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1 Introduction

During RAN#94-e meeting, the work item of Release 18 NR sidelink evolution has been approved. The following objective of the SI is included in the WID [1]:  

	2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]

· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation

· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation 

· No specific enhancements for Rel-17 resource allocation mechanisms

· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.

· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum

· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.

· No specific enhancements for existing NR SL feature

· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


This contribution discussed channel access procedures for sidelink-U, including LBT mechanisms design for sidelink channels and signals, COT sharing, etc.

2 LBT for sidelink signals and channels 

In Release 16 NR-U design, type 1 and type 2 LBT mechanism was introduced to satisfy the regulation requirements of using unlicensed spectrum. To reduce the specification effort, both type 1 and type 2 LBT channel access mechanism shall be the baseline for channel access of sidelink signals and channels in unlicensed spectrum.

	Agreement
· 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


Based on agreement above, the case when the gap is between 16us and 25us need be discussed. When the SCS is 60kHz, the duration of symbol is 17.9 us which is between 16us and 25us. If there exists the guard symbol, the gap between transmission(s) by a UE and the following transmission(s) by another UE might be between 16us and 25us. Therefore, in our opinion, the case shall be considered and Type 2B channel access procedure is also applicable for this case.

Proposal 1：When the SCS is 60kHz, the gap of different UEs transmissions can be between 16us and 25us due to the existence of guard symbol.

Other than COT sharing, Type 2A and Type 2B channel access may also be applicable to multi-slot transmissions from the same UE. If the gap(s) between adjacent transmissions from the same UE is  ≥ 25μs, type 2A channel access can be used; if the gap(s) between adjacent transmissions from the same UE is between 16 and 25us, type 2B channel access can be used. 

Proposal 2：Type 2A and type 2B channel access is also applicable to the case of multi-slot transmissions from the same UE.

On the issue on which conditions Type 2B or Type 2C is applied in case of a gap of 16 μs, the ambiguity only exists when the transmission duration is no more than 584us. If the transmission duration is greater than 584us, only Type 2B is applicable. From our point of view, it can be up to UE implementation on whether to use type 2B or type 2B when the gap is 16us and the transmission duration is no more than 584us.
Proposal 3：It is up to UE implementation on whether to use type 2B or type 2C when the gap is 16us and the transmission duration is no more than 584us.

LBT for PSSCH/PSCCH transmission 

Type1 LBT with different channel access priorities in NR-U operation can be reused for PSCCH /PSSCH transmissions. When the transmission of PSCCH/PSSCH does not share a COT, Type 1 LBT can be used to acquire the channel for PSCCH/PSSCH as the default. Moreover, the channel access priority class shall be defined for SL channel access. Either DL CAPC or UL CAPC table can be reused for SL channel access. A single CAPC table for all the SL channel access is preferred as it would be difficult to distinguish whether a SL UE functions as a responding or a responded device. In addition, a UE may function differently in different communication sessions. The complexity would be high if UE needs to switch between different CAPC tables dynamically. How to determine the channel access priority class for each PSCCH/PSSCH transmission can be further investigated.

Table 1: Channel Access Priority Class (CAPC) for UL of NR-U [2]
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 sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms or 10 ms 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms or 10 ms
	{15,31,63,127,255,511,1023}
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Proposal 4：Type 1 LBT can be used to acquire the channel for PSSCH /PSCCH as default

Proposal 5：Downselect between DL CAPC or UL CAPC table for SL-U Type 1 LBT.

LBT for PSFCH transmission

When PSFCH transmission doesn’t share the COT or doesn’t follow the PSCCH/PSSCH transmission from the same UE, Type 1 LBT can be used to acquire the channel. The channel access priority class p of PSFCH can be the same with the channel access priority class of the corresponding PSSCH. On the other hand, PSFCH is used to convey HARQ-ACK information, which is very important to guarantee data transmission reliability. If PSFCH is impacted by LBT failure, the negative impact on the whole sidelink communication performance would be large. In Rel-16/17 sidelink, PSFCH transmission only occurs in two symbols, which is very short. Therefore, it is beneficial to study whether SCSt (short control signal transmission)is suitable for channel access of PSFCH transmission. If SCSt cannot be used for PSFCH channel access, Type 2 channel access can also be considered.
When PSFCH transmission shares a COT or follows the PSCCH/PSSCH transmission from the same UE, Type 2 LBT can be used to acquire the channel when the gap between the PSFCH transmission and the pervious transmission satisfies the time condition.. 
Proposal 6：For PSFCH transmission, Type 1 LBT can be used to acquire the channel with channel access priority class p, which is same with channel access priority class of corresponding PSSCH.

Proposal 7：For PSFCH transmission shares a COT or follows the PSCCH/PSSCH transmission from the same UE, Type 2 LBT can be used to acquire the channel when the gap between the PSFCH transmission and the pervious transmission satisfies the time condition.

