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1. Introduction
In RAN#99-e, WID for the R18 NR sidelink evolution project was revised [1], but the objective for SL-U was not changed. On the progress for channel access and resource allocation in SL-U, a collection of all agreements, working assumptions and conclusion reached in the last RAN1#112bis-e meeting can be found in [2]. In this contribution, we will provide discussions and our views on the following technical topics:
· Remaining details of channel access mechanisms for SL-U
· Type 1 and Type 2 (2A/2B/2C) channel access procedures
· Contention window adjustment
· UE-to-UE COT sharing
· CP extension (CPE)
· Multi-channel access for PSCCH/PSSCH, [S-SSB] and PSFCH
· Multi-consecutive slots transmission (MCSt)
· Type 1 LBT blocking issue (inter-UE case)
· Type 1 LBT blocking issue (intra-UE case)
2. Discussion
2.1 Further details on Type 1 and Type 2 (2A/2B/2C) channel access procedures
	Agreement
· Type 2A/2B/2C SL channel access procedures
· Type 2A channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≥ 25μs in a shared channel occupancy
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2A is used also for the case of short control signalling transmission
· Type 2B channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE at least when the gap is 16μs in a shared channel occupancy
· FFS the case when the gap is between 16 and 25us
· FFS any other transmission by a UE (e.g., other than COT sharing)
· Type 2C channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≤ 16μs in a shared channel occupancy and the duration of the corresponding transmission is at most 584us.
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2C is used also for the case of short control signalling transmission
· FFS under which conditions (other than the gap) UEs can apply the Type 2A/2B/2C SL channel access procedures
· FFS under which conditions Type 2B or Type 2C is applied in case of a gap of 16μs

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

Agreement
[bookmark: _Hlk134556119]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


As part of the remaining details for Type 1 SL channel access procedures, since RAN1 has agreed on the CAPC table for sidelink and the NR-U DL CW adjustment mechanism is used as the baseline for SL-U when SL-HARQ feedback is enabled in SCI for unicast, it is also necessary to agree on the 6-step of the Type 1 channel access procedures from NR-U (including definition of , decrement of the random counter, defer duration, sensing slot duration, etc.) for the SL-U operation.
Proposal 1: To directly reuse the 6-step of Type 1 channel access procedures from NR-U (specified in TS37.213) for the SL-U Type 1 SL channel access procedures.
For the FFS issue on which conditions Type 2B or Type 2C is applied in case of a transmission gap is 16μs, first of all, it should be noted that there is already an additional condition according to the existing agreement that the duration of the corresponding transmission for SL is at most 584µs to apply Type 2C. So, specifically the case of ambiguity is when the transmission gap is exactly 16µs (e.g., when CPE is used before the next AGC symbol) and the corresponding SL transmission is equal to or less than 584µs. In such a case, the transmission gap of 16µs is always known to the UE in advanced. To save the SL UE from performing a Type 2B LBT sensing and the need to perform a RX-TX switching, in our view, the UE should perform Type 2C channel access procedure to save effort, processing and power.
Another open issue is whether Type 2A channel access can be applied to PSFCH without a shared channel occupancy (just as S-SSB transmissions according to the above agreement from the last RAN1#111 meeting). As discussed earlier, PSFCH carrying SL-HARQ feedback control information is important for sidelink communication performance, and hence it should be treated with highest priority. Note that, from short control signaling exemption perspective, it is already allowed by ETSI regulation [4] for a device to perform this type of transmission as long as a certain duty cycle and Tx duration are followed/obeyed within an observation period of 50ms. Therefore, as long as channel is idle for at least 25us, it should be allowed for a UE to transmit PSFCH after performing a Type 2A LBT procedure (just as S-SSB). Note that, when UE is in network coverage operating in Mode 1 or Mode 2 and follows network timing for synchronization, the UE does not need to transmit S-SSB. Furthermore, a UE only transmit PSFCH when SL-HARQ feedback is enabled in a received SCI in groupcast and unicast. Although PSFCH resources can be configured periodically in a resource pool, the UE transmit SL-HARQ feedback only when it is triggered in SCI. As such PSFCH transmissions should consider to be aperiodic and the duty cycle constrain for S-SSB would not be applicable for PSFCH.
Proposal 2: Type 2A channel access should be applied to PSFCH transmissions without a shared channel occupancy with the same time duration constrain as S-SSB.
Proposal 3: Further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure could be:
· For each of S-SSB and PSFCH transmission from a UE, the combined duration of S-SSB and PSFCH transmissions using Type 2A channel access out of shared COT should not exceed 2500us and the combined number of S-SSB and PSFCH transmissions using Type 2A channel access out of shared COT should not exceed 50 in an observation period of 50ms. 
· Otherwise, Type 1 channel access should be applied.
On energy detection threshold adaptations, it is agreed in the last meeting (RAN1#112bis-e) that the existing NR-U EDT procedures for uplink transmissions (Section 4.2.3 of TS37.213 [3]) is taken as the baseline. It is for further study whether the same baseline determination of EDT should be applied to PSFCH and S-SSB transmissions. In principle (also for NR-U), the same EDT calculation is used in all LBT sensing regardless of physical channel or signal type of the intended transmission (e.g., PUCCH, PUSCH, RACH signal, etc.) and the type of channel access (Type 1 or Type 2) for determining whether an unlicensed channel is idle. Except for some extra consideration and flexibility in network configured EDT or EDT offset, and EDT to be used in case of COT sharing (ul-toDL-COT-SharingED-Threshold).
In SL-U, the same principle should be reused regardless of the intended SL transmission channel or signal for accessing the unlicensed channel (i.e., PSCCH, PSSCH, PSFCH or S-SSB), in order to maintain a fair channel access procedure to other RATs that may be sharing the same unlicensed spectrum (e.g., NR-U and Wi-Fi). Especially considering it is already agreed that the highest CAPC level (p=1) is assigned for both PSFCH and S-SSB. In our view, therefore, the existing NR-U EDT procedures for uplink transmissions should be reused for all SL transmissions in an unlicensed channel.
Proposal 4: The existing NR-U EDT procedures for uplink transmissions (Section 4.2.3 of TS37.213) is also reused as the baseline for all SL transmission channels and signals. And no further enhancement on the details for a particular channel or signal (including PSFCH and S-SSB). That is, the TA value should remain the same and the UE uses PC,MAX in determining the default maximum EDT when a (pre-)configured EDT is not provided.
On the other hand, regarding the configuration of ul-toDL-COT-SharingED-Threshold in NR-U, the value of this parameter is derived based on gNB transmission power to ensure the EDT used in UE Type 1 channel access is comparable and useable by the gNB. In Rel-18 SL-U, it is assumed the gNB is not involved in channel access, therefore, this part is either not needed or modified for SL-U. According to the current EDT determination for SL-U, a “maxEnergyDetectionThreshold” can be (pre-)configured for determining  to be used in all LBT sensing. If this parameter is not (pre-)configured, then a default maximum EDT is calculated (based on a PCMAX_H). Since SL-U COT sharing is always between UE and UE, the transmission powers are equivalent. This raises a question on whether a parameter “ue-toUE-COT-SharingED-Threshold” is needed at all for UE-to-UE COT sharing and the (pre-)configured “maxEnergyDetectionThreshold” is also used in the case of UE-to-UE COT sharing in SL-U. If it is necessary to still support a parameter “ue-toUE-COT-SharingED-Threshold” for COT sharing in SL-U, in our view, this should be always based on pre-configuration.
Proposal 5: RAN1 should decide whether a parameter “ue-toUE-COT-SharingED-Threshold” still be supported for UE-to-UE COT sharing in SL-U.
· If this parameter is no longer needed, then “maxEnergyDetectionThreshold” should be also used for UE-to-UE COT sharing.
· If this parameter should still be supported, then “ue-toUE-COT-SharingED-Threshold” should be based on pre-configuration.
During email discussions in RAN1#112bis-e, some companies raised there were several scenarios for the transmission gaps that are allowed to be used by a COT initiating UE and a COT sharing UE. To understand what transmission gaps are allowed within a channel occupancy, we firstly examined different gNB and UE behaviors that are described in TS 37.213 [3] and identified at least the following scenarios of transmission gaps are supported in NR-U.
	For gNB initiated channel occupancy
· gNB behaviors:
· A DL transmission burst is defined as a set of transmissions from an eNB/gNB without any gaps greater than . Transmissions from an eNB/gNB separated by a gap of more than  are considered as separate DL transmission bursts. An eNB/gNB can transmit transmission(s) after a gap within a DL transmission burst without sensing the corresponding channel(s) for availability.
· For the case where a gNB uses channel access procedures as described in clause 4.1.1 to initiate a transmission and shares the corresponding channel occupancy with a UE that transmits a transmission as described in clause 4.2.1.2, the gNB may transmit a transmission within its channel occupancy that follows the UE's transmission if any gap between any two transmissions in the gNB channel occupancy is at most . In this case the following applies:
· If the gap is  or , the gNB can transmit the transmission on the channel after performing Type 2A or 2B DL channel access procedures as described in clause 4.1.2.1 and 4.1.2.2, respectively.
· If the gap is up to , the gNB can transmit the transmission on the channel after performing Type 2C DL channel access as described in clause 4.1.2.3.
· UE behaviors:
· If the UL transmissions occur within the time interval starting at  and ending at , where
· ,
·  is the time instant when the eNB/gNB has started transmission on the carrier according to the channel access procedure described in clause 4.1.1,
·  value is determined by the eNB/gNB as described in clause 4.1.1,
·  is the total duration of all gaps of duration greater than  that occur between the DL transmissions of the eNB/gNB and UL transmissions scheduled by the eNB/gNB, and between any two UL transmissions scheduled by the eNB/gNB starting from ,
· For indicating (by a gNB) a Type 2 channel access procedure, if the gap is at least 25μs, or equal to 16μs, or up to 16μs, the gNB may indicate Type 2A, or Type 2B, or Type 2C UL channel procedures, respectively, as described in clauses 4.2.1.2.

