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Introduction
The work item for NR sidelink evolution was approved in RAN#94e and revised in RAN#99 [1], and the following agreements were made in RAN1#112bis-e [2][6] in relation to the channel access mechanisms for supporting sidelink on the unlicensed spectrum:
	Agreement
The existing NR-U EDT procedures for uplink transmissions is taken as the baseline for SL-U in Rel-18.
· FFS: details for S-SSB and PSFCH transmissions (e.g., EDT determination based on PC,MAX and/or network configured EDT, value for TA), if needed
Agreement
For the CPE agreements reached so far in this agenda, the 1 or at most 2 symbols just before the next AGC symbol for CPE transmission is/are physical symbol(s).
Agreement
The container for carrying the COT sharing information from a COT initiator UE includes at least the SCI.
· FFS 1st and/or 2nd stage SCI
Agreement
For dynamic channel access mode with multi-channel case in SL-U, both NR-U DL Type A and Type B multi-channel access procedure are supported for multiple PSFCH transmissions on multiple channels.
· FFS: It is up to UE implementation to perform either Type A or Type B multi-channel access procedure.
· FFS: whether this can initiate a shared COT
· FFS: whether there is any special handling needed for transmission in a shared COT on one or more of the channels
Agreement
Channel access procedures for SL multi-channel transmission(s) include the following cases.
· If a UE is scheduled to transmit on a set of channels C, and if the SL transmissions are scheduled to start transmissions at the same time on all channels in the set of channels C, or
· If a UE intends to perform sidelink transmissions on configured resources on the set of channels C, and if the SL transmissions are configured to start transmissions at the same time on all channels in the set of channels C, or
· If a UE intends to perform sidelink transmissions on selected resources on the set of channel C, and if SL transmissions are to start at the same time on all channels in the set of channels C.
Agreement
The draft LS to RAN4 on PSFCH and S-SSB transmissions over non-contiguous RB sets in R1-2304145 is endorsed.
Final LS to RAN4 in R1-2304218.
Agreement
The ACK/NACK HARQ-ACK feedback corresponding to the PSSCH for SL unicast in the reference duration for the latest SL channel occupancy for which ACK/NACK HARQ-ACK feedback is available is used as follows:
· If ‘ACK’ is received, for every priority class [image: ], [image: ] ; otherwise [image: ]is increased to the next allowed value.
· Note: this is not applied to the case that reference duration includes multiple PSSCHs with ACK/NACK HARQ-ACK enabled, if that case is supported.



Agreement
The ACK/NACK HARQ-ACK feedback corresponding to the PSSCH for SL groupcast option 2 in the reference duration for the latest SL channel occupancy for which ACK/NACK HARQ-ACK feedback is available is used according to Option 2 when the ratio in Option 1 is not (pre-)configured; otherwise Option 1.
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks in the latest SL reference duration, [image: ] is reset to [image: ] for every priority class [image: ], otherwise increase [image: ] for every priority class [image: ] to the next higher allowed value. 
· FFS: whether the ratio of the received SL HARQ-ACK feedbacks is ‘ACK’, ‘NACK’ or ‘ACK+NACK’
· FFS: how to calculate the ratio
· Note: the (pre-)configuration ratio values of 100% is a valid candidate
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each every priority class [image: ] [image: ]; otherwise [image: ]is increased.
Working assumption 
When multiple CPE starting candidate positions are (pre-)configured for PSCCH/PSSCH transmission, for the case of initiating a COT
· For partial RB set resource allocation, the UE selects a CPE starting position according to one of the followings (to be down-selected) according also to reservation information
· A (pre-)configured default CPE starting position
· The highest priority among the detected and the transmitted reservations
· Note: the exact condition and how to use reservation information needs to be decided
· FFS whether the behavior should be allowed for full RB set resource allocation
· FFS other condition including comparison of EDT and the measured energy associated the existing reservation
· FFS whether the use of reservation information is conditioned on the existence of other technologies (e.g., NR-U)
· For the case of full RB set resource allocation, a CPE starting position is randomly selected among the one or multiple CPE starting candidate positions (pre-)configured per priority of the PSCCH/PSSCH transmission.
· FFS whether the behaviour should be allowed for partial RB set resource allocation
· Note: the exact condition and whether/how to use reservation information needs to be decided
· FFS whether the UE uses only the selected CPE starting position or a later CPE starting position(s) than the selected one (e.g., if failed or not finished) could be also used.
· FFS whether the use of reservation information is conditioned on the existence of other technologies (e.g., NR-U)
· FFS whether this applies only to mode 2 or including mode 1 as well
Agreement
For 15 kHz, 30kHz and 60kHz SCSs, a set of CPE starting candidate position(s) for PSCCH/PSSCH is (pre-)configured or pre-defined in the spec (to be down-selected) separately for transmission within COT and transmission outside COT.
· Note: It is up to the (pre-)configuration or pre-definition in the spec (to be down-selected) whether each set of CPE starting candidate position(s) associated with Option 1 (1-symbol length) for CPE window or Option 2 (2-symbol length) for CPE window and whether each set of CPE starting candidate position(s) include one or multiple starting position(s)
· FFS whether the set(s) of CPE starting positions are (pre-)configured/pre-defined per priority
· FFS values for the (pre-)configured/pre-defined CPE starting candidate position(s) (including a default value) for each set, and whether the default value is the same or different for different sets
Agreement
Send an LS to RAN2 according to the following content for the LS:
	RAN1 has discussed the following approaches to implement/achieve MCSt for SL-U communication. RAN1 would like to seek RAN2’s opinion on the following questions.

