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Introduction
RAN1 #110bis-e made progresses on the channel access sub-agenda item of SL-U. The agreements touched upon fundamental aspects of channel access and triggered related further studies. The aspects are:
· Type 1 channel access applicability,
· CAPC table for Type 1 channel access,
· CW adjustment,
· Multi-channel access procedure, and
· Multiple consecutives slots transmissions.

Some other aspects were discussed without reaching an agreement:
· Type 2A channel access for S-SSB and PSFCH, 
· Single and multiple CPE starting positions, and
· UE to UE COT sharing (focus on initiator sending PSCCH/PSSCH, eligible responder, COT sharing information).

In this paper we discuss the discuss various topics on channel access and resource allocation. In particular,  we provide our view on pending items on Type 1 channel access, especially for setting priority for S-SSB and PSFCH, and discuss on the  value in the CAPC table for some special transmissions; CW window adjustment, for which we provide a definition of reference duration and a simple framework based on NR-U for when a reference duration can be defined vs. not defined; we discuss our support for Type 2A channel access for S-SSB; we talk about multi-channel access, and provide our view on whether/when partial transmissions could be allowed; we discuss eligibility of responders in a shared COT and allowable transmissions and provide different options as well as discussing COT sharing information; we address resource allocation for supporting multiple consecutive slots transmissions (MCSt); for Mode 2 RA we tackle details of the resource selection procedure at MAC and PHY; for Mode 1 we suggest study and support of multi-TTI grants in DCI 3_0; we also discuss aspects related to optimizations related to the slot structure to enable MCSt (gap filling and similar); we provide a view on aspects related to TDM and FDM operations in SL-U and formulate a unified framework using multiple CPE starting positions, where the number and location can be preconfigured (single CPE is a sub-case), we propose methods to improve the FDM capability when multiple CPEs with prioritization are adopted, and provide consideration on the set of CPEs for initiated COT and shared COT. A list of the covered topics is as follows:
· Type 1 channel access: CAPC for S-SSB and PSFCH,
· CAPC table refinement,
· Type 2A channel access for S-SSB, 
· Multi-channel access procedures: partial transmissions,
· UE to UE COT sharing (eligibility of responder and allowed response, COT sharing information),
· MCSt (mode 2 resource selection, mode 1 multi-TTI grants, optimizations for contiguous bursts),
· CPE starting positions (overall framework, sets of CPEs).

Discussion 
[bookmark: _The_starvation_problem]Type 1 channel access
In  RAN1 #110bis-e we had the following agreement on the applicability of Type 1 channel access: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.

On the FFS for how to set CAPC for S-SSB and PSFCH transmissions:
[bookmark: b1]Observation 1: In NR-U, control information is sent with the highest priority . For example, in DL a gNB can transmit a discovery burst (including SSB) with any CAPC (including ). In UL, a UE can transmit a PUCCH or a PUSCH without UL-SCH with  When a gNB or a UE wants to perform other transmissions after those high priority control transmissions, it is subject to the rules for multiplexing transmissions with different priorities over a COT, that is, the lowest priority (highest CAPC index) is used.
[bookmark: b2]Proposal 1: When Type 1 channel access is uses to transmit an S-SSB,  can be used at least when the UE intends to perform only S-SSB transmission(s), or S-SSB transmission followed by PSCCH/PSSCH(s) containing SL-SCH  associated only with CAPC  and/or MAC-CE.
[bookmark: b3]Proposal 2: When Type 1 channel access is used to transmit a PSFCH,  can be used at least when the UE intends to perform only the PSFCH transmission, or the PSFCH transmission followed by PSCCH/PSSCH(s) containing SL-SCH associated only with CAPC  and/or MAC-CE.

CAPC table
In  RAN1 #110bis-e we had the following agreement on the CAPC table:Agreement
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. 


On the FFS about using  for :
[bookmark: b4]Observation 2: In NR-U the discovery burst (including the SSB) can be transmitted with any CAPC. When the CAPC  is used, the value   can be used. It would make sense to not penalize the SL-U synchronization procedure by diverging from NR-U in this aspect.
[bookmark: b5]Proposal 3: When Type 1 channel access is performed for S-SSB transmission, and the selected CAPC is , the UE is allowed to use . 
CW adjustment
In  RAN1 #110bis-e we had the following agreement on the CW adjustment:

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).


In this subsection we provide our view on the following aspects:
· Definition of reference duration
· Framework for CW adjustment including views on different proposed options in the previous agreement
· View on concurrent transmissions in the reference duration.

On the definition of the reference duration, the first thing to do would be to identify what is the driving principle for its definition. 
[bookmark: b6]Observation 3: In NR-U, the principle used to define the reference duration was to find the first slot containing a transmission related to an HARQ-FB (possibility of sending either Ack or Nack) in the latest channel occupancy time, and use the positive or negative the feedback to determine a reset or expansion, respectively.
If we want to reuse this driving principle, we note that the terminology used in the previous agreement from RAN1 #110bis-e, is slightly misused in the following cases (highlight in red):
· “CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled)”
· “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)”.
[bookmark: b7]Observation 4: Following NR-U footsteps, a concept of reference duration is not needed to address CW adjustment policies in the cases of transmissions for which a complete feedback (with Ack or Nack) can be reported. In practice, for SL-U those transmissions would encompass unicast PSSCH with HARQ FB enabled, or a groupcast option 2 PSSCH with HARQ FB enabled.
Therefore, we propose the following definition of reference duration:
[bookmark: _Ref117867864][bookmark: b8]Proposal 4: The reference duration corresponding to a channel occupancy can be defined as a duration starting from the beginning of the channel occupancy until the end of the first slot where at least a transmission associated with Ack/Nack HARQ FB is performed.
Based on this definition of reference duration, we can consider a simple framework for CW adjustment, based on NR-U DL procedure principles (see Section 4.1.4.2 in [3] ):
1) Behavior for available reference duration
a. Case of available HARQ FB related to reference duration
b. Case of not available HARQ FB related to reference duration
2) Behavior for unavailable reference duration
3) Additional rules 
For case (1), if the reference duration is defined as in Proposal 4, the CW adjustment from NR-U can be directly applied. In case (1a), NR-U behaves such as only one positive Ack is sufficient for resetting the CW, even for concurrent PDSCH to different UEs. This approach can work well with reference duration containing only unicast, only groupcast option 2, and concurrent unicast and groupcast option 2, and is exactly in line with NR-U.
[bookmark: b9]Observation 5: For a reference duration with unicast PSSCH with HARQ FB enabled, groupcast option 2 PSSCH with HARQ FB enabled, and concurrent unicast PSSCH and groupcast option 2 PSSCH with HARQ FB enabled, the approach considering the reception of at least one Ack to determine the reset of CW is exactly in line with the approach taken in NR-U. 
Therefore Option 2 in RAN1 #110bis-e is preferable for both the unicast and groupcast option 2 cases. In practice, the same procedure for when at least an Ack is available related to the reference duration can be applied from NR-U.
[bookmark: b10]Proposal 5: For the case where a reference duration is defined according to Proposal 4 and HARQ FB is available after the last update of , if at least one HARQ FB is ‘Ack’, for every priority class  set , otherwise increase  for every priority class to the next higher allowed value. 
In case (1b), step 3 in the procedure outlined in Section 4.1.4.2 in [3]  can be taken as the baseline.
In case (2) NR-U does not perform any update to the contention window (see end of Sections 4.1.4.2 and 4.2.2.2 in [3] ). This is the case where in the previous COT it was not possible to identify transmissions associated with HARQ FB in the NR-U sense, i.e., with both possible Ack and Nack. It seems fairly straightforward to map this approach to SL-U to provide a solution for the cases where in latest COT only the following transmissions were performed: PSFCH, S-SSB, broadcast PSSCH, groupcast option 1 PSSCH, groupcast option 2 PSSCH with HARQ FB disabled, unicast PSSCH with HARQ FB disabled.
[bookmark: b11]Observation 6: In NR-U, if it is not possible to identify a reference duration, i.e., if no transmissions with HARQ FB with both Ack/Nack are performed, the contention window is not updated. This case can be mapped to SL-U for the cases where in latest COT only the following transmissions were performed: PSFCH, S-SSB, broadcast PSSCH, groupcast option 1 PSSCH, groupcast option 2 PSSCH with HARQ FB disabled, unicast PSSCH with HARQ FB disabled.
[bookmark: b12]Proposal 6: If it is not possible to identify a reference duration for the latest COT, 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 .
We believe that this framework can really capture correctly the needed adjustments following the well-proven NR-U principles, that are to reset/update when positive and negative feedbacks are available, while keep constant otherwise. There is no need for RAN1 to over-optimize for cases where the complete feedback information is not available, also because by definition, the reference duration can be searched over the latest COT for finding a transmission for which the adjustment can be performed. 
Type 2A channel access for S-SSB and PSFCH
In  RAN1 #110bis-e we did not agree on the following even though the proposal seemed to be close to the consensus:Proposal 3 (IX):
· Type 2A channel access procedure is applicable for S-SSB transmissions for a UE without a shared channel occupancy, with a restriction on the duty cycle frequency and total duration of transmissions accessing the channel with such Type 2A usage in a time interval. The detailed restriction criteria are FFS. [Working Assumption] the transmission duration is at most 1ms and the duty cycle frequency is 1/20. FFS the time interval.
· FFS: whether also PSFCH can be transmitted with Type 2A w/o shared channel occupancy
· FFS: how to consider limitations based on duty cycle frequency, number of transmissions and/or total transmission time duration
· FFS: whether Type 2 channel access procedures can be applied to groupcast option 1 (if supported)
· FFS: how to handle the case when S-SSB + PFSCH transmissions exceed the restriction criteria
· FFS: how to define the value of [image: ] within the energy detection threshold calculation for S-SSB and PSFCH transmissions 

