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1 Introduction
[bookmark: _Hlk525462591]The most recent WID on NR sidelink evolution updated in Meeting #99 includes the following objective for operation of sidelink in unlicensed spectrum [1]:
	2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [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]Focus on FR1 unlicensed bands (n46 and n96/n102).
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.



In this contribution, we continue discussing aspects related channel access mechanism and provide our view also on the issues discussed so far.
2 [bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Regulatory requirements and their implications
2.1 Channel Access Procedures
A co-existence mechanism based on energy-detection listen-before-talk (LBT) procedure is required in some regions / bands and, hence, needs to be included in the SL unlicensed concept. Further, beyond regulatory requirements, NR SL-U should operate as a “good neighbor” towards all legacy systems, for example, NR-U, WiFi variants and LTE LAA. Energy detection based LBT procedure is a simple and efficient mechanism for that. As noted in the WID, channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation.
Potential further adjustments for channel access mechanism may be considered during the work item. One difference compared to NR-U is that, while NR-U channel access procedures have been described such that gNB is always either the initiating or the responding device, the same is no longer the case in SL-U. To avoid excessive changes to TS 37.213, we propose to re-use the existing channel access mechanisms as much as possible, such that the sidelink Tx UE follows the DL channel access procedures in 37.213 (i.e. assumes the role of gNB from channel access point of view), and correspondingly, the Rx UE follows the UL channel access procedures. Necessary deviations from this principle can be considered on a per need basis. 
[bookmark: Obs83437][bookmark: Obs61524][bookmark: Obs87165][bookmark: Obs70192][bookmark: Obs96445][bookmark: Obs35743][bookmark: Obs99295][bookmark: Obs69293][bookmark: Obs79102][bookmark: Obs55001]Observation 1:	Channel access mechanisms defined for NR-U in TS 37.213 can be largely re-used with SL-U, such that the role of TX UE is similar to gNB, and the role of RX UE is similar to UE. 
NR-U specified support for two types of channel access schemes:
-	Dynamic channel access (Load-based Equipment in ETSI EN 301 893)
-	Semi-static channel access (Frame Based Equipment in ETSI EN 301 893)    
The two channel access schemes target different deployment scenarios. Dynamic channel access is the more widely deployed option and allows for accessing the channel at any point in time, provided that the channel has been sensed to be vacant according to specific channel access procedures. Semi-static channel access, on the other hand, relies on simpler periodic channel sensing, where during a given fixed frame period there is only one opportunity to access the channel. Due to these fundamental differences, semi-static channel access is usually only deployed in a controlled environment, where interference from other systems is not expected to occur. Considering the wide range of use cases and deployments for SL-U we see that both these channel access mechanisms should also be supported in case of SL-U. However, due to WI time constraints, semi-static channel access should be only supported without specific enhancements for SL channels and resource selection procedure, as well as without changes to channel access procedure defined by NR-U.
[bookmark: Proposal52440][bookmark: Proposal13647][bookmark: Proposal32636][bookmark: Proposal56242][bookmark: Proposal34206][bookmark: Proposal32931][bookmark: Proposal30260][bookmark: Proposal81284][bookmark: Proposal961][bookmark: Proposal11618]Proposal 1: SL-U supports dynamic (LBE) channel access mechanism, while semi-static (FBE) channel access mechanism should be deprioritized or supported only with minimum specification impact, i.e., without related SL resource allocation enhancement.
2.1.1 LBT Type 1 aspects and CW size
When a device initiates the communication (i.e. the device takes the role of initiating device), then this device has to acquire the “right” to access the channel for a certain period of time – denoted in the specifications as the Channel Occupancy Time (COT) – by applying an “extended” LBT procedure where the channel must be deemed as free for the entire duration of a Contention Window (CW). This “extended” LBT procedure is commonly known as LBT Type 1 as specified in TS 37.213. This procedure is illustrated in Figure 1.
[image: ]
[bookmark: _Ref111021655]Figure 1: Acquisition of the COT by an initiating device via LBT Type 1.
The duration of both the COT and CW depends on the Channel Access Priority Class (CAPC) associated with the device’s traffic and is provided in TS 37.213. The device initiating the transmission (the initiating device) upon successfully completing the LBT Type 1 and performing a transmission, acquires the COT with duration associated with the corresponding CAPC. 
For Rel-18, RAN1 has been discussing the support of LBT Type 1 for SL-U. In relation to the CAPC definition for Type 1 SL channel access procedure, the following agreement was made in RAN1 Meeting #110bis-e:
	Agreement
[bookmark: _Hlk118204724]In Type 1 SL channel access procedure, the following table is adopted for channel access priority class (CAPC) for SL. 
· FFS: the applicability and usage of NOTE1 in the table
· FFS: whether mp=1 can be used with p=1, and applicable cases 
	Channel Access Priority Class (p)
	mp
	CWmin,p
	CWmax,p
	Tslmcot,p
	allowed CWp sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms [or 10 ms] 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms [or 10 ms]
	{15,31,63,127,255,511,1023}

	[NOTE1:   Forp=3,4, Tslmcot,p=10ms if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided, otherwise,Tslmcot,p=6ms.]
NOTE 2:   When Tslmcot,p=6ms it may be increased to 8ms by inserting one or more gaps. The minimum duration of a gap shall be 100μs. The maximum duration before including any such gap shall be 6ms. 





