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Introduction
RAN1 #110 made progresses on the channel access sub-agenda item of SL-U. The agreements touched upon fundamental aspects of channel access and triggered related further studies. The aspects are:
· Evaluation methodology,
· CW adjustment procedures,
· Applicability of Type 2 channel access procedures,
· Multiple consecutive slots transmissions (MCSt), and
· Eligibility aspects for UE-to-UE COT sharing.

Some other aspects were discussed without reaching an agreement:
· Reuse of DL and/or UL CAPC tables, 
· Channel access for S-SSB and PSFCH and potential utilization of SCSt clause, and
· Reuse of DL and/or UL procedures for multi-channel access.

In this paper we discuss the discuss various topics on channel access and resource allocation. In particular,  we provide our view on pending items like CW window adjustment, which can be based on SCI-2 decoding at least when HARQ FB is enabled. We discuss channel access for S-SSB and PSFCH, as well as adoption of SCSt. We talk about multi-channel access, and highlight different cases to support both DL and UL procedures. We provide a view on aspects related to TDM and FDM operations in SL-U, and propose multiple sub-symbol transmission starting positions (TSPs) and the concept of prioritization of traffic via CPEs with different length, to reduce collisions between UEs in both the cases case of absence and presence of resource reservations. We discuss eligibility of responders in a shared COT and allowable transmissions and provide different options. We tackle COT structure information and COT sharing indications. We address resource allocation for supporting multiple consecutive slots transmissions (MCSt), which we believe are fundamental to improve throughput in the unlicensed spectrum, and we motivate the need of support with system level evaluations based on the agreed evaluation methodology. We discuss aspects related to optimizations related to the slot structure to enable MCSt. We also provide simulations to discuss the exclusion of S-SSB slots from data RP, which we believe could be detrimental for throughput performance due to potential COT truncation. A list of the covered topics is as follows:
· CW adjustments,
· Channel access for S-SSB and PSFCH (including discussions on SCSt),
· Multi-channel access procedures,
· Multiple transmission starting positions and UE prioritization via CPE,
· Framework for COT sharing (eligibility of responder and allowed response, COT-SI, COT sharing indication),
· Enabling MCSt in mode 1 and mode 2 resource allocation (including optimizations for contiguous bursts).

Discussion 
[bookmark: _The_starvation_problem]Contention window adjustment
In  RAN1 #110 we had the following agreement of CW adjustment procedures: Agreement
· 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

Taking this as a starting point, we believe that to further advance specifications of CW adjustments RAN1 should answer the following questions:
· For the cases where both Ack and Nack are available: should the decoding of SCI be sufficient to determine the success of the transmission on the reference duration? In other words, should we reset the CW with either Ack/Nack?
· For all the other cases: should we adopt additional conditions other than HARQ FB to determine CW adjustments?
To answer to the first question, we introduce the following observation:
[bookmark: _Toc114822056][bookmark: _Ref114832878][bookmark: _Ref114832883][bookmark: _Toc115154363][bookmark: _Toc115154724][bookmark: b1]Observation 1: Decoding of SCI-1 and SCI-2 is already sufficient in Rel-16 NR SL to inform relevant PHY and MAC procedures such as resource exclusion and selection in mode 2 resource allocation. 
Decoding of SCI as the driver for PHY and MAC related procedures can be used as an example for determining CW updates. Specifically, the availability at the transmitter of either an Ack or a Nack FB related to the reference duration can be considered as a successful decoding. The case of groupcast option 2 is different from the unicast due to the transmission to multiple destinations, for which multiple feedbacks can be sent from the multiple receivers, respectively. In that case, we can consider a ratio of the received feedbacks. We propose the following:
[bookmark: _Toc114822082][bookmark: _Ref115110410][bookmark: _Ref115110414][bookmark: _Ref115110426][bookmark: _Toc115154388][bookmark: _Toc115154749][bookmark: _Ref115427658][bookmark: _Ref115427668][bookmark: _Ref115427675][bookmark: b2][bookmark: _Ref115110406]Proposal 1: In case of HARQ FB enabled with both Ack and Nack available, i.e., for unicast and groupcast option 2,  the availability of either an Ack or a Nack related to the reference duration is used to determine resetting the CW, while the unavailability of the feedback is used to determine expanding the CW.
· In unicast: the availability of the single feedback for the reference duration determines a CW reset, while its unavailability determines the expansion
· In groupcast option 2: consider the number of received feedbacks over the number of receivers of the groupcast, if the ratio is above a threshold reset the CW, otherwise expand the CW.
In broadcast there is no Ack/Nack, and in groupcast option 1 there is an ambiguity in case HARQ FB is not sent (when Nack is received, it does mean that at least SCI-2 was decoded, while if nothing is sent it might mean that the PSSCH is fully decoded, or that the SCI-2 was not decoded). In those cases, it might be difficult to identify a clean solution for CW adjustment.
[bookmark: _Ref114739920]Channel access for S-SSB and PSFCH
In  RAN1 #110 several options for channel access for S-SSB and PSFCH were discussed without reaching an agreement: Proposal 4 (II):
· Channel access mechanism for S-SSB, down-select to one of the followings
· Option 1: UE does not sense the channel before a S-SSB transmission when the transmission meets the European regulation (ETSI EN 301 893) for SCSt. 
· S-SSB transmission is dropped when the European regulation (ETSI EN 301 893) for SCSt is not met
· Option 2: UE performs Type 2A channel access procedure before each S-SSB transmission regardless of a shared channel occupancy when the NR-U duty cycle and total duration restrictions are met. 
· When the NR-U duty cycle and total duration restrictions are not met, Type 1 channel access is performed.
· Option 3: UE performs Type 1 channel access procedure with p=1 for a S-SSB transmission without a shared channel occupancy and Type 2 channel access procedure in a shared channel occupancy. 
· Channel access mechanism for PSFCH, down-select to one of the followings
· Option 1: UE does not sense the channel before a PSFCH transmission when the transmission meets the European regulation (ETSI EN 301 893) for SCSt. 
· PSFCH transmission is dropped when the European regulation (ETSI EN 301 893) for SCSt is not met
· Option 2: UE performs Type 2A channel access procedure before each PSFCH transmission regardless of a shared channel occupancy when the NR-U duty cycle and total duration restrictions are met. 
· When the NR-U duty cycle and total duration restrictions are not met, Type 1 channel access is performed.
· Option 3: UE performs Type 1 channel access procedure for a PSFCH transmission without shared channel occupancy and Type 2 channel access procedure in a shared channel occupancy. 
· FFS the CAPC value for PSFCH (e.g., same as the corresponding PSSCH, p=1, etc)

[bookmark: _Toc114822058][bookmark: _Toc115154365][bookmark: _Toc115154726][bookmark: b3]Observation 2: Utilizing either Option 1 or Option 2 jointly for both S-SSB and PSFCH may increase the specification workload due to the need of considering a joint duty-cycle budget for two transmissions that are subject to LBT. Conversely, limiting the use of a simplified channel access to S-SSB transmissions (as in NR-U) can be more straightforward.
Channel access for S-SSB
In RAN1 #109-e and #110 we had some discussion about whether or not excluding S-SSB slots from data resource pool.
We evaluated the impact of interrupting COT due to S-SSB slots exclusion from data RP in terms of UPT [Mbps] per offered load [Mbps]. We considered Scenario 1 - Opt 1 from the evaluation methodology (baseline and a higher density scenarios, SL-U vs. WiFi), with FTP3 traffic for both SL-U and WiFi (further details in Appendix). We considered SCS and COT length is .  We considered a scheme where for each of the  S-SSB instances (one every  as in NR-U design for SCS ) we exclude  slots to capture multiple S-SSB transmission opportunities (Figure 1).


[image: ]
[bookmark: _Ref115353456]Figure 1: Scheme for system evaluations on S-SSB slots exclusion from data RP. We considered  S-SSB instances in the  period. For each instance we considered  S-SSB slots to be excluded from the data RP.
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[bookmark: _Ref115353894]Figure 2: Median UPT [Mbps] of the median UE (SL-U) versus offered load [Mbps] in the baseline scenario (left figure) and a higher density scenario (right figure). Different curves show the performance of different schemes for S-SSB slots exclusion from data RP.

In Figure 2 we display the performance of the considered schemes for the baseline layout (left figure, 6 UE pairs in SL-U and 4 STAs per each of the 3 APs in WiFi) and a higher density layout (right figure, 9 UE pairs in SL-U and 6 STAs per each of the 3 APs in WiFi). To summarize our results we compare the average across loading points of the UPT loss from the S-SSB slots exclusion. In both layouts it can be observed that exclusion of  slots from data RP due to S-SSB can disrupt throughput. 

[image: ]
Figure 3: Average across loading points of the UPT loss from the S-SSB slots exclusion for both the baseline and higher density scenarios in Figure 2.

