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1. Introduction
According to the discussion of the channel access of SL-U, agreements are achieved as follows [1]. In this contribution, further analyses and views on sidelink on the unlicensed spectrum are presented.
	· CW adjustment
· NR-U DL CW adjustment mechanism is used as the baseline for SL-U when SL-HARQ feedback is enabled in SCI for unicast 
· FFS any necessary update for SL-U operation
· FFS: how to determine CW size when SL-HARQ feedback is disabled in SCI
· FFS the case of groupcast option 1 (NACK-only) and groupcast option 2
· Type 2A/2B/2C SL channel access procedures
· Type 2A channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≥ 25μs in a shared channel occupancy
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2A is used also for the case of short control signalling transmission
· Type 2B channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE at least when the gap is 16μs in a shared channel occupancy
· FFS the case when the gap is between 16 and 25us
· FFS any other transmission by a UE (e.g., other than COT sharing)
· Type 2C channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≤ 16μs in a shared channel occupancy and the duration of the corresponding transmission is at most 584us.
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2C is used also for the case of short control signalling transmission
· FFS under which conditions (other than the gap) UEs can apply the Type 2A/2B/2C SL channel access procedures
· FFS under which conditions Type 2B or Type 2C is applied in case of a gap of 16 μs
· Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details
· For UE-to-UE COT sharing, continue considering the following alternatives:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS any additional conditions
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS how to determine a SL UE is a target receiverFFS: details of the channel type of the COT initiating UE’s transmission
· FFS any additional conditions
· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).
· FFS: details of the channel type of the responding UE’s transmission(s)
· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18
· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA


2. Discussion
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Overall, the channel access mechanisms from NR-U shall be reused for sidelink unlicensed operations. Two types of channel access operations are defined in NR-U, i.e., for LBE and FBE. As LBE related scenario covers most of the key features and procedures used in unlicensed spectrum communication and provides broad applicability, it is supported by the majority with higher priority. On the other hand, FBE based operation is heavily dependent on spectrum regulation policy and network deployment. Considering the workload of the WI, it may be more reasonable to focus on LBE first, and then if time allowed, carry out further study on FBE for SL-U. 
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According to the schemes of NR-U, there are some differences between DL and UL channel access procedures. In general, the study of sidelink is usually based on UL schemes which may benefit UE implementation and simplify the standardization progress. A similar principle should be used for the study of SL-U. Besides, reusing UL channel access procedure for SL-U may provide a better foundation for further discussion of mode 1 scheduling scheme. Considering the above factors, it is proposed to study the channel access procedure for SL by reusing UL channel access as a baseline.
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[bookmark: _Toc99376214]To support the channel access procedures, some relevant parameters should be discussed and determined for SL-U. 
The channel access priority class (CAPC) for sidelink should be defined as it is an essential factor for determining the types of channel access procedures for corresponding sidelink signals and determining the available length of contention window and the maximum channel occupancy time (COT) in Type 1 channel access procedure. Similarly, the CAPC for UL should be used as a baseline for SL-U.
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It is agreed that Type 1 and Type 2 (2A/2B/2C) channel access procedures are used as a baseline for SL-U. In general, when UE needs to transmit sidelink signals, including PSBCH/PSCCH/PSSCH/PSFCH, an LBT procedure should be triggered to obtain channel resources for the transmission, and the Type 1 channel access procedure should be used as a basic scheme. In a word, the Type 1 channel access procedure can be used for sidelink transmission on any type of sidelink channel. 
Besides, since PSBCH and PSFCH are used to carry more important control information of sidelink, it should be with higher priority than other types of sidelink channels. To ensure the success rate of channel access, the Type 2A channel access procedure can be used for PSBCH and PSFCH.
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2.2. Mode 1 
As described in [2] “Uu operation for mode 1 is limited to licensed spectrum only”, it means that gNB should schedule unlicensed spectrum resources for sidelink while it may not work on the unlicensed spectrum. According to the scheduling of gNB, UE should first perform a channel access procedure to obtain the scheduled sidelink resources, and then transmit sidelink signals on the assigned resources if channel access succeeds. 