[bookmark: b13]Observation 7: Type 2A channel access for S-SSB should be supported with limitations similar to NR-U, while the joint support for S-SSB and PSFCH seems to bring unnecessary complications to the design.
[bookmark: b14]Proposal 7: Support Type 2A channel access with limitations similar to NR-U only for S-SSB.
Multi-channel access
In  RAN1 #110bis-e we had the following agreement on multi-channel access procedure: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
· 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

On the first FFS about supporting partial transmissions on a subset of the RB sets that were addressed during the multi-channel access procedure, we support it at least for PSFCH transmissions.
[bookmark: b15]Proposal 8: For multi-channel access, support at least the transmission of multiple PSFCHs on a subset of the RB sets that were part of the multi-channel access procedure.
RAN2 sent an LS to RAN1 for providing suggestions about the granularity of LBT failure at MAC layer: 

Question: When SL LBT failure is notified by PHY due to an intended SL transmission, what is the granularity in which MAC can consider that the SL LBT failure has been detected (e.g. whether MAC can consider that the SL LBT failure has been detected per SL BWP, per SL resource pool, per RB set, etc.).  

[bookmark: b16]Observation 8: On the LS from RAN2 for suggesting LBT failure granularity, there may be no need to increase the granularity compared to NR-U UL, that is, per BWP, since in NR-U UL there is at most a single active BWP at any given time. Nevertheless, it would be preferable to respond to RAN2 according to a decision on whether or not partial transmissions are allowed at all in SL-U multi-channel access.
[bookmark: b17]Proposal 9: RAN1 is to decide on whether partial transmissions are allowed and for which channels/signals in SL-U multi-channel access first. In case partial transmissions can be allowed, RAN1 should discuss on whether there is any benefit adopting a granularity different than per-BWP for the LBT failure report.
UE to UE COT sharing
In  RAN1 #110bis-e we did not have an agreement on the following proposal:Proposal 5 (VI):
· For UE-to-UE COT sharing (at least for COT initiated for PSCCH/PSSCH transmission from the initiator),
· Alt. 2 from RAN1#110 meeting with updates is taken as the baseline to work on the remaining details.
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· The responding UE uses the shared COT for its transmission when the transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· The destination UE of the COT initiating UE’s PSSCH data transmission is a target receiver
· UE(s) indicated by the additional ID(s) (other than the destination ID in SCI intended for PSSCH data reception) 
· FFS other cases
· FFS: details of the channel type of the COT initiating UE’s transmission in other cases
· FFS any additional conditions
· Contents of COT sharing information includes the followings:
· CAPC level
· FFS where this is also indicated when a COT is not shared
· Remaining COT duration (e.g., number of SL slots or ms)
· L1 ID (e.g., legacy destination ID and/or source ID)
· RB set(s) in the COT
· Additional ID(s)
· FFS any others and details (e.g., communication range, information on time and frequency resources, starting offset of the shared COT and/or responding UE’s transmission, channel access type)
· FFS whether the COT sharing information is redundantly carried by the responding device
· Container for the COT sharing information is
· SCI (e.g., 1st and/or 2nd stage SCI)
· FFS whether a new 1st and/or 2nd stage SCI format is needed (maybe consider together with SCI format(s) for SL-U and MCSt operation)
· FFS: whether the MAC CE is necessary after the contents of COT sharing information are finalized
· FFS UE-to-UE COT sharing started with S-SSB or PSFCH from the initiator
· FFS: When the responding UE is not a target receiver of COT initiator UE’s PSSCH data transmission, how to ensure the COT initiator UE is a target receiver UE of the responding UE’s transmission within the shared COT 

Sharing COT with PSCCH/PSSCH from the initiator
[bookmark: _Ref118448974][bookmark: b18]Observation 9: In NR-U, DCI on PDCCH can be used from the gNB as standalone transmission to initiate a shared COT region, e.g., when the gNB schedules a responder UE’s transmission (e.g., scheduling DCI containing channel access type and CPE indication to indicate a UE to share a COT for a dynamic grant, or COT-SI that can be sent to a UE to indicate that a CG-PUSCH can be sent on a shared COT). In that case the receiver of DCI containing a COT sharing indication can share the COT. 
This motivates us to discuss cases where the eligibility of a responder over a shared COT can be determined based on receiving control information, and not necessarily a data transmission or a feedback related to a data transmission.
[bookmark: b19]Observation 10: In NR SL, there are three levels of decoding for a receiver UE:
· Level 1: the UE decodes SCI-1
· Level 2: the UE decodes SCI-2 on PSSCH based on SCI-1 decoding
· Level 3: the UE determines that it should further decode a PSSCH based on having decoded SCI-2 
[bookmark: _Ref118298564][bookmark: b20]Proposal 10: A UE is eligible to share the COT if at least it is the target of a COT sharing indication from the initiator. Several options can be considered:
· Opt 1: UE decodes SCI-1 containing a COT sharing indication
· Opt 2: UE decodes an SCI-2 containing a COT sharing indication
· Opt 3: UE decodes an SCI-2 containing a COT sharing indication and is a target receiver of the COT initiating UE’s PSSCH
Options 1 and 2 require only SCI-1 or SCI-2 decoding, which is broader than Option 3. Option 1, specifically, may have some limitations for the responding transmissions due to missing the source ID in SCI-1. Option 2 demands the decoding of SCI-2, which contains the source ID, therefore it might be easier to determine if a response is for the initiator or not. Options 3 requires also that the UE is destination of data. 
[bookmark: b21]Observation 11: We believe that Opt 2 in Proposal 10 is a preferable baseline for SL-U, since it better aligns with NR-U (see the cases in Observation 9).
Once the eligibility to share the COT is determined (e.g., after detecting an indication to share the COT), the UE should check if its transmission can be performed over a shared COT. On a first level, we should allow transmission that include the initiator UE as a target.
[bookmark: b22]Observation 12: In NR-U, the response to the initiator at least either contains data destinated to the initiator, or control information that can be used from the initiator.
[bookmark: b23]Proposal 11: A UE that is eligible to share a COT can transmit over a shared COT by performing at least transmissions where the initiating UE is at least one of the recipients, which includes: a) PSFCH to the initiator, b) unicast PSSCH to the initiator, c) connection based groupcast PSSCH including the initiator, d) connectionless groupcast PSSCH, e) broadcast PSSCH, f) S-SSB.
A special case for sending a PSFCH to a UE that is not the initiator could be treated as an exception. The benefits would be substantial, for two reasons:
· More transmissions ensuring continuity of transmissions over the COT (e.g. the initiator may lose the COT due to large gap if there is a slot in the COT with PSFCH symbols and the initiator neither expects to receive PSFCH nor has a PSFCH to transmit, see Section 2.7.3.3)
· More chances to deliver HARQ FB (a UE2 that wants to transmit a PSFCH to UE3 may not be able to complete Type 1 channel access procedure within the gap in symbol 10 if it is in proximity of the COT initiator UE1)
· There might not be damage in terms of collision if we allow more UEs to send PSFCH
· the chances that the transmission of PSFCH from a UE2 to a UE3 (different from the initiator UE1) would collide with a PSFCH from a UE4 to the initiator UE1 are slim, due to the size of the resource pool compared to the resources needed for PSFHC transmission.
[bookmark: bn1]Observation 13: In NR-U, when a gNB shares a COT initiated by a UE (e.g., with CG-PUSCH), the gNB can send control information to another UE. The limitation for gNB transmission (to target the COT initiator) in NR-U applies only for unicast transmissions that include user plane data.From TS37.213, Section 4.1.3
If a gNB shares a channel occupancy initiated by a UE using the channel access procedures described in clause 4.2.1.1 on a channel, the gNB may transmit a transmission that follows a UL transmission on scheduled resources or a PUSCH transmission on configured resources by the UE after a gap as follows:
-	The transmission shall contain transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. 
- …