[bookmark: Obs70194][bookmark: Obs96447][bookmark: Obs35745][bookmark: Obs99297][bookmark: Obs69294][bookmark: Obs79103]Regarding the applicability of the parameter absenceOfAnyOtherTechnology-r16, it was concluded in RAN1#112-bis-e that similar parameter is supported in Rel-18 for SL transmissions in unlicensed bands (e.g., by level of regulation).
Regarding whether mp=1 can be used with p=1, in our understanding this has been proposed with the intention to facilitate the channel acquisition for S-SSB transmissions in order to make it comparable to NR-U SSB. However, is our view that S-SSB can be transmitted based on short control signalling channel access procedure (possibly with a LBT Type 2A), therefore, we don’t see the need of having an exception in the CAPC table for S-SSB transmissions.
[bookmark: Proposal56245][bookmark: Proposal34209][bookmark: Proposal32934][bookmark: Proposal30263][bookmark: Proposal81286][bookmark: Proposal963][bookmark: Proposal11619]Proposal 2: The agreed UL CAPC table is adopted for SL-U without specific exceptions for mp value.
For CW size, in RAN1 Meeting #110-e it was decided to use NR-U DL CW adjustment mechanism as the baseline for SL-U in unicast and FFS any necessary update for SL-U operation. In the DL NR-U CWS adjustment procedure (as defined in TS 37.213 in section 4.1.4), the CWS is increased based on the detection of HARQ NACK (i.e., the intended receiver(s) was unable to decode the TB and the transmitter has to retransmit) and reset based on the detection of HARQ ACK (i.e., the intended receiver(s) was able to decode the TB, therefore no retransmission is needed). This principle of operation is well suited for SL-U when SL-HARQ feedback is enabled.
Regarding the case which HARQ feedback is disabled, assuming DL NR-U CWS adjustment procedure, when a transmission is not associated with HARQ feedback, then the CWS used corresponds to the latest CWS used for any DL transmission procedures associated with the channel access priority of the transmission. In case there is no previous DL transmission with the same channel access priority, then the minimum CWS for that channel access priority is adopted. 
Applying this procedure, the SL-U Tx UE would either reuse the latest CWS obtained from other HARQ acknowledged transmissions and, in the absence of these transmissions, the UE would instead use the minimum CWS, i.e. . However, that procedure may lead to situations where the SL-U UE would keep reusing a large CW unnecessarily. In our view, it should be allowed that the SL-U UE uses other than the latest CWS. The SL-U UE could determine a CWS, for example, based on CBR, e.g., a smaller CWS (than the latest CWS) can be selected if CBR is low. 
[bookmark: Proposal32640][bookmark: Proposal56247][bookmark: Proposal34211][bookmark: Proposal32936][bookmark: Proposal30265][bookmark: Proposal81288][bookmark: Proposal965][bookmark: Proposal11620]Proposal 3: When a transmission is not associated with HARQ feedback, CW size can be determined based on, for example, CBR (Option 3 of CW adjustment when SL-HARQ feedback is disabled). E.g., CWS is reduced if CBR is low.
Regarding the CW adjustment for groupcast option 1 (NACK-only) and groupcast option 2, there should be no special difference with regard to CW size adjustment. I.e., as long the Tx UE retransmits (based on reception of one or many NACKs), then the CWS should be increased, independent of how many ACKs or NACKs it has received. Note that, according to regulations [EN 301 893] the UE sets  if the UE does not retransmit.
[bookmark: Proposal32641][bookmark: Proposal56248][bookmark: Proposal34212][bookmark: Proposal32937][bookmark: Proposal30266][bookmark: Proposal81289][bookmark: Proposal966][bookmark: Proposal11621]Proposal 4: In both groupcast option 1 (NACK-only) and groupcast option 2 (ACK and NACK), the SL-U UE increases the CW size if UE retransmits (regardless of the proportion of ACK/NACKs), otherwise it shall set it to CWmin.
[bookmark: Proposal32642][bookmark: Proposal56249][bookmark: Proposal34213][bookmark: Proposal32940][bookmark: Proposal30269][bookmark: Proposal81292]
2.1.2 Channel access for S-SSB
In RAN1 Meeting #110bis-e, the following agreement was made:
	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.


[bookmark: _Hlk129614469]In RAN1#111, it was also agreed the following related to applicability of Type 2A.
	Agreement
· Type 2A channel access procedure is applicable for S-SSB transmissions from a UE without a shared channel occupancy, when the following constraints are met:
· Time duration is at most 1ms per transmission 
· The duty cycle of the S-SSB transmissions is at most 1/20
· FFS: details of EDT
· FFS: whether/how to define observation period, including whether or not observation period would be captured in the specifications if defined
· FFS: Type 2A applicability for PSFCH without a shared channel occupancy and further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure



For the transmission of the S-SSB, some options which could be considered include:
1)	allowing transmission as Short Control Signalling transmission (SCSt) (including Type 2A LBT);
2)	applying Type 2 LBT in case of shared COT; or
3)	applying Type 1 LBT.
For option 1) applying SCSt, NR-U and LTE-LAA partially make use of this SCSt allowance to transmit discovery bursts / SSBs, but to ensure fair co-existence in all cases, they still apply LBT Type 2A (25 us LBT). For SL-U, it was agreed in RAN1#111 that Type 2A channel access procedure will also be supported for S-SSB, as mentioned above:
For EDT determination for S-SSB, in our view the principles from NR-U as in 37.213 section 4.1.5 can be applied, i.e., EDT determination for S-SSB using Ta = 5dB alike discovery bursts in DL.
[bookmark: Proposal32941][bookmark: Proposal30270][bookmark: Proposal81293][bookmark: Proposal970][bookmark: Proposal11622]Proposal 5: EDT determination for S-SSB can follow the principles from NR-U as in 37.213 section 4.1.5, i.e., using Ta = 5dB for S-SSB, like discovery bursts in DL.
In option 2) applying Type 2 LBT in case of shared COT, the applicability depends on how the COT sharing is performed and if the conditions to allow a UE taking the role of a responding device also include the case where that device would utilize the shared COT to do a S-SSB transmission. As it has been agreed in RAN1#111, when performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT. Therefore it can apply Type 2A/2B/2C channel access (depending on gap) within any shared COT. Further discussion on COT sharing consideration is performed in section 2.3.
[bookmark: Proposal81294][bookmark: Proposal971][bookmark: Proposal11623]Proposal 6: S-SSB can be transmitted with Type2A/2B/2C if there is a shared COT from any UE. The type depends on gap between preceding transmission and S-SSB starting point including CPE.
Finally, in cases where option 3) is applied (e.g. if S-SSB transmissions do not meet the criteria for short control signaling or there is no available COT), it should be noted that the following agreement was reached in RAN1#112 in relation to CAPC to be used for S-SSB:
	Agreement
The CAPC level that should be used for S-SSB transmissions:
· Option 1: CAPC value (p) should be set to 1 when UE performs Type 1 channel access procedure for S-SSB transmission


In our understanding, this agreement applies regardless of whether the S-SSB is the legacy S-SSB or is an additional candidate S-SSB occasion (if the latter is supported). 
[bookmark: Proposal972][bookmark: Proposal11624][bookmark: Obs99298][bookmark: Obs69295]Proposal 7: RAN1 to confirm that additional S-SSB (if supported) is also associated to CAPC with p=1 when UE performs Type 1 channel access.
[bookmark: Obs79104]
2.1.3 Channel access for PSFCH
The transmission of PSFCH may be done using Short Control Signalling Transmissions (SCSt) or by applying LBT procedure (Type 1 or Type 2 when COT has been acquired) prior to the transmission to determine whether the medium is idle or not. Regarding the RAN1#110bis-e FFS, for the transmission of PSFCH, these options could be considered:
1)	allowing transmission as Short Control Signal (with/without a Type 2A LBT);
2)	applying Type 2 LBT for transmissions within a shared COT;
3)	applying Type 1 LBT in case there is no initiated/shared COT for transmitting PSFCH.
For option 1), we note that the advantage of using SCSt without LBT Type 2A for PSFCH transmission is that there is no possibility of LBT failure that prevents the transmission of the feedback and therefore there is no need for multiple PSFCH opportunities to provide robustness in case of LBT failure. However, this may not be seen as coexistence friendly even if SCSt duty cycle is followed according to regulation. Another option is to use SCSt that is preceded by an LBT Type 2A, In this case there is a possibility for LBT failure, however this is expected to be less likely than when LBT Type 1 is applied (in the absence of shared COT). 
Noting that LBT Type 2A is supported for S-SSB under the constraints of transmission duration and duty cycle, in the case LBT Type 2A is also applied for PSFCH, the UE implementation just needs to keep track of how much of the duty cycle is being used for both channels transmissions without a shared COT. Based on periodicity of S-SSB and PSFCH configuration, as well as the number of times that UE has applied Type2A for S-SSB and PSFCH, the UE should be able to determine if it complies with the total duration budget for SCSt within an observation window. If it cannot meet the budget, then a PSFCH transmission without a shared COT should fall back to Type 1 LBT. The constraint on transmit time duration of 1ms can be easily satisfied by PSFCH (at it takes at most 214us assuming a CPE is added).
[bookmark: Proposal30271][bookmark: Proposal81295][bookmark: Proposal56250][bookmark: Proposal34214][bookmark: Proposal32943][bookmark: Proposal973][bookmark: Proposal11625]Proposal 8: RAN1 to support the use of SCSt with LBT Type 2A for PSFCH transmissions. The total duration of S-SSB and PSFCH transmissions by a UE using SCSt with Type 2A LBT is at most 2.5 ms within a 50 ms observation period. 
Regarding CAPC for PSFCH, in RAN1#112, the following was agreed:
	Agreement
The CAPC level that should be used for PSFCH transmission, CAPC value (p) should be set to 1 when UE performs Type 1 channel access procedure for PSFCH transmission