[bookmark: b4]Observation 3: System level evaluations show that excluding S-SSB slots from the data RP can result in throughput loss due to the truncation of COTs overlapping with the excluded S-SSB slots. This phenomenon is more pronounced with the increased number of S-SSB slots, which might be needed to provision for at least multiple opportunities. 
[bookmark: _Toc114822084][bookmark: _Toc115154390][bookmark: _Toc115154751][bookmark: b5]Proposal 2: Current regulation requires that a COT is established in order to use the temporary OCB restriction exemption. RAN1 should discuss the applicability of the exemption when a COT is not available (e.g., in case of SCSt).
[bookmark: _Toc114822085][bookmark: _Ref114832918][bookmark: _Toc115154391][bookmark: _Toc115154752][bookmark: b6]Proposal 3: We propose the following framework for S-SSB transmissions:
· Use Type 2A channel access subject to duty cycle constraints (similarly to NR-U)
· Introduce multiple S-SSB opportunities to tackle channel access uncertainty
· Satisfy OCB requirements via either:
· Opt 1: Use of the temporary OCB restriction exemption
· In this case, can use Type 2 channel access according to COT sharing rule, additionally to the baseline
· Opt 2 (If S-SSB slots included in data RP): Frequency multiplexing with data transmission
· In this case use Type 1 channel access with CAPC based on the data to be transmitted or Type 2 channel access according to COT sharing rule, instead of the baseline

Channel access for PSFCH
[bookmark: _Toc114822061][bookmark: _Toc115154368][bookmark: _Toc115154729][bookmark: b7]Observation 4: Due to the Rel-16 PSSCH to PSFCH mapping, there is a high degree of predictability on whether the PSFCH would fall or not in a channel occupancy, therefore transmission of PSFCH with COT sharing can be a simple yet effective solution.
[bookmark: _Toc114822086][bookmark: _Toc115154392][bookmark: _Toc115154753][bookmark: b8]Proposal 4: Use Type 1 channel access as baseline for PSFCH transmission, and Type 2, according to COT sharing rules, in the presence of a shared COT (reuse NR-U approach).

Multi-channel access
In  RAN1 #110 procedures for multi-channel access were discussed without reaching an agreement: Proposal 5 (II): Multi-channel access
· Both DL (Type A and Type B) and UL multiple channel access procedures from NR-U are to be used as the baseline for SL-U
· FFS whether Type A and/or Type B DL channel access procedures from NR-U should be supported for SL-U
· FFS their applicable transmission scenarios and any necessary enhancement/restrictions and update for SL-U operation

We believe that at least the following cases of operation should be supported in SL-U:
· A UE selects multiple channels (e.g., 2 RB sets, for a total of 40 MHz) to transmit a single TB with allocation spanning the multiple channels.
· In this case it might require too much transmitter complexity to prepare multiple versions of the packet with different encodings based on the possible combination of available channels, and the UL procedures (“all-or-nothing”, i.e., transmit on all channells or on no channel) may be more suitable.
· A UE selects multiple channels to transmit separately multiple TBs (e.g., 2RB sets, one TB with unicast to UE1 on the first 20 MHz, and another TB with unicast to UE2 on the second 20 MHz)
· In this case the UE should be able to selectively transmit the TBs corresponding to the channels where the LBT was succesfull, since this would not require any extra effort in terms of waveform preparation (all the steps like TB size determination and encoding are not revisited, and OFDM symbols are just mapped to REs based on the LBT outcome), and a DL procedure allowing transmission on a subset of the RB sets is more suitable.
· A UE selects multiple channels to transmit a single TB to increase the transmission reliability. The single TB can be mapped to RBs within a single subchannel. 
· Similar to the case above.
[bookmark: _Toc114822087][bookmark: _Toc115154393][bookmark: _Toc115154754][bookmark: b9]Proposal 5: Support both DL (allowed transmission on a subset of channels) and UL procedures (transmit on all channels or on no channel) for SL-U.

[bookmark: _Ref115108378]Multiple sub-symbol starting positions with CPE and prioritization
[bookmark: _Toc114822062]The synchronicity of transmission starting points in current NR SL (Figure 4) is a major concern for intra-RAT collisions. This is especially true for, but not restricted to, the first transmission, for which the reserving SCI-1 from Rel-16 resource reservation has not been transmitted yet. Furthermore, the burden on resource selection (number of resources) can be higher in eMBB-like applications as opposed to V2X applications, for which Rel-16 resource selection and reservation was optimized for. This can, in principle, lead to more collisions.
[bookmark: _Ref102045422][bookmark: _Toc102096617][bookmark: _Toc115154369][bookmark: _Toc115154730][bookmark: b10][bookmark: _Toc101794368]Observation 5: Rel-16 NR SL channel access at synchronous transmission starting points can be prone to intra-RAT collisions especially for high load scenario.
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[bookmark: _Ref115160876]Figure 4: Intra-RAT collisions with with single transmission starting position in SL-U.

In order to support Observation 5, we introduced an evaluation of collision probability which is summarized in Table 1 . The evaluation considers an SL-U-only deployment, where 12 UE pairs are randomly dropped in an indoor office (2 UEs are associated if their RSRP  -72 dBm). Two loading points are compared (12 and 48 Mbps). It can be noted that increasing the load directly impacts resource utilization (RU) and intra-RAT collision ratio (additional details in Appendix).

[image: ]
[bookmark: _Ref102045493]Table 1: Resource utilization and intra-RAT collision ratio in SL-U network.

There is an example of intra-RAT collision resolution in NR-U, which is provided by the channel access for CG-PUSCH. NR-U specified up to seven starting positions for CG-PUSCH (multiple starting positions at  granularity before the first transmitted symbol). If several UEs are performing the additional LBT in Type 1 channel access, the UE that selects the earlier contention-slot can pass LBT and start transmissions with cyclic prefix extension (CPE), thus potentially blocking other UEs LBT and avoiding collisions.
[bookmark: _Toc115154370][bookmark: _Toc115154731][bookmark: b11]Observation 6: Multiple transmission starting positions (TSPs) with different CPEs alongside LBT can reduce collisions between UEs and enable TDM operation, which can be desirable when each UE’s frequency allocation spans a wide set of subchannels (e.g., a whole RB set, or multiple RB sets).
[bookmark: _Toc114822063][bookmark: _Toc115154371][bookmark: _Toc115154732][bookmark: b12]Observation 7: Alignment of UEs transmissions (single TSP) can be helpful to achieve FDM operation, especially when each UE’s frequency allocation spans a small set of subchannels (e.g., just a few subchannels within an RB set).
[bookmark: _Toc114822064][bookmark: _Toc115154372][bookmark: _Toc115154733][bookmark: b13]Observation 8: Multiple TSPs can be used alongside prioritization of UEs (e.g., mapping transmission starting positions to CAPCs) to allow TDM operation between UEs with traffic of different priorities, and allow FDM of UEs with traffic within the same priority
[bookmark: _Toc115154394][bookmark: _Toc115154755][bookmark: b14]Proposal 6: Introduce multiple TSPs for UEs to initiate transmissions. The TSPs are mapped to different CAPCs. 

[image: ]
Figure 5: Example of multiple transmission starting positions (TSPs) mapped to different CAPCs (“p”) in symbol 13.

[bookmark: _Ref115247498][bookmark: _Ref115247492][bookmark: b15]Observation 9: While earlier TSPs may be reserved for high priority traffic (low CAPC index), high priority traffic may be allowed to select later TSP associated with low priority traffic (high index CAPC). This can enable more multiplexing in frequency in later TSPs.
[bookmark: b16]Proposal 7: A UE with traffic of a given CAPC can select a TSP associated with a CAPC with equal or higher index.
[bookmark: _Toc115154395][bookmark: _Toc115154756][bookmark: b17]Proposal 8: For starting transmissions (either with AGC symbol for PSCCH/PSSCH or AGC symbol for PSFCH) a UE can choose one from a set of TSPs. The transmission starts with CPE with length depending on the location of the TSP. 
[image: ]
Figure 6: example of starting transmissions with CPE in a TSP at  within the gap symbol 13.

Multiple starting positions can be used in the cases of a) starting transmissions to initiate a COT (in combination with Type 1 channel access) and b) starting transmissions in a shared COT (in combination with Type 2 channel access). The configuration of the multiple TSPs can be different between cases (a) and (b). In case (a) we can reuse the example from CG-PUSCH in NR-U at least for PSCCH/PSSCH transmission, and consider one full 15 KHz OFDM symbol worth of time to determine a set of TSPs as displayed in Figure 7.
[image: ]
[bookmark: _Ref115181490]Figure 7: Multiple TSPs for starting transmissions after Type 1 channel access (COT initiator) for PSCCH/PSSCH. In the example the UE starts transmissions with CPE at the TSP  with .