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

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

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

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

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

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


Agreement
At least the following information should be used as part of COT sharing information from the COT initiator UE.
· CAPC used for initiating the COT
· Existing / legacy R16/17 L1 source and destination IDs
· FFS additional ID(s)
· Time domain information of the shared COT
· FFS: starting offset, number of slots, [remaining or total] COT duration, or a combination of them
· Frequency domain information of the shared COT 
· FFS applicable RB set(s), FRIV, and any other(s)
· FFS: how each of the above is indicated.
· Note, other information is not precluded.
Agreement
To resolve the Type 1 LBT blocking issue, where one UE performing a Type 1 LBT procedure for using its own selected/reserved resource(s) is blocked by another UE’s SL transmission at least in a slot preceding to the selected/reserved resource and causing the LBT to fail, further study the following options in a future meeting.
· Option 1:
· UE avoid selection of N consecutive resource(s) before a reserved resource with high priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
· UE avoid selection of N consecutive resource(s) after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
· FFS: the avoidance should be performed by L1 exclusion or L2 MAC selection
· FFS: whether / how to achieve this in RA mode 1
· FFS: How to determine value of N
· Option 2: 
· UE prioritizes/selects resource(s) for transmission in slot(s) after a reserved resource when transmission of the selected resource is able to share the initiated COT of the reserved resource (i.e., the selected resource(s) is within the COT duration of the reserved resource and the CAPC value of the selected resource(s) is equal to or higher than that of the reserved resource).
· UE prioritizes/selects resource(s) for transmission in slot(s) before a reserved resource when transmission of the selected resource is able to share its initiated COT with the reserved resource (i.e., the reserved resource is within the COT duration of the selected resource(s) and the CAPC value of the selected resource(s) is equal to or smaller than that of the reserved resource).
· FFS whether / how to achieve this in RA mode 1.
· Option 3: UE selects extra / more resources than required for transmitting a TB (i.e., overbooking) to accommodate potential Type 1 LBT failures. FFS how to determine/preconfigure the number of extra selected resources.
· Option 4: The expected LBT duration is determined firstly, then resource selection takes into account of the expected LBT duration is performed.
· Option 5: At MAC layer, selection of resource(s) among the reported set of candidate resources from L1 is up to UE implementation in mode 2 for SL-U, instead of random selection.
· Option 6: UE excludes frequency resources (if any) previously reserved via SCI by other SL UEs in the corresponding slot, when estimating the detected power within a sensing slot duration in Type 1 channel access.
· Option 7: SL UE deems channel busy only if the UE detects transmission other than SL transmission occupying the channel (e.g., exceeding the energy detection threshold), i.e., the energy detection for EDT checking in LBT procedure does not take into account the energy from SL transmissions.
· Option X: No solution is needed. To avoid inter-UE blocking from performing Type 1 LBT can be handled based on UE implementation (e.g., as the start timing to perform LBT sensing is determined by each UE).
Agreement
A higher layer parameter “absenceOfAnyOtherTechnology” is supported in Rel-18 for SL transmissions in unlicensed bands (e.g., by level of regulation).
· This is per carrier (pre-)configuration
· This parameter “absenceOfAnyOtherTechnology” is not expected to be provided if the SL-U carrier is overlapped with either the LTE-LAA or the NR-U carrier.
Conclusion
For defining the locations of CPE starting positions, RAN1 concludes that the NR-U principle for switching gaps is reused in SL-U, that is:
· The TX/RX switching gap is already included in the existing channel sensing structures
· The RX/TX switching gap is already included in the existing channel sensing structures


