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1	Introduction
Studying and specifying support of sidelink on unlicensed spectrum (i.e., SL-U) is one of the objectives of SL evolution in Rel.18 [1], where channel access mechanisms is one important aspect to be investigated for SL-U. This paper will discuss some issues on channel access for SL-U. 
[bookmark: _Ref178064866]2	Discussion
2.1 Semi-static channel access
In RAN1, whether semi-static channel access should be also supported for SL-U as for NR-U has not been decided. Semi-static channel access was introduced for NR-U in Rel-16. It was only gNB initiated COT with semi-static channel access supported in Rel-16. We think semi-static channel access can be down-prioritized for SL-U in Rel-18 due to the following reasons
· gNB initiated COT will not be studied in this release for SL-U. Thus, a main use case for supporting semi-static channel access would be missing for SL-U, which makes semi-static channel access less motivated.
· Semi-static channel access mechanism is only applicable to a controlled scenario i.e., other RAT (e.g., WiFi) is not present. However, this scenario is not in the scope of the WID.
· Given high workload and limited work time, RAN1 and RAN2 should prioritize dynamic channel access which is the fundamental feature for SL-U. 
[bookmark: _Toc131701364]gNB initiated COT will not be studied in this release for SL-U. Thus, a main use case for supporting semi-static channel access would be missing for SL-U, which makes semi-static channel access less motivated. 
[bookmark: _Toc131701374][bookmark: _Hlk114669728]Semi-static channel access mechanism (i.e., FBE) is down prioritized.
[bookmark: _Hlk114669637]2.2 Wide band operation
According to agreements made in RAN1#110b-e, wideband operation is supported for SL-U where configuration of a single wideband SL carrier/BWP with bandwidth as an integer multiple of 20 MHz, e.g., 80 MHz. LBT operation is performed in units of 20 MHz. The wideband carrier/BWP therefore consists of multiple “LBT sub-bands” or multiple “LBT bandwidths.”
[bookmark: _Toc131701365]RAN1 has agreed to support wideband operation where configuration of a single wideband SL carrier/BWP with bandwidth as an integer multiple of 20 MHz, e.g., 80 MHz. 
[bookmark: _Toc131701366]The wideband carrier/BWP therefore consists of multiple “LBT sub-bands” or multiple “LBT bandwidths.”, where LBT operation is performed in units of 20 MHz.
We see there are two ways to perform SL transmissions in case of wide band operation.
Case 1: UE initiates multiple PSSCH and/or PSCCH transmissions in parallel where each PSSCH and/or PSCCH may be initiated per LBT subband.
Case 2: UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT subbands, without supporting parallel PSSCH and/or PSCCH transmissions.
Case 1 would require UE to support multiple RF chains where each RF chain is a different LBT subband. Case 2 would just require gNB and/or UE to select resources across LBT subbands. Case 1 would add complex design requirements to both RAN1 and RAN2. We think it is sufficient to support case 2 given limited time in this release. 
[bookmark: _Toc131701367]Supporting parallel PSSCH and/or PSCCH transmissions from a UE would add complex design efforts to both RAN1 and RAN2.
[bookmark: _Toc131701375]For wide band operation, UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT channels without supporting parallel PSSCH and/or PSCCH transmissions.
For case 2, we need to study how to adapt Mode 1 and Mode 2 operations considering LBT outcome per LBT subband. 
Regarding multi-channel access, RAN1 has made the below agreements for PSSCH/PSCCH transmission in RAN1#110
For dynamic channel access mode with multi-channel case in SL-U, NR-U UL channel access procedure is considered as baseline for transmission on multiple channels
· FFS: whether transmission of PSFCH and/or S-SSB on a subset of RB sets is supported (using the NR-U DL channel access procedure as baseline)
· FFS any necessary enhancement and modification for the SL-U operation

It is observed that UE can perform PSSCH/PSCCH transmission over multi-channels following the NR-U rule “all-or-nothing”.  In this case, UE performs LBT on all the unlicensed channels (RB sets) for which the UE is intended to transmit. And only if the channel access procedures are successful for all the channels, then the UE can transmit. Otherwise, the UE does not transmit on any channel (i.e., “all-or-nothing” access).