	For UE initiated channel occupancy
· UE behaviors:
· A UL transmission burst is defined as a set of transmissions from a UE without any gaps greater than . Transmissions from a UE separated by a gap of more than 16s are considered as separate UL transmission bursts. A UE can transmit transmission(s) after a gap within a UL transmission burst without sensing the corresponding channel(s) for availability.
· Table 4.2.1-1: Channel Access Priority Class (CAPC) for UL
· NOTE 2: When  it may be increased to  by inserting one or more gaps. The minimum duration of a gap shall be . The maximum duration before including any such gap shall be .
· If a UE is configured by the gNB to transmit a set of consecutive UL transmissions without gaps including PUSCH, periodic PUCCH, or periodic SRS and the UE transmits one of the configured UL transmissions in the set after accessing the channel according to Type 1 UL channel access procedures, the UE may continue transmission of the remaining UL transmissions in the set, if any.
· For contiguous UL transmissions(s) including a transmission pause, the following are applicable:
· If a UE is scheduled to transmit a set of consecutive UL transmissions without gaps using one or more UL grant(s), and if the UE has stopped transmitting during or before one of these UL transmissions in the set and prior to the last UL transmission in the set, and if the channel is sensed by the UE to be continuously idle after the UE has stopped transmitting, the UE may transmit a later UL transmission in the set using Type 2 channel access procedures or Type 2A UL channel access procedures without applying a CP extension.
· gNB behaviors:
· Type 2A channel access procedures as described in clause 4.1.2.1 are only applicable to the following transmission(s) performed by an eNB/gNB:
· Transmission(s) by an eNB/gNB following transmission(s) by a UE after a gap of  in a shared channel occupancy as described in clause 4.1.3.
· Type 2B or Type 2C DL channel access procedures as described in clause 4.1.2.2 and 4.1.2.3, respectively, are applicable to the transmission(s) performed by a gNB following transmission(s) by a UE after a gap of  or up to , respectively, in a shared channel occupancy as described in clause 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:
· If the gap is up to , the gNB can transmit the transmission on the channel after performing Type 2C DL channel access as described in clause 4.1.2.3.
· If the gap is  or , the gNB can transmit the transmission on the channel after performing Type 2A or Type 2B DL channel access procedures as described in clause 4.1.2.1 and 4.1.2.2, respectively.


Back in May 2022, during the first RAN1 meeting (RAN1#109-e) treating the R18 SL-Evo WI, the following agreements were already reached, meaning that all supported channel access procedures and transmission gaps in a channel occupancy for NR-U can be reused in SL-U. Furthermore, the principle of COT sharing is also agreed to be supported in SL-U.
	Agreement in RAN1#109-e
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.

Agreement in RAN1#109-e
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· 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)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


Following the above COT sharing mechanism and supported transmission gaps in NR-U (and combined with existing agreements for SL-U), the following behaviors by a SL UE should be already allowed and supported.
· A sidelink MCSt is defined as a set of single-slot transmissions from a UE without any gaps greater than 16μs. Transmissions from a UE separated by a gap of more than 16μs are considered as separate MCSt’s. A UE can transmit single-slot transmission(s) after a gap within a SL MCSt without sensing the corresponding channel(s) for availability.
· COT initiating UE
· As per agreed CAPC table for SL: 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.
· For a sidelink MCSt including a transmission pause, the following is applicable:
· If a UE is scheduled or autonomously selected to transmit a MCSt using one or more SL grant(s), and if the UE has stopped transmitting for one of SL transmissions in the MCSt and prior to the last SL transmission in the MCSt, and if the channel is sensed by the UE to be continuously idle after the UE has stopped transmitting, the UE may transmit a later SL transmission in the MCSt using Type 2A UL channel access procedures.
· COT sharing UE
· If a responding UE shares a channel occupancy initiated by a COT initiating UE using the channel access procedures described in clause x.x.x (SL Type 1 SL channel access procedure) on a channel, the responding UE may transmit a SL transmission that follows a SL transmission by the COT initiating UE after a gap as follows:
· If the gap is up to , the responding UE can transmit the SL transmission on the channel after performing Type 2C SL channel access as described in clause a.a.a.a.
· If the gap is at least  or , the responding UE can transmit the SL transmission on the channel after performing Type 2A or Type 2B SL channel access procedures as described in clause y.y.y.y and z.z.z.z, respectively.
· If the SL transmissions occur within the time interval starting at  and ending at , where
·  is the time instant when the COT initiating UE has started transmission on the carrier according to the channel access procedure described in clause x.x.x (SL Type 1 SL channel access procedure),
· ,
·  value is determined by the COT initiating UE as described in clause x.x.x (SL Type 1 SL channel access procedure),
·  is the total duration of all gaps of duration greater than  that occur between the SL transmissions of the COT initiating UE and SL transmissions of the responding UE, and between any two SL transmissions of the responding UE starting from 

Proposal 6: It is worthwhile to clarify the following UE behaviors are supported in SL-U in regards to transmission gaps to avoid future confusion.
· A sidelink MCSt is defined as a set of single-slot transmissions from a UE without any gaps greater than 16μs. Transmissions from a UE separated by a gap of more than 16μs are considered as separate MCSt’s. A UE can transmit single-slot transmission(s) after a gap within a SL MCSt without sensing the corresponding channel(s) for availability.
· COT initiating UE (allowed stop-resume behaviors)
· As per agreed CAPC table for SL: 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.
· For a sidelink MCSt including a transmission pause, the following is applicable:
· If a UE is scheduled or autonomously selected to transmit a MCSt using one or more SL grant(s), and if the UE has stopped transmitting for one of SL transmissions in the MCSt and prior to the last SL transmission in the MCSt, and if the channel is sensed by the UE to be continuously idle after the UE has stopped transmitting, the UE may transmit a later SL transmission in the MCSt using Type 2A SL channel access procedures.
· COT sharing UE
· If a responding UE shares a channel occupancy initiated by a COT initiating UE using the channel access procedures described in clause x.x.x (SL Type 1 SL channel access procedure) on a channel, the responding UE may transmit a SL transmission that follows a SL transmission by the COT initiating UE after a gap as follows:
· If the gap is up to , the responding UE can transmit the SL transmission on the channel after performing Type 2C SL channel access as described in clause a.a.a.a.
· If the gap is at least  or , the responding UE can transmit the SL transmission on the channel after performing Type 2A or Type 2B SL channel access procedures as described in clause y.y.y.y and z.z.z.z, respectively.
· If the SL transmissions occur within the time interval starting at  and ending at , where
·  is the time instant when the COT initiating UE has started transmission on the carrier according to the channel access procedure described in clause x.x.x (SL Type 1 SL channel access procedure),
· ,
·  value is determined by the COT initiating UE as described in clause x.x.x (SL Type 1 SL channel access procedure),
·  is the total duration of all gaps of duration greater than  that occur between the SL transmissions of the COT initiating UE and SL transmissions of the responding UE, and between any two SL transmissions of the responding UE starting from 


2.2 Further details on contention window adjustment
During the last few meetings, it was agreed that NR-U DL CW adjustment is used as the baseline for SL-U CW adjustment. In NR-U, it is supported to adjust contention window based on the HARQ feedback(s) corresponding to the PDSCH(s) within DL reference duration. As a key point for CW adjustment, the definition of SL-U reference duration was extensively discussed and the following agreement was achieved:
	Agreement
The end timing for the definition of reference duration in the contention window adjustment procedure for SL-U is defined as follows:
· Option 1a
· the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with ACK/NACK HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g. for MCSt if needed
· Whether/how to adjust CWS for groupcast option 1 NACK-only case and whether/how to define reference duration for groupcast option 1 NACK-only case can still be discussed


According to the above agreement, the SL reference duration is determined based on PSSCH with ACK/NACK HARQ-ACK enabled and the SL reference duration is not used when such PSSCH cannot be found. However, whether or how to define the SL reference duration for NACK-only case and MCSt can still be further discussed. In SL-U, RX UE is not able to transmit HARQ feedback(s) to TX UE when LBT failure occurs. Correspondingly, it is also hard for TX UE to judge whether the data was decoded successfully or not when NACK was not detected in NACK-only based operation. In our view, it is still unclear how to support NACK-only based feedback in SL-U. Thus, we think NACK-only based feedback should not be taken into consideration for SL reference duration and CW adjustment. Furthermore, the current definition of SL reference duration is also applicable for the case of MCSt. That is, SL reference duration will terminate at the ending of the first PSSCH transmission with ACK/NACK HARQ-ACK enabled in MCSt transmission. By using the unified definition of SL reference duration, the design for CW adjustment is also simplified regardless UE performs single slot transmission or MCSt in the latest SL reference duration. Therefore, we propose that RAN1 does not pursue further update for the definition of SL reference duration.
Proposal 7: RAN1 does not pursue further update for the definition of SL reference duration.
In RAN1#112bis-e, a (pre-)configurable ratio of received HARQ-ACK feedbacks was agreed as one of solutions to adjust the contention window size based on the PSSCH with groupcast option 2 (i.e., Option 1 in the following agreement).
	Agreement
The ACK/NACK HARQ-ACK feedback corresponding to the PSSCH for SL groupcast option 2 in the reference duration for the latest SL channel occupancy for which ACK/NACK HARQ-ACK feedback is available is used according to Option 2 when the ratio in Option 1 is not (pre-)configured; otherwise Option 1.
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks in the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value.
· [bookmark: _Hlk134633125]FFS: whether the ratio of the received SL HARQ-ACK feedbacks is ‘ACK’, ‘NACK’ or ‘ACK+NACK’
· FFS: how to calculate the ratio
· Note: the (pre-)configuration ratio values of 100% is a valid candidate
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for every priority class  ; otherwise is increased.


