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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#112bis-e meeting, for Rel-18 NR sidelink transmission on unlicensed spectrum (SL-U), the relevant channel access mechanisms have been extensively discussed including some fundamental issues, e.g., CAPC determination, UE-to-UE COT sharing, CPE duration, and CWS adjustment. The reached agreements are listed below. 
	Agreement
[bookmark: _Hlk132797182]The existing NR-U EDT procedures for uplink transmissions is taken as the baseline for SL-U in Rel-18.
· FFS: details for S-SSB and PSFCH transmissions (e.g., EDT determination based on PC,MAX and/or network configured EDT, value for TA), if needed

Agreement
For the CPE agreements reached so far in this agenda, the 1 or at most 2 symbols just before the next AGC symbol for CPE transmission is/are physical symbol(s).

Agreement
The container for carrying the COT sharing information from a COT initiator UE includes at least the SCI.
· FFS 1st and/or 2nd stage SCI

Agreement
For dynamic channel access mode with multi-channel case in SL-U, both NR-U DL Type A and Type B multi-channel access procedure are supported for multiple PSFCH transmissions on multiple channels.
· FFS: It is up to UE implementation to perform either Type A or Type B multi-channel access procedure.
· FFS: whether this can initiate a shared COT
· FFS: whether there is any special handling needed for transmission in a shared COT on one or more of the channels

Agreement
Channel access procedures for SL multi-channel transmission(s) include the following cases.
· If a UE is scheduled to transmit on a set of channels C, and if the SL transmissions are scheduled to start transmissions at the same time on all channels in the set of channels C, or
· If a UE intends to perform sidelink transmissions on configured resources on the set of channels C, and if the SL transmissions are configured to start transmissions at the same time on all channels in the set of channels C, or
· If a UE intends to perform sidelink transmissions on selected resources on the set of channel C, and if SL transmissions are to start at the same time on all channels in the set of channels C.

Agreement
The draft LS to RAN4 on PSFCH and S-SSB transmissions over non-contiguous RB sets in R1-2304145 is endorsed.
Final LS to RAN4 in R1-2304218.

Agreement
The ACK/NACK HARQ-ACK feedback corresponding to the PSSCH for SL unicast in the reference duration for the latest SL channel occupancy for which ACK/NACK HARQ-ACK feedback is available is used as follows: 
· If ‘ACK’ is received, for every priority class ,  ; otherwise is increased to the next allowed value.
· Note: this is not applied to the case that reference duration includes multiple PSSCHs with ACK/NACK HARQ-ACK enabled, if that case is supported.

Agreement
The ACK/NACK HARQ-ACK feedback corresponding to the PSSCH for SL groupcast option 2 in the reference duration for the latest SL channel occupancy for which ACK/NACK HARQ-ACK feedback is available is used according to Option 2 when the ratio in Option 1 is not (pre-)configured; otherwise Option 1.
· 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
· Note: the (pre-)configuration ratio values of 100% is a valid candidate
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for every priority class  ; otherwise is increased.

Working assumption 
When multiple CPE starting candidate positions are (pre-)configured for PSCCH/PSSCH transmission, for the case of initiating a COT
· For partial RB set resource allocation, the UE selects a CPE starting position according to one of the followings (to be down-selected) according also to reservation information
· A (pre-)configured default CPE starting position
· The highest priority among the detected and the transmitted reservations
· Note: the exact condition and how to use reservation information needs to be decided
· FFS whether the behavior should be allowed for full RB set resource allocation
· FFS other condition including comparison of EDT and the measured energy associated the existing reservation
· FFS whether the use of reservation information is conditioned on the existence of other technologies (e.g., NR-U)
· For the case of full RB set resource allocation, a CPE starting position is randomly selected among the one or multiple CPE starting candidate positions (pre-)configured per priority of the PSCCH/PSSCH transmission.
· FFS whether the behaviour should be allowed for partial RB set resource allocation
· Note: the exact condition and whether/how to use reservation information needs to be decided
· FFS whether the UE uses only the selected CPE starting position or a later CPE starting position(s) than the selected one (e.g., if failed or not finished) could be also used.
· FFS whether the use of reservation information is conditioned on the existence of other technologies (e.g., NR-U)
· FFS whether this applies only to mode 2 or including mode 1 as well

Agreement
For 15 kHz, 30kHz and 60kHz SCSs, a set of CPE starting candidate position(s) for PSCCH/PSSCH is (pre-)configured or pre-defined in the spec (to be down-selected) separately for transmission within COT and transmission outside COT.
· Note: It is up to the (pre-)configuration or pre-definition in the spec (to be down-selected) whether each set of CPE starting candidate position(s) associated with Option 1 (1-symbol length) for CPE window or Option 2 (2-symbol length) for CPE window and whether each set of CPE starting candidate position(s) include one or multiple starting position(s)
· FFS whether the set(s) of CPE starting positions are (pre-)configured/pre-defined per priority
· FFS values for the (pre-)configured/pre-defined CPE starting candidate position(s) (including a default value) for each set, and whether the default value is the same or different for different sets
Agreement
Send an LS to RAN2 according to the following content for the LS:
	RAN1 has discussed the following approaches to implement/achieve MCSt for SL-U communication. RAN1 would like to seek RAN2’s opinion on the following questions.
Approach 1: “best effort for multiple TBs”
· Step 1: Higher layer triggers L1 resource selection for one TB with one set of parameters (, remaining PDB,  and ) - R16/17 behavior.
· Step 2: L1 report a set of candidate single-slot resource (SA) according to existing L1 resource allocation procedure - R16/17 behavior.
· Step 3: Higher layer selects a set of resources either randomly (R16/17 behavior) or according to a consecutive-slots criterion (new behavior) to achieve MCSt.
· Step 4: Repeat Step 1-3 for different TB if required. 

Approach 2: “guarantee MCSt for single TB and best effort for multiple TBs”
· Step 1: Higher layer triggers L1 resource selection for one TB with one set of parameters (, remaining PDB,  and ) + “number of slots for MCSt” which could be derived based on CAPC of the logical channel/TB or other means.
· Step 2: L1 report a set of candidate multi-slot resource (SA) according to most of the existing L1 resource allocation procedure (FFS: RSRP calculation / threshold may need to change)
· Step 3: Higher layer selects a candidate multi-slot resource either randomly (R16/17 behavior) or according to a consecutive-slots criterion (new behavior).
· Step 4: Repeat Step 1-3 for different TB if required. 

Approach 3: “guarantee MCSt for multiple TBs”
· Step 1: Higher layer triggers L1 resource (re-)selection one time for one or multiple TBs with one set of parameters (, remaining PDB,  and ) + “number of slots for MCSt” which could be derived based on CAPC of the multiple TBs.
· Step 2: L1 report a set of candidate multi-slot resource (SA) according to most of the existing L1 resource allocation procedure (FFS: RSRP calculation / threshold may need to change)
· Step 3: Higher layer selects transmission resource for the one or multiple TB(s) from the reported set of candidate multi-slot resource (SA).

Question 1 (for Approach 1/ Approach 2): feasibility of selecting the resource for a single TB in MAC layer (single-slot under Approach 1, multi-slot under Approach 2) with the principle of “concatenating” across separate resource selection triggers (across TBs)
Question 2 (for Approach 3): feasibility of triggering the resource selection procedures for multiple SL processes at the same time
Question 3 (Approach 2/ Approach 3): feasibility of providing a new parameter “number of slots for MCSt” to L1 when triggering resource (re-)selection for MCSt


Action to RAN2: RAN1 respectfully asks RAN2 to provide an answer to the questions above.

