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1. Introduction
In RAN1#109-e meeting [1], followings are agreed for channel access mechanism for SL-U:
	Agreement
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.

Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.

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

Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2


In this contribution, we discuss issues on the channel access mechanism for NR sidelink transmission on unlicensed spectrum. 

2. Discussion
2.1. SL channel access procedure
2.1.1. Type 1 SL channel access procedure
In case of random back-off LBT, the channel access mechanism for DL or UL would need to be modified for SL transmission. To be specific, in Type 1 DL channel access procedure, gNB can adjust contention window size based on HARQ-ACK status of unicast PDSCH transmission within a previous COT duration. When the gNB receives ACK for at least one TB, then the contention window size is reset to the minimum value among the allowable values. Otherwise, the gNB can increase the contention window size to the next allowable value. 
In SL transmission, it is possible that PSCCH/PSSCH conveys a TB with HARQ-ACK feedback disabled even for unicast. In this case, the TX UE cannot know whether RX UE successes to decode a TB and whether the channel access procedure performed by the TX UE is accurate. Our preference is that when UE transmits only PSCCH/PSSCH with HARQ-ACK feedback disabled, the contention window size is kept constant regardless of the existence of its blind retransmission(s). 
Proposal 1: For Type 1 SL channel access procedure, 
· If a TX UE transmitted only PSCCH/PSSCH transmission(s) with SL HARQ-ACK feedback disabled during reference duration, contention window size for every CAPC is kept constant.
· Reference duration of UL channel access is reused by replacing PUSCH with PSSCH.
In case of groupcast SL HARQ-ACK feedback Option 2, PSCCH/PSSCH TX UE will receive HARQ-ACK feedbacks from multiple RX UEs. For HARQ procedure, the TX UE determines ACK only if the received HARQ-ACK feedbacks are all ACK. However, considering the principle of the contention window size adjustment for Type 1 DL channel access, it can be considered that the TX UE reset the contention window size when the TX UE receives at least one ACK from multiple RX UEs for the same groupcast PSCCH/PSSCH. 
Proposal 2: For Type 1 SL channel access procedure, 
· If a TX UE receives at least one ACK from RX UEs in response of groupcast PSSCH transmission(s) with SL HARQ-ACK feedback Option 2 or in response of unicast PSSCH transmission(s) with SL HARQ-ACK feedback enabled during reference duration, contention window size for every CAPC is set to the minimum allowable value.
In case of groupcast SL HARQ-ACK feedback Option 1, PSCCH/PSSCH TX UE will not receive explicit ACK from PSCCH/PSSCH RX UE(s). The UE will determine ACK for the transmitted PSSCH when the UE does not receive any PSFCH from RX UE(s). However, since the UE cannot distinguish the case when the RX UE fails to detect SCI and the case when the RX UE successes to decode PSCCH/PSSCH, the contention window size adjustment based on this implicit ACK could be inaccurate. Alternatively, it can be considered that UE counts the number of NACKs for multiple groupcast PSSCH to decide whether or not to increase contention window size. Another approach is that the RX UE(s) transmit ACK for the purpose of indicating the reset of the contention window size. In other words, this new ACK signaling will not affect the existing HARQ procedure. 
Proposal 3: For Type 1 SL channel access procedure, 
· For groupcast PSSCH with SL HARQ-ACK feedback Option 1, down-select one of followings: 
· Alt 1: If a TX UE does not receive ACK from RX UE(s) in response of PSSCH transmission(s), and if the TX UE receives NACK in response of groupcast PSSCH transmission(s) with SL HARQ-ACK feedback Option 1, contention window size for every CAPC is set to the next allowable value.
· Alt 2: RX UE can transmit ACK in response of groupcast PSSCH with SL HARQ-ACK feedback Option 1 upon decoding success. If a TX UE receives at least one ACK from RX UE(s) in response of the PSSCH transmission(s) during reference duration, contention window size for every CAPC is set to the minimum allowable value.
· No specification change on HARQ procedure for new ACK signaling. 

