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Introduction
In 3GPP TSG RAN meeting #83, the WI [1] on 3GPP NR V2X was endorsed including the following objective to specify NR sidelink HARQ procedures:
	· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]


In this contribution, we present our views on various aspects of sidelink HARQ procedures, including HARQ feedback for groupcast 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
In last meeting, the working assumption that both Option 1 and Option 2 are supported for HARQ feedback for groupcast was confirmed. And, the respective applicability of Option 1 vs. Option 2 needs to be further discussed and concluded. There are multiple aspects related to the applicability, e.g., type of group, number of RX UEs, and QoS.
The first aspect is the type of group, e.g., connection-less group wherein the number of UEs within the group is indefinite, or connection-oriented group wherein the number of UEs within the group is definite. For connection-less group, ACK feedback may be unnecessary since TX UE cannot distinguish if the transmitted PSSCH is successfully decoded by all RX UEs within the group. So, only connection-oriented group can apply for Option 2. If both connection-less and connection-oriented group are delivered by higher layers at the same time and PHY layer has to support both of them, Option 2 won’t be applied in some case with connection-less group.
The second aspect is the number of RX UEs within the group. In last meeting, it was agreed that each RX UE uses a separate PSFCH resource for Option 2. This means the number of PSFCH resources mapping to one PSCCH resource should be same as or larger than the number of RX UEs for Option 2. However, the maximum number of PSFCH resource mapping to one PSCCH resource which is specified in PHY layer may not be aligned with the maximum number of RX UEs which is specified in AS layer, and the former may be smaller than the latter considering the overhead of PSFCH resource. Thus, Option 2 won’t be applied when the number of RX UEs is larger than the number of PSFCH resource mapping to one PSCCH resource.
The third aspect is QoS. Since DTX and ACK cannot be distinguished for Option 1, the reliability of PSSCH in Option 1 is worse than that in Option 2. As analysed in [2], PSCCH detection error rate would be the low bound of PSSCH detection error rate. Therefore, Option 1 may not be suitable for some traffic with a high QoS requirement.
Proposal 1: For groupcast transmission, the respective applicability of Option 1 vs.Option 2 is related to following aspects:
· Type of group (connection-less or connection-oriented)
· Number of RX UEs
· QoS
For Option 2, since each RX UE uses a separate PSFCH resource as agreed, one PSCCH resource will be associated with multiple PSFCH resources. So, one-to-many resource mapping between PSCCH and PSFCH is needed. Option 1 supports that all of the RX UEs share a single PSFCH resource and one PSCCH resource will be associated with a single PSFCH resource. So, one-to-one resource mapping between PSCCH and PSFCH is needed. 
According to the above analysis, Option 1 and Option 2 have to use different PSCCH-PSFCH resource mapping rule and they cannot share the same resource pool. i.e., separate resource pools with different PSCCH-PSFCH resource mapping rule are required. Of course, it may be possible that different PSCCH-PSFCH resource mapping rule coexist in the same resource pool by using different subchannels. However, in such case, sidelink resource cannot be efficiently shared by Option 1 and Option 2. 
If Option 1 and Option 2 can use a same PSCCH-PSFCH resource mapping rule, they can share the same resource pool, which improves the efficiency of sidelink resource utilization. In addition, assuming that multiple PSFCH resources are mapped to one PSCCH and one of them is selected, if the selected PSFCH resource is shared by all of the RX UEs, interference level of PSFCH can be reduced. For example, when multiple PSCCH/PSSCHs collide in the same subchannel, the corresponding PSFCHs may not collide by using different PSFCH resource mapping to one PSCCH resource. Therefore, the same PSCCH-PSFCH resource mapping rule should be used for both Option 1 and Option 2.
Proposal 2: The same PSCCH-PSFCH resource mapping rule should be used for both Option 1 and Option 2.

