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1. Introduction
During RAN1#109-e meeting, the following was agreed [1]::
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.

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
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.

Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation






















Agreement
· 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
· 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 multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· 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 the other AI (9.4.1.2 Physical channel design framework), at least the following are agreed [1]:Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact
Agreement
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission
· 

 In this TDoc, we are also 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 is very important for 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. 
Inline with the discussions in RAN1#109-e [2], the channel access mechanisms reuse the already specified NR-U mechanisms in Rel.-16/17 to great extent. Additionally, there were some further considerations for the different unlicensed spectrum discussed, e.g., evaluation methodology, channel access mechanism, impact on slot/band aggregation, etc. [2]. In the following section, we are addressing open points for discussions and decisions.
Evaluation methodology (Topic #1)
In the FL summary [2], two evaluation scenarios were proposed for evaluating the performance of SL-U designs, resource allocation schemes, and coexistence study with another RAT in a shared channel. The discussions focused on commercial (almost agreeable by all companies) and V2X use cases, with different opinion on the latter use case. An extensive discussion and analysis was considering coexistence study of another RAT in case of V2X shared channel, where modelling another RAT, e.g., Wi-Fi, could be rather indirect.

[bookmark: _Hlk111109575]From an automotive perspective, we also prefer to keep Scenario 2 (V2X) and we support removing the word “Optional” from this evaluation use case as proposed in [2]. We believe this scenario is very stable and may succeed to fit limited interference scenarios, especially in urban/highway scenarios, wherein the interferers may be evaluated as semi-static nodes, e.g., in-vehicle connectivity units that uses Wi-Fi. Therefore, we support the proposal in the FL summary [2] and we recommend agreeing on the following with minor modification (highlighted in yellow):

Proposal 1: For Scenario 1 (commercial use cases) confirm the proposal in FL summary (EOM) (Topic#1) and for Scenario 2 (V2X use cases) agree on the FL summary (EOM) proposal with following modifications:
· Scenario 2 (V2X use cases) – optional:
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway (baseline), urban (optional)
· Channel model follows NR sidelink TR 37.885
· Traffic model baseline is R17 sidelink commercial traffic model
· It is up to companies how to implement the interference model for highway and urban 
· Performance metric: PRR and PIR (V2X)

Channel access mechanisms for SL-U (Topic #2)
In RAN1#109-e, two channel access schemes have been considered, namely load based equipment (LBE)-based dynamic channel access schemes and frame based equipment (FBE)-based semi-static channel access scheme. The latter was expressing some concerns about it required traffic situation. However, it also received support from quite some companies [2]. In our understanding, FBE-based semi-static channel access may be more beneficial than LBE-based dynamic channel access in some (limited or low) traffic scenarios or in situations when the incumbent systems (e,g., NR-U, Wi-Fi) are not present or, at least, very rare. Accordingly, 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, V2X use case can also utilize FBE-based channel access due to its periodic transmissions and for having a limited presence of Wi-Fi, especially in high-way scenarios.
In our view, it is important to support both channel access schemes, i.e., LBE- and FBE-based. It is also important not to prioritize one scheme over the other as this may limit the usability of SL-U in some use cases, e.g., IIoT, V2X.
Objective 1: FBE-based channel access mechanism is beneficial for some use cases considering certain traffic situation and the presence of incumbent systems.
Proposal 2: Semi-static channel access mode for FBE should be supported in addition to dynamic channel access mode 
Shared channel occupancy (COT sharing) (Topic#3)
Applicability of LBT for sidelink
In RAN1#109-e, Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements are taken as a baseline for SL-U. However, conditions and different operational scenarios are for FFS. NR-U, both Type 1 or Type 2 LBT (for short) allows transmitting data after a successful LBT, where its transmission can occupy a certain channel occupancy time (COT) with different duration for each: LBT or COT. However, the NR sidelink resource reservation depends on sensing and resource exclusion procedure as well, where the sensing results are compiled from decoding valid sidelink control information with reservation slots/frequencies. Additionally, SL sensing procedure has multiple 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) relies on energy detection within a nominal frequency, e.g., 20 MHz, which does not decode any reservation information. 
Moreover, SL sensing 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 2: Concurrent LBT and sensing (e.g., as in Rel.16) are mandatory for operating sidelink in unlicensed spectrum 
Objective 3: Inter-UE Blocking is the side-effect of LBT operation in SL-U which needs to be resolved using multiple techniques, e.g., exploiting the CPE
Proposal 3: Further study how the different LBT operations impact sidelink sensing operation and strive for limited specifications impact
Also, it was agreed in RAN1#109-e to allow UE-to-UE COT sharing in SL-U. Therefore, COT can be shared among connected devices with a different LBT categories. For instance, the initial transmission (initiated by a UE) should use a regular listen before talk, e.g., Type 1. Later, if other UE(s) are sharing the initial initiated COT, the transmission of the of UEs may safely use Type 2 (2A/2B/2C  immediate transmission), i.e., depending on transmission gap.
In contrast to NR-U, SL-U needs to pursue communication directly between UEs (either a pair or group of UEs), which also takes place simultaneously multiple times in the same field. This is happening, especially for SL Mode 2 RA, without a central access node, e.g., gNB. Therefore, for UE-to-UE COT sharing in SL-U study, we should consider sidelink different resource granting types including dynamic and configured with different communication types, i.e., unicast, groupcast and broadcast.
Additionally, the applicability of unlicensed channel access mechanisms, for both LBE- and FBE-based channel access mechanism may impact the UE-to-UE COT sharing. Herewith, UE-to-UE COT sharing in SL-U may be considered for FBE-based channel access exploiting its periodic traffic transmissions.
Finally, it is important to study whether a TX UE1 may share its COT with another UE2 and the UE1 may come back to use its COT as in NR-U downlink COT sharing. In this case, we need to answer a very important question: whether/how multiple switching points are considered for UE-to-UE COT sharing in SL-U.
Objective 4: The applicability of unlicensed channel access mechanisms, for both LBE and FBE, need to be evaluated for SL-U
Proposal 4: Study suitability of SL-U UE-to-UE COT sharing for both LBE- and FBE-based channel access mechanisms
Proposal 5: For UE sharing a COT initiated by another UE, study the following:
· Possible switching gap durations between transmitting UEs sharing the initiated COT
· Whether one or more LBT categories are needed for SL-U
· Whether/how to support multiple switching times