As can be observed in the yellow highlight of the agreement, it is still open to discuss how to calculate and utilize the ratio of received SL HARQ-ACK feedbacks in CW adjustment. From our perspective, the ratio of received SL HARQ-ACK feedbacks refers to the ratio of received ACK. More specifically, the ratio of received ACK is the number of actually received ACK(s) divided by the number of HARQ feedbacks which are expected to be received by TX UE. If the ratio of received ACK is larger or equal than the (pre-)configured ratio, UE sets the contention window size to the minimum allowed value, otherwise the contention window is adjusted to the next higher allowed value.
Proposal 8: For CW adjustment based on the HARQ-ACK feedbacks corresponding to a PSSCH with groupcast option 2 in the SL reference duration,  
· The ratio of received SL HARQ-ACK feedbacks refers to the ratio of received ACK, and it is the number of actually received ACK(s) divided by the number of HARQ feedbacks which are expected to be received by TX UE.
· For every priority class , if the ratio of received ACK is larger or equal than the (pre-)configured ratio, UE sets the contention window size to the minimum allowed value, otherwise the contention window is adjusted to the next higher allowed value.
According to TS 37.213 [3], the contention window is increased to the next allowed value for every priority class when HARQ-ACK feedback is not available after the last update of contention window and the condition of  is not satisfied. On the contrary, UE will maintain the contention window when the condition of  is achieved. In our understanding,  is used for the case that UE does not have enough time to transmit HARQ feedback(s) to gNB in NR-U. While in SL-U, the time gap of HARQ RTT is ensured in both Mode 1 and Mode 2 resource allocation when PSFCH is (pre-)configured in a resource pool. In other words, the case that RX UE cannot provide the HARQ feedback(s) in time will not take place in SL-U. Thus, there is no need to define the value of  in SL-U and the contention window is increased directly when HARQ-ACK feedback is not available after the last update of contention window.
Proposal 9: Increase  for every priority class  to the next higher allowed value when HARQ-ACK feedback is not available after the last update of contention window.
In NR-U, when DL transmissions are not associated with explicit HARQ-ACK feedbacks, the contention window keeps the same as previous adjusted window size of the same CAPC level. This mechanism can be reused in SL-U. If a UE transmits SL transmission using Type 1 channel access procedure and the transmission is not associated with explicit SL-HARQ feedback, the contention window keeps the same as previous adjusted window size of the same CAPC level. As we mentioned in the above, it is unclear whether and how to support NACK-only based feedback in SL-U. Therefore, we prefer to consider PSSCH transmission with NACK-only based feedback same as blind transmission during CW adjustment. During the last RAN1 meeting, some companies raised a concern that the contention window size may always be the minimum value and cannot be increased when UE performs blind transmissions all the time. In our understanding, it is not a typical case that all of data in logical channels are HARQ disabled, hence no enhancement is needed for such case.
Proposal 10: If a UE performs SL transmission using Type 1 channel access procedures on a channel and the SL transmission is not associated with explicit HARQ-ACK feedback or associated with NACK-only based feedback,
· For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures.
[bookmark: _Hlk134716163][bookmark: _Hlk134716188]Based on the above analysis, there are two main methods to determine the contention window size. One way is to find a SL reference duration in the past and adjust the contention window accordingly when UE performs a single-slot transmission with ACK/NACK HARQ-ACK enabled, and another way is to maintain the contention window size when UE performs a single-slot transmission not associated with explicit HARQ-ACK feedback or associated with NACK-only based feedback. However, it has not been discussed by RAN1 which method is selected when UE performs a MCSt transmission. From our perspective, UE will maintain the contention window size when each transmission in the MCSt to be transmitted by the UE is not associated with explicit HARQ-ACK feedback or associated with NACK-only based feedback. Otherwise, UE will try to adjust the contention window based on a SL reference duration.
Proposal 11: UE will maintain the contention window size when each transmission in a MCSt to be transmitted by the UE is not associated with explicit HARQ-ACK feedback or associated with NACK-only based feedback. Otherwise, UE will try to adjust the contention window based on a SL reference duration.


2.3 Further details on UE-to-UE 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.

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
At least the following information should be used as part of COT sharing information from the COT initiator UE.
· CAPC used for initiating the COT
· Existing / legacy R16/17 L1 source and destination IDs
· FFS additional ID(s)
· [bookmark: _Hlk134865518]Time domain information of the shared COT
· FFS: starting offset, number of slots, [remaining or total] COT duration, or a combination of them
· Frequency domain information of the shared COT 
· FFS applicable RB set(s), FRIV, and any other(s)
· FFS: how each of the above is indicated.
· Note, other information is not precluded.


In RAN1#109-e meeting [6], it was agreed to support UE-to-UE COT sharing. While the details need FFS. In NR-U, a COT can be initiated or shared only when a device (gNB or UE) accesses the channel through Type 1 channel access. This principle can also be applied to SL-U: only when a UE access the channel through Type 1 channel access, it can share a COT to other UEs.
When a responding UE receives a shared COT from another UE, it should not forward or relay the shared COT to other SL UE since the COT is not initiated by the responding UE. Furthermore, the interference experienced at COT initiating UE and responding UE are different. The COT initiating UE can perform channel access procedure successfully, which does not mean the responding UE will. Therefore, COT forwarding / relaying violets the principle of that LBT sensing outcome is naturally restricted and only valid within a geographical area. By forwarding / relaying an initiated COT, UEs that are far away from the COT initiator who would naturally sense a different channel environment will cause an unfairness access to the channel to other RAT devices.
Proposal 12: Information relating to an initiated COT can only be shared by the COT initiator UE who has successfully completed Type 1 SL channel access procedure; A responding UE forwarding/relaying information about a COT initiated by another UE is not allowed in SL-U.
When an initiator UE shares its COT to other UEs, the following information should be carried in the COT sharing information:
· Time domain information of the shared COT: There are some key fundamental differences between Uu unicast communication in NR-U and PC5 sidelink communication in SL-U that will affect how COT sharing works in both air interfaces.
· In UL/DL unicast link, the communication is directly between only two nodes (gNB and UE) and the gNB schedule exactly when (symbols and slots) and where (frequency resources) in a very controlled / coordinated manner, such that they will never miss each other’s transmission. In this case, it makes sense for a COT initiating node (gNB) to schedule UE’s UL after its DL transmission and indicate a COT starting offset and number of slots for which a UE should use the COT. When the gNB is serving multiple UEs at the time, it is also necessary for the gNB to coordinate the Tx timing and length of each UE within the shared COT.
· On the other hand, the Mode 2 resource allocation in R16/R17 is performed in a distributed manner, where there is not one single UE schedules another UE’s transmission (even in SL unicast). SL resource selection in a UE is performed purely based on Tx-UE’s own SL sensing and resource exclusion outcome without taking into account intended target UE’s transmission instances. To mitigate the half-duplex issue in unicast, SL DRX could be used to coordinate the transmission timing. Since SL communication also supports broadcast and groupcast, the transmission timing of each UE is unpredictable since resources could be selected anywhere within a resource selection window. Even if reservation information could be used to predict another UE’s transmission (not used in R16/R17), there still exist some possibilities of a reserved resource is not eventually used and the resource is re-selected (e.g., due to many reasons since R16 like half-duplex, prioritization, re-packaging of MAC PDU, etc). Therefore, it seems there is little value in indicating a scheduling-like time domain information in a COT-SI. Furthermore, there is no benefit in coordinating the transmission timing / COT sharing timing in a TDM manner between different responding UEs, or even between the COT initiating / responding UEs. Since the maximum COT duration (MCOT) is typically much shorter than a resource selection window of a Tx-UE, it would be almost impossible for a responding UE to select / re-select its resource within the remaining COT duration (or just within one or two slots indicated by the COT initiating UE). Therefore, it is expected that the UE-to-UE COT sharing feature in SL-U is only used in an opportunistic manner, where a shared channel occupancy may not always be utilized by a responding UE (based on source/destination ID matching). When a usable shared channel occupancy is detected (according to source/destination IDs, [additional IDs], indicated CAPC level and [remaining COT duration]) prior to a UE’s SL transmission (PSCCH/PSSCH/PSFCH/S-SSB), the UE (responding UE) uses/switches to Type 2 LBT to gain access to the unlicensed channel.
· For a scenario where the COT initiating UE has a full RB set resource allocation for its initial transmission of a TB (without any prior reservation) in a MCSt, it may be worthwhile to avoid Tx collision with a responding UE within the shared channel occupancy. While maximizing the reception/hear-ability of a shared channel occupancy by others, the COT initiating UE transmits COT-SI early in time (from the first slot of MCSt) but indicate a starting timing/offset for which another UE (responder) can transmit/share the COT (after the MCSt). 
· To this end, to maximize the usage of a shared channel occupancy in SL-U by other UEs (thus reducing the need of performing Type 1 LBT by other UEs), the most reasonable / simple mechanism is to:
· 1) transmit the COT-SI as soon as possible and indicate the remaining COT duration in SCI,
· 2) transmit the COT-SI as often as possible (transmission of each TB/PSCCH/PSSCH within a COT can include different source/destination IDs), and 
· 3) include as many target COT responding UEs as possible (e.g., by using additional IDs). 
Therefore, based on the above analysis and discussions, the only time domain information of a shared COT that needs to be indicated in SCI is the “remaining COT duration/length” and possibly also a starting offset. These could be indicated as either an absolute time unit (ms) or number of physical slots.
· Frequency domain information of the shared COT: As agreed in RAN1#110bis-e, Type 1 SL channel access procedure is applicable for all SL transmissions including PSCCH/PSSCH, S-SSB and PSFCH. Furthermore, it is also agreed that Type 1 LBT can be used to initiate a COT. Therefore, besides PSCCH/PSSCH, a COT can be initiated by a UE for transmitting S-SSB and PSFCH, and the initiated COT could be shared to other UEs in a subsequent PSCCH/PSSCH transmission within the MCOT length. 
· When Type 1 LBT is performed for PSCCH/PSSCH/PSFCH/S-SSB transmission within an unlicensed channel (RB set), the FRIV information in the SCI would be sufficient to indicate the applicable channel (RB set) in which the shared COT is intended.
· When multi-channel access procedure is performed for PSCCH/PSSCH/PSFCH/[S-SSB] transmission in multiple RB sets, the information on the applicable RB sets for COT sharing can be implicitly derived based on either the FRIV information or a dedicated RB set index information as part of resource allocation information in SCI. Such decision is to be made in the SL-U PHY structure agenda. But in any case, the applicable RB set(s) for which the COT sharing is intended for can be implicitly derived based on the resource allocation information in SCI. Furthermore, only when a responding UE’s SL transmission is within the intended RB set(s), it can use the shared COT. That is, when the RB sets correspond to the SL transmission of the responding UE is a subset of the RB sets of the COT initiating UE’s transmission, the responding UE can use the shared COT; otherwise, not.
· Additional ID(s): besides the existing legacy R16/17 L1 source and destination IDs that are already agreed to be provided from the COT initiating UE, other ID(s) of unicast/groupcast/broadcast session(s) to which the COT initiating UE also belongs could be also indicated as part of the COT sharing information. As discussed earlier in the above, the utilization of a shared channel occupancy by a responding UE could only be based on “opportunity” since resource (re-)selection cannot take into account of a shared COT, as such the utilization by a responding UE is expected to be low or zero in most cases. Therefore, to maximize the utilization of a shared COT and to reduce inter-UE and intra-UE blockings due to Type 1 LBT, the additional ID(s) should be included as part of the COT-SI with the limitation of the SL transmission from a responding UE intends also for the COT initiating UE. When the occurrence of Type 1 LBT failure is reduced, system and link performances are both expected to improve from less resource re-selections, less Tx collisions on non-reserved resources, less resource wastage (reserved not used) and less system congestion.
As mentioned several times previously, SL-HARQ feedback control information carried in PSFCH is vitally important to SL communication performance and resource utilization efficiency (i.e., UE performs retransmission only when necessary). Therefore, besides the case 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, we would also like to support the case to allow a responding UE to transmit PSFCH(s) to UE(s) other than the initiator. That is, a responding UE can utilize a shared COT to transmit any PSFCH even when it is not intended for the COT initiating UE.
[bookmark: _Hlk111025636]Proposal 13: For UE-to-UE COT sharing:
· Time domain information in COT-SI: 
· explicit indication of the remaining COT duration (absolute time in ms or number of physical slots) and starting offset
· Frequency domain information in COT-SI:
· Implicit indication of applicable RB set(s) based on derivation from FRIV information and RB set index (if supported in SL-U PHY structure agenda)
· Additional IDs should be included in COT-SI to maximize the applicability of a shared channel occupancy to other unicast/broadcast/groupcast IDs, since SL resource allocation (re-selection) mechanism is not based on a shared COT.
· This can be optionally included in the COT-SI by the initiating UE.
· The additional IDs for unicast/broadcast/groupcast to be included must be a communication session/service that the COT initiating UE belongs to (i.e., provided by UE higher layer).
· FFS maximum number of additional IDs that can be included in a COT-SI.
· FFS whether the destination ID is sufficient to identify a unicast session to reduce payload size (instead of a pair of source and destination IDs)
· Only when the RB sets correspond to the SL transmission of the responding UE is a subset of the RB sets of the COT initiating UE’s transmission, the responding UE can use the shared COT; otherwise, not.
· In case of PSFCH, a responding UE is allowed to transmit PSFCH(s) to UE(s) other than the initiator when none 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.
[bookmark: _Hlk118194116]When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s). The responding UE can perform any kind of SL transmissions, such as PSCCH/PSSCH, PSFCH and/or S-SSB.
For the last FFS about whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA, the benefit to support such feature is not clear. The maximal COT duration is 10ms. If UE report a COT to gNB, it needs to obtain UL resource for such kind of reporting which needs some time. And gNB can only schedule SL transmission within the remaining COT duration to make use of the shared COT. Whether it can provide benefit is not clear. On the other hand, it will result in more specification work to support such feature. 
Proposal 14: Mode 1 UE reporting a COT or related information to gNB is not supported in Rel-18.