PSFCH mapping
It was agreed in RAN1#96bis that PSFCH resources can be periodically configured with a period of N slots with both N=1 and at least one value of N>1. For N=1, the time gap between PSFCH and associated PSSCH can be (pre)configured to a fixed value to reduce complexity and indication overhead. However, for N>1, the PSSCH-PSFCH gap will be different for each slot within a PSFCH period, and the resource mapping between PSSCH and PSFCH needs to be further studied.
With PSFCH period of N>1 slots, there was no consensus whether each slot within one PSFCH period has an associated PSFCH or not. Therefore, the PSSCH-PSFCH resource mapping needs to be discussed under both scenarios.
Scenario 1: Every slot has associated PSFCH resource in one resource pool
Main advantage of Scenario 1 is that all PSSCH within a resource pool can be used for unicast/groupcast with HARQ-ACK feedback, thus the resource allocation procedure needs no additional consideration on the existence of associated PSFCH resources. However, the PSSCH-PSFCH resource mapping becomes more complicated in this scenario. 
If no HARQ-ACK bundling/multiplexing is supported in NR V2X, N PSFCH resources need to be configured corresponding to the separate HARQ-ACK feedbacks of N slots within the PSFCH period. If the concept of subchannel is also introduced for PSFCH as well, one PSFCH subchannel can consist of N PSFCH resources configured in the same slot. Correspondingly, PSFCH resource multiplexing needs to be further studied. 
· TDM: AGC symbol and gap symbol are still needed for each PSFCH resource. If only TDM is used, there will be no reduction on PSFCH overhead and the only difference is PSFCH overhead distributed over each slot or converged within one of the N slots. In addition, size of PSSCH resource will be strongly impacted in the slot configured with TDMed PSFCH resources.
· FDM: Minimum PSFCH granularity and corresponding maximum number of PSFCH resources FDMed in a same slot need to be further evaluated. In addition, half duplex problem will give a strong impact on PSFCH decoding performance. Figure 1 shows a scenario that UE need to both receive and transmit PSFCH simultaneously. In worst case, UE might have to drop up to N-1 PSFCH transmission or reception.


Figure 1: Illustration of a case where a UE has to drop either PSFCH transmission or PSFCH reception in a same slot
· CDM: When PSFCH resources are CDMed, the performance of PSFCH will depend on design of groupcast feedback and PSFCH format. If groupcast feedback might be transmitted on multiple CDMed PSFCH resources, N PSFCH resources should be replaced by N PSFCH resource groups in which multiple CDMed PFSCH resources are configured. The combination of CDMed groups and CDMed feedbacks within a group might cause unacceptable performance degradation. Therefore, the feasibility of CDMed PSFCH resources needs further evaluation.
Proposal 3: If N>1 is configured with support of feedback-based transmission on every slot, in order to support separate HARQ-ACK feedback, multiple PSFCH resources need to be configured within one slot. 
Observation 1: Impact on PSFCH performance caused by PSFCH resource multiplexing within one slot needs to be further evaluated.

Considering the cons of separate HARQ-ACK feedback, feedback bundling and/or multiplexing should be studied to improve PSFCH performance and efficiency when PSFCH is configured with periodicity of N>1 slots. 
If PSFCH format reuses NR short PUCCH format 0, up to 2 HARQ-ACK bits can be indicated with single PSFCH format. It could naturally utilize the benefit of HARQ-ACK multiplexing by carry HARQ-ACK feedback of up to 2 TBs transmitted within one PSFCH period to improve PSFCH efficiency. Otherwise if PSFCH format reuses NR short PUCCH format 2, larger capacity of HARQ-ACK multiplexing can be further supported. More detailed discussion on PSFCH format design in provided in [4]. Furthermore, TB bundling is another potential solution for PSFCH configured with periodicity of N>1 slots and can also be further discussed. 
Proposal 4: Further study HARQ-ACK bundling and/or multiplexing to support periodically configured PSFCH resources with a period of N>1 slots.

Scenario 2: PSFCH-associated slot and PSFCH-less slot coexist in one resource pool
In Scenario 2, two types of time-domain resource are defined: with or without associated PSFCH resource. Consequently, feedback-based transmission could only select PSFCH-associated slots. The solution is similar as defining two separate resource pools. Therefore, it is a trade-off between complexity of PSSCH-PSFCH mapping rule and efficiency of resource utilization, especially when traffic load of different type (feedback-based and feedback-less) changes frequently. 
Observation 2: Further study support of defining slot without associated PSFCH resource when PSFCH is configured with periodicity of N>1 slots.

