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Introduction
In this contribution, we present our views on various aspects of sidelink HARQ procedures, including HARQ feedback for groupcast, HARQ procedure in NR V2X mode 1 and CBG-based sidelink HARQ transmission and feedback. Pertinent agreements made on sidelink HARQ procedures so far are summarized in Annex.
HARQ Feedback for Groupcast
HARQ feedback for sidelink groupcast has been discussed in RAN1. Various designs for that would be compared and discussed in details in this section. For the simplicity of discussion, an example of V2X group with 5 UEs is used here and UE-1 sends groupcast transmission to other 4 UEs in that group. And we can assume that maximal allowed number of transmissions including initial transmission is 4.
Option 1 in our discussion is the receiver UE feedbacks NACK if the PSFCH is not correctly decoded. In this option, all the 4 receiver UEs can be allocated with one same PSFCH channel and same NACK signals from multiple UEs are sent in that same PSFCH. In this option, if the UE-1 detects no signal in the PSFCH channel for one transmission, the UE-1 can determine either all 4 UEs decode PSSCH correctly or some or all of 4 UEs do not decode SCI correctly but other UEs decode PSSCH correctly. If the UE-1 chooses to stop re-transmitting PSSCH, then the error rate of PSSCH would be 
,
where  is the error rate of one-shot detection on SCI. Therefore, we can observe for Option 1:
· If transmitter UE choose to stop re-transmitting upon not receiving NACK in PSFCH, the final error rate of PSSCH would be bounded by the error rate of one-shot SCI detection;
· If the transmitter UE chooses to continue re-transmitting upon not receiving NACK in PSFCH, the maximal allowed number of transmission would be used up by the transmitter and the benefit of HARQ would be totally lost. In this case, it seems the HARQ feedback for groupcast is not useful and the transmitter UE can just blindly transmit/re-transmit the PSSCH multiple times.  
Observation 1: The consequence of NACK-only design for groupcast HARQ feedback (Option 1) is either final error rate of PSSCH is bounded by that of one-shot SCI detection or the benefit of HARQ-feedback-based groupcast transmission is lost.  
Option 2 in our discussion is each receiver UE feedbacks ACK or NACK based on the PSSCH decoding results. In this Option, each receiver UE needs a dedicated PSFCH channel so that the transmitter UE can separate the HARQ feedback from each receiver UE. In this option, the issue of DTX of receiver UE, i.e., SCI decoding error, can be resolved. However, the design challenge is how to allocate/configure PSFCH to multiple UEs for one PSSCH and furthermore, the number of UEs in groupcast can be variable. Another drawback of option 1 is the balance between resource waste due to multiple PSFCH channels and the potential resource reduction due to HARQ-feedback-based re-transmission, especially when the number of UEs in one group is large. We shall also note that the limitation of Option 1 for the groupcast of large number UEs in one group.    
Observation 2: Per-UE ACK/NACK feedback for groupcast (Option 2) can fully deliver the benefit of HARQ transmission but it has the challenge of allocating multiple PSFCH channels to multiple UEs. 
Another option is to allocate two PSFCHs for one PSSCH transmission and the receiver UE transmits NACK in the first PSFCH channel if he/she does not decode PSSCH correctly and the receiver UE transmits ACK in the second PSFCH channel if he/she decodes PSSCH correctly. Compared with Option 2, this option only needs two PSFCH channels no matter the number of the receiver UEs, which can simply the configuration/operation. Compared with Option 1, this option allows UE to feedback ACK and some DTX case is detectable. But this option still cannot handle the DTX cases when some UE(s) feedbacks ACK and other UE(s) is DTX. When the transmitter UE detects ACK in the second PSFCH channel and no signals in the first PSFCH channel, the transmitter UE can do:
· The transmitter UE stops re-transmission and then the final error rate of PSSCH is:

we can observe the error rate of PSSCH is also bounded by that of one-shot SCI decoding,            similarly to Option 1.
· The transmitter UE can re-transmit the PSSCH and the benefit of feedback-based HARQ transmission is lost.
Based on the above comparison and analysis, we propose to support Option 2 and make the following proposal:
Proposal 1: For groupcast transmission, HARQ feedback is per-UE ACK/NACK feedback (i.e., option 2) and each receiver UE is configured with one PSFCH channel.
Sidelink HARQ in Mode 1 
In mode 1, the transmission on sidelink can be fully and dynamically controlled by the serving gNB. Since the serving gNB can coordinate the resource allocation and transmission on sidelink among all the V2X UEs in the coverage of that gNB, the collision and interference can be well controlled, which is one of the key advantage of mode 1. 
