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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.
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 defined for NR-U UL (as shown in Table 1) can be reused for sidelink channel access. How to determine the channel access priority class for each PSCCH/PSSCH transmission can be further investigated.

On the other hand, when the transmission of PSCCH/PSSCH shares a COT, type 2 LBT can be used to acquire the channel for PSCCH/PSCCH. Depending on the gap between the current transmission and the previous transmission, Type 2A, 2B, or 2C can be used, following the same rules defined in NR-U. If the gap is above or equal to 25µs, Type 2A channel access procedures can be used; if the gap is equal to 16 µs, Type 2B channel access procedures can be performed; and Type 2C i.e. no-LBT, can be performed if the gap is shorter than or equal to16µs.
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 1: Type 1 LBT can be used to acquire the channel for PSSCH /PSCCH as default, based on the channel access priority class p as specified for UL in NR-U.
Proposal 2: When the transmission of PSCCH/PSSCH shares a COT, type 2 LBT can be used to acquire the channel.
LBT for PSFCH transmission
When PSFCH transmission doesn’t share the COT, 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 corresponding PSSCH. On the other hand, PSFCH transmission only occurs in two symbols, and PSFCH format 0 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. Therefore, it is beneficial to study whether type 2 channel access type or SCSt (short control signal transmission)is suitable for channel access of PSFCH transmission.
When PSFCH transmission shares a COT, 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, e.g., for type 2C LBT, no-LBT is performed when the gap between the PSFCH transmission and the pervious transmission is smaller or equal to 16us. 
Proposal 3: 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 4: It is beneficial to study whether other channel access type is suitable for PSFCH transmission outside the COT.

Proposal 5: For PSFCH transmission shares a COT, 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 is 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 6: Type 2A LBT shall be used for S-SSB transmission.
3 Multi-continuous slots transmission

To reduce the numbers of LBT procedure, continuous transmission in one slot or multi-slots similar to DL burst and UL burst in TS37.213 shall be supported, and continuous transmission can be defined as a set of transmissions from a UE without any gaps greater than 25us or 16us. 

Proposal 7: Multi-continuous slots transmission shall be supported.

4 COT sharing design for SL-U
To fairly share the channel with other RAT, a contention window is design for type 1 LBT. UE can only access the channel after the contention window. However, in other RAT communication e.g. WIFI, the burst can last for a rather long duration after the device successfully access the channel, compared with the 1 slot transmission duration in NR. Therefore, COT (Channel Occupancy Time) sharing is introduced in NR Uu to improve the channel access efficiency of NR-U system. COT sharing would also be beneficial for SL communications in unlicensed band, and the detailed design of SL COT sharing shall be investigated.  
From the COT resource allocation point of view, there have two following methods of COT sharing procedure:
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 have following critical problems to be solved:
1.How to keep continuous transmission in the COT duration

For option 1, there is no coordinator, if the COT sharing is supported for groupcast, the resources selected by multiple UE(s) might be discontinuous with each other in the COT duration, which results in discontinuous transmission in the COT duration, when the gap between the two transmissions is greater than 25us, the COT will be suspended. Therefore, it is very difficult to solve this problem for option1.
In our opinion, the potential solution for this problem is that the initiated or shared COT UE informs other shared COT UE(s) where is the end of its transmission to calculate the length of filling the gap, then the shared COT UE fills the gap with CP extension or other signal to keep the continuous transmission within the COT duration, and the details of CP extension need be studied further.
For option 2, the allocated resources are continuous with each other in the COT duration by initiated COT UE scheduling, which keeps continuous transmission in the COT duration. Therefore, the option2 is a feasible and simple method without more critical problems to be solved than option1.

Observation 1: From complexity point of view, the method that Tx resource in the COT is allocated by initiated COT UE is preferred.

Meanwhile, there have several common issues to be solved for both option1 and option2.

1.Which sidelink communication can share the COT
Different from NR-U where communications happened between UE and gNB, sidelink communication can happen between different UE pairs or among different UE groups. In NR-U, there has the regulation that the gNB shares a channel occupancy initiated by a UE, the transmission shall contain transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy.
UE-to-UE COT sharing in SL-U, it should be discussed whether there have similar regulation that the UE-A shares a channel occupancy initiated by a UE-B, the transmission shall contain transmission to the UE-A that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. For example, assume that UE 1 has unicast communication with UE 2, and UE 2 has unicast communication with UE3. It should be discussed whether the data transmission from UE 2 to UE 3 can share the COT initiated by UE 1.
Proposal 8: UE-to-UE COT sharing in SL-U, it should be discussed whether the following regulation         similar with NR-U shall also be satisfied:
· UE-A shares a channel occupancy initiated by a UE-B, the transmission shall contain transmission to the UE- A that initiated the channel occupancy.
Meanwhile, it may need FFS on whether COT sharing can be support for SL broadcast communication or SL communication to a UE different from the UE initiating the COT. If a COT can only be shared by data transmission to the UE which initiated the COT, COT sharing can at least be supported for SL unicast and groupcast communications.
Proposal 9: At least COT sharing is supported for sidelink unicast and groupcast.
Observation 2:  From complexity point of view, it is simplest that Tx resource in the COT is allocated by initiated COT UE in the unicast scenario.
2. Which UE can initiate/share the COT duration

