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1. Introduction
During RAN1#110 meeting, the following was agreed [1]:
Agreement
· [bookmark: _Hlk115360023]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
Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details
























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 receiverFFS: 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













In the other AI (9.4.1.2 Physical channel design framework), at least the following are agreed [1]:Agreement
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
Agreement
If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied
· Alt 1: PSFCH resources are (pre-)configured
· Alt 2: PSFCH resources are dynamically indicated
· Combination of above alternatives are not precluded 
· FFS details of above alternatives


In this TDoc, we are continuing the discussions of the evaluation assumptions for V2X use cases and discussing further details on sidelink channel access for unlicensed spectrum.
2. [bookmark: _Hlk102005009]Sidelink channel access for unlicensed spectrum
As we motivated in our previous TDoc [3], sidelink over unlicensed spectrum could still be important for some automotive use cases, in addition to the other use cases considered in the previous (initial) RAN1#109-e meeting: commercial use cases and industrial IoT. For the automotive sector, SL-U can unlock a new range of automotive use cases, e.g.:
· Non-public access for, e.g., private premises like charging-stations, supply-chain distribution areas, coordinated maneuvers during fairs and non-public events, etc.,  
· Offloading the already congested licensed and ITS spectrum for, e.g., extended sensor sharing, fully automated driving, etc..
For industrial IoT use cases, sidelink in unlicensed spectrum (at least in controlled environments) can be a key enabler for IIoT direct communication (UE-to-UE) to reduce latency, compared to data delivery through a gNB. Wherein traffic can be offloaded to unlicensed spectrum using sidelink. 
In the following section, we are addressing open points for discussions and decisions.
Evaluation methodology (Topic #1)
In the FL summary [2], the first evaluation scenarios (scenario 1, commercial use cases) has enough consensus as WiFi could be easily modeled. Additionally, Scenario 2 (V2X use cases) was not easily treatable as it lacks some information from automotive sector and some deployment issues. The concerns in [2] can be easily summarized in these two main items:
I. Potential V2X use case in the unlicensed spectrum; 
II. Clear deployment of incumbent (WiFi) interference. 

Regarding the first concern, as discussed above, we would like to nominate two important scenarios for V2X operation in unlicensed spectrum using Rel-18 sidelink and identify there evaluation layout and methodology. 
· The first scenario, assuming high-way scenario, could be offloading the already congested SL ITS spectrum for, e.g., high-definition sensor sharing. 
· The second scenario, assuming urban out-door scenario, could be dense periodic control signaling for controlling the Autonomous vehicles in out-door, e.g., with human pedestrian and eBike. This scenario could be dedicated to exhibition fair events and or private campuses. 

These proposed scenarios can give us better understanding on the evaluation assumptions for V2X.  Now we can conclude the following (including the second concern about WiFi interference):
First; consider the following WiFi interference:
· For highway scenario, limit the interference only to the in-vehicle connectivity module, e.g., a vehicle hot-spot and two in-vehicle connected user. FFS: the propagation loss for inter-vehicle interference (due to metallic caging of the vehicle). 
· Note, according to the discussion in RAN1#110 it was also proposed to consider all RSU as WiFi nodes. In our view, it may not be feasible to have all RSUs equipped with WiFi hotspots on highway; we recommend to neglect their effect. 
· For urban scenario, assume interference from pedestrian UEs’ WiFi that are connected to out-door hotspots. FFS: deployment of hotspot (on buildings/separate towers), their separation (e.g., 100m), antenna height (4m), etc.

Second; consider the following traffic models:
· For highway scenario, limit it to aperiodic high-data rate traffic model from TR 37.885 
· For urban scenario, limit to periodic traffic model from TR 37.885

Third; consider the following cast types:
· For highway scenario, limit the evaluation of SL-U to unicast and (optionally) groupcast
· For urban scenario, limit the cast type to unicast 

Therefore, we would like to revisit keep Scenario 2 (for V2X use cases) in light of the aforementioned consideration for traffic mode, cast type and WiFi interference for highway and urban scenario.