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Figure 1a
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Figure 1b
For a HARQ-feedback-based transmission in mode 1, it is beneficial to report the HARQ feedback information to the serving gNB so that the gNB can allocate sidelink transmission for re-transmission. The procedure of HARQ-based mode 1 transmission is: the gNB first transmits a DCI format to schedule the initial transmission of sidelink and the transmitter UE transmits PSSCH and PSCCH as indicated. Then the UE (either transmitter UE or receiver UE) reports the ACK or NACK of the PSSCH to the serving gNB and the gNB can send another DCI format to schedule sidelink allocation for PSSCH re-transmission if NACK is reported. 
One method to report sidelink ACK/NACK to the gNB is that the transmitter UE reports it to the BS. In the examples shown in Figures 1a and 1b, the gNB sends a DCI format to schedule the transmission of PSSCH and PSCCH to the Vehicle 1 and the same DCI format can configure a PUCCH resource for the Vehicle 1 to report sidelink ACK/NACK in UCI. The DCI format can also configure the resource of PSFCH for the receiver UE to report ACK/NACK to Vehicle 1. If the gNB does receive NACK or detect DTX in the configured PUCCH resource, the gNB can assume PSSCH transmission fails and send another DCI  to schedule re-transmission. This method can work for all the cases where the receiver is either in the coverage of the gNB (e.g., Vehicle 1) or out-of-coverage of gNB (e.g., Vehicle 3).
Another method to report sidelink ACK/NACK to the BS is that the receiver UE reports it to the BS. In Figure 1a, the Vehicle 2 reports the ACK/NACK of PSSCH transmission from Vehicle 1 to the BS. The BS sends DCI format to schedule PSSCH/PSCCH transmission to the Vehicle 1 and the BS also configures the PUCCH resource for the Vehicle 2 to report sidelink ACK/NACK. Compared with the first method, this method does not need PSFCH resource and Vehicle 2 does not need to report ACK/NACK to transmitter UE too, which can reduce the sidelink resource occupation and also reduce the signalling latency. However, this method only works when the receiver UE is in the coverage of same BS as the transmitter UE. In the example of Figure 1b, it does not for the case of sidelink between Vehicle 1 and Vehicle 3. 
Proposal 2: For mode 1 in NR V2X, sidelink HARQ supports:
· Transmitter UE reports sidelink HARQ-feedback to the serving BS.
· The receiver UE reports sidelink HARQ-feedback to the serving BS.
· The sidelink HARQ-feedback can be reported in PUCCH resource indicated through the DCI format that schedules the sidelink PSSCH/PSCCH transmission.
CBG-based transmission in Unicast
It is beneficial to support CBG-based HARQ transmission for unicast transmission. For a TB with multiple CBGs transmitted to one UEs, if the transmitter UE only re-transmits those CBGs that are not correctly decoded, the sidelink resource used for re-transmission would be smaller than re-transmitting the whole TB. Therefore, the sidelink resource efficiency and the interference in V2X can be relaxed. 
Figure 2 illustrates evaluation results on sidelink resource efficiency by CBG-based HARQ transmission for unicast transmission. A TB with 2, 3, and 4 CBGs was evaluated. It is assumed that up to 2 transmissions (including initial transmission) are allowed. As we can observe in Figure 2, for the TB with 4 CBGs, when the error rate of one CBG based on one-shot detection is 0.3, 0.2 and 0.1, the sidelink resource requirement can be reduced by 26%, 24% and 18%, respectively. For a TB with 2 CBGs, the sidelink resource requirement can be reduced by 14%, 12% and 8% for the error rate of one CBG based one-shot detection of 0.3, 0.2 and 0.1, respectively.
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Figure 2: Evaluation of CBG-based HARQ transmission for unicast
Proposal 3: CBG-based HARQ feedback and transmission shall be supported for sidelink unicast.
In unicast, the receiver UE can feedback multiple ACK/NACK bits in the corresponding PSFCH resource for one PSSCH transmission and each bit can indicate the ACK/NACK for each CBG, similarly to the CBG-based HARQ codebook design in NR. 
[bookmark: _GoBack]Proposal 4: For unicast, the receiver UE shall report per-CBG HARQ ACK/NACK to the transmitter UE. 