                                                                                                                                                                                                                                                                                                         This document focuses on the possible channel access mechanisms that are to be employed for implementation on the sidelink unlicensed (SL-U) spectrum. This includes a discussion on the existing NR-U channel access framework from Rel-16 and areas where it needs to be improved upon for a successful implementation of SL-U.
Channel Access Procedures in SL-U
The channel access procedures (CAP) that were employed in NR-U have been described in detail in [3]. These procedures can be carried out by the gNB for downlink transmissions, and by the UE for uplink transmissions. The different channel access procedures used by both entities differ in their sensing duration over which they perform LBT, where the time duration of the sensing slots is randomly determined in the Type 1 access procedure, and deterministically determined in the Type 2 access procedure. In both procedures, the basic unit for sensing is a sensing slot with a duration Tsl = 9us, and a channel is determined to be available if the received power detected for at least 4us of the sensing slot is less than an energy detection threshold. Else, the channel is adjudged to be busy or occupied.
The following is a table highlighting the different channel access procedures used, as captured in [4], and depicted in Figure 1.

	Type 1
	Time duration of the sensing slots that are idle is randomly determined. 
A gNB or a UE determines an initial counter  which is randomly selected between 0 and , where  and  are subject to CAPC. 
N can be decreased when channel is sensed to be idle for a certain period of time.
Transmission can only take place when N reaches 0. 

	Type 2A
	Time duration of the sensing slots that are idle is deterministically determined. The channel needs to be idle for a sensing interval of 25 µs.

	Type 2B
	Time duration of the sensing slots that are idle is deterministically determined. The channel needs to be idle equal to or longer than a sensing interval of 16 µs but less than 25 µs.

	Type 2C
	Does not sense the channel before transmission. Time gap to the previous transmission is less than 16 µs.
Duration of the corresponding transmission is at most 584 µs.


