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[bookmark: OLE_LINK1]Introduction
In RAN#94e, NR sidelink evolution WI was agreed to be introduced for Rel-18 SL [1]. Following objective#2 in the WID aim to study and specify the support of sidelink on unlicensed spectrum for both mode 1 and mode 2. The details of the objective are shown in below.
	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
· [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.


In this contribution, we discuss technical aspects related to the channel access mechanism to support the NR SL operations on FR1 unlicensed spectrum.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Discussion
[bookmark: _Toc423020280][bookmark: _Ref37339923]Channel access mechanism
In co-existence perspective, the regulations related to the channel access mechanism on unlicensed spectrum should be complied with wireless communication systems. In general, Wi-Fi system and other 3GPP RATs e.g., LTE LAA and NR-U systems currently well are operating on unlicensed spectrum e.g., 5GHz/6GHz unlicensed bands, based on the regulation such as LBT procedure, in terms of fair co-existence. In that sense, it has been started to discuss on what channel access mechanisms need to be introduced for Rel-18 SL-U, and RAN1 made several agreements for channel access mechanisms based on the legacy channel access procedures from the NR-U according to the SID of SL-U.
In unlicensed spectrum, there are two types of channel access mechanism, i.e., Frame Based Equipment (FBE) and Load based Equipment (LBE). Dynamic channel access (LBE based) performs LBT with back-off mechanisms, which are specified by Type 1 channel access procedure in NR-U. A wireless node can transmit whenever the channel is sensed as idle, otherwise a wireless node should perform further CCA sensing until the selected back-off counter reaches zero. According to channel access priority class (CAPC) LBE is based on determination of several factors related to channel access procedure e.g., Contention window size, MCOT, back-off counter and so on. For example, if there is an message with higher priority to be transmitted, channel access procedure for the higher priority needs to be performed (e.g. CAPC (p) = 1), where the maximum contention window size is very small compared to that of lower priority class (e.g. CAPC (p) = 4). Based on that, LBE allows further flexible and dynamic channel access procedure according to the channel access priority class.
Meanwhile, semi-static channel access (FBE based) has different characteristics in terms of channel access procedure and frame-based channel access that only allow a UE perform channel sensing (CCA) and start to transmit at fixed starting point in a frame e.g., beginning of a frame. FBE has advantage of better multiplexing (e.g., FDM) among UEs, compared to the LBE, since the UEs commonly perform CCA during the same time duration so that inter-UE blocking problem may not be happened. The reason why it has been specified in NR-U is to provide such technical advantages in addition to dynamic channel access. Therefore, RAN1 can also consider the semi-static channel access scheme to provide same technical advantages and use cases for SL-U
Given that the discussion above, it is beneficial to fully use both LBE and FBE for SL-U as well, depending on the SL-U deployment scenarios, channel conditions and so on. Either way would be very useful according to SL-U scenarios and thus those would be considerable for SL-U. 
Proposal 1: It is beneficial to support semi-static channel access (FBE), in addition to dynamic channel access (LBE) for SL-U.
Type 1 channel access procedure for S-SSB and PSFCH
The following agreement for CAPC level (s) in Type 1 SL channel access procedure was made in RAN1#110bis-e [2]:
	Agreement
· Type 1 SL channel access procedure is applicable to the following transmissions by a UE:
· PSSCH/PSCCH transmission(s) scheduled or configured by a gNB in SL Mode 1 resource allocation.
· PSSCH/PSCCH transmission(s) from the UE in SL Mode 2 resource allocation.
· Other SL transmissions including S-SSB and PSFCH transmissions from a UE
· FFS: how to set CAPC for S-SSB and PSFCH
· Note: Type 1 can be used to initiate a COT
· A UE uses a channel access priority class applicable to the sidelink user plane data multiplexed in PSSCH for performing the Type 1 channel access procedures to transmit transmission(s) including PSSCH with user plane data and its associated PSCCH.
· Note: how to set CAPC for MAC CE multiplexed in PSSCH is up to RAN2
· A UE shall not transmit on a channel for a Channel Occupancy Time that exceeds the maximum COT duration where the channel access procedures are performed based on a channel access priority class p associated with the UE transmissions, as given in CAPC table for SL.


