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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
The revised WID for NR sidelink evolution has been approved in RAN#94e [1]. The channel access mechanisms and the physical channel design framework for sidelink on unlicensed spectrum were agreed for further investigation:
	1. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this contribution, we discuss the channel access mechanisms for sidelink on unlicensed spectrum.
2. LBE
[bookmark: _Ref47611271][bookmark: _Ref47611245]Load based Equipment (LBE) is a very flexible scheme that enable devices to access the channel fairly with different priorities and different MCOTs. It is widely adopted in many regions in sub-7GHz as channel access mechanism. LBE performs LBT with backoff mechanism, i.e., Type 1 channel access procedure. Device can transmit whenever the channel is sensed as idle. When the channel is sensed as busy during the LBT procedure, device can continuously perform CCA until the selected backoff counter reaches zero. LBE has no fixed frame structure. The channel occupancy time depends on the channel access priority class. In the following sections, the remaining details of LBE when operating in SL-U are discussed.
2.1. [bookmark: _Ref110849550]LBT procedure 
	109 Agreement
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.
110 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 16 μs

· CW adjustment
· NR-U DL CW adjustment mechanism is used as the baseline for SL-U when SL-HARQ feedback is enabled in SCI for unicast 
· FFS any necessary update for SL-U operation
· FFS: how to determine CW size when SL-HARQ feedback is disabled in SCI
· FFS the case of groupcast option 1 (NACK-only) and groupcast option 2

110bis Agreement
· Type 1 SL channel access procedure is applicable to the following transmissions by a UE:
· PSSCH/PSCCH transmission(s) scheduled or configured by a gNB in SL Mode 1 resource allocation.
· PSSCH/PSCCH transmission(s) from the UE in SL Mode 2 resource allocation.
· Other SL transmissions including S-SSB and PSFCH transmissions from a UE
· FFS: how to set CAPC for S-SSB and PSFCH
· Note: Type 1 can be used to initiate a COT
· A UE uses a channel access priority class applicable to the sidelink user plane data multiplexed in PSSCH for performing the Type 1 channel access procedures to transmit transmission(s) including PSSCH with user plane data and its associated PSCCH.
· Note: how to set CAPC for MAC CE multiplexed in PSSCH is up to RAN2
· A UE shall not transmit on a channel for a Channel Occupancy Time that exceeds the maximum COT duration where the channel access procedures are performed based on a channel access priority class p associated with the UE transmissions, as given in CAPC table for SL.

110bis Agreement
· RAN1 is to study the definition of a “SL reference duration” following the NR-U principle and RAN1 is to agree on the definition before down-selection to an option for CW adjustment for SL HARQ-ACK feedback enabled/disabled and each cast type
· In Type 1 SL channel access procedure, further study the following cases and options. Other options are not precluded. 
· CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled):
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 2: CW is adjusted according to number blind retransmissions of the TBs within a COT.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 4: If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Option 5: If a collision indicator is received, increase  for every priority class  to the next higher allowed value.
· CW adjustment for groupcast option 2 with SL-HARQ feedback enabled (i.e., at least In case only groupcast option 2 PSSCH(s) is (are) transmitted within the latest SL reference duration): 
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks in the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value. 
· FFS: whether the ratio of the received SL HARQ-ACK feedbacks is ‘ACK’, ‘NACK’ or ‘ACK+NACK’
· FFS: how to calculate the ratio
· FFS: the (pre-)configuration ratio values
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  ; otherwise is increased.
· FFS whether groupcast option 1 (NACK-only) with SL-HARQ feedback enabled can be supported for SL-U. If supported, further study the following options (at least if all transmissions within the latest SL reference duration are groupcast option 1 transmissions)
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 2: 
· If ‘NACK’ or a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration, increase  for every priority class  to the next higher allowed value.
· When neither ‘NACK’ nor a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration,
· Option A:  is reset to  for every priority class .
· Option B: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
· Option 3: An ACK-only procedure is used instead of a NACK-only procedure. In this case, if at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  , otherwise is increased
· Option 4: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 5 (option 3+legacy): ACK feedback is performed when a TB is successfully decoded in addition to the legacy NACK-only procedure. In this case, if ACK only is received related to any transmissions within the latest SL reference duration then ,  otherwise  is increased.
· CW adjustment for unicast with SL-HARQ feedback enabled (at least In case only unicast PSSCH(s) is (are) transmitted within the latest SL reference duration):
· Option 2: If at least one ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class   ; otherwise is increased.
· FFS the case when UE is operating with different SL-HARQ feedback schemes (e.g., UE has concurrent broadcast transmission + unicast with SL-HARQ enabled, or GC option 1 + GC option 2, etc in the SL reference duration).