In mode 1, the UE can report the information of CBG-based ACK/NACK to the serving BS so that the BS can allocate sidelink resource for re-transmission of those failed CBGs. Regarding feedback to the BS, there are various alternatives:
· Alt1: the UE can report one bit HARQ-ACK/NACK for the CBGs contained in one sidelink TB. 
· Alt2: the UE only reports the number of failed CBGs. In one example of TB with 4 CBGs, the UE can report the number of CBGs that are not decoded correctly, which would be 0/1/2/3/4, instead of reporting the ACK/NACK of each CBG. The justification for this method is the BS does not need to know which CBGs need re-transmission but it only needs to know the size of sidelink resource for re-transmission. This alt can reduce the payload size of HARQ-ACK/NACK feedback.
Proposal 5: In mode 1, the UE shall report the number of failed CBGs to the serving BS to assist the BS to allocate sidelink resource for re-transmission. 
CBG-based transmission in Groupcast
In CBG-based transmission in groupcast, if one CBG is not decoded correctly by one or more receiver UEs, the transmitter UE shall re-transmit that CBG. To study whether CBG-based PSSCH transmission in groupcast can provide a sufficient gain over TB-based PSSCH transmission, some evaluation was conducted. The evaluation assumptions are:
· One groupcast transmission with 2, 3 and 4 receiver UEs;
· Maximal allowed transmission number is 2 (including initial transmission);
· One TB has 2, 4 CBGs.
· The one-shot detection error rate of CBG is varied from 30% to 1%.
Figures 2 and 3 shows evaluation results of sidelink resource occupation reduction by CBG-based over TB-based PSSCH transmission. Figure 2 shows the results of TB with 2 CBGs and Figure 3 shows the results of TB with 4 CBGs. In the evaluation, we assumed the transmitter is aware of the ACK/NACK of each CBG of each receiver UE so that the transmitter UE only re-transmits the CBG(s) that is wrongly decoded by at least one receiver UE.
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Figure 2: TB with 2CBGs in PSSCH
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Figure 3: TB with 4 CBGs in PSSCH
Based on evaluation results, we can observe that CBG-based PSSCH transmission does improve the sidelink resource efficiency for groupcast transmission. Increasing the number of CBGs in one TB can increase the system gain from CBG-based transmission.
On the other hand, HARQ feedback in groupcast is challenging. CBG-based HARQ feedback in groupcast would impose more challenges. It is suggested to study further on the HARQ feedback design for groupcast to address all the concerns on feedback channel overhead and configuration/signalling complexity. 
Observation 3: CBG-based PSSCH transmission in groupcast is beneficial if the per-UE per-CBG HARQ-ACK/NACK is reported to the transmitter.
Proposal 6: For groupcast transmission, further study the CBG-based HARQ feedback.
Conclusions
In this contribution, we presented our views on various aspects on sidelink HARQ. Based on the discussion, the following observations and proposals are provided:
Observation 1: The consequence of NACK-only design for groupcast HARQ feedback (Option 1) is either final error rate of PSSCH is bounded by that of one-shot SCI detection or the benefit of HARQ-feedback-based groupcast transmission is lost.  
Observation 2: Per-UE ACK/NACK feedback for groupcast (Option 2) can fully deliver the benefit of HARQ transmission but it has the challenge of allocating multiple PSFCH channels to multiple UEs. 
Observation 3: CBG-based PSSCH transmission in groupcast is beneficial if the per-UE per-CBG HARQ-ACK/NACK is reported to the transmitter.
Proposal 1: For groupcast transmission, HARQ feedback is per-UE ACK/NACK feedback (i.e., option 2) and each receiver UE is configured with one PSFCH channel.
Proposal 2: For mode 1 in NR V2X, sidelink HARQ supports:
· Transmitter UE reports sidelink HARQ-feedback to the serving BS.
· The receiver UE reports sidelink HARQ-feedback to the serving BS.
· The sidelink HARQ-feedback can be reported in PUCCH resource indicated through the DCI format that schedules the sidelink PSSCH/PSCCH transmission.
Proposal 3: CBG-based HARQ feedback and transmission shall be supported for sidelink unicast.
Proposal 4: For unicast, the receiver UE shall report per-CBG HARQ ACK/NACK to the transmitter UE. 
Proposal 5: In mode 1, the UE shall report the number of failed CBGs to the serving BS to assist the BS to allocate sidelink resource for re-transmission. 
Proposal 6: For groupcast transmission, further study the CBG-based HARQ feedback.
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Annex: Key Agreements on Sidelink HARQ
Agreements:
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

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
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