For the CAPC value for S-SSB and PSFCH, it has been proposed that fixing CAPC value is set to 1 from several proposed companies. It can be useful for S-SSB transmissions since both synchronization and broadcast transmission are seen important to make SL connection reliable. Different from allowing simultenous transmission with SSB and DL channels in NR-U, S-SSB only would be transmitted. In this case, p=1 is preferred so that reliable SL connections should be maintained. For S-SSB, fixing CAPC=1 can be applied to legacy S-SSB location while additional S-SSB locations should be discussed in RAN1 on whether CAPC=1 is also used or not.
Proposal 2: It is considered that fixing CAPC=1 can be applied to legacy S-SSB location but, FFS on additional S-SSB(s) 
However, fixing the 1 value of CAPC value for PSFCH transmission should be carefully designed. Since the PSFCH transmission can grab unlicensed channel than other PSSCH/PSCCH transmission which may be higher priority transmission, it can cause nagative impact to the PSSCH/PSCCH transmission especially in Mode 2 scenario where there is no any guidance and organization from gNB. Considering this, we think setting CAPC of PSFCH can follow the priority of corresponding PSSCH. 
Proposal 3: It is proposed that setting CAPC value of PSFCH can follow the priority of corresponding PSSCH
CW adjustment in Type 1 channel access procedure
Regarding the CW adjustment, the definition of SL reference duration was discussed and made following agreement in [2]:
	[bookmark: _Hlk127448041]Agreement
SL reference duration is defined as a duration corresponding to a channel occupancy initiated by the UE including transmission of PSSCH(s), starting from the beginning of the channel occupancy initiated by the UE including transmission of PSSCH(s), until either (one option to be selected later):
· Option 1a: 
· the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with ACK/NACK HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g., for MCSt if needed
· Option 1b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g., for MCSt if needed
· Option 2a: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the end of the channel occupancy
· FFS: Whether to support another ending timing is FFS, e.g. for MCSt if needed
· Option 2b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the time when UE updates the CW
· FFS: Whether to support another ending timing is FFS, e.g., for MCSt if needed



First of all, for the definition of a SL reference duration, we would like to define it similar with that from NR-U for SL-U system. That is, the principle to find the first slot containing a transmission related to an HARQ-ACK feedback in the latest channel occupancy time, and use the ACK or NACK information from the HARQ-ACK feedback to determine CW reset or not. This approach seems be straightforward and reasonable, since it would not cause significant specification works and implementation efforts for SL-U so that the design principle of reference duration can fully reused as much as possible.
Proposal 4: It is preferred that Option 1a is adopted for the definition of a SL reference duration

	Proposal 3-2 (II): Contention window adjustment procedures (to further down-select between options in each case):
· SL HARQ-ACK feedback disabled in SCI (i.e., all cast types)
· Option 1: For every priority class , use the latest .
· Option 2: CW is adjusted according to number blind retransmissions of the TBs within a COT.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported in SL-U.
· Only unicast (ACK and NACK) within SL reference duration
· Option 2: If at least one ‘ACK’ is received,  for each priority class ; otherwise, increase.
· Only groupcast option 2 (ACK and NACK) within SL reference duration
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks.
· Option 2: If at least one ‘ACK’ is received,  for each priority class ; otherwise, increase.
· FFS whether the at least one ‘ACK’ is from just one UE or every UE
· Only groupcast option 1 (NACK-only) within SL reference duration
· Option 1: For every priority class , use the latest .
· Option 2: If ‘NACK’ or a collision indicator (IUC scheme 2) is received, increase ; Otherwise,  or use the latest  (FFS which).
· Option 6: GC option 1 (NACK-only) is not supported in SL-U
· FFS: the case when SL HARQ-ACK feedback is not available after the last update of .