Since PSFCH is associated with CAPC with p=1, this allows PSFCH to be transmitted even within a COT initiated with CAPC of p>1, i.e., PSFCH can be transmitted in any shared COT at least when there is PSFCH for the COT initiator UE.
In addition, the agreement does not distinguish whether PSFCH transmission is an additional PSFCH or not. So based on the agreement any PSFCH can be associated with CAPC with p=1.
[bookmark: Proposal974][bookmark: Proposal11626]Proposal 9: RAN1 to confirm that additional PSFCH(s) (if enabled) are also associated with CAPC with p=1. 
[bookmark: Proposal56253][bookmark: Proposal34217]In all cases where LBT procedure is applied for PSFCH (Type 1 for acquiring COT, Type 2 with shared COT, or SCSt with Type2A), there is the need to make HARQ feedback process more robust against LBT failures without large impact on PSFCH capacity and still comply with the OCB and PSD requirements. For such purpose, the UE may use the interlaced RBs to, not only providing HARQ feedback for the corresponding PSSCH, but also as additional opportunities for PSFCH of prior PSSCHs. That is further discussed in our companion paper under AI 9.4.1.2 [2].

2.2 CP extension
For a UE to apply Type 2A/2B/2C LBT within a COT, it should comply with transmission gaps of 25, 16, and <16 us respectively. However, the gap durations of 16 and 25 us do not exactly match with the NR symbol durations. For this reason, in NR-U CP extension is used prior to certain UL transmissions to reduce the duration of the gap to exactly 16 or 25 us, such that COT sharing becomes practical. 
In RAN1#109-e it was agreed that CP extension is supported also in SL-U. And in RAN1#111, CPe was further discussed, and the following agreements were reached:
	Agreement
· A CPE is transmitted from a CPE starting position before SL transmission within a COT, select one or both of the two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively
· FFS: whether Option 1 and Option 2 are both applicable and the conditions (e.g., Option 1 in case of COT sharing and Option 2 in case of initiating a COT)
· FFS: which channel access type(s) is applicable for option 1 and option 2
· FFS: other details
· A single CPE starting position for PSFCH
· FFS CPE starting position and whether it should be (pre-)configured in each RP, pre-defined or indicated
· FFS other details (e.g., indication granularity)
· Note: value 0 is a candidate
· At least one CPE starting position for S-SSB
· FFS CPE starting position should be (pre-)configured, pre-defined or indicated
· FFS: Whether multiple CPE starting positions should be (pre-)configured, pre-defined or indicated
· FFS CPE starting positions for the R16 S-SSB and the additional S-SSBs 
· Note: value 0 is a candidate
· One or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSCCH
· When multiple CPE starting positions are (pre-)configured, 
· FFS whether/how to define a criteria for selecting a default CPE starting position (e.g., according to partial/full RB set allocation, resource reservation information, within or outside of a COT, etc.)
· FFS criteria for selecting one of the multiple CPE starting positions (e.g., according to priority level (e.g., CAPC or L1), selected randomly by UE from the (pre-)configured set of CPEs, selected by the UE based on channel access result, determined based on indication from the COT initiating UE, etc.)
· FFS other details


In RAN1#112, the following was agreed for CP extension starting position: 
	Agreement
A CPE can be transmitted from a CPE starting position before SL transmission for the following two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: 
· within the symbol just before the next AGC symbol for 15 kHz SCS
· within at most 2 symbols just before the next AGC symbol for 30 or 60 kHz SCS
· FFS applicable scenario(s), condition(s) and channel type(s) to apply Option 1 or Option 2



1 
2 
2.1 
2.2 
CP extension for PSSCH
NR-U supports the different CPE for CG-PUSCH enabling multiple possible starting points with the intention of avoiding collisions between multiple UEs transmitting CG PUSCH on a same resource, i.e., a UE which starts earlier blocks other UE to start on the same resource. However, in SL there are pre-emption and reselection mechanisms that can be used to avoid collisions. So, the support of multiple CPE for PSCCH/PSSCH in SL-U is more an optimization.
Regarding CPE for PSCCH/PSSCH, the following outcome was achieved from meeting RAN1#112-bis-e:
	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



NR-U supports different CPE starting points for full and partial RB-set allocation based on configuration of CG-StartingOffsets for CG PUSCH. Similarly, if multiple CPEs are supported for PSCCH/PSSCH inside and outside COT, it should be also configurable the set of CPE options which should be applied for partial or full RB set allocation. In our view, even with partial allocation, there are some situations in which the UE can apply a longer CPE, e.g., to prevent other transmissions to be initiated in neighboring interlaces that may cause IBE issues over its transmission. One of the (pre-)configured CPE starting positions for the PSCCH/PSSCH is selected based on the access level, considering whether it is a retransmission, a semi-persistent transmission, and the priority. The configuration and CPE values for SL-U can be similar as in NR-U for CG which defines the CG-StartingOffsets with the fields cg-StartingFullBW-InsideCOT, cg-StartingFullBW-OutsideCOT, cg-StartingPartialBW-InsideCOT and cg-StartingPartialBW-OutsideCOT. A default value does not need to be defined by the specification, since it would be the same as configuring a single option for the fields.  
[bookmark: Proposal11628]Proposal 11: Support (pre)configuration of CPE starting position sets similar as NR-U fields cg-StartingFullBW-InsideCOT, cg-StartingFullBW-OutsideCOT, cg-StartingPartialBW-InsideCOT and cg-StartingPartialBW-OutsideCOT.
Proposal 11: The configurable CPE values for PSCCH/PSSCH can be based on NR-U CG values defined in TS 38.211, Table 5.3.1-2.
Proposal 11: One of the (pre-)configured CPE starting positions for the PSCCH/PSSCH is selected based on the access level, considering whether it is a retransmission, a semi-persistent transmission, and the priority.