LBT for S-SSB transmission 

In NR-U, SSB is transmitted in the DRS transmission window multiplexing with other signal, and Type 2A LBT can be performed instead of Type1 LBT before the SSB transmission. To utilize Type 2A LBT for a periodic signal transmission, two conditions shall be satisfied: 1) the duty cycle is smaller than or equal to 1/20, and 2) the total duration of transmissions in a period is smaller than or equal to 1ms. In sidelink, the period of S-SSB is 160ms, so the 1st condition on duty cycle can be satisfied. In addition, each S-SSB occupies one slot in time domain. When SCS is 15KHz, the duration of one slot is 1ms, the supported repetition number of S-SSB is 1; when SCS is 30KHz, the duration of a slot is 0.5ms, and the supported repetition number of S-SSB is 1 or 2; when SCS is 60KHz, the duration of a slot is 0.25 and the supported repetition number of S-SSB is 1, 2, or 4. Therefore, the 2nd condition can be also satisfied. Type 2A LBT shall be used for S-SSB transmission.
Proposal 8：Type 2A LBT shall be used for S-SSB transmission.

In NR-U [TS 37.213], a UL transmission burst is defined as a set of transmissions from a UE without any gaps greater than 16μs; otherwise, transmissions are considered as separate UL transmission bursts. The same concept can be used in SL unlicensed. A SL transmission burst can be defined as a set of transmissions from a UE without any gaps greater than 16μs. A UE can transmit transmission(s) after a gap within a SL transmission burst without sensing the corresponding channel(s) for availability.
When UE performs multi-consecutive slots transmission, if all the transmissions are within a single SL transmission burst, the UE does not need to sense the channel for availability during the whole burst duration, and thus the efficiency of SL unlicensed transmission can be enhanced. Therefore, we propose:

Proposal 9：A single SL transmission burst across consecutive multi-slots shall be supported.

3 COT sharing design for SL-U

In RAN1#110 meeting, the following agreements are made:
	Agreement
· 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 receiver FFS: 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


The difference between Alt1 and Alt 2 is whether a responding UE can share the COT if it is the target receiver of SL transmissions other than PSSCH data. The candidate SL transmissions other than PSSCH data transmission may include PSCCH, PSFCH, S-SSB and PSSCH transmission without data. 

For PSCCH, as only 1st stage SCI are conveyed, there is no any destination information included. In addition, all the neighbour UE needs to receive and decode the PSCCH at least for sensing and blind detection purpose. If PSCCH can trigger the COT sharing, all the UEs that can receive the PSCCH will be the target receiver. It shall be clarified whether this is allowed by the regulation. The same issue exists for S-SSB as PSCCH. 

For PSFCH, the target receiver can be the transmitting UE of the corresponding PSSCH. However, in Rel-16/17, only 1 bit can be conveyed by PSFCH. It would be difficult to convey necessary COT sharing information together with PSFCH transmission.

For PSSCH transmission without data, e.g. IUC request or IUC assistant message which is not multiplexed with data, the target receiver can be the destination of the PSSCH transmission. We do not see any issue to support a target receive of PSSCH without data to share the COT shared by an initiating UE. Therefore, we propose:
Proposal 10：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  transmission in the COT .

Further conditions on which responding UE can share the COT shall be defined. RSRP or distance threshold can be set between the responding UE and the COT initiating UE. If the RSRP or distance threshold is met, the responding UE may have the similar channel conditions as the COT initiating UE, and thus it can share the COT shared by the initiating UE without interrupting other transmissions using the same channel. 

Proposal 11：Additional conditions including RSRP or distance threshold between the responding UE and the COT initiating UE can be defined to decide whether the responding UE can share the COT.
In NR-U, the COT sharing information conveys the remaining COT duration, channel access type, channel access type class, etc. If SL COT sharing is supported, SL COT sharing information shall also be supported, and it is necessary to study which information shall be included in SL COT sharing information. In addition, the container of the SL COT sharing information shall also be determined. The potential candidate of the container may include 1st stage SCI, 2nd stage SCI and MAC CE.
Proposal 12：SL COT sharing information shall be supported 

· The information carried by SL COT sharing information and the container of SL COT sharing information shall be studied.  
4 CP extension

In the RAN1#109e , the  following agreement were made：

	Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).

· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)

· FFS all other details in compliance with the regulatory requirements

· CP extension (CPE) is supported for NR sidelink operation in a shared channel.

· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


In NR-U, when UE shares the COT initiated by gNB, and there exists gap between the DL transmission and UL transmission, then UE can use the CP extension before the uplink transmission to ensure the gap between the DL transmission and UL transmission can satisfy the limitation of channel access type. 

Similarly, CP extension can be used in UE-to-UE COT sharing SL-U. In the slot structure of R16 sidelink, gap symbol(s) is set at the end of the slot, and between PSSCH and PSFCH. When the SCS is 15 kHz or 30 kHz, the duration of guard symbol will be greater than 25us. To support a single burst transmission of PSSCH and PSFCH or across consecutive slots, or support type 2B/2C channel access for transmissions across consecutive slots, CPE shall be used. 