2.4 Further details on CP extension (CPE)
	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

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

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

Agreement
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

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

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


During RAN1#112, the design on CPE transmission was extensively discussed. The discussion was very complicated since it relates to UE performing Type 1 LBT to gain access to the channel (i.e., the additional LBT sensing), UE performing Type 2 LBT to utilized a shared COT and at the same time how to support FDM of different SL transmissions (from multiple UEs) in the same slot. To make things even more complicated, the time length of a GP symbol varies for different SCS and we should also consider both the 1st and 2nd candidate starting symbols within a slot for PSCCH/PSSCH transmission.
On the topic of the 2nd candidate starting symbol for PSCCH/PSSCH transmission, it should be noted that:
· There is no GP symbol before the next AGC symbol for the intended SL transmission. This means, it is not possible for a SL TX UE to perform Type 2B and 2C LBTs to gain access to the channel since there is no gap of 16µs from the previous PSCCH/PSSCH transmission to the next AGC symbol.
· However, it is still possible for a SL UE to perform a Type 2A LBT when there is no SL transmission from the 1st candidate starting symbol, since the LBT sensing requirement is “at least” 25µs.
· Of course, it is always possible for a UE to perform Type 1 LBT to gain access to the channel from the 2nd candidate starting symbol.
Based on the agreements reached in RAN1#112 (captured in the above), the intention of CPE design is to allow SL TX UE to access the channel as early as possible within the time boundary of 1 symbol before the next AGC symbol in 15kHz SCS and 2 symbols in 30kHz and 60kHz SCSs. This means, if there is no other SL or WiFi transmission in the channel, then the earliest timing opportunity that a UE is allow to transmit CPE for an intended SL transmission (regardless PSFCH, S-SSB, PSCCH/PSSCH in the 1st / 2nd candidate starting symbols) should be 1 symbol (15kHz) or 2 symbols (30/60kHz) before the next AGC symbol.
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Figure 1: A set of (pre-)configured CPE starting positions within 1 symbol (CPE window) for 15kHz SCS before the next AGC symbol of the intended SL transmission.
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Figure 2: A set of (pre-)configured CPE starting positions within 2 symbols (CPE window) for 30kHz and 60kHz SCS before the next AGC symbol of the intended SL transmission.
Similarly, the latest timing opportunity for a UE to transmit CPE / access the channel would be at the beginning of the next AGC symbol (meaning the CPE length is zero). This should be possible assuming there is a WiFi transmission and it stops at some point before the next AGC symbol, where a SL TX UE could still perform and complete LBT sensing just before the next AGC symbol. Therefore, there is a window of opportunity for a SL TX UE to perform CPE transmission and this CPE window would be:
1. The beginning of the CPE window in 15kHz SCS is 1 symbol before the next AGC symbol (max CPE length = 1 symbol) as shown in Figure 1 for 15kHz SCS case;
2. The beginning of the CPE window in 30kHz and 60kHz SCS is 2 symbols before the next AGC symbol (max CPE length = 2 symbols) as shown in Figure 2 for 30kHz and 60kHz SCS cases;
3. The ending of the CPE window in all SCS would be just before the next AGC symbol (min CPE length is zero);
Proposal 15: A CPE window can be defined as:
· In 15kHz SCS, the beginning of the CPE window 1 symbol before the next AGC symbol of the intended SL transmission (max CPE length = 1 symbol);
· In 30kHz and 60kHz SCS, the beginning of the CPE window 2 symbols before the next AGC symbol of the intended SL transmission (max CPE length = 2 symbols);
· The ending of the CPE window in all SCS is just before the next AGC symbol (min CPE length is zero);
Taking into consideration of different SL TX UE may need to perform LBT sensing of different lengths (i.e., 43µs and 55µs for Type 1 LBT, 16µs and 25µs for Type 2A/2B/2C LBT), a set of CPE starting positions within the CPE window could be (pre-)configured, including assigning one of the positions to be the default position. When at least one existing reservation is detected for the slot of the intended PSCCH/PSSCH transmission, SL TX UE transmits CPE from the default CPE starting position. Otherwise (when no existing reservation is detected), a CPE starting position is selected base on UE’s priority and LBT sensing requirement for PSCCH/PSSCH transmission to avoid transmission collision among SL TX UEs.
For PSFCH and S-SSB, on the other hand, a default CPE starting position should be always used for CPE transmission for multiplexing different SL-HARQ feedbacks in the same symbol and avoiding inter-UE blocking for S-SSB. However, the earliest and the latest CPE transmission opportunity timings are still the beginning and the end of the CPE window, respectively.
Alternatively, instead of using/conforming to a (pre-)configured set of CPE starting positions, only a default CPE starting position is (pre-)configured within the CPE window. When at least one existing reservation is detected for the slot of the intended PSCCH/PSSCH transmission, a SL TX UE transmits CPE from the default CPE starting position. Otherwise (when no existing reservation is detected), the UE transmits its CPE as soon as it has completed its LBT sensing requirement (e.g., 25µs, 43µs, 52µs). The main benefit of not conforming to a set of preset CPE positions is to allow UE to start transmitting CPE as soon as the channel becomes idle and LBT sensing is completed. For example, SL TX UEs monitor the channel at the same time and start LBT sensing as soon as the channel becomes idle (e.g., after a SL or WiFi transmission has stopped). Then based on LBT sensing requirement of different UE, high priority transmissions would complete LBT first and start transmitting CPE earlier than lower priority ones.
Finally, another approach to determine a CPE starting position for a SL TX UE could be based on SL Mode 1 and Mode 2 RA separation. That is, when UE is under a network gNB control in a Mode 1 resource pool, all SL transmissions are scheduled by the gNB (just like NR-U). In this case, multiple CPE starting positions could be configured for the resource pool and the gNB indicates which one of the configured positions to be used by the UE. As such, there would be no inter-UE blocking issue and FDM for multiple SL transmissions in a same slot can be easily achieved.
When SL TX UE is operating in SL Mode 2 RA, a single default CPE starting position can be (pre-)configured and all UEs use the same CPE starting position to achieve FDM transmissions among different UEs. And this should be used regardless the UE is initiating or sharing a COT, or the SL transmission is partial or full RB set allocation.
Proposal 16: To determine a CPE starting position for a SL TX UE, one of the following approaches could be adopted.
1. A set of CPE starting positions within the CPE window is (pre-)configured according to different LBT sensing requirement (e.g., 16µs, 25µs, 43µs, …) and one of which is assigned as the default CPE starting position.
· When at least one existing reservation is detected for the slot of the intended PSCCH/PSSCH transmission, SL TX UE transmits CPE from the default CPE starting position.
· Otherwise, a CPE starting position is selected base on UE’s priority and LBT sensing requirement.
2. Only a default CPE starting position is (pre-)configured within the CPE window.
· When at least one existing reservation is detected for the slot of the intended PSCCH/PSSCH transmission, SL TX UE transmits CPE from the default CPE starting position.
· Otherwise, the SL TX UE transmits its CPE as soon as it has completed its LBT sensing requirement (e.g., 25µs, 43µs, 52µs) for Type 1 or one of Type 2 LBTs.
3. In SL Mode 1, multiple CPE starting positions are configured within the CPE window and the gNB indicates which one of the configured positions to be used by the UE. In SL Mode 2, a single default CPE starting position can be (pre-)configured within the CPE window and all UEs use the same CPE starting position to achieve FDM transmissions among different UEs.
In RAN1#112bis-e meeting, it is agreed as a working assumption that when multiple CPE starting candidate positions are (pre-)configured for PSCCH/PSSCH transmission, for the case of initiating a COT with partial RB set resource allocation, the UE selects a CPE starting position according to reservation information of selecting either 1) always a (pre-)configured default CPE starting position, or 2) the highest priority among the detected and the transmitted reservations. In our view, as discussed earlier, it is sufficient and safer to always use 1) a (pre-)configured default CPE starting position since the miss-detection probability for the highest priority reservation is always higher than the miss-detection probability for all reservations. Furthermore, due to the hidden-node issue, the highest detected reservation priority among the UEs may be different. Therefore, the inter-UE blocking issue could happen quite often.