[bookmark: b18]Proposal 9: For initiating a channel occupancy with PSCCH/PSSCH, adopt NR-U CG-PUSCH design with seven TSPs starting from  after the boundary corresponding to one 15 KHz symbol duration prior to the AGC symbol t be transmitted. The other TSPs are spaced multiples of  from the first TSP. 
In case (b), due to the NR SL slot structure with one symbol gap, there may be ongoing transmissions (including from the COT initiator) until one symbol before the first shared slot in the COT. Therefore, there may be fewer available TSPs in the case of COT sharing and the number of TSPs depends on the length of the gap symbol (see Figure 8).
[bookmark: _Toc115154374][bookmark: _Toc115154735][bookmark: b19]Observation 10: The number of TSPs available for COT sharing depends on the length of the gap symbol, i.e., on the SCS.

[image: ]
[bookmark: _Ref115189387]Figure 8: Multiple TSPs for starting transmissions with Type 2 channel access (COT sharing) for PSCCH/PSSCH.

[bookmark: b20]Proposal 10: For transmitting a PSCCH/PSSCH with COT sharing, adopt a number of TSPs starting from  after the start of the gap symbol. The other TSPs are spaced multiples of  from the first TSP until the start of the AGC symbol.
[bookmark: b21]Proposal 11: RAN1 studies mappings between TSPs and CAPCs for initiating a channel occupancy and for COT sharing.

Framework for COT sharing
In  RAN1 #110 we had an agreement on the applicability of Rel-16 NR-U channel access types for COT sharing, namely, Type 2 channel access: 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

In Section 2.2 we shared our view on the applicability of SCSt to S-SSB and PSFCH transmissions, and we also expressed our preference for using it only for S-SSB with the request of performing a Type 2A before the S-SSB transmission. We believe that we could just follow NR-U design in this regard, therefore we propose the following:
[bookmark: _Toc114822091][bookmark: _Toc115154400][bookmark: _Toc115154761][bookmark: b22]Proposal 12: For transmissions that are eligible to use the short control signal clause, RAN1 adopts Type 2A channel access before the said transmission. Type 2C channel access cannot be used for SCSt.
In  RAN1 #110 we also had an agreement on the eligibility of responders on a shared COT and their transmissions: 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

In our view Alt 1 might be too restrictive as it is spelled out right now. We do prefer Alt 2, since it encompasses more cases of COT sharing that we believe should be valid. 
Fundamentally, the COT sharing has two gating conditions to determine the eligibility of a responder: one at the initiator’s side (who is target of a COT sharing indication), and one at the responder’s side (who has a valid transmission for the shared COT). This is unprecedented in NR-U, due to the DL/UL nature of the COT sharing: the initiator was performing a transmission (control, or data, or both) meant to its responder and vice versa. In the case of SL-U we have SCI that is useful information for potentially all UEs, while the data/data-feedback may be targeting a subset of them. So the question is:
· Should we consider SCI or data/data-feedback as the transmission validating a shared COT indication?
· Should we consider SCI or data/data-feedback as the transmission validating a response on the shared COT?
Fundamentally, sharing a COT with a PSCCH/PSSCH from the initiator is different from sharing with a PSFCH. In the former case we have SCI-1 and SCI-2 to convey information about the COT and the parameters for sharing, while in PSFCH we might not. In the following subsection we discuss the former case while the latter should be left open.

Sharing COT with PSCCH/PSSCH from the initiator
[bookmark: _Toc114822071][bookmark: _Toc115154376][bookmark: _Toc115154737][bookmark: b23]Observation 11: In NR-U, DCI on PDCCH can be used from the gNB as standalone transmission to initiate a shared COT region, e.g., when the gNB schedules a responder UE’s transmission. In that case the receiver of DCI containing a COT sharing indication can share the COT. 
[bookmark: b24]Observation 12: In NR SL, there are three levels of decoding for a receiver UE:
· Level 1: the UE decodes SCI-1
· Level 2: the UE decodes SCI-2 on PSSCH based on SCI-1 decoding
· Level 3: the UE determines that should attempt decoding of data on PSSCH based on a SCI-2 decoding

[bookmark: _Ref115170928][bookmark: _Toc114822092][bookmark: _Toc115154401][bookmark: _Toc115154762][bookmark: b25]Proposal 13: A UE is eligible to share the COT if at least it is the target of a COT sharing indication from the initiator. Several options can be considered:
· Opt 1: UE decodes SCI-1 containing a COT sharing indication
· Opt 2: UE decodes an SCI-2 containing a COT sharing indication
· Opt 3: UE decodes an SCI-2 containing a COT sharing indication and is a target receiver of the COT initiating UE’s PSSCH

Options 1 and 2 require only SCI-1 or SCI-2 decoding, which is very broad. Option 1, specifically, may have some limitations for the responding transmissions due to missing the source ID in SCI-1. Option 2 demands the decoding of SCI-2, which contains the source ID, therefore it might be easier to determine if a response is for the initiator or not. Options 3 requires also that the UE is destination of data. 
Once the eligibility to share the COT is determined (e.g., after detecting an indication to share the COT), one final step is required to determine if the eligible UE can actually transmit over the shared COT, that is the answer to the second question:
[bookmark: _Toc114822073][bookmark: _Toc115154378][bookmark: _Toc115154739][bookmark: b26]Observation 13: In NR-U, the response to the initiator at least either contains data destinated to the initiator, or control information that can be used from the initiator.
[bookmark: _Toc115154403][bookmark: _Toc115154764][bookmark: b27]Proposal 14: A UE that is eligible to share a COT can respond to the initiator by performing at least transmissions where the initiating UE is one of the recipients, which includes: a) PSFCH to the initiator, b) unicast PSSCH to the initiator, c) connection based groupcast PSSCH including the initiator, d) connectionless groupcast PSSCH, e) broadcast PSSCH, f) S-SSB.
A special case for sending a PSFCH to a UE that is not the initiator could be treated as an exception. The benefits would be substantial, for two reasons:
· More transmissions ensuring continuity of transmissions over the COT (e.g. the initiator may lose the COT due to large gap if there is a slot with PSFCH symbols but the initiator neither expects to receive PSFCH nor has a PSFCH to transmit, see Section 2.6.3.3)
· More chances to deliver HARQ FB (a UE2 that wants to transmit a PSFCH to UE3 may not be able to complete Type 1 channel access procedure within the gap in symbol 10 if it is in proximity of the initiator UE1)

There is a similar case in NR-U, where a gNB shares a COT initiated by a UE (e.g. with CG-PUSCH), and sends control information to another UE. Moreover, the chances that the transmission of PSFCH from a UE2 to a UE3 (different from the initiator UE1) would collide with a PSFCH from a UE4 to the initiator UE1 are slim, due to the size of the resource pool compared to the resources needed for PSFHC transmission.
[bookmark: b28]Proposal 15: A UE that is eligible to share a COT can be allowed to transmit a PSFCH to a UE different from the COT initiator.

COT Structure information and COT sharing indication
In Rel-16 NR-U, COT structure information (COT-SI) was introduced in DCI 2_0 to inform the receiver(s) over a DL COT about the time/frequency rectangle obtained with a Type 1 channel access procedure. This design can be adopted in SL-U as well, so that a UE obtaining a COT can inform its receivers about the available resources if/when the COT is shared. 
Additionally, in RAN1 #110, we agreed that “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”, and therefore the CAPC used to perform Type 1 channel access should be included as a defining parameter of the COT. 
[bookmark: _Toc115154404][bookmark: _Toc115154765][bookmark: b29]Proposal 16 (COT structure information indication): Introduce COT structure information (COT-SI) indication, that can be sent from the initiator via SCI-1 or/and SCI-2 to indicate the time and frequency resources for the COT and the CAPC used to obtain it with Type 1 channel access.
For what concern the COT sharing indication, we may consider designs that are similar to the CG-PUSCH in NR-U. In that case, a UE that obtain a COT with Type 1 channel access, can provide ‘COT sharing information’ in CG-UCI. The filed can points to a row index corresponding to a configuration containing COT sharing information (higher layer parameters). Specifically, the row contains a CAPC, an offset (start of shared region), and a duration (end of shared region). If the field in CG-UCI is set to ‘1’, then the COT can be shared after a default offset from the end of the slot containing CG-UCI is detected.
[bookmark: b30]Proposal 17: Support in SL-U COT sharing indication similar to the one in CG-UCI for CG-PUSCH to provide parameters about a shared region (offset, duration, CAPC). Study further enhancement to include information about 
· Target responders of the shared COT
· Number and configuration of the TSPs