In the case that gNB does not work in the unlicensed spectrum, an assistant scheme may be mentioned that reporting sensing information of the unlicensed spectrum from sidelink UE to gNB on Uu for reference, and then gNB schedules sidelink resources in the unlicensed spectrum taking into account the assistant information. However, the sensing information reported by the UE introduces additional resource consumption on Uu, while the information may be with low timeliness by the way of Uu transmission and low accuracy with the limited receiving ability of UE. As a whole, the assistant information reporting may not be able to effectively help the scheduling of sidelink in the unlicensed spectrum. Therefore, it is unnecessary to exchange such information between UE and gNB. 
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From the perspective of system allocation, it may be configured that mode 1 sidelink resource pools are assigned in both licensed and unlicensed spectrum. In other words, gNB may schedule sidelink resources for a UE in the licensed resources or the unlicensed resources. In this case, a specific issue to be considered is how to identify the DCI for legacy sidelink scheduling in the licensed spectrum and the ones for SL-U assignment. For example, as a dedicated RNTI is used for sidelink scheduling, another RNTI may be assigned for UE to identify DCI for SL-U scheduling.
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2.3. Mode 2 
For legacy sidelink, the mode 2 sensing and resource selection procedure is defined based on dedicated sidelink resource pools, and it can mitigate or avoid potential resource collisions among sidelink UEs. By using the mode 2 procedure, a UE can reserve resources for further transmissions and other UEs may exclude the reserved resources from the candidate resource set. 
In the scenario of SL-U, channel resources may be occupied by not only sidelink UEs but also devices of other types of RATs, and then the resource collisions that are not caused by sidelink UEs cannot be identified and solved by using the legacy mode 2 procedure. Besides, the devices of other RATs cannot receive and understand the SCI, i.e., the resource reservation of a sidelink UE is invalid for other types of devices. Therefore, other types of devices may try to occupy the channel which may be overlapped with the reserved resources. It may lead to LBT failure of the sidelink UE and decrease the efficiency of using the legacy mode 2 procedure in SL-U. 
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Considering the potential impact of LBT failure, it is necessary to discuss and determine how to improve the legacy mode 2 procedure for SL-U. 
For example, in the legacy mode 2 procedure, a reserved resource indicated by UE A should be excluded from the candidate resource set of UE B according to relevant RSRP thresholds. In the case that the reserved resource is not actually used by UE A as LBT failure or other issues, the reserved resource may be available for UE B. In other words, the reserved resources may be considered to be retained in the candidate resource set. As there is some uncertainty about the resource reservation in SL-U, it should be considered to improve the mode 2 procedure for SL-U.
Besides, the RSRP threshold is a key parameter in mode 2 procedure which is used to evaluate whether a resource should be excluded from the candidate resource set. The RSRP threshold is semi-static configured per resource pool and may be increased if candidate resources are not enough. In SL-U, the channel status is affected by many factors and may be unstable, a semi-static configured RSRP threshold for mode 2 resource excluding cannot adapt well to the changeable channel condition. To make mode 2 procedure more suitable for SL-U, it should be considered to set the RSRP threshold with more flexibility according to the channel status.
As the legacy mode 2 resource allocation scheme is used as a baseline for sidelink operation in a shared carrier, it should be further studied whether/how mode 2 resource selection procedure needs to be updated/enhanced due to shared spectrum channel access. When a UE selects a resource within its COT duration, it has a higher possibility to perform transmission compared to a resource not inside the current COT duration. Hence, it’s worth studying how to consider COT sharing information when UE performs mode 2 resource selection.
Moreover, in RAN1#110, we agreed to support multi-consecutive slots transmission (MCSt) for Mode 1 and Mode 2 resource allocation in SL-U. Whether the MCSt is achieved from a single UE or multiple UEs' perspectives is still open. With Rel-16 NR SL mode 2 resource selection, as each UE selects resources randomly in its candidate resource set, it cannot ensure using multi-consecutive slots for a single UE, nor does it prioritize using multi-consecutive slots among multiple UEs. Therefore, how to support MCSt in terms of mode 2 resource selection needs further study. 