CP extension for PSFCH
For PSFCH a single preconfigured or predefined CPE starting position can be specified so that PSFCH can be transmitted with a type 2C LBT, at least when PSFCH is within a COT. Note that even if PSFCH transmission is not in a shared COT, the same CPE should be used in order to enable FDMed PSFCH transmissions from multiple UEs accessing the channel simultaneously. 
[bookmark: Proposal81300][bookmark: Proposal981][bookmark: Proposal11629][bookmark: Proposal30276]Proposal 12: Support a single (pre)configured CPE for PSFCH. 
The allowed CPE length for PSFCH will depend on the decisions on UE-to-UE COT sharing principles and on whether SCSt channel access with Type 2A can be used for PSFCH. If agreed that PSFCH can be transmitted to any UE during a shared COT, not necessarily including the COT initiating device, so the CPE length should be defined for allowing a gap of 16us in order to enable a Type 2C for any UE transmitting PSFCH within the shared COT. While if RAN1 decides that PSFCH can use SCSt with Type 2A, then the CPE should be designed for a of 25us, so that all UEs transmitting PSFCH with or without COT can perform channel access simultaneously.
[bookmark: Proposal982][bookmark: Proposal11630][bookmark: Proposal81301]Proposal 13: The allowed CPE starting position for PSFCH should be discussed after deciding whether PSFCH can be transmitted to any UE during a shared COT and after deciding if PSFCH can use SCSt with Type 2A. 

CP extension for S-SSB
For S-SSB, at least for the legacy version, it can be useful to configure multiple CPE starting positions. Note that S-SSB is not FDMed with other transmissions since the legacy S-SSB occasion is not part of the resource pool (for additional S-SSB it is not yet agreed whether they should be part or not of the RP, but a working assumption has been reached that they are excluded from resource pool). By allowing multiple CPE starting positions for S-SSB, it is possible to configure that a first sync ref UE provides S-SSB of a certain sync priority while other potential sync ref UEs can be used as backup synchronization sources. With the first sync ref UE using the longest CPE and remaining UEs attempt S-SSB transmission with a shorter CPE, the remaining UEs serve as backup sync ref in case S-SSB from primary sync ref source is not present (e.g. due to LBT failure).
[bookmark: Proposal983][bookmark: Proposal30277][bookmark: Proposal81302][bookmark: Proposal11631]Proposal 14: Support multiple CPE lengths to be (pre)configured for S-SSB. 

2.3 COT sharing principles 
In NR-U the initiating device can share its acquired COT with its intended receiver (the responding device). For this purpose, the initiating device shall inform (e.g. via control signaling) the responding device about the duration of this COT. The responding device uses then this information to decide which type of LBT it should apply upon performing a transmission for which the intended receiver is the initiating device. In case the responding device transmission falls outside of the COT, then the responding device will have to acquire a new COT using the LBT Type 1 with the appropriate CAPC.
The NR-U COT sharing principles can be applied to SL-U. However, it is not clear in SL-U how restrictive should the relation between initiating device and responding device be. For example, an initiating device when sharing the COT is expected to do it so via control signaling, which in SL can be conveyed in the 1st stage, 2nd stage SCIs and/or MAC CE. However, any device in the proximity of the initiating device will be able to receive and decode the 1st stage, 2nd stage SCIs and MAC CE of the initiating device transmission even if it is not the intended receiver; and therefore, the COT sharing information is available to any of these devices.
[bookmark: Obs83441][bookmark: Obs61528][bookmark: Obs87169][bookmark: Obs70196][bookmark: Obs96449][bookmark: Obs35747][bookmark: Obs99300][bookmark: Obs69297][bookmark: Obs79106][bookmark: Obs55002]Observation 2: Any SL device can receive and decode content all the way to the MAC CE level, therefore the COT sharing information will be available to any device in proximity of the COT initiating device.
[bookmark: Proposal52449][bookmark: Proposal13656][bookmark: Proposal32648][bookmark: Proposal56256][bookmark: Proposal34220][bookmark: Proposal32948][bookmark: Proposal30278][bookmark: Proposal81303][bookmark: Proposal984]In RAN1 Meeting #112-bis-e, the following agreement was made regarding COT sharing format:
	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



The 1st stage SCI is carried in PSCCH and is critical for determining resource allocation and enable sensing operations, while 2nd stage SCI is carried on PSSCH. An increase in size of 1st stage SCI by adding COT sharing information could reduce reliability of PSCCH. Also it should be noted that in NR-U, the COT sharing information comes in CG-UCI which is multiplexed in the PUSCH. Similarly, the COT sharing for SL-U could be multiplexed with the SL-SCH channel via 2nd stage SCI.  
[bookmark: Proposal11632]Proposal 15: RAN1 to support the signaling of COT sharing for SL-U via 2nd stage SCI.

In RAN1 Meeting #109-e, the following agreement was made (numbering added to facilitate the discussion) in agenda item 9.4.1.1 regarding COT sharing:
	Agreement
	(1) UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
o	(a) FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
o	(b) FFS all other details in compliance with the regulatory requirements




Regarding RAN1#109-e FFS (1).a when having the COT sharing information available, a device can potentially take the role of responding device and attempt to access the channel in the following cases:
a.	To perform a unicast transmission towards the initiating device;
b.	To perform a groupcast transmission towards the initiating device and any other device in the responding device proximity that it is part of the groupcast group;
c.	To perform a broadcast transmission towards any device in the responding device proximity (including the initiating device);
d.	To perform unicast transmission towards another device other than the initiating device;
e.	To perform a groupcast transmission towards any device in the proximity of the responding device other than the initiating device.

From all these cases, only case a) is similar to NR-U and therefore clear. However, if the condition to decode at least partially the information about a COT is enough to become a responding device, then all the cases above would be valid. Then in RAN1 Meeting #110-e, the following agreement was made regarding COT sharing:
	Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT.When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· FFS: whether a responding UE can transmit PSFCH(s) to UE(s) other than the initiator
· When performing PSSCH/PSCCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE
· FFS whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
· FFS: how to determine / what are the restrictions to the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) to utilize the COT shared by the initiating UE.
· FFS whether the responding UE can utilize the COT when at least the responding UE’s PSCCH transmission in the reserved resources within the shared COT or MCSt is intended for the COT initiating UE and what are the restrictions (e.g., priority, etc.) and indication to the responding UE.
· FFS: UE forwarding/relaying information about a COT initiated by another UE.