Agreement
Final LS to RAN2 in R1-2304257.

Agreement
At least the following information should be used as part of COT sharing information from the COT initiator UE.
· CAPC used for initiating the COT
· Existing / legacy R16/17 L1 source and destination IDs
· FFS additional ID(s)
· Time domain information of the shared COT
· FFS: starting offset, number of slots, [remaining or total] COT duration, or a combination of them
· Frequency domain information of the shared COT 
· FFS applicable RB set(s), FRIV, and any other(s)
· FFS: how each of the above is indicated.
· Note, other information is not precluded.

Agreement
To resolve the Type 1 LBT blocking issue, where one UE performing a Type 1 LBT procedure for using its own selected/reserved resource(s) is blocked by another UE’s SL transmission at least in a slot preceding to the selected/reserved resource and causing the LBT to fail, further study the following options in a future meeting.
· Option 1:
· UE avoid selection of N consecutive resource(s) before a reserved resource with high priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
· UE avoid selection of N consecutive resource(s) after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
· FFS: the avoidance should be performed by L1 exclusion or L2 MAC selection
· FFS: whether / how to achieve this in RA mode 1
· FFS: How to determine value of N
· Option 2: 
· UE prioritizes/selects resource(s) for transmission in slot(s) after a reserved resource when transmission of the selected resource is able to share the initiated COT of the reserved resource (i.e., the selected resource(s) is within the COT duration of the reserved resource and the CAPC value of the selected resource(s) is equal to or higher than that of the reserved resource).
· UE prioritizes/selects resource(s) for transmission in slot(s) before a reserved resource when transmission of the selected resource is able to share its initiated COT with the reserved resource (i.e., the reserved resource is within the COT duration of the selected resource(s) and the CAPC value of the selected resource(s) is equal to or smaller than that of the reserved resource).
· FFS whether / how to achieve this in RA mode 1.
· Option 3: UE selects extra / more resources than required for transmitting a TB (i.e., overbooking) to accommodate potential Type 1 LBT failures. FFS how to determine/preconfigure the number of extra selected resources.
· Option 4: The expected LBT duration is determined firstly, then resource selection takes into account of the expected LBT duration is performed.
· Option 5: At MAC layer, selection of resource(s) among the reported set of candidate resources from L1 is up to UE implementation in mode 2 for SL-U, instead of random selection.
· Option 6: UE excludes frequency resources (if any) previously reserved via SCI by other SL UEs in the corresponding slot, when estimating the detected power within a sensing slot duration in Type 1 channel access.
· Option 7: SL UE deems channel busy only if the UE detects transmission other than SL transmission occupying the channel (e.g., exceeding the energy detection threshold), i.e., the energy detection for EDT checking in LBT procedure does not take into account the energy from SL transmissions.
· Option X: No solution is needed. To avoid inter-UE blocking from performing Type 1 LBT can be handled based on UE implementation (e.g., as the start timing to perform LBT sensing is determined by each UE).

Agreement
A higher layer parameter “absenceOfAnyOtherTechnology” is supported in Rel-18 for SL transmissions in unlicensed bands (e.g., by level of regulation).
· This is per carrier (pre-)configuration
· This parameter “absenceOfAnyOtherTechnology” is not expected to be provided if the SL-U carrier is overlapped with either the LTE-LAA or the NR-U carrier.

Conclusion
For defining the locations of CPE starting positions, RAN1 concludes that the NR-U principle for switching gaps is reused in SL-U, that is:
· The TX/RX switching gap is already included in the existing channel sensing structures
· The RX/TX switching gap is already included in the existing channel sensing structures




In this contribution, we further elaborate our views on channel access mechanism and procedure for sidelink transmission on FR1 unlicensed spectrum.

Discussion
Type-1 SL channel access procedure

Compared with FBE, load-based equipment (LBE) channel access procedure is more complicated, such as generation of random backoff counter, contention window size update, channel access priority class and maximum channel occupancy. In Rel-16 NR-U, several types of channel access procedures are specified: Type-1, Type-2A/2B/2C. Different channel access types can be applied for different cases. The detailed description is listed in TS37.213 and not repeated here.
When unlicensed spectrum is used for sidelink transmission, it is straightforward to reuse both Type-1 and Type 2A/2B/2C channel access types for sidelink transmissions. For a UE intending to initiate a COT for sidelink transmission over unlicensed spectrum, a CAPC should be determined before performing Type-1 channel access procedure. Since there are two tables specified in TS37.213 as shown above, Table 4.2.1-1 defined for UL transmission can be reused for sidelink transmission to determine a CAPC.
[bookmark: _Hlk110979967][bookmark: _Hlk110980065]According to the objective of the Rel-18, gNB initiated channel occupancy cannot be shared with sidelink, however the WID does not specify whether uplink and sidelink transmission can share the same UE initiated channel occupancy duration. Similarly, it is rather easier to define separate uplink and sidelink type-1 channel access procedure within the Rel-18 time frame which means uplink and sidelink does not share the same UE initiated COT.   
[bookmark: _Hlk131771556]Proposal 1: Support separate channel access procedure for uplink and sidelink in Rel-18 i.e., uplink and sidelink does not share the same UE initiated COT. 


Type-2 SL channel access procedure
Even though there has been no official agreement in RAN1#110bis-e for S-SSB and PSFCH channel access based on Type 2A, we think the FL proposal Proposal 3 (VI) [from R1-2210709] is a reasonable step forward, however we think that the same Type 2A based channel access should be supported for PSFCH and S-SSB.
Proposal 2: Type 2A channel access procedure is applicable for S-SSB and PSFCH transmissions for a UE without a shared channel occupancy, with a restriction on the frequency and total duration of transmissions accessing the channel with such Type 2A usage in a time interval. The detailed restriction criteria are FFS.
· If the restriction criteria cannot be met, Type 1 channel access is applicable for the S-SSB/PSFCH transmission(s) in question.
· FFS: whether Type 2 channel access procedures can be applied to groupcast option 1 (if supported)
· FFS: how to define the value of [image: ] within the energy detection threshold calculation for S-SSB and PSFCH transmissions