[bookmark: _Ref118385423][bookmark: b24]Proposal 12: A UE that is eligible to share a COT can be allowed to transmit a PSFCH to a UE different from the COT initiator.
COT sharing information
In Rel-16 NR-U, COT structure information (COT-SI) was introduced in DCI 2_0 to inform the receiver(s) over a DL COT about the time/frequency rectangle obtained with a Type 1 channel access procedure. Further, the gNB would indicate the channel access type and CPE via DCI scheduling for DL to UL COT sharing. Conversely, in UL to DL sharing (e.g., UE initiating a COT with CG-PUSCH), a UE that obtains a COT with Type 1 channel access, can provide ‘COT sharing information’ in CG-UCI. The field points to a row index corresponding to a configuration containing COT sharing information (higher layer parameters). Specifically, the row contains a CAPC, an offset (start of shared region), and a duration (end of shared region). If the field in CG-UCI is set to ‘1’, then the COT can be shared after a default offset from the end of the slot containing CG-UCI is detected.
[bookmark: b26]Observation 14: For SL-U COT sharing indication, since UE scheduling another UE is not supported in SL-U, we believe that providing information on sharable regions (similar to COT-SI in DCI2-0 and CG-UCI in CG-PUSCH) can be a better baseline that direct channel access type and CPE duration.
[bookmark: _Ref118451178][bookmark: b27]Proposal 13: For providing COT sharing information, COT structure information (COT-SI) in DCI2-0 used in NR-U gNB-to-UE sharing and CG-UCI in CG-PUSCH used in NR-U UE-to-gNB sharing can be considered as baselines.
[bookmark: b28]Observation 15: Some UEs may not be able to decode the COT sharing information if transmitted in a single instance, therefore repeating the COT sharing information transmission in multiple slots can be beneficial. In this regard, a design as in Proposal 13 is preferable.
[bookmark: b29]Observation 16: Designs following Proposal 13 can be beneficial to deliver information about one or more shareable regions. Different shared regions can potentially target different UEs.
[bookmark: b30]Proposal 14: Study transmission of COT sharing information across multiple transmissions to improve the reliability of COT sharing information and provide information about multiple sharable regions.
Some responder UE transmissions may require less in terms of COT sharing information (e.g., PSFCH and S-SSB may require only time/frequency information of the shared resources), while some others would require more (e.g., PSSCH would require at least CAPC information and ID related information of the initiator). 
[bookmark: b31]Proposal 15: For transmitting over a shared COT, at least minimal COT sharing information including the time/frequency occupation of the resources available for sharing should be acquired. 
If a responder UE means to transmit only S-SSB or PSFCH, those transmissions may be allowed to use the smallest CAPC value, therefore the CAPC may not be a necessary inclusion in the minimal COT sharing information. Further, those transmissions may be allowed on a shared COT regardless targeting specifically the initiator UE (according to S-SSB being a broadcast control information, and according to Proposal 12 for PSFCH).
[bookmark: b32]Observation 17: On COT sharing information, the information on the CAPC used to obtain a COT and ID related information of the COT initiator may be relevant only for responses on a shared COT that include PSSCH transmissions.
[bookmark: b33]Proposal 16: RAN1 studies the cases for which additional COT sharing information is required, including: CAPC used by the initiator UE to obtain the COT, ID related information of the COT initiator UE, ID relater information of the UEs that are target of the COT sharing indication.
[bookmark: b34]Observation 18: On ID related information in COT sharing information, it is to be noted that the L1 ID can change across different sessions, and therefore might be unreliable for COT sharing information.
[bookmark: b35]Proposal 17: RAN1 studies how to deliver ID-related information related to COT sharing to avoid unreliability due to changes of L1 IDs across sessions.
[bookmark: b36]Observation 19: On the container(s) of COT sharing information, RAN 1 can continue considering SCI-1, SCI-2, and MAC-CE, also considering including different COT sharing information in different containers.
MCSt
Resource selection for MCSt in Mode 2
In  RAN1 #110bis-e we had the following agreement to support MCSt in mode 2:Agreement
On the support of MCSt operation in SL-U, following options are to be further studied and one or more of the following options will be selected in future meetings.
· When L1 is triggered for reporting a subset of candidate resources for MCSt,
· Option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1
· Note, this is applicable for transmission of a single TB and multiple TBs
· FFS: whether this is the same or different than Rel-16
· Option 2: one or multiple sets of parameters (, remaining PDB,  and ) are provided for the resource selection procedure in L1
· FFS: any further information needs to be provided to L1 for MCSt
· When L1 reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· FFS whether the set of single-slot resources within a candidate multi-slot resource can have different  sizes
· Option B: L1 reports candidate single-slot resources in (SA) as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots
· Option C: L1 reports consecutive single-slot candidate resources in SA
· FFS whether the consecutive single-slot candidate resources can have different  sizes
· FFS: any further information needs to be reported to MAC layer, provided to L1 or utilized for MCSt
· FFS: whether/how to consider the additional LBT time in SL resource allocation 