For PSFCH transmission, it can be considered that the contention window size is still determined based on HARQ-ACK status of PSCCH/PSSCH. Meanwhile, if uni-direction scenario is considered, further optimization for PSFCH transmission could be also considered. 
To minimize NR specification work, the contention window size for SL could be determined based on only unicast PSCCH/PSSCH with HARQ-ACK feedback enabled. In this case, the same mechanism for DL could be directly reused for SL. However, before PC5-RRC connection or without unicast session, the TX UE will use minimum contention window size, so it would be necessary to check the accuracy of channel access mechanism for SL in terms of coexistence with other RATs or links.
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Figure 1: Examples of SL HARQ-ACK feedback. 
For channel sensing operation, UE will perform energy detection to decide the channel is busy or idle. In NR-U, the energy detection threshold could be changed depending on the (maximum) target TX power. Considering that the UL-to-DL COT sharing could be a baseline for SL-to-SL COT sharing, it can be considered that energy detection threshold adaptation procedure for UL is a baseline to design energy detection threshold adaptation procedure for SL. In this case, the energy detection threshold for SL transmission could be (pre)configured or PC5-RRC configured. Otherwise, the energy detection threshold could be adjusted depending on the (maximum) target TX power. If the threshold offset is provided, the offset value could be applied to the energy detection threshold. 
Proposal 4: For SL transmission, energy detection threshold adaptation procedure for UL is considered as a baseline
· FFS: COT sharing ED threshold is (pre)configured or PC5-RRC configured.
· FFS: Energy detection threshold for S-SSB transmission

2.1.2. Type 2 SL channel access procedure
According to TS 37.213 [2], in case of short LBT or no LBT, the channel access mechanism for DL or UL transmission could be reused in terms of channel sensing interval and its location for channel access mechanism for SL. The remaining issue is when the UE can use Type 2 SL channel access procedure. 
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Figure 2: Example of Type 2A/2B/2C channel access procedure.

First of all, once a UE successes to access the channel according to Type 1 SL channel access, the UE can continue SL transmission without sensing the channel during the COT duration initiated by the UE itself. In other words, during the SL transmission burst, the UE can skip the LBT for SL transmission(s) within the SL transmission burst. In this case, it would be necessary to discuss how to define the SL transmission burst and the relevant channel access mechanism. 
Next, when UE shares the COT duration initiated by another UE, the UE can try to access the channel according to Type 2 SL channel access procedure during the COT duration. In this approach, it would be necessary to discuss how to define UE-to-UE COT sharing mechanism. 
Lastly, for some regions, short control signaling exemption is allowed by regulation for a UE to transmit certain transmission on a channel without sensing the channel under the some limitations. 

2.1.2.1. SL transmission burst
According to TS 37.213 [2], for a DL transmission burst, the transmission time gap is up to 16us, and the gNB can transmit the remaining transmission on the channel after performing Type 2C DL channel access. Similarly, for an UL transmission burst, the transmission gap is up to 16us, and the UE can transmit the remaining transmission on the channel after performing Type 2C UL channel access. For the contiguous UL transmission(s), if the transmission time gap is at least 25 us, or equal to 16us, or up to 16us, the gNB may indicate Type 2A, or Type 2B, or Type 2C UL channel access procedures, respectively. Meanwhile, these transmissions needs to be within the relevant COT duration. 
     Considering that gNB can transmit transmission(s) within the DL transmission burst to different UE(s), transmission(s) within SL transmission burst would have different destination(s). However, it would be difficult to link different Mode 2 operation processes for different destination or different TB to make transmission(s) derived by the different Mode 2 operation processes to be a form of SL transmission burst. Simple way to make SL transmission burst would be replacing candidate single-slot resources with candidate multi-slot resources for a single TB transmission. Another approach is that the UE can skip channel sensing operation opportunistically only if the set of selected resources derived by one or multiple processes of the existing Mode 2 operation forms a SL transmission burst. At least, as in NR-U DL transmission, when the transmission gap is larger than 16us, the UE would need to attempt to access the channel again according to Type 1 channel access procedure for later transmission resources. Moreover, for skipping channel sensing for transmission, it would be necessary to ensure that the CAPC value of the performed channel access procedure is larger than equal to the CAPC value corresponding to the remaining transmission(s). 
Proposal 5: UE can transmit transmission(s) after a gap within a SL transmission burst without sensing the corresponding channel(s) for availability.
· SL transmission burst is defined as a set of transmissions from a UE without any gaps greater than 16us.
· CP extension or rate-matching can be used to ensure the time gap requirement between transmissions in a SL transmission burst.
· Transmissions from a UE separated by a gap of more than 16μs are considered as separate SL transmission bursts.
· FFS: Whether the destination of transmissions within a SL transmission burst can be different or not. 
· FFS: Whether TBs of transmissions within a SL transmission burst can be different or not. 
· FFS: Whether CAPC values of transmissions within a SL transmission burst can be different or not. 

