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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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 mechasnism 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 including 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 agreemments 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 on several factors related to channel access procedure e.g., Contension Window Size, MCOT, back-off counter and so on. For example, if there is an important message to be transmitted, the channel access procedure with higher priority needs to be performed (e.g. CAPC (p) = 1), where the maximum contention window size is very small compared to the 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, comapred to the LBE, since the UEs commonly perform CCA during the same time duration so that inter-UE blocking problem may not be happened. We think it has been specified due to such technical advantages in addition to dynamic channel access in NR-U and thus, it can be seen that SL-U can also introduce the semi-static channel access scheme to provide efficient channel access procedure in some useful scenarios so that more flexible SL-U deployment scenarios should be provided in Rel-18.
Given that the discussion above, it is beneficial to fully reuse both LBE and FBE for SL-U as well, depending on the SL-U deployment scenarios, channel conditions and so on. Either way can be very useful according to what SL-U scenarios is considered and thus those would be considerable for SL-U. 
Proposal 1: It is beneficial to support semi-static channel access (FBE), in addion to dynamic channel access (LBE) for SL-U.

The following agreement 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 some proposed companies. It may be useful for S-SSB transmission since synchronization and SL broadcast transmissions are seen important to make SL connection reliable while fixing the 1 value of CAPC value for PSFCH transmission should be cafully designed. Since the PSFCH transmission can grab unlicensed channel than other PSSCH/PSCCH transmission which may be higher priority transmission, it can badly affect the PSSCH/PSCCH transmission especially in Mode 2 scenario where there is no any guidance and orgnization from gNB. Considering this, we think setting CAPC of PSFCH can follow the priority of corresponding PSSCH. 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 proposed that setting CAPC value of PSFCH can follow the priority of corresponding PSSCH
Proposal 3: It is considered that fixing CAPC=1 can be applied to legacy S-SSB location but, FFS on additional S-SSB(s) 

Regarding the CW adjustment, it was discussed and made following agreement in [2]:
	Agreement
· RAN1 is to study the definition of a “SL reference duration” following the NR-U principle and RAN1 is to agree on the definition before down-selection to an option for CW adjustment for SL HARQ-ACK feedback enabled/disabled and each cast type
· In Type 1 SL channel access procedure, further study the following cases and options. Other options are not precluded. 
· CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled):
· Option 1: 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 .
· 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 for SL-U
· Option 4: If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Option 5: If a collision indicator is received, increase  for every priority class  to the next higher allowed value.
· CW adjustment for groupcast option 2 with SL-HARQ feedback enabled (i.e., at least In case only groupcast option 2 PSSCH(s) is (are) transmitted within the latest SL reference duration): 
· Option 1: 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. 
· FFS: whether the ratio of the received SL HARQ-ACK feedbacks is ‘ACK’, ‘NACK’ or ‘ACK+NACK’
· FFS: how to calculate the ratio
· FFS: the (pre-)configuration ratio values
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  ; otherwise is increased.
· FFS whether groupcast option 1 (NACK-only) with SL-HARQ feedback enabled can be supported for SL-U. If supported, further study the following options (at least if all transmissions within the latest SL reference duration are groupcast option 1 transmissions)
· Option 1: 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 .
· Option 2: 
· If ‘NACK’ or a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration, increase  for every priority class  to the next higher allowed value.
· When neither ‘NACK’ nor a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration,
· Option A:  is reset to  for every priority class .
· Option B: 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 .
· Option 3: An ACK-only procedure is used instead of a NACK-only procedure. In this case, if at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  , otherwise is increased
· Option 4: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 5 (option 3+legacy): ACK feedback is performed when a TB is successfully decoded in addition to the legacy NACK-only procedure. In this case, if ACK only is received related to any transmissions within the latest SL reference duration then ,  otherwise  is increased.
· CW adjustment for unicast with SL-HARQ feedback enabled (at least In case only unicast PSSCH(s) is (are) transmitted within the latest SL reference duration):
· Option 2: If at least one ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class   ; otherwise is increased.
· FFS the case when UE is operating with different SL-HARQ feedback schemes (e.g., UE has concurrent broadcast transmission + unicast with SL-HARQ enabled, or GC option 1 + GC option 2, etc in the SL reference duration).