For contention window adjustment procedure, there are possible operation cases with several options to decide how CW adjustment should be performed in Type 1 SL channel access procedure as seen in above Table. Firstly, for the case where SL HARQ feedback is disabled within the latest SL reference duration, it is preferred to use the latest  used for any SL transmission on the channel using Type 1 channel access procedure, because it is well aligned with the principle in NR-U that when the transmissions are not associated with explicit HARQ-ACK feedbacks by the corresponding UE(s), is maintained for every priority class p∈{1,2,3,4}. Moreover, the other options (i.e. option 2 and 3) seems somewhat new CW adjustments specific to the SL-U operation and may be operated only in some conditions such as a collision indicator is available or blind retransmission is performed. Also, we are not sure whether to use CR/CBR on CW adjustment as CR/CBR measurement is related to SL resource occupancy only for mode 2. Therefore, it is reasonable to follow WID guidance that NR-U CW adjustment procedure is baseline for SL-U, so option 1 is considered as straightforward design way to us for this case.
As for only groupcast option 2 (ACK and NACK) within SL reference duration, we can also consider similar principle of that of NR-U when selecting one option for SL CW adjustment in this case, so option 1 in above agreement can be preferred, considering the intention to have similar approach using configurable radio from the NR-U. Therefore, we prefer to use option 1 in this case.
For groupcast option 1, there are some concerns on whether it is supported for SL-U or not, since there is no “ACK” feedback from UE even when SL HARQ-ACK is correctly received and so UE received HARQ feedback for groupcast option 1 cannot distinguish between “ACK” and “DTX”. In this case, if RAN1 would decide to support groupcast option 1 for SL-U, we would like to select same approach in the case where SL HARQ feedback is disabled since it is simple approach and can fully reuse the CW adjustment behavior from SL HARQ-ACK feedback disabled in SCI. In our view it would not have performance degradation from the option which means that there may be no significant performance difference among the proposed options for this case. Furthermore, ACK-only procedure would lead to additional implementation complexity and specification works as it is new HARQ-ACK feedback option different from the current specification such as backward compatibility issue on how to interpret “ACK” only reception.
Proposal 5: It is proposed to select following option for each case:
· For CW adjustment when SL HARQ feedback is disabled, 
· For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class 
· For groupcast option 2 with SL HARQ feedback enabled,
· Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks in the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value
· The ratio of the received SL HARQ-ACK feedback is “ACK”
· For groupcast option 1 with SL HARQ feedback enabled (if supported),
· For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class 

For the channel access of S-SSB and PSFCH without a shared channel occupancy, following agreement has been made in RAN1#111:
	Agreement (RAN1#111)
· Type 2A channel access procedure is applicable for S-SSB transmissions from a UE without a shared channel occupancy, when the following constraints are met:
· Time duration is at most 1ms per transmission. 
· The duty cycle of the S-SSB transmissions is at most 1/20
· FFS: details of EDT
· FFS: whether/how to define observation period, including whether or not observation period would be captured in the specifications if defined
· [bookmark: _Hlk127462671]FFS: Type 2A applicability for PSFCH without a shared channel occupancy and further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure


Regarding FFS on Type 2A applicability for PSFCH without a shared channel occupancy, it is more complicated to decide whether Type 2A is applicable to PSFCH transmission because it is not fully decided how to allocate PSFCH in a shared spectrum and PSFCH transmission is not periodic different from the S-SSB transmission. Following options can be considered for PSFCH:
1) Applying same option applied for S-SSB transmission.
2) Applying Type 2 LBT for transmissions only within a shared COT
Basically, it is hard for PSFCH to ensure the restriction of SCSt (e.g. 1/20 duty cycle) different from that of S-SSB. Even if the restriction is met, the PSFCH transmission would be very limited. In this case, HARQ-ACK feedback process will be significantly impacted and accordingly it will cause multiple PSFCH opportunities and LBT trials. Moreover, PSFCH link performance should be designed more robust against LBT failures and restrictions which may result in decreasing the PSFCH capacity, because for reliable HARQ-ACK feedback process it should be further protected from worse channel conditions due to less probabilities of channel occupancy especially when performing Type 1 LBT for PSFCH transmission. 
Proposal 6: Support Type 2A applicability for PSFCH without a shared channel occupancy