When Type 1 channel access is applied to S-SSB or PSFCH, p=1 can be used for the following two reasons. Firstly, S-SSB can be considered as important as the SSB in NRU. Therefore, it is reasonable to transmit S-SSB with the highest channel access priority class. Secondly, the PSFCH is similar as the PUCCH-only transmission in NRU, where p=1 is applied. Thus, it is natural to use the same priority class for PSFCH transmission. Further, to enhance channel access probability for important signaling with limited transmission time, Type 2A channel access procedure can be considered. For example, for PSFCH transmission, which contains only one bit HARQ feedback information and with only 2 symbols, Type 2A channel access can be considered to enhance the channel access possibility. Similarly, for S-SSB transmission, Type 2A may also be considered to enhance the channel access possibility. 
As agreed in RAN1#110 meeting, Type 2A/2B/2C channel access can be considered when sharing a COT from another UE for transmission. When the gap between the SL transmission from responding UE and that from the COT initiating UE is 16 us, both Type 2B and Type 2C channel access can be applied. The choosing of the channel access type depends on the SL transmission duration of the responding UE. If the SL transmission duration is larger than 584us, Type 2B channel access must be applied. If the SL transmission duration is less than or equal to 584us, Type 2C or Type 2B channel access can be applied.
[bookmark: _Ref102151235][bookmark: _Ref102151237]Proposal 1: p = 1 can be used for S-SSB transmission and PSFCH transmission.
Proposal 2: UL CAPC can be considered as baseline for SL transmission. The mapping between the sidelink priority and CAPC can be defined by RAN2.
[bookmark: _Ref111233493]Proposal 3: Support Type 2A channel access for PSFCH transmission and S-SSB transmission.
[bookmark: _Ref102151238][bookmark: _Ref115467245]Proposal 4: The UE chooses to apply Type 2B or Type 2C channel access depending on the SL transmission duration.
For Type 1 channel access, the CWS should be adjusted according to the feedback of the transmissions in a reference duration. 
In RAN1#110bis meeting, various CWS adjustment methods regarding different transmissions within the reference duration have been extensively discussed. However, the very fundamental term has not defined yet, i.e., reference duration. The reference duration of SLU transmission can be defined in the similar way as that in NRU. More specifically, the reference duration corresponding to a channel occupancy initiated by the UE including transmission of PSSCH(s) is defined as a duration starting from the beginning of the channel occupancy until the end of the first slot where at least one PSSCH is transmitted over all the resources allocated for the PSSCH, or until the end of the first transmission burst by the UE that contains PSSCH(s) transmitted over all the resources allocated for the PSSCH, whichever occurs earlier. If the channel occupancy includes a PSSCH, but it does not include any PSSCH transmitted over all the resources allocated for that PSSCH, then, the duration of the first transmission burst by the UE within the channel occupancy that contains PSSCH(s) is the reference duration for CWS adjustment. 
However, in SLU, there are PSSCH transmissions without feedback or with special feedback that not considered in NRU, which may complicate the design of CWS adjustment. Nevertheless, it is possible to simplify the CWS adjustment procedure by enhancing the reference duration definition. The straightforward way is to only include the unicast PSSCH transmission with HARQ feedback enabled, or the groupcast transmission option 2. In this way, we can dramatically reduce the options to perform CWS adjustment. The other transmissions such as PSFCH and S-SSB, if they fall into the reference duration, cannot be used for CWS adjustment. 
[bookmark: _Ref118739329]Proposal 5:The definition of reference duration in NRU can be used as baseline for SLU, i.e., the reference duration starts from the COT and ends until the first slot where at least one PSSCH is transmitted or until the end of the first transmission burst.
[bookmark: _Ref118739333]Proposal 6: Study whether to simplify the definition of reference duration by including at least one unicast PSSCH transmission with HARQ feedback enabled or at least one groupcast transmission option 2 in the reference duration.
[bookmark: _Ref118739335]Proposal 7: The PSFCH or S-SSB within the reference duration cannot be used for CWS adjustment.
If the abovementioned enhancement on reference duration is not agreed, the CWS adjustment options should be further down selected. When all transmissions within the latest SL reference duration have SL-HARQ feedback disabled, it is preferable to retain the CWS, which is the option 1 from the agreement. Transmissions with SL-HARQ feedback disabled cannot be effectively used for CWS adjustment, and blind retransmission does not necessarily imply a transmission failure, therefore, it is better to retain the CWS. 
When all the transmissions within the latest SL reference duration include only groupcast option 2 PSSCH, option 1 from the agreement is preferred. UE can adjust the CWS based on a (pre-)configurable ratio of the received SL HARQ-ACK feedbacks in the latest SL reference duration. The ratio can be defined as the ratio of received ACK to all received feedbacks, and the threshold of the ratio can be (pre-)configured. 
Groupcast option 1 should also be supported for SLU, which is not fundamentally different from other SL transmissions except for the feedback. When all the transmissions within the latest SL reference duration include only groupcast option 1 PSSCH, since NACK-only feedback cannot reflect the actual reception state of all Rx UEs, it cannot be used to determine the CWS. Therefore, it is better to use the latest CWp, i.e., the option 1 from the agreement.
[bookmark: _Ref111218980]When the reference duration includes different cast types of transmissions, UE can determine the CWS based on the effectiveness of the feedback. For example, the effectiveness of the feedback for SL transmissions can be ordered as: unicast PSSCH with SL-HARQ feedback enabled > groupcast option 2 PSSCH > groupcast option 1 PSSCH > PSSCH with SL-HARQ feedback disabled. If the reference duration includes more than one type of the SL transmission, UE always uses the SL transmission with feedback of the highest effectiveness to adjust the CWS.
[bookmark: _Ref115467254]Proposal 8: When all the transmissions within the reference duration are PSSCH with HARQ feedback disabled or PSSCH of groupcast option 1, UE uses the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
Proposal 9: When all the transmissions within the reference duration are groupcast option 2, UE adjusts the CWS based on the ratio of the received ACK to all the received feedbacks.
Proposal 10: When the transmissions within the reference duration includes different cast types, UE adjusts the CWS based on the transmission with feedback enabled, where the unicast has the highest priority and groupcast option1 has the lowest priority
2.2. [bookmark: _Ref111130900]LBT procedure for mode 2 resource allocation
	109 Agreement
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2


In RAN1#109e e-meeting, it has been agreed that existing SL mode 2 resource allocation are supported as baseline for sidelink operation in a shared carrier, and the enhancements due to shared spectrum channel access should be further studied. In order to reuse the existing resource allocation scheme and reduce the workload as much as possible, it is better to perform mode 2 resource selection firstly, and then to complete the LBT procedure before the SL transmission. 
[bookmark: _Ref111217487]Proposal 11: The SL UE performs mode 2 resource selection firstly, and then complete the LBT procedure before the SL transmission.
By this way, the reserved resource can be used for SL transmission as in licensed band, when LBT succeeds. Nevertheless, it is possible that SL transmission cannot be performed in the reserved resource when LBT failure occurs before the transmission resource. Hence, the SL resource allocation should be enhanced considering the potential LBT failure. There are several reasons for which the LBT failure may occur, e.g.,
· a) There is no sufficient absolute time for the UE to finish the LBT procedure before the transmission resource.
· b) LBT sensing idle time requirements cannot be met due to busy channel detection, e.g., detect transmission of other SL UE(s).
· c) There is a time gap between the end of LBT procedure and the start of the SL transmission resource 
Discussion on reason a)
Regarding the insufficient LBT duration, the mode 2 resource selection can be enhanced to guarantee the time gap between slot n (where resource selection is triggered) and the slot of transmission resource, or between any two transmission resources, is larger than the minimal/remaining LBT duration for the UE, which can be determined based on, e.g., the value of the LBT counter. 
[bookmark: _Ref111217490]Proposal 12: The mode 2 resource selection should be enhanced to guarantee sufficient LBT duration before the SL transmission resource(s).
Discussion on Reason b)
Regarding the busy channel detection, UE detects channel busy if there are any other transmissions exceeding the energy detection threshold during the LBT duration, including other SL UEs that originally may be multiplexed in the channel with the transmitting UE, e.g., in FDM manner. Such issue is also called as inter-UE blocking. The inter-UE blocking issue severely reduces the probability for SL UE to access the channel using LBE, and consequently dramatically degrade the spectrum efficiency as well as NR SL performance. For example, as illustrated in Figure 1, when each SL transmission occupies only a part of the frequency resource, the inter-UE blocking issue may prevent the UEs to multiplex together. Consequently, if one UE is going to perform SL transmission, the UE has rare change to access the channel since it always detects channel busy. Another example is illustrated in Figure 2, when multiple PSCCH/PSSCH starting position is to be supported in Rel-18, the FDMed transmission starting from different starting symbols may block each other, i.e., a SL transmission in frequency resource #1&starting symbol#1 will block the SL transmission in frequency resource #2&starting symbol#2. 

[image: ]
[bookmark: _Ref102151624]Figure 1 inter-UE blocking
[image: ] 
[bookmark: _Ref118730956]Figure 2 inter-UE blocking when introducing multiple transmission starting point per slot 
To mitigate the inter-UE blocking issue between SL UEs, there would be multiple solutions as following:
· Alt.1: TDM transmissions for SL UEs, i.e., each SL transmission occupies the whole bandwidth. However, this approach requires a brand-new resource allocation mechanisms and physical layer structure designs for NR SL, and the resource efficiency may be reduced compared with FDMed transmissions.
· Alt.2: LBT mechanism is applied only to avoid transmission collision from other RAT/system(s), i.e., when SL UE detects another SL UE’s transmission in LBT procedure, the UE can still deem channel free.
Some preliminary evaluations are performed to show effectiveness of the above solution Alt.2 to address the inter UE blocking issue. In the simulation, SL UE deems LBT failure only if the UE detects WIFI transmission during the LBT duration. From Figure 1, it can be observed that, when Alt.2 is used (i.e., mode 2 with enhanced LBT), the performance of LBE based channel access increase significantly. 
 