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 (for SL direction)
Impact on sidelink HARQ feedback 
In Sidelink transmission, HARQ may have different timeline and different reservation options. However, at least for HARQ feedback scheduled with a limited switching gap (e.g., in-slot PSFCH), study whether the COT (initiated by the TX UE) can be shared by the UE sending the HARQ feedback. For non-in-slot PSFCH (k logical slot gap), study whether/how UE-to-UE COT sharing can be supported. See Figure 2 for more details. 
Proposal 6: Considering the different HARQ timeline, study whether/when HARQ feedback using COT initiated by the TX UE


Figure 2: a) With sharing UE1 COT for a group of UE HARQ feedback; b) UE1’s feedback is sent in separate initiated COT by UEs interlacing the nominal frequency of a HARQ slot
Adapting time/frequency resource for SL-U
Frequency-domain impacts: resource pool with interlace structure
NR-U is designed to possibly obey an occupied channel bandwidth (OCB) and the power spectral density (PSD) requirements mandated by regulatory. For example, according to ETSI regulations [4], the OCB is the bandwidth containing 99 % of the power of the signal, which should be between 80% and 100% of the nominal channel bandwidth, e.g., 20 MHz in 5GHz band. In order to cover the total nominal bandwidth, NR-U proposed an interlace structure to adapt the waveform to this regulation in addition to the legacy (contiguous) option. 
In RAN1#109-e, it was agreed that both interlaced and non-interlaced structure are considered. It was also discussed that sidelink resource pool design should also fulfil OCB and PSD requirements whenever they are mandated. Therefore, the sidelink resource pool design, i.e., subchannel design in frequency, need to be adapted in this case. It is also important to study whether interlace structure can be mapped to subchannel design while allowing multiple UEs to share a sidelink slot. 
Objective 5: Unlicensed spectrum access for sidelink may mandate covering >= 80% of a nominal frequency
Objective 6: Interlace structure in frequency has been considered for SL-U during its studying phase
Proposal 7: Study the impact on sidelink resource pool and subchannel design based on interlace structure

[bookmark: _Hlk103760313]Frequency-domain impacts: Multiple channel access (Topic#4)
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. It may additionally indicate whether to do  Type A and or Type B sub-channel sensing [2, Section 4.4].
In order to minimize multiple subchannel LBTs interruption/execution rate over multiple channel, we propose to consider slot aggregation specifically for this scheme (see section 2.4.3 and Figure 3 for more details). In turn, this should simplify the multiple channel access listen-before-talk. 
Objective 7: Wideband and multiple channel operation details for SL-U should be further analyzed including utilizing an adaptable BWP
Proposal 8: For SL-U wideband operation, study at least the following details:
· The different LBT operation of the multiple channel access and its impact on/from sensing
· SL-BWP/resource pool adaptation for expandable transmission based on multiple channel access
· Whether SL-U multiple channel access is considered for semi-static operation and slot-aggregation specifically