While the information on the target responders of the shared COT can support designs like Option 1 and Option 2 in Proposal 13, information on the configuration of TSPs can be used to control the TDM/FDM behavior of responders.
[bookmark: _Toc115154405][bookmark: _Toc115154766]It is to be considered that when COT sharing information is sent, some UEs may not be able to receive it. Therefore, it should be possible to include the COT sharing information in multiple slots. Furthermore we could support different shared regions, signaled by multiple transmissions of COT sharing information.
[bookmark: b31]Observation 14: Some UEs may not be able to decode the COT-SI if transmitted in a single instance, therefore we may need to repeat the COT-SI transmission in multiple slots to deliver information about shareable region(s).
Multiple shared regions can be indicated to potentially include different sets of responders, and different setup for number and location of TSPs (e.g. TDM region and FDM region).
[bookmark: b32]Proposal 18: Support multiple shared regions with related different COT sharing information. Different options can be considered to provide the information on multiple shared regions:
· Opt 1: COT-SI includes COT sharing information on multiple regions
· Study including in COT-SI the COT sharing information like a) start, b) end, c) information on target responders, d) configuration of multiple TSPs, for one or more shared COT region.
· Opt 2: separate transmissions of COT sharing information contain information about different shared regions

It is to be noted that Opt 1 might be more costly in terms of bit length of the indication. On the other side, for Opt 2 it may be needed that separate indications are consistent with each other, in order to not have inconsistencies in the definitions of different shared regions. 
Resource allocation
In  RAN1 #110 we had the following agreement on CW adjustment procedures: Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details

The ability of a device of performing multiple consecutive slots transmissions without the need of performing channel access multiple times is fundamental to remain competitive in the unlicensed spectrum, especially in the presence of other technologies, e.g., WiFi.  
We evaluated the impact of MCSt in terms of UPT [Mbps] per offered load [Mbps]. We considered Scenario 1 - Opt 1 from the evaluation methodology, with FTP3 traffic for both SL-U and WiFi. We swept different COT length in SL-U (COT length is kept constant as 6ms in WiFi), which is displayed in Figure 9. Additional simulation details can be found in Appendix.
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[bookmark: _Ref115098322]Figure 9: Median UPT [Mbps] of the median UE performance (SL-U) VS. offered load [Mbps] for increasing COT lengths {0.5, 2, 6} ms.

It can be observed in Figure 9 that when a UE can perform MCSt (COTs of 2 and 6 ms are considered) after a Type 1 channel access (as opposed to a single slot transmission) the UPT increases by considerable margins. The higher the length of MCSt, the higher the margin. 
[bookmark: _Toc115154379][bookmark: _Toc115154740][bookmark: b33]Observation 15: Evaluations based on Scenario 1 – Option 1 from the evaluation methodology with FTP3 traffic show that multiple consecutive slots transmission up to the MCOT duration can significantly improve throughput and therefore should be supported in SL-U.
Rel-16 NR-U, supported transmission bursts, in which a single device can perform a sequence of transmissions without the need of performing channel access if the gaps between consecutive transmissions are no longer than . In order to support MCSt in SL-U we need to address two types of enhancements, namely:
1. Enhancements to resource allocation (mode 1 and mode 2) to enable MCSt (Sections 2.6.1 and 2.6.2)
2. [bookmark: _Ref115098003]Enhancements to enable performing consecutive transmissions with gaps no larger than  (Section 2.6.30 )

[bookmark: _Ref115110447]Mode 2
Mode 2 UEs have to perform a two-step procedure, i.e., resource selection and resource reservation. In Rel-16 resource selection, the MAC considers a single TB transmission, characterized by a set of parameters: resource pool, L1 priority, packet delay budget (PDB), number of subchannels  to be used in a slot, and optionally the resource reservation interval  in units of . The MAC asks the PHY to exclude a set of resources in the selection window based on a sensing of subchannels. During the sensing part, the UE detects the level of RSRP over the slots where SCI-1 reservations were received, and projects it on the reserved resource under test. During the exclusion step the said RSRP is tested against a threshold to assess the acceptability of the level of interference in case a collision may occur in the said resource under test. After the exclusion procedure,  subchannels are selected at random from the available resources for the first transmission and for up to two retransmissions. In the reservation step, a UE, communicates via SL control information (SCI-1) the up to 2 resources for retransmissions. 
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[bookmark: _Ref115102156]Figure 10: Rel-16 mode 2 resource selection, where resources for transmissions of two TBs are selected at random, thus resulting in 2 slots gap between the transmissions.
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[bookmark: _Ref115194142]Figure 11:  table for different SCSs from [2] .

Issues with random selection
Notably, due to NR SL being optimized for V2X traffic, a UE performs resource selection and reservation of a single TB at a time, and since the selection is performed at random for each TB, this may be an obstacle for supporting MCSt.
[bookmark: _Toc115154380][bookmark: _Toc115154741][bookmark: b34]Observation 16: The random selection of resources and the disconnected selection procedures across TBs is an obstacle for MCSt in SL-U, which can limit throughput due to potential multiple channel access procedures.
We believe that a first step towards enabling MCSt would be removing the random component from the resource selection procedure, so that a UE could potentially select resources to exploit transmission bursts with small gaps, therefore avoiding multiple channel access procedures.
[bookmark: _Toc115154408][bookmark: _Toc115154769][bookmark: b35]Proposal 19: Support resource selection within the selection window according to UE implementations, without requiring the selection to be random.
[bookmark: _Toc115154381][bookmark: _Toc115154742][bookmark: b36]Observation 17: If resource selection is not forcefully random, the UE can prioritize selecting subchannels in slots that are contiguous, to minimize the number of channel access procedures.

[bookmark: _Ref115276532]Issues with per-TB selection
A per-TB selection procedure can be detrimental for performance due to the overhead of the procedure itself. When resource re-selection is triggered (for example due to LBT not being completed at the selected slot boundary), it might be not possible to select the new resources at the following slot due to processing times constraints/requirements (see Figure 11). Conversely, the channel access procedure may be completed by the following slot boundary, but without a selected resource the UE would be unable to start transmissions which can be inefficient in terms of channel access. 
[bookmark: _Toc115154382][bookmark: _Toc115154743][bookmark: b37]Observation 18: When channel access is not completed in time to transmit on a selected resource, Rel-16 (per-TB) resource re-selection can cause channel access inefficiencies and undermine throughput due to processing time.
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Figure 12: Rel-16 resource selection for the transmission of multiple TBs (with potential re-selections needed due to LBT uncertainty).

For this reason, we want to introduce resource selection for multiple contiguous resources to provide the UE with
· more time to complete LBT without triggering resource re-selection
· multiple contiguous resources in time to perform MCSt and avoid to perform multiple channel accesses

[bookmark: _Toc115154409][bookmark: _Toc115154770][bookmark: b38]Proposal 20: A UE can select a set of subchannels for a duration of N2 slots in time where N2>N1 with N1 being the number of TBs to be transmitted. RAN1 can consider limitations for the applicability of the bundled selection, e.g.:
· The N1 TBs require the same number  of subchannels
· The N1 TBs have the same L1 priority
· The N1 TBs are transmitted after channel access completion in order of PDB expiration
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Figure 13: Illustration of long selection enhancement.

[bookmark: _Ref115159783]Multiple sub-symbol transmission starting positions in mode 2 RA
In Section 2.4 we discussed multiple TSPs based on CAPC to minimize intra-RAT collisions with prioritization. In mode 2 RA there is no gNB coordination, and multiple TSPs with prioritization of UEs based on CAPC is a promising technique to reduce collisions for first transmission
[bookmark: _Toc115154383][bookmark: _Toc115154744][bookmark: b39]Observation 19: In mode 2, for the case where multiple UEs are attempting channel access for their first transmission (they have not signaled any resource reservation), multiple starting positions with prioritization can be an effective distributed scheme to solve collisions between UEs. 
[bookmark: _Toc115154410][bookmark: _Toc115154771][bookmark: b40]Proposal 21: In mode 2 resource selection, the UE selects a TSP according to its CAPC.
[bookmark: _Toc115154412][bookmark: _Toc115154773]If a UE monitoring for resource reservations detects a reservation that is conflicting with its selection, it can adjust its selection in the following way:
[bookmark: _Ref115359732][bookmark: b41]Proposal 22: In mode 2 RA, for a UE1 to select/adjust a TSP for its transmission in case that a decoded resource reservation from another UE2  indicates transmission in the same slot, the UE1 can select/adjust its TSP according to one of the following alternatives:
· Alt 1 (reservations w/o TSP): the UE1 assumes that a single TSP  is available (common pre-configured TSP) for the adjustment. The UE1 can attempt channel access at  if the frequency allocation of its transmission does not overlap with those of the monitored reservations. Otherwise perform resource re-selection.
· Any reserving UE2 assumes to use the single TSP  for reserved resources
· RAN1 should study the location of the common TSP to be assumed for reserved slots
· Alt 2 (reservations with TSP): the UE1 assumes that multiple TSPs are available and can adjust the selected one according to its CAPC and the CAPC of the reserving UE2
· RAN1 should study how to introduce the TSP dimension in mode 2 resource reservation
· RAN1 should study whether/how to adjust the TSP to consider the decoded reservation and determine in which case resource re-selection should be otherwise issued