Note that, this behavior should be also applied to a SL TX UE with full RB set allocation. In the existing R16/R17 Mode 2 resource allocation behavior, it is possible for a TX UE to select a resource for SL transmission (regardless of a small or large packet) that overlaps with an existing reservation. This may be due to a low measured SL-RSRP for the reserved resource or the RSRP threshold increment to meet X% of available candidate resource. In our view, the same resource selection behavior to allow concurrent SL transmissions of overlapping resources should still be allowed. As such, the above-described behavior should be also applicable to a SL TX UE with full RB set allocation.
For these cases of partial and full RB set resource allocation according to reservation information, there is an FFS on other condition including comparison of EDT and the measured energy associated the existing reservation. As pointed-out and discussed previously, due to the hidden-node issue, a measured low SL-RSRP or detection of one reservation may not be equally the same for another UE. Therefore, in our view, as long as a resource reservation is detected, it should be counted regardless of its measured SL-RSRP level or in comparison to the EDT used in LBT.
One more FFS was on whether the use of reservation information is conditioned on the existence of other technologies (e.g., NR-U). It should be noted that, firstly, radio resource reservation in SL communication is a necessary mechanism to avoid Tx collisions among UEs, since there is not a central coordination or scheduling node like a gNB in NR-U. So, the reservation information is a way of telling others in nearby UEs that there is an intended SL transmission in the indicated slot, such that transmissions from different UEs are coordinated in a way to avoid collisions by not selecting an overlap resource. In SL-U, this reservation information is proposed to be further used for coordinating the transmission timing of CPE before the next slot, such that inter-UE blocking can be avoided. In NR-U, such CPE transmission coordination among different UEs’ UL is also/already performed by the central node (gNB) to avoid overlapping. As can be seen, different technology uses different CPE coordination mechanism. Therefore, the use of reservation information in SL is to avoid intra-RAT/system blocking and it is not a mechanism that should be dependent on the existence of other technology.
Proposal 17: When multiple CPE starting candidate positions are (pre-)configured for PSCCH/PSSCH transmission, for the cases of initiating a COT with partial RB and full RB set set resource allocation, the UE selects a (pre-)configured CPE starting position as long as one resource reservation is detected or transmitted in the slot intended for the SL transmission.
· This behavior should not be dependent on EDT used in LBT and/or measured SL-RSRP associated with the existing reservation;
· 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, this behavior should be applied when resource reservation is not detected or priorly transmitted by the TX UE for an intended transmission in the next slot. That is, for a UE intended to perform an initial transmission of a TB in a slot without any prior reservation, there is a likelihood that the initial transmission may be collide with also an initial or re-transmission of a TB from another UE. In such case, according to the R16/R17 Mode 2 resource allocation mechanism, these two transmissions will be collided if their selected resources are overlapped in frequency (i.e., at least when one of the transmissions is with full RB set allocation). Therefore, as an enhancement, CPE could be used intentionally to create inter-UE blocking according to their transmission priorities to avoid collision. E.g., higher priority transmission with earlier CPE starting position. When both transmissions have an equal priority level, a CPE starting position is randomly selected among the multiple CPE starting candidate positions (pre-)configured for the same transmission priority to further minimize the collision.
In principle, this same behavior should also apply to partial RB set allocation without any prior resource reservation detected or transmitted, since it is also likelihood to encounter a transmission collision between two initial transmissions.
Regarding the FFS on 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, it is in our understanding that once a CPE starting position is selected/determined and the TX UE performing a necessary LBT procedure which targets for the intended starting position for transmission, the TX UE cannot / is not allowed to transmit or start a new LBT procedure/engine for the same transmission. And the TX UE must start a new Type 1 LBT for a later transmission timing.
Proposal 18: For both cases of full RB set and partial RB set resource allocations, 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 when no prior resource reservation is detected or transmitted for the intended SL transmission slot.
· The UE can use only the selected CPE starting position for its LBT procedure. If the LBT procedure fails, it must start a new Type 1 LBT for a later SL transmission occasion.



2.5 Further details on multiple-channel access
Multiple-channel access was discussed in RAN1#110-bis-e and the following agreements were achieved:
	Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation

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

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

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


For S-SSB, its frequency resources are confined within one RB set. We think it is beneficial to support S-SSB transmission on multiple RB sets which can assist other SL UEs to perform synchronization using available RB sets. Which RB set can be used for S-SSB transmission depends on channel access procedure on these RB sets respectively. For each RB set, if the channel access success, the corresponding S-SSB within the RB set can be transmitted. Otherwise not. The multiple-channel access schemes of NR-U DL can be taken as baseline for multi-channel access of S-SSB. Similar to PSFCH, S-SSB transmissions on multiple channels can be also beneficial in terms of maintaining a shared COT. However, it is noted that the decision on whether to transmit S-SSB in more than one RB set should be made first in the PHY structure agenda.
Proposal 19: For S-SSB transmissions on multiple channels (if agreed in the PHY structure agenda), NR-U DL Type A multi-channel access procedure should be used as the baseline. It is not necessary to support the Type B DL multi-channel access procedure from NR-U.
In RAN1#112bis-e meeting, it is agreed that both NR-U DL Type A and Type B multi-channel access procedure are supported for multiple PSFCH transmissions on multiple channels, and it is still FFS whether it should be up to UE implementation to perform either Type A or Type B multi-channel access procedure. It is to our understanding, the selection between Type A and Type B multi-channel access procedures in NR-U for DL transmissions is entirely up to the gNB to decide, according to the following specification description:
· An eNB/gNB can access multiple channels on which transmission(s) are performed, according to one of the Type A or Type B procedures described in this Clause.
Therefore, the same principle should be also adopted in SL-U for both PSFCH and S-SSB (if agreed) transmissions on multiple shared channels, as we don’t see any technical reason to select one of them over the other.
Proposal 20: For both PSFCH and S-SSB transmissions on multiple unlicensed channels (RB sets), it should be up to UE implementation to perform either Type A or Type B multi-channel access procedure.
It should be noted that, Type 1 channel access procedure is predominantly used in both Type A and Type B multi-channel access procedures. As agreed in RAN1#110bis-e (agreement copied below), “Type 1 can be used to initiate a COT”. Therefore, it is in our understanding that when Type A or Type B multi-channel access procedure is performed, a channel occupancy is initiated for the channel(s) in which Type 1 channel access procedure is applied and the COT can be shared with others.
	Agreement in RAN1#110bis-e
· 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.


Proposal 21: when Type A or Type B multi-channel access procedure is performed, a channel occupancy is initiated for the channel(s) in which Type 1 channel access procedure is applied and the COT can be shared with others.



