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Introduction
Sidelink in FR1 unlicenced bands (n46 and n96/n102) was updated in [1].  
1. 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
· [bookmark: _Hlk89917081]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.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.













In this paper, we discuss design aspects related to channel access.  
Discussion 
Channel access mechanism  
In RAN1 109-e, the following agreement is captured: 
Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.















In 37.213 type 1 channel access procedure, separate channel access priority class (CAPC) for DL or UL are defined.  DL CAPC table enables higher channel access chances for the gNB and longer MCOT for priority class 3 and 4. 

The DL and UL CAPC definition follows the Supervising Devices and Supervised Devices rule in ETSI EN 301 893. For sidelink unlicensed transmission, although we can further define some sidelink UEs as the Supervising Devices and some sidelink UE as Supervised Devices, it further complicates the design. Due to the large amount of potential sidelink transmissions particularly for commercial D2D use cases, to have fair coexistence with existing unlicensed band devices including eLAA and NR-U, it is recommended that all sidelink UEs follow the Supervised Device rule, i.e., the CAPC defined for UL transmission in TS 37.213.  

Proposal 1:    Type 1 UL channel access procedure and corresponding CAPC can be reused for sidelink type 1 channel access.  

Other than DL/UL CAPC, another key difference is whether >25us gap is allowed within COT. For DL COT, greater than 25us gap is allowed, and transmission after gap can resume after type 2 LBT. However, for UL COT, gap is not allowed and transmission after gap need to perform type-1 LBT. 

For sidelink unlicensed band operation, whether gap is allowed within SL COT needs to be defined. In our view, allowing gap greater than 25us within SL-COT can improve the sidelink unlicensed band performance particularly PSFCH.  

Proposal 2:    Allow >25us gap within SL-COT. Gap length is counted in the MCOT length.    

In Uu link, discovery burst transmission uses Type 2 channel access after one shot sensing with a gap of 25us. The transmission duration is at most 1ms, and discovery burst duty cycle is at most 1/20. In UL, for RACH transmission, type 1 UL channel access with priority type 1 can be used. 

For sidelink SSB transmission, the channel access scheme needs to be at least similar or more conservative comparing to gNB/eNB discovery burst transmission. Otherwise, it might cause too much interference to existing devices in the band. 

Alternatively, the sidelink SSB can transmit similar to RACH, using type 1 uplink channel access with priority class 1. 
 
Proposal 3:    S-SSB transmission can start after one shot 25us LBT, or type 1 priority 1 uplink channel access.     

In Uu link, mapping of 5QI to CAPC is defined in 38.300. For sidelink, whether similar mapping should be defined based on PQI or L1-priority should be studied. Some standardized PQI and default priority level are defined in TS 23.287 for V2X service, and in TS 23.304 for ProSe service. Since the CAPC is 2 bits, L1-priority is 3 bits and PQI is 8 bits, it is convenient to define a 3 bits L1-priority to 2 bits CAPC mapping. In addition, L1-priority is signaled in SCI stage I, which can be reused to indicate CAPC for SL-COT sharing. 

Proposal 4:    Define L1-priority to CAPC mapping for SL-U.
   
COT sharing
 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.











For sidelink COT sharing, the COT can only be shared with higher access priority. If gap is allowed within the SL-COT, type 2 LBT can be used when the gap is equal or greater than 25us, no LBT if the gap is less than 16us.  

Based on the definition of COT sharing in [2], as copied below, the initiating device can grant the COT to the associated responding devices for transmission.  
[image: ]
Based on the regulation on COT sharing, the following COT sharing rule is proposed: 
· For unicast COT sharing, the SL-U COT can be shared with the UE associated with the initiating device for PSSCH, PSCCH and PSFCH. 
· For groupcast COT sharing, the COT can be shared for PSFCH transmission with NACK only transmission or ACK/NACK transmission.  
· For broadcast COT, no COT sharing is allowed. 

Proposal 5: Type 2 channel access can be used for SL-U COT sharing. 