In Proposal 22, Alt1, the assumption is that transmissions related to reserved resources always start at a single common TSP, to facilitate the FDM behavior as in Rel-16 NR SL. In Observation 9 we highlight that a later TSP might be, in general, accessible also to high priority traffic. This would provide to that traffic more chances of being multiplexed in frequency, e.g., with traffic of lower priority, to which earlier TSPs are precluded.  It is to be noted that, if multiple TSPs are configured, then a UE2 that does not decode a reservation from UE1 and tries to access the same slot with a different TSP wouldn’t cause more damage than in the legacy behavior, where the two transmissions may collide due to the availability of a single TSP. 
In Proposal 22, Alt2, the UE1 that decodes a reservation for starting transmissions in the same slot, can look up a reserved TSP from UE2 and make a selection according to relative priority. Further discussions are needed in RAN1 to determine 
· what are the most suitable ways to indicate the TSP in a resource reservation
· what are the behavior that a UE should take for adjusting its TSP, e.g.,
· follow CAPC (e.g., a UE can maintain an early TSP if has a higher priority that reservation)
· prioritizing reservation (e.g., a UE can only use a TSP that is not earlier than the reservation).

Issues with legacy resource exclusion
There is a system-level impact of unused reserved resources due to LBT failure. Consider for example a UE1 that successfully selects resources and broadcasts its reservation SCI 1. Such a UE1 can potentially fail to clear the LBT for channel access corresponding to future reserved resources. Other UEs that decode the reservation SCI 1 from UE1 can exclude the said resources, which can be wasteful. Therefore, we propose to jointly study LBT and mode 2 resource allocation.
[bookmark: _Toc115154384][bookmark: _Toc115154745][bookmark: b42]Observation 20:  In mode 2, for the case where resource reservations are available, there is still a chance that the reserving UE will not be able to occupy the reserved resources due to LBT uncertainty. So there is an opportunity cost in excluding the resource from selection (exclusion can unnecessarily reduce channel capacity).  
Enhancements to resource selection employing a less restrictive exclusion step could be, in principle, introduced to allow more UEs to select the same resource, and limit the system-wide inefficiency related to LBT uncertainty. In Section 2.6.1.3 we advocated for introducing TSPs as a new dimension for selection/reservation.
[bookmark: b43]Observation 21: Multiple transmission starting positions can enable selection with soft-exclusion, i.e., a UE can select overlapping resources with a different TSP to TDM, or just FDM with the reserving UE by selecting the same TSP. 
When a UE1 decodes a reservation in from UE2, if the reservation contains a TSP indication, then UE1 may be able to use this information in its resource selection step in the following manner:
· Soft exclusion in PHY: the RSRP in the slot of the detected reservation is tested against the exclusion threshold (which depends on the priority level of the reservation), but if the RSRP is above threshold the resource can still be selected with a later contention slot (described further in the enhanced selection step).
· Soft exclusion report to MAC: instead of a set of candidate resources to be excluded, the report can include the set of excluded resources in the “soft” sense (candidate resources for which the associated RSRP is above threshold, which should not prevent the MAC from select them as in the enhanced selection described below), alongside a supporting information related to the reservation in SCI-1 for which the RSRP was tested.
· The supporting information (see ) related to the reservation can be one of: a) TSP, b) CAPC. 
· Enhanced resource selection and reservation: the MAC selection step can consider the relation between the CAPC of the upcoming transmission and the soft exclusion report provided by the PHY according to the observed reservations to allow resource selection and reservation with the additional dimension of the contention slot, of time/frequency resources that are potentially overlapped with those reserved by other UEs (see ). 
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[bookmark: _Ref115160006]Figure 14: Resource selection in MAC according with soft exclusion of reserved resources and enhanced selection with contention slot dimension.

[bookmark: _Toc115154413][bookmark: _Toc115154774][bookmark: b44]Proposal 23: Introduce the “soft exclusion” step in resource selection, with associated report from the PHY to the MAC containing the set of excluded resources alongside a supporting information for each exclusion. The excluded resources can still be selected in MAC.
[bookmark: _Toc115154414][bookmark: _Toc115154775][bookmark: b45]Proposal 24: Candidates for the supporting information related to the observed reservations are: a) TSP index, b) CAPC, c) L1 priority.
[bookmark: _Toc115154415][bookmark: _Toc115154776][bookmark: b46]Proposal 25: Introduce a modified resource selection and reservation step, where the MAC can use the soft-exclusion report to still select and reserve any of the candidate resources, with the constraint that excluded resources can be selected only with a different TSP.
· Study restrictions for selecting the appropriate TSP according to the supporting information

Resource pre-emption before and after COT start
[bookmark: _Toc115154416][bookmark: _Toc115154777]In Section 2.6.1.3 we discussed re-evaluating the selected resources before transmission to either adjust the selected TSP or issue resource re-selection. In that case the issue is originated by UEs attempting to access the channel at the same slot. If long selection for multiple TBs (introduced in Section 2.6.1.2), and in general, if MCSt are supported, it is also possible that a monitored reservation from UE2 indicates some resources within a COT of UE1. This section introduces some methods to respect those reservations. We consider two levels of overlapping that can be addressed:
· LBT of UE2 would be blocked by UE1’s transmission (inter-UE blocking): overlapping at the RB set level
· UE1 and UE2 allocated overlapping resources for their PSSCH (interference): overlapping at the subchannel level

In case that the monitored reservation is for a transmission with higher priority, UE1 could trigger resource re-selection and target a transmission starting point that is not earlier than the one from the reservation (see Figure 15). In this case, the reservation from UE1 would be honored (UE1 has the chance to complete channel access and occupy the medium) and inter-UE blocking of higher-priority transmissions avoided. We can consider a window controlled by a parameter T from the target TX starting point of UE1 within which UE1 is willing to trigger re-selection based on a reservation from UE2 with transmission start within the window
In the following we consider enhancements for UE1 before starting transmissions that would overlap with resources selected by UE2. A first enhancement would be issuing re-selection if a reservation is detected within a window from the target start of TX (Figure 15).
[bookmark: _Toc115154417][bookmark: _Toc115154778][bookmark: b47]Proposal 26: Introduce Triggering resource re-selection if a higher-priority reservation is detected with TX start time within a preemption window of size T from the target TX start point the own transmission.
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[bookmark: _Ref115161291]Figure 15: Resource re-selection in last-minute evaluation due to high-priority reservation’ preemption window. In the example the re-selection is avoiding inter-UE blocking

Inter-UE blocking, i.e., the inability for a UE2 to complete channel access if a UE1 is already transmitting (even on non-interfering subchannels) due to LBT BW overlapping, can be contrasted in resource selection. The UE1 behavior can be to exclude from the selection window the slots prior to the indicated TX starting point indicated in UE2’s reservation (see Figure 16). 
[bookmark: _Toc115154418][bookmark: _Toc115154779][bookmark: b48]Proposal 27: Introduce an exclusion region (slots) in the resource selection step so that a UE1’s MAC can exclude slots from selection before the active higher-priority reservation with overlapping LBT BW.
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[bookmark: _Ref115161317]Figure 16: Exclusion region before high priority reservations in resource selection to avoid inter-UE blocking.

In case that re-selection is not an option and UE1 is willing to start transmitting over a COT (for example there is enough margin between UE1’s COT start and UE2’s reservation), UE1 can still consider taking actions to honor higher-priority reservations that falls within the COT. The UE1 could simply stop transmitting (for example T slots before the time indicated in the reservation and for the whole duration of the reservation), or in some cases, share the COT with the reserving UE2. In the COT sharing case, UE2 may or may not be eligible for sharing the COT of UE1. In one case UE1 may signal COT sharing (for example if UE2 is a destination during the COT), then UE2 will determine its eligibility, for example, based on the presence of data for UE1. In another case, UE1 may signal COT sharing to UE2 only if the information that UE2 has data for UE1 is available, which can be obtained for example by adding a destination sub-field in the SCI reservation.
[bookmark: _Ref115161373][bookmark: _Toc115154419][bookmark: _Toc115154780][bookmark: b49]Proposal 28: Introduce UE1 stopping transmissions T slots before the transmission time and for the whole transmission time indicated in a higher priority-reservation sent from UE2.
[bookmark: _Ref115161376][bookmark: _Toc115154420][bookmark: _Toc115154781][bookmark: b50]Proposal 29: Introduce UE1 indicating COT sharing to UE2, based on UE2 being a destination in UE1’s COT, and a transmission time indicated by a reservation from UE2. UE2 can determine if the channel access with COT sharing can be used, based on UE1 being the destination for UE2’s transmission. 
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Figure 17: Illustration of Proposal 28 and Proposal 29.

