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Introduction
This contribution provides discussion, analysis, and design details with regards to sidelink HARQ. Other aspects of NR V2X design are discussed in companion contributions [2]-[8].
[bookmark: _Ref1147859]HARQ Retransmission Procedure
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First, a 1:1 mapping rule may be defined assuming single TB transmission within PSFCH period and then may be extended to handle collision/multiplexing cases for multiple TBs:
· Step 1: PSFCH frequency resource group of size L is determined by modulo operation over the set of (pre-)configured PSFCH frequency resources of size NF using a total number of sub-channels S in slots within a PSFCH period N
· PSFCH frequency resource with index i fulfilling the following condition
(i mod S·N) = (s·N + (n mod N)) mod S·N
where i = 0,…, NF-1
n – slot index within resource pool
· If PSCCH is mapped from the lowest PRB of PSSCH, then s – the sub-channel index containing the lowest PSSCH PRB
· If PSCCH is mapped from the highest PRB of PSSCH, then s – the sub-channel index containing the highest PSSCH PRB
· Step 2: Frequency resource j within the PSFCH group determined at Step 1 and code resource u within 30 sequences is determined by:
j = (3 LSB of (L1_SRC_ID) + UE_ID_IN_GRP) modulo L,
u = (5 MSB of (L1_SRC_ID) + UE_ID_IN_GRP) modulo 30
where L – the number of PSFCH frequency resources identified at the first step
· For unicast and groupcast Option 1 UE_ID_IN_GRP = 0

Proposal 1: 
Within a (pre-)configured PSFCH frequency resource set, a resource group associated with a given sub-channel ‘s’ and a given slot index ‘n’ is determined by:
PSFCH resources with index ‘i’ which fulfils the following condition
(i modulo S·N) = [s·N + (n modulo N)] modulo S·N, where i = 0,…, (number of PSFCH frequency resources) – 1, S – number of PSSCH sub-channels, N – PSFCH periodicity
If PSCCH is mapped from the lowest PRB of PSSCH, then s – the sub-channel index containing the lowest PSSCH PRB
If PSCCH is mapped from the highest PRB of PSSCH, then s – the sub-channel index containing the highest PSSCH PRB
Within the resource group associated with a given sub-channel ‘s’ and a given slot index ‘n’
A particular frequency resource j within the PSFCH group determined at Step 1 and code resource u within 30 sequences is determined by:
j = (3 LSB of (L1_SRC_ID) + UE_ID_IN_GRP) modulo L,
u = (5 MSB of (L1_SRC_ID) + UE_ID_IN_GRP) modulo 30
A UE is not expected to be (pre-)configured with a number of PSFCH resources less than PSFCH periodicity N

If N > 1, a UE determines PSFCH resource based on resource selection procedure defined for LTE-TDD PUCCH format 1b with channel selection, where the number of actually detected SCIs/TBs and decoding status are used to decide the slot ‘n’ to be used as an input to PSFCH resource determination. Furthermore, the sequence payload is also a function of actually detected SCIs/TBs and decoding status (ACK/NACK), as per LTE procedure for PUCCH format 1b.

Handling of potential collision cases
In addition to the implicit and explicit resource determination rules, the collision cases also need to be decided. At the last meeting, three different cases were identified:
· Case 1 - PSFCH TX/RX overlap
· Case 2 - PSFCH TX to multiple UEs
· Case 3 - PSFCH TX with multiple HARQ feedback to the same UE
It should be clarified, that Case 3 in cellular systems is usually handled by multiplexing using HARQ-ACK codebooks, so that dropping of HARQ bits is avoided. Similar approach should be used in NR V2X, i.e. the multiple feedbacks to the same UE should be multiplexed.
Case 1:
It was agreed that the associated priority is used to determine whether to perform TX or RX of PSFCH in case of collisions. However, there are several special cases:
· When same priority is identified for TX and RX, it seems appropriate to prioritize TX over RX since then the UE can assume NACK for the non-received PSFCH at expense of some efficiency loss. When RX is prioritized, missed TX in Option 1 groupcast is interpreted as ACK that is quite dangerous for overall system performance.
· Due to same issue with groupcast Option 1, even when RX priority is higher than TX priority, the TX may need to be prioritized in order for Option 1 to work properly. A priority offset could be introduced to handle these cases.