On the high-level procedure, we note that in R16/17 NR SL, when a mode 2 UE performs resource selection, the procedure is triggered by the MAC entity for a given SL process, and therefore will result into the selection of resources for the transmission of a single TB. The selected resources can be made periodic according to a periodicity interval if the SL process is configured for transmitting multiple MAC PDUs. In practice the periodicity interval is selected to be larger than the PDB of the current TB, and the SL process handles one TB at the time. In order to enable MCSt with mode 2, resource selection needs to be updated to support multiple TBs in parallel.
[bookmark: b37]Proposal 18: Support triggering resource selection in mode 2 resource allocation for multiple SL processes at the same time.
On the MAC to PHY interface, we think that Option 1 is more adequate, since procedures for identifying candidate resources at the PHY layer heavily rely on the priority value, and if more values are provided the spec impact can be very large (e.g., determination of the selection window with multiple priority values). We rather propose that the MAC triggers the PHY procedure for a group of TBs with similar features and provides to PHY a single set of parameters. Among those parameters, the length of the requested multi-slot resources would be a necessary addition.
[bookmark: b38]Proposal 19: For the MAC to PHY interface in Mode 2 resource selection for MCSt, support Option 1, i.e., when L1 is triggered for reporting a subset of candidate resources for MCSt, only one set of parameters is provided for the resource selection procedure in L1. 
· The set of parameters includes the number of slots  of the multi-slot candidate resources.
· The set of parameters is related to a procedure of multi-slot resource selection for one or multiple TBs.
· If the procedure of multi-slot resource selection is triggered for multiple TBs, the set of parameters provided to the PHY is common across the TBs.
· The provided remaining PDB can be a single value selected across the remaining PDBs of the multiple TBs (e.g. the minimum).
In R16/17 resource selection, PHY can identify candidate resources to be reported to MAC based on identifying a sufficient number of resources based on achieving a target proportion of available candidates over the total number of resources in the selection window. If the ratio is below a threshold the PHY can increase the RSRP threshold for resource exclusion, thus raising the number of available candidates. Therefore:
[bookmark: b39]Observation 20: For identifying multi-slot resources for MCSt in Mode 2 resource selection, PHY is more suitable than MAC due to the agency in modifying the RSRP threshold in order to identify a sufficient number of multi-slot resources containing consecutive slots to be reported to MAC.
[bookmark: b40]Proposal 20: For the PHY to MAC interface in Mode 2 resource selection for MCSt, support Option A, i.e., when L1 reports a subset of candidate resources for MCSt, L1 reports candidate multi-slot resources in .
· The set of candidate multi-slot resources is reported to MAC if the proportion of available multi-slot resource over the total number of multi-slot resources in the selection window is above a threshold .
· A multi-slot resource is defined as a set of contiguous slots , wherein each single-slot resource spans  consecutive subchannels
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Figure 1: Example of selection window with 4 subchannels and 4 slots. Two cases (single-slot and multi-slot resources) are displayed.
After the multi-slot candidates are provided to MAC, the MAC has to perform a selection of a candidate. In R16/17 NR SL, the selection is random among the possible candidates. In order to further support MCSt, RAN1 could consider methods to select candidates that are consecutive to previously selected candidates (in previous resource selection). The presence/absence of a COT could also be a relevant information to prioritize a candidate multi-slot resource over another. For example, if there is an ongoing COT with sufficient remaining time, it might be better to select a multi-slot resource that ensure transmission continuity over that COT. In that regard, random selection may not be the best option.
[bookmark: _Toc115154380][bookmark: _Toc115154741][bookmark: b41]Observation 21: The random selection of a candidate resource at the MAC layer could limit MCSt in SL-U, which could be potentially supported also across separate resource selection procedures.
[bookmark: b42]Proposal 21: On the selection step of a multi-slot candidate resource at the MAC layer, consider the impact of the following in order to design a proper selection policy:
· Existence of a previously selected multi-slot resource
· Existence of a COT
[bookmark: b43]Observation 22: R16/17 Mode 2 resource selection considered only sub-channels with contiguous RBs. Further the subchannel indication within an RB set could bring new challenges
[bookmark: b44]Proposal 22: Study the impact of RB set and interlaced waveforms on resource selection in Mode2.
[bookmark: _Ref115426011][bookmark: _Ref115193858]MCSt in Mode 1
To enable MCSt in mode 1, we consider that the gNB could provide to the UE a multi-TTI grant, so that the UE can perform LBT until success and then start a transmission burst over the remaining slots of the grant. For multi-TTI grant, a single DCI 3_0 grant schedules multiple PSSCH transmissions (multiple TBs). For the multi-TTI grant the same FDRA can be assumed across the different TBs. Details should be studied involving the following relevant questions:
· How to indicate the TDRA across multiple slots?
· How to provide HARQ ID and NDI indicationfor multiple TBs?
· Is SCI-1 repetition necessary in every slot?
· How should the gap symbol be used?

[bookmark: b45]Proposal 23: Introduce multi-TTI grant to support MCSt in mode 1 SL-U. RAN1 should study details regarding
· TDRA indication for multiple slots
· HARQ ID and NDI for multiple TBs
· SCI-1 optimizations across multiple slots
· Utilization of gap symbol for data

We provide some additional details in Section 2.2.2 of our companion paper [3] 
On a separate consideration, RAN #96 updated the WID [1] , and established that in SL-U operation, neither gNB can use Type1 to obtain a COT to share with a UE for SL transmissions, nor can use Type 2 LBT to share a UE-initiated COT. The absence of gNB sensing in the picture for mode 1 operation open new challenges related to the extent of the awareness that the gNB can have of the conditions of the shared channel. Some kind of mechanism for the gNB to acquire the status of the shared channel seems to be needed. 
[bookmark: _Toc111201037][bookmark: b46]Proposal 24: Introduce an LBT failure report from mode 1 UE to the gNB so that the gNB can provide LBT-aware resource allocation for the mode 1 UE in the form of grants over DCI 3_0. The LBT failure report can be sent to the gNB via: a) MAC-CE over PUSCH or b) PUCCH. 
Currently each DCI 3_0 can indicate a PUCCH, which will carry one bit for Ack/Nack info per reported TB. There is no distinction between a Nack for LBT failure or one for transmission failure. We would like to distinguish between the following events:
· LBT failed (transmission did not occur)
· LBT passed (transmission occurred), and Nack
· LBT passed (transmission occurred), and Ack
Adding one bit to the report per PSSCH in PUCCH can solve the issue.
[bookmark: _Toc111201038][bookmark: b47]Proposal 25: The LBT failure report over PUCCH can be delivered with one additional bit per PSSCH.

[image: ]
Figure 2: PUCCH enhancement with LBT failure report for mode 1.

In multi-TTI grant the transmitter may not need to perform additional LBT during the scheduled PSSCH transmission burst after the 1st LBT succeeds. It is also possible that the grant spans a discontinuous set of time resources so that multiple LBTs are needed. LBT failure report for multi-TTI grant is a more complex problem and should be further studied.
[bookmark: b48][bookmark: _Toc111201039]Proposal 26: Study how to introduce LBT failure report for multi-TTI grants for mode 1 operation.
Optimizations for contiguous burst
For unlicensed band operation, a SL node may prefer continuous transmission of data burst to avoid losing the COT. If there is a gap  in the middle of the transmission burst, an additional type 1 LBT is required. The Rel’16 SL slot structure contains a gap symbol at symbol #13 if the slot does not have PSFCH, or at symbols #10 and #13 if PSFCH is included in the slot as shown in Figure 3. 
Additionally, for long data burst in eMBB traffic, some optimization in control signaling, DMRS, AGC and gap symbols could be considered to improve the spectral efficiency.
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[bookmark: _Ref115161412]Figure 3: Rel'16 SL slot structure a) without PSFCH, b) with PSFCH

Close the gap between two contiguous slots
The Rel’16 SL slot structure has one symbol gap at the end of the slot for Tx/Rx switching. The transmitter (Txer) may prefer to occupy the gap symbol between two adjacent slots for contiguous transmission. One alternative is to consider CPE (Figure 4.a) to either fill the entire gap symbol (full AGC symbol repetition) or part of it (but at least long enough to make sure the gap is less than 16us, to keep the contiguous access of the channel).
[bookmark: _Toc115154423][bookmark: _Toc115154784][bookmark: b49]Proposal 27: Within the COT transmission, use CP extension (CPE) of the AGC symbol to fill into the gap symbol of the previous slot so that the one symbol transmission gap in between the slots becomes narrower (at most ).
The gap and AGC symbols between two contiguous slots within the data burst can be used for data transmission to improve the spectral efficiency (Figure 4.b). Instead of filling the gap symbol with CPE, one can rate match PSSCH to the gap symbol. Considering the AGC is already trained at the beginning of the burst and no other close by transmitter can clear LBT and start transmission in the middle of the burst, the transmitter may also choose to rate match PSSCH to the AGC symbol after the 1st slot of the burst. The same principles can be also applied in the case of multiple contiguous slots. 