Figure 3 System performance for enhanced LBT
[bookmark: _Ref102151245]Proposal 13: 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 in LBT procedure does not take into account the SL transmissions.
Discussion on reason c)
Similar as NR-U, it is assumed that UE implementation decides the start time of the LBT procedure and UE may hold on the LBT procedure when detecting a busy channel, thus the end of LBT procedure is not predictable by the UE, that is why there may be a gap between the end of LBT procedure and the start of the SL transmission resource. 
[bookmark: _Ref111217494]Proposal 14: UE implementation decides the start time of the LBT procedure and UE holds on the LBT procedure when detecting a busy channel.
When UE detects the gap between the end of LBT procedure and the start of the SL transmission resource, UE may either fill the gap by dummy transmission or delay the LBT procedure until the start of the transmission resource. Considering the resource efficiency, it is preferred to delay the LBT procedure, i.e., apply a 25us deferred LBT before the SL transmission resource, similarly as that in NR-U. Then, SL UE can still perform transmission on the resource if the deferred LBT succeed. However, the deferred LBT may fail as well, then UE has to hold on the TB transmission until next selected/reserved PSCCH/PSSCH.
[bookmark: _Ref111217495]Proposal 15: When UE detects the gap between the end of LBT procedure and the start of the SL transmission resource, the UE apply a 25us deferred LBT before the SL transmission resource.
To increase the TB transmission reliability, it can be assumed that the transmission resource is selected as early as possible to approach the end of the LBT procedure, so that if the deferred LBT failed, the UE has sufficient time to continue another LBT procedure to transmit the TB within its PDB.    
[bookmark: _Ref111217497]Proposal 16: For mode 2, the transmission resource should be selected as early as possible to approach the end of the LBT procedure.
2.3. LBT procedure for mode 1 resource allocation
	[bookmark: _Ref111217505]109 Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2
Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details


The first aspect that needs to be discussed is whether the LBT type as well as the priority class is indicated by the gNB or determined by the scheduled UE. In R16 SL, gNB has no information on the priority of data transmitted in the scheduled resources, and UE determines the data mapped on the resource based on the LCP configuration. Similarly, if it is up to the UE to select the data to transmit as well as the LBT mechanism to use in SL-U, the UE should at least ensure that the COT obtained after access is long enough to contain the scheduled resource. Further, in addition to the scheduled resources, the COT may contain additional time resources. It should be first clarified if these additional time resource can be used by the mode-1 UE for transmission or sharing with peer UE.
If this is not allowed, the consumed LBT effort and obtained transmission opportunity are somehow wasted. If it is allowed, it seems that this may be somehow not aligned with the behavior of traditional mode 1, as the UE uses resources not explicitly scheduled by the gNB. Further, in this case, the exact frequency resources used for transmission on the additional time occasions should be determined. The simplest way would be to use the same frequency resources as the ones being scheduled for further transmission or sharing.
[bookmark: _Ref111217498]Proposal 17: For mode-1 UE, LBT type for the scheduled resources/configured grant as well as the priority class is decided by UE.
[bookmark: _Ref111217500]Proposal 18: For mode-1 UE, if the obtained COT includes additional time resources other than the scheduled resources/configured grant, the UE is allowed to exploit these resources or to share them with its peer UE(s).
If there is strong interference in the vicinity of the scheduled UE, the UE may fail to access the scheduled resources. In order to increase the possibility of channel access, gNB may schedule a same set of resources for more than one UE. UEs with less severe interference have a higher possibility to access the resources, and they can share the obtained COT with other UEs in the group. 
[bookmark: _Ref111217501]Proposal 19: For mode-1 UE, gNB can indicate a set of resources to a group of UE by a group common DCI or RRC, UEs in the group can perform LBT for the scheduled resources/configured grant and possibly share the COT with other UEs if LBT succeeds.
A mode-1 UE can only access the scheduled resources and perform transmission successfully once LBT succeeds (i.e., the measured signal strength has been lower than the EDT for a certain period), so the UE is unlikely to suffer strong interference from other UEs when transmitting on the scheduled resources. If the UE reports a NACK after transmission, this is more likely due to a TX/RX cancellation, or PSSCH decoding failure of the peer UE. Thus, the UE can report the LBT result to help gNB to better understand the status of the SL scheduling. A straightforward approach is that if the LBT fails, a NACK is reported. However, a disadvantage of this approach is that gNB may misinterpret the NACK as an outcome of de-prioritization of PSSCH transmission/PSFCH reception, or PSSCH decoding failure of the peer UE, which then leads to inappropriate or ineffective retransmission scheduling. Moreover, when the NACK-only based HARQ-ACK scheme is used, if the peer UE fails to access the PSFCH, according to the existing spec, the scheduled UE will report ACK as no PSFCH is detected. 
An alternative solution is to indicate LBT result and SL HARQ-ACK separately. For example, a dedicated resource or separate codebook is used for LBT result indication in addition to SL HARQ-ACK reporting. This also helps the gNB to determine exactly how many times a TB has been sent so as not to exceed the maximum number of (re)transmissions maintained by the gNB for DG or configured for CG to UE.
In addition to LBT results, COT-related information can also be reported to gNB. Due to the uncertainty of LBT and that LBT type and CAPC are determined by UE itself, gNB does not know where the COT starts/ends. With the COT information from UE, gNB can schedule other UE dynamically to share the COT, thus save LBT effort.
[bookmark: _Ref115467318]Proposal 20: For mode-1 UE, separate reporting of LBT results/COT information and HARQ-ACK for the scheduled resources are supported.
In R16, the time location of PUCCH for SL HARQ-ACK is determined based on the PSFCH corresponding to the last scheduled resource by a SL DCI. In R18, due to the uncertainty of channel access, multiple PSFCH candidates should be supported for a PSSCH/PSCCH transmission as discussed in [2]. The time location of UL resources for reporting can be determined in the following two ways:
Option1. For each PSFCH candidate, there is one candidate UL resource. The candidate UL resource associated with the successfully accessed PSFCH candidate, or the last PSFCH candidate if all LBT fails, is used for reporting.
Option2. There is one UL resource for reporting, and its time location is derived from the last PSFCH candidate.  
[bookmark: _Ref115467320]Proposal 21: For a mode-1 grant, the time location of the corresponding UL resource for SL HARQ-ACK or LBT results/COT information reporting is determined based on one of the following options:
- Option1. For each PSFCH candidate, there is one associated candidate UL resource. The candidate UL resource associated with the successfully accessed PSFCH candidate, or the candidate UL resource associated with the last PSFCH candidate if all LBT fails, is used for reporting.
- Option2. There is one UL resource for reporting, and its time location is derived from the last PSFCH candidate.
2.4. COT sharing mechanism 
	109 Agreement
· 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
110 Agreement
· For UE-to-UE COT sharing, continue considering the following alternatives:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS any additional conditions
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS how to determine a SL UE is a target receiver
· FFS: details of the channel type of the COT initiating UE’s transmission
· FFS any additional conditions
· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).
· FFS: details of the channel type of the responding UE’s transmission(s)
· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18
· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA



The UE-to-UE COT sharing mechanism should comply with the regulation rule, i.e., the LBT type of the responding UE depends on the gap between the transmission from the initiating UE and the transmission from the responding UE. Two alternatives regarding which transmissions are allowed to share the COT. Alt 1 prefers to only share the COT to the UE which is the target receiver of the PSSCH of the COT initiating UE, while Alt 2 allows to share the COT to the UE which is the target receiver of any transmission of the COT initiating UE. In our view, both alternatives comply with the regulation, where Alt 1 is a more restrict one by limiting the transmission to be PSSCH. The COT sharing with Alt 1 is less efficient than that with Alt 2 since only limited UEs can share the COT. Therefore, Alt 2 is preferred. All the UEs receiving the SCI and sending transmission to the COT initiating UE can be considered as the responding UE, where the transmission including any SL transmission that can be received by the COT initiating UE, e.g., PSFCH, PSCCH, PSSCH, etc. The channel access type within the COT can be determined by responding UE based on the gap between the transmission from the COT initiating UE and its own transmission. 

According to the regulation, an initiating device is allowed to grant an authorization to one or more associated responding devices to transmit on the current Operating Channel within the current COT. In SL transmission, the SCI can and should be received by all the surrounding SL UEs at least for resource selection, thus it can be considered as a grant to authorize the sharing of the COT by Tx UE. In other words, all the other SL UE receiving the SCI should be allowed to transmit to the Tx UE in the Tx UE-initiated COT, i.e., to share the COT. Besides, since in SL, the initiating device and responding device are all UEs with similar level of transmit power, there is no need to further enhance the UE-to-UE COT sharing ED threshold as that in NRU UE-to-gNB COT sharing case (i.e., sharing a COT to another node having higher transmit power). If very low power UE is considered, the typical scenario is that the very low power UE shares the COT of another very low power UE or the COT of a standard power UE. In other words, sharing a COT to another node having higher transmit power is not supported. Thus, the EDT adjustment is still unnecessary.
[bookmark: _Ref102151240]Proposal 22: The UEs receiving either the PSSCH data or other control signaling (such as SCI, etc.) from the initiating UE’s can be the responding UE.
[bookmark: _Ref115467367]Proposal 23: The channel access type within the shared COT is determined by the responding UE based on the gap between transmissions of the COT initiating UE and responding UE.
[bookmark: _Ref111217512]Proposal 24: No enhancement on the UE-to-UE ED threshold is needed.
As we mentioned in section 2.2, the LBT procedure should be completed after the mode 2 resource selection. However, when the Rx UE shares a COT initiated by the Tx UE, it may not have selected resources in the shared COT.  Thus, the shared COT may be wasted owing to no selected resources for transmission. In order to fully and quickly use the shared COT, the enhancement of resource selection in shared COT needs further study.
[bookmark: _Ref111217514]Proposal 25: The enhancement of resource selection mechanism in shared COT needs further study.
Specifically, for S-SSB transmission, it is worth noting that since Rel-16, UEs with the same synchronization reference share the same synchronization resource(s) for S-SSB transmission or reception. Therefore, when UE1 fails to access on a synchronization resource for S-SSB transmission but detects an S-SSB from another UE using the same synchronization source during the LBT procedure, UE1 can share this “S-SSB COT” (initialized by other SL UEs having the same synchronization source) to transmit S-SSBs on subsequent SSB candidates that are right next to the detected S-SSB.
[bookmark: _Ref115467390]Proposal 26: When a UE is intended to transmit S-SSB, it can directly transmit S-SSBs on subsequent SSB candidates after detecting a S-SSB from another UE with the same synchronization reference.
2.5. [bookmark: _Hlk115257806][bookmark: _Ref102150311]Multi-consecutive slots transmission
Mode 2 resource allocation enhancement for the multi-consecutive slot transmission (MCSt) has been discussed in last RAN1 meeting, and the following agreements have been reached. In this section, the mode 2 enhancement will be further discussed.
	RAN1 110b-e Agreement
On the support of MCSt operation in SL-U, following options are to be further studied and one or more of the following options will be selected in future meetings.
· When L1 is triggered for reporting a subset of candidate resources for MCSt,
· [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1
· Note, this is applicable for transmission of a single TB and multiple TBs
· FFS: whether this is the same or different than Rel-16
· Option 2: one or multiple sets of parameters (, remaining PDB,  and ) are provided for the resource selection procedure in L1
· FFS: any further information needs to be provided to L1 for MCSt
· [bookmark: OLE_LINK2]When L1 reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· FFS whether the set of single-slot resources within a candidate multi-slot resource can have different  sizes
· Option B: L1 reports candidate single-slot resources in (SA) as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots
· Option C: L1 reports consecutive single-slot candidate resources in SA
· FFS whether the consecutive single-slot candidate resources can have different  sizes
· FFS: any further information needs to be reported to MAC layer, provided to L1 or utilized for MCSt
· FFS: whether/how to consider the additional LBT time in SL resource allocation