2.6 Multi-Consecutive Slots transmission (MCSt)
In RAN1#110, the following agreement was achieved for multi-consecutive slots transmission:
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details


The main advantage of MCSt is to perform back-to-back transmissions such that the initiated/shared COT can be occupied and retained as long as possible and other RATs (e.g., Wi-Fi) cannot access the channel during the COT of SL transmissions (to this end MCSt should occupy the GP symbol of each slot). However, it is still unclear how the MCSt works. In our understanding, there are three possible options for the operation mode of MCSt:
· Option 1: Each slot in the consecutive slots is used for one transmission (initial Tx or re-Tx) of the same TB – same HARQ process.
· Option 2: Each slot in the consecutive slots is used for one transmission (initial Tx or re-Tx) of different TBs – different HARQ processes.
· Option 3: One transmission across the consecutive slots – same TB is channel encoded over multiple slots.
For simplicity, let us use a concept of MCSt group to represent the consecutive slots in MCSt. In Option 1, each MCSt group only contains the (re)transmissions of one TB from the same HARQ process, which helps to simplify the resource reservation and allocation procedure for MCSt. As for Option 2, each MCSt group may include the (re)transmissions of different TBs from different HARQ processes. According to current resource allocation procedure of Mode 1 and Mode 2, the resources of different SL grants are determined independently. In particular, the resource exclusion of PHY layer and the resource selection of MAC layer are performed for single SL grant in current Mode 2 RA. Hence, the resources of other existing SL grants should be taken into consideration when scheduling or selecting the resources for a current SL grant if the above Option 2 is supported. And it is better to be handled by higher layer to reduce the workload. Option 3 introduces a new continuous SL transmission across multiple slots. Obviously, it breaks the current physical structure of slot-based SL transmission, such as the mapping of PSCCH and PSSCH, TB size determination, AGC training and so on.  Therefore, considering the large spec impact from adopting Option 3, we propose to further study and work on the above Option 1 and Option 2 for MCSt.
Proposal 22: For the study and future work on MCSt, slot-based MCSt for the same TB and different TBs can be considered.
To support the slot-based MCSt for the same TB (i.e., above Option 1), a new type of resource reservation needs to be studied and introduced. In legacy sidelink, both time domain and frequency domain resource reservation and indication are based on the design per slot. To support MCSt in SL-U, how to indicate the consecutive slots and sub-channels for these slots should be considered.
· Time domain
According to current retransmission scheme in sidelink, a TB may be configured to be (re-)transmitted multiple times which is no more than 32. For MCSt in SL-U, when a TB is configured to be (re-)transmitted multiple times, the consecutive slots may be allocated in one MCSt group or different MCSt groups. In the current indication mechanism, the Time resource assignment field with 5 or 9 bits in DCI/SCI can only indicate 2 or 3 slots, which cannot reflect the resource reservation information or avoid conflict by sensing UEs for the case of MCSt. How to indicate the time domain resources should be further studied and designed.
· Case 1: All slots for (re-)transmissions of one TB are in one MCSt group, which means all the potential transmission slots of the TB are selected to be consecutive. The current time resource indication mechanism may not be able to ensure all the reserved slots are excluded by other UEs. One example is provided in Figure 3 to clarify such issue. UE2 is performing sensing and resource selection procedure, while UE1 is transmitting a TB by reserving 7 consecutive slots. UE2 can only obtain the information of slot #1 by sensing and slot #2/3 by indication. Slots #6/7 are not excluded from candidate slots set unless UE2 can have the reservation information by decoding SCIs in slot #4/5. However, even enabling re-evaluation and pre-emption checking, there always exists processing time gap (i.e., Tproc,0 and Tproc,1) without sensing results. Therefore, the legacy sidelink resource indication mechanism may not be enough. One possible solution is to indicate the length of the MCSt group, or the number of the remaining consecutive slots in the MCSt group. The indication can be an information field included in DCI and 1st stage SCI.
· Case 2: The total slots for transmitting one TB are divided into a few non-consecutive MCSt groups, and each MCSt group may have the same or different number of consecutive slots. For an example, a TB is decided to be (re-)transmitted up to 10 times by MAC layer, and 10 slots are selected and allocated into three groups, where group #1, group #2 and group #3 has 4, 4 and 2 consecutive slots, respectively. To indicate these groups of slots, starting position and number of consecutive slots per group should be included in the indication information (e.g., in SCI). The Time resource assignment field in DCI/SCI can be reused to indicate the starting position of the second and third group. However, this information field can only indicate up to 2 groups besides the current group. If the number of groups is more than 3, the indication bits should be extended. For the number of slots allocated in each group, a simple way is to (pre-)configure a fixed number of slots per group. If the number of slots in each group is dynamically changing, an extra indication field is needed in SCI. Furthermore, the remaining slots in each group should also be indicated to help resource exclusion by other UEs that perform sensing and resource selection, which is similar to the issue in Case 1. From the analysis above, Case 2 needs much more standards effort and it has a larger specification impact (e.g., more indication bits) than that of Case 1.
· Frequency domain
For a MCSt group which contains multiple consecutive slots (e.g., 4 slots), although the number of occupied sub-channels would be the same for one TB, the starting position of sub-channel in each slot may be different. The current Frequency resource assignment field in DCI/SCI can be used only to indicate 2 more starting position of the following slots. Extra bits are needed to indicate frequency starting positions if the number of following consecutive slots is more than 2. To simplify the design, the frequency starting positions in all the consecutive slots of a MCSt group can be same. Even such design may have some restrictions on frequency resource selection, it simplifies the resource reservation mechanism by dramatically decreasing the indication bits in DCI/SCI.
Proposal 23: In Rel-18 SL-U, an information field can be included in SCI to indicate the length or the remaining slots in the MCSt group of consecutive slots.
Proposal 24: In Rel-18 SL-U, for multi-consecutive slots transmission (MCSt), the frequency starting positions in all the consecutive slots of a MCSt group can be the same for simplicity.


Figure 3 MCSt resource reservation and indication
In addition, resource allocation in Mode 2 also needs to be enhanced for MCSt. In RAN1#112bis-e, the following agreements for resource allocation in MCSt was approved:
	Agreement
Send an LS to RAN2 according to the following content for the LS:
	RAN1 has discussed the following approaches to implement/achieve MCSt for SL-U communication. RAN1 would like to seek RAN2’s opinion on the following questions.

Approach 1: “best effort for multiple TBs”
· Step 1: Higher layer triggers L1 resource selection for one TB with one set of parameters (, remaining PDB,  and ) - R16/17 behavior.
· Step 2: L1 report a set of candidate single-slot resource (SA) according to existing L1 resource allocation procedure - R16/17 behavior.
· Step 3: Higher layer selects a set of resources either randomly (R16/17 behavior) or according to a consecutive-slots criterion (new behavior) to achieve MCSt.
· Step 4: Repeat Step 1-3 for different TB if required. 

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

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

Question 1 (for Approach 1/ Approach 2): feasibility of selecting the resource for a single TB in MAC layer (single-slot under Approach 1, multi-slot under Approach 2) with the principle of “concatenating” across separate resource selection triggers (across TBs)

Question 2 (for Approach 3): feasibility of triggering the resource selection procedures for multiple SL processes at the same time

Question 3 (Approach 2/ Approach 3): feasibility of providing a new parameter “number of slots for MCSt” to L1 when triggering resource (re-)selection for MCSt


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


According to the above agreements, the mechanism of resource allocation in MCSt is summarized and classified into three different approaches.
· In approach 1, the contiguous transmissions in MCSt for a single TB or multiple TBs are handled by higher layer based on resource selection with a consecutive-slots criterion or random resource selection. In our understanding, the approach 1 has the minimum specification impact while there could be a risk that UE is not able to select consecutive slots from the candidate resource set. This is mainly due to physical layer does not guarantee that the remaining resources located contiguously in time domain always exist after resource exclusion and the MCSt for multiple TBs can only reply on a best effort manner in approach 1. 
· As for approach 2, it achieves the benefit of MCSt by ensuring the contiguous transmissions for a single TB due to a candidate resource in approach 2 corresponds to   consecutive slots (i.e., a multi-slots candidate resource), where  can be provided by higher layer. Based on the new defined candidate resource, the candidate resource set  includes a number of multi-slots candidate resources such that the resource exclusion in L1 and resource selection in L2 can be reused for MCSt. Thus, the specification impact of both PHY and MAC layer is limited. Similar with approach 1, the MCSt for multiple TBs is determined by higher layer during resource selection according to a consecutive-slots criterion or random selection.
· Approach 3 requires higher layer to trigger resource selection for multiple TBs simultaneously with the same set of parameters, and a multi-slots candidate resource in this approach can be selected by higher layer to transmit multiple TBs such that the MCSt of multiple TBs is guaranteed. In our opinion, the current procedure of Mode 2 RA is designed and structured based on a per-process framework. However, the approach 3 is operated under a multi-process framework, which will result in a large impact on current specification.
From our perspective, assuming RAN2’s response to both Question 1 and Question 3 are yes, we support the above approach 2 which is able to ensure the contiguous transmissions at least for a single TB. We can also accept the approach 1 as a compromise to minimize the specification impact if it is a majority view.
Observation 1: For the approaches of resource allocation in MCSt proposed during RAN1#112bis-e,
· Approach 1 has the minimum specification impact while the contiguous transmissions in MCSt cannot be guaranteed.
· Approach 2 has a slightly more specification impact and can guarantee the contiguous transmissions in MCSt at least for a single TB.
· Approach 3 has a significant specification impact and can guarantee the contiguous transmissions in MCSt for both single TB and multiple TBs.
Proposal 25: Adopt approach 2 from the agreement for resource allocation of MCSt in RAN1#112bis-e.
· Approach 1 can be a compromised solution with the minimum specification impact.
During the last RAN1 meeting, some companies proposed to update the calculation of SL RSRP measurement result used in resource exclusion for the multi-slots candidate resource in approach 2 and 3 when a part of slots corresponding to a multi-slots candidate resource overlap with the reserved resources of other SL UEs. For example, the measured SL RSRP is divided by  when only the resources in one slot of a multi-slots candidate resource overlap with the reserved resources. In both LTE SL mode 4 and NR SL mode 2 RA, the same SL RSRP of PSCCH or PSSCH scheduled by PSCCH is used for resource exclusion regardless partial or full overlapping between a single-slot candidate resource and a reserved resource. Therefore, we think the update for the calculation of SL RSRP due to multi-slots candidate resource is not needed.
Proposal 26: There is no need to update the calculation of SL RSRP for the new defined multi-slots candidate resource.


[bookmark: _Hlk135034088]2.7 Type 1 LBT in inter-UE blocking
In RAN1#112bis-e, it is agreed to further study the following solution options to resolve Type 1 LBT in inter-UE blocking, 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.
	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).