2.1.2.2. UE-to-UE COT sharing for SL transmission(s)
According to TS 37.213 [2], for the case when gNB shares the COT initiated by a UE using the Type 1 UL channel access, the gNB may transmit a transmission that follows a UL transmission on scheduled resources or a PUSCH transmission on configured resources by the UE after a gap if the destination of the transmission is the UE. In this case, if the time gap between UL transmission and DL transmission is up to 16us, the gNB can transmit the transmission on the channel after performing Type 2C DL channel access procedure. If the time gap is 25us or 16us, the gNB can transmit the transmission on the channel after Type 2A or Type 2B DL channel access procedures. For the case when gNB shares the COT initiated by a UE with CG PUSCH transmission, the gNB may transmit a transmission that follows the configured grant transmission by the UE based on the beginning and ending time of the COT duration indicated by CG-UCI from the UE. Even in this case, it is understood that the gNB can transmit the transmission on the channel after Type 2 channel access procedure if the time gap is small enough. On the other hand, in case when UE shares the COT initiated by the gNB using Type 1 DL channel access, there is no explicit description about the time gap between DL transmission and UL transmission to use Type 2 channel access procedure. In this case, it is understood that gNB can ensure the sufficiently small time gap via proper scheduling, if necessary. 
In those points of views, if we consider UE-to-UE COT sharing for SL transmission, the UE initiating the COT may need to occupy the channel until the UE sharing the same COT duration transmits SL transmission(s) to avoid that another device intercepts the channel or to guarantee the accuracy of Type 2 SL channel access procedure. 
Observation 1: For UE-to-UE COT sharing, UE initiating the COT may need to occupy the channel until UE(s) sharing the same COT transmits SL channel(s) to avoid another RAT of TX node intercept the channel.
A UE initiating the COT duration would need to know when UE sharing the COT duration transmits SL transmission(s) so that the UE initiating the COT duration tries to occupy the channel. In case of PSFCH transmission with Rel-16 PSSCH-to-PSFCH timing, the TX UE exactly knows when the RX UE will transmit the PSFCH in response of PSCCH/PSSCH transmission from the TX UE. In this case, it is possible that the TX UE occupies the channel until the RX UE transmit the PSFCH transmission. So, the time gap would be small enough to perform Type 2 channel access procedure. However, if the PSFCH timing can be varying due to LBT failure at the RX UE side, the TX UE may not know exactly when the RX UE will transmit the PSFCH in response of PSCCH/PSSCH transmission from the TX UE. In this case, the time gap could be large, and then the RX UE may overestimate the channel availability due to Type 2 channel access procedure. It will cause other devices’ channel access interruption or LBT failure at the RX UE side. 
Observation 2: TX UE can know when RX UE will transmit PSFCH in response of TX UE’s PSSCH transmission if Rel-16 PSSCH-to-PSFCH timing is reused. Otherwise, TX UE may not know when RX UE will actually transmit PSFCH. In this case, the TX UE may not occupy the channel sufficiently for COT sharing.
Since PSFCH will be transmitted in response of the received PSCCH/PSSCH, it can be considered that SCI (e.g., 2nd SCI) indicates channel access type to be used for PSFCH transmission as if DCI indicates channel access type of PUCCH transmission in NR-U. Continuous channel occupancy of the TX UE may or may not be specified in the specification explicitly. 
Proposal 6: For PSFCH transmission, 
· If a UE receives SCI (e.g., 2nd SCI) indicating Type 2 channel access for PSFCH transmission from another UE transmitting the PSSCH, and 
· if the UE transmits the PSFCH on PSFCH resource determined by Rel-16 PSSCH-to-PSFCH timing in response of the received PSSCH, 
· UE can access channel for the PSFCH transmission in response of PSSCH transmission according to Type 2 channel access procedure 
· Type 2A channel access procedures are applicable to PSFCH transmission performed by the UE following transmission(s) by UE indicating Type 2 channel access type after a gap of 25us.
· Type 2B channel access procedures are applicable to PSFCH transmission performed by the UE following transmission(s) by UE indicating Type 2 channel access type after a gap of 16us.
· Type 2C channel access procedures are applicable to PSFCH transmission performed by the UE following transmission(s) by UE indicating Type 2 channel access type after a gap of up to 16us.
· FFS: Whether/how to specify that UE transmitting the PSSCH occupies the channel until the corresponding PSFCH occasion. 