For PSFCH transmission, our understanding is that the responding UE can transmit PSFCH(s) to UE(s) other than the initiator within the RB sets corresponding to the shared COT, at least when one PSFCH is intended to COT initiating UE.
[bookmark: Proposal81304][bookmark: Proposal985][bookmark: Proposal11633]Proposal 16: The responding UE can transmit PSFCH(s) to UE(s) other than the initiator, at least when one or more PSFCH(s) in the slot is intended to a COT initiating UE.
From previous agreement, PSCCH/PSSCH is not precluded as the channel type of the responding UE’s transmission. However, as in NR-U, it should be ensured that COT propagation does not take place to ensure regulatory compliance and fair coexistence, i.e., responding device should directly receive COT information from initiating devices. Therefore the support for UE forwarding/relaying information about a COT initiated by another UE does not justify. 
At least PSCCH/PSSCH towards the COT initiator should be allowed with the same cast type. In our view, each PSSCH transmission of the responding device should at least have the COT initiator device as a destination. 
[bookmark: Proposal81305][bookmark: Proposal986][bookmark: Proposal11634][bookmark: Proposal56259][bookmark: Proposal34223][bookmark: Proposal32950][bookmark: Proposal30280][bookmark: Proposal52452][bookmark: Proposal13659][bookmark: Proposal32651]Proposal 17: Regarding PSCCH/PSSCH transmission in a shared COT, each PSCCH/PSSCH transmission of the responding device should at least have the COT initiator device as a destination (based on cast type and Destination ID).
[bookmark: Proposal81306][bookmark: Proposal987][bookmark: Proposal11635]Proposal 18: RAN1 does not support UE forwarding/relaying information about a COT initiated by another UE.

Further regarding COT sharing, the following agreements were reached in RAN1#112:
	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 SL transmission(s) within RB set(s) corresponding to a shared COT can be transmitted when the CAPC value(s) of the SL transmission(s) have an equal or smaller CAPC value than the CAPC value indicated in the COT sharing information.

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



From the above agreements it is not clear what is the benefit of supporting additional IDs in the COT sharing information. In case additional IDs are added for identifying UEs which can use the COT, but do not have a transmission response towards the COT initiator, that should not be supported as it goes against the definition of “a responding UE” in regulations. And if additional IDs are only for restricting who can use a COT, such restriction can be achieved by CAPC already, i.e., only UEs with same or lower CAPC value can use the COT. Otherwise, there is no clear benefit of restricting a UE with higher priority transmission to use the COT. 
[bookmark: Proposal988][bookmark: Proposal11636]Proposal 19: Additional ID(s) in the COT sharing information is not supported.
Some companies discussed in previous meetings about how PC,MAX and EDT should be determined also in case if COT sharing. Regarding EDT, RAN1#112-bis-e achieved the following agreement:
	Agreement
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



RAN1 should further discuss for any channel transmissions using a shared COT, how to properly determine the PC,MAX and EDT so that responding UEs respect transmit power bound and EDT of COT initiator. In particular, the responding UE needs to be able to determine the maximum TX power that the COT initiating UE assumes in its EDT calculation.
[bookmark: Proposal11637]Proposal 20: FFS how to determine transmit power bound and respective EDT, so that responding UEs comply with transmit power bound and EDT of COT initiator.

3	Wideband Operation for SL-U
[bookmark: Proposal52454][bookmark: Proposal13661][bookmark: Proposal32653]Regarding multi-channel access for SL-U, the following agreement was made in RAN1 Meeting #110bis-e:
	Agreement
For dynamic channel access mode with multi-channel case in SL-U, NR-U UL channel access procedure is considered as baseline for transmission on multiple channels
· [bookmark: _Hlk117673435]FFS: whether transmission of PSFCH and/or S-SSB on a subset of RB sets is supported (using the NR-U DL channel access procedure as baseline)
· FFS any necessary enhancement and modification for the SL-U operation


And in RAN1#111 it was agreed the following:
	Agreement
For dynamic channel access mode with multi-channel case in SL-U, use NR-U DL (Type A or Type B) multi-channel access procedure as the baseline for multiple PSFCH transmissions on multiple channels, where each PSFCH transmission is confined within one LBT channel 
· FFS: the case for S-SSB if agreed to transmit S-SSB (or S-SSB can be (pre-)configured) in more than one RB set
· FFS: whether type A or type B or both will be supported for this case for PSFCH
· FFS: whether multiple PSFCH transmissions on multiple channels after performing the multi-channel access procedure is limited to contiguous RB sets


Further, in RAN1#112-bis-e it was agreed the following:
	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



3 
Wideband Operation for PSFCH
PSFCH is a control channel critical for resource efficiency of sidelink communication. If a PSFCH occupying a PRB is missed, retransmission of the corresponding PSSCH which occupies much larger resource size (usually tens of PRBs) is needed. This is clearly not resource efficient, and also increases transmission latency of PSSCHs. Different from PSSCH, preparation of a PSFCH for different outcomes of LBTs on multi-channels almost brings no increase of processing complexity. A UE just prepares the PSFCH and transmits it in the channel(s) on which the LBT(s) pass. Thus support of transmission of PSFCH on a subset of RB sets (using the NR-U DL channel access procedure as baseline) is necessary. 
[bookmark: Proposal32951][bookmark: Proposal30281][bookmark: Proposal81307][bookmark: Proposal989][bookmark: Proposal11638][bookmark: Proposal56260][bookmark: Proposal34224]Proposal 21: RAN1 to support transmission of PSFCH on a subset of RB sets (using the NR-U DL channel access procedure as baseline).
Both Type A and Type B multi-channel access can be supported for PSFCH. It should be up to UE implementation whether to apply Type A or Type B but is our understanding that Type A provides more reliability for PSFCH transmission since the UE should be able to provide PSFCH at least on part of the channels where LBT finishes successfully.
Proposal 21: It should be up to UE implementation whether to apply Type A or Type B multi-channel access, though implementation of Type A should be preferable for PSFCH reliability.
Whether PSFCH can initiate a shared COT, it is clear that PSFCH can use a Type 1 LBT for initiating a COT but providing COT sharing should not be supported due to the limited capacity of PSFCH channel. In addition, since the CAPC used by PSFCH is agreed to be p=1, the COT duration is short therefore the benefit of sharing COT is little.
Proposal 21: SL-U does not support initiate a shared COT by PSFCH (i.e., no mechanism for providing COT sharing via PSFCH to be specified). Note that this should not prevent PSFCH to initiate a COT by Type 1 LBT.

Wideband Operation for S-SSB
Regarding the support for S-SSB in more than one RB set, in our view the motivation for such feature is not very clear. From previous discussions, the intention is to cope with UEs which do not have capability to operate in multiple RB-sets, therefore the redundant S-SSBs could be provided in multiple RB-sets. However, NR-U design does not seem to have introduced SSB in more than one RB set provided by gNB, meaning that the has not been considered relevant. In addition, in the current SL design, the S-SSB position is related to the SL BWP configuration, which means that SL UEs configured with a certain BWP should be able to monitor S-SSBs within it. Thus, in our view, optimizations for the support of S-SSB in more than one RB-set should not be in the scope, as UEs should be able to monitor the whole configured SL BWP searching for S-SSB in one of the RB-sets. 
[bookmark: Proposal32952][bookmark: Proposal30282][bookmark: Proposal81308][bookmark: Proposal990][bookmark: Proposal11639]Proposal 22: RAN1 does not support for a UE to transmit S-SSB in more than one RB set in a slot. 