Table 1: Different Channel Access Procedures in NR-U

[image: ]
Figure 1: Depiction of different Channel Access Procedures in NR-U

Based on the discussions in previous meetings, the following are a set of conditions that should be considered for applying the different channel access procedures for each SL channel and signal transmitted: 
· Based on the SL Channel
In the case where the UE is transmitting on the PSCCH/PSSCH, the UE can perform Type 1 CAP over a longer duration in order to determine whether the resources are available to be used for transmissions. On the other hand, a receiving UE can perform Type 2C CAP for transmitting on the PSFCH in case the COT is shared by the transmitting UE.
· Based on Signal Transmission Characteristics
The CAPC table that determines the size of the contention window is already linked to the priority of the transmission that the UE intends to carry out. Apart from the priority, the UE can also consider the remaining PDB of the transmission to determine the LBT type. Additionally, the LBT type can also differ depending on whether the transmission is an initial transmission or a retransmission, or if the transmission is periodic or aperiodic.
· Based on the UE Initiating COT
The UE that initiates COT sharing between other UEs can also indicate the type of LBT that the UE sharing the COT should use for checking the availability of a resource. The UE that initiates the COT can provide this information to the other UEs sharing the COT along with the COT information transmitted by using RRC or PHY signaling. This would enable the UE that initiates the COT to perform Type 1 LBT, while the UE that carries out transmissions within the shared COT can perform Type 2 LBT.
Proposal 1: For channel access procedures, we propose that different LBT types can be applicable depending on at least one of the following 
· the SL channel being used, PSCCH/PSSCH or PSFCH, 
· for PSCCH /PSSCH: LBT Type 1 or Type 2A/2B,
· for PSFCH: Type 2C in case of a shared COT.
· the signal transmission characteristics such as the priority and/or PDB,
· the UE initiating the COT or the responding UE.
Contention Window Adjustment
Another aspect that has to be considered is that the existing contention window (CW) lengths as described in the CAPC table would have to be maintained in order to ensure interoperability with other RATs. For this to be replicated for sidelink transmissions, the remaining PDB, number of NACKs received based on HARQ feedback, congestion status of the resource pool and other aspects relevant to a transmission need to be mapped to the size of the chosen contention windows. The adjustment of the CW was discussed in detail in the previous meeting [2], with respect to the different HARQ schemes and different options under each scheme were identified.
In the case of HARQ enabled transmissions, the CW can be adjusted depending on the number of NACKs while maintaining the maximum and minimum range of CW lengths based on the CAPC table. This aspect is discussed in further detail in the case of the NACK-only option in groupcast option 1, in the case of groupcast option 2 with SL-HARQ feedback enabled, as well as in the case when HARQ feedback is disabled.
CW Adjustment when SL-HARQ Feedback is Disabled
In case SL-HARQ feedback is disabled, a UE should have a means to adapt its CW according to the utilization on the unlicensed carrier. This can be done by the UE itself, e.g., by carrying out measurement of the CR/CBR and in case of high CR/CBR, the said UE could increase its CW accordingly. In addition, or as an alternative in case CR/CBR measurements are not available, the UE could also adapt its CW according to a collision indication (CI) from another UE, as per IUC scheme 2. Here, the CWp for each priority class p could be increased to the next higher value in case a CI is received. Furthermore, the UE could also refrain from too frequent CW adjustments and could increase a corresponding CWp in case a certain threshold is exceeded, e.g., if a certain number of CIs indicate that a sub-channel is highly congested.
Proposal 2: For transmissions when SL-HARQ feedback is disabled, we support the adjustment of the CW according to
· CR/CBR measurements, if measurement results are available (Option 3),
· A received collision indicator, which yields an increase of the CWp for every priority class to the next higher value (Option 5).
CW Adjustment for Groupcast Option 2
In groupcast option 2, all UEs send HARQ feedback on PSFCH in response to a groupcast transmission on PSSCH, where the HARQ feedback is in the form of an ACK or NACK. For this, the CW should be adjusted per priority class CWp, depending on the ratio of received number of NACKs as done in NR-U, where the number of NACKs received has to be above a certain threshold and only in this case, the corresponding CWp is increased. The benefit of using the threshold is that the CW length is only adapted in highly congested scenarios, which still yields fast channel access with a short CW length, when a small number of NACKs is received. Furthermore, a similar mechanism as in code block group (CBG)-based HARQ could be reused in order to adjust the length of a particular CWp in case only a certain number of NACKs for a number of code blocks is received. This would avoid unnecessary increase of the CWp of a transmission in case only a small number of code blocks have not been successfully transmitted for this transport block yet.
Proposal 3: For transmissions with groupcast option 2, we support adjustment of the CW according to 