UE-to-UE COT sharing
On UE-to-UE COT sharing, following agreement has been made in RAN1#111. 
	Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT. When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· FFS: whether a responding UE can transmit PSFCH(s) to UE(s) other than the initiator
· When performing PSSCH/PSCCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE
· FFS whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
· FFS: how to determine / what are the restrictions to the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) to utilize the COT shared by the initiating UE.
· FFS whether the responding UE can utilize the COT when at least the responding UE’s PSCCH transmission in the reserved resources within the shared COT or MCSt is intended for the COT initiating UE and what are the restrictions (e.g., priority, etc.) and indication to the responding UE.
· FFS: UE forwarding/relaying information about a COT initiated by another UE.


In last RAN1#111 meeting, it was agreed that S-SSB for the responding UE can be relied on the UE-to-UE COT sharing from the COT initiating UE while PSFCH transmission can utilize the UE-to-UE COT sharing at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE. In addition, when performing PSSCH/PSCCH transmission(s), it has a little more restrictive property of the UE-to-UE COT sharing that at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE. One of remaining issues is whether a responding UE can also transmit PSSCH/PSCCH or PSFCH(s) to UE(s) other than the initiator during the shared COT. 
Firstly, for PSFCH transmission(s) to UE(s) other than the initiator, we think it is beneficial to SL-U system as well as other RATs and can bring efficient shared channel utilization, because during shared COT, a responding UE can fully use the shared COT by transmitting all the possible PSFCH(s), and accordingly additional LBT procedure(s) and channel occupancy from the responding UE in later time would be avoided. Also, considering HARQ-ACK feedback in PSFCH transmission is important control information to meet SL-U system performance, PSFCH(s) to UE(s) other than the initiator can be useful for SL-U. Moreover, this approach can allow more various use cases and resource utilization strategy if a COT initiating UE provides a responding UE with COT sharing information. 
[bookmark: _Hlk127538513]Proposal 7: It is supported that a responding UE can transmit PSFCH(s) to UE(s) other than the initiator during the shared COT
Regarding FFS on whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, we think that each PSSCH transmission of the responding device should at least have the COT initiator device as a destination since the main motivation of sharing COT from initiator should be to allow fast PSCCH/PSSCH transmission(s) from a responding UE. To transmit at least PSSCH/PSCCH to a COT initiating UE should be differentiated from the case where transmitting PSFCH(s) to UE(s) other than the initiator during the shared COT as the PSFCH(s) has anyway less time duration than PSSCH/PSCCH and allowing simultaneous PSFCH transmissions in a symbol/slot which mean that PSFCH(s) to UE(s) other than the initiator during the shared COT would affect the SL-U channel occupancy and aligned with the NR-U design principle. Therefore, it should be carefully considered to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission.
Proposal 8: It is not preferable to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission
[bookmark: _Hlk118452932]As for the COT sharing information content, at least following information could be firstly considered:
· CAPC level,  
· Remaining COT duration, 
· L1 ID
· RB sets within the COT
If any other information needs to be included in the COT information, it should be well justified with maximum allowable information size in the container, latency and applicable scenarios. On determining the container of COT sharing information, it should be selected either SCI (e.g. 1st and/or 2nd SCI) or MAC CE. Currently, it is not clear how many information and bit size is included in a container so, we think the discussion on this issue should be firstly focused on the COT sharing information and then we can decide which container is preferable in future discussions.
Proposal 9: As for the COT sharing information content, at least following information could be firstly considered:
· CAPC level,  
· Remaining COT duration, 
· L1 ID
· RB sets within the COT