[bookmark: _Toc131701368]RAN1 has agreed to support PSSCH/PSCCH transmission over multi-channels following the NR-U rule “all-or-nothing”.
In the legacy procedure, the UE MAC entity will trigger the PHY layer to select resources when there is data pending for transmission. If there is sufficient data pending for transmission, the PHY layer may select resources across multi-channels. At the time of resources being selected, the PHY layer doesn’t perform LBT operation. After this, the PHY layer informs the MAC layer of the selected resources, based on which the MAC layer performs the LCP procedure and builds the corresponding MAC PDU. Prior to the transmission using the selected resources, the PHY layer will perform LBT operation on all channels which are being occupied by the resources. Compared to a single channel-based transmission, the presence of multi-channels would increase the likelihood that the UE may experience LBT failure. 
It is necessary to enhance the RA procedure to minimize the probability that the UE may experience LBT failure in case of wideband (i.e., multi-channel) transmission. One simple solution is to introduce channel specific measurement in terms of congestion which can be measured in terms of CBR, channel occupancy or LBT failure statistics. Based on the measurement results, channels with lowest congestion can be selected during resource selection and reselection. 
Therefore, we give the following proposals
[bookmark: _Toc131701376]For wideband operation, channel specific congestion measurements (e.g., in terms of CBR, channel occupancy or LBT failure statistics) can be considered during resource selection and reselection.
2.3 Configured grant  
In NR-U, the following enhancements are introduced for configured grant (CG) in UL: 
Configured UL transmissions in consecutive slots without gaps in between, to avoid multiple LBTs and thus reduce the risk of LBT failure. 
Autonomous uplink (AUL) where a UE can trigger a retransmission autonomously for a HARQ process using CG when the CG retransmission timer is expired and configuredGrantTimer is running while the UE has not received HARQ feedback for the HARQ process. 
Asynchronous HARQ, where the HARQ ID corresponding to a transmission on a CG resource is not determined using a formular based on the resource that is used for the transmission, but determined by the Tx UE, which reduces the delay for retransmission. 
	cg-nrofPUSCH-InSlot
Indicates the number of consecutive PUSCH configured to CG within a slot where the SLIV indicating the first PUSCH and additional PUSCH appended with the same length (see TS 38.214 [19], clause 6.1.2.3). The network can only configure this field if cg-RetransmissionTimer is configured.

	cg-nrofSlots
Indicates the number of allocated slots in a configured grant periodicity following the time instance of configured grant offset (see TS 38.214 [19], clause 6.1.2.3). The network can only configure this field if cg-RetransmissionTimer is configured.


The first enhancement in NR-U is implemented based on the following parameters: 

Actually, RAN1 has agreed to support multi-consecutive slots transmission for Mode 1 and Mode 2 resource allocation in SL-U, which implies that configured SL transmissions in consecutive slots is supported. 
[bookmark: _Toc131701369]Configured SL transmissions in consecutive slots is supported for SL-U.
[bookmark: _Hlk118121642]Regarding autonomous retransmission (AUL) for CG, we think it is less motivated to introduce it for SL-U. AUL in NR-U was introduced partly due to that a HARQ transmission or a gNB initiated DCI for retransmission may be subjective to LBT failure. However, for SL-U Mode 1 operation, the gNB is deployed in the licensed bands, it means the gNB can initiate a dynamic SL grant to UE at any time without subjection to the LBT failure. In addition, UE already supports blind retransmission using configured grant or Mode 2 grants in the legacy. Thus, autonomous retransmission with a retransmission timer for SL-U is less motivated than NR-U. Given limited time for R18, it is therefore to suggest RAN2 to down-prioritize autonomous retransmission with a retransmission timer for SL-U in R18. Therefore, autonomous retransmission with CG resources can be achieved with the existing blind retransmission mechanism. However, the existing blind retransmission mechanism using configured grant can be enhanced to allow the UE to perform blind retransmission using CG resources across CG periods. This is motivated by the fact that some of CG resources may be subject to LBT failures. 