Proposal 6: For COT sharing restrictions,  
· For unicast COT sharing, the SL-U COT can be shared with the unicast devices associated with the initiating device for PSSCH, PSCCH and PSFCH. User plane data with higher or equal CAPC can be transmitted within shared COT. 
· For groupcast COT sharing, the COT can be shared for PSFCH transmission with ACK/NACK or NACK only transmission. 
· For broadcast COT, no COT sharing is allowed. 

To enable COT sharing, the channel access information can be included as part of SCI stage 1. For COT sharing, the responding device should transmit only the traffic with priority class higher than the priority class used to acquire the COT, the transmission power to be used is also lower than the Tx power used in EDT calculation for channel access. In addition, the remaining COT duration to be shared should be also included in SCI so that the responding UE knows how long the transmission can be. In addition, SCI might include the CCA type and CP extension, so the responding UE can transmit with CP extension to ensure either 16us or 25us gap is used between transmissions. 

Proposal 7: SCI stage 1 includes sidelink COT sharing information such as access priority class/MCOT, remaining COT length, EDT, shared COT CCA type and CP extension index etc. 

Channel access for multiple channels  
High level agreement on multiple channels support is agreed in RAN1 109-e as below.  
Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation









In Uu link, for DL multi-channel transmission, the transmission can happen on the channels that finish the channel access procedure. However, for UL multi-channel transmission, the transmission only happens when all the channels success LBT. There are two main design considerations for the UL design. Frist on the transmission side, the UE does not need to prepare the transmission based on LBT result, on the receiving side, no need to blind detection which RB set is transmitted.  For sidelink transmission, it is desirable to reduce the overall complexity, therefore UL multiple channel access procedure should be the baseline for SL-U multi-channel transmission. 


Proposal 8: UL multi-channel access procedure should be used as a baseline for SL-U. 

Model 1 and mode 2 resource allocation  
Mode 1 and mode 2 resource allocation are basic schemes enabled in NR sidelink, and will be supported in SL-U operation as agreed in RAN1 109-e. 

Agreement

· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2



























For mode 1 and mode 2 resource allocation, the UE need to perform type-1 channel access procedure before transmission, unless it is within a shared COT. Type 1 channel access procedure can start any time after packet arrived at the sidelink UE’s buffer, and finish before the selected resources. In this case, the UE can freeze the counter and perform type-2 LBT before the allocated resource again. If the type 2 LBT is successful, transmission will start. 

In eLAA/NR-U configured grant design, the starting point after type 1 channel access procedure is successful depends on whether this is full BW configuration, or partial BW configuration. In case of full BW configuration, random starting position is used, so if one UE starts the transmission, it will naturally block other UEs to start therefore avoiding collision. In case of partial BW, to avoid one UE transmission block another FDMed UE in the same 20MHz CCA bandwidth, the same starting position is used. For sidelink UE, similar mechanism can be used. 
Proposal 9:  Separate starting position can be used for resource allocation with full BW or partial BW, similar to CG PUSCH in Uu link. 
Since type 1 LBT can start long before the selected/allocated resource, and type 1 LBT can take long time to finish depending on contention window size and channel condition, there is no need to create specific LBT gap for type-1 channel access. However, a gap of 25us for type 2 LBT is needed, so the UE can perform type-2 LBT right before transmission. To perform a type 2 LBT, the last 25us of the gap symbol in current slot structure can be reused. Transmission starts immediately after the type 2 LBT.   
Proposal 10: Type 1 channel access procedure can start any time after traffic arrival at the buffer. If type-1 CCA success before selected resource, the UE can freeze the counter and perform type-2 LBT right before selected resource for transmission. 
Proposal 11: Use the last 25us of the gap symbol in slot structure for type-2 CCA before mode-1 and mode-2 RA. 
Mode 2 resource allocation scheme is one of key optimizations for sidelink operation in licensed/dedicated band. For mode 2, the sidelink UE will perform sensing, select resources, and make reservation ahead of actual transmission. The reservation is piggybacked with previous transmission. This works well for periodic traffic. However, for aperiodic traffic, which is more common for the targeted commercial use cases for sidelink unlicensed operation, the piggybacked reservation has limited usage. 