· The ratio or number of received NACKs per TB or per CBG in case CBG-based HARQ is enabled (Option 1). 
CW Adjustment for Groupcast Option 1
In groupcast option 1, HARQ feedback is only sent by RX UEs within a certain distance from the transmit UE, where only NACK is used for indicating HARQ feedback. Here, the CWp should be adapted for every priority class and can be based on NACKs received related to any transmission with the latest SL reference duration. Furthermore, in highly congested scenarios, the said UE could benefit from CI messages received as per IUC scheme 2, to adjust its CW and could take either NACKs or CI into account when adapting its CW. When neither NACK nor CI is received within a certain reference time duration, the CWp could be reset to the minimum value for every priority class p.
Proposal 4: For transmissions with groupcast option 1, we support adjustment of the CW according to 
· A received NACK or collision indicator which yields an increase of the CWp for every priority class to the next higher value (Option 2). If neither are received, the CWp is reset to the minimum value for every priority class p (Option A).
COT Sharing Between UEs
In NR-U, channel occupancy time was defined as the total time for which the gNB and the UE can occupy a given channel and perform transmissions after carrying out the required channel access procedures. COT sharing, or the concept of one entity initiating a COT and sharing it with the other was also supported in NR-U, where the initiating UE could start a COT and share it with a UE, or vice versa. The entity that is sharing the COT, or the responding UE, was expected to perform at least Type 2 LBT before the actual transmission and usage of the indicated resources. The advantage of COT sharing is that it increases the resource usage efficiency while at the same time decreases channel access delays since the UE that shares the COT can avoid performing LBT if both involved UEs carry out back-to-back transmissions across consecutive time slots.
In previous meetings [2][5], aspects related to the identification of the responding UE transmitting on a shared COT provided by a COT initiating UE, as well as with which UEs the responding UE could share the COT with were discussed.
Identification of Target Receiver or Responding UE
In RAN1#111, it was discussed how a responding UE can utilize a COT shared by a COT initiating UE. In our view, the restriction to only allow transmissions to the COT initiating UE by the responding UE would result in a waste of resources, since SL UEs already suffer under duplexing issues and hidden node problems when compared to UEs operating in NR-U.
Proposal 5: We propose that the destination ID of the responding UE can be different to the source ID of the COT-initiating UE.
Use of a Shared COT by Responding UE
Another aspect of COT sharing that was discussed and agreed in RAN1#110 was the criteria that the responding UE can use the shared COT as long as the initiating UE is one of the target receivers of its transmission, where the transmission is not restricted to only data, but control alone as well. This makes the responding UE capable of using the shared COT to transmit on the PSCCH/PSSCH in the following time slot(s) to any other UE, as long as the initiating UE receives at least the control information from the responding UE.
The agreement also does not preclude the responding UE using the PSFCH of a time slot, when the initiating UE had used the previous PSCCH/PSSCH symbols of the same time slot for control and data transmission. In this case, the initiating UE can indicate in the SCI the COT sharing information with the responding UE, which can then use the remaining PSFCH symbols in the same time slot to transmit feedback to the initiating UE, or to any other UE, as long as the initiating UE can receive the feedback transmission.
Proposal 6: We propose that with regards to the channel types for the responding UEs transmissions using the shared COT, the responding UE should be capable of using the shared COT to transmit over PSCCH/PSSCH in the following time slot(s), or over the PSFCH in the same time slot.
Time Gap between Transmissions
When the initiating UE shares a COT with a responding UE, the responding UE can carry out transmissions only after a time gap where the responding UE performs Type 2 LBT, according to the agreement made in RAN1#110. The time gap here has to be small enough such that no other 3GPP or non-3GPP device occupies the channel, while at the same time has to be long enough for the responding UE to perform LBT before accessing the shared COT and switch from a receiving mode to a transmitting mode.
In the case of transmissions across time slots, typically the guard symbol at the end of a time slot can be used by the responding UE to perform LBT and check the availability of the shared COT before transmitting in the following time slot. Since the guard symbol has a duration that is greater than 25us, at least for 15 kHz and 30 kHz SCS, there is a possibility that the guard symbol might be too long, depending on the SCS used, thereby allowing other devices to access the channel. In order to avoid such a scenario, it was agreed previously [7] that cyclic prefix extensions (CPE) can be used in order to occupy the channel in order to maintain the time gap requirement for LBT.