Proposal 2: 
When PSFCH are pending for transmission and reception at a UE in the same PSFCH occasion, in case of equal priority, PSFCH transmission is prioritized over PSFCH reception
Missed PSFCH reception(s) in this case is considered as NACK

Case 2:
As discussed in context of Case 1, if among the pending PSFCH transmissions there is one in accordance to groupcast Option 1, it is better to select the groupcast NACK-only transmission due to ACK assumption when it is not transmitted. When there are multiple such feedbacks, it may be up to UE which one to actually transmit.

Proposal 3: 
· When more than ‘N’ PSFCH is pending for transmission at a UE in the same PSFCH occasion, in case of equal priority, groupcast Option 1 type of feedback is prioritized. It is up to UE how to down-select between multiple Option 1 type feedbacks in this case.

The received RAN4 reply on number of simultaneous PSFCH transmissions indicates that support of N > 1 could be possible but uncertain due to multiple issues. It is understood that even if a UE supports N >1, it is going to be up to capability. Relying on different UE capabilities to optimize system performance is not appropriate. Besides that:
· Dropping of PSFCH transmissions for unicast and groupcast option 2 cannot lead to missed packet since non-transmitted feedback may be treated as DTX/NACK. Therefore there will be redundant ReTX, but not a packet drop
· Dropping of PSFCH transmissions for groupcast option 1 does not limit overall performance, as analysed in Figure 1.
· N > 1 may be possible for contiguous transmissions under some PAPR/CM increase and same TX power assumption. However, non-contiguous transmissions of PSFCH may be problematic for typical UE transmitter implementation and is not supported in NR yet. The contiguous transmission of PSFCH cannot be guaranteed due to distributed resource allocation operation, thus N = 1 is the only viable option at this stage.
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[bookmark: _Ref21111309]Figure 1. Groupcast PRR for N = 1 and 2 in case of Option 1 feedback

Observation
· N = 1 does not degrade performance of feedback-based operation

HARQ feedback distance-based filtering
TX UE location was agreed to be signaled using zone ID concept. Unlike in LTE, where zoning was used for resource pool selection and spatial reuse, here zone ID is for the sake of distance calculation, thus the finer granularity is expected.
Although LTE implemented independently configurable granularities for longitude and latitude components, there is no such a need for the purpose of distance-based filtering. Optimizations for an ideal model of straight roads may be argued, however in a real situation those may introduce inaccuracies rather than signaling optimization. Thus, square zones may be assumed.
Signaling granularity may be calculated assuming maximum required communication range for groupcast (e.g. 1000 m from [TS 22.186]), isolation range e.g. ~2000 m, and around 100 m granularity of zone. There is also no need to introduce future proof granularities (e.g. very small) since in this case a new 2nd stage SCI format may be introduced.

Proposal 4: 
Rel.14 zoning concept is re-used with the following updates:
A zone is a square of 100 m x 100 m
32 x 32 zones are always used, w/o configurability
Zone ID numbering is reused from LTE with zoneLength = zoneWidth = 100 m and zoneIdLongiMod = zoneIdLatiMod = 32

Communication range requirement may be signaled from the following values: 10, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, motivated by the requirements mentioned in [TS 22.186].

Proposal 5: 
The communication range signalled in SCI include the following values
10, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000 meters
4 bits are used to indicate that

Further, it is assumed that there may be cases when TX UE location is not reliably known / or unknown. In that case, the signaling should be able to indicate such situation by a separate code-point, and the receivers should assume 0 distance to this UE during filtering. Same situation with the RX side, however it is not signaled. In that case, a UE can again assume 0 distance to the TX UE.

Proposal 6: 
Either communication range requirement or zone ID state has a code-point indicating that no TX location is available
In case of unavailable TX and/or RX UE location, zero distance is assumed for the purpose of HARQ feedback filtering in groupcast Option 1

HARQ processes
The total number of TX processes should be bounded by UE transmission capability. Currently in NR UL, it is 16 processes. Furthermore, depending on PSFCH timing and processing values NF2S, NS2F the number of HARQ processes for each unicast connection may also vary.
It may be assumed that UE should manage its own transmit processes also taking into account the RX UE capability. For sidelink, UE may adapt/vary number of TX processes depending on the number of sessions and processing delay, receiver capability.