[image: ][image: ]
[bookmark: _Ref115195744]Figure 4: Closing the gap in between slots: a) use of CP extension b) PSSCH rate matching

Close the gap before the PSFCH symbol
If the slot contains the PSFCH, there is an additional gap symbol at symbol #10. The PSFCH transmission for Ack/Nak may want to share the same COT with the PSCCH/PSSCH in the same slot and the data burst may want to continue with the same COT after the PSFCH. In this case, we may need to close the gap symbol #10.
For the PSFCH transmission, from the experience of NR-U, the following are possible
· Share another SL transmission COT with Type 2C LBT if gap is no more than 16us
· Share another SL transmission COT with Type 2B LBT if gap is 16us 
· Share another SL transmission COT with Type 2A LBT if gap is longer than or equal to 25us 
· Acquire its own COT with Type 1 LBT
For PSFCH to share another SL transmission’s COT, small gap in symbol #10 could prevent WiFi from jumping in and block the PSFCH transmission. If the COT initiating Txer wants to resume the COT in the following slot after the PSFCH symbol, the gap at symbol #10 needs to be  and CPE is needed to fill the gap at symbol #13. To allow the PSSCH transmitter to control the gap, SCI triggering the PSFCH transmission may be responsible to indicate the channel access type and CP extension duration for PSFCH transmission just as the DCI indicates the channel access type and CPE for the PUCCH in NR-U. 
[bookmark: _Toc115154425][bookmark: _Toc115154786][bookmark: b50]Proposal 28: For the gap before PSFCH, use CP extension to maintain the right length gap to match the channel access type or keep the COT (less than ).
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Figure 5: Close the gap before the PSFCH: a) 25us gap, b)16us gap, c) no CPE

[bookmark: _Ref115260370]Close the gap in the PSFCH symbol
For the eMBB case, the Txer schedules TBs in a burst and may not expect Ack/Nak at the beginning of the bursts. However, the PSFCH occasions are common across all links in the network, there could be some un-used PSFCH instances at the beginning of the data burst and could cause COT termination. These PSFCH occasions could potentially be used by other links, but the COT initiating transmitter may or may not transmit/receive PSFCH to/from other SL nodes. If the COT initiator cannot guarantee or assume there is a transmission in the PSFCH occasion with  gap, either from the COT initiating transmitter or other SL nodes, the COT will be terminated and additional LBT overhead would be undesirable. In Figure 6 (upper figure), the COT-initiating UE (UE#0) is transmitting 4 TBs to its receiver. TB #0 and #1 are associated with the 2nd  PSFCH instance and the 1st PSFCH instance is unused by the UE#0 and its Rxers. Then, the 1st COT of UE#0 is terminated at the 1st PSFCH instance and additional LBT or another COT may be required for UE #0 to finish the data burst transmission. 
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[bookmark: _Ref115161450]Figure 6: Unused PSFCH instances causes termination of COT (upper figure). PSFCH-like signals can be used to retain continue the COT (lower figure)
[bookmark: _Toc115154385][bookmark: _Toc115154746][bookmark: b51]Observation 23:  If there exists an unused PSFCH instance in the middle of data burst, additional type-1 LBT may be required by SL transmitter to continue the remaining transmission
[bookmark: _Toc115154386][bookmark: _Toc115154747][bookmark: b52]Observation 24: If the COT-initiating transmitter could transmit or its receiver could be scheduled to transmit some signals at the unused PSFCH instances, we can reduce the LBT overhead
[bookmark: _Toc115154426][bookmark: _Toc115154787][bookmark: b53]Proposal 29: The COT-initiating transmitter is allowed to send or trigger its receiver to send PSFCH-like padding signals on its own PSFCH resource at unused PSFCH symbols to hold the COT if it is neither expecting to receive A/N’s nor transmitting A/N’s. 
CPE starting positions
In  RAN1 #110bis-e we did not have an agreement on the following proposal:Proposal 4 (VI): 
· A CPE is transmitted from a CPE starting position until the start of the next AGC symbol
· A single CPE starting position is supported
· Multiple CPE starting positions is supported
· Whether to use a single CPE starting position or multiple CPE starting positions is (pre-)configured (FFS: granularity of (pre)configuration and other signalling details for CPE)
· For both single and multiple CPE starting positions,
· FFS other details, applicable scenarios (e.g., inside and outside a COT) and type(s) of SL transmission (e.g., PSSCH/PSCCH, PSFCH, S-SSB), Mode 1 and/or Mode 2 RA
· FFS: Whether/how to apply CPE for the slots of a MCSt other than the last slot prior to the MCSt

In RAN1 #110bis-e, the discussion was focused on:
· What to do in slots after the first slot in a MCSt.
· Whether to relegate the use of single/multiple CPEs to specific RPs, based on a pre-configuration
· Whether to use single or multiple CPEs based on the allocated resource (partial vs. full RB set)
· Whether the selection of one of the multiple CPEs should be based on a mapping with priorities or at random
On the first topic, we highlight that CPE can have multiple uses, i.e., gap control/filling in MCSt on one side, and to start a transmission burst as a COT initiation or COT sharing on the other side. So, the discussion on single/multiple CPEs should focus on the second aspect, and there is no reason to extend it to gap filling across slots used for transmissions from a single UE.
[bookmark: b54]Observation 25: The discussion on supporting single and multiple CPE starting positions should be focused on how to start transmissions of a UE that initiates a COT or shares a COT, and not about how to fill the gap symbols across slots to continue a MCSt from a given UE’s perspective.
On the second topic, the possibility of pre-configuring the availability of multiple and single CPE starting positions to specific RPs was discussed in RAN1 #110bis-e to preserve FDM. We indeed think preserving the FDM capability of R16/17 NR SL, would be very important. We remark that if multiple CPE starting positions are supported, their number and locations can also be preconfigured. For example, a gNB can pre-configure UEs with only a single CPE starting position value, in that case only a single CPE would be available for starting transmissions.
[bookmark: b55]Observation 26: If multiple CPE starting positions are supported and configurable, then the single CPE starting position is supported as well by definition. 
Therefore we believe that RAN1 could initially agree on the support of configurable multiple CPE starting positions for initiating transmissions (to be intended for both initiated COT or shared COT, but not for filling gaps within a MCSt)
[bookmark: b56]Proposal 30: For a UE that wants to start transmissions, multiple CPE starting positions are supported based on pre-configuration. If only one CPE is configured, then only one CPE starting position is available.
Going more into detail, some transmissions do not need to have collision resolution provided by the multiple CPE starting positions, and therefore can always use a single CPE starting position. This is the case of PSFCH (see Figure 7).
[bookmark: b57]Observation 27: In SL-U there might be the need to align all the PSFCH transmissions regardless from COT sharing or initiated COT. Therefore, a single pre-configured CPE for PSFCH transmissions might be preferable, regardless the PSFCH being transmitted over a shared COT or an owned COT.
[bookmark: b58]Proposal 31: For PSFCH, use a single pre-configured CPE starting position. Study the location of the single CPE starting position.
[image: ]
[bookmark: _Ref118471767]Figure 7: Multiple UEs aligning PSFCH transmissions due to a pre-configured single CPE starting position.