PSFCH resource in a subset of subchannels
Compared with configuring PSFCH periodically in time domain, another potential solution is configuring PSFCH periodically in frequency domain, i.e. PSFCH in a subset of subchannels. For example, PSFCH resources can be configured periodically with a period of M subchannel(s), and configured on every slot, as shown in Figure 2, or every N slot(s). The mapping rule between PSSCH and PSFCH with N>1 slots can be similarly reused as a unified solution.
The advantages of configurable periodicity in frequency domain include:
· For SL transmission spanning multiple subchannels, HARQ-ACK multiplexing/bundling can be naturally used since on a subset of the M subchannels, the same TB is transmitted.
· In Scenario 1, M PSFCH resource(s) corresponding to M subchannel(s) can be configured as FDMed in a PSFCH subchannel, and no half-duplex problem will be introduced. Assuming a (pre)configured fixed time gap between PSFCH and associated PSSCH, the M PSFCH resources are associated with M subchannels within the same slot, and UE will not simultaneously transmit and receive on the M subchannels. Figure 2 illustrates an example of no half-duplex problem for periodically configuring PSFCH resources in frequency domain. 
· If in each slot PSFCH resources are configured, similar overhead of configuring PSFCH in every N slots can be achieved, but there will be no additional impact on latency. 
Therefore, it is beneficial to further study configuring PSFCH periodically in frequency domain.
Proposal 5: Further study support of periodically configured PSFCH resource in frequency domain with a period of M subchannels, which can be naturally utilized by Sidelink transmission spanning multiple subchannels, and also is beneficial to avoid half duplex problem and reduce latency.


Figure 2: An example of periodically configured PSFCH resource in frequency domain
CBG-based HARQ Transmission
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 3: Evaluation of CBG-based HARQ transmission for unicast
Proposal 6: CBG-based HARQ feedback and transmission shall be supported for sidelink unicast and groupcast.
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. 
Proposal 7: For unicast, the receiver UE shall report per-CBG HARQ ACK/NACK to the transmitter UE. 
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 3 and 4 shows evaluation results of sidelink resource occupation reduction by CBG-based over TB-based PSSCH transmission. Figure 4 shows the results of TB with 2 CBGs and Figure 5 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 3: TB with 2CBGs in PSSCH
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Figure 4: 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.
[bookmark: _GoBack]Proposal 8: For groupcast transmission, support per-UE CBG-based HARQ ACK/NACK 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: Impact on PSFCH performance caused by PSFCH resource multiplexing within one slot needs to be further evaluated.
Observation 2: Further study support of defining slot without associated PSFCH resource when PSFCH is configured with periodicity of N>1 slots.
Proposal 1: For groupcast transmission, the respective applicability of Option 1 vs.Option 2 is related to following aspects:
· Type of group (connection-less or connection-oriented)
· Number of RX UEs
· QoS
Proposal 2: The same PSCCH-PSFCH resource mapping rule should be used for both Option 1 and Option 2.
Proposal 3: If N>1 is configured with support of feedback-based transmission on every slot, in order to support separate HARQ-ACK feedback, multiple PSFCH resources need to be configured within one slot. 
Proposal 4: Further study HARQ-ACK bundling and/or multiplexing to support periodically configured PSFCH resources with a period of N>1 slots.
Proposal 5: Further study support of periodically configured PSFCH resource in frequency domain with a period of M subchannels, which can be naturally utilized by Sidelink transmission spanning multiple subchannels, and also is beneficial to avoid half duplex problem and reduce latency.
Proposal 6: CBG-based HARQ feedback and transmission shall be supported for sidelink unicast and groupcast.
Proposal 7: For unicast, the receiver UE shall report per-CBG HARQ ACK/NACK to the transmitter UE. 
Proposal 8: For groupcast transmission, support per-UE CBG-based HARQ ACK/NACK feedback.
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Annex: Key Agreements on Sidelink HARQ
Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.
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
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
Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

Agreements:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1
Agreements:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS
Agreements:
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback
Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed

Agreements:
· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast
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