Since Multi-consecutive slots transmission (MCSt) is supported for SL-U. Three alternatives can be considered for the TB mapping on multi-consecutive slots.
· Alt 1: one TB processing over multiple slots
· Alt 2: one TB repetition over multiple slots
· Alt 3: multi-TBs mapping over multiple slots
Alt 1 is generally beneficial for coverage enhancement in the poor coverage scenarios, which is not the typical scenario for SL operation. Meanwhile, it may lead to large specification impacts on the current physical channel structure. Thus, alt 1 is not preferred. Alt 2 and alt 3 are beneficial to increase the sidelink data rate and to improve the reliability of sidelink transmissions with less spec impact. Thus, alt 2 and alt 3 are preferred as the scenarios for the multi-consecutive slot transmission in SL-U.
[bookmark: _Ref118739372]Proposal 27: One TB repetition and multi-TBs mapping over multiple slots are preferred for the scenarios of the multi-consecutive slot transmission in SL-U.
For the resource selection for MCSt, the PHY layer aspects have been discussed, including resource selection parameters provided to PHY layer, and PHY layer procedure to determine the candidate resource for MCSt. 
Regarding the resource selection parameters provided to PHY layer, it was discussed that, when selecting resource for the MCSt, whether one set of transmission parameters or multiple sets of transmission parameters are provided to L1. In our view, if there are multiple parameters provided to L1, the resource exclusion procedure would become complicated, such as how to determine the candidate resource related to multiple  values, or how to determine the RSRP threshold values according to multiple priority values. On the other hand, the main motivation of providing multiple set of parameters is to transmit TBs with different QoS requirements in different slots of the MCSt. But it can also be achieved by triggering multiple selection procedures from L2. Thus, it is preferred to support option 1, i.e., only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1.
[bookmark: _Ref118739373]Proposal 28: When L1 is triggered for reporting a subset of candidate resources for MCSt,only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1.
Regarding the PHY layer resource selection procedure, three options have been proposed, i.e., option A, option B and option C. 
For option A, the reported candidate multi-slot resource can be generated by the following options:
· Option A-1: Firstly, determine the candidate single-slot resource set according to the legacy procedure, then determine the candidate multi-slot resource. Noted that it is possible to select a slot with severe interference (i.e., not a ‘good slot’ in the SA according to the candidate single-slot resource selection procedure) to form a candidate multi-slot resource, in order to ensure at least a number of candidate multi-slot resources are reported. 
· Option A-2: Determine the candidate multi-slot resources by applying the Rel-16 resource exclusion procedure on every N consecutive slot. More specifically, the resource exclusion procedure can be updated by extending the granularity of single-slot to N consecutive slot:
1 A candidate multi-slot resource is defined as any set of  contiguous sub-channels included in the corresponding resource pool with any set of N consecutive slots within the time interval [𝑛+𝑇1, 𝑛+𝑇2].
2 Perform the RSRP measurement for these candidate multi-slot resources, the average RSRP can be achieved to be compared with the threshold.
3 When the number of the remaining multi-slot resources satisfies requirement of the proportion of the total candidate multi-slot resources, end the procedure.
Option B and Option C have less spec impact, as the current RSRP measurement and resource selection procedure in PHY layer is mostly reused. However, Option B would be problematic in some case. For example, for Option B, there may not be any consecutive slots at all in (SA) as in Rel-16, leading to invalid report to L2. While option C would guarantee a number of candidate consecutive single-slot resources for multi-slot resource selection in L2. Option A-1 and A-2 require to modify the existing candidate resource selection mechanism, leading to more spec impacts, so as to guarantee that at least a suitable number of candidate consecutive slots is reported. Noted that the interference level would be quite diverse among slots of the multi-slot resource reported by Option A-1 or Option A-2. 
Some preliminary simulations were performed to evaluate the performance between these options. Case 1 assumes N is flexible and the single-slot resource within any candidate multi-slot resource are included in the candidate single-slot resource set (SA) as in Rel-16 (Option C). Case 2 assumes the physical layer reports multi-slot resources to the higher layer, where the N is fixed (Option A-1). Case 3 assumes the physical layer determine the candidate multi-slot resources by updated resource exclusion procedure (Option A-2). As shown in Figure 4, Case 1 and Case 2, Case 3 all have performance gain compared with single-slot case. Moreover, Case 1 has better performance than Case 2 and Case 3 owing to the less interference and lower retransmission latency.
[bookmark: _Ref118739482]Observation 1: The mode 2 enhancements for multi-slot transmission resource selection (either on PHY layer or MAC layer) improve the UPT performance compared with that of the legacy mode 2 resource selection. 
[bookmark: _Ref118739377]Proposal 29: When L1 reports a subset of candidate resources for MCSt, the physical layer reports consecutive single-slot candidate resources to the higher layer.
[bookmark: _Ref118739380]Proposal 30: Additional ending loop condition in resource selection step 7) is required to ensure consecutive single-slot resources reported to higher layer.

[bookmark: _Ref118742584]Figure 4 System performance for multi-slot transmission
2.6. [bookmark: _Ref102150314]Flexible channel access timing 
	Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH


In order to increase the chance for SL UE to get the transmission opportunities, more frequent channel access instants are beneficial for the SL system. One approach to achieve such purpose is to introduce multiple starting symbols for SL transmission, e.g., SL mini-slot, then SL UE can start transmission at any of the starting symbols. 
According to the working assumption in RAN1#110bis-e e-meeting, up to two candidate starting symbols within a slot can be used for a PSCCH/PSSCH transmission. The simulation results in Figure 7 shows that introducing two starting symbols per slot can improve the throughput by 11% already. Therefore, the working assumption to support maximum 2 candidate starting symbols within a slot should be confirmed, and larger number of candidate starting symbols is not needed.
 
Figure 5 System performance for mini-slot transmission
[bookmark: _Ref118739382]Proposal 31: Confirm the working assumption to support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
Although one more PSCCH/PSSCH transmission occasion is introduced per slot, resource allocation procedure is not expected to be performed independently for the transmission starting from the 2nd starting symbol. To minimize the specification effort, a unified slot-based resource allocation procedure (e.g., mode 2) should be reused regardless of whether the PSCCH/PSSCH transmission starts from the 1st or 2nd starting symbol within a slot.
[bookmark: _Ref118739383]Proposal 32: The existing mode-2 resource allocation mechanism is used regardless of whether the PSCCH/PSSCH transmission starts from the 1st or 2nd starting symbol within a slot.
[bookmark: _GoBack]In mode 2 resource selection procedure, the sensing-based resource exclusion is based on decoding of PSCCH. Such principle can still be applied for the PSCCH transmitting from the 2nd starting symbol. When the PSCCH transmitted from the 2nd starting symbol is decoded by the UE, the associated resource reservation information can be also used in the mode 2 procedure. However, if UE is mandated to decode PSCCH transmitted from the 2nd starting symbol, the implementation complexity for PSCCH decoding will be doubled compared with Rel-16 UE. To maintain a reasonable UE complexity, it is preferred that the decoding of 2nd PSCCH in a slot is not mandatory for all the UEs.  
[bookmark: _Ref118739385]Proposal 33: Information decoded from the PSCCH transmitted from the 2nd starting symbol is used for resource selection procedure. 
[bookmark: _Ref118739386]Proposal 34: Decoding of PSCCH transmitted from the 2nd starting symbol of a slot is not mandatory for all the UEs.
2.7. CPE 
In RAN1#110bis-e e-meeting, it was discussed whether/how to support a single CPE starting position or multiple CPE starting positions. 
Single CPE starting position
In our view, at least the single CPE starting position should be supported, which can be used to fill the gap(s) between slots to formulate consecutive transmissions in a COT. For example, the gaps between PSSCH or gaps between PSSCH and PSFCH from the same SL UE can be filled to meet the transmission burst requirement as shown in Figure 6. Another example is that the gap between PSSCH transmission of COT sharing UE and PSSCH transmission of the shared COT UE can be filled with CPE as well. 
The gap between two neighboring transmissions can be filled with CPE as in NRU, and it should be ensured that the remaining gap between the CPE and the prior transmission is less than or equal to 16 us, and the CPE ends until ACG symbol of the later transmission, so that the neighboring transmissions can be treated as a transmission burst and be sent without additional LBT for the later SL transmissions.