Proposal 7: 
Sidelink TX process number is bounded by 16
UE manages TX processes based on its implementation

Mix of blind & feedback-based, Out-of-order HARQ
It was agreed, that SCI carries HARQ feedback request flag. That essentially allows a mix of blind and feedback-based retransmissions for any TB. In that case it is important to clarify the following aspects:
· PSSCH resource being acknowledged
· It should be understood that PSFCH is to be sent in response to PSSCH which is scheduled by SCI carrying the feedback request, and not the PSSCH being reserved in future. 
· In-order or out-of-order operation
· In Uu, it is not allowed to schedule a retransmission for a TB before the feedback for the same TB due to UE implementation complications as well as HARQ procedure complications. The same principle should be applied in SL.

Proposal 8: 
For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
A mix of blind and feedback-based retransmissions is up to UE implementation, subject to the total count of maximum number of (re-)transmissions
From RX UE perspective (implying TX UE behaviour)
A UE is not expected to receive an SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI
From TX UE perspective
A UE is not expected to transmit SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI

Conclusions
In this contribution, we have discussed L1 procedures for sidelink HARQ, CSI, and power control. In addition, specific issues of resource allocation procedures related to unicast and groupcast were also considered. Based on the discussion the following proposals are made:
Proposal 1: 
Within a (pre-)configured PSFCH frequency resource set, a resource group associated with a given sub-channel ‘s’ and a given slot index ‘n’ is determined by:
PSFCH resources with index ‘i’ which fulfils the following condition
(i modulo S·N) = [s·N + (n modulo N)] modulo S·N, where i = 0,…, (number of PSFCH frequency resources) – 1, S – number of PSSCH sub-channels, N – PSFCH periodicity
If PSCCH is mapped from the lowest PRB of PSSCH, then s – the sub-channel index containing the lowest PSSCH PRB
If PSCCH is mapped from the highest PRB of PSSCH, then s – the sub-channel index containing the highest PSSCH PRB
Within the resource group associated with a given sub-channel ‘s’ and a given slot index ‘n’
A particular frequency resource j within the PSFCH group determined at Step 1 and code resource u within 30 sequences is determined by:
j = (3 LSB of (L1_SRC_ID) + UE_ID_IN_GRP) modulo L,
u = (5 MSB of (L1_SRC_ID) + UE_ID_IN_GRP) modulo 30
A UE is not expected to be (pre-)configured with a number of PSFCH resources less than PSFCH periodicity N

Proposal 2: 
When PSFCH are pending for transmission and reception at a UE in the same PSFCH occasion, in case of equal priority, PSFCH transmission is prioritized over PSFCH reception
Missed PSFCH reception(s) in this case is considered as NACK

Proposal 3: 
· When more than ‘N’ PSFCH is pending for transmission at a UE in the same PSFCH occasion, in case of equal priority, groupcast Option 1 type of feedback is prioritized. It is up to UE how to down-select between multiple Option 1 type feedbacks in this case.

Proposal 4: 
Rel.14 zoning concept is re-used with the following updates:
A zone is a square of 100 m x 100 m
32 x 32 zones are always used, w/o configurability
Zone ID numbering is reused from LTE with zoneLength = zoneWidth = 100 m and zoneIdLongiMod = zoneIdLatiMod = 32

Proposal 5: 
The communication range signalled in SCI include the following values
10, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000 meters
4 bits are used to indicate that

Proposal 6: 
Either communication range requirement or zone ID state has a code-point indicating that no TX location is available
In case of unavailable TX and/or RX UE location, zero distance is assumed for the purpose of HARQ feedback filtering in groupcast Option 1

Proposal 7: 
Sidelink TX process number is bounded by 16
UE manages TX processes based on its implementation

Proposal 8: 
For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
A mix of blind and feedback-based retransmissions is up to UE implementation, subject to the total count of maximum number of (re-)transmissions
From RX UE perspective (implying TX UE behaviour)
A UE is not expected to receive an SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI
From TX UE perspective
A UE is not expected to transmit SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI
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