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Introduction
The work item for NR sidelink evolution was approved in RAN#94e and revised in RAN#96 [1], and the following agreements [2] were made in relation to the channel access mechanisms for supporting sidelink on the unlicensed spectrum:  
	· Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.
· Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.



                                                                                                                                                                                                                                                                                                         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 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 the 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
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Figure 1: Depiction of different Channel Access Procedures in NR-U
Based on the discussions in the previous meeting, 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 LBT over a longer duration in order to determine whether the resources are available to use for transmissions. On the other hand, a receiving UE can perform Type 2 LBT for transmitting on the PSFCH, or choose not to, since the channel occupancy time (COT) can be 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 be used depending on 
· the SL channel being used, PSCCH/PSSCH and PSFCH, 
· the signal transmission characteristics such as the priority and/or PDB,
· the UE initiating the COT.

Regarding the choice of the CAPC table to be used, the UL CAPC table can be reused since it has been defined based on the type of device using the table, and both SL and UL are being performed by a UE. However, another issue that remains is the mapping of the channel access priority classes to that of the PPPP values that have been used in SL. While this can easily be mapped by clubbing both priority 1 and 2 into a channel access priority class 1, and so on, this would need to be discussed with other working groups.
Proposal 2: We propose to use the UL CAPC table for SL-U. The priority mapping between the channel access priority classes and PPPP needs to be discussed in consultation with other WGs.

Another aspect that has to be considered is that the existing contention window lengths as described in the CAPC table would have to be maintained in order to ensure interoperability with other RATs. In order 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 needs to be mapped to the size of the chosen contention windows. 
Proposal 3: Study the impact of contention window length selection on transmission characteristics such as the PDB, HARQ feedback and congestion status of the resource pool. 

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 UE could initiate a COT and share it with a UE, or vice versa. The entity that is sharing the COT was expected to perform 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 deceases channel access delays since the UE that shares the COT can avoid performing COT if they carry out back-to-back transmissions across consecutive time slots.
While UE-to-UE COT sharing was agreed to be supported in the previous meeting [2], the following discussion in the plenary and the revised WID [1] state that the gNB cannot perform Type 1 LBT and initiate a COT, nor can it share a COT initiated by a UE. This is due to the already agreed objective that the Uu operation for Mode 1 is limited to only the licensed spectrum, and the gNB cannot operate in the unlicensed spectrum.
For UE-to-UE COT sharing, the following aspects should be considered when designing SL-U.
· The UE that initiates the COT can be a transmitter UE that shares the COT with the receiving UE in a unicast transmission. The same concept can be reused for groupcast as well, but can be limited to exclude broadcast transmissions. 
· When sharing a COT, both the UEs need to ensure that the time gap between transmissions is maintained to be minimum in order to avoid other UEs from occupying the channel. This can be implemented by the use of CP extensions, which was agreed to be supported in the previous meeting [2].
· The UE initiating the COT can inform the other UEs that share the COT about the LBT type to be used, the remaining COT duration and other COT-related parameters by using an SCI when carrying out its transmission. This would also enable other UEs that decode the SCI to be aware of the COT sharing that is active between the UE pair.
Proposal 4: For UE-to-UE COT sharing, we propose the following:
· TX UEs can initiate COT sharing with an RX UE when performing at least unicast transmissions.
· UEs should maintain minimum time gap between transmissions to ensure COT continuity.
· UEs initiating the COT can provide the LBT type to be used, the COT duration and other related parameters using the SCI.

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 aforementioned constraint in the WID [1] that the gNB is restricted to only operate in the licensed band. 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, which was agreed in the previous meeting [2].
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 5: 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 [5] 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 6: 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.

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 mini-slots as described in [6], 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 mini-slot, followed by one or more 14-symbol time slots. This type of an 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 to check for the channel availability. The risk of not using a full time slot, and only a mini-slot, immediately after performing LBT is that there are only a limited number of symbols that it can use for the actual data transmission. 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. The other aspects of the introduction of flexible slot structures and mini-slots in SL-U have been discussed in our accompanying contribution [6].
Proposal 7: We propose to study the impact of multi-slot transmissions in SL-U.

Conclusions
The following proposals have been made in this document:
Proposal 1: For channel access procedures, we propose that different LBT types be used depending on 
· the SL channel being used, PSCCH/PSSCH and PSFCH, 
· the signal transmission characteristics such as the priority and/or PDB,
· the UE initiating the COT.
Proposal 2: We propose to use the UL CAPC table for SL-U. The priority mapping between the channel access priority classes and PPPP needs to be discussed in consultation with other WGs.
Proposal 3: Study the impact of contention window length selection on transmission characteristics such as the PDB, HARQ feedback and congestion status of the resource pool. 
Proposal 4: For UE-to-UE COT sharing, we propose the following:
· TX UEs can initiate COT sharing with an RX UE when performing at least unicast transmissions.
· UEs should maintain minimum time gap between transmissions to ensure COT continuity.
· UEs initiating the COT can provide the LBT type to be used, the COT duration and other related parameters using the SCI.
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Proposal 6: For Mode 2 SL-U operations, we propose the following:
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· 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.
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