On Option 1: If UE avoids selection of a resource just one slot before a reserved resource and one slot after the reserved resource, this means 50% of the slots in SL are unusable. If UE avoids two slots before and after a reserved resource, then 66.67% of slots are unusable in the system. Hence it is a very resource wasteful mechanism to resolve the Type 1 LBT blocking issue. Furthermore, this cannot work unless the following issue is addressed, and some further enhancement maybe needed.
1. How the UE can know whether there is overlap? Because the duration of Type 1 LBT is based on CAPC value which is not known by the resource selection UE. Secondly, the duration of type 1 LBT is based on random selected number within CWmin and CWmax, which is also not known by the resource selection UE. Furthermore, when the UE starts performing Type 1 LBT is up to UE implementation, the resource selection UE cannot know when and whether there is overlap between selected resource and Type 1 LBT procedure.
2. “UE avoid selection of a resource before a reserved resource with high priority”, This will limit the available candidate resource for the resource selection UE. If the reserved resource is later within the RSW, there is less candidate resource can be selected which will affect mode 2 resource selection procedure. Such as whether additional enhancement is needed is remaining candidate resource within S-A is less than X%, etc. Furthermore, that will introduce additional latency for SL transmission of the resource selection UE.
On Option 2: in our view, this option cannot work unless the following issue is addressed and some further enhancement maybe needed
1. “UE prioritizes/selects resource(s) for transmission in slot(s) after a reserved resource”: That will introduce additional latency for SL transmission of the resource selection UE. According to RAN2’s mapping between CAPC and PQI, general principle is to map CAPC based on PDB, such as small PDB value is mapped to low CAPC value so that UE can finish LBT quickly and perform the SL transmission in time.  If following this branch, that means the resource selection UE has lower CAPC value than the reserved resource UE so that it can share the COT from the reserved resource UE, which means the resource selection UE corresponds to small PDB value. The additional latency introduced by selecting resource after the reserved resource conflicts with the small PDB requirement of the resource selection UE.
2. “when transmission of the selected resource is able to share the initiated COT of the reserved resource”: Whether the UE will share the COT is up to UE implementation, it cannot be guaranteed.
3. “the CAPC value of the selected resource(s) is equal to or higher than that of the reserved resource”: The CAPC of reserved resource is not known in advance since CAPC level is not related to SL priority. How the UE when performing resource selection can know CAPC level of a UE who reserved a resource is not clear. Furthermore, if the reserved resource is for a new TB transmission (such as periodic based resource reservation), the CAPC level of the reserved resource (corresponding to new TB) may be different with the CAPC level of the TB sensed by the resource selection UE.
On Option 3: the overbooking mechanism / issue has been discussed earlier back in R14 and R16 for SL operation as a mechanism to resolve the transmission collision issue. From those discussions, there were two major concerns at least from RAN1’s perspective to support this feature: 1) first one was resource wastage and 2) second one was resource release. Due to the downside and complication of these operations, resource overbooking was never supported for SL transmission. In our view, the same two concerns still exist and in some ways the issues are worsen for SL operation in the unlicensed spectrum.
On Option 4: the LBT sensing duration cannot be predicted / estimated in advanced for Type 1 channel access procedure due to the contention window size adjustment procedure. The allowed CWp sizes are wide ranging especially for CAPC levels p=3 and p=4 (15,31,63,127,255,511,1023). Between the time of resource selection in slot (n) and the selected resource in slot (n+x), the CWp could be changed/affected due to transmission of other TBs, SL HARQ feedback results, and even dropping/re-selection of selected resources. Furthermore, Type 2 LBT could be performed for the selected resources in the end when a shared COT can be utilized. Therefore, the provision of Type 1 LBT sensing time could be over estimated, under estimated or not even needed at all.
On Option 5: Although this option is quite generic and it could be used for solving other resource selection issues (e.g., intra-UE blocking) and also used for resource selection enhancement (e.g., taking into consideration of a shared COT), the essentiality of this approach is not critical. Compare to Option X, some MAC layer spec impact is needed.
On Option 6: For Type 1 LBT sensing, the detected energy is measured across the channel bandwidth (RB set) as a RF measurement without baseband processing and decoding any reservation information in SCI. It is unclear how this option is intended to work by excluding frequency resources (if any) previously reserved via SCI by other SL UEs.
On Option 7: Similar problem and confusion as in Option 6. In addition, how to measure an energy level within a RF channel bandwidth (e.g., 20MHz) without considering SL transmissions but only NR-U or WiFi signals. Furthermore, if SL is transmitted / occupying a channel there will be no other technology transmitting at the same time. As such, it is not necessary to measure the energy level of the channel if a SCI can be decoded successfully for a slot. So it seems if a SCI is decoded, it is not necessary to considered the energy level measured during the slot, since the channel is considered idle by this approach. There are two major concerns with this option: 1) this behaviour is not aligned with the agreed Type 1 / Type 2 channel access procedures, especially in the energy detection procedure in determining the channel is idle, and 2) this would not be compliant to the regulation as this option is proposed to ignore any measured energy level from intra-system/technology/RAT transmitted signals. It is interpreted like a WiFi terminal can freely ignore any transmission energy coming from other WiFi terminals and still consider the channel is idle. This is surely not compliant with the regulations.
On Option 8: This is perhaps the most sensible option, since the start timing to perform LBT sensing is always determined by each UE based on implementation. According to the transmitting CAPC level and CWp size at the time of transmission, the UE should determine a suitable LBT sensing start timing (e.g., a few symbols or slots earlier) to ensure the success of the Type 1 channel access procedure. Such behaviour is also assumed to be used by NR-U UEs and gNB. If UE implementation chooses to, the measured channel congestion level and resource reservation information can be also taken into consideration in determining the LBT sensing start time.
Proposal 27: To resolve the Type 1 LBT in inter-UE blocking issue, only Option X (no solution is needed) should be adopted.

2.8 Type 1 LBT in intra-UE blocking
In the last RAN1#112bis-e meeting, an LS from RAN2 [5] was received informing the following agreements:
· RAN2 understands L1 handles LBT impact to/from other UEs’ reserved resources in SL candidate resource selection (inter-UE case).
· RAN2 will study how MAC performs resource (re)selection with the consideration of LBT impact to its own candidate resource (intra-UE case).
Due to a preference from the majority of companies, RAN1 could also discuss a solution for the above intra-UE case.
One of the most discussed solutions in RAN1 is to change/update the definition of T1 for the resource selection window (RSW) to take into account of a potential LBT sensing time in Type 1 channel access procedure. Currently, T1 in RSW is defined as followed according to TS 38.214 (Section 8.1.4).
-	selection of  is up to UE implementation under   , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP; 
 Table 8.1.4-2:  depending on sub-carrier spacing
	
	 [slots]