When unlicensed spectrum is used for sidelink transmission, the channel access procedure is required before any sidelink transmission. It does make sense that a Tx UE initiated COT can be shared to one or more Rx UEs when the requirements of COT sharing is satisfied. After initiating a COT by performing Type 1 channel access procedure, Tx UE, named UE1 for simplicity, performs contiguous sidelink transmissions without any gap larger than 16us in time domain, and then can transmit COT sharing information to share some slots within the COT to Rx UE (e.g., UE2) for transmitting PSCCH and associated PSSCH. Upon reception of the COT sharing information from UE1, UE2 can perform Type 2A or Type 2B channel access procedure and transmit PSCCH/PSSCH within the COT if the Type 2A/2B channel access procedure is successful. 
Furthermore, if HARQ-ACK feedback is enabled, then PSFCH transmission can be contained within the COT so that an Rx UE can perform Type 2A or Type 2B channel access procedure and transmit PSFCH within the COT if the Type 2A/2B channel access procedure is successful. To leave the gap for Tx/Rx switching and performing Type 2A/2B channel access, one symbol can be reserved as gap before each PSFCH transmission. 
In legacy SL operation, a UE expects that a slot  ) has a PSFCH transmission occasion resource if , where  is defined in [6, TS 38.214], and  is a number of slots that belong to the resource pool within 10240 msec according to [6, TS 38.214], and  is provided by sl-PSFCH-Period. If a UE receives a PSSCH in a resource pool and the HARQ feedback enabled/disabled indicator field in an associated SCI format 2-A or a SCI format 2-B has value 1 [5, TS 38.212], the UE provides the HARQ-ACK information in a PSFCH transmission in the resource pool. The UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. 
For Rel-18 sidelink transmission on unlicensed spectrum, by performing channel access Type 1, a UE can initiate a COT with MCOT equal to 2ms, 4ms, 6ms, or 10ms dependent on concrete CAPC value. If periodic PSFCH is configured for unlicensed spectrum as legacy, the COT may be interrupted by the periodic PFSCH occasions. One example is shown in Figure 1 with 4 slots as one PSFCH periodicity. It is noted that the periodic PSFCH occasions may be used by a Rx UE to transmit PSFCH corresponding to PSSCHs transmitted by the COT initiator UE or other UEs other than the COT initiator UE (e.g., a UE sharing the COT for transmitting PSSCHs). Therefore, to support legacy PSFCH operation, it is required that a responding UE can transmit periodic PSFCH(s) in a COT to UE(s) other than the COT initiator UE.
[bookmark: _Hlk127540650][bookmark: _Hlk131771617]Proposal 3: A responding UE can transmit PSFCH(s) in a COT to UE(s) other than the COT initiator UE.
[image: ]
Figure 1 Periodic PSFCH configuration

CP Extension (CPE)
To (pre-)configured multiple CPE starting positions in a resource pool for PSCCH/PSSCH transmission according to various priority level, it is beneficial to the high priority transmission with longer CPE length occupying channel (RB set) earlier than the low priority transmission with shorter CPE length in mode 2. This kind of enchantment can avoid the potential hidden node issue and be good for pre-empting low priority transmission in some resource limitation scenario. 
Proposal 4: Support to (pre-)configure the multiple CPE starting positions according to priority level (e.g., CAPC or L1)

When multiple CPE starting positions are (pre-)configured according to priority level and multiple UEs with difference priority level selecting orthogonal frequency resources (i.e., FDMed resources) in the same slot, UE’s transmission with short CPE length will be blocked by the UE’s transmission with long CPE length. In this way, to selecting a default CPE starting position for multiple UEs with FDMed resources based on resource pool (pre-)configuration in mode 2 is needed.
Proposal 5: Support to define a criteria for selecting a default CPE starting position in mode 2.

The similar problem also appears in mode 1, network can indicate a common CPE starting position for multiple UEs scheduled in same slot with orthogonal frequency resources (i.e., FDMed resources). There is no doubt this increases the resource efficiency in system point of view. 
Proposal 6: Support to indicate a certain CPE starting position for transmission UE in mode 1.


UE-to-UE COT sharing operation 

The UE-to-UE COT sharing operation requires new SCI format to incorporate COT sharing indicator similar to DCI format 2_0 and further discussions are necessary how to transmit the COT sharing indicator to multiple Rx UEs or destination ids. The COT sharing indictor should include the remaining duration in terms of number of physical slots, channel access priority value, destination id of the COT recipient. If there are more than one COT recipients, then RAN1 should discuss how to signal more than one destination ids along with the COT sharing indicator. Hence how to define one to one and one to many of the SCI format carrying the COT sharing indicator should be discussed in RAN1. 
COT initiator can share the COT sharing indicator together with a destination ID and in such case COT recipient may transmit a unicast PSSCH towards the COT initiator in the shared COT. However, we need to restrict the COT recipient for one-to-many case, to limit the collision in the shared COT. COT sharing indicator can be restricted using a range value i.e., communication range UEs within the communication range may become the COT recipient which further utilizes the remaining channel occupancy duration indicated in the COT sharing indicator for transmission. UEs outside the communication range does not become the COT recipient which means UEs outside the communication range may not use the remaining channel occupancy duration for transmission.  
[bookmark: _Hlk131771645][bookmark: _Hlk127540714]Proposal 7: COT sharing indication includes remaining duration in terms of number of physical slots, channel access priority value, destination id and/or range of the COT recipient.
[bookmark: _Hlk131771648]Proposal 8: COT initiator should have the flexibility to transmit COT sharing indicator to a one-one or one to many UEs/destinations

COT initiator which is the Tx UE should have the flexibility to transmit unicast, groupcast or broadcast data in the initiated COT and if there are no more data to be transmitted within the COT may share the initiated COT to multiple Rx UEs or destination ids. COT recipient should have the flexibility to use the shared COT to transmit unicast, groupcast, broadcast data. 
[bookmark: _Hlk127540725][bookmark: _Hlk131771652]Proposal 9: COT recipient should have the flexibility to use the shared COT to transmit unicast, groupcast, broadcast data 

COT recipient need to transmit PSCCH/PSSCH, PSFCH in the shared COT to any UEs or destination ids unless the one of the transmissions is made to UE or source-destination id that provided the COT sharing indicator in that shared COT 
[bookmark: _Hlk127540739][bookmark: _Hlk131771655]Proposal 10: COT recipient could use the shared COT to make PSSCH, PSFCH transmissions to any UEs or destination ids with a restriction that at least one transmission is to be made to the UE or source-destination id that provided the COT sharing indicator 

For the detailed COT recipient discussion, previous agreement is captured here 
	Agreement
· A responding UE over a shared COT can be:
· a receiving UE, which is the target of a PSCCH/PSSCH transmission of a COT initiator
· In the case of unicast from the COT initiator, within the same COT when the source and destination IDs contained in the COT initiator’s SCI match to the corresponding destination and source IDs relating to the same unicast at the receiving UE
· In the case of groupcast and broadcast, when the destination ID contained in the COT initiator’s SCI match to a destination ID known at the receiving UE
· a UE identified by ID(s), if additional IDs are supported in the COT sharing information (in addition to the source and destination IDs of the PSCCH/PSSCH transmission), when additional IDs are included in the COT sharing information from the COT initiator
· FFS Limitations on what additional IDs may be included and how they may be indicated
Agreement
A responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to a shared COT is intended for the COT initiating UE when,
· In the case of unicast from the responding UE, when the source and destination IDs contained in the responding UE’s PSCCH/PSSCH match to the destination and source IDs from a COT initiator’s unicast transmission that included COT sharing information, or match to the additional ID(s) included in the COT sharing information (if supported) 
· In the case of groupcast or broadcast from the responding UE, when the destination ID contained in the responding UE’s PSCCH/PSSCH matches to the destination ID from a COT initiator’s groupcast or broadcast transmission that included COT sharing information, or matches to the additional ID(s) included in the COT sharing information (if supported) 
· FFS: all other details and additional restrictions