In case of PSCCH/PSSCH transmission, since the Mode 2 operation is done in distributed manner, a UE initiating COT duration would not know when another UE’s PSCCH/PSSCH transmission is present. In case of S-SSB transmission, depending the synchronization source and the relaying hop, the exact S-SSB transmission location would be different among sl-SSB-TimeAllocation1, sl-SSB-TimeAllocation2, and sl-SSB-TimeAllocation3. For the above cases, the UE initiating the COT duration may not occupy the channel sufficiently before the transmission(s) of the UE sharing the COT duration. 
Observation 3: TX UE may not know when another UE will transmit PSCCH/PSSCH or S-SSB. In this case, the TX UE may not occupy the channel sufficiently for COT sharing. 
Meanwhile, if the COT sharing is not applied to PSCCH/PSSCH transmission, it is not possible that a UE transmits PSCCH/PSSCH on a channel in the middle of SL transmission bursts of another UE on the same channel. In other words, resources would not be fully utilized. To support FDM between SL transmission burst and another PSCCH/PSSCH on the same channel, it is necessary to support the case where UE-to-UE COT sharing is applied to PSCCH/PSSCH transmission to use Type 2 channel access procedures. 
Observation 4: Considering FDM with SL transmission burst, it would be necessary to support Type 2 channel access procedure for PSCCH/PSSCH transmission. Otherwise, during the SL transmission burst of a UE, another UE cannot use FDMed resources in the same RB set.
For PSCCH/PSSCH transmission in shared COT duration, UL-to-DL COT sharing can be considered as a baseline. To be specific, like CG-UCI, an SCI can indicates the starting time and ending time of the shared COT duration, and the UE receiving the COT sharing information can use Type 2 channel access procedure for the transmission that follows UE initiating the COT after the sufficiently small gap. In this case, it is understood that the UE initiating the COT may occupy the channel until the indicated starting time of the shared COT duration. If the UE will reselect PSSCH resources based on the shared COT duration, the cast of PSCCH/PSSCH indicating the COT information would be unicast to avoid resource collision among multiple UEs sharing the same COT duration. On the other hand, if the UE will opportunistically share the COT duration only when the PSSCH resource determined by Mode 2 operation is on the indicated starting time of the shared COT duration instead of resource reselection, it would be better that the COT sharing information is transmitted in groupcast or broadcast manner to increase the possibility of using Type 2 channel access procedures. 
Proposal 7: For PSCCH/PSSCH transmission, 
· If a UE receives SCI (e.g., 2nd SCI) indicating the starting time and/or the ending time of the shared COT duration, and
· If the UE transmits the PSCCH/PSSCH on the starting time of the shared COT duration to the UE indicating the shared COT information, and
· UE can access channel at least for PSCCH/PSSCH transmission according to Type 2 channel access procedure. 
· Type 2A channel access procedures are applicable to transmission(s) performed by the UE following transmission(s) by UE initiating the COT duration after a gap of 25us in a shared channel occupancy.
· Type 2B channel access procedures are applicable to transmission(s) performed by the UE following transmission(s) by UE initiating the COT duration after a gap of 16us in a shared channel occupancy.
· Type 2C channel access procedures are applicable to transmission(s) performed by the UE following transmission(s) by UE initiating the COT duration after a gap of up to 16us in a shared channel occupancy.
· FFS: Whether/how to specify that UE indicating the shared COT information occupies the channel until the UE sharing the COT transmits the PSCCH/PSSCH.
· FFS: Cast type of PSCCH/PSSCH indicating the shared COT information.
· FFS: Cast type of PSCCH/PSSCH by the UE sharing the indicated COT duration.