Proposal 1: For evaluation methodology Scenario 2 (V2X use cases), study the following modification:
· Scenario 2 (V2X use cases):
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway and urban
· Channel model follows NR sidelink TR 37.885
· Traffic model base line TR 37.885 and cast type:
· For Highway: aperiodic traffic model ; cast type: unicast and (optional) groupcast
· For urban: periodic traffic model (baseline) and aperiodic (optional) for cast type: unicast
· WiFi interference model 
· Highway: consider only in-vehicle connectivity with WiFi (assuming 1 hotspot and two active users per vehicle)
· Urban: consider UE pedestrian as WiFi user connected to WiFi hotspots with appropriate density, e.g., every 100m
· Performance metric (V2X): PRR and PIR 

Channel access mechanisms for SL-U (Topic #2)
Further details on FBE for semi-static channel access (Topic #2)
In RAN1#110, the frame based equipment (FBE)-based semi-static channel access scheme was further discussed with better consensus and understanding its modes of operations. While it is still constrained by its level of regulations, private premises policies, etc., we still believe that FBE-based semi-static channel access may be more beneficial than LBE-based dynamic channel access in some (limited or low or deterministic) traffic scenarios or in situations when the incumbent systems (e,g., NR-U, Wi-Fi) are not present or, at least, very rare. According to the understanding in the SL-Evo RAN1 discussions, SL-U with FBE-based semi-static channel access can easily fit IIoT use case, as in this use case, the environment is rather controlled. Additionally, we believe V2X use case can utilize FBE-based channel access due to its periodic transmissions and due to its limited/controlled exposure Wi-Fi, especially in high-way scenarios (see section 2.1).
In this meeting, we believe it is important to support FBE-based channel access schemes, as proposed in FL [2].
Objective 1: FBE-based channel access mechanism is beneficial for some use cases considering certain traffic situation and the presence of incumbent systems, e.g., IIoT and V2X-highway.
Proposal 2: FBE-based semi-static channel access for SL-U is supported
1. Channel access procedures based on semi-static channel occupancy are intended for environments where the absence of other technologies is guaranteed e.g., by level of regulations, private premises policies, etc.
1. NR-U channel access procedures for semi-static channel occupancy are to be taken as the baseline / starting point.
3. FFS any necessary updates or enhancement for SL-U operation
 
Applicability of LBT for sidelink for Resource allocation Mode 2 (Topic #2)
The NR sidelink resource reservation depends on sensing and resource exclusion procedure, where the sensing results are compiled from decoding valid sidelink control information with reservation slots/frequencies. Additionally, SL sensing procedure has different sensing window durations  (depending whether the traffic in periodic or aperiodic) and different sensing window capabilities, i.e., a short sensing window placed directly before candidate resources for evaluating selected/reserved resources. Since sensing is not operating exactly like LBT and it will not be able to replace it, a scheme to combine both (SL sensing and LBT) needs to be studied extensively. LBT procedure (as in NR-U [4]) relies on energy detection within a nominal frequency, e.g., 20 MHz, which does not decode any reservation information. 
Since both mechanisms have different sensing strategy, it is preferred to perform SL Sensing for resource selection jointly LBT, e.g., 
· Start with SL sensing first to detect SL transmission, then 
· Perform LBT before the selected resources (early enough)

Note: Instead of random selection in Rel-16, Rel-18 SL-U can select other scheme that does guarantee LBT success. 
In order to avoid the impact of LBT failure and force the UE to cancel its transmission, it is important to understand the purpose of LBT failure, which are mainly:
· When energy is detected before the selected resources (which mean the channel is occupied) 
· When there is no sufficient time to conduct LBT.
For the first problem, it may be beneficial to select non-random resources or to select alternative/multiple candidate resources or wait until the channel is not busy. For the latter issue, i.e., no sufficient time to conduct LBT, it is proposed to consider at least a sufficient time to perform LBT before the starting of the selected candidate resource.
Objective 2: Concurrent LBT and sensing (e.g., as in Rel.16) are mandatory for operating sidelink in unlicensed spectrum in Rel.-18
Proposal 3: Study jointly SL legacy sensing operation with LBT operations considering the following impacts:
· Whether random selection can still be considered
· The impact of LBT type and duration on selected resources in a selection window

LBT for sidelink and inter UE-blocking (Topic #2)
Rel-16 SL resource can allow seamless FDM operation if the UEs would select different subchannels. However, when LBT is now used on the top, and two UEs are assumed to be not sharply synchronized, a faster UE may block a slower one by occupying the nominal BW with the detectable energy, i.e., even though the two UEs are not overlapping on frequency. This is called inter-UE Blocking, which is a side effect of having LBT. In RAN1#109-e, inter-UE Blocking was identified where some solutions have been recommended, e.g., supporting of CPE in SL-U operation. Therefore, we are proposing to study, in general all possible mechanisms to avoid or minimize inter UE blocking.
Objective 3: Inter-UE Blocking is the side-effect of LBT operation in SL-U which needs to be resolved in case of SL-U with sub-channelization resource allocation.
Proposal 4: For Rel.-18 SL-U sub-channelization resource allocation, study how to minimize the impact of LBT produces for inter-UE Blocking