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When using Type 1 channel access procedure, a contention window should be determined. In NR-U, the contention window is determined based on A/N feedback. Accordingly, a similar procedure should be used for the contention window adjustment in SL-U. But there is a special issue to be considered for SL-U contention window determining, i.e., sidelink A/N feedback is optional and may be unavailable. For example, in the cases that no PSFCH resource is configured in a resource pool, sidelink A/N is not required by Tx UE, or for the sidelink broadcast transmissions, sidelink A/N feedback is unavailable for contention window adjustment procedure in SL-U.
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To carry out Type 1 channel access procedure, the contention window adjustment for SL-U should be discussed, especially in the case that sidelink A/N feedback is unavailable. 
In the case that PSFCH is configured in resource pools for SL-U, sidelink A/N can be used for contention window adjustment at least for sidelink unicast and groupcast, and relevant schemes in NR-U should be considered as a baseline. Besides, for sidelink broadcast or sidelink A/N disabled, the information carried on PSFCH resources related to other UE’s transmissions may be used for contention window adjustment, since it can also reflect the channel status to some extent.
In the case that PSFCH is not configured, as there is no sidelink A/N, some other factors should be considered to perform contention window adjustment. The basic principle of contention window determination is to modify the contention window based on channel status, i.e., increasing the contention window while the channel is busier and tends to have more conflicts. Accordingly, sidelink CR/CBR may be considered as an alternative to sidelink A/N, as it presents the ratio of sidelink channels being occupied. As sidelink CR/CBR is already defined and used in Rel-16 sidelink, a limited effort is needed to determine a sidelink CR/CBR based contention window adjustment scheme.
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2.5. COT Sharing in SL-U
According to the agreements, COT sharing in the unlicensed spectrum is supported for sidelink. As the sidelink cast types present different relationships among sidelink UEs, including a couple of UEs with unicast, UEs belong to the same group for groupcast, and multiple sidelink UEs with broadcast, the sidelink COT sharing in each case may require a different operation. Before discussing the detailed scheme, the potential cases which may support UE-to-UE COT sharing in SL-U should be discussed and determined. 
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On the other hand, there are different understandings of gNB-to-UE COT sharing among companies. In our view, according to the description “Uu operation for mode 1 is limited to licensed spectrum only”, it aims to pursue a concise way to support gNB scheduling for SL-U and simplify the study of mode 1 without gNB operation in unlicensed spectrum. If gNB-to-UE COT sharing is supported, it may require gNB to operate in the unlicensed spectrum to share resources with sidelink UEs, the requirement “Uu operation for mode 1 is limited to licensed spectrum only” would instead lead to additional complexity for mode 1 discussion. Therefore, we propose to not support gNB-to-UE COT sharing at this stage.  
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As COT sharing may benefit sidelink transmissions, it should also be supported in mode 1 resource allocation. According to the agreement that “gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18”, an intended SL CO may be considered to be scheduled by gNB and be shared for sidelink UEs to access channel with higher efficiency. 
To execute mode 1 COT sharing on sidelink, gNB may indicate an intended SL CO for UEs which are scheduled on multiple consecutive slots, and an initial UE should also be assigned by gNB to perform the Type 1 channel access procedure to initial the intended CO. As the intended SL CO is indicated by gNB before the actual initiation, no additional indication is required to be relayed or forwarded by gNB from the initial UE to responding UE(s). When the intended SL CO is successfully initiated, other UEs scheduled on the following slots could share the CO by using Type 2 channel access schemes. Besides, as no further indication from gNB after the intended SL CO is initiated, a common scheme for sidelink COT sharing could be designed for both mode 1 and mode 2 cases.
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2.6. Multi-channel Operation
Increased sidelink date rate motivated by certain commercial use cases can be achieved based on multi-channel operation over the unlicensed spectrum. Unlike the DL case, the channel access procedure for UL multi-channel transmission(s) in NR-U is strictly defined as starting transmissions at the same time on all channels which are contiguous in the frequency domain. Obviously, at least for mode 2 resource allocation, the limitation of multi-channel access is too strict and it will make the corresponding channel sensing/access procedure(s) more complicated, so the benefit of using multiple channels is greatly undermined. By analogy with the UE-to-UE COT sharing in SL-U, setting more available starting points for multi-channel transmissions should be considered, and the transmissions on multiple channels may start from different starting points according to the LBT procedure on each channel. It should be strived to make a common solution of multi-channel transmissions for both mode 1 and mode 2.