[bookmark: _Toc131701370]For SL-U Mode 1 operation, the gNB is deployed in the licensed bands, it means the gNB can initiate a dynamic SL grant to UE at any time without subjection to the LBT failure. Thus, autonomous retransmission for SL-U is less motivated than NR-U.  
[bookmark: _Toc131701371]SL UE already supports blind retransmission using CG or Mode 2 SL grants. Thus, autonomous retransmission for SL-U is less motivated than NR-U.
RAN2 has made the below work assumption
Agreements on SL CG
1: 	Working assumption: Not to support CG retransmission timer in SL-U.
It is therefore that RAN2 can just confirm the WA and conclude the issue.
[bookmark: _Toc131701377]To confirm that not support CG retransmission timer in SL-U. 

[bookmark: _Toc131701378]UE is allowed to perform blind retransmissions using CG resources across CG periods. 
Regarding asynchronous HARQ, we think it is beneficial to introduce it for SL-U as SL-U has the similar issue, i.e., retransmission using CG may be delayed with HARQ ID corresponding to a transmission on a CG resource is determined using a formular, which can be mitigated by asynchronous HARQ. Whether/how to indicate the HARQ ID selected by TX UE is up to RAN1. 
[bookmark: _Toc131701379]Introduce asynchronous HARQ to CG for SL-U. 
In NR-U, a UE can be provided with multiple active configured grants for a given BWP in a serving cell. The introduction of multiple configured grants would serve at least for enhancing reliability and reducing latency of critical services. In addition, it is also being discussed to apply multiple configured grants for allowing the UE to switch to slot-based transmissions after initiating the COT (channel occupancy time) to minimize DMRS and UCI overhead in unlicensed spectrum. For each CG configuration, there are a number of HARQ processes in the HARQ process pool assigned. There is also a separate CGT timer and CGRT setting associated with each CG configuration. It is allowed to share HARQ processes between CG configurations, which can give better configuration flexibility. Since a logical channel (LCH) can be mapped to multiple CG configurations, meaning the UE can transmit the data of the LCH using multiple active CG resources at the same time. For a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources mapped to the LCH which comes earliest in the time to perform retransmission, this can reduce the latency. In addition, the selected resource shall provide same size as the same initial TB to avoid rate-matching on the TB. In addition, the UE shall stick to the same HARQ process for transmission/retransmission of a TB.
[bookmark: _Toc131701372]NR-U UE supports multiple active CG configurations.
[bookmark: _Toc131701373]In NR-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources mapped to the LCH which comes earliest in the time to perform retransmission.
A SL UE already supports multiple SL CG configurations for a LCH, e.g., configured by the RRC parameter sl-AllowedCG-List. It would be reasonable to adopt the same enhancement feature as in NR-U to support cross CG configurations retransmission for a TB.
[bookmark: _Toc131701380]In SL-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources (comprising Type 1 CG if sl-configuredGrantType1Allowed is present or Type 2 CG if sl-configuredGrantType1Allowed is absent) mapped to the LCHs which comes earliest in the time to perform retransmission. 
2.4 Mode 1 RA
According to the WID, in order to support sidelink transmission on unlicensed spectrum (SL-U), both Mode 1 operation and Mode 2 operation need to be supported. In case of Mode 1 operation, Uu link is limited to licensed spectrum. 
For Mode 1 operation, the gNB assigns SL grants to a SL UE in the DCI, which may also carry the PUCCH resources where the SL UE can forward the SL HARQ acknowledgement received from the peer UE to the gNB using those PUCCH resources.  In case of SL transmissions on unlicensed band, a SL HARQ acknowledgement from the peer UE may be subject to LBT failures, in this case, the SL HARQ acknowledgement may be delayed by LBT failures, so that misses the PUCCH resources assigned by the gNB. in such a case, the gNB would not be able to receive SL HARQ acknowledgement for the SL UE. The gNB may even interpret that the SL transmission has failed so that the gNB may decide to assign resources to the SL UE for retransmissions even if the SL transmission has been successfully received by the peer UE. This may lead to resource wastage.