2.1.2.3. Short control signaling
According to ETSI EN 301 893 [3], UE can send management and control signals without sensing the channel when following limits of short control signaling are fulfilled: 
· within an observation period of 50 ms, the number of SCS transmissions by the equipment shall be equal to or less than 50; and
· the total duration of the equipment's SCS transmissions shall be less than 2 500 µs within said observation period. 
According to TS37.213 [2], Type 2A DL channel access procedure is applicable to transmission(s) initiated by a gNB with only discovery burst or with discovery burst multiplexed with non-unicast information, where the transmission(s) duration is at most 1ms, and the discovery burst duty cycle is at most 1⁄20.
Observation 5: Short control signaling exemption would be applicable in some region while Type 2A DL channel access procedure condition would be applicable without any restriction on the regions. 
In RAN1#109-e meeting, it was discussed the possibility of applying the short control signaling to S-SSB and/or PSFCH transmission(s). It is necessary to clarify whether the transmission(s) per UE basis or per system basis are used to check the limitations for short control signaling. In this contribution, we provide our analysis on the number of transmission(s) in per-UE basis or per-system basis to meet the requirements for the short control signaling. For per-system basis analysis, transmission(s) by a number of UEs will fulfill the requirements by adjusting total number of resource candidate(s). 
Observation 6: In the perspective of a UE, the maximum number of S-SSBs within 160msec period to meet the requirements for the short control signaling is given by
· 6 for 15kHz SCS
· 16 for 30kHz SCS
· 32 for 60kHz SCS
· Note that it is assumed that the time locations of S-SSB is equally distributed over the period.
Observation 7: In the perspective of SL system, the maximum number of S-SSBs within 160msec period for a single S-SSB time allocation (e.g., sl-SSB-TimeAllocatoin1, sl-SSB-TimeAllocatoin2, sl-SSB-TimeAllocatoin3) to meet the requirements for the short control signaling is given by
· 2 for 15kHz SCS
· 5 or 6 for 30kHz SCS
· 10 or 11 for 60kHz SCS
     For S-SSB transmission(s), if the contiguous time locations of S-SSB are considered, the number of S-SSB transmission(s) would be further reduced to meet the requirements. If the sl-SSB-TimeAllocation3 is not provided, then the number of S-SSB resources could be increased. 
Observation 8: In the perspective of a UE, to meet the requirements for the short control signaling, 
· the UE can transmit PSFCHs on at most 17 PSFCH occasions every 50msec for 15kHz SCS
· the UE can transmit PSFCHs on at most 35 PSFCH occasions every 50msec for 30kHz SCS
· the UE can transmit PSFCHs on at most 50 PSFCH occasions every 50msec for 60kHz SCS
Observation 9: In the perspective of SL system, the PSFCH resource period of 1 and 2 does not meet the requirements for the short control signaling exemption for 15kHz, 30kHz, and 60kHz SCS.
For PSFCH transmission(s) in per-UE basis, UE may need to drop parts of PSFCH transmission(s) to meet the requirements. 
In this contribution, we also provide our analysis on the number of S-SSB transmission(s) in per-UE basis or per-system basis to meet the requirements for Type 2A channel access procedure in NR-U DL.
Observation 10: In the perspective of a UE, the maximum number of S-SSBs within 160msec period to meet the condition for using Type 2A channel access procedure as in NR-U DL is given by
· 8 for 15kHz SCS
· 16 for 30kHz SCS
· 32 for 60kHz SCS
Observation 11: In the perspective of SL system, the maximum number of S-SSBs within 160msec period for a single S-SSB time allocation (e.g., sl-SSB-TimeAllocatoin1, sl-SSB-TimeAllocatoin2, sl-SSB-TimeAllocatoin3) to meet the condition for using Type 2A channel access procedure as in NR-U DL is given by
· 2 or 3 for 15kHz SCS
· 5 or 6 for 30kHz SCS
· 10 or 11 for 60kHz SCS
It is observed that the number of S-SSB transmission(s) for Type 2A channel access procedure is almost similar compared to the short control signaling exemption. 
In this contribution, for simplicity, we only check the requirements for the case when only S-SSB transmission is applied or the case when only PSFCH transmission is applied. However, if we consider short control signaling exemption or Type 2A channel access procedure condition is applied to both S-SSB and PSFCH transmissions, it would be necessary to check the total durations of both S-SSB transmission(s) and PSFCH transmission(s) to check whether the requirements are fulfilled or not. In this case, the number of transmissions of each SL channel/signal would need to be further reduced. It will limit the SL communication coverage and/or the gain achievable from SL HARQ process. 
Observation 12: If short control signaling exemption is applied to both S-SSB and PSFCH transmission(s), the requirements needs to be fulfilled considering the total duration of both S-SSB transmission(s) and PSFCH transmission(s). 
Proposal 8: RAN1 prioritizes short control signaling exemption or conditions for applying Type 2A channel access procedure at least for S-SSB transmission(s). 