[bookmark: _Ref115426011]Mode 1
To enable MCSt in mode 1, we consider that the gNB could provide to the UE a multi-TTI grant, so that the UE can perform LBT until success and then start a transmission burst over the remaining slots of the grant. For multi-TTI grant, a single DCI 3_0 grant schedules multiple PSSCH transmissions (multiple TBs). For the multi-TTI grant the same FDRA can be assumed across the different TBs. Details should be studied involving the following relevant questions:
· How to indicate the TDRA across multiple slots?
· How to provide HARQ ID and NDI indicationfor multiple TBs?
· Is SCI-1 repetition necessary in every slot?
· How should the gap symbol be used?

[bookmark: b51]Proposal 30: Introduce multi-TTI grant to support MCSt in mode 1 SL-U. RAN1 should study details regarding
· TDRA indication for multiple slots
· HARQ ID and NDI for multiple TBs
· SCI-1 optimizations across multiple slots
· Utilization of gap symbol for data

We provide some additional details in Section 2.2.2 of our companion paper [3] 
On a separate consideration, RAN #96 updated the WID [1] , and established that in SL-U operation, neither gNB can use Type1 to obtain a COT to share with a UE for SL transmissions, nor can use Type 2 LBT to share a UE-initiated COT. The absence of gNB sensing in the picture for mode 1 operation open new challenges related to the extent of the awareness that the gNB can have of the conditions of the shared channel. Some kind of mechanism for the gNB to acquire the status of the shared channel seems to be needed. 
[bookmark: _Toc111201037][bookmark: b52]Proposal 31: Introduce an LBT failure report from mode 1 UE to the gNB so that the gNB can provide LBT-aware resource allocation for the mode 1 UE in the form of grants over DCI 3_0. The LBT failure report can be sent to the gNB via: a) MAC-CE over PUSCH or b) PUCCH. 
Currently each DCI 3_0 can indicate a PUCCH, which will carry one bit for Ack/Nack info per reported TB. There is no distinction between a Nack for LBT failure or one for transmission failure. We would like to distinguish between the following events:
· LBT failed (transmission did not occur)
· LBT passed (transmission occurred), and Nack
· LBT passed (transmission occurred), and Ack
Adding one bit to the report per PSSCH in PUCCH can solve the issue.
[bookmark: _Toc111201038][bookmark: b53]Proposal 32: The LBT failure report over PUCCH can be delivered with one additional bit per PSSCH.

[image: ]
Figure 18: PUCCH enhancement with LBT failure report for mode 1.

In multi-TTI grant the transmitter may not need to perform additional LBT during the scheduled PSSCH transmission burst after the 1st LBT succeeds. It is also possible that the grant spans a discontinuous set of time resources so that multiple LBTs are needed. LBT failure report for multi-TTI grant is a more complex problem and should be further studied.
[bookmark: _Toc111201039][bookmark: b54][bookmark: _Ref115097980]Proposal 33: Study how to introduce LBT failure report for multi-TTI grants for mode 1 operation.

[bookmark: _Ref115193858]Optimizations for contiguous burst
For unlicensed band operation, a SL node may prefer continuous transmission of data burst to avoid losing the COT. If there is a gap  in the middle of the transmission burst, an additional type 1 LBT is required. The Rel’16 SL slot structure contains a gap symbol at symbol #13 if the slot does not have PSFCH, or at symbols #10 and #13 if PSFCH is included in the slot as shown in Figure 19. 
Additionally, for long data burst in eMBB traffic, some optimization in control signaling, DMRS, AGC and gap symbols could be considered to improve the spectral efficiency.
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[bookmark: _Ref115161412]Figure 19: Rel'16 SL slot structure a) without PSFCH, b) with PSFCH

Close the gap between two contiguous slots
The Rel’16 SL slot structure has one symbol gap at the end of the slot for Tx/Rx switching. The transmitter (Txer) may prefer to occupy the gap symbol between two adjacent slots for contiguous transmission. One alternative is to consider CPE (Figure 20.a) to either fill the entire gap symbol (full AGC symbol repetition) or part of it (but at least long enough to make sure the gap is less than 16us, to keep the contiguous access of the channel).
[bookmark: _Toc115154423][bookmark: _Toc115154784][bookmark: b55]Proposal 34: Within the COT transmission, use CP extension (CPE) of the AGC symbol to fill into the gap symbol of the previous slot so that the one symbol transmission gap in between the slots becomes narrower (at most ).
The gap and AGC symbols between two contiguous slots within the data burst can be used for data transmission to improve the spectral efficiency (Figure 20.b). Instead of filling the gap symbol with CPE, one can rate match PSSCH to the gap symbol. Considering the AGC is already trained at the beginning of the burst and no other close by transmitter can clear LBT and start transmission in the middle of the burst, the transmitter may also choose to rate match PSSCH to the AGC symbol after the 1st slot of the burst. The same principles can be also applied in the case of multiple contiguous slots. 
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[bookmark: _Ref115195744]Figure 20: Closing the gap in between slots: a) use of CP extension b) PSSCH rate matching

Close the gap before the PSFCH symbol
If the slot contains the PSFCH, there is an additional gap symbol at symbol #10. The PSFCH transmission for Ack/Nak may want to share the same COT with the PSCCH/PSSCH in the same slot and the data burst may want to continue with the same COT after the PSFCH. In this case, we may need to close the gap symbol #10.
For the PSFCH transmission, from the experience of NR-U, the following are possible
· Share another SL transmission COT with Type 2C LBT if gap is no more than 16us
· Share another SL transmission COT with Type 2B LBT if gap is 16us 
· Share another SL transmission COT with Type 2A LBT if gap is longer than or equal to 25us 
· Acquire its own COT with Type 1 LBT
For PSFCH to share another SL transmission’s COT, small gap in symbol #10 could prevent WiFi from jumping in and block the PSFCH transmission. If the COT initiating Txer wants to resume the COT in the following slot after the PSFCH symbol, the gap at symbol #10 needs to be  and CPE is needed to fill the gap at symbol #13. To allow the PSSCH transmitter to control the gap, SCI triggering the PSFCH transmission may be responsible to indicate the channel access type and CP extension duration for PSFCH transmission just as the DCI indicates the channel access type and CPE for the PUCCH in NR-U. 
[bookmark: _Toc115154425][bookmark: _Toc115154786][bookmark: b56]Proposal 35: For the gap before PSFCH,  use CP extension to maintain the right length gap to match the channel access type or keep the COT (less than ).
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Figure 21: Close the gap before the PSFCH: a) 25us gap, b)16us gap, c) no CPE

[bookmark: _Ref115260370]Close the gap in the PSFCH symbol
For the eMBB case, the Txer schedules TBs in a burst and may not expect Ack/Nak at the beginning of the bursts. However, the PSFCH occasions are common across all links in the network, there could be some un-used PSFCH instances at the beginning of the data burst and could cause COT termination. These PSFCH occasions could potentially be used by other links, but the COT initiating transmitter may or may not transmit/receive PSFCH to/from other SL nodes. If the COT initiator cannot guarantee or assume there is a transmission in the PSFCH occasion with  gap, either from the COT initiating transmitter or other SL nodes, the COT will be terminated and additional LBT overhead would be undesirable. In Figure 22, the COT-initiating UE (UE#0) is transmitting 4 TBs to its receiver. TB #0 and #1 are associated with the 2nd  PSFCH instance and the 1st PSFCH instance is unused by the UE#0 and its Rxers. Then, the 1st COT of UE#0 is terminated at the 1st PSFCH instance and additional LBT or another COT may be required for UE #0 to finish the data burst transmission. 
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[bookmark: _Ref115161450]Figure 22: Unused PSFCH instances causes additional LBT
[bookmark: _Toc115154385][bookmark: _Toc115154746][bookmark: b57]Observation 22:  If there exists an unused PSFCH instance in the middle of data burst, additional type-1 LBT may be required by SL transmitter to continue the remaining transmission
[bookmark: _Toc115154386][bookmark: _Toc115154747][bookmark: b58]Observation 23: If the COT-initiating transmitter could transmit or its receiver could be scheduled to transmit some signals at the unused PSFCH instances, we can reduce the LBT overhead
[bookmark: _Toc115154426][bookmark: _Toc115154787][bookmark: b59]Proposal 36: The COT-initiating transmitter is allowed to send or trigger its receiver to send PSFCH-like padding signals on its own PSFCH resource at unused PSFCH symbols to hold the COT if it is neither expecting to receive A/N’s nor transmitting A/N’s. 