First of all, for the definition of a SL reference duration, we would like to apply similar definition from NR-U with slight modifications to match SL-U system. That is, based on a reference duration of NR-U, the following definition of a SL reference duration can be applicable to SL-U.
Proposal 4: A SL reference duration is defined as any duration from the beginning of the channel occupancy until either
· the end of the first slot where at least one unicast PSSCH or a groupcast PSSCH with HARQ-ACK feedback enabled in SCI is transmitted, or
· the end of the first transmission burst that contains a unicast PSSCH or a groupcast PSSCH with HARQ-ACK feedback enabled in SCI,
whichever occurs earlier

There are three cases and releavant options to decide how CW adjustment should be performed in Type 1 SL channel access procedure as seen in above. Firstly, for the case when SL HARQ feedback is disabled within the latest SL reference duration, we think it is preferred to use the lastest  used for any SL transmission on the channel using Type 1 channel access procedure as in option 1 among 5 options because it seems well align with what NR-U has been specifying 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 2~5) are somewhat new CW adjustments specific to the SL and some of the options may be operated only in some conditions such as 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, we think 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 groupcast option 2 with SL HARQ feedback enabled, we can 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. Thererfore, we slightly 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 can be simple approach and in our view there is no big 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 interprete “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, 
	· Short control signalling transmission (SCSt)
· According to European regulation (ETSI EN 301 893), following limitations apply
· within an observation period of 50 ms, the number of Short Control Signalling Transmissions by the equipment shall be equal to or less than 50; and
· the total duration of the equipment’s Short Control Signalling Transmissions shall be less than 2 500 µs within said observation period.


In last RAN1 meetings, the channel access for S-SSB and PSFCH has been discussed with the short control signaling transmission (SCSt) as seen above EU regulation (ETSI EN 301 893) which does not require a UE to perform a CCA procedure to grab channel in a shaured carrier. The SCSt mechanism is also specified in NR FR-2 for both discovery burst in DL and msg.1 of random access procedure in UL. For S-SSB, considering the similarity of periodic transmission and characteristric including duty cycle between S-SSB and discovery burst, it seems to be reasonable to also apply the procedure of “Exempted transmissions from sensing”  currently specified in TS37.213 as Type 3 channel access procedure into SL-U SSB transmission in a region where short control signalling exemption is allowed by regulation. Otherwise (i.e. there is no SCSt regulation), Type 2A channel access procedure is applicable for S-SSB.
Proposal 6: It is proposed to use the SCSt mechanism (Type 3 channel access procedure specified in TS37.213) for S-SSB in SL-U in a region where short control signalling exemption is allowed by regulation. Otherwise (i.e. there is no SCSt regulation), Type 2A channel access procedure is applicable for S-SSB tranmission without a shared channel occupancy.
Also, for PSFCH it is more complicated to decide whether Type 2A or Type 3 is applicable to PSFCH transmision because it is not fully decided how to transmit PSFCH in SL-U e.g. dynamic or semi-static PSFCH and new PSFCH format and so on. In addition, PSFCH transmission is not periodic different from the S-SSB transmision. Basically we think it is hard to ensure the restriction of SCSt (e.g. 1/20 duty cycle) but if PSFCH transmission can be met for SCSt, it is possible to use SCSt for PSFCH tranmission since we don’t need to restrict the usage of SCSt to only S-SSB in SL-U.
Proposal 7: The SCSt is also applicable to PSFCH transmission without a shared channel occupancy when the transmission meets the regulation for SCSt in a region.