Remaining issues on COT-sharing (Topic#3)
In RAN1#110 agreements [1], UE-to-UE COT sharing was considered for down-selecting between two alternative which requires either:
· Alt .1: The responding SL UE which utilizes a COT shared by a COT initiating UE, where the first is the target recipient of ONLY TB transmission in a PSSCH message of the initiating UE 
· Alt .2: The responding SL UE which utilizes a COT shared by a COT initiating UE, where the first is the target recipient of any transmission originated by the initiating UE (including, e.g., physical control, broadcast, etc.)
In our understanding, Alt. 2 is less restrictive than Alt. 1 but it may allow any UE to utilize the COT of the initiating UEs. In order to keep fair share amongst other incumbent systems, it is enough to limit the agreement this meeting to Alternative 1, i.e., responding SL UE (utilizes COT) is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT. 
Proposal 5: For UE sharing a COT initiated by another UE, confirm 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 COT initiating UE’s transmission in the COT.

Additionally for UE-to-UE COT sharing, we propose to study the case when more UEs can share the remaining COT as far as the condition in Alt. 1 is satisfied. As in Figure 1, UE1 is the original  COT initiating UE sending PSSCH to UE2. Thereafter, UE 2 is the new COT initiating UE sending PSSCH to UE3 (being a responding UE), where the shared COT is the remaining time of the original COT initiated by UE1. In other words, we propose to study multiple switching points for COT sharing or to allow the COT to be shared by more than 1 UE as long as the condition in Alt.1 is applied. 


Figure 1: UE1 shares its sidelink initiated COT with UE2 and UE3 assuming various switching gap sizes depending on, e.g., UE capability, and multiple switching time (of in the COT)
Proposal 6: For UE sharing a COT initiated by another UE, study whether multiple switching point could be supported. FFS which Type 2 LBT can be supported.

Short control signalling transmission – SCSt (Topic#4)
In RAN1#110 agreements [1], Type 2A/2B/2C SL channel access procedures has been further identified with more open discussions on:
· under which conditions (other than the gap) UEs can apply the Type 2A/2B/2C SL channel access procedures
In our understanding, Type 2A can be used for Short Control Signaling Transmission (SCSt) when the transmission evaluates for these two conditions: duration (2500 usec) and duty-cycle (1/20).
In our understanding, at least S-SSB can be considered as short control information. Whereas S-SSB is passing both conditions on duration (2500 usec) and duty-cycle (1/20). However, PSFCH can only pass all conditions, i.e., for all numerology, considering 4-slot duration. Therefore, if we need to consider SCSt for PSFCH as well, we need to study further restriction to longer periodicity assuming, e.g., a UE is requested to report multiple PSSCH in the same ACK/NACK only on this longer periodicity.

Proposal 7: Type 2A channel access procedure is applicable to SCSt for at least S-SSB transmission. FFS: restricting the periodicity or the reporting occasion of PSFCH to qualify for SCSt.

[bookmark: _Hlk103760313]Multiple channel access (Topic#5)
Sidelink in unlicensed spectrum has been motivated as an alternative design that can extend the bandwidth beyond, e.g., ITS and licensed bands. Therefore, it is important to consider wideband operation of unlicensed access or multiple channel operation. In RAN1#109-e, it was agreed that channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation. Accordingly, at least a contiguous subband-aggregation mechanism should be introduced in SL-U with, e.g., a per-subband LBT option(s), wherein only successful (contiguous) LBT subbands are aggregated as a wide band operation. Further details are not yet approved including, e.g., 
· how many bands should be aggregated (if any), 
· how/from-where should we start the multiple bands, e.g., based on successful LBT (see Figure 3 for more details). 
· Whether LBT is performed on one channel initially and on every subchannel later or on each subchannel individually and the impact from/on SL sensing operation and results
· Whether SL-U is using the uplink multi-channel access mechanisms from NR-U
· Whether SL-U multiple channel access is considered for semi-static operation and slot-aggregation specifically
Accordingly, SL resource pools and SL BWP need to be reconfigured for  multiple channel operation in unlicensed bands. In this case, SL BWP may be reconfigured for the number of successful (contiguous) LBT subbands. Herewith, the SL BWP (pre-)configuration may indicate how many subbands are configured for multiple channel operation. 
For LBT channel access procedure for SL-U, we believe DL Type A and/or DL Type B multiple channel access procedures fits more the SL operation in unlicensed spectrum than the UL procedure. Figure 2 depicts a SL-U multiple channel access in a DL Type A fashion.
Objective 4: Wideband and multiple channel operation details for SL-U should be further analyzed including utilizing an adaptable BWP
Proposal 8: For SL-U consider only DL (Type A and Type B) multiple channel access procedures from NR-U should be the baseline for SL-U
· FFS applicable transmission scenarios and any necessary enhancement/restrictions and update for SL-U operation