Therefore, at least CP extension can be used in the following scenarios:

· in the guard symbol in a COT duration; and/or

· in the guard symbol between multiple consecutive transmissions from the same UE
Proposal 13：At least CP extension shall be used in the guard symbol in a COT duration, and/or in the guard symbol between multiple consecutive transmissions from the same UE
5 SL Resource allocation

Generally speaking, LBT channel access can be supported based on release 16/17 sidelink resource allocation mechanisms. A UE can operate the same sidelink procedure including sensing, resource (re)-selection, pre-emption, re-evaluation, resource reservation, etc. Before each SL transmission, proper LBT procedure shall be performed as what we have discussed in the previous sections.

Proposal 14：LBT channel access shall be performed after release 17 sidelink resource allocation

Some enhancements on SL Mode 2 resource allocation procedures can be considered to better support the LBT procedures in unlicensed band. In the current mode 2 resource selection, the resource is selected such that there exist enough gap between repetition transmissions for HARQ-ACK feedback. However, it is not efficient from LBT channel access point of view as UE needs to perform LBT for each repetition transmissions. Consecutive multi-slot transmission shall be supported by enhanced mode 2 resource selection. For example, candidate resource could have multi-consecutive slots in time domain other than single slot. 
Proposal 15：SL mode 2 resource selection shall be enhanced to support to select resources in consecutive multi-slots.

In addition, if a TX resource includes resources from multiple RB set, a candidate resource including resource of a single RB set would be more preferred compared with a candidate resource including resource of multiple RB sets, because UE may need to perform LBT in multiple RB sets if it transmits in candidate resource including resource from multiple RB sets.
Proposal 16：SL mode 2 resource selection shall be enhanced to prioritize the selection of candidate resource in a single RB set.
UE-to-UE COT sharing would also have impact on resource selection. For transmissions from responding UEs which share the COT, the following two options can be considered:

Option 1: The Tx resource in the COT is selected by the UE which shares the COT

Option 2: The Tx resource in the COT is allocated by the UE which initiates the COT
For option 1, there is no coordination among resource selection of UEs which shares the COT. Therefore, the gap between SL transmissions from different UEs which share the COT can be large. If another UE which does not share the COT access the channel during the gap, the COT may be broken. The benefit of UE-to-UE COT sharing would be degraded. To solve the problem, candidate resource which are within the COT duration can be selected with higher priority.
For option 2, the COT initiating UE can function as the coordinator, and thus the transmissions from different COT sharing UEs can be time domain continuous. There will be less probability that the COT will be interrupted. Therefore, we propose:

Proposal 17：RAN1 shall further investigate the following options for resource selection by UEs sharing the COT:

· Option 1: The Tx resource in the COT is selected by the UE which shares the COT

· Option 2: The Tx resource in the COT is allocated by the UE which initiates the COT
6 Conclusion 

This contribution discusses about channel access mechanism. Based on the discussion, the following proposals are provided:

Proposal 1: When the SCS is 60kHz, the gap of different UEs transmissions can be between 16us and 25us due to the existence of guard symbol.
 Proposal 2: Type 2A and type 2B channel access is also applicable to the case of multi-slot transmissions from the same UE.
Proposal 3: It is up to UE implementation on whether to use type 2B or type 2C when the gap is 16us and the transmission duration is no more than 584us.

Proposal 4: Type 1 LBT can be used to acquire the channel for PSSCH /PSCCH as default.

Proposal 5: Downselect between DL CAPC or UL CAPC table for SL-U Type 1 LBT.
Proposal 6: For PSFCH transmission, Type 1 LBT can be used to acquire the channel with channel access priority class p, which is same with channel access priority class of corresponding PSSCH.
Proposal 7: For PSFCH transmission shares a COT or follows the PSCCH/PSSCH transmission from the same UE, Type 2 LBT can be used to acquire the channel when the gap between the PSFCH transmission and the pervious transmission satisfies the time condition.
Proposal 8: Type 2A LBT shall be used for S-SSB transmission.
Proposal 9: A single SL transmission burst across consecutive multi-slots shall be supported.
Proposal 10: 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  transmission in the COT .
Proposal 11: Additional conditions including RSRP or distance threshold between the responding UE and the COT initiating UE can be defined to decide whether the responding UE can share the COT. 

Proposal 12: SL COT sharing information shall be supported 
·  The information carried by SL COT sharing information and the container of SL COT sharing information shall be studied.  
Proposal 13: At least CP extension shall be used in the guard symbol in a COT duration, and/or in the guard symbol between multiple consecutive transmissions from the same UE.

Proposal 14: LBT channel access shall be performed after release 17 sidelink resource allocation.
Proposal 15: SL mode 2 resource selection shall be enhanced to support to select resources in consecutive multi-slots.
Proposal 16: SL mode 2 resource selection shall be enhanced to prioritize the selection of candidate resource in a single RB set.
Proposal 17: RAN1 shall further investigate the following options for resource selection by UEs sharing the COT:

· Option 1: The Tx resource in the COT is selected by the UE which shares the COT

· Option 2: The Tx resource in the COT is allocated by the UE which initiates the COT
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