For PSCCH/PSSCH, instead, we believe that a form of distributed collision resolution mechanism is beneficial, at least in mode 2. 
[bookmark: b59]Observation 28: For PSCCH/PSSCH transmissions in mode 2, collision resolution based on signaling (i.e., reservations and or IUC) may not be sufficient, especially in congested scenarios, due to the uncertainty introduced by LBT. Therefore, a distributed collision resolution mechanism similar to the one introduced for CG-PUSCH in NR-U might be needed.
While NR-U adopted random CPE starting position selection for CG-PUSCH, we believe that a form of prioritization would be preferable for SL-U, to protect high priority traffic especially in congested scenarios.
[bookmark: b60]Observation 29: Multiple CPE starting positions can be used alongside prioritization of UEs (e.g., mapping transmission starting positions to CAPCs) to allow TDM operation between UEs with traffic of different priorities, which would protect high priority traffic in congested scenarios. FDM of UEs with traffic within the same priority is still possible.
[bookmark: b61]Proposal 32: When multiple CPE starting positions are configured, a UE can map to one starting position at least based on the priority of PSCCH/PSSCH transmission. 
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Figure 8: Example of multiple transmission starting positions (TSPs) mapped to different CAPCs (“p”) in symbol 13.
On how to select one of the CPE starting positions related with priority:
[bookmark: b62]Observation 30: While earlier CPE starting positions may be reserved to high priority transmissions (low CAPC index), low priority transmissions may be allowed to select later CPEs (high index CAPC). This can enable more multiplexing in frequency in later CPEs.
[bookmark: b63]Proposal 33: A UE with traffic of a given priority can select a CPE starting position associated with the same or a lower priority.
Multiple CPE starting positions selected based on priorities might not be sufficient to fully support FDM. A special/reserved CPE starting position associated with some condition could better support FDM, even for UEs with traffic of different priorities, which can in some cases enable a more efficient use of the spectrum. 
[bookmark: b64]Observation 31: In order to better support FDM of UEs with traffic of different priorities, multiple CPE starting positions selected according to priority (from here dubbed as priority-based CPEs), could be paired with a reserved CPE starting position to be selected if a condition is satisfied.
[bookmark: b65]Proposal 34: Introduce a reserved CPE starting position alongside priority-based CPE starting positions to better support FDM transmissions.
There is a question on where the reserved CPE or the priority CPEs should be located with respect to each other (see Figure 9). 
[bookmark: b66]Proposal 35: If both are supported, the reserved CPE starting position should be defined to be earlier or later than the priority-based CPE starting positions. The following can also be considered:
· Reserved CPE matching the highest-priority CPE
· Reserved CPE matching the lowest-priority CPE
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[bookmark: _Ref118472266]Figure 9: Examples of relative positions of multiple CPE starting positions based on priority and reserved CPE starting position. Left: reserved CPE is before priority CPEs. Right: reserved CPE is after priority CPEs.
There are also several criteria that can be considered to decide whether a UE should resort to a CPE according to priority, or go to the reserved one:
[bookmark: b67][bookmark: bn2]Proposal 36: If both priority-based CPEs and reserved CPE are supported, on the criteria used to select between the reserved CPE over the priority-based, the following alternative conditions (schemes) can be considered:
1) Scheme 1: When the UE selects a partial RB set
2) Scheme 2: When a UE selects a partial RB set and is either
a) Performing a transmission for which resources were reserved, or
b) Multiplexing in frequency with a reserved transmission from another UE
3) Scheme 3: When a UE is either
a) Performing a transmission for which resources were reserved, or
b) Multiplexing in frequency with a reserved transmission from another UE
Schemes (1) and (2) are restricting the use of the reserved CPE only to transmissions that are not allocating the full RB set. Such schemes are trying to maximize the chances of FDM in the reserved CPE starting position. Scheme (1) (which was proposed in RAN1 #110bis-e by some companies) is more prone to collisions, since it does not demand to have a reservation in the first place, so two UEs that select a single subchannel for their first transmission could collide. Scheme (2), on top of having a partial RB set allocation, allows to use the reserved CPE only to UEs that reserved resources (as in sub-condition (a), provide a hook to others to FDM) or to UEs that monitor reservations and select FDM resources (as in sub-condition (b), exploit the hook provided by reserving UEs). Both schemes have an intrinsic problem based on forbidding full RB set allocations to use the reserved CPE, and needing to define a relative ordering between the reserved and the priority CPEs, which result in the following error cases:
· Error case 1: If the reserved CPE is set before the priority CPEs, a low priority transmission on a partial RB set allocation could block a high priority transmission on a full RB set allocation. This can happen even if both transmissions are on reserved resources (see Figure 10, left).  
· Error case 2: If the reserved CPE is set after the priority CPEs, a low priority transmission on a full RB set allocation can block a high priority transmission on a partial RB set allocation. This can happen even if both transmissions are on reserved resources (see Figure 10, right).
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[bookmark: _Ref118472501]Figure 10: Error case 1 and Error case 2 illustrate that high priority transmissions can be blocked by low priority ones in schemes that associate the reserved CPE with partial RB set allocation (Error case 1: reserved CPE is before priority CPEs, Error case 2: reserved CPE is after priority CPEs).
[bookmark: b68]Observation 32: Scheme 1 and Scheme 2 try to maximize the chances of achieving FDM in the reserved CPE (forbid transmissions with full RB set allocation to select the reserved CPE), but by doing so introduce error cases in terms of wrongful blocking of high priority transmissions.
Scheme (3) allows both partial and full RB set allocations to use the reserved CPE with the condition that they have reserved resources to perform the transmission, i.e., they have signaled to other UEs that they are going to use such resources. With Scheme 3 it would be appropriate to configure the reserved CPE to be earlier than the priority-based CPEs, so that transmissions that have performed reservations can be protected, regardless of their priority. Similarly to Scheme (2), allowing to ‘upgrade’ (sub-condition (b)) to the reserved CPE for UEs that monitor reservations and make a resource selection to FDM might be allowed. 
[bookmark: b69]Observation 33: Scheme 3 associates the reserved CPE with transmissions for which a resource reservation was performed regardless of their priority, instead of additionally requiring that the transmission does not occupy the full RB set. This scheme is preferable since it can better support FDM compared to priority-based CPEs only, but avoid the error cases deriving from forbidding transmissions with full RB set from occupying the reserved CPE.
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Figure 11: Scheme (3) supporting both reserved CPE (red) and priority CPEs. The reserved CPE can be used by reserved transmissions.
To support Scheme (2) and Scheme (3), the candidate resources provided by the PHY to the MAC layer during resource selections would need to be characterized in terms of an attribute of the first slot of the resource. The attribute would be an information about the presence of other reserved transmission starting at the same slot (in the same RB set), and an information about the presence of collisions (at least one subchannel). Such an information can help the selection of a CPE starting position especially for the transmissions that would by default resort to the priority CPEs (e.g., a first transmission with partial RB set allocation in Scheme (2), or a first transmission in Scheme (3)). 
[bookmark: b70]Observation 34: During resource selection, information about the overlapping in time and/or frequency resource domain between candidate resources provided by the PHY to the MAC and monitored reservations from other UEs, can help selecting a CPE starting position to help alignment and avoid inter-UE blocking.
[bookmark: b71]Proposal 37: About when the PHY reports to MAC candidate resources in resource selection, study adding information on the overlapping in time and/or frequency resource domain between each candidate resource and monitored reservations from other UEs.
Location of multiple CPE starting positions
On the set of multiple starting positions, we should consider two cases: a) starting transmissions to initiate a COT (in combination with Type 1 channel access) and b) starting transmissions in a shared COT (in combination with Type 2 channel access). The configuration of the multiple TSPs can be different between cases (a) and (b). In case (a) we can reuse the example from CG-PUSCH in NR-U at least for PSCCH/PSSCH transmission, and consider one full 15 KHz OFDM symbol worth of time to determine a set of TSPs as displayed in Figure 12.
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[bookmark: _Ref118475818]Figure 12: Multiple TSPs for starting transmissions after Type 1 channel access (COT initiator) for PSCCH/PSSCH. In the example the UE starts transmissions with CPE at the TSP  with .

[bookmark: b72]Proposal 38: For initiating a channel occupancy with PSCCH/PSSCH, adopt NR-U CG-PUSCH design with seven TSPs starting from  after the boundary corresponding to one 15 KHz symbol duration prior to the AGC symbol t be transmitted. The other TSPs are spaced multiples of  from the first TSP. 
In case (b), due to the NR SL slot structure with one symbol gap, there may be ongoing transmissions (including from the COT initiator) until one symbol before the first shared slot in the COT. Therefore, there may be fewer available TSPs in the case of COT sharing and the number of TSPs depends on the length of the gap symbol (see Figure 13).
[bookmark: b73]Observation 35: The number of TSPs available for COT sharing depends on the length of the gap symbol, i.e., on the SCS.
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[bookmark: _Ref118475863]Figure 13: Multiple TSPs for starting transmissions with Type 2 channel access (COT sharing) for PSCCH/PSSCH.

[bookmark: b74]Proposal 39: For transmitting a PSCCH/PSSCH with COT sharing, adopt a number of TSPs starting from  after the start of the gap symbol. The other TSPs are spaced multiples of  from the first TSP until the start of the AGC symbol.
[bookmark: b75]Proposal 40: RAN1 studies mappings between TSPs and CAPCs for initiating a channel occupancy and for COT sharing.