Figure 3: SL-U wideband operation with expandable SL BWP definition and, possibly, aggregated slot transmission 
Time-domain impacts: multi-consecutive slots transmission
RAN1#109-e resulted in an FFS agreement to discuss further whether and how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects:  channel access, resource allocation and PHY channel design. In the previous section (Section 2.4.2), we have presented the need to consider multi-consecutive slots transmission for multiple channel operation. The reason is to save the number of concurrent subchannel LBTs compared to the case when a UE only utilize single slot transmission (i.e., need to repeat the LBT every slot transmission). Additionally, we see a similar draw back for single slot transmission in case of dynamic resource granting scheme, when the UE will also have the burden of frequent LBT every transmission slot. Hence, slot aggregation may be considered to extend the transmission time to the (actual) length of the COT, especially when the COT is not shared. Aggregating the transmission slots in this case guarantees fairness with other LBT-based technologies, e.g., Wi-Fi, and may reduce the number of times the UE is requested to do LBT/access the channel.  
Objective 8: Aggregating the transmission slots in this case guarantees fairness with other LBT-based technology and may reduce the number of times the UE is requested to do LBT/access the channel
Proposal 9: Slot aggregation need to be supported, at least, for dynamic resource allocation and multiple channel operation
Time-domain impacts: flexible slots starting
Since LBT may have a variable contention window size, starting from a sidelink slot boundary may not be always guaranteed. Therefore, a flexible starting option (after the slot boundary, i.e., form an arbitrary OFDM symbol) need to be studied for SL-U to relax the LBT operation. See Figure 4 for more details.
Objective 9: Due to LBT variable contention window, a fixed slot boundary may not be guaranteed.
Proposal 10: For SL-U study whether flexible slot starting is possible and/or configurable



Figure 4: Impact of LBT on starting position after a slot boundary and, possibly, aggregated slot transmission

Sidelink resource allocation Mode 1 and Mode 2 (Topic #5)
In RAN#109-e, we made an agreement that sidelink mode 1 RA with its dynamic grant and configured grants (CG) (i.e., Type 1 or Type 2) are supported for SL-U as baseline. In the same agreement, also Mode 2 resource reservation mechanism (without discrepancy between its aperiodic or periodic RA) was considered as another baseline SL-U for “at least” dynamic channel access scheme. 
However, it is important for SL-U to study how to adapt the dynamic/aperiodic and configured resources (e.g., SPS-like reservation or Type 1/Type 2 CG) transmission based on the available unlicensed access mechanisms. For example, LBE-based channel access mechanism can be considered for both: dynamic grants/on-shot transmission as well as for periodic transmission (i.e., with its both variants in the two RA modes, SPS-like or CG). However, in FBE-based channel access mechanism, a transmitter accesses the channel and starts transmitting at fixed transmission occasions (TO) and every fixed frame period (FFP) (i.e., periodic traffic). Therefore, FBE-based channel access can be better considered for configured resources or SPS-like reservations in SL-U, where type 1 LBT may be used at the beginning of each period. 
Objective 10: FBE may be considered for configured resources while LBE may be suitable for dynamic and/or configured resources.
Proposal 11: Study whether FBE-based channel access mechanism (if supported) is limited to periodic reservation/configured resources only
3. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Conclusions
In this contribution the following proposals have been made:
Proposal 1: For Scenario 1 (commercial use cases) confirm the proposal in FL summary (EOM) (Topic#1) and for Scenario 2 (V2X use cases) agree on the FL summary (EOM) proposal with following modifications:
· Scenario 2 (V2X use cases) – optional:
· Evaluation methodology baseline is NR sidelink from TR 37.885.
· Layout: Highway (baseline), urban (optional)
· Channel model follows NR sidelink TR 37.885
· Traffic model baseline is R17 sidelink commercial traffic model
· It is up to companies how to implement the interference model for highway and urban 
· Performance metric: PRR and PIR (V2X)
Proposal 2: Semi-static channel access mode for FBE should be supported in addition to dynamic channel access mode 
Proposal 3: Further study how the different LBT operations impact sidelink sensing operation and strive for limited specifications impact
Proposal 4: Study suitability of LBE and FBE for sidelink channel access mechanisms
Proposal 5: For UE sharing a COT initiated by another UE, study the following:
· Possible switching gap durations between transmitting UEs sharing the initiated COT
· Whether one or more LBT categories are needed
· Whether/how to support multiple switching times
Proposal 6: Considering the different HARQ timeline, study whether/when HARQ feedback using COT initiated by the TX UE
Proposal 7: Study the impact on sidelink resource pool and subchannel design based on interlace structure
Proposal 8: For SL-U wideband operation, study at least the following details:
· The different LBT operation of the multiple channel access and its impact on/from sensing
· SL-BWP/resource pool adaptation for expandable transmission based on multiple channel access
· Whether SL-U multiple channel access is considered for semi-static operation and slot-aggregation specifically
Proposal 9: Slot aggregation need to be supported, at least, for dynamic resource allocation and multiple channel operation
Proposal 10: For SL-U study whether flexible slot starting is possible and/or configurable
Proposal 11: Study whether FBE-based channel access mechanism (if supported) is limited to periodic reservation/configured resources only
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