L2 Source ID and L2 destination ID are each 24 bit provided by higher layer and transmitted in the MAC header, however the physical layer transmits 16 bit L1 destination ID and 8 bit L1 source ID that are truncated portion of the L2 IDs. 2nd SCI includes 16 bit L1 destination ID and 8 bit L1 source ID. SCI transmitting COT sharing indicator includes one pair of Source-destination IDs. Providing other additional IDs supported by that UE-1 via MAC CE increases the resource overhead. Also transmitting through MAC CE increases the latency and, in such case, additional IDs may be decoded by the COT recipients later compared to the COT sharing indicator transmitted using SCI. In order to avoid explicit transmission of additional IDs using MAC CE, additional IDs are provided using a combination of explicit or implicit method to save resource overhead and latency. 
If COT initiator shares the COT sharing indicator immediately after initiating the channel occupancy duration, then SCI carrying L1 IDs transmitted by the COT initiator to schedule PSCCH/PSSCH transmission within the channel occupancy duration can be a potential additional IDs implicitly. 
Source and destination IDs in SCIs transmitted from the slot where the COT sharing indicator is transmitted until the slot where the COT duration is shared to the recipient are taken as forward indications for these additional source and destination IDs. 
Additionally, in case the COT initiator would want to selectively choose the additional IDs then an additional bit may be included in SCI in each slot to inform when the source-destination pair included in that SCI can be considered as additional IDs to the COT recipients. 


Figure 3 Forward indication to provide additional L1 IDs
   
[bookmark: _Hlk131771663]Proposal 11: Support additional IDs transmission to the COT recipient in the same COT implicitly
Proposal 12: SCIs transmitted by the COT initiator containing source-destination IDs in every slot can be leveraged to provide additional IDs to the COT recipients implicitly  

The agreement from RAN1#112 defines a responding UE as a target of a PSCCH/PSSCH transmission of a shared COT. A prior agreement states that a responding UE may use the shared COT for S-SSB transmissions. Therefore a synchronization reference UE would only be a responding UE (and therefore able to share the COT) if it has been a target of the initiating UE.
[bookmark: _Hlk131771672]Observation 1: By existing agreements, a UE would only be allowed to transmit S-SSB by COT sharing if the UE has been a target of the initiating UE.

In our opinion this is too restrictive. In order to support efficient transmissions of S-SSB in a shared COT, we think one of the following mechanisms should be adopted:
· Option A: A responding UE over a shared COT for purposes of S-SSB transmissions can be any UE receiving the COT sharing indicator
· Option B: The ‘additional ID’ functionality with the COT sharing indicator is supported and indicates one or more SLSS IDs + Iic to identify which synchronisation reference UE is allowed to use the shared COT for transmissions of S-SSB
· Note: Neither of the proposed options are meant to allow such a UE to transmit signals/channels other than S-SSB, unless the UE is a target of a PSCCH/PSSCH transmission by a COT initiator.
Option A would allow any UE receiving the COT sharing indicator to transmit S-SSB by COT sharing. Option B would allow that only if the UE’s SLSS ID and Iic match one of the ‘additional ID(s)’.
[bookmark: _Hlk131771688]Proposal 13: In order to support efficient transmissions of S-SSB in a shared COT, we think one of the following mechanisms should be adopted:
· Option A: A responding UE over a shared COT for purposes of S-SSB transmissions can be any UE receiving the COT sharing indicator
· Option B: The ‘additional ID’ functionality with the COT sharing indicator is supported and indicates one or more SLSS IDs + Iic to identify which synchronisation reference UE is allowed to use the shared COT for transmissions of S-SSB
· Note: Neither of the proposed options are meant to allow such a UE to transmit signals/channels other than S-SSB, unless the UE is a target of a PSCCH/PSSCH transmission by a COT initiator. 

In a sidelink environment, a UE have sidelink connections to and from multiple UEs. Consequently, a UE may receive COT sharing indicators from many COT donor UEs. Since each of the indicated shared COTs results from a different donor device that may have e.g. remaining COT durations, priority class. COT recipient needs to select which of the indicated shared COTs to use and to abide by the rules pertaining to the selected COT.
[bookmark: _Hlk127540762][bookmark: _Hlk131771693]Proposal 14: RAN1 needs to study mechanism for COT recipient to select one COT sharing indicator/COT donor 

In Rel-16 NR-U, after initiating a COT by performing LBT Cat.4, a UE can perform contiguous uplink transmissions without any gap in time domain, and then share a part of or the whole remaining COT to gNB for downlink transmission. The CG-UCI includes a field of COT sharing information indicating the shared resource. In detail, COT sharing information transmitted in slot n indicates the shared resource started from slot n+O with a duration of D slots, where the values of O and D are joint encoded. 
Regarding the shared resource indication for sidelink transmission over FR1 unlicensed spectrum, the straightforward way is to reuse what Rel-16 NR-U has specified, i.e., the SCI transmitted in slot n includes a field of COT sharing information indicating the shared resource started from slot n+O with a duration of D slots, where the values of O and D are joint encoded. 
As specified in TS38.212 for Rel-16 NR-U, in order to avoid any ambiguity for COT sharing, it clearly states that, if a UE indicates COT sharing other than "no sharing" in a CG PUSCH within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent CG PUSCHs, if any, occurring within the same UE's initiated COT such that the same DL starting point and duration are maintained. Hence, the similar mechanism should be reused for Rel-18 unlicensed sidelink transmission, i.e., for COT sharing, if a UE indicates COT sharing other than "no sharing" in a SCI format within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent transmission occasions, if any, occurring within the same UE's initiated COT such that the same starting point and duration of the shared resources are maintained.
As agreed in RAN1#112bis-e meeting, COT sharing relevant information includes CAPC used for initiating the COT, source ID, destination ID, additional ID, time domain information of the shared COT, frequency domain information of the shared COT. Considering the size of the aforementioned information is large and some existing fields (e.g., source ID, destination ID) are included in 2nd-stage SCI and some fields (e.g., frequency domain information) are included in the 1st-stage SCI, it does make sense to transmit the COT sharing information in both 1st-stage SCI and 2nd-stage SCI following the legacy field placement. One example is shown in below Table.

Table XX: COT sharing information field placement
	CAPC
	1st-stage SCI

	source ID, destination ID, additional ID
	2nd-stage SCI

	Time domain information of the shared COT
	1st-stage SCI

	Frequency domain information of the shared COT
	1st-stage SCI



Based on above analysis, we have below proposals:
[bookmark: _Hlk131771702]Proposal 15: COT sharing information in SCI jointly indicates the starting slot and the number of consecutive slots of shared resources.
Proposal 16: If a UE indicates COT sharing other than "no sharing" in a SCI format within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent transmission occasions, if any, occurring within the same UE's initiated COT such that the same starting point and duration of the shared resources are maintained.
Proposal 17: COT sharing information is included in both 1st-stage SCI and 2nd-stage SCI.
· CAPC, time-domain information of the shared COT, and frequency domain information of the shared COT are included in the 1st-stage SCI.
· Source ID, destination ID, and additional ID are included in the 2nd-stage SCI.