However, in the case of COT sharing within the same time slot, the initiating UE uses the PSCCH/PSSCH symbols for control and data transmission and shares the remainder of the time slot for PSFCH transmissions by the responding UE. When PSFCH is enabled in the resource pool, there is another guard symbol prior to the symbols for PSFCH transmission. While this guard symbol can be used for the responding UE to perform LBT, it is also long enough for other devices to access the channel. In order to avoid such a scenario and retain the COT, the initiating UE or the responding UE can extend their transmissions into the guard symbol by ensuring that there is adequate time to perform TX/RX switching and perform Type 2 LBT.
While it was agreed on the last meeting to support CPE, two options were listed, the second option supporting CPE extension additionally supporting the symbol just before the next AGC symbol for 15 kHz SCS and at most 2 symbols for 30 and 60 kHz SCS (Option 2). In our view, Option 2 is favorable, especially for increasing the reliability of PSFCH transmissions as also discussed in the section above.
Proposal 7: We propose to use CPE and extended transmissions on guard symbols, especially for the PSFCH (Option 2 / RAN1#112), in order to retain the COT when sharing it across time slots and within the same time slot, respectively.
Content of COT Sharing Information
In the last meeting, it was agreed that the COT sharing information from a COT initiator UE includes at least the SCI. For the content of the COT sharing information, it was agreed to include the CAPC used for initiating the COT. For time- and frequency-related information contained within the COT sharing information, some details are still under discussion. For the time domain information, the remaining COT duration should be included, which would also enable other UEs that decode the SCI to be aware of the COT sharing that is active between the UE pair.
Apart from this information, the initiating UE can also indicate whether extended transmissions are used to maintain the time gap required for the indicated LBT type.
Proposal 8: We propose that the initiating UE provides COT information to the responding UE, including the COT duration. As additional parameter, we also propose to include information whether extended transmissions, e.g., CPE, are used.
Mode 1 Resource Allocation in SL-U
Since SL-U is expected to be deployed on the FR1 unlicensed bands (n46 and n96/n102), an SL-U UE would essentially compete for resources with other devices operating on RATs such as WiFi. In NR-U, the gNB was responsible for scheduling and configuring the UE with resources and information regarding the slot format to be used, the available RB sets, the COT duration and the search space set group switching. This was possible because the gNB would be capable of performing LBT in order to determine available resources.
For NR sidelink, the gNB has the capability to provide configured or dynamic grants to the UE, providing resources in a resource pool exclusively used for Mode 1 transmissions. If such a resource pool is configured in the unlicensed band, the gNB in Rel-18 cannot initiate or share a COT, nor can it perform LBT on the unlicensed band, because of the constraint in the WID [1] that the gNB is restricted to only operate in the licensed band and cannot perform Type 1 LBT and initiate a COT, nor can it share a COT initiated by a UE. This would leave the gNB to be unaware of the actual usage and occupancy status of resources within the unlicensed resource pool. Hence the gNB can provide grants to UEs, but it is then the responsibility of the UE to perform LBT Type 1 or Type 2 on these resources to check whether they are actually available, as agreed previously [7].
One way to assist the gNB to be aware of transmissions in the resource pool that are carried out by other RATs is to empower the UE to provide a report of the resource pool conditions that are prevalent. The reporting mechanism used in LTE V2X could be reused for this as well. The gNB can also perform some basic energy measurements on resources to check whether they are being used by other non-3GPP UEs. This would provide some confidence to the UEs that receive the grants from the gNB, and can perform Type 2 LBT of a shorter duration, or avoid LBT altogether, further reducing the channel access delay.
Proposal 9: For Mode 1 SL-U operations, we propose that the gNB can provide resource grants to the UE after checking for the resource availability by using reports by other Mode 1 UEs indicating the resource usage, or by performing some basic energy measurements.
Mode 2 Resource Allocation in SL-U
In Mode 2, in the absence of the gNB being able to provide UEs with resource allocation and scheduling information, a UE would have to carry out LBT after it carries out the sensing and resource scheduling processes. Here the UE would select resources for the initial transmission as well as for the retransmissions in accordance with the procedures defined in [8] in Rel-16/17, but would have to perform LBT before actually carrying out the transmission on these resources.
While striving to keep the sensing and resource selection procedures the same from Rel-16/17, the UE can select more resources than actually necessary across different sub bands to introduce some kind of redundancy in the case of LBT failures. This would still enable the UE to use resources for its transmission while ensuring that the resources are unoccupied by other UEs.
Another aspect to be discussed is the effect of channel access procedures on the resource re-evaluation and pre-emption procedures. Since the UE effectively has to carry out its transmissions over a limited time duration, the UE could perform only Type 2 LBT before transmissions.