2.1.3. Semi-static channel occupancy
In NR-U, when the absence of any other RAT sharing the channel is guaranteed on long term basis, the form of the COT duration could be fixed-frame period (FFP). In this case, once gNB or UE accesses the channel, the TX node can occupy the channel during the associated FFP. Meanwhile, in NR-U, both DL and UL transmission resources can be controlled by gNB. On the other hand, in case of SL Mode 2 resource (re)selection procedure, some SL transmission resource could be out of gNB’s control. For instance, it would be possible that DL or UL transmission scheduled by gNB can collide with SL transmission due to simplified channel sensing operation. In this case, it would be necessary to discuss when the semi-static COT duration could be used. 
Observation 13: For semi-static COT sharing, one or more of following scenarios could be considered:
· Scenario 1: The absence of any other technology sharing the channel can be guaranteed on a long term basis (e.g. by level of regulation)
· Scenario 2: The absence of certain link(s) sharing the channel can be guaranteed on a long term basis
· Scenario 3: The absence of UE with SL Mode 2 resource (re)selection procedure sharing the channel can be guaranteed on a long term basis
In NR-U, UE can be provided with the FFP (fixed-frame period) configuration via SIB1 or dedicated RRC signaling. In SL, UE-specific parameters can be realized by PC5-RRC signaling, and this PC5-RRC signaling and connection needs unicast session. Considering groupcast and broadcast transmission and the case when unicast session is not set, it would be necessary to support at least that FFP for SL transmission is provided by a (pre)configuration. 
Proposal 9: For semi-static COT sharing, it is necessary to investigate how to set FFP (fixed frame period) and what is the granularity of configuration for FFP.

2.2. Aspects of Mode 2 resource selection procedure
When the channel sensing procedure is further considered, it would be necessary to check whether or how to modify the SL resource (re)selection procedure. To be specific, it would be necessary to determine whether the channel sensing procedure will be performed before or after performing SL resource (re)selection procedure. 
For Type 1 channel access procedure, UE may need to know CAPC value to decide contention window size, and the CAPC value would be related to data packet or TB which the UE will transmit. In this case, at least when data packet is available at the UE side, the UE can decide whether or not to start Type 1 channel access procedure based on the proper CAPC value. Moreover, according to the agreement, since SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, the UE can decide whether or not to start the LBT procedure after the UE decide its PSSCH transmission resources. 
Observation 14: UE may know CAPC or the necessity of channel access after the UE triggers SL resource (re)selection procedure.
Proposal 10: UE can attempt to access channel according to Type 1 SL channel access procedure after the resource (re)selection procedure is triggered at the UE side. 
Meanwhile, depending on the contention window size, the total channel sensing duration could be much larger than T_proc,1. In this case, the UE can fail to complete Type 1 channel access procedure before the time location of the selected resources for PSSCH transmission especially when the time location of the selected resource(s) is closed to the beginning of the resource selection window as shown in Figure 3. To alleviate this problem, it can be considered to delay the earliest time location of the available SL resources to cover the channel sensing duration. 
Observation 15: Considering that the channel sensing duration can be larger than T_proc,1, if the first time location of available SL resources closes to the starting time of the resource selection window, the UE may not have enough time to complete the Type 1 channel access procedure. 
     For Type 1 SL channel access procedure, after a UE selects a random number for channel sensing duration, the UE may determine whether the channel sensing duration is sufficient or not. If the channel sensing duration is not sufficient, the UE can drop the corresponding SL transmission. After dropping the SL transmission due to limited channel sensing duration, the UE can attempt to access the channel for the next transmission on the reserved resources. Alternatively, to recover the dropped SL transmission, the UE can perform a resource reselection procedure for the dropped SL transmission. 
Proposal 11: For the case when UE determines that there is no sufficient time to complete channel access procedure before the SL transmission(s), down-select one or more of followings:
· Option 1: Drop the SL transmission and attempt to access the channel for the next transmission on the reserved resources.
· Option 2: Reselect the resources for the SL transmission.
· Option 3: First time location of available SL resources is determined to ensure the channel sensing duration. 
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Figure 3: Example of channel sensing duration for Type 1 SL channel access procedure for SL transmission closed to the beginning of a resource selection window.
In case of SL resource (re)selection procedure, if PSFCH resource is (pre)configured in a resource pool, the time gap between any two selected resources should be larger than or equal to HARQ RTT. Similarly, when UE selects TX resources, it is necessary to guarantee the channel sensing interval right before each TX resource as shown in Figure 4. If this kind of restriction is not introduced, at least, it would be necessary to determine how to handle the case when a UE has not enough time to perform channel sensing operation before SL transmission. 
Proposal 12: For Mode 2 SL resource (re)selection procedure, UE selects transmission resources so that the time gap between any two transmission resources covers channel sensing duration. 
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Figure 4: Example of channel sensing duration for Type 1 SL channel access procedure between two SL resources.
For channel access, a UE will perform channel sensing operation during the channel sensing interval. In this case, if another transmission occupies this channel sensing interval, the UE would not perform actual transmission since the UE will determine that the channel is busy. In this case, once a UE detects reserved resources of other UE and determines to exclude these resources from the candidate single-slot resource set, then the UE also needs to exclude the channel sensing interval of the reserved resources. In case of Type 2 channel access procedure, the channel sensing interval would have the fixed size. Since the channel sensing interval of Type 1 channel access procedure could by varying, it would be needed to have representative value for the sensing interval to be excluded from the candidate single-slot resource set. 
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Figure 5: Example of SL Mode 2 resource (re)selection procedure based on other UE’s channel sensing interval.
Observation 16: For Mode 2 SL resource (re)selection procedure, it would be useful for a UE to further exclude resources associated with channel sensing interval of other UE’s reserved resources.
When the concept of COT sharing is adopted, it would be necessary to prioritize resources inside the COT duration to reduce overhead for channel sensing operation. For instance, when UE performs SL resource selection or re-selection, if there is COT duration available for SL transmission of the UE, the UE can first use resources inside the COT duration as much as possible. If the UE still need to have TX resources, then the remaining TX resources can be selected outside the COT duration. On the other hand, it would be possible that the COT duration known to the UE cannot be used for SL transmission of the UE. In this case, to avoid another transmission inside the COT duration, it can be considered that the UE uses resources outside the COT duration for its SL transmission. 
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Figure 6: Example of SL Mode 2 resource (re)selection procedure based on shared or non-shared COT duration.
In unlicensed carrier, RB set is a granularity of channel sensing operation in frequency domain. In this case, for the same number of PRBs for SL transmission, if the PRBs are distributed over multiple RB sets, the UE may need to success to access the RB sets to actually perform the SL transmission. Considering the availability of SL transmission, it would be beneficial to select SL resources within smaller number of RB set(s). On the other hand, due to the PSD requirement, it would be useful to select SL resources to be distributed over a number of RB sets. In those points of views, it would be necessary to modify Mode 2 resource (re)selection procedure to take the concept of RB set into account. 
Proposal 13: For the case when a resource pool consists of more than one RB sets, 
· RAN1 discusses whether or how to consider RB set(s) for Mode 2 resource (re)selection procedure.
· e.g., for a given number of sub-channels, smaller number of RB set(s) are prioritized for PSSCH transmission resources. 
· e.g., before selecting transmission resources, UE can selects RB set(s) for PSSCH transmission. 
It would be necessary to handle the (consistent) LBT failure at the UE side for Mode 2 operation. For instance, when a UE determines the consistent LBT failure, for a certain RB set(s), the UE may need to avoid using the RB set(s) for SL transmission. Alternatively, to avoid the consistent LBT failure, it can be considered to increase the amount of candidate resources for SL transmission. 