Summary
In this paper we discuss the discuss various topics on channel access and resource allocation. In particular, we discuss CAPC table use and refinements for Type 1 channel access; CW adjustment framework, Type 2A channel access for S-SSB, partial transmissions in multi-channel access, eligibility of responders in a shared COT, allowable transmissions on a shared COT, COT sharing information, resource selection in Mode 2 to support MCSt, multi-TI grants in Mode 1 to support MCSt, contiguous bursts optimizations, and a framework for multiple CPE starting positions and TDM/FDM operation in SL-U.
Observation 1: In NR-U, control information is sent with the highest priority . For example, in DL a gNB can transmit a discovery burst (including SSB) with any CAPC (including ). In UL, a UE can transmit a PUCCH or a PUSCH without UL-SCH with  When a gNB or a UE wants to perform other transmissions after those high priority control transmissions, it is subject to the rules for multiplexing transmissions with different priorities over a COT, that is, the lowest priority (highest CAPC index) is used.
Proposal 1: When Type 1 channel access is uses to transmit an S-SSB,  can be used at least when the UE intends to perform only S-SSB transmission(s), or S-SSB transmission followed by PSCCH/PSSCH(s) containing SL-SCH  associated only with CAPC  and/or MAC-CE.
Proposal 2: When Type 1 channel access is used to transmit a PSFCH,  can be used at least when the UE intends to perform only the PSFCH transmission, or the PSFCH transmission followed by PSCCH/PSSCH(s) containing SL-SCH associated only with CAPC  and/or MAC-CE.
Observation 2: In NR-U the discovery burst (including the SSB) can be transmitted with any CAPC. When the CAPC  is used, the value   can be used. It would make sense to not penalize the SL-U synchronization procedure by diverging from NR-U in this aspect.
Proposal 3: When Type 1 channel access is performed for S-SSB transmission, and the selected CAPC is , the UE is allowed to use . 
Observation 3: In NR-U, the principle used to define the reference duration was to find the first slot containing a transmission related to an HARQ-FB (possibility of sending either Ack or Nack) in the latest channel occupancy time, and use the positive or negative the feedback to determine a reset or expansion, respectively.
Observation 4: Following NR-U footsteps, a concept of reference duration is not needed to address CW adjustment policies in the cases of transmissions for which a complete feedback (with Ack or Nack) can be reported. In practice, for SL-U those transmissions would encompass unicast PSSCH with HARQ FB enabled, or a groupcast option 2 PSSCH with HARQ FB enabled.
Proposal 4: The reference duration corresponding to a channel occupancy can be defined as a duration starting from the beginning of the channel occupancy until the end of the first slot where at least a transmission associated with Ack/Nack HARQ FB is performed.
Observation 5: For a reference duration with unicast PSSCH with HARQ FB enabled, groupcast option 2 PSSCH with HARQ FB enabled, and concurrent unicast PSSCH and groupcast option 2 PSSCH with HARQ FB enabled, the approach considering the reception of at least one Ack to determine the reset of CW is exactly in line with the approach taken in NR-U. 
Proposal 5: For the case where a reference duration is defined according to Proposal 4 and HARQ FB is available after the last update of , if at least one HARQ FB is ‘Ack’, for every priority class  set , otherwise increase  for every priority class to the next higher allowed value. 
Observation 6: In NR-U, if it is not possible to identify a reference duration, i.e., if no transmissions with HARQ FB with both Ack/Nack are performed, the contention window is not updated. This case can be mapped to SL-U for the cases where in latest COT only the following transmissions were performed: PSFCH, S-SSB, broadcast PSSCH, groupcast option 1 PSSCH, groupcast option 2 PSSCH with HARQ FB disabled, unicast PSSCH with HARQ FB disabled.
Proposal 6: If it is not possible to identify a reference duration for the latest COT, 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 .
Observation 7: Type 2A channel access for S-SSB should be supported with limitations similar to NR-U, while the joint support for S-SSB and PSFCH seems to bring unnecessary complications to the design.
Proposal 7: Support Type 2A channel access with limitations similar to NR-U only for S-SSB.
Proposal 8: For multi-channel access, support at least the transmission of multiple PSFCHs on a subset of the RB sets that were part of the multi-channel access procedure.
Observation 8: On the LS from RAN2 for suggesting LBT failure granularity, there may be no need to increase the granularity compared to NR-U UL, that is, per BWP, since in NR-U UL there is at most a single active BWP at any given time. Nevertheless, it would be preferable to respond to RAN2 according to a decision on whether or not partial transmissions are allowed at all in SL-U multi-channel access.
Proposal 9: RAN1 is to decide on whether partial transmissions are allowed and for which channels/signals in SL-U multi-channel access first. In case partial transmissions can be allowed, RAN1 should discuss on whether there is any benefit adopting a granularity different than per-BWP for the LBT failure report.
Observation 9: In NR-U, DCI on PDCCH can be used from the gNB as standalone transmission to initiate a shared COT region, e.g., when the gNB schedules a responder UE’s transmission (e.g., scheduling DCI containing channel access type and CPE indication to indicate a UE to share a COT for a dynamic grant, or COT-SI that can be sent to a UE to indicate that a CG-PUSCH can be sent on a shared COT). In that case the receiver of DCI containing a COT sharing indication can share the COT. 
Observation 10: In NR SL, there are three levels of decoding for a receiver UE:
· Level 1: the UE decodes SCI-1
· Level 2: the UE decodes SCI-2 on PSSCH based on SCI-1 decoding
· Level 3: the UE determines that it should further decode a PSSCH based on having decoded SCI-2 
Proposal 10: A UE is eligible to share the COT if at least it is the target of a COT sharing indication from the initiator. Several options can be considered:
· Opt 1: UE decodes SCI-1 containing a COT sharing indication
· Opt 2: UE decodes an SCI-2 containing a COT sharing indication
· Opt 3: UE decodes an SCI-2 containing a COT sharing indication and is a target receiver of the COT initiating UE’s PSSCH
Observation 11: We believe that Opt 2 in Proposal 10 is a preferable baseline for SL-U, since it better aligns with NR-U (see the cases in Observation 9).
Observation 12: In NR-U, the response to the initiator at least either contains data destinated to the initiator, or control information that can be used from the initiator.
Proposal 11: A UE that is eligible to share a COT can transmit over a shared COT by performing at least transmissions where the initiating UE is at least one of the recipients, which includes: a) PSFCH to the initiator, b) unicast PSSCH to the initiator, c) connection based groupcast PSSCH including the initiator, d) connectionless groupcast PSSCH, e) broadcast PSSCH, f) S-SSB.
Observation 13: In NR-U, when a gNB shares a COT initiated by a UE (e.g., with CG-PUSCH), the gNB can send control information to another UE. The limitation for gNB transmission (to target the COT initiator) in NR-U applies only for unicast transmissions that include user plane data.
Proposal 12: A UE that is eligible to share a COT can be allowed to transmit a PSFCH to a UE different from the COT initiator.
Observation 14: For SL-U COT sharing indication, since UE scheduling another UE is not supported in SL-U, we believe that providing information on sharable regions (similar to COT-SI in DCI2-0 and CG-UCI in CG-PUSCH) can be a better baseline that direct channel access type and CPE duration.
Proposal 13: For providing COT sharing information, COT structure information (COT-SI) in DCI2-0 used in NR-U gNB-to-UE sharing and CG-UCI in CG-PUSCH used in NR-U UE-to-gNB sharing can be considered as baselines.
Observation 15: Some UEs may not be able to decode the COT sharing information if transmitted in a single instance, therefore repeating the COT sharing information transmission in multiple slots can be beneficial. In this regard, a design as in Proposal 13 is preferable.
Observation 16: Designs following Proposal 13 can be beneficial to deliver information about one or more shareable regions. Different shared regions can potentially target different UEs.
Proposal 14: Study transmission of COT sharing information across multiple transmissions to improve the reliability of COT sharing information and provide information about multiple sharable regions.
Proposal 15: For transmitting over a shared COT, at least minimal COT sharing information including the time/frequency occupation of the resources available for sharing should be acquired. 
Observation 17: On COT sharing information, the information on the CAPC used to obtain a COT and ID related information of the COT initiator may be relevant only for responses on a shared COT that include PSSCH transmissions.
Proposal 16: RAN1 studies the cases for which additional COT sharing information is required, including: CAPC used by the initiator UE to obtain the COT, ID related information of the COT initiator UE, ID relater information of the UEs that are target of the COT sharing indication.
Observation 18: On ID related information in COT sharing information, it is to be noted that the L1 ID can change across different sessions, and therefore might be unreliable for COT sharing information.
Proposal 17: RAN1 studies how to deliver ID-related information related to COT sharing to avoid unreliability due to changes of L1 IDs across sessions.
Observation 19: On the container(s) of COT sharing information, RAN 1 can continue considering SCI-1, SCI-2, and MAC-CE, also considering including different COT sharing information in different containers.