4	SL resource allocation 
SL transmissions are allocated over a set of time-frequency resources defined as a Resource Pool. The resource pool is preconfigured within a SL BWP. The SL BWP configuration includes which symbols of the slot can be used for SL communication, meaning that a NR slot may contain gaps where SL transmission cannot be present. Also, the resource pool can have contiguous or non-contiguous resources in time domain. In frequency, the resources are defined in sub-channels formed by contiguous PRBs. SL design includes the following mechanisms for allocating the resources from a resource pool.
	Mode 1
o	In this mode, the gNB, triggered e.g. by a SL SR or SL BSR from a UE, provides a dynamic grant for SL transmissions through DCI format 3_0 for the UEs which are in RRC_CONNECTED state. The grant can allocate resources for up to 3 transmissions of a same transport block.
o	Alternatively, one or multiple configured grant configurations of periodic resources are provided via RRC. Both configured grant type 1 (fully RRC configured and activated) and type 2 (activated via DCI) are supported. 
	Mode 2: 
o	In this mode, the UE selects the resources for a preconfigured maximum number of transmissions (blind or HARQ based retransmissions) of a same transport block
o	UE can also reserve resources for future transport blocks by indicating a resource reservation period indicated in the 1st stage SCI.
o	The UE should reserve the resources within a selection window which the interval is limited by the remaining packet delay budget. 
o	The UE typically follows a sensing-based approach for selecting the resource, i.e., it first identifies the candidate resources in the selection window (by excluding resources indicated in a received SCI and which the SL-RSRP are higher than a threshold) and then selects randomly from the set of candidate resources.
SL-U should be supported for in-coverage and out-of-coverage UEs, therefore both mode 1 and mode 2 should be supported. As per WI scope, Uu operation for mode 1 is limited to licensed spectrum only, therefore SL SR, DCI transmission or RRC resource configuration may not be affected by unlicensed channel access. While control and data channels (SL SSB, PSCCH, PSSCH, PSFCH, etc) when transmitted on unlicensed spectrum should of course follow unlicensed channel access procedures either in mode 1 or mode 2. 
In RAN1 Meeting #109-e, the following agreement was made (numbering added to facilitate the discussion) in agenda item 9.4.1.1 regarding resource allocation:
	Agreement
	(1) The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
o	(a) FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
	(2) The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
o	(a) FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
	(3) FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
o	(a) channel access, resource allocation and PHY channel design
	(4) FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2


Regarding FFSes (1).a and (2).a, the LBT type of channel access procedures as adopted in NR-U are designed for collision avoidance and fair coexistence with other RATs which use asynchronous channel access. However, the Mode 2 sensing-based procedures are designed for coordinating the resource allocation in a distributed way among SL UEs transmitting in a frame-based structure. This means that these mechanisms may not fully replace each other, on the contrary, they should operate together and complement each other. However, issues may arise if existing SL resource allocation procedure does not consider the channel access mechanism in place. Figure 2 shows an example where a SL-U UE may potentially select a candidate resource prior to a previously reserved resource indicated in a received SCI from another SL-U UE. If transmitting symbols of a selected candidate resource overlap with the LBT interval for transmission in the reserved resource, it may cause LBT failure to the other UE and potentially loss of a high priority packet. 
[image: ]
[bookmark: _Ref110501883]Figure 2 - Example of a case where selection of a certain candidate resource will lead to a channel access failure for transmission in a reserved resource from another UE.
[bookmark: Obs83442][bookmark: Obs61529][bookmark: Obs87170][bookmark: Obs70197][bookmark: Obs96450][bookmark: Obs35748][bookmark: Obs99301][bookmark: Obs69298][bookmark: Obs79107][bookmark: Obs55003]Observation 3: The selection of a candidate resource preceding a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the reserved resource. 
Another example is shown in Figure 3, in which a UE has a candidate resource after a previously reserved resource indicated in a received SCI from another SL-U UE. In that case, if the LBT for the selected candidate resource overlaps with transmitting symbols of the reserved resource, it risks an LBT failures. 
[image: ]
[bookmark: _Ref110501901]Figure 3 - Example of a case where selection of a certain candidate resource will lead to a channel access failure as it does not take into account the LBT interval overlapping with a reserved resource of another UE.
[bookmark: Obs83443][bookmark: Obs61530][bookmark: Obs87171][bookmark: Obs70198][bookmark: Obs96451][bookmark: Obs35749][bookmark: Obs99302][bookmark: Obs69299][bookmark: Obs79108][bookmark: Obs55004]Observation 4: In mode 1 SL resource allocation, the gNB scheduler implementation should be able to prevent the occurrence of LBT blocking between connected SL devices. 
[bookmark: Obs83444][bookmark: Obs61531][bookmark: Obs87172][bookmark: Obs70199][bookmark: Obs96452][bookmark: Obs35750][bookmark: Obs99303][bookmark: Obs69300][bookmark: Obs79109][bookmark: Obs55005]Observation 5: In mode 2 SL resource allocation, the selection of a candidate resource after a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the candidate resource.
Note that in both example the LBT failure related to the transmission of other SL-U UE can be avoided. In the case of Mode 1, if the gNB schedules a contiguous resource for SL transmission prior or after a reserved resource, it may lead to LBT failure for the transmission in reserved resource or for the scheduled resource if transmitting symbols overlap with LBT of each other. However, in mode 1 it should be feasible for the scheduler implementation to avoid such situation. In case of Mode 2, the SL-U UE when performing sensing can acquire the knowledge about the reserved resources based on received SCIs.
In case multi-consecutive slots transmissions are supported in SL-U, as discussed in FFS (3), we note that the same issue described above is present. In other words, in case the LBT of any candidate consecutive resource overlaps with a reserved resource or in case LBT of reserved resource overlap with any of the candidate consecutive resources, the LBT failure due to the presence of a reserved resource can be avoided by making the resource allocation procedures (i.e. both Mode 1 and 2) become aware to this problem.
Therefore, in our view, RAN1 should investigate the interaction between channel access procedures and resource allocation mode 1 and mode 2 in order to avoid resource allocation which may cause LBT failures. It should be discussed how to modify the candidate resource selection mechanism to prevent avoidable LBT issues between SL-U UEs, for example, by excluding candidate resources which (i) are subject to LBT failure caused by a reserved resource transmission or (ii) may cause LBT failure to a reserved resource transmission.
[bookmark: Proposal81309][bookmark: Proposal991][bookmark: Proposal11640]Proposal 23: Resource allocation procedure should avoid selection of a candidate resource before a reserved resource in case the transmitting symbols of candidate resource overlap with LBT of the reserved resource.
[bookmark: Proposal81310][bookmark: Proposal992][bookmark: Proposal11641]Proposal 24: Resource allocation procedure should avoid selection of a candidate resource after a reserved resource in case the transmitting symbols of the reserved resource overlap with LBT of candidate resource.
In RAN1#112-bis-e it was agreed the following:
	 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).