2.3. Aspects of Mode 1 resource allocation procedure
According to the updated WID [4], in sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel. 
     In RAN1#109-e meeting, it was discussed the possibility that the gNB provides the COT initiated by a UE to another UE. In this case, the gNB just relay the COT information and does not perform channel access procedure for SL-U operation. However, this relaying mechanism could be seen as double COT sharing which is not supported in NR-U. On the necessity of this double COT sharing, it would be better to avoid duplicated discussion. Even if this mechanism is introduced for SL-U, RAN1 still need to check the feasibility of the double COT sharing in terms of processing time budget. A UE may need to report the COT information to gNB on UL after the UE accesses the channel including SL transmission. After the gNB receives the COT reporting from the UE, the gNB needs to transmit the COT information to another UE on DL. The above processing needs to be finished within the maximum COT duration, and the remaining COT duration after these processing could be used for SL transmission. However, considering that the maximum COT duration could be 2 or 3 msec, this approach may be infeasible or inefficient. Moreover, for COT information reporting, it would be necessary to design new UCI or new reporting type on UL. In this case, RAN1 needs to spend more time to design UL mechanism including UCI multiplexing issue or scheduling/configuring UL channels for new type of reporting even though the achievable gain is unclear. 
Observation 17: To support that gNB provide COT initiated by a UE to another UE, it is necessary to check the feasibility on the double COT sharing issue, processing time budget for exchanging COT information, and specification work load on supporting new UCI or reporting type on UL. 
Proposal 14: In Rel-17, double COT sharing (i.e., gNB indicates COT initiated by UE to another UE) is not supported. 

