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Introduction
The following progress related to SL mode-1 resource allocation has been made in previous RAN1 meetings [1][2][3]:
Agreements (RAN1#98):
· At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS
Agreements (RAN1#98):
· DCI indicates the slot offset between DCI reception and the first sidelink transmission scheduled by DCI.
· The minimum gap between DCI and the first scheduled sidelink transmission is not smaller than the corresponding UE processing time.
· Details FFS
Agreements approved by email discussion [98-NR-10]:
· In Rel-16, at least for sequence-based PSFCH format with one symbol (not including AGC training period), it is not supported to do FDM between PSSCH/PSCCH and PSFCH.
Agreements (RAN1#97):
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
Agreements (RAN1#97):
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.
Agreements (RAN1#97):
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)
Agreements (RAN1#96bis):
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
For SL mode-1 transmission, SL HARQ-ACK bits are agreed to be reported to gNB by UL resource. In general, this applies for both unicast and groupcast. Figure 1 illustrates a model for mode-1 based SL groupcast transmission with ACK/NACK-based feedback. There, a DCI_SL schedules the transmission of PSCCH and PSSCH for a TB for a TX UE. RX UEs transmit their HARQ-ACK information by using individual PSFCH resources implicitly determined at least based on resources used for associated PSCCH/PSSCH transmission. TX UE consolidates the received SL HARQ-ACK information and interprets the information to SL HARQ-ACK bits for reporting via UL resources indicated via the scheduling DCI_SL. However, details on how to generate SL HARQ-ACK bits for UL feedback and multiplexing issue of UCI and SL HARQ-ACK bits are not fully addressed yet. In this contribution, we provide our view in this aspect.
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[bookmark: _Ref21187263]Figure 1: SL mode-1 transmission with ACK/NACK-based groupcast.
SL HARQ-ACK bits Generation
From a TX UE perspective, the number of SL HARQ-ACK states that can be observed for an associated PSCCH/PSSCH transmission corresponding to a TB is determined by the number of PSFCH resources associated with the PSCCH/PSSCH. 
· For NACK-only feedback, the baseline assumption of PSFCH number is 1, with >1 FFS.
· For ACK/NACK-based feedback, without loss of generality, one assumes that individual PSFCH resources are used for HARQ-ACK state feedback from individual RX UEs within a groupcast group.
[bookmark: _Ref21359500]Observation 1: The number of SL HARQ-ACK states associated with a PSCCH/PSSCH transmission for a TX UE to receive is equal to the number of PSFCH resources the TX UE monitors for the PSCCH/PSSCH transmission.
To translate received SL HARQ-ACK states into SL HARQ-ACK bit(s), the essential question is whether to further consolidate SL HARQ-ACK states or not:
· For NACK-only feedback, when a PSFCH resource is shared by multiple RX UEs, further consolidation among the information between PSFCHs, if any, does not seem necessary.
· For ACK/NACK-based feedback, HARQ-ACK states from individual PSFCHs can be consolidated into SL HARQ-ACK bit(s) by either of the following methods:
· A HARQ-ACK bit is generated by consolidating all received HARQ-ACK states. For example, to generate the HARQ-ACK bit, AND operation can be performed on received HARQ-ACK states on the associated PSFCH(s).
· Individual HARQ-ACK bits is generated for individual HARQ-ACK states.
Whether or not to perform consolidation on SL HARQ-ACK states is a trade-off between feedback overhead and precision of feedback information. However, it should be noted that consolidation of SL HARQ-ACK states is already performed by current feedback channel design. For example, in NACK-only feedback, HARQ-ACK states from RX UEs sharing a same PSFCH have been inherently consolidated into one state. Apparently, consolidation operation is performed by PSFCH itself here. For ACK/NACK-based feedback, we think the same principle should be kept for unified design. In case that consolidation for ACK/NACK-based feedback is further preferred in TX UE side, the group can further discuss whether to introduce bundling operation among SL HARQ-ACK states from different PSFCHs but associated with a same PSCCH/PSSCH.
Providing exact information on SL HARQ-ACK states is beneficial from mode-1 scheduling perspective. For example, for a groupcast transmission, it may happen that there is only one NACK state received, with others being ACK states. Such information is beneficial for scheduling because at least two options are possible from NW side:
· The failed TB or information can be retransmitted by unicast, per scheduling decision.
· The specific RX UE can be removed from the groupcast group since the SL channel associated with the TX-RX pair may be vulnerable and can be better taken care of by unicast transmission.
It is noted that SL CSI feedback to NW is still under discussion. This means that in the end, the NW side may not have good knowledge on SL channel states for SL scheduling. The resources required for feeding back SL channel states for all TX-RX pairs in a groupcast group can be prohibitively high. Information on SL HARQ-ACK states allows NW to perform closed loop control in a slightly slower manner, but with much reduced overhead. In this sense, providing SL HARQ-ACK states of individual TX-RX pairs achieves a good trade-off.
[bookmark: _Ref16328869][bookmark: _Ref21104393][bookmark: _Ref21359505]Proposal 1: Individual SL HARQ-ACK states received from PSFCHs are used to generate individual SL HARQ-ACK bits for feedback on UL resources. This applies to both unicast and groupcast.
Multiplexing of UCI and SL HARQ-ACK bits
Since SL HARQ-ACK bits are agreed to be fed back via resources indicated by DCI_SL, a straightforward question is whether SL HARQ-ACK bits can be multiplexed with UCI or not. In principle, 3 alternatives can be listed:
· Alt-1: Only support TDM-ed UCI and SL HARQ-ACK bits in different slots
· Alt-2: support TDM-ed UCI and SL HARQ-ACK bits in a same slot
· Alt-3: support multiplexing of UCI and SL HARQ-ACK bits into an UL resources when indicated UL resources overlap in time.