Resource allocation enhancements (mode 1 and mode 2)
In last RAN1 meeting, it was agreed that both legacy SL mode 1 and mode 2 are supported for SL-U as well. For SL-U mode 1, since it is assumed that Uu operation between gNB and Tx UE should be performed on licensed band according to SID, the mode 1 related signaling e.g., SL SR, SL DCI signaling or RRC resource configuration will not affect the SL-U operations. However, as a gNB does not have any idea on whether SL scheduling information provided by the gNB is successfully used by the Tx UE (i.e. LBT success), it can’t guarantee that Mode 1 SL scheduling is always ensured as in legacy SL mode 1. Accordingly, how to handle this problem in SL-U needs to be discussed in RAN1. One possible way is to allow gNB perform LBT in same unlicensed carrier, in order to recognize the channel is idle or not before the SL mode 1 scheduling to the Tx UE. If it is not preferred to require the LBT capability at gNB side as well then other solutions e.g. additional SL information (e.g. Indication of LBT failure to gNB) can be useful for SL-U mode 1. Thus, it can be considered that a UE can report control information related to LBT failure to gNB. Then, how it is reported and contents of the control information should be discussed.
Proposal 10: It is proposed to consider how to report control information related to LBT failure to gNB
For mode 2 in SL-U, it can be considered that sensing and resource selection procedure as in legacy mode 2 is used to avoid the collisions of SL Tx UEs (intra-RAT) while LBT is performed to avoid inter-RAT collisions. Sensing procedure is performed to select resources for future SL transmissions by defining sensing window and section window. The purpose of LBT procedure is to have right to access the unlicensed spectrum using CCA period, in order to identify whether a channel is using by other RATs or SL UEs. It looks similar each other but, they have different purpose and separate operations in SL-U. Therefore, it should be firstly focused on how both sensing and LBT is efficiently performed by Tx UE in RAN1. For example, in order to handle the LBT failure on the selected resources by mode 2 procedure, additional number of SL resources selected by MAC can be allowed. Also, to address inter-UE blocking issue, mode 2 RA can be enhanced. For example, resource should be selected with a sufficient time gap before or after the PSSCH transmission of UEs, in order to guarantee the PSSCH transmission with higher priority from UEs
Proposal 11: It is proposed to consider the following enhancements for mode 2:
· More number of SL resources than necessary SL resources selected by MAC 
· A sufficient time gap before or after the PSSCH transmission of UEs
Conclusion
In this section, we summarize our proposals on channel access procedure for SL-U as follows:
Proposal 1: It is beneficial to support semi-static channel access (FBE), in addition to dynamic channel access (LBE) for SL-U.
Proposal 2: It is considered that fixing CAPC=1 can be applied to legacy S-SSB location but, FFS on additional S-SSB(s) 
Proposal 3: It is proposed that setting CAPC value of PSFCH can follow the priority of corresponding PSSCH
Proposal 4: It is preferred that Option 1a is adopted for the definition of a SL reference duration
Proposal 5: It is proposed to select following option for each case:
· For CW adjustment when SL HARQ feedback is disabled, 
· For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class 
· For groupcast option 2 with SL HARQ feedback enabled,
· Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks in the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value
· The ratio of the received SL HARQ-ACK feedback is “ACK”
· For groupcast option 1 with SL HARQ feedback enabled (if supported),
· For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class 
Proposal 6: Support Type 2A applicability for PSFCH without a shared channel occupancy
Proposal 7: It is supported that a responding UE can transmit PSFCH(s) to UE(s) other than the initiator during the shared COT
Proposal 8: It is not preferable to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission
Proposal 9: As for the COT sharing information content, at least following information could be firstly considered:
· CAPC level,  
· Remaining COT duration, 
· L1 ID
· RB sets within the COT
Proposal 10: It is proposed to consider how to report control information related to LBT failure to gNB
Proposal 11: It is proposed to consider the following enhancements for mode 2:
· More number of SL resources than necessary SL resources selected by MAC 
· [bookmark: _GoBack]A sufficient time gap before or after the PSSCH transmission of UEs
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