[bookmark: _Ref118742633]Figure 6 Continuous transmission
[bookmark: _Ref118739389]Proposal 35: At least support single CPE starting position, to fill the gap(s) between the consecutive SL transmissions in the same COT. 
[bookmark: _Ref118739391]Proposal 36: A single CPE starts within 16us after the prior transmission, and ends until the ACG symbol of a following transmission. 
Multiple CPE starting positions
Regarding the multiple CPE starting positions, it was discussed that the use of different transmission starting points is beneficial for collision avoidance, i.e., if two UE selects overlapped resources, UE selecting the earlier CPE starting point can block the other one to avoid resource collision. Although mode 2 resource selection procedure can also avoid resource collision, but for initial transmission of two UE or for the resource selection in high congestion scenario, resource collision may also occur. Hence, use of multiple CPE starting positions can complement mode 2 procedure in the sense of resource collision avoidance. 
[bookmark: _Ref118739484]Observation 2: Use of multiple CPE starting position is beneficial for resource collision avoidance.
For the selection of CPE starting position from the multiple positions, random selection or selection of CPE based on transmission priority have been discussed. However, the use of CPE is not only for resource collision avoidance, some special rule should be applied upon the above rules, e.g., for the purpose of gap filling for multi-consecutive slots transmission or for COT sharing, the CPE with earliest starting position can always be used to make the remaining gap after filling the CPE to be less than 16us.
[bookmark: _Ref118739396]Proposal 37: if multiple CPE starting position is supported, a transmission CPE should be able to be selected to fill the gap for multi-consecutive slots transmission or for COT sharing purpose. 
Flexible transmission starting positions
When CPE is used, there would be multiple starting positions for SL transmission, e.g., if single CPE starting position is used, there may be two starting positions for SL transmission (i.e., SL transmission with CPE or without CPE). Use of the flexible starting positions in the RB set with TDMed transmissions seems straightforward. However, if there are FDMed/SDMed transmissions in a given RB set, use of flexible starting positions may suffer from inter-UE blocking issue, i.e., the UEs with earlier starting position will block the later transmissions. 
[bookmark: _Ref118739487]Observation 3: Flexible transmission starting position can be easily used if only TDMed transmission is assumed for an RB set. However, it would suffer from the inter-UE blocking issue in an RB set allowing FDMed/SDMed transmission.
For PSCCH/PSSCH transmissions in an RB set where only TDMed transmissions are allowed, it be can assumed that UE can select a starting position from the multiple candidate starting positions, based on the rule to apply single/multiple CPE starting position(s).
[bookmark: _Ref118739398]Proposal 38: Flexible starting position is allowed for PSCCH/PSSCH transmissions in an RB set where only TDMed PSCCH/PSSCH transmissions are allowed.
For PSCCH/PSSCH transmissions in an RB set where FDMed transmissions are allowed (i.e., RB set with multiple sub-channels), the following options can be considered to avoid inter-UE blocking.
· Option 1: CPE is disabled for the RB set.
· Option 2: Applying a fixed CPE starting position, e.g., a single CPE is assumed for the necessary transmissions on the RB set. 
· Option 3: Flexible starting positions can be used, when a UE does not detect any FDMed PSCCH/PSSCH transmission based on SCI decoding; otherwise, the starting position is fixed.
· Option 4: Flexible starting positions can be used, when a UE uses full RB set transmission; otherwise, the starting position is fixed. 
Option 1 is the easiest method, but it loses all the benefits to use CPE. Option 2 is a balanced method, the UEs still have possibility to use CPE to fill the gap for consecutive transmission in a COT, but not for avoiding resource collision. Option 3 and Option 4 seems optimized solutions, however it should be noted that for a low priority transmission with flexible CPE, it will always block the high priority transmission with fixed starting position (e.g., transmission without CPE) as shown in Figure 7. Based on the analysis, at least option 2 should be supported, and whether/how to support option 3 or option 4 can be further studied considering transmission prioritization.


[bookmark: _Ref118384570]Figure 7 Inter-UE blocking
[bookmark: _Ref118739400]Proposal 39: At least fixed starting position is used for PSCCH/PSSCH transmissions in an RB set where FDMed PSCCH/PSSCH transmissions are allowed.
- FFS whether/how to support multiple PSCCH/PSSCH starting positions for the RB set. 
For PSFCH transmissions in an RB set, since SDMed PSFCH transmissions are usually assumed, to avoid inter-UE blocking, a single CPE starting position is recommended for all the PSFCH transmissions in an RB set. 
[bookmark: _Ref118739405]Proposal 40: Only a fixed starting position of CPE is used for all the PSFCH transmissions in an RB set.
3. FBE 
FBE based operation is suitable for controlled scenario, e.g., factory, game center, etc., especially where LBE equipment are absent. It has very short sensing time and fixed transmission starting position. The aligned Fixed Frame Periods (FFPs) among devices are beneficial to increase the spectrum efficiency by simultaneous transmissions from different devices. Considering that the applicable scenarios of FBE and LBE are different, FBE should also be supported besides LBE, which is already supported in NR-U. 
[bookmark: _Ref111217765]Observation 4: FBE based operation is suitable for controlled scenario, e.g., factory, game center, etc., and is beneficial to increase the spectrum efficiency.
Frame Based Equipment as shown in Figure 8 performs transmission/reception based on a frame structure that has a periodic timing with a periodicity equal to FFP, which is selected from {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms}. The FFP includes Observation Slot, Channel Occupancy Time, and Idle Period. The Observation Slot shall have a duration of not less than 9 μs. The Channel Occupancy Time shall not be greater than 95 % of the FFP and shall be followed by an Idle Period until the start of the next FFP such that the Idle Period is at least 5% of the Channel Occupancy Time, with a minimum of 100 μs. 


[bookmark: _Ref111209610]Figure 8 FBE frame structure
Support of FBE based operation by SL UE requires much less design and specification efforts than LBE, thanks to the basic frame structure design of SL. For the SL operation based on FFP, the SL transmission should start from the beginning of a FFP, and SL transmission is not permitted in the end of a FFP. To follow such restriction, it can be assumed that the FFP is aligned with SL slot, i.e., assuming 1ms FFP length and 1ms SL slot length, thus all the PSCCH/PSSCH transmissions will start from the beginning of FFP, and gap symbol of a slot can meet the 5% idle period requirement. By this way the existing SL structure can be directly reused without changes. Moreover, the existing mode-2 resource allocation procedure can also be easily reused with a one-shot CCA during the gap symbol for channel access. 
[bookmark: _Ref111217767]Observation 5: Support of FBE requires much less design and specification efforts than LBE, Rel-16 SL PHY structure/procedure and resource allocation mechanism can be maximumly reused.
[bookmark: _Ref111217549]Proposal 41: For FBE based SL operation, the FFP can be aligned with SL slot. 
The comparison between FBE and LBE is simulated, assuming that only one of the FBE and LBE operation is used by SL UE (in mode 2 with single slot resource allocation). Noted that other system (i.e., WiFi) is present in both cases in the simulation. From the simulation results in Figure 9, it can be observed that FBE has a 16% improvement in throughput compared to LBE.
 