Figure 2: SL-U wideband operation with DL-like Type A (with independent LBT on each subband); it is also possible that SL BWP definition needs to be re-considered in this case.
Remaining issues on multi-consecutive slots transmission (MCSt)(Topic#6)
In RAN1#110 agreements [1], Multi-consecutive slots transmission (MCSt) is supported for both resource allocation modes, namely Mode 1 and Mode 2 resource allocation, in SL-U. Where details are left for FFS. In order for a UE to reserve consecutively multiple slots, it need to inform other UEs to allow them to exclude these “reserved” resources. In this case, it is important to study how to signal the number of consecutive time slots to other UEs using, e.g., N-slots. One option is to include the number of consecutive slots, N-slots, in the PSCCH or in the 2nd stage SCI of the initial SL slot transmission. 
Proposal 9: For Multi-consecutive slots transmission (MCSt) by a UE in SL-U, study how to signal the number of consecutive slots in the UE’s initial slot transmission.

Additionally, if the multiple consecutive slots transmission (MCSt) contains Rel-16 gaps between each two back-to-back transmission slots, capturing the channel may be very challenging. The reason is that the incumbent system devices my sense the channel to be free during these silent gaps. Therefore, we propose to study the impact of reusing Rel-16 gap-symbol for, e.g., PSSCH transmissions. However, the last slot in these consecutive slots shall include the switching gap-symbol to allow normal SL transmission direction switching. 
Proposal 10: For Multi-consecutive slots transmission (MCSt) by a UE in SL-U, study specification impact for switching-off the SL gap-symbol between consecutive slots.



Figure 3: SL-U wideband operation with expandable SL BWP definition and, possibly, aggregated slot transmission 
3. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Conclusions
In this contribution the following proposals have been made:
[bookmark: _Hlk101921722]Proposal 1: For evaluation methodology Scenario 2 (V2X use cases), study the following modification:
· Scenario 2 (V2X use cases):
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway and urban
· Channel model follows NR sidelink TR 37.885
· Traffic model base line TR 37.885 and cast type:
· For Highway: aperiodic traffic model for cast type: unicast and (optional) group cast
· For urban: periodic traffic model (baseline) and aperiodic (optional) for cast type: unicast
· WiFi interference model 
· Highway: consider only in-vehicle connectivity with WiFi (assuming 1 hotspot and two active users per vehicle)
· Urban: consider UE pedestrian as WiFi user connected to WiFi hotspots with appropriate density, e.g., every 100m
· Performance metric: PRR and PIR (V2X)

Proposal 2: FBE-based semi-static channel access for SL-U is supported
1. Channel access procedures based on semi-static channel occupancy are intended for environments where the absence of other technologies is guaranteed e.g., by level of regulations, private premises policies, etc.
1. NR-U channel access procedures for semi-static channel occupancy are to be taken as the baseline / starting point.
5. FFS any necessary updates or enhancement for SL-U operation
Proposal 3: Study jointly SL legacy sensing operation with LBT operations considering the following impacts:
· Whether random selection can still be considered
· The impact of LBT type and duration on selected resources in a selection window
Proposal 4: For Rel.-18 SL-U sub-channelization resource allocation, study how to minimize the impact of LBT produces for inter-UE Blocking
Proposal 5: For UE sharing a COT initiated by another UE, confirm 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 COT initiating UE’s transmission in the COT.
Proposal 6: For UE sharing a COT initiated by another UE, study whether multiple switching point could be supported. FFS which Type 2 LBT can be supported.
Proposal 7: Type 2A channel access procedure is applicable to SCSt for at least S-SSB transmission. FFS: restricting the periodicity or the reporting occasion of PSFCH.
Proposal 8: DL (Type A and Type B) multiple channel access procedures from NR-U should be the baseline for SL-U
· FFS applicable transmission scenarios and any necessary enhancement/restrictions and update for SL-U operation
Proposal 9: For Multi-consecutive slots transmission (MCSt) by a UE in SL-U, study how to signal the number of consecutive slots in the UE’s initial slot transmission.
Proposal 10: For Multi-consecutive slots transmission (MCSt) by a UE in SL-U, study specification impact for switching-off the SL gap-symbol between consecutive slots.
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