Summary
In this paper we tackle fundamental challenges and provide solutions for SL-U channel access. In particular, we provide our view on CW adjustment procedures; channel access for S-SSB and PSFCH with considerations on the application of SCSt; multi-channel access procedures; multiple transmission starting positions with CPE for UE prioritization; a framework for COT sharing with considerations on eligibility of responders, their transmissions, COT-SI and COT sharing indications; considerations and enhancements on mode 1 and mode 2 RA schemes to support multiple consecutive slots transmissions, as well as methods for ensuring short gaps between transmissions according to the SL slot structure. Our observations and proposals are listed hereafter:
Observation 1: Decoding of SCI-1 and SCI-2 is already sufficient in Rel-16 NR SL to inform relevant PHY and MAC procedures such as resource exclusion and selection in mode 2 resource allocation. 
Proposal 1: In case of HARQ FB enabled with both Ack and Nack available, i.e., for unicast and groupcast option 2,  the availability of either an Ack or a Nack related to the reference duration is used to determine resetting the CW, while the unavailability of the feedback is used to determine expanding the CW.
· In unicast: the availability of the single feedback for the reference duration determines a CW reset, while its unavailability determines the expansion
· In groupcast option 2: consider the number of received feedbacks over the number of receivers of the groupcast, if the ratio is above a threshold reset the CW, otherwise expand the CW.
Observation 2: Utilizing either Option 1 or Option 2 jointly for both S-SSB and PSFCH may increase the specification workload due to the need of considering a joint duty-cycle budget for two transmissions that are subject to LBT. Conversely, limiting the use of a simplified channel access to S-SSB transmissions (as in NR-U) can be more straightforward.
Observation 3: System level evaluations show that excluding S-SSB slots from the data RP can result in throughput loss due to the truncation of COTs overlapping with the excluded S-SSB slots. This phenomenon is more pronounced with the increased number of S-SSB slots, which might be needed to provision for at least multiple opportunities. 
Proposal 2: Current regulation requires that a COT is established in order to use the temporary OCB restriction exemption. RAN1 should discuss the applicability of the exemption when a COT is not available (e.g., in case of SCSt).
Proposal 3: We propose the following framework for S-SSB transmissions:
· Use Type 2A channel access subject to duty cycle constraints (similarly to NR-U)
· Introduce multiple S-SSB opportunities to tackle channel access uncertainty
· Satisfy OCB requirements via either:
· Opt 1: Use of the temporary OCB restriction exemption
· In this case, can use Type 2 channel access according to COT sharing rule, additionally to the baseline
· Opt 2 (If S-SSB slots included in data RP): Frequency multiplexing with data transmission
· In this case use Type 1 channel access with CAPC based on the data to be transmitted or Type 2 channel access according to COT sharing rule, instead of the baseline
Observation 4: Due to the Rel-16 PSSCH to PSFCH mapping, there is a high degree of predictability on whether the PSFCH would fall or not in a channel occupancy, therefore transmission of PSFCH with COT sharing can be a simple yet effective solution.
Proposal 4: Use Type 1 channel access as baseline for PSFCH transmission, and Type 2, according to COT sharing rules, in the presence of a shared COT (reuse NR-U approach).
Proposal 5: Support both DL (allowed transmission on a subset of channels) and UL procedures (transmit on all channels or on no channel) for SL-U.
Observation 5: Rel-16 NR SL channel access at synchronous transmission starting points can be prone to intra-RAT collisions especially for high load scenario.
Observation 6: Multiple transmission starting positions (TSPs) with different CPEs alongside LBT can reduce collisions between UEs and enable TDM operation, which can be desirable when each UE’s frequency allocation spans a wide set of subchannels (e.g., a whole RB set, or multiple RB sets).
Observation 7: Alignment of UEs transmissions (single TSP) can be helpful to achieve FDM operation, especially when each UE’s frequency allocation spans a small set of subchannels (e.g., just a few subchannels within an RB set).
Observation 8: Multiple TSPs can be used alongside prioritization of UEs (e.g., mapping transmission starting positions to CAPCs) to allow TDM operation between UEs with traffic of different priorities, and allow FDM of UEs with traffic within the same priority
Proposal 6: Introduce multiple TSPs for UEs to initiate transmissions. The TSPs are mapped to different CAPCs. 
Observation 9: While earlier TSPs may be reserved for high priority traffic (low CAPC index), high priority traffic may be allowed to select later TSP associated with low priority traffic (high index CAPC). This can enable more multiplexing in frequency in later TSPs.
Proposal 7: A UE with traffic of a given CAPC can select a TSP associated with a CAPC with equal or higher index.
Proposal 8: For starting transmissions (either with AGC symbol for PSCCH/PSSCH or AGC symbol for PSFCH) a UE can choose one from a set of TSPs. The transmission starts with CPE with length depending on the location of the TSP. 
Proposal 9: For initiating a channel occupancy with PSCCH/PSSCH, adopt NR-U CG-PUSCH design with seven TSPs starting from  after the boundary corresponding to one 15 KHz symbol duration prior to the AGC symbol t be transmitted. The other TSPs are spaced multiples of  from the first TSP. 
Observation 10: The number of TSPs available for COT sharing depends on the length of the gap symbol, i.e., on the SCS.
Proposal 10: For transmitting a PSCCH/PSSCH with COT sharing, adopt a number of TSPs starting from  after the start of the gap symbol. The other TSPs are spaced multiples of  from the first TSP until the start of the AGC symbol.
Proposal 11: RAN1 studies mappings between TSPs and CAPCs for initiating a channel occupancy and for COT sharing.
Proposal 12: For transmissions that are eligible to use the short control signal clause, RAN1 adopts Type 2A channel access before the said transmission. Type 2C channel access cannot be used for SCSt.
Observation 11: In NR-U, DCI on PDCCH can be used from the gNB as standalone transmission to initiate a shared COT region, e.g., when the gNB schedules a responder UE’s transmission. In that case the receiver of DCI containing a COT sharing indication can share the COT. 
Observation 12: In NR SL, there are three levels of decoding for a receiver UE:
· Level 1: the UE decodes SCI-1
· Level 2: the UE decodes SCI-2 on PSSCH based on SCI-1 decoding
· Level 3: the UE determines that should attempt decoding of data on PSSCH based on a SCI-2 decoding
Proposal 13: A UE is eligible to share the COT if at least it is the target of a COT sharing indication from the initiator. Several options can be considered:
· Opt 1: UE decodes SCI-1 containing a COT sharing indication
· Opt 2: UE decodes an SCI-2 containing a COT sharing indication
· Opt 3: UE decodes an SCI-2 containing a COT sharing indication and is a target receiver of the COT initiating UE’s PSSCH
Observation 13: In NR-U, the response to the initiator at least either contains data destinated to the initiator, or control information that can be used from the initiator.
Proposal 14: A UE that is eligible to share a COT can respond to the initiator by performing at least transmissions where the initiating UE is one of the recipients, which includes: a) PSFCH to the initiator, b) unicast PSSCH to the initiator, c) connection based groupcast PSSCH including the initiator, d) connectionless groupcast PSSCH, e) broadcast PSSCH, f) S-SSB.
Proposal 15: A UE that is eligible to share a COT can be allowed to transmit a PSFCH to a UE different from the COT initiator.
Proposal 16 (COT structure information indication): Introduce COT structure information (COT-SI) indication, that can be sent from the initiator via SCI-1 or/and SCI-2 to indicate the time and frequency resources for the COT and the CAPC used to obtain it with Type 1 channel access.
Proposal 17: Support in SL-U COT sharing indication similar to the one in CG-UCI for CG-PUSCH to provide parameters about a shared region (offset, duration, CAPC). Study further enhancement to include information about 
· Target responders of the shared COT
· Number and configuration of the TSPs
Observation 14: Some UEs may not be able to decode the COT-SI if transmitted in a single instance, therefore we may need to repeat the COT-SI transmission in multiple slots to deliver information about shareable region(s).
Proposal 18: Support multiple shared regions with related different COT sharing information. Different options can be considered to provide the information on multiple shared regions:
· Opt 1: COT-SI includes COT sharing information on multiple regions
· Study including in COT-SI the COT sharing information like a) start, b) end, c) information on target responders, d) configuration of multiple TSPs, for one or more shared COT region.
· Opt 2: separate transmissions of COT sharing information contain information about different shared regions
Observation 15: Evaluations based on Scenario 1 – Option 1 from the evaluation methodology with FTP3 traffic show that multiple consecutive slots transmission up to the MCOT duration can significantly improve throughput and therefore should be supported in SL-U.
Observation 16: The random selection of resources and the disconnected selection procedures across TBs is an obstacle for MCSt in SL-U, which can limit throughput due to potential multiple channel access procedures.
Proposal 19: Support resource selection within the selection window according to UE implementations, without requiring the selection to be random.
Observation 17: If resource selection is not forcefully random, the UE can prioritize selecting subchannels in slots that are contiguous, to minimize the number of channel access procedures.
Observation 18: When channel access is not completed in time to transmit on a selected resource, Rel-16 (per-TB) resource re-selection can cause channel access inefficiencies and undermine throughput due to processing time.
Proposal 20: A UE can select a set of subchannels for a duration of N2 slots in time where N2>N1 with N1 being the number of TBs to be transmitted. RAN1 can consider limitations for the applicability of the bundled selection, e.g.:
· The N1 TBs require the same number  of subchannels
· The N1 TBs have the same L1 priority
· The N1 TBs are transmitted after channel access completion in order of PDB expiration
Observation 19: In mode 2, for the case where multiple UEs are attempting channel access for their first transmission (they have not signaled any resource reservation), multiple starting positions with prioritization can be an effective distributed scheme to solve collisions between UEs. 
Proposal 21: In mode 2 resource selection, the UE selects a TSP according to its CAPC.
Proposal 22: In mode 2 RA, for a UE1 to select/adjust a TSP for its transmission in case that a decoded resource reservation from another UE2  indicates transmission in the same slot, the UE1 can select/adjust its TSP according to one of the following alternatives:
· Alt 1 (reservations w/o TSP): the UE1 assumes that a single TSP  is available (common pre-configured TSP) for the adjustment. The UE1 can attempt channel access at  if the frequency allocation of its transmission does not overlap with those of the monitored reservations. Otherwise perform resource re-selection.
· Any reserving UE2 assumes to use the single TSP  for reserved resources
· RAN1 should study the location of the common TSP to be assumed for reserved slots
· Alt 2 (reservations with TSP): the UE1 assumes that multiple TSPs are available and can adjust the selected one according to its CAPC and the CAPC of the reserving UE2
· RAN1 should study how to introduce the TSP dimension in mode 2 resource reservation
· RAN1 should study whether/how to adjust the TSP to consider the decoded reservation and determine in which case resource re-selection should be otherwise issued
Observation 20:  In mode 2, for the case where resource reservations are available, there is still a chance that the reserving UE will not be able to occupy the reserved resources due to LBT uncertainty. So there is an opportunity cost in excluding the resource from selection (exclusion can unnecessarily reduce channel capacity).  
Observation 21: Multiple transmission starting positions can enable selection with soft-exclusion, i.e., a UE can select overlapping resources with a different TSP to TDM, or just FDM with the reserving UE by selecting the same TSP. 
Proposal 23: Introduce the “soft exclusion” step in resource selection, with associated report from the PHY to the MAC containing the set of excluded resources alongside a supporting information for each exclusion. The excluded resources can still be selected in MAC.
Proposal 24: Candidates for the supporting information related to the observed reservations are: a) TSP index, b) CAPC, c) L1 priority.
Proposal 25: Introduce a modified resource selection and reservation step, where the MAC can use the soft-exclusion report to still select and reserve any of the candidate resources, with the constraint that excluded resources can be selected only with a different TSP.
· Study restrictions for selecting the appropriate TSP according to the supporting information
Proposal 26: Introduce Triggering resource re-selection if a higher-priority reservation is detected with TX start time within a preemption window of size T from the target TX start point the own transmission.
Proposal 27: Introduce an exclusion region (slots) in the resource selection step so that a UE1’s MAC can exclude slots from selection before the active higher-priority reservation with overlapping LBT BW.
Proposal 28: Introduce UE1 stopping transmissions T slots before the transmission time and for the whole transmission time indicated in a higher priority-reservation sent from UE2.
Proposal 29: Introduce UE1 indicating COT sharing to UE2, based on UE2 being a destination in UE1’s COT, and a transmission time indicated by a reservation from UE2. UE2 can determine if the channel access with COT sharing can be used, based on UE1 being the destination for UE2’s transmission. 
Proposal 30: Introduce multi-TTI grant to support MCSt in mode 1 SL-U. RAN1 should study details regarding
· TDRA indication for multiple slots
· HARQ ID and NDI for multiple TBs
· SCI-1 optimizations across multiple slots
· Utilization of gap symbol for data
Proposal 31: Introduce an LBT failure report from mode 1 UE to the gNB so that the gNB can provide LBT-aware resource allocation for the mode 1 UE in the form of grants over DCI 3_0. The LBT failure report can be sent to the gNB via: a) MAC-CE over PUSCH or b) PUCCH. 
Proposal 32: The LBT failure report over PUCCH can be delivered with one additional bit per PSSCH.
Proposal 33: Study how to introduce LBT failure report for multi-TTI grants for mode 1 operation.
Proposal 34: Within the COT transmission, use CP extension (CPE) of the AGC symbol to fill into the gap symbol of the previous slot so that the one symbol transmission gap in between the slots becomes narrower (at most ).
Proposal 35: For the gap before PSFCH,  use CP extension to maintain the right length gap to match the channel access type or keep the COT (less than ).
Observation 22:  If there exists an unused PSFCH instance in the middle of data burst, additional type-1 LBT may be required by SL transmitter to continue the remaining transmission
Observation 23: If the COT-initiating transmitter could transmit or its receiver could be scheduled to transmit some signals at the unused PSFCH instances, we can reduce the LBT overhead
Proposal 36: The COT-initiating transmitter is allowed to send or trigger its receiver to send PSFCH-like padding signals on its own PSFCH resource at unused PSFCH symbols to hold the COT if it is neither expecting to receive A/N’s nor transmitting A/N’s. 
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[bookmark: _Ref111093250]Appendix: common parameters for System Evaluations
In our simulations we considered the following set of parameters as per the evaluation methodology agreed in RAN1 #110:
	RAT
	WiFi
	SL-U