[bookmark: _Ref111218927]Figure 9 System level performance comparison between FBE and LBE
[bookmark: _Ref111217777]Observation 6: FBE-based operation improves UPT by 10%, 18%, and 8%, respectively, compared to LBE-based operation for different BO load cases , assuming mode 2 with single slot resource allocation and WiFi is present.
[bookmark: _Ref111217550]Proposal 42: Support FBE based operations for SL transmission on unlicensed band.
4. Wideband operation 
In  RAN1 110bis e-meeting, the following agreement has been approved.
	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



	

[bookmark: _Ref111039116]Figure 10: The coexistence problem between different capability UEs


In SL unlicensed band, UE with different capabilities should be able to operate within the same resource pool. For example, in a typical commercial use case, a smartwatch should be able to communicate with the paired smartphone in the same unlicensed band. Noted that a watch is typically a power-limited UE supporting smaller bandwidth compared to a smartphone, i.e., only one RB set bandwidth (20MHz). When the smartphone indicates a wideband transmission with the SCI transmitted in the lowest RB set of PSSCH, the watch cannot receive the transmission if it locates in other RB sets. Furthermore, this may cause the resource collision problem because the watch cannot identify the resources reserved by the SCI in the other RB sets as Figure 10. To support this use case, the UE should transmit SCI in every allocated RB set, and avoid to reserve resources in RB set other than the RB sets of the receiver. Thus, power-limited UE can be aware of resources indicated by other UEs. 
[bookmark: _Ref115467188]Proposal 43: The design of wideband operation in SL-U should support direct communication between a UE operating in multiple RB sets and another UE can only operate in one or subset of the RB sets.
[bookmark: _Ref115467441]Proposal 44: The SL UE transmits SCI in every allocated RB set and avoid to reserve resources in RB set other than the RB sets of the receiver.
As discussed in [2], the PSFCH resource set should be configured set per RB set, and each PSFCH resource within the set is associated with a PSSCH sub-channel in the same RB set. Then UE can transmit or receive its PSFCH in the corresponding PSSCH RB set. 
If the UE intends to transmit multiple PSFCHs simultaneously, where the PSFCHs locate in more than one RB sets, whether the NRU UL or DL channel access to be used as baseline should be discussed. Since each PSFCH only carries one-bit HARQ-ACK information and multiple PSFCHs are in response to different TB from TX UEs, it seems more straightforward and reasonable to use DL channel access procedure, i.e., to perform LBT independently in each RB set for PSFCH. PSFCH should be transmitted in the subset of RB sets that the LBT operation succeeds, which can improve the feedback efficiency and system reliability.
[bookmark: _Ref118742392]Proposal 45: The DL channel access is used as the baseline for PSFCH transmission in the case of dynamic channel access mode with multi-channels.
In addition, with the restriction of bandwidth, power-limited UE can only receive and transmission synchronization signal in their supported RB set. Hence, to achieve synchronization among power-limited UE and other UEs, S-SSB should be transmitted in every supported RB set. Meanwhile, considering S-SSB is a fundamental feature for SL system, and can be independently transmitted in each RB set, the DL channel access should be used as the baseline for S-SSB transmission in the case of dynamic channel access mode with multi-channels. Otherwise the synchronization between UEs might be affected heavily.
[bookmark: _Ref118742394]Proposal 46: The DL channel access is used as the baseline for S-SSB transmission in the case of dynamic channel access mode with multi-channels.
5. Conclusion
This contribution focus on the channel access mechanisms for sidelink on unlicensed spectrum, and providing the following observations and proposals:
Observation 1: The mode 2 enhancements for multi-slot transmission resource selection (either on PHY layer or MAC layer) improve the UPT performance compared with that of the legacy mode 2 resource selection.
Observation 2: Use of multiple CPE starting position is beneficial for resource collision avoidance.
Observation 3: Flexible transmission starting position can be easily used if only TDMed transmission is assumed for an RB set. However, it would suffer from the inter-UE blocking issue in an RB set allowing FDMed/SDMed transmission.
Observation 4: FBE based operation is suitable for controlled scenario, e.g., factory, game center, etc., and is beneficial to increase the spectrum efficiency.
Observation 5: Support of FBE requires much less design and specification efforts than LBE, Rel-16 SL PHY structure/procedure and resource allocation mechanism can be maximumly reused.
Observation 6: FBE-based operation improves UPT by 10%, 18%, and 8%, respectively, compared to LBE-based operation for different BO load cases , assuming mode 2 with single slot resource allocation and WiFi is present.
Proposal 1: p = 1 can be used for S-SSB transmission and PSFCH transmission.
Proposal 2: UL CAPC can be considered as baseline for SL transmission. The mapping between the sidelink priority and CAPC can be defined by RAN2.
Proposal 3: Support Type 2A channel access for PSFCH transmission and S-SSB transmission.
Proposal 4: The UE chooses to apply Type 2B or Type 2C channel access depending on the SL transmission duration.
Proposal 5:The definition of reference duration in NRU can be used as baseline for SLU, i.e., the reference duration starts from the COT and ends until the first slot where at least one PSSCH is transmitted or until the end of the first transmission burst.
Proposal 6: Study whether to simplify the definition of reference duration by including at least one unicast PSSCH transmission with HARQ feedback enabled or at least one groupcast transmission option 2 in the reference duration.
Proposal 7: The PSFCH or S-SSB within the reference duration cannot be used for CWS adjustment.
Proposal 8: When all the transmissions within the reference duration are PSSCH with HARQ feedback disabled or PSSCH of groupcast option 1, UE uses the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
Proposal 9: When all the transmissions within the reference duration are groupcast option 2, UE adjusts the CWS based on the ratio of the received ACK to all the received feedbacks.
Proposal 10: When the transmissions within the reference duration includes different cast types, UE adjusts the CWS based on the transmission with feedback enabled, where the unicast has the highest priority and groupcast option1 has the lowest priority
Proposal 11: The SL UE performs mode 2 resource selection firstly, and then complete the LBT procedure before the SL transmission.
Proposal 12: The mode 2 resource selection should be enhanced to guarantee sufficient LBT duration before the SL transmission resource(s).
Proposal 13: 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 in LBT procedure does not take into account the SL transmissions.
Proposal 14: UE implementation decides the start time of the LBT procedure and UE holds on the LBT procedure when detecting a busy channel.
Proposal 15: When UE detects the gap between the end of LBT procedure and the start of the SL transmission resource, the UE apply a 25us deferred LBT before the SL transmission resource.
Proposal 16: For mode 2, the transmission resource should be selected as early as possible to approach the end of the LBT procedure.
Proposal 17: For mode-1 UE, LBT type for the scheduled resources/configured grant as well as the priority class is decided by UE.
Proposal 18: For mode-1 UE, if the obtained COT includes additional time resources other than the scheduled resources/configured grant, the UE is allowed to exploit these resources or to share them with its peer UE(s).
Proposal 19: For mode-1 UE, gNB can indicate a set of resources to a group of UE by a group common DCI or RRC, UEs in the group can perform LBT for the scheduled resources/configured grant and possibly share the COT with other UEs if LBT succeeds.
Proposal 20: For mode-1 UE, separate reporting of LBT results/COT information and HARQ-ACK for the scheduled resources are supported.
Proposal 21: For a mode-1 grant, the time location of the corresponding UL resource for SL HARQ-ACK or LBT results/COT information reporting is determined based on one of the following options:
- Option1. For each PSFCH candidate, there is one associated candidate UL resource. The candidate UL resource associated with the successfully accessed PSFCH candidate, or the candidate UL resource associated with the last PSFCH candidate if all LBT fails, is used for reporting.
- Option2. There is one UL resource for reporting, and its time location is derived from the last PSFCH candidate.
Proposal 22: The UEs receiving either the PSSCH data or other control signaling (such as SCI, etc.) from the initiating UE’s can be the responding UE.
Proposal 23: The channel access type within the shared COT is determined by the responding UE based on the gap between transmissions of the COT initiating UE and responding UE.
Proposal 24: No enhancement on the UE-to-UE ED threshold is needed.
Proposal 25: The enhancement of resource selection mechanism in shared COT needs further study.
Proposal 26: When a UE is intended to transmit S-SSB, it can directly transmit S-SSBs on subsequent SSB candidates after detecting a S-SSB from another UE with the same synchronization reference.
Proposal 27: One TB repetition and multi-TBs mapping over multiple slots are preferred for the scenarios of the multi-consecutive slot transmission in SL-U.
Proposal 28: When L1 is triggered for reporting a subset of candidate resources for MCSt,only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1.
Proposal 29: When L1 reports a subset of candidate resources for MCSt, the physical layer reports consecutive single-slot candidate resources to the higher layer.
Proposal 30: Additional ending loop condition in resource selection step 7) is required to ensure consecutive single-slot resources reported to higher layer.
Proposal 31: Confirm the working assumption to support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
Proposal 32: The existing mode-2 resource allocation mechanism is used regardless of whether the PSCCH/PSSCH transmission starts from the 1st or 2nd starting symbol within a slot.
Proposal 33: Information decoded from the PSCCH transmitted from the 2nd starting symbol is used for resource selection procedure.
Proposal 34: Decoding of PSCCH transmitted from the 2nd starting symbol of a slot is not mandatory for all the UEs.
Proposal 35: At least support single CPE starting position, to fill the gap(s) between the consecutive SL transmissions in the same COT.
Proposal 36: A single CPE starts within 16us after the prior transmission, and ends until the ACG symbol of a following transmission.
Proposal 37: if multiple CPE starting position is supported, a transmission CPE should be able to be selected to fill the gap for multi-consecutive slots transmission or for COT sharing purpose.
Proposal 38: Flexible starting position is allowed for PSCCH/PSSCH transmissions in an RB set where only TDMed PSCCH/PSSCH transmissions are allowed.
Proposal 39: At least fixed starting position is used for PSCCH/PSSCH transmissions in an RB set where FDMed PSCCH/PSSCH transmissions are allowed.
- FFS whether/how to support multiple PSCCH/PSSCH starting positions for the RB set.
Proposal 40: Only a fixed starting position of CPE is used for all the PSFCH transmissions in an RB set.
Proposal 41: For FBE based SL operation, the FFP can be aligned with SL slot.
Proposal 42: Support FBE based operations for SL transmission on unlicensed band.
Proposal 44: The SL UE transmits SCI in every allocated RB set and avoid to reserve resources in RB set other than the RB sets of the receiver. 
Proposal 45: The DL channel access is used as the baseline for PSFCH transmission in the case of dynamic channel access mode with multi-channels.
Proposal 46: The DL channel access is used as the baseline for S-SSB transmission in the case of dynamic channel access mode with multi-channels.
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Annex I
Table 1 System level simulation assumption
	Parameter
	Value