Proposal 18: Support triggering resource selection in mode 2 resource allocation for multiple SL processes at the same time.
Proposal 19: For the MAC to PHY interface in Mode 2 resource selection for MCSt, support Option 1, i.e., when L1 is triggered for reporting a subset of candidate resources for MCSt, only one set of parameters is provided for the resource selection procedure in L1. 
· The set of parameters includes the number of slots  of the multi-slot candidate resources.
· The set of parameters is related to a procedure of multi-slot resource selection for one or multiple TBs.
· If the procedure of multi-slot resource selection is triggered for multiple TBs, the set of parameters provided to the PHY is common across the TBs.
· The provided remaining PDB can be a single value selected across the remaining PDBs of the multiple TBs (e.g. the minimum).
Observation 20: For identifying multi-slot resources for MCSt in Mode 2 resource selection, PHY is more suitable than MAC due to the agency in modifying the RSRP threshold in order to identify a sufficient number of multi-slot resources containing consecutive slots to be reported to MAC.
Proposal 20: For the PHY to MAC interface in Mode 2 resource selection for MCSt, support Option A, i.e., when L1 reports a subset of candidate resources for MCSt, L1 reports candidate multi-slot resources in .
· The set of candidate multi-slot resources is reported to MAC if the proportion of available multi-slot resource over the total number of multi-slot resources in the selection window is above a threshold .
· A multi-slot resource is defined as a set of contiguous slots , wherein each single-slot resource spans  consecutive subchannels
Observation 21: The random selection of a candidate resource at the MAC layer could limit MCSt in SL-U, which could be potentially supported also across separate resource selection procedures.
Proposal 21: On the selection step of a multi-slot candidate resource at the MAC layer, consider the impact of the following in order to design a proper selection policy:
· Existence of a previously selected multi-slot resource
· Existence of a COT
Observation 22: R16/17 Mode 2 resource selection considered only sub-channels with contiguous RBs. Further the subchannel indication within an RB set could bring new challenges
Proposal 22: Study the impact of RB set and interlaced waveforms on resource selection in Mode2.
Proposal 23: Introduce multi-TTI grant to support MCSt in mode 1 SL-U. RAN1 should study details regarding
· TDRA indication for multiple slots
· HARQ ID and NDI for multiple TBs
· SCI-1 optimizations across multiple slots
· Utilization of gap symbol for data
Proposal 24: Introduce an LBT failure report from mode 1 UE to the gNB so that the gNB can provide LBT-aware resource allocation for the mode 1 UE in the form of grants over DCI 3_0. The LBT failure report can be sent to the gNB via: a) MAC-CE over PUSCH or b) PUCCH. 
Proposal 25: The LBT failure report over PUCCH can be delivered with one additional bit per PSSCH.
Proposal 26: Study how to introduce LBT failure report for multi-TTI grants for mode 1 operation.
Proposal 27: Within the COT transmission, use CP extension (CPE) of the AGC symbol to fill into the gap symbol of the previous slot so that the one symbol transmission gap in between the slots becomes narrower (at most ).
Proposal 28: For the gap before PSFCH, use CP extension to maintain the right length gap to match the channel access type or keep the COT (less than ).
Observation 23:  If there exists an unused PSFCH instance in the middle of data burst, additional type-1 LBT may be required by SL transmitter to continue the remaining transmission
Observation 24: If the COT-initiating transmitter could transmit or its receiver could be scheduled to transmit some signals at the unused PSFCH instances, we can reduce the LBT overhead
Proposal 29: The COT-initiating transmitter is allowed to send or trigger its receiver to send PSFCH-like padding signals on its own PSFCH resource at unused PSFCH symbols to hold the COT if it is neither expecting to receive A/N’s nor transmitting A/N’s. 
Observation 25: The discussion on supporting single and multiple CPE starting positions should be focused on how to start transmissions of a UE that initiates a COT or shares a COT, and not about how to fill the gap symbols across slots to continue a MCSt from a given UE’s perspective.
Observation 26: If multiple CPE starting positions are supported and configurable, then the single CPE starting position is supported as well by definition. 
Proposal 30: For a UE that wants to start transmissions, multiple CPE starting positions are supported based on pre-configuration. If only one CPE is configured, then only one CPE starting position is available.
Observation 27: In SL-U there might be the need to align all the PSFCH transmissions regardless from COT sharing or initiated COT. Therefore, a single pre-configured CPE for PSFCH transmissions might be preferable, regardless the PSFCH being transmitted over a shared COT or an owned COT.
Proposal 31: For PSFCH, use a single pre-configured CPE starting position. Study the location of the single CPE starting position.
Observation 28: For PSCCH/PSSCH transmissions in mode 2, collision resolution based on signaling (i.e., reservations and or IUC) may not be sufficient, especially in congested scenarios, due to the uncertainty introduced by LBT. Therefore, a distributed collision resolution mechanism similar to the one introduced for CG-PUSCH in NR-U might be needed.
Observation 29: Multiple CPE starting positions can be used alongside prioritization of UEs (e.g., mapping transmission starting positions to CAPCs) to allow TDM operation between UEs with traffic of different priorities, which would protect high priority traffic in congested scenarios. FDM of UEs with traffic within the same priority is still possible.
Proposal 32: When multiple CPE starting positions are configured, a UE can map to one starting position at least based on the priority of PSCCH/PSSCH transmission. 
Observation 30: While earlier CPE starting positions may be reserved to high priority transmissions (low CAPC index), low priority transmissions may be allowed to select later CPEs (high index CAPC). This can enable more multiplexing in frequency in later CPEs.
Proposal 33: A UE with traffic of a given priority can select a CPE starting position associated with the same or a lower priority.
Observation 31: In order to better support FDM of UEs with traffic of different priorities, multiple CPE starting positions selected according to priority (from here dubbed as priority-based CPEs), could be paired with a reserved CPE starting position to be selected if a condition is satisfied.
Proposal 34: Introduce a reserved CPE starting position alongside priority-based CPE starting positions to better support FDM transmissions.
Proposal 35: If both are supported, the reserved CPE starting position should be defined to be earlier or later than the priority-based CPE starting positions. The following can also be considered:
· Reserved CPE matching the highest-priority CPE
· Reserved CPE matching the lowest-priority CPE
Proposal 36: If both priority-based CPEs and reserved CPE are supported, on the criteria used to select between the reserved CPE over the priority-based, the following alternative conditions (schemes) can be considered:
4) Scheme 1: When the UE selects a partial RB set
5) Scheme 2: When a UE selects a partial RB set and is either
a) Performing a transmission for which resources were reserved, or
b) Multiplexing in frequency with a reserved transmission from another UE
6) Scheme 3: When a UE is either
a) Performing a transmission for which resources were reserved, or
b) Multiplexing in frequency with a reserved transmission from another UE
Observation 32: Scheme 1 and Scheme 2 try to maximize the chances of achieving FDM in the reserved CPE (forbid transmissions with full RB set allocation to select the reserved CPE), but by doing so introduce error cases in terms of wrongful blocking of high priority transmissions.
Observation 33: Scheme 3 associates the reserved CPE with transmissions for which a resource reservation was performed regardless of their priority, instead of additionally requiring that the transmission does not occupy the full RB set. This scheme is preferable since it can better support FDM compared to priority-based CPEs only, but avoid the error cases deriving from forbidding transmissions with full RB set from occupying the reserved CPE.
Observation 34: During resource selection, information about the overlapping in time and/or frequency resource domain between candidate resources provided by the PHY to the MAC and monitored reservations from other UEs, can help selecting a CPE starting position to help alignment and avoid inter-UE blocking.
Proposal 37: About when the PHY reports to MAC candidate resources in resource selection, study adding information on the overlapping in time and/or frequency resource domain between each candidate resource and monitored reservations from other UEs.
Proposal 38: For initiating a channel occupancy with PSCCH/PSSCH, adopt NR-U CG-PUSCH design with seven TSPs starting from  after the boundary corresponding to one 15 KHz symbol duration prior to the AGC symbol t be transmitted. The other TSPs are spaced multiples of  from the first TSP. 
Observation 35: The number of TSPs available for COT sharing depends on the length of the gap symbol, i.e., on the SCS.
Proposal 39: For transmitting a PSCCH/PSSCH with COT sharing, adopt a number of TSPs starting from  after the start of the gap symbol. The other TSPs are spaced multiples of  from the first TSP until the start of the AGC symbol.
Proposal 40: RAN1 studies mappings between TSPs and CAPCs for initiating a channel occupancy and for COT sharing.
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