
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[bookmark: _Ref532810040]Figure 3: PSFCH indicated by SCI in data region.
Proposal 9: Study dynamic indication of PSFCH in SCI.
Proposal 10: Study the feasibility of incorporating the feedback resources in the subsequent data transmissions, at least in the case of SPS transmissions.
[bookmark: _GoBack]SCI Signaling Design
5.1  SCI Signaling for HARQ Soft-combining
For HARQ soft-combining, the destination UE has to uniquely link a received transmission to a HARQ process, such that it can soft-combine re-transmissions. It is expected that a UE might receive several unicast and/or groupcast transmission in parallel. Hence, the source UE has to transmit a HARQ process ID/Link ID to uniquely link a retransmission to a previous transmission. However, since the source UE is not aware of the status of the HARQ processes at the destination UE, it would convey its HARQ process ID in the SCI. In the case that the destination UE receives unicast/groupcast transmissions for multiple UEs, there might occur a clash of HARQ process IDs, since the source UEs are not aware of the others. Thus the source UE also has to convey its source UE L1 ID in the SCI, such that the detination UE can resolve such a clash of HARQ process IDs. 
Proposal 11: The HARQ process ID and source UE L1 ID are conveyed in the SCI.

5.2  Dual Control Channel Design for In- and Out-of-Coverage
In our accompanying contribution [4], we discuss a dual control design for in- and out-of-coverage scenarios. This design incorporates a first control channel for SCIs used for Mode 1 transmissions only and a second control channel TDMed after the first used solely for Mode 2 transmissions. This provides the advantage of minimizing collisions between Mode 1 and Mode 2. However, Mode 2 UEs have to be able to decode the first control channel in order to determine potentially empty resources. Hence, the SCI messages cannot be scrambled by the destination UE’s L1 ID. Instead the destination UE L1 ID could be conveyed as an extra SCI field, such that the destination UE can detect its transmission and Mode 2 UEs are aware of resources reserved by Mode 1 transmissions.
Proposal 12: The CRC of an SCI is not scrambled by destination UE ID to allow Mode 2 UEs to detect Mode 1 transmissions.

Conclusion
The following observations are presented:
Observation 1: In case of large transmissions spanning several time and/or frequency units, CBG HARQ-ACK might improve the overall spectral efficiency of HARQ.
In this contribution, we discussed potential solutions to support unicast and groupcast in SL. We propose evaluating following topics in this SI:
Proposal 1: Study CBG HARQ-ACK at least for the case of transmissions spanning multiple time and/or frequency resources.
Proposal 2: Mechanisms of link adaptation and power control should be considered for unicast and groupcast.
Proposal 3: Support gNB assisted SL HARQ mechanism for NR V2X Mode 1.
Proposal 4: Study SL HARQ with destination UE reporting HARQ-ACK to gNB.
Proposal 5: Study how to enable HARQ-ACK reporting on PUCCH and PUSCH. 
Proposal 6: Study indication in SCI on the HARQ procedure to be used.
Proposal 7: The source UE transmits SFCI including HARQ-ACK to the source UE only if provided with a corresponding PSFCH.
Proposal 8: Study HARQ-NACK reporting on the same time-frequency resource for groupcast HARQ.
Proposal 9: Study dynamic indication of PSFCH in SCI.
Proposal 10: Study the feasibility of incorporating the feedback resources in the subsequent data transmissions, at least in case of SPS transmissions.
Proposal 11: The HARQ process ID and source UE L1 ID are conveyed in the SCI.
Proposal 12: The CRC of a SCI is not scrambled by destination UE L1 ID to allow Mode 2 UEs to detect Mode 1 transmissions.
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