Proposal 10: For Mode 2 SL-U operations, we propose the following:
· UEs should be capable of carrying out the channel access procedures after it has performed the sensing and resource selection procedures.
· UEs can select more resources for redundancy in the case of LBT failures.
· UE behavior for resource re-evaluation and pre-emption needs to be studied.
Another aspect discussed on the last meeting was how to resolve the Type 1 LBT blocking issue, where one UE performing a Type 1 LBT procedure for using its own selected resource(s) is blocked by another UE’s SL transmission at least in a slot preceding to the selected resource causing its LBT to fail. Different options for resolving LBT blocking were discussed, among which are avoidance of resource selection (Option 1) or using COT sharing (Option 2) to retain a COT which should be shared with a UE having a reserved resource, e.g., having a high priority transmission, and which would then not suffer under LBT-blocking and successfully perform its transmission. 
Proposal 11: We support to resolve the Type 1 LBT blocking issue by using COT-sharing and retaining the COT, at least for transmissions having a high priority.
Multi-slot Transmissions in SL-U
For SL-U UEs to be able to perform LBT and make use of the remaining symbols in the same time slot, it can use sub-slots as described in [8], and at the same time introduce multi-slot transmissions. In this case, the UE can commence the transmission within a time slot immediately after performing LBT, and confirming that the channel is indeed available and unoccupied, by using a sub-slot, followed by one or more 14-symbol time slots. This type of a SL burst transmission would enable UEs to occupy the channel and retain the COT without the risk of other UEs occupying it, and at the same time, eliminate the need to repeatedly perform LBT Type 1 to check for the availability of the channel.
The risk of not using a full time slot, and only a sub-slot, immediately after performing LBT is that there are only a limited number of symbols that it can use for the actual data transmission. Hence in order to incorporate feedback enabled transmissions, it is possible for a single TB to be transmitted across a sub-slot and the following time slot. The use of multi-slot transmissions would enable the UE to transmit data packets more efficiently.
In Mode 2, this would mean that the UE would have to carry out sensing and select consecutive resources in time for being able to carry out multi-slot transmissions. Other aspects of the introduction of flexible slot structures and sub-slots in SL-U have been discussed in our accompanying contribution [9].
Proposal 12: We propose to study the impact of multi-slot transmissions in SL-U, including aspects related to single TB transmissions across slots, and its effect on Mode 2 sensing and resource selection procedures.
In the previous meeting, it was agreed to support a maximum of 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission and that RAN1 will strive for a unified design for a PSCCH/PSSCH transmission from a 1st or 2nd starting symbol. Using a 2nd symbol position would imply that the time slot structure for a SL transmission would have to be modified resulting in enabling transmissions over a shorter time slot than a full-slot transmission. In order to still ensure efficient transmissions, it would be obvious to allow to configure multi-consecutive slot transmissions (MCSt) by concatenating sub-slots and full-slots. Thus, for efficient utilization of MCSt, L1 should report candidate multi-slot resources in SA consisting of a set of single-slot resources that are consecutive in time. Leaving this up to higher (MAC) layer would result in high burden on the MAC layer to optimize MCSt by selecting candidate single-slots which are consecutive. At the same time, reporting candidate single-slot resources would be very opportunistic in nature resulting in the MAC layer being able to perform MCSt only if it could find such consecutive resources in time. Thus, we believe that this step is best performed by the L1.
Proposal 13: For Mode 2 SL-U operations, we propose to support that L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time (Option A).
[image: ]
Figure 2: Depiction of AGC adjustment issue due to sub-slot transmissions
Another aspect to be discussed is that when utilizing a second starting symbol position in combination with MCSt, a transmission could start after a slot boundary, which might require alignment of control (PSCCH) and DMRS across subchannels, such that neighboring UEs would be aware of such transmissions. Since it was agreed that the candidate starting symbols are to be used for AGC purposes, it would also require an RX UE to perform AGC measurements at the second starting symbol position as well. However, since transmissions that commence at the first starting symbol position do not have a second AGC symbol in between the time slot, the RX UE will not be able to perform AGC measurements accurately, and adjust its receiver gain accordingly. This is depicted in Figure 2.
Proposal 14: For Mode 2 SL-U operations with a 2nd starting symbol after a slot boundary, we propose to enable RX UEs to perform AGC measurements at the 2nd starting symbol.
· Study how the RX UE can perform AGC measurements when a full-slot transmission is taking place in the same time slot of a sub-slot transmission. 
Another issue with using flexible slot structures is that if there was a mismatch in the slot boundaries, the UE would not be able to detect a PSCCH transmission in the symbols within the time slots that it expects. If a UE misses out on decoding a PSCCH transmission that does not adhere to the slot boundary, the UE would consider the resource to be available, but in reality, could carry a transmission over a sub-slot. For this, the minimum LBT durations across channel access procedure types are defined over a symbol for a time slot defined in 30 kHz SCS. While the LBT procedures with its defer duration and sensing slots would take anywhere between less than a symbol duration, to over one and a half symbols, using an altered slot structure would push the beginning of the transmission by 1 to 2 symbols. This would result in a slot alignment mismatch for a sensing UE looking for the 2 to 3 PSCCH symbols defined after the AGC symbol.
Proposal 15: Study the possibility of adjusting the existing sensing and resource allocation procedure in SL‑U for UEs to be able to decode the PSCCH in flexible time slots or sub-slot structures.