Channel access procedures for multi-channel transmission
The agreement in RAN1#110bis-e for multi-channel dynamic channel access has established the NR-U UL channel access procedures as the baseline, allowing to further study enhancements for SL-U operation.
In our opinion, a technically reasonable enhancement is the case where a Tx UE intends to transmit different transport blocks on multiple LBT channels and all LBT channels corresponding to a transport block pass the LBT.
However, before discussing channel access for such a case, RAN1 needs to have a technical agreement whether transmissions of multiple TBs over different LBT channels in a slot is supported or not. In our understanding, there is no similar behaviour supported in NR-U or SL-licensed so far. We also note that transmitting multiple TBs in the same slot may have consequences on the required scheduling flexibility transmit power and the CM/PAPR of the resulting transmission if, and such a behaviour may need a feasibility confirmation by RAN4. This may result in constraints to the scheduling flexibility that render this feature overall unattractive.
Proposal 18: Before discussing relaxations of channel access behaviour for SL-U in case of multiple TB transmissions on a carrier, RAN1 needs to have the technical discussion and agreement whether such a new transmission behaviour will be supported. This may involve RAN4's feedback on the feasibility and corresponding constraints.


Contention window size update 
The type-1 channel access describing contention window size (CWS) adaptation procedure described in 3GPP TS 37.213 for NR-U specifically designed for unicast PDSCH, PUSCH transmission. The NR-U contention window size adaptation procedure considers amount of HARQ feedback reception from TB, CBG based transmission within the reference duration. However, such CWS adjustment procedure should be studied for sidelink channel access mechanism considering unicast, groupcast and broadcast type of PSCCH/PSSCH transmission, transmission in a reference duration to multiple Rx UEs/destination ids and different HARQ feedback types especially for groupcast type e.g., Groupcast HARQ feedback option 1 (common NACK), Groupcast HARQ feedback option 2(dedicated ACK/NACK) defined in NR Rel16 Sidelink. 
Existing uplink containing no HARQ-ACK procedure for the contention window size update may not be suitable for sidelink considering that in sidelink there are different reasons for the lack of HARQ feedback e.g., groupcast option-1.
[bookmark: _Hlk131771715]Observation 2: The uplink contention window size update procedure cannot be directly applied to sidelink. 
[bookmark: _Hlk127540800]Proposal 19: RAN1 to study on the contention window size update procedure considering different cast type, transmission/reception from multiple Rx UEs or destinations and different HARQ feedback types e.g., groupcast option-1.

While some enhancements for CWS update are required, even if HARQ-ACK feedback is available for unicast transmissions, the corresponding PSFCH transmission may be dropped if the associated priority indicated in the SCI is a high value (=low priority). While this is not a problem in Rel-17 sidelink, this may have an impact to unlicensed channels since the dropped PSFCH would have been important for CWS adjustment purposes (i.e. to increase or reset CWS, depending on the HARQ-ACK feedback). One way to solve this would be to set the priority field in the SCI to a very low level, i.e. reducing the risk of dropping, however this will have serious implications since the priority field is defined in 38.321 as reflecting the “value of the highest priority of the logical channel(s), if any, and a MAC CE, if included, in the MAC PDU”.
Consequently we think that another mechanism is needed to protect HARQ-ACK from dropping if it is associated with PSSCH in the reference window. We therefore propose to include a 1-bit indicator in the SCI to indicate if the corresponding PSSCH is within the UE’s reference window. An Rx UE would then use the lowest priority value for the corresponding PSFCH when determining the priority of PSFCH. The value indicated in the priority field is still used for higher layer purposes.
[bookmark: _Hlk131771726]Proposal 20: To avoid priority-based dropping of HARQ-ACK associated with a CWS reference window, a Tx UE includes a 1-bit field to indicate if the corresponding PSFCH falls within the TX UE’s reference window. If so, an Rx UE uses the lowest priority value for the corresponding PSFCH priority determination (instead of the 3-bit field in the SCI).

For the detailed contention window mechanism, earlier RAN1 agreement is as follows:
	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).



Especially for cases when no feedback is available, we think the contention window needs to be updated in some way and cannot simply re-use the latest applicable value. Even though that approach has been used in NR-U, the situation in SL-U and NR-U is very different: Whereas in NR-U the non-availability of HARQ-ACK is only possible because of LBT failure, in SL-U we additionally have to face the scenario of losing PSFCH in half-duplex operation (both at the PSFCH transmitter and the PSFCH receiver), as well as deliberately turning off HARQ-ACK feedback completely. We note that depending on the transmission type, it is either up to the Tx UE implementation or gNB implementation to enable/disable HARQ-ACK feedback. 
Especially for the latter case we see the substantial risk that SL-U UEs may unfairly benefit from a low   e.g. by consistently disabling HARQ-ACK feedback to keep the CWS at its minimum interval. 
The best solution in our view is to adjust the contention window based on CR/CBR measurements, since these reflect the channel conditions. However we understand that there may be concerns since this would introduce a completely new CW update mechanism. Therefore we are open to consider using the latest , provided that a safeguard is introduced tat mandates an increase of  if the latest  is consecutively used for  times for generation of . This is a very similar approach to the NR-U mechanism that allows a reset of  to the minimum value. We also note that there is no need to introduce a specific mechanism to reset the contention window size, as we assume that (as for NR-U) for all cases the  is reset to the minimum valuethe the highest t  is consecutively used for  times for generation of .
[bookmark: _Hlk131771733]Proposal 21: Support the following contention window update mechanisms:
· CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled):
· First preference: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Second preference: 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 . If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Note: We assume that (as for NR-U) for all cases the  is reset to the minimum valuethe the highest t  is consecutively used for  times for generation of .
· Support groupcast option 1 (NACK-only) with SL-HARQ feedback enabled for SL-U.
· First preference: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Second preference: 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 . If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Note: We assume that (as for NR-U) for all cases the  is reset to the minimum valuethe the highest t  is consecutively used for  times for generation of .


Channel access procedure for S-SSB transmissions

As per NR-U, the length of MCOT could be up to 10 ms. There could be a case where S-SSB occasion locates within a certain COT, as illustrated in Figure 4. The additional candidate S-SSB occasions are introduced to compensate the impact of LBT failure and excluded from resource pool. Therefore, the COT-based sidelink transmission will be frequently interrupted by the candidate S-SSB occasions. 


Figure 4 Exemplary COT-based SL transmission and S-SSB occasion within one RB set

To reduce COT losing for COT-based SL transmission interrupted by S-SSB, the following cases can be considered.
Case 1 is to provide earlier channel access opportunity to S-SSB for inside-COT UE (COT initiating/responding UE) compared to outside-COT UE, if the S-SSB is determined to be located within the COT. This can be done by setting two sets of S-SSB channel access configurations for inside-COT UE and outside-COT UE, respectively. For example,
· Regarding CPE starting position for S-SSB, the CPE starting position for inside-COT UE can be prior to that for outside-COT UE.
· Regarding LBT, the duration of LBT type-2 for inside-COT UE can be shorter than that of LBT type-1 for outside-COT UE.
Whether an S-SSB occasion locates within a certain COT can be determined by S-SSB number/location and COT sharing information.

Case 2 is that inside-COT UE can transmit dummy data on S-SSB occasion if the S-SSB is determined to be located within a COT and the first one or more symbols of the S-SSB occasion are detected with no transmission. This is reasonable because the transmission of dummy data has no impact on S-SSB transmission.

Case 3 is to set zero length CPE when there is no other RAT on the spectra. The reason is that in this case, inside-COT UE has earlier channel access opportunity to the SL transmission slots within the COT, compared to outside-COT UE.