As was discussed in this section, Option 1 should be preferable, as well as Option 2 which can also be supported together. Option 3 should not be supported as it arises resource efficiency issues while it is not clear what benefits it has compared to existing repetition and retransmission mechanisms. Option 4 should be up to implementation if supported, and finally, Option 5 alone may not be sufficient to avoid inter-UE blocking because MAC layer does not know of other UEs reservations. Option 6 is not clear. Option 7 would not be aligned with regulations for unlicensed spectrum operation. Option X would not guarantee that transmission reservations work (even if start timing is determined by UE implementation) because in Type 1 LBT, after the countdown the UE still must check if the channel is idle immediately before the transmission. 
[bookmark: Proposal993][bookmark: Proposal11642]Proposal 25: Down select to option 1 and option 2 from options to resolve LBT blocking issue agreed in RAN1#112-bis-e.
It was also discussed in previous meeting, how the UE would be able to determine whether a resource overlaps with an LBT, including how to determine value of N. One option is the UE to estimate N based on CW size of Type 1 LBT for associated priority/CAPC, however that LBT duration is not deterministic. Alternatively, the UE should be able at least to determine the defer duration before the transmit time on a reserved resource. Based on TS 37.213: “The defer duration  consists of duration immediately followed by consecutive sensing slot durations where each sensing slot duration is , and  includes an idle sensing slot duration  at start of . ”. So based on priority/CAPC of reserved resource and associated , the UE can determine  and avoid selections overlapping with .
Proposal 25: For a UE to decide whether it should prioritize or avoid a selection of a resource which may cause Type 1 LBT blocking, the UE may at least use the defer duration Td for determining if blocking may occur.
Also about Mode 2 resource allocation, it was discussed in RAN1#112 whether to address the potential issue of insufficient time for a UE to perform Type 1 LBT before a selected resource, as LBT sensing time can be longer than T1 of resource selection window. In our view, there is no straightforward solution to handle that issue, since the exact LBT sensing time cannot be known in advance, i.e., only an estimated duration can be determined a priori based on CW, while the resultant duration will depend on the randomly selected counter within CW and on the deferrals if a CCA slot is deemed as busy. In our view, this issue should be addressed by implementation together with a resource re-selection if a UE deem that Type 1 LBT cannot succeed before a selected resource. 
[bookmark: Proposal994][bookmark: Proposal11643]Proposal 26: In case a Type 1 LBT sensing time gets longer than the time until the selected resource, a resource re-selection can be triggered.

5	Multi-consecutive slots transmissions (MCSt)
In NR-U, scheduling of multiple consecutive PUSCH allocations with a single UL grant were specified to improve the COT usage by the UE, as well as to reduce PDCCH overhead for allocating the UE in the shared channel. Also, a burst of consecutive allocations can be configured via RRC for CG PUSCH transmissions, which allows the UE to reduce the amount of LBT attempts needed to transmit the data over multiple slots. 
In both cases, dynamic and configured grants, the UE can transmit different TBs on the consecutive PUSCH allocations, which allows to deliver more data in an available COT. If k repetitions are enabled, the UE can also attempt transmitting the same TB in the contiguous slots, which provides multiple starting occasions, i.e., if LBT failed for transmitting in the first PUSCH, the UE still has the chance to deliver the TB if LBT succeeds in the following PUSCH occasion. In NR-U design, the time domain resources are indicated with a row of a preconfigured set of multiple SLIV allocations, while in frequency domain, the same PRB allocation is used for all PUSCHs. 
For SL-U, we should follow the principles of NR-U, i.e., multiple consecutive allocations for a UE should be supported. 
In RAN1 Meeting #110-e, the following agreement was made in agenda item 9.4.1.1 regarding multi-consecutive slot transmissions:
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details