[bookmark: _Toc131701381]For Mode 1 RA, RAN2 to study if additional PUCCH resources/occasions need to be configured to a UE for forwarding SL HARQ ACK received from a peer UE to mitigate the issue where the UE may miss some PUCCH resources/occasions if the SL HARQ ACK sent by the peer UE may be subject to LBT failure.  
For Mode 1 operation, gNB needs to get timely knowledge of congestion status of a concerned SL carrier/SL resource pool so that gNB can identify free SL resources in the concerned SL carrier/SL resource pool and assign them to UEs. In this way, UE can avoid experiencing LBT failures or resource conflict when initiating SL transmissions using the assigned SL resources. In NR-U, a UE can report channel occupancy (CO and RSSI) to the gNB. Similarly, 
[bookmark: _Toc131701382]Same as in NR-U, a UE reports congestion status (e.g., CO and RSSI) of SL carrier in unlicensed band to the gNB.  
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	gNB initiated COT will not be studied in this release for SL-U. Thus, a main use case for supporting semi-static channel access would be missing for SL-U, which makes semi-static channel access less motivated.
Observation 2	RAN1 has agreed to support wideband operation where configuration of a single wideband SL carrier/BWP with bandwidth as an integer multiple of 20 MHz, e.g., 80 MHz.
Observation 3	The wideband carrier/BWP therefore consists of multiple “LBT sub-bands” or multiple “LBT bandwidths.”, where LBT operation is performed in units of 20 MHz.
Observation 4	Supporting parallel PSSCH and/or PSCCH transmissions from a UE would add complex design efforts to both RAN1 and RAN2.
Observation 5	RAN1 has agreed to support PSSCH/PSCCH transmission over multi-channels following the NR-U rule “all-or-nothing”.
Observation 6	Configured SL transmissions in consecutive slots is supported for SL-U.
Observation 7	For SL-U Mode 1 operation, the gNB is deployed in the licensed bands, it means the gNB can initiate a dynamic SL grant to UE at any time without subjection to the LBT failure. Thus, autonomous retransmission for SL-U is less motivated than NR-U.
Observation 8	SL UE already supports blind retransmission using CG or Mode 2 SL grants. Thus, autonomous retransmission for SL-U is less motivated than NR-U.
Observation 9	NR-U UE supports multiple active CG configurations.
Observation 10	In NR-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources mapped to the LCH which comes earliest in the time to perform retransmission.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Semi-static channel access mechanism (i.e., FBE) is down prioritized.
Proposal 2	For wide band operation, UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT channels without supporting parallel PSSCH and/or PSCCH transmissions.
Proposal 3	For wideband operation, channel specific congestion measurements (e.g., in terms of CBR, channel occupancy or LBT failure statistics) can be considered during resource selection and reselection.
Proposal 4	To confirm that not support CG retransmission timer in SL-U.
Proposal 5	UE is allowed to perform blind retransmissions using CG resources across CG periods.
Proposal 6	Introduce asynchronous HARQ to CG for SL-U.
Proposal 7	In SL-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources (comprising Type 1 CG if sl-configuredGrantType1Allowed is present or Type 2 CG if sl-configuredGrantType1Allowed is absent) mapped to the LCHs which comes earliest in the time to perform retransmission.
Proposal 8	For Mode 1 RA, RAN2 to study if additional PUCCH resources/occasions need to be configured to a UE for forwarding SL HARQ ACK received from a peer UE to mitigate the issue where the UE may miss some PUCCH resources/occasions if the SL HARQ ACK sent by the peer UE may be subject to LBT failure.
Proposal 9	Same as in NR-U, a UE reports congestion status (e.g., CO and RSSI) of SL carrier in unlicensed band to the gNB.
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