Proposal 22: To reduce COT losing for COT-based SL transmission interrupted by S-SSB, the following cases can be considered:
· Case 1. set longer CPE or shorter LBT duration to access S-SSB for inside-COT UE, compared to outside-COT UE, if the S-SSB is determined to be located within the COT.
· Case 2. inside-COT UE can transmit dummy data on S-SSB occasion if the S-SSB is determined to be located within the COT and the first one or more symbols are detected with no transmission.
· Case 3. set zero length CPE when there is no other RAT on the spectra.


When UE intends to synchronize via S-SSB, it will try to find a synchronization reference with a priority level as high as possible. Therefore, we should provide an earlier channel access opportunity for a synchronization reference with a higher priority level. Such a design can be reflected by means of setting CPE starting positions based on the priority levels of synchronization reference.
[bookmark: _Hlk127540892][bookmark: _Hlk131771744]Proposal 23: For S-SSB transmission in SL-U, CPE starting positions can be based on priority levels of synchronization reference, which can be obtained by UE based on (pre-)configuration.

Multi-consecutive slots transmission(MCSt)
When unlicensed spectrum is used for sidelink transmission, the channel access procedure is required before any sidelink transmission. Different to SCI decoding-based sensing mechanism, LBT procedure is performed based on energy detection in each sensing slot. In detail, if the detected energy on one channel in one sensing slot is lower than the energy detection threshold, then the channel is deemed as empty or clear or available in that sensing slot; otherwise, the channel is deemed as occupied or non-available in that sensing slot. 
For unlicensed spectrum, by performing channel access Type 1, a UE can obtain a channel occupancy (CO) and occupy the channel till the maximum channel occupancy time (MCOT). According to Table 4.2.1-1 in TS37.213, the MCOT is related to channel access priority class (CAPC) value. Consequently, when a UE performs a successful channel access Type 1, the UE can occupy the channel with maximum 2ms, 4ms, 6ms or 10ms, depending on the corresponding CAPC value which is determined based on the traffic priority. The higher the CAPC value, the longer the MCOT on the unlicensed spectrum. As shown in Table 4.2.1-1 in TS37.213, for CAPC value of 3 or 4, the MCOT can be 10ms, which is equivalent to 10 slots in case of 15kHz subcarrier spacing, 20 slots in case of 30kHz subcarrier spacing, 40 slots in case of 60kHz subcarrier spacing.
To avoid any risk of losing the channel, similar to DL burst and UL burst in TS37.213, a sidelink burst can be defined as a set of transmissions from a UE without any gaps greater than 16us. Multiple consecutive slots can be included in the sidelink burst. Each PSCCH/PSSCH starts from symbol 0 of a slot to avoid complicated designs at both Tx UE side and Rx UE side. One example is shown in Figure 5, where a UE initiates a COT via LBT Cat.4 using CAPC 2, then it can contiguously transmit 4 PSCCH/PSSCHs in the four consecutive slots without sensing. So the sidelink burst can include the four slots from symbol 0 of slot n to symbol 9 of slot n+3.
[image: ]
Figure 5 Burst based transmission for sidelink

Proposal 24: For burst-based sidelink transmission, from a Tx UE’s point of view, no gap symbol is included in between any two consecutive slots.

As specified in Rel-16 NR-U and Rel-17 above 52.6GHz, one DCI can be used to schedule multiple PDSCHs or PUSCHs so as not only to save DCI overhead but also avoid the risk of losing the channel over unlicensed spectrum. It is straightforward to extend this multiple PDSCHs or PUSCHs scheduling via a single DCI to sidelink transmission over unlicensed spectrum. With multi-slot scheduling, after initiating a COT via performing channel access Type 1, a UE can transmit a single SCI to schedule multiple consecutive slots for PSSCH transmissions within the COT so that the signaling overhead for PSCCH can be greatly reduced and the saved PSCCH resources can be used for PSSCH transmissions. Furthermore, since the PSSCH transmissions in the multiple consecutive slots are performed within the COT, there is no need to perform LBT between two consecutive slots. 
In addition, there are several issues need to be solved if multi-slot scheduling is supported for sidelink evolution:
(1) The maximum number of slots schedulable by a single SCI needs to be determined based on the increasing SCI payload size and the maximum COT duration, e.g., whether to support max 8 slots scheduled by a single SCI.
(2) Since Rel-16/17 sidelink supports up to 3 resources reserved within 32 slots for one TB, whether the multiple PSSCHs scheduled by a single SCI are carrying a same TB or different TBs should be known to a UE. 
(3) Existing Rel-16 PSFCH feedback is corresponding to one PSSCH. If multiple PSFCHs are transmitted for multiple PSSCHs carrying a same TB, the PSFCH resource is wasted. In that sense, in case of a same TB repetition on the multiple scheduled PSSCHs, a single bit of HARQ-ACK feedback for the TB carried on one PSFCH is sufficient. 
Proposal 25: Multiple PSSCHs scheduled by a single SCI is supported for sidelink transmissions in FR1 unlicensed spectrum.

A sidelink device is required to pass a clear channel assessment (CCA) procedure, such as Cat 4 LBT to initiate a channel occupancy in an unlicensed carrier (shared spectrum). The sidelink transmission are allowed to be performed within the maximum channel occupancy duration defined by the respective channel access priority class which is counted or measured from the first transmission after initiation of the COT. Consecutive transmission within he occupied channel duration without gaps or gap less than 25µs is beneficial so that initiator device does not need to perform Cat 2 LBT to reaffirm the channel. In the current sidelink physical layer design upto three non-consecutive sidelink resources could be allocated or reserved within a boundary of 32 slots using the sidelink grant provided by DCI format 3_0 to the Tx UE and PSCCH transmission to the Rx UE while the same upto three resources could be reserved using mode 2. The current resource scheduling mechanism based on configured grant, dynamic scheduling using mode 1 and candidate resource selection, reservation mechanism using mode 2 requires changes to perform consecutive transmission which could be based on multi-slot scheduling.
[bookmark: _Hlk127547347]Proposal 26: RAN1 could study the possibility of assigning more than 3 consecutive resources with a gap less than 25µs using multi-slot scheduling 


Type-1 LBT impact on resource selection
[bookmark: OLE_LINK4]As shown in figure 6, based on legacy resource selection mechanism in SL communication mode 2, a UE performs resource selection at time slot n. The candidate resources within resource selection window [n+T1， n+T2] are determined based on the monitoring result within sensing window [n-T0, n-Tproc,0). The UE will exclude the reserved resources within resource selection window (in blue) and report available resources as candidate resources to higher layer.
[image: ]
Figure 6 Sensing based resource selection in sidelink communication

In this way, the resources 1,2,3,4 (in yellow) may be determined as candidate resources and are reported to higher layer. But for unlicensed band, to consider the LBT mechanism: 
· When a resource (e.g., resource 1 or 2) is selected before reserved resource, the transmission on selected resource may have impact on the LBT of transmission on reserved resource.
· When a resource (e.g., resource 3 or 4) is selected after reserved resource, the transmission on reserved resource may have impact on the LBT of transmission on selected resource.
The legacy resource selection mechanism needs to be enhanced with considering LBT mechanism. For example,
· To exclude the resource before the reserved resource based on the LBT type 1 information of the reserved resource.
· To exclude the resource after the reserved resource based the LBT type 1 information of the candidate resource.
Here, the LBT type 1 information of the reserved resource is received from inter-UE’s SCI and detected by physical layer, so the resource exclusion procedure should be performed by L1. 
[bookmark: _Hlk131771779]Proposal 27: RAN1 study the LBT impact on resource selection with below enhancements:
· To exclude the resource before a reserved resource based on the LBT type 1 information of the reserved resource.
· To exclude the resource after a reserved resource based the LBT type 1 information of the candidate resource.