· The shared COT UE 
In our opinion, the following options shall be considered:
Option 1-1: destination UE(s) of the UE which initiates the COT
Option 1-2: destination UE(s) of the PSCCH/PSSCH transmission which initiates the COT
Option1-3: other conditions, e.g., the conditions related with RSRP threshold or the distance threshold

In NR-U, a COT sharing is supported between gNB and UE, similarly, COT sharing shall be supported between transmitter UE and receiver UE, therefore, option 1-1 and option 1-2 shall also be supported. 
Meanwhile, other conditions shall not be precluded. For example, when UE satisfies the RSRP threshold or the distance threshold, the UE can share other UE’s initiated COT. The RSRP value or the distance value can be used to judge the channel interference environment between the UE(s), and RSRP value or the distance value satisfies the threshold, which means the UE has same channel interference environment with the initiated COT UE. The channel access success ratio of this UE is high when UE shares the COT and perform type 2 LBT.
· The initiated COT UE 
Any mode 2 UE which performs type1 LBT and accesses the channel successfully can be the initiated COT UE, or the initiated COT UE is determined by (pre)configuration, these two methods are more simple and feasible. 
Proposal 10: At least one of the following options can be supported to determine the initiated COT UE:

· Any mode2 UE which performs type1 LBT and accesses the channel successfully can be initiated COT UE.
· The initiated COT UE is determined by (pre)configuration. 
3.COT sharing information and container
In NR-U, the COT sharing information conveys the remaining the COT duration, channel access type, channel access type class, etc. If SL COT sharing is supported, it is necessary to study the information carried by COT sharing information. In addition, in NR-U, the COT information is indicated in the DCI 2-0 when gNB shares the COT to UE. If SL COT sharing is supported, which control signal can be used as the container of COT sharing information shall be studied.Either MAC CE or physical layer control signals can be considered as the candidate. Therefore, it is necessary to make a down-selection at least one of the following solutions to convey the COT sharing information:

· 1st stage SCI

· 2nd stage SCI 

·  MAC CE
Proposal 11: The information carried by COT sharing information and the container of COT sharing information shall be studied.  

Proposal 12: Down-selection at least one of the following solutions to convey the COT sharing information:

· 1st stage SCI

· 2nd Stage SCI 

· MAC CE
In SL-U, the channel access type need be conveyed in the COT sharing information, which is used to indicate the LBT type when UE shares the COT.

If the COT sharing procedure corresponding to option 2 is supported, then the intention of COT sharing information is to allocate the resource to the shared COT UE, therefore, the COT sharing information need convey UE ID information to indicate which UE can share the COT, meanwhile, the time/frequency resource allocated to shared COT UE need also be conveyed. However, if the COT sharing procedure corresponding to option 1 is supported, the remaining COT duration might be conveyed to inform the length of COT.
Therefore, the content of COT sharing information shall be discussed based on the progress of COT sharing procedures.
Proposal 13: The content of COT sharing information shall be discussed based on progress of COT sharing procedures. 
5 The design of 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 can share the COT initiated by gNB, and there have the 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 don’t greater than 16us or 25us in COT duration. Therefore, CP extension can ensure the COT is continuous, and UE can use type 2 LBT to access the channel when UE share the COT from the gNB. 
Similarly, CP extension can also be used to COT sharing between UE(s) in SL-U. In the slot structure of R16 sidelink, when PSFCH resource is preconfigured, there has the guard symbol between PSSCH and PSFCH in a slot, and there also has the guard symbol at the end of the slot. When the SCS is 15 kHz or 30 kHz, the duration of guard symbol is greater than 25us, therefore, to ensure the COT is continuous in a slot or adjacent slot which includes different UE’s transmission, at least CP extension shall be used in the following scenarios:

· CPE is used in the guard symbol between PSSCH and PSFCH from different UE in a COT duration.
· CPE is used in the guard symbol at the end of the slot in a COT duration.
Meanwhile, continuous transmission can be defined as a set of transmissions from a UE without any gaps greater than 25us or 16us. Therefore, to support the continuous transmission, at least CP extension shall be used in the following scenarios:
· CPE is used in the guard symbol between PSSCH and PSFCH in a slot if a UE transmits both. 
· CPE is used in the guard symbol at the end of the slot if a UE transmits in continuous multi-slot.
Proposal 14: Considering the COT sharing and continuous multi-slot transmission, at least CP extension shall be used in the following scenarios:
· CPE is used in the guard symbol between PSCCH/PSSCH and PSFCH from different UE in a COT duration

· CPE is used in the  guard symbol at the end of the slot in a COT duration 

· CPE is used in the guard symbol between PSCCH/PSSCH and PSFCH in a slot if a UE transmits both 

· CPE is used in the guard symbol at the end of the slot if a UE transm its in multi continuous slot