For mode 1, the gNB should be able to dynamically decide whether to provide multiple scheduling grants for a number of consecutive allocations, e.g., based on amount of data the UE needs to transmit informed on the SL BSR. 
[bookmark: Proposal32655][bookmark: Proposal56262][bookmark: Proposal34226][bookmark: Proposal32954][bookmark: Proposal30284][bookmark: Proposal81311][bookmark: Proposal995][bookmark: Proposal11644]Proposal 27: For mode 1, it is up to gNB how to schedule the multiple consecutive allocations to a SL-U UE.
[bookmark: _Hlk115123973][bookmark: Proposal32656]For mode 2, in RAN1 Meeting #112bis-e, it was agreed to send an LS to RAN2 to clarify the feasibility for different discussed approaches. We would like to note that there is only one more RAN1 meeting left in for the Sidelink enhancements WI in Rel-18. With that in mind, RAN1 should avoid optimizations which lead to specification effort that cannot be completed in due time.
[bookmark: Obs70200][bookmark: Obs96453][bookmark: Obs35751][bookmark: Obs99304][bookmark: Obs69301][bookmark: Obs79110][bookmark: Obs55006]Observation 6: There is only one more RAN1 meeting left for the Sidelink enhancements WI in Rel-18, therefore RAN1 should avoid optimizations which lead to high specification effort.
[bookmark: Proposal56263][bookmark: Proposal34227][bookmark: Proposal32955][bookmark: Proposal30285][bookmark: Proposal81312][bookmark: Proposal996][bookmark: Proposal11645]Proposal 28: Postpone optimized MCSt solutions until RAN1 has an input from RAN2 in terms of feasibility. 
Another aspect of MCSt which has been discussed by some companies in RAN1 are mechanisms to fill the GP symbol as well as whether GP should be disabled between the MCSt slots in order to maintain an uninterrupted channel occupancy by the UE over consecutive slots. In our understanding, RAN1 can define rules for determining whether GP should be disabled or enabled (i.e., applying a transmission gap in the GP symbol) during a MCSt of a Tx UE, e.g., depending on whether it expects other SL UE transmission allocations overlapping in time with its MCSt allocation. If there is no other transmission expected to be FDMed with the MCSt of the Tx UE the GP can be disabled, otherwise, if there is a resource reservation of another UE which overlaps in time with an allocation of its MCSt, the Tx UE should enable the GP on the MCSt slot prior to detected reserved resource. When the Tx UE enables the GP, it may enable a partial GP filling (i.e. only stop its transmission in a fraction of the GP symbol in order to achieve a certain gap duration), in order to reduce the possibility of losing the COT and allowing other SL-U UE to access the channel simultaneously, e.g. with Type 2A/2B LBT, for FDMed transmissions. It can also be defined that GP can be enabled to facilitate FDM for SL-U UEs, in case there is no other RAT using the channel, as there is less risk to lose the COT in the middle of a MCSt.
[bookmark: Proposal81314][bookmark: Proposal998][bookmark: Proposal11646]Proposal 29: RAN1 can define rules for enabling/disabling GPs during an MCSt, e.g., depending on whether different SL UE transmissions are expected to overlap in time with a MCSt allocation.
6	Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we made the following observations and proposals:
Observation 1:	Channel access mechanisms defined for NR-U in TS 37.213 can be largely re-used with SL-U, such that the role of TX UE is similar to gNB, and the role of RX UE is similar to UE. 
Proposal 1: SL-U supports dynamic (LBE) channel access mechanism, while semi-static (FBE) channel access mechanism should be down prioritized or supported only with minimum specification impact, i.e., without related SL resource allocation enhancement.
Proposal 2: The agreed UL CAPC table is adopted for SL-U without specific exceptions for mp value.
Proposal 3: When a transmission is not associated with HARQ feedback, CW size can be determined based on, for example, CBR (Option 3 of CW adjustment when SL-HARQ feedback is disabled). E.g., CWS is reduced if CBR is low.
Proposal 4: In both groupcast option 1 (NACK-only) and groupcast option 2 (ACK and NACK), the SL-U UE increases the CW size if UE retransmits (regardless the proportion of ACK/NACKs), otherwise it shall set it to CWmin.
Proposal 5: EDT determination for S-SSB can follow the principles from NR-U as in 37.213 section 4.1.5, i.e., using Ta = 5dB for S-SSB alike discovery bursts in DL.
Proposal 6: S-SSB can be transmitted with Type2 if there is a shared COT from any UE. The use of Type2A/2B/2C depends on gap between preceding transmission and S-SSB starting point including CPE.
Proposal 7: RAN1 to confirm that additional S-SSB (if supported) is also associated to CAPC with p=1 when UE performs Type 1 channel access.
Proposal 8: RAN1 to support the use of SCSt with LBT Type 2A for PSFCH transmissions. The total duration of S-SSB and PSFCH transmissions by a UE using SCSt with Type 2A LBT is at most 2.5 ms within a 50 ms observation period. 
Proposal 9: RAN1 to confirm that additional PSFCH(s) (if enabled) are also associated with CAPC with p=1. 
Proposal 10: If multiple CPE are supported for PSCCH/PSSCH, it should be up to (pre)configuration which of the CPE lengths should be used for partial or full RB set allocation.
Proposal 11: Support (pre)configuration of CPE starting positions as NR-U fields cg-StartingFullBW-InsideCOT, cg-StartingFullBW-OutsideCOT, cg-StartingPartialBW-InsideCOT and cg-StartingPartialBW-OutsideCOT .
Proposal 12: Support a single preconfigured or predefined CPE for PSFCH. 
Proposal 13: The allowed CPE starting position for PSFCH should be discussed after deciding whether PSFCH can be transmitted to any UE during a shared COT and after deciding if PSFCH can use SCSt with Type 2A. 
Proposal 14: Support multiple CPE lengths to be (pre)configured for S-SSB. 
Observation 2: Any SL device can receive and decode content all the way to the MAC CE level, therefore the COT sharing information would be available to any device in proximity of the COT initiating device.
Proposal 15: RAN1 to support the signaling of COT sharing for SL-U via 2nd stage SCI.
Proposal 16: The responding UE can transmit PSFCH(s) to UE(s) other than the initiator, at least when one or more PSFCH(s) in the slot is intended to a COT initiating UE.
Proposal 17: Regarding PSCCH/PSSCH transmission in a shared COT, each PSCCH/PSSCH transmission of the responding device should at least have the COT initiator device as a destination (based on cast type and Destination ID).
Proposal 18: RAN1 does not support UE forwarding/relaying information about a COT initiated by another UE.
Proposal 19: Additional ID(s) in the COT sharing information is not supported.
Proposal 20: FFS how to determine transmit power bound and respective EDT, so that responding UEs comply with transmit power bound and EDT of COT initiator.
Proposal 21: RAN1 to support transmission of PSFCH on a subset of RB sets (using the NR-U DL channel access procedure as baseline). Both or at least Type A multi-channel access can be supported for PSFCH.
Proposal 22: RAN1 does not support for a UE to transmit S-SSB in more than one RB set in a slot. 
Observation 3: The selection of a candidate resource preceding a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the reserved resource. 
Observation 4: In mode 1 SL resource allocation, the gNB scheduler implementation should be able to prevent the occurrence of LBT blocking between connected SL devices. 
Observation 5: In mode 2 SL resource allocation, the selection of a candidate resource after a reserved resource, e.g., of another UE, may cause LBT failure for the transmission on the candidate resource.
Proposal 23: Resource allocation procedure should avoid selection of a candidate resource before a reserved resource in case the transmitting symbols of candidate resource overlap with LBT of the reserved resource.
Proposal 24: Resource allocation procedure should avoid selection of a candidate resource after a reserved resource in case the transmitting symbols of the reserved resource overlap with LBT of candidate resource.
Proposal 25: Down select to option 1 and option 2 from Proposal 6 (I) of the FL summary for AI 9.4.1.1.
Proposal 26: In case a Type 1 LBT sensing time gets longer than the time until the selected resource, a resource re-selection can be triggered.
Proposal 27: For mode 1, it is up to gNB how to schedule the multiple consecutive allocations to a SL-U UE.
Observation 6: There is only one more RAN1 meeting left in for the Sidelink enhancements WI in Rel-18, therefore RAN1 should avoid optimizations which lead to high specification effort.
Proposal 28: Postpone optimized MCSt solutions until RAN1 has an input from RAN2 in terms of feasibility. 
Proposal 29: RAN1 can define rules for enabling/disabling GPs during an MCSt, e.g., depending on whether different SL UE transmissions are expected to overlap in time with a MCSt allocation.
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The parameters used in the simulations are provided in the following table:
Table 1: Evaluation assumption parameters
	Parameters
	SL-U

	Layout
	Indoor 120 x 80m

	Propagation scenario
	NR InH Mixed Office

	UE distribution
	24 SL-U UEs Uniformly distributed, 3 km/h speed

	Carrier and Bandwidth
	5GHz, 20MHz

	SCS
	15kHz

	PHY
	100 RBs per subchannel
(1 subchannel RP in 20MHz)

	Receiver
	MMSE-IRC

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Max Rank
	1

	UE/STA TX power
	18 dBm including antenna gain (0 dBi)

	MCS
	Max Modulation supported 256QAM 4/5

	Traffic model
	FTP3 aperiodic traffic, 500kB packet, 1500B PDU,
Variable load

	Pairing
	Unicast/Unidirectional
Tx UE pairs with first strongest Rx UE

	LBT
	LBT Type 1 with CAPC p = 4
COT duration: 6ms or 10ms

	EDT
	-72dBm

	Channel model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
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