When the source is reserved by the UE, other UEs will not use the reserved resource for transmission. It is not clear whether the reserved resource will impact other UE’s CCA sensing. In WiFi, when NAV is set by RTS or CTS or CTS-to-Self, all other STAs will not continue the sensing procedure as well. If we follow similar design, the other UEs should not perform CCA sensing which can cause further access delay if the resource is reserved but not used.   
Proposal 12: For mode 2 resource allocation, further discussion whether reservation signal can be sent independently for aperiodic traffic.  
Proposal 13: For mode 2 resource allocation, other UE can continue perform CCA sensing on reserved resources.  
 
CW backoff    
Exponential contention window backoff is defined in [2]. In LAA/eLAA, the CW backoff procedure is defined separately for DL and UL based on LTE HARQ transmission schemes. In NR-U, the CW backoff procedure is updated for DL and UL separately based on NR HARQ transmission schemes. For SL-U transmission, similar procedure should be designed based on SL HARQ design. 

For SL-U unicast transmission, one UE can have transmissions to different UEs in different unicast pairs. To simply the design, the CW is updated per UE per access priority class. For groupcast transmission with HARQ feedback mode 1, there is only NACK feedback. CW cannot be reset due to lack of ACK transmission in this case. Therefore, we propose the CW is kept the same.  
Proposal 14: For unicast transmission and group cast transmission with ACK/NACK feedback, CW is updated per UE per access priority. 
Proposal 15: For group cast transmission with NACK only feedback, and broadcast transmission without unicast traffic, CW is kept the same.  
Conclusion
In the paper, we discuss the sidelink unlicensed band channel access design aspects. The proposals are: 
 
Proposal 1:    Type 1 UL channel access procedure and corresponding CAPC can be reused for sidelink type 1 channel access.  

Proposal 2:    Allow >25us gap within SL-COT. Gap length is counted in the MCOT length.    

Proposal 3:    S-SSB transmission can start after one shot 25us LBT, or type 1 priority 1 uplink channel access.     

Proposal 4:    Define L1-priority to CAPC mapping for SL-U.

Proposal 5: Type 2 channel access can be used for SL-U COT sharing. 

Proposal 6: For COT sharing restrictions,  
· For unicast COT sharing, the SL-U COT can be shared with the unicast devices associated with the initiating device for PSSCH, PSCCH and PSFCH. User plane data with higher or equal CAPC can be transmitted within shared COT. 
· For groupcast COT sharing, the COT can be shared for PSFCH transmission with ACK/NACK or NACK only transmission. 
· For broadcast COT, no COT sharing is allowed. 

Proposal 7: SCI stage 1 includes sidelink COT sharing information such as access priority class/MCOT, remaining COT length, EDT, shared COT CCA type and CP extension index etc. 

Proposal 8: UL multi-channel access procedure should be used as a baseline for SL-U. 
Proposal 9:  Separate starting position can be used for resource allocation with full BW or partial BW, similar to CG PUSCH in Uu link. 
Proposal 10: Type 1 channel access procedure can start any time after traffic arrival at the buffer. If type-1 CCA success before selected resource, the UE can freeze the counter and perform type-2 LBT right before selected resource for transmission. 
Proposal 11: Use the last 25us of the gap symbol in slot structure for type-2 CCA before mode-1 and mode-2 RA. 
Proposal 12: For mode 2 resource allocation, further discussion whether reservation signal can be sent independently for aperiodic traffic.  
Proposal 13: For mode 2 resource allocation, other UE can continue perform CCA sensing on reserved resources.  
Proposal 14: For unicast transmission and group cast transmission with ACK/NACK feedback, CW is updated per UE per access priority. 
Proposal 15: For group cast transmission with NACK only feedback, and broadcast transmission without unicast traffic, CW is kept the same.  
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3)  AnInitiating Device is allowed to grant an authorization to one or more associated Responding Devices to
transmit on the current Operating Channel within the current Channel Occupancy Time. A Responding Device
that receives such a grant shall follow the procedure described in clause 4.2.7.3.1.5.