	Deployment
	Indoor

	Channel model
	P2P link defined in TR37.885

	Communication type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	15KHz

	Link adaptive
	Enable

	Traffic model for SL
	FTP model 3 with arrival rate:
•BO Low load: 10%~25%
•BO Mid load: 35%~50%
•BO High load: above 55%

	Traffic model for AP
	FTP traffic

  packet size：0.5MB

	Channel access
	FBE, LBE

	Tx Power
	23 dBm

	Antenna number
	[M N P Mg Ng, Mp Np] = [1 1 2 1 1, 1 1]  for SL-UE
[M N P Mg Ng, Mp Np] = [1 2 2 1 1, 1 2]  for AP

	UE deploy
	6 SL-U pairs and 4 NR-U UEs / Wi-Fi nodes per gNB/AP per 20 MHz


 [image: ]
Figure 11 UE distribution

Figure 12 WIFI system throughput
UE Average UPT

LBT with inter-UE blocking	
BO low load	BO mid load	BO high load	1.83	2.13	3.45	LBT without inter-UE blocking	
BO low load	BO mid load	BO high load	2.13	2.41	3.68	



Multislot UE average UPT

without COT sharing	
BO low load	BO mid load	BO high load	4.1399999999999997	6.76	8.1199999999999992	COT sharing Alt.1	
BO low load	BO mid load	BO high load	4.3099999999999996	7.54	8.31	COT sharing Alt.2	
BO low load	BO mid load	BO high load	4.74	8.14	8.6199999999999992	



UE Average UPT

case 0	
BO low load	BO mid load	BO high load	1.83	2.13	3.45	case 1	
BO low load	BO mid load	BO high load	4.2699999999999996	7.25	8.1	case 2	
BO low load	BO mid load	BO high load	4.12	6.01	7.12	case 3	
BO low load	BO mid load	BO high load	4.21	5.52	7.45	



UE Average UPT

slot based transmission	
BO low load	BO mid load	BO high load	1.83	2.13	3.45	mini-slot transmission	
BO low load	BO mid load	BO high load	2.19	2.9009999999999998	3.75	



UE Average UPT

LBE	
BO low load	BO mid load	BO high load	1.83	2.13	3.45	FBE	
BO low load	BO mid load	BO high load	2.0099999999999998	2.52	3.75	



WiFi System Per AP Throughput 

wifi system 	&	 SL mini-slot	
5.8045999999999998	wifi system 	&	 SL multi-slot	
5.8243999999999998	wifi system 	&	SL  LBT without inter-UE blocking	
6.2609000000000004	



8/8
image3.emf
PSSCH  PSFCH 

PSFCH period

CPE


Microsoft_Visio_Drawing.vsdx
PSSCH
PSFCH
PSFCH period
CPE



image4.emf
Low priority PSSCH with CPE 

High priority PSSCH without CPE 


Microsoft_Visio_Drawing1.vsdx
Low priority PSSCH with CPE
High priority PSSCH without CPE



image5.emf
...

Fixed frame 

period

Idle period

Fixed frame 

period

Idle period

COT

CCA


Microsoft_Visio_Drawing2.vsdx


...

Fixed frame period
Idle period
Fixed frame period

Idle period
COT

CCA



image6.emf
RB set1

RB set0

t

f


Microsoft_Visio_Drawing3.vsdx
RB set1
RB set0
t
f



image7.wmf
=0.1

l


oleObject1.bin

image8.emf
-60 -40 -20 0 20 40 60

-40

-30

-20

-10

0

10

20

30

40


image1.png
UE#1

UE#2

UE#3

Channel busy




image2.png
Starting symbol #1 Starting symbol #2

\%
Frequency resource#1
S— Frequency resource #1
LBT failure
1€ >l

Slot