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For DL multi-channel transmission(s) in NR-U, two kinds of channel access procedures (Type A and Type B) are supported with fewer restrictions on gNB’s operation. On the contrary, more strict rules are required for UE, e.g., if a UE fails to access any of the channels, the UE shall not transmit on all the scheduled channels. One of the reasons why different multi-channel access schemes are applied to DL and UL is that gNB has higher capacity and flexibility to schedule DL transmissions based on the result of the LBT procedure, while UE should perform transmitting according to the indication from gNB. 
For mode 1 sidelink resource allocation on the unlicensed spectrum, similar to UL multi-channel transmission in NR-U, UE could perform scheduled multi-channel sidelink transmission(s), and if channel access on any channel(s) fails, no sidelink transmission could be permitted. For mode 2, although UE may autonomously select resources, considering the capacity and complexity of UE, it is reasonable to use the same multi-channel access procedure as that of mode 1. Therefore, the UL multi-channel access scheme should be reused for SL-U for both mode 1 and mode 2 cases.
Furthermore, it should also be required for SL-U that if a UE fails to access any of the channels, the UE should not transmit the sidelink information on all the channels intended to be used.
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3. Conclusion
In this contribution, some issues related to the channel access procedure for Rel-18 SL-U are discussed, and the relevant observations and proposals are listed as follows:
Observation 1:	The legacy mode 2 sensing and resource selection procedure is based on a dedicated sidelink resource pool in which potential resource collisions are only considered among sidelink UEs.
Observation 2:	LBT failure may cause the resources selected by using the legacy mode 2 procedure cannot be used by the Tx UE, and further lead to lower resource efficiency of SL-U.
Observation 3:	Sidelink A/N feedback is optional based on configuration, i.e. sidelink A/N may be unavailable for contention window adjustment in SL-U.

Proposal 1:	The study of the channel access mechanism for SL-U should focus on LBE first, and FBE should be with low priority.
Proposal 2:	UL channel access procedure in NR-U should be used as the baseline for channel access procedure for SL-U.
Proposal 3:	CAPC for UL should be used as a baseline for SL-U.
Proposal 4:	The applicable CPE length and corresponding configuration in SL-U should be studied.
Proposal 5:	Type 1 channel access procedure can be used for all sidelink channels.
Proposal 6:	Type 2A channel access procedure can be used for at least PSBCH and PSFCH.
Proposal 7:	For mode 1 in SL-U, no assistant information related to the scheduling in the unlicensed spectrum needs to be exchanged between UE and gNB.
Proposal 8:	In the case that both licensed and unlicensed spectrum resources are configured for sidelink mode 1, it needs to be considered how to identify DCI for sidelink scheduling in the licensed spectrum or the unlicensed spectrum.
Proposal 9:	Considering the potential improvement of mode 2 procedure to make it more appropriate for SL-U, the following factors may be considered:
−	uncertainty of the reserved resources indicated in SCI of UEs;
−	RSRP threshold used in excluding resources;
−	COT information;
−	Multi-consecutive slots transmission (MCSt).
Proposal 10:	For contention window adjustment in SL-U:
−	in the case that PSFCH is configured, using sidelink A/N feedback for contention window adjustment in SL-U, more details FFS;
−	in the case that PSFCH is not configured, using sidelink CR/CBR for contention window adjustment, more details FFS;
Proposal 11:	For sidelink UE-to-UE COT sharing, discuss and determine which of the following cases are supported:
−	case 1: COT sharing between Tx UE and Rx UE with sidelink unicast;
−	case 2: COT sharing among UEs which belong to the same sidelink group;
−	case 3: COT sharing among all sidelink UEs;
Proposal 12:	The gNB-to-UE COT sharing is not supported for SL-U.
Proposal 13:	gNB can schedule UEs within an intended sidelink CO which may be initialed by UE.
Proposal 14:	Transmissions with different starting points on multiple channels should be supported for multi-channel operation in SL-U.
Proposal 15:	UL multi-channel access scheme should be reused for both mode 1 and mode 2 in SL-U.
Proposal 16:	UE may transmit on multiple channels within a resource pool at the same time when the channel access procedures succeed on all the channels.
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