In addition, to further consider the COT sharing mechanism on unlicensed band, the following aspects can be studied:
· If a COT initialized for transmission on reserved resource and the COT can be shared to resource selection UE, whether the resource 3 or 4 can be regarded as the candidate resource reported to higher layer. 
· If a resource selection UE performs transmission on resource 1 or 2 and initialized COT by the resource selection UE can be shared to the resource reservation UE, whether the resource 1 or 2 can be regarded as the candidate resource reported to higher layer.
[bookmark: _Hlk131771784]Proposal 28: Study following aspects with considering the COT sharing mechanism:
· If a COT initialized for transmission on reserved resource and the COT can be shared to resource selection UE, whether the resource 3 or 4 can be regarded as the candidate resource reported to higher layer. 
· If a resource selection UE performs transmission on resource 1 or 2 and initialized COT by the resource selection UE can be shared to the resource reservation UE, whether the resource 1 or 2 can be regarded as the candidate resource reported to higher layer.

Also, LBT needs to be performed before transmitting on the reserved resource and the LBT outcome on the reserved resource is not guaranteed. Hence, excluding candidate resources before and after the reserved resource may lead to overall resource in-efficiency. To avoid resource in-efficiency, following two methods can be further investigated. 
· UE can select candidate resource before and after the reserved resources and while allowing COT initiated UE to share COT to the UE that reserved resource. Hence, when reserved resource is overlapped with the UE’s transmission resource, UE may perform COT sharing allowing transmission on the reserved resources 
· UE can select candidate resource before and after the reserved resources while COT initiated UE may perform type 2 LBT on the reserved resource by selecting one of the multiple CPE starting position on the reserved resource to check whether the UE that reserved resource is transmitting based on the LBT outcome. 
Observation 3: LBT outcome on the reserved resource is not guaranteed and excluding such resource resource in the candidate resource selection may lead to resource in-efficiency 
Proposal 29: Support allowing COT initiated UE to share channel occupancy duration to the UE that reserved resource
Proposal 30: Support multiple CPE starting position on the reserved resource while allowing COT initiated UE to select one of the starting positions on the reserved resource for type 2 LBT to check the LBT outcome and transmission status of the UE on the reserved resource.  

According to the agreement on resolving Type-1 LBT blocking issue, for resource selection, a mode 2 UE needs to avoid selection of N consecutive resources before a reserved resource with high priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource, it is necessary for the mode 2 UE to estimate the possible LBT duration so as to determine the value of N. 
For Type-1 channel access, the possible channel access duration can be estimated based on the equation of 16+mp*9+9*M in unit of microseconds, wherein M is the contention window size. If we set , the estimated LBT duration is too underestimated; however, if setting , the estimated LBT duration is too overestimated. A UE can’t derive the CWS simply based on the CAPC value because there is a set of CW sizes for each CAPC value. This is true especially for CAPC 3 or 4 where total 7 CW sizes {15,31,63,127,255,511,1023} are associated. Consequently, it is not possible for a mode 2 UE to estimate the possible Type-1 LBT duration of another UE because the mode 2 UE has no information about another UE’s LBT duration. 
In order to avoid the overlapping between the transmitting symbols of the selected resource and the LBT duration of the reserved resource where the selected resource is before the reserved resource and the reserved resource has high priority than the selected resource, one straightforward way is to indicate the value of N in SCI for reserving a resource, wherein N is selected from a set of possible values, e.g., {0, 1, 2, 3}, which should be the minimum value covering the estimated LBT duration of the reserving UE. For another Mode 2 UE, when it intends to select a resource before the reserved resource and the reserved resource has higher priority, it shall avoid selecting those up to N consecutive resources before the reserved resource. Thus, Type-1 LBT blocking issue for a reserved resource can be resolved. 
Proposal 31: The value of N which covers the duration for performing Type-1 channel access procedure is indicated in the SCI reserving the resource.


Frame based equipment channel access mechanism 
Wireless signal transmission on unlicensed spectrum should meet the requirements of regulation subject to the management of the located country/region. According to the regulation on Frame based equipment (FBE) channel access mechanism, a device where the transmit/receive structure has a periodic timing with a declared periodicity equal to the Fixed Frame Period (FFP) between 1 and 10ms, and a single CCA slot, i.e., one-shot CCA with at least 9μs sensing interval. Transmissions can start only at the beginning of the FFP immediately following a successful one-shot CCA. If the FBE device finds the channel occupied, no transmission occurs on that channel during the following FFP. The channel occupancy time (COT) cannot be greater than 95% of the FFP and has to be followed by an Idle Period until the start of the next FFP such that the Idle Period is at least 5% of the COT, with a minimum of 100μs. An FBE structure with a fixed frame period is shown in Figure 7. Additionally, within each COT, the regulation allows multiple DL-to-UL transmission switching subject to a one-shot CCA. There is no requirement of gap between transmission bursts. UEs served by the gNB that wins the contention can transmit within the COT, where the winning gNB is the initiating device and the served UEs are responding devices in FBE. An FBE initiating device may change its FFP at most every 200ms.


Figure 7 Fixed Frame Period Structure for FBE

In Rel-16 NR-U, FBE based channel access is specified and named as semi-static channel acess. Even in Rel-17 URLLC, FBE is supported for IIoT use cases where the operator (the factory) may have the capability to clear the environment to make sure there is no other RAT deployed in the same carrier. 
When unlicensed spectrum is used for sidelink transmission, FBE should be considered as one channel access mechanism for sidelink transmission so as to exploit the benefit of avoidance of inter-UE blocking.  
Based on above analysis, we have below proposals:
Proposal 32: FBE-based channel access is supported for sidelink transmissions in FR1 unlicensed spectrum.

HARQ feedback delay indicator 
Non-numerical value as feedback timing was introduced which eventually postponed the transmission of the generated HARQ feedback while a subsequent HARQ transmission of numerical value as part of the DL DCI triggers the transmission of the previously generated HARQ feedback for those HARQ processes that was transmitted using non-numerical value indication. The Rel-16 sidelink HARQ feedback reporting may get delayed due to LBT failures and channel occupancy limitation. Such delay in the sidelink HARQ feedback reception at the Tx UE may also affect the reporting of SL HARQ feedback to gNB. 
Currently the feedback timing for sidelink transmission is (pre)configured in a resource pool and not dynamically signalled and there should be some signalling enhancement needed to dynamically indicate the non-numerical feedback timing value to the Rx UEs or destinations to delay the transmission of SL HARQ feedback reporting. Further a trigger needs to be subsequently transmitted to request the transmission of SL HARQ feedback of those SL HARQ process previously indicated with non-numerical HARQ feedback timing value.  Such mechanism may also beneficial for gNB to delay the HARQ feedback transmission from a Tx UE using the non-numerical HARQ feedback timing value in DCI format 3_0. 
Proposal 33: Support delaying the generation and transmission of SL HARQ feedback using non-numerical HARQ feedback timing value dynamically indicated in SCI  