Alt-1 is simple but reduces scheduling flexibility substantially. Assuming moderate to high traffic load on Uu and SL interfaces, the requirement on TDM-ed resources imposes much restrictions on a shared carrier.
Supporting Alt-3 provides better scheduling flexibility. Though new multiplexing behavior between UCI and SL HARQ-ACK bits is needed, the resultant spec impact can be small by reusing existing multiplexing rules supported for Uu interface as much as possible. While Alt-2 may be considered as a tradeoff between Alt-1 and Alt-3, it should be noted that at least some new dropping rules are needed to deal with the case when the two resources indicated for UCI and SL HARQ-ACK bits feedback, respectively, are not TDM-ed. In this sense, the workload from Alt-2 and Alt-3 does not differ much from each other.
[bookmark: _Ref21359507]Proposal 2: Support multiplexing of UCI and SL HARQ-ACK bits on same UL resources.
Payload size to be supported for standalone SL HARQ-ACK bits feedback depends on 1) number of SL TBs whose HARQ-ACK information is to be reported, and 2) consolidation method applied for SL HARQ-ACK states. If the total bit length of SL HARQ-ACK bits can be larger than 2, PUCCH-2/3/4 is needed.
To multiplex SL HARQ-ACK bits on UCI, the following high-level principles can be taken:
· Concatenation of DL HARQ-ACK bits and SL HARQ-ACK bits. When both DL/SL HARQ-ACK bits are to be reported at the same time, two multiplexing alternatives are possible: either in an interleaved manner or in a concatenation manner. To our understanding, the performance should not be the main consideration since there is rarely any difference. From complexity perspective, two factors should be considered. Firstly, for interleaved multiplexing, it means that for dynamic HARQ-ACK codebook, the C-DAI and T-DAI should consider both DL and SL transmissions. Blending the counting from two different interfaces may increase the probability of overflow if a same DL slot can schedule both DL and SL TBs since DAI is simply a 2-bit field. Secondly, in multi-TRP scenario, it was agreed to concatenate HARQ-ACK bits from different TRPs. We think that similar principle should be applied for simplicity.
· Multiplexing of SR/CSI and SL HARQ-ACK bits. In Uu interface, HARQ-ACK is provided with the highest priority for feedback. The same assumption should be applied for SL HARQ-ACK bits. After DL/SL HARQ-ACK concatenation is performed, same UCI priority rule should be applied by treating the concatenated HARQ-ACK bits the same way as current DL HARQ-ACK bits.
[bookmark: _Ref21359509]Proposal 3: The same UCI priority rule is applied except that HARQ-ACK bits are composed of concatenated HARQ-ACK bits from both DL and SL.
One exceptional case for DL/SL HARQ-ACK bits concatenation is when both Uu and SL interfaces are indicated to use PUCCH-0/1 for feedback but the overall payload size is >2 bits. In this case, dropping rule is needed so that HARQ-ACK bits from one interface is not transmitted. On the other hand, such scenario can be avoided by, for example, providing PUCCH-2/3/4 resource for SL HARQ-ACK feedback. This can be justified by not performing consolidation on SL HARQ-ACK states received by a TX UE.
[bookmark: _Ref21359511]Proposal 4: If PUCCH-0/1 is supported for SL HARQ-ACK feedback, RAN1 to discuss on dropping issue when both DL and SL are indicated to perform HARQ-ACK feedback on respective PUCCH-0/1.
It is noted that in eURLLC, HARQ feedback related to a high priority service may be defined. In this case, high priority HARQ should always be prioritized. It is preferred for the NW to guarantee non-overlapping resource for high priority HARQ feedback with other feedback resources. However, if this is not always doable, it is desirable not to multiplex high priority DL HARQ-ACK bits with SL HARQ-ACK because of the reliability requirement issue. 
[bookmark: _Ref21359513]Proposal 5: DL/SL HARQ-ACK bit multiplexing is not applicable to DL HARQ-ACK associated with high priority service. When PUCCH resources indicated for DL high priority HARQ and SL HARQ feedback overlap, SL HARQ feedback is dropped.
Conclusion
Based on the discussion and analysis in this contribution, we have the following observations and proposals.
Observation 1: The number of SL HARQ-ACK states associated with a PSCCH/PSSCH transmission for a TX UE to receive is equal to the number of PSFCH resources the TX UE monitors for the PSCCH/PSSCH transmission.
Proposal 1: Individual SL HARQ-ACK states received from PSFCHs are used to generate individual SL HARQ-ACK bits for feedback on UL resources. This applies to both unicast and groupcast.
Proposal 2: Support multiplexing of UCI and SL HARQ-ACK bits on same UL resources.
Proposal 3: The same UCI priority rule is applied except that HARQ-ACK bits are composed of concatenated HARQ-ACK bits from both DL and SL.
Proposal 4: If PUCCH-0/1 is supported for SL HARQ-ACK feedback, RAN1 to discuss on dropping issue when both DL and SL are indicated to perform HARQ-ACK feedback on respective PUCCH-0/1.
Proposal 5: DL/SL HARQ-ACK bit multiplexing is not applicable to DL HARQ-ACK associated with high priority service. When PUCCH resources indicated for DL high priority HARQ and SL HARQ feedback overlap, SL HARQ feedback is dropped.
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