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz

	Number of users per operator
	Baseline: 4 STAs per AP
High Density: 6 STAs per AP
	Baseline: 6 UE pairs
High Density: 9 UE pairs

	SCS
	30 KHz

	Channel Model
	NR InH Mixed Office

	gNB/AP Tx Power
	23 dBm
	NA

	NR-U UE/STA
	18 dBm
	18 dBm

	gNB/AP Antenna gain
	0 dBi

	UE/STA Antenna gain
	0 dBi

	gNB/AP Noise Figure
	5 dB
	NA

	UE/STA Noise Figure
	9 dB
	9 dB

	Minimum received power from serving node for UE dropping
	-82 dBm (with Max RSRP association)
	{-72, -62} dBm

	UE receiver
	MMSE-IRC as baseline

	AP antenna array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Max Rank
	4
	2

	Min CW size
	16

	Max CW size
	64

	Traffic model
	FTP model 3 with variable load

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	AP to AP link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
	NA

	Layout
	APs with fixed location and STAs dropped uniformly at random and associated with RSRP thresholding and Max RSRP
	UEs are dropped uniformly at random and associated with RSRP thresholding

	gNB/AP height
	3m
	NA

	UE/STA height
	1m

	COT duration
	6 ms

	EDT
	-72 dBm





In each simulation case (per-scenario/scheme and per-loading point), ten independent network drops are considered. The performance are generally displayed in terms of median UPT of the median UE across the paper, which means that for each actual simulation (1 drop) we extract the per-UE median (time domain) UPT, then we collect the CDF of those values across the 10 drops, and we select the median value (median UE across 10 drops) that is plotted for a given loading point. 
We considered Scenario 1 – Option 1 layout from the agreed evaluation methodology where SL-U pairs are formed by RSRP association with thresholds {} dBm. Examples of network drops can be observed in Figure 23 (baseline density) and Figure 24. Figure 25 displays the CDF of inter-UE distance within SL-U pairs to characterize different RSRP association thresholds.
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[bookmark: _Ref115357762]Figure 23: Examples of baseline layouts (6 UE pairs in SL-U and 4 STAs per AP in WiFi) for two sidelink RSRP association thresholds: a) -72dBm, and b) -62 dBm.
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[bookmark: _Ref115357778]Figure 24: Examples of high-density layouts (9 UE pairs in SL-U and 6 STAs per AP in WiFi) for two sidelink RSRP association thresholds: a) -72dBm, and b) -62 dBm.
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[bookmark: _Ref115357793][bookmark: _Ref115357789]Figure 25: Inter-UE distance distribution for different RSRP association thresholds in SL-U.

We also considered an additional simulation case to analyze intra-RAT collisions in Section by using an SL-U only network with 12 UE pairs as depicted in Figure 26. As KPIs, we considered:
· Resource utilization (RU) is defined as . 
· Intra-RAT collision ratio is defined as  where for each slot of the simulation  is incremented by  (representing overlapping COTs that start in the considered slot), where  is the number of pairs of links for which the RSRP between the devices performing the LBT is above threshold (threshold is assumed -72 dBm), which means that the overlapping COTs are obtained by neighboring UEs due to aligned TSP. B is the count of total number of COTs in the simulation. 

[image: ]
[bookmark: _Ref115358155]Figure 26: SL-U network with 12 pairs associated with RSRP threshold = -72 dBm.
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