Conclusion
[bookmark: _Hlk101873554]In this contribution, we focus on the channel access mechanism and procedure for sidelink transmission on FR1 unlicensed spectrum and have below observations and proposals:
Proposal 1: Support separate channel access procedure for uplink and sidelink in Rel-18 i.e., uplink and sidelink does not share the same UE initiated COT. 
Proposal 2: Type 2A channel access procedure is applicable for S-SSB and PSFCH transmissions for a UE without a shared channel occupancy, with a restriction on the frequency and total duration of transmissions accessing the channel with such Type 2A usage in a time interval. The detailed restriction criteria are FFS.
· If the restriction criteria cannot be met, Type 1 channel access is applicable for the S-SSB/PSFCH transmission(s) in question.
· FFS: whether Type 2 channel access procedures can be applied to groupcast option 1 (if supported)
· FFS: how to define the value of [image: ] within the energy detection threshold calculation for S-SSB and PSFCH transmissions
Proposal 3: A responding UE can transmit PSFCH(s) in a COT to UE(s) other than the COT initiator UE.
Proposal 4: Support to (pre-)configure the multiple CPE starting positions according to priority level (e.g., CAPC or L1)
Proposal 5: Support to define a criteria for selecting a default CPE starting position in mode 2.
Proposal 6: Support to indicate a certain CPE starting position for transmission UE in mode 1.
Proposal 7: COT sharing indication includes remaining duration in terms of number of physical slots, channel access priority value, destination id and/or range of the COT recipient.
Proposal 8: COT initiator should have the flexibility to transmit COT sharing indicator to a one-one or one to many UEs/destinations
Proposal 9: COT recipient should have the flexibility to use the shared COT to transmit unicast, groupcast, broadcast data 
Proposal 10: COT recipient could use the shared COT to make PSSCH, PSFCH transmissions to any UEs or destination ids with a restriction that at least one transmission is to be made to the UE or source-destination id that provided the COT sharing indicator 
Proposal 11: Support additional IDs transmission to the COT recipient in the same COT implicitly
Proposal 12: SCIs transmitted by the COT initiator containing source-destination IDs in every slot can be leveraged to provide additional IDs to the COT recipients implicitly  

Observation 1: By existing agreements, a UE would only be allowed to transmit S-SSB by COT sharing if the UE has been a target of the initiating UE.
Proposal 13: In order to support efficient transmissions of S-SSB in a shared COT, we think one of the following mechanisms should be adopted:
· Option A: A responding UE over a shared COT for purposes of S-SSB transmissions can be any UE receiving the COT sharing indicator
· Option B: The ‘additional ID’ functionality with the COT sharing indicator is supported and indicates one or more SLSS IDs + Iic to identify which synchronisation reference UE is allowed to use the shared COT for transmissions of S-SSB
· Note: Neither of the proposed options are meant to allow such a UE to transmit signals/channels other than S-SSB, unless the UE is a target of a PSCCH/PSSCH transmission by a COT initiator. 
Proposal 14: RAN1 needs to study mechanism for COT recipient to select one COT sharing indicator/COT donor 
Proposal 15: COT sharing information in SCI jointly indicates the starting slot and the number of consecutive slots of shared resources.
Proposal 16: If a UE indicates COT sharing other than "no sharing" in a SCI format within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent transmission occasions, if any, occurring within the same UE's initiated COT such that the same starting point and duration of the shared resources are maintained.
Proposal 17: COT sharing information is included in both 1st-stage SCI and 2nd-stage SCI.
· CAPC, time-domain information of the shared COT, and frequency domain information of the shared COT are included in the 1st-stage SCI.
· Source ID, destination ID, and additional ID are included in the 2nd-stage SCI.
Proposal 18: Before discussing relaxations of channel access behaviour for SL-U in case of multiple TB transmissions on a carrier, RAN1 needs to have the technical discussion and agreement whether such a new transmission behaviour will be supported. This may involve RAN4's feedback on the feasibility and corresponding constraints.

Observation 2: The uplink contention window size update procedure cannot be directly applied to sidelink. 
Proposal 19: RAN1 to study on the contention window size update procedure considering different cast type, transmission/reception from multiple Rx UEs or destinations and different HARQ feedback types e.g., groupcast option-1.
Proposal 20: To avoid priority-based dropping of HARQ-ACK associated with a CWS reference window, a Tx UE includes a 1-bit field to indicate if the corresponding PSFCH falls within the TX UE’s reference window. If so, an Rx UE uses the lowest priority value for the corresponding PSFCH priority determination (instead of the 3-bit field in the SCI).
Proposal 21: Support the following contention window update mechanisms:
· CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled):
· First preference: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Second preference: 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 . If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Note: We assume that (as for NR-U) for all cases the  is reset to the minimum valuethe the highest t  is consecutively used for  times for generation of .
· Support groupcast option 1 (NACK-only) with SL-HARQ feedback enabled for SL-U.
· First preference: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Second preference: 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 . If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Note: We assume that (as for NR-U) for all cases the  is reset to the minimum valuethe the highest t  is consecutively used for  times for generation of .
Proposal 22: To reduce COT losing for COT-based SL transmission interrupted by S-SSB, the following cases can be considered:
· Case 1. set longer CPE or shorter LBT duration to access S-SSB for inside-COT UE, compared to outside-COT UE, if the S-SSB is determined to be located within the COT.
· Case 2. inside-COT UE can transmit dummy data on S-SSB occasion if the S-SSB is determined to be located within the COT and the first one or more symbols are detected with no transmission.
· Case 3. set zero length CPE when there is no other RAT on the spectra.
Proposal 23: For S-SSB transmission in SL-U, CPE starting positions can be based on priority levels of synchronization reference, which can be obtained by UE based on (pre-)configuration.
Proposal 24: For burst-based sidelink transmission, from a Tx UE’s point of view, no gap symbol is included in between any two consecutive slots.
Proposal 25: Multiple PSSCHs scheduled by a single SCI is supported for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 26: RAN1 could study the possibility of assigning more than 3 consecutive resources with a gap less than 25µs using multi-slot scheduling 
Proposal 27: RAN1 study the LBT impact on resource selection with below enhancements:
Proposal 28: Study following aspects with considering the COT sharing mechanism:
· If a COT initialized for transmission on reserved resource and the COT can be shared to resource selection UE, whether the resource 3 or 4 can be regarded as the candidate resource reported to higher layer. 
· If a resource selection UE performs transmission on resource 1 or 2 and initialized COT by the resource selection UE can be shared to the resource reservation UE, whether the resource 1 or 2 can be regarded as the candidate resource reported to higher layer.

Observation 3: LBT outcome on the reserved resource is not guaranteed and excluding such resource resource in the candidate resource selection may lead to resource in-efficiency 
Proposal 29: Support allowing COT initiated UE to share channel occupancy duration to the UE that reserved resource
Proposal 30: Support multiple CPE starting position on the reserved resource while allowing COT initiated UE to select one of the starting positions on the reserved resource for type 2 LBT to check the LBT outcome and transmission status of the UE on the reserved resource.  
Proposal 31: The value of N which covers the duration for performing Type-1 channel access procedure is indicated in the SCI reserving the resource.
Proposal 32: FBE-based channel access is supported for sidelink transmissions in FR1 unlicensed spectrum.
Proposal 33: Support delaying the generation and transmission of SL HARQ feedback using non-numerical HARQ feedback timing value dynamically indicated in SCI  
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