In NR-U, the length of CP extension is smaller than a symbol length. In SL-U, there might exist the case that the gap between different UE’s transmission is greater than a symbol length in COT sharing. If CP extension is used to fill the gap, the length of CP extension can be greater than a symbol duration, however, whether this design for CP extension is feasible need be studied.  
Proposal 15: FFS whether the length of CP extension can be greater than a symbol duration.
6 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.
Some enhancements on SL Mode 2 resource allocation procedures can be considered to better support the LBT procedures in unlicensed band. For example, 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 type 1 LBT for each repetition transmissions. 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: LBT channel access can be supported based on release 17 sidelink resource allocation

· Further enhancement on SL Mode 2 resource allocation to better support LBT channel access can be considered 
Meanwhile, as mentioned above, the COT sharing procedure has impact on mode 2 resource selection. If the COT sharing procedure corresponding to option 1 is supported, this will limit UE to select the resource in the COT duration. To realize this, there at least have two methods, one method is that UE only considers the resource located in the COT duration other than the candidate resource set specified in release 16, and another method is that UE considers the resource both located in the COT duration and candidate resource set. Therefore, it is necessary to design the resource selection with small specification impact. 
If the COT sharing procedure corresponding to option 2 is supported, there is no need to perform resource selection for UE, because the initiated COT UE allocates the resource to the UE who can share the COT. 
Proposal 17: It is necessary to consider the impact of COT sharing on the resource selection. 

Proposal 18: The design of the resource selection way is based on the progress of COT sharing procedure.       
Proposal 19: If the Tx resource of UE is allocated by initiated COT UE, there is no need to perform resource selection for UE.
Meanwhile, mode 2 resource (re)selection shall be enhanced to support continuous multi-slot transmission. In R16, the resource selection is based on single slot resource, to support the continuous multi-slot transmission, candidate resource shall have continuous multi-slot in time domain other than single slot. When UE makes an resource selection from the candidate resource set, UE can select the continuous multi-slot resource at a time.
Proposal 20: To support multi-continuous slots transmission, Mode 2 resource (re)selection shall be enhanced.

·   Multi-continuous slots resource selection shall be supported, e.g., support multi-continuous slots candidate resource 
7 Conclusion 
This contribution discusses about channel access mechanism. Based on the discussion, the following proposals are provided:
Proposal 1: Type 1 LBT can be used to acquire the channel for PSSCH /PSCCH as default, based on the channel access priority class p as specified for UL in NR-U.
 Proposal 2:When the transmission of PSCCH/PSSCH shares a COT, type 2 LBT can be used to acquire the channel.
Proposal 3: 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 4: It is beneficial to study whether other channel access type is suitable for PSFCH transmission outside the COT.

Proposal 5: For PSFCH transmission shares a COT, 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: Type 2A LBT shall be used for S-SSB transmission.

Proposal 7: Multi-continuous slots transmission shall be supported.
Proposal 8: UE-to-UE COT sharing in SL-U, it should be discussed whether the following regulation         similar with NR-U shall also be satisfied:

· UE-A shares a channel occupancy initiated by a UE-B, the transmission shall contain transmission to the UE- A that initiated the channel occupancy.

Proposal 9: At least COT sharing is supported for sidelink unicast and groupcast.

Proposal 10: At least one of the following options can be supported to determine the initiated COT UE:

· Any mode2 UE which performs type1 LBT and accesses the channel successfully can be initiated COT UE.

· The initiated COT UE is determined by (pre)configuration.

Proposal 11:
The information carried by COT sharing information and the container of COT sharing information shall be studied.  
Proposal 12: Down-selection at least one of the following solutions to convey the COT sharing information:

· 1st stage SCI

· 2nd Stage SCI 

· MAC CE
Proposal 13:
The content of COT sharing information shall be discussed based on progress of COT sharing procedures.
Proposal 14: Considering the COT sharing and continuous multi-slot transmission, at least CP extension shall be used in the following scenarios:
· CPE is used in the guard symbol between PSCCH/PSSCH and PSFCH from different UE(s) in a COT duration

· CPE is used in the  guard symbol at the end of the slot in a COT duration 

· CPE is used in the guard symbol between PSCCH/PSSCH and PSFCH in a slot if a UE transmits both 

· CPE is used in the guard symbol at the end of the slot if a UE transmits in multi continuous slot

Proposal 15: FFS whether the length of CP extension can be greater than a symbol duration.

Proposal 16:  LBT channel access can be supported based on release 17 sidelink resource allocation

· Further enhancement on SL Mode 2 resource allocation to better support LBT channel access can be considered 
Proposal 17: It is necessary to consider the impact of COT sharing on the resource selection. 

Proposal 18: The design of the resource selection way is based on the progress of COT sharing procedure.        

Proposal 19: If the Tx resource of UE is allocated by initiated COT UE, there is no need to perform resource selection for UE.
Proposal 20: To support multi-continuous slots transmission, Mode 2 resource (re)selection shall be enhanced.

·   Multi-continuous slots resource selection shall be supported, e.g., support multi-continuous slots candidate resource.
Observation 1: From complexity point of view, the method that Tx resource in the COT is allocated by initiated COT UE is preferred.

Observation 2:  From complexity point of view, it is simplest that Tx resource in the COT is allocated by initiated COT UE in the unicast scenario.
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