Conclusions
The following proposals have been made in this document:
Proposal 1: For channel access procedures, we propose that different LBT types can be applicable depending on at least one of the following 
· the SL channel being used, PSCCH/PSSCH or PSFCH, 
· for PSCCH /PSSCH: LBT Type 1 or Type 2A/2B,
· for PSFCH: Type 2C in case of a shared COT.
· the signal transmission characteristics such as the priority and/or PDB,
· the UE initiating the COT or the responding UE.
Proposal 2: For transmissions when SL-HARQ feedback is disabled, we support adjustment of the CW according to
· CR/CBR measurements, if measurement results are available (Option 3),
· A received collision indicator, which yields an increase of the CWp for every priority class to the next higher value (Option 5).
Proposal 3: For transmissions with groupcast option 2, we support adjustment of the CW according to 
· The ratio or number of received NACKs per TB or per CBG in case CBG-based HARQ is enabled (Option 1). 
Proposal 4: For transmissions with groupcast option 1, we support adjustment of the CW according to 
· A received NACK or collision indicator which yields an increase of the CWp for every priority class to the next higher value (Option 2). If neither are received, the CWp is reset to the minimum value for every priority class p (Option A).
Proposal 5: We propose that the destination ID of the responding UE can be different to the source ID of the COT-initiating UE.
Proposal 6: We propose that with regards to the channel types for the responding UEs transmissions using the shared COT, the responding UE should be capable of using the shared COT to transmit over PSCCH/PSSCH in the following time slot(s), or over the PSFCH in the same time slot.
Proposal 7: We propose to use CPE and extended transmissions on guard symbols, especially for the PSFCH (Option 2 / RAN1#112), in order to retain the COT when sharing it across time slots and within the same time slot, respectively.
Proposal 8: We propose that the initiating UE provides COT information to the responding UE, including the COT duration. As additional parameter, we also propose to include information whether extended transmissions, e.g., CPE, are used.
Proposal 9: For Mode 1 SL-U operations, we propose that the gNB can provide resource grants to the UE after checking for the resource availability by using reports by other Mode 1 UEs indicating the resource usage, or by performing some basic energy measurements.
Proposal 10: For Mode 2 SL-U operations, we propose the following:
· UEs should be capable of carrying out the channel access procedures after it has performed the sensing and resource selection procedures.
· UEs can select more resources for redundancy in the case of LBT failures.
· UE behavior for resource re-evaluation and pre-emption needs to be studied.
Proposal 11: We support to resolve the Type 1 LBT blocking issue by using COT-sharing and retaining the COT, at least for transmissions having a high priority.
Proposal 12: We propose to study the impact of multi-slot transmissions in SL-U, including aspects related to single TB transmissions across slots, and its effect on Mode 2 sensing and resource selection procedures.
Proposal 13: For Mode 2 SL-U operations, we propose to support that L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time (Option A).
Proposal 14: For Mode 2 SL-U operations with a 2nd starting symbol after a slot boundary, we propose to enable RX UEs to perform AGC measurements at the 2nd starting symbol.
· Study how the RX UE can perform AGC measurements when a full-slot transmission is taking place in the same time slot as that sub-slot transmission. 
Proposal 15: Study the possibility of adjusting the existing sensing and resource allocation procedure in SL‑U for UEs to be able to decode the PSCCH in flexible time slots or sub-slot structures.
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