UE-to-UE COT sharing
On UE-to-UE COT sharing, two main alternatives was agreed in RAN1#110 as shown in below. 
	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 main difference between two alternatives is what channel type of the COT initiating UE is intended for the target receiver. That is, alt 1 intended to follow NR-U’s principle mainly targetting for unicast transmission such as from gNB to a UE for SL-U while alt 2 would allow more flexible and widely available to more SL UEs especially considering broadcast and groupcast transmission which have in general quite different assumptions from the NR-U. Considering various SL deployment scenarios and SL operations between multiple UEs, compared to the NR-U, it seems Alt 2 can allow efficient channel usage for the various purpose and operations in responding UE perspective when COT initiator UE provides a respoding UE with shared COT resources. Also, it can reduce further latency and LBT overhead by allowing flexible COT sharing operation between UEs. In addition, there is no clear justification not to use COT sharing for PSFCH/S-SSB as in our view usage of COT sharing in a COT initiated by Type 1 channel access, there is no difference between PSCCH/PSSCH and PSFCH/S-SSB.
Proposal 8: To allow flexible and efficient spectrum utilization, it is preferable to support Alt 2 for UE-to-UE COT sharing.
[bookmark: _Hlk118452932]As for the COT sharing information content, we think at least following information should be 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: It is proposed to consider at least following information in COT sharing information content
· CAPC level,  
· Remaining COT duration, 
· L1 ID
· RB sets within the COT

SL resource allocation
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 signalings 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 scheduing 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 recognise 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 scheduling information can be found. In addition, it is also needed to be discussed on how SL HARQ feedback is performed by UL channel (e.g. PUCCH) and what UL channel Tx timing and resource are determined by the Tx UE.
Proposal 10: It needs to be discussed on how to ensure reliability of SL scheduled resources from gNB in SL-U mode 1. 

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 unlicesed 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 so independent operation 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, larger number of SL resources selected by MAC can be allowed.
Proposal 11: It needs to be discussed on how to handle the LBT failure on the selected resources by mode 2 procedure.
Conclusion
In this section, we summarize the our proposals on channel access procedure for SL-U as follows:
Proposal 1: It is beneficial to support semi-static channel access (FBE), in addion to dynamic channel access (LBE) for SL-U.
Proposal 2: It is proposed that setting CAPC value of PSFCH can follow the priority of corresponding PSSCH
Proposal 3: It is considered that fixing CAPC=1 can be applied to legacy S-SSB location but, FFS on additional S-SSB(s) 
Proposal 4: A SL reference duration is defined as any duration from the beginning of the channel occupancy until either
· the end of the first slot where at least one unicast PSSCH or a groupcast PSSCH with HARQ-ACK feedback enabled in SCI is transmitted, or
· the end of the first transmission burst that contains a unicast PSSCH or a groupcast PSSCH with HARQ-ACK feedback enabled in SCI,
whichever occurs earlier
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: It is proposed to use the SCSt mechanism (Type 3 channel access procedure specified in TS37.213) for S-SSB in SL-U in a region where short control signalling exemption is allowed by regulation. Otherwise (i.e. there is no SCSt regulation), Type 2A channel access procedure is applicable for S-SSB tranmission without a shared channel occupancy.
Proposal 7: The SCSt is also applicable to PSFCH transmission without a shared channel occupancy when the transmission meets the regulation for SCSt in a region.
Proposal 8: To allow flexible and efficient spectrum utilization, it is preferable to support Alt 2 for UE-to-UE COT sharing.
Proposal 9: It is proposed to consider at least following information in COT sharing information content
· CAPC level,  
· Remaining COT duration, 
· L1 ID
· RB sets within the COT
Proposal 10: It needs to be discussed on how to ensure reliability of SL scheduled resources from gNB in SL-U mode 1. 
Proposal 11: It needs to be discussed on how to handle the LBT failure on the selected resources by mode 2 procedure.
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