	0
	3

	1
	5

	2
	9

	3
	17


As can be seen, the value of T1 can be up to 3 slots in 15kHz SCS, 5 slots in 30kHz SCS, and 9 slots in 60kHz. According to the agreed CAPC table for SL, the longest LBT sensing could be up to 9ms in length. Therefore, it seems there is a shortfall of a few slots between the end of T1 (beginning of RSW) and the maximum LBT sensing length. If a resource is selected within this shortfall slots (due to random selection), the UE is required to perform Type 1 LBT sensing (no shared COT is available), and the required LBT sensing time is longer than (selected slot – slot n), then the UE will fail the Type 1 LBT sensing. The consequence is, according to RAN2 agreement, a resource re-selection will be triggered after receiving LBT failure indication. 
Firstly, it seems the concern problem described above is really a corner case. Secondly, it seems RAN2 already has a solution to re-select the resource when LBT failure is reported. Thirdly, if any enhancement/optimization is needed to avoid LBT sensing failure, RAN2 has already agreed to study a MAC-based solution during resource (re)selection. Even in the end if RAN2 does not develop another solution to mitigate this corner case issue, it can always be up to UE implementation to resolve this during resource (re)selection.
All-in-all, it seems unnecessary for RAN1 to device yet another solution to enhance the LBT failure issue for a corner case. In our view, this is really an optimization issue that is not necessary and should not be discussed. RAN1 should focus on essential issues related to SL-U channel access procedures to complete the WI in time by September.
Proposal 28: It is unnecessary for RAN1 to develop yet another solution (e.g., based on changing the T1 definition for the RSW) to resolve the intra-UE blocking issue in Type 1 LBT (a corner case), which will only happen when all following conditions are met.
· a resource is selected within shortfall slots between the end of T1 (beginning of RSW) and the maximum LBT sensing length, 
· the UE is required to perform Type 1 LBT sensing (no shared COT is available), and 
· the required LBT sensing time is longer than (selected slot – slot n).
3. Conclusion
Proposal 1: To directly reuse the 6-step of Type 1 channel access procedures from NR-U (specified in TS37.213) for the SL-U Type 1 SL channel access procedures.
Proposal 2: Type 2A channel access should be applied to PSFCH transmissions without a shared channel occupancy with the same time duration constrain as S-SSB.
Proposal 3: Further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure could be:
· For each of S-SSB and PSFCH transmission from a UE, the combined duration of S-SSB and PSFCH transmissions using Type 2A channel access out of shared COT should not exceed 2500us and the combined number of S-SSB and PSFCH transmissions using Type 2A channel access out of shared COT should not exceed 50 in an observation period of 50ms. 
· Otherwise, Type 1 channel access should be applied.
Proposal 4: The existing NR-U EDT procedures for uplink transmissions (Section 4.2.3 of TS37.213) is also reused as the baseline for all SL transmission channels and signals. And no further enhancement on the details for a particular channel or signal (including PSFCH and S-SSB). That is, the TA value should remain the same and the UE uses PC,MAX in determining the default maximum EDT when a (pre-)configured EDT is not provided.
Proposal 5: RAN1 should decide whether a parameter “ue-toUE-COT-SharingED-Threshold” still be supported for UE-to-UE COT sharing in SL-U.
· If this parameter is no longer needed, then “maxEnergyDetectionThreshold” should be also used for UE-to-UE COT sharing.
· If this parameter should still be supported, then “ue-toUE-COT-SharingED-Threshold” should be based on pre-configuration.
Proposal 6: It is worthwhile to clarify the following UE behaviors are supported in SL-U in regards to transmission gaps to avoid future confusion.
· A sidelink MCSt is defined as a set of single-slot transmissions from a UE without any gaps greater than 16μs. Transmissions from a UE separated by a gap of more than 16μs are considered as separate MCSt’s. A UE can transmit single-slot transmission(s) after a gap within a SL MCSt without sensing the corresponding channel(s) for availability.
· COT initiating UE (allowed stop-resume behaviors)
· As per agreed CAPC table for SL: 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.
· For a sidelink MCSt including a transmission pause, the following is applicable:
· If a UE is scheduled or autonomously selected to transmit a MCSt using one or more SL grant(s), and if the UE has stopped transmitting for one of SL transmissions in the MCSt and prior to the last SL transmission in the MCSt, and if the channel is sensed by the UE to be continuously idle after the UE has stopped transmitting, the UE may transmit a later SL transmission in the MCSt using Type 2A SL channel access procedures.
· COT sharing UE
· If a responding UE shares a channel occupancy initiated by a COT initiating UE using the channel access procedures described in clause x.x.x (SL Type 1 SL channel access procedure) on a channel, the responding UE may transmit a SL transmission that follows a SL transmission by the COT initiating UE after a gap as follows:
· If the gap is up to , the responding UE can transmit the SL transmission on the channel after performing Type 2C SL channel access as described in clause a.a.a.a.
· If the gap is at least  or , the responding UE can transmit the SL transmission on the channel after performing Type 2A or Type 2B SL channel access procedures as described in clause y.y.y.y and z.z.z.z, respectively.
· If the SL transmissions occur within the time interval starting at  and ending at , where
·  is the time instant when the COT initiating UE has started transmission on the carrier according to the channel access procedure described in clause x.x.x (SL Type 1 SL channel access procedure),
· ,
·  value is determined by the COT initiating UE as described in clause x.x.x (SL Type 1 SL channel access procedure),
·  is the total duration of all gaps of duration greater than  that occur between the SL transmissions of the COT initiating UE and SL transmissions of the responding UE, and between any two SL transmissions of the responding UE starting from .
Proposal 7: RAN1 does not pursue further update for the definition of SL reference duration.
Proposal 8: For CW adjustment based on the HARQ-ACK feedbacks corresponding to a PSSCH with groupcast option 2 in the SL reference duration,  
· The ratio of received SL HARQ-ACK feedbacks refers to the ratio of received ACK, and it is the number of actually received ACK(s) divided by the number of HARQ feedbacks which are expected to be received by TX UE.
· For every priority class , if the ratio of received ACK is larger or equal than the (pre-)configured ratio, UE sets the contention window size to the minimum allowed value, otherwise the contention window is adjusted to the next higher allowed value.
Proposal 9: Increase  for every priority class  to the next higher allowed value when HARQ-ACK feedback is not available after the last update of contention window.
Proposal 10: If a UE performs SL transmission using Type 1 channel access procedures on a channel and the SL transmission is not associated with explicit HARQ-ACK feedback or associated with NACK-only based feedback,
· For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures.
Proposal 11: UE will maintain the contention window size when each transmission in a MCSt to be transmitted by the UE is not associated with explicit HARQ-ACK feedback or associated with NACK-only based feedback. Otherwise, UE will try to adjust the contention window based on a SL reference duration.
Proposal 12: Information relating to an initiated COT can only be shared by the COT initiator UE who has successfully completed Type 1 SL channel access procedure; A responding UE forwarding/relaying information about a COT initiated by another UE is not allowed in SL-U.
Proposal 13: For UE-to-UE COT sharing:
· Time domain information in COT-SI: 
· explicit indication of the remaining COT duration (absolute time in ms or number of physical slots) and starting offset
· Frequency domain information in COT-SI:
· Implicit indication of applicable RB set(s) based on derivation from FRIV information and RB set index (if supported in SL-U PHY structure agenda)
· Additional IDs should be included in COT-SI to maximize the applicability of a shared channel occupancy to other unicast/broadcast/groupcast IDs, since SL resource allocation (re-selection) mechanism is not based on a shared COT.
· This can be optionally included in the COT-SI by the initiating UE.
· The additional IDs for unicast/broadcast/groupcast to be included must be a communication session/service that the COT initiating UE belongs to (i.e., provided by UE higher layer).
· FFS maximum number of additional IDs that can be included in a COT-SI.
· FFS whether the destination ID is sufficient to identify a unicast session to reduce payload size (instead of a pair of source and destination IDs)
· Only when the RB sets correspond to the SL transmission of the responding UE is a subset of the RB sets of the COT initiating UE’s transmission, the responding UE can use the shared COT; otherwise, not.
· In case of PSFCH, a responding UE is allowed to transmit PSFCH(s) to UE(s) other than the initiator when none 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.
Proposal 14: Mode 1 UE reporting a COT or related information to gNB is not supported in Rel-18.
Proposal 15: A CPE window can be defined as:
· In 15kHz SCS, the beginning of the CPE window 1 symbol before the next AGC symbol of the intended SL transmission (max CPE length = 1 symbol);
· In 30kHz and 60kHz SCS, the beginning of the CPE window 2 symbols before the next AGC symbol of the intended SL transmission (max CPE length = 2 symbols);
· The ending of the CPE window in all SCS is just before the next AGC symbol (min CPE length is zero);
Proposal 16: To determine a CPE starting position for a SL TX UE, one of the following approaches could be adopted.
1. A set of CPE starting positions within the CPE window is (pre-)configured according to different LBT sensing requirement (e.g., 16µs, 25µs, 43µs, …) and one of which is assigned as the default CPE starting position.
· When at least one existing reservation is detected for the slot of the intended PSCCH/PSSCH transmission, SL TX UE transmits CPE from the default CPE starting position.
· Otherwise, a CPE starting position is selected base on UE’s priority and LBT sensing requirement.
2. Only a default CPE starting position is (pre-)configured within the CPE window.
· When at least one existing reservation is detected for the slot of the intended PSCCH/PSSCH transmission, SL TX UE transmits CPE from the default CPE starting position.
· Otherwise, the SL TX UE transmits its CPE as soon as it has completed its LBT sensing requirement (e.g., 25µs, 43µs, 52µs) for Type 1 or one of Type 2 LBTs.
3. In SL Mode 1, multiple CPE starting positions are configured within the CPE window and the gNB indicates which one of the configured positions to be used by the UE. In SL Mode 2, a single default CPE starting position can be (pre-)configured within the CPE window and all UEs use the same CPE starting position to achieve FDM transmissions among different UEs.
Proposal 17: When multiple CPE starting candidate positions are (pre-)configured for PSCCH/PSSCH transmission, for the cases of initiating a COT with partial RB and full RB set set resource allocation, the UE selects a (pre-)configured CPE starting position as long as one resource reservation is detected or transmitted in the slot intended for the SL transmission.
· This behavior should not be dependent on EDT used in LBT and/or measured SL-RSRP associated with the existing reservation;
· The use of reservation information is conditioned on the existence of other technologies (e.g., NR-U).
Proposal 18: For both cases of full RB set and partial RB set resource allocations, 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 when no prior resource reservation is detected or transmitted for the intended SL transmission slot.
· The UE can use only the selected CPE starting position for its LBT procedure. If the LBT procedure fails, it must start a new Type 1 LBT for a later SL transmission occasion.
Proposal 19: For S-SSB transmissions on multiple channels (if agreed in the PHY structure agenda), NR-U DL Type A multi-channel access procedure should be used as the baseline. It is not necessary to support the Type B DL multi-channel access procedure from NR-U.
Proposal 20: For both PSFCH and S-SSB transmissions on multiple unlicensed channels (RB sets), it should be up to UE implementation to perform either Type A or Type B multi-channel access procedure.
Proposal 21: when Type A or Type B multi-channel access procedure is performed, a channel occupancy is initiated for the channel(s) in which Type 1 channel access procedure is applied and the COT can be shared with others.
Proposal 22: For the study and future work on MCSt, slot-based MCSt for the same TB and different TBs can be considered.
Proposal 23: In Rel-18 SL-U, an information field can be included in SCI to indicate the length or the remaining slots in the MCSt group of consecutive slots.
Proposal 24: In Rel-18 SL-U, for multi-consecutive slots transmission (MCSt), the frequency starting positions in all the consecutive slots of a MCSt group can be the same for simplicity.
Observation 1: For the approaches of resource allocation in MCSt proposed during RAN1#112bis-e,
· Approach 1 has the minimum specification impact while the contiguous transmissions in MCSt cannot be guaranteed.
· Approach 2 has a slightly more specification impact and can guarantee the contiguous transmissions in MCSt at least for a single TB.
· Approach 3 has a significant specification impact and can guarantee the contiguous transmissions in MCSt for both single TB and multiple TBs.
Proposal 25: Adopt approach 2 from the agreement for resource allocation of MCSt in RAN1#112bis-e.
· Approach 1 can be a compromised solution with the minimum specification impact.
Proposal 26: There is no need to update the calculation of SL RSRP for the new defined multi-slots candidate resource.
Proposal 27: To resolve the Type 1 LBT in inter-UE blocking issue, only Option X (no solution is needed) should be adopted.
Proposal 28: It is unnecessary for RAN1 to develop yet another solution (e.g., based on changing the T1 definition for the RSW) to resolve the intra-UE blocking issue in Type 1 LBT (a corner case), which will only happen when all following conditions are met.
· a resource is selected within shortfall slots between the end of T1 (beginning of RSW) and the maximum LBT sensing length, 
· the UE is required to perform Type 1 LBT sensing (no shared COT is available), and 
· the required LBT sensing time is longer than (selected slot – slot n).
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