[bookmark: _GoBack]Since gNB does not perform channel sensing operation for SL-U, the gNB does not know which RB set(s) would be good for SL transmission in terms of channel availability. In this case, it would be possible that the gNB continuously allocates a certain RB set which can make consistent LBT failure to a UE for SL transmission. To alleviate this inefficiency, it would be beneficial to have new Mode 1 reporting related to LBT failure. For instance, if a UE observes consistent LBT failures during a certain period of time, the UE can report this situation to the gNB. In this case, the gNB can change RB set(s) or energy detection threshold to give more chance to access the channel to a UE for SL transmissions. However, this new reporting type would need more specification work for UL mechanism. Alternatively, it can be considered that the gNB anticipates which RB set(s) would be problematic based on the existing SL HARQ-ACK reporting on UL. 
Observation 18: gNB may need to know LBT failure ratio for each RB set to decide how to allocate RB set(s) for SL transmission to UE. 
Proposal 15: For SL Mode 1 operation on unlicensed spectrum, down-select one of followings:
· Option 1: For LBT failure, a UE can report NACK to gNB. 
· Option 2: A UE can report LBT failure status separately from SL HARQ-ACK status to gNB. 

3. Conclusions
In this contribution, we discussed channel access mechanism for NR sidelink transmission on unlicensed band. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: For UE-to-UE COT sharing, UE initiating the COT may need to occupy the channel until UE(s) sharing the same COT transmits SL channel(s) to avoid another RAT of TX node intercept the channel.
Observation 2: TX UE can know when RX UE will transmit PSFCH in response of TX UE’s PSSCH transmission if Rel-16 PSSCH-to-PSFCH timing is reused. Otherwise, TX UE may not know when RX UE will actually transmit PSFCH. In this case, the TX UE may not occupy the channel sufficiently for COT sharing.
Observation 3: TX UE may not know when another UE will transmit PSCCH/PSSCH or S-SSB. In this case, the TX UE may not occupy the channel sufficiently for COT sharing. 
Observation 4: Considering FDM with SL transmission burst, it would be necessary to support Type 2 channel access procedure for PSCCH/PSSCH transmission. Otherwise, during the SL transmission burst of a UE, another UE cannot use FDMed resources in the same RB set.
Observation 5: Short control signaling exemption would be applicable in some region while Type 2A DL channel access procedure condition would be applicable without any restriction on the regions. 
Observation 6: In the perspective of a UE, the maximum number of S-SSBs within 160msec period to meet the requirements for the short control signaling is given by
· 6 for 15kHz SCS
· 16 for 30kHz SCS
· 32 for 60kHz SCS
· Note that it is assumed that the time locations of S-SSB is equally distributed over the period.
Observation 7: In the perspective of SL system, the maximum number of S-SSBs within 160msec period for a single S-SSB time allocation (e.g., sl-SSB-TimeAllocatoin1, sl-SSB-TimeAllocatoin2, sl-SSB-TimeAllocatoin3) to meet the requirements for the short control signaling is given by
· 2 for 15kHz SCS
· 5 or 6 for 30kHz SCS
· 10 or 11 for 60kHz SCS
Observation 8: In the perspective of a UE, to meet the requirements for the short control signaling, 
· the UE can transmit PSFCHs on at most 17 PSFCH occasions every 50msec for 15kHz SCS
· the UE can transmit PSFCHs on at most 35 PSFCH occasions every 50msec for 30kHz SCS
· the UE can transmit PSFCHs on at most 50 PSFCH occasions every 50msec for 60kHz SCS
Observation 9: In the perspective of SL system, the PSFCH resource period of 1 and 2 does not meet the requirements for the short control signaling exemption for 15kHz, 30kHz, and 60kHz SCS.
Observation 10: In the perspective of a UE, the maximum number of S-SSBs within 160msec period to meet the condition for using Type 2A channel access procedure as in NR-U DL is given by
· 8 for 15kHz SCS
· 16 for 30kHz SCS
· 32 for 60kHz SCS
Observation 11: In the perspective of SL system, the maximum number of S-SSBs within 160msec period for a single S-SSB time allocation (e.g., sl-SSB-TimeAllocatoin1, sl-SSB-TimeAllocatoin2, sl-SSB-TimeAllocatoin3) to meet the condition for using Type 2A channel access procedure as in NR-U DL is given by
· 2 or 3 for 15kHz SCS
· 5 or 6 for 30kHz SCS
· 10 or 11 for 60kHz SCS
Observation 12: If short control signaling exemption is applied to both S-SSB and PSFCH transmission(s), the requirements needs to be fulfilled considering the total duration of both S-SSB transmission(s) and PSFCH transmission(s). 
Observation 13: For semi-static COT sharing, one or more of following scenarios could be considered:
· Scenario 1: The absence of any other technology sharing the channel can be guaranteed on a long term basis (e.g. by level of regulation)
· Scenario 2: The absence of certain link(s) sharing the channel can be guaranteed on a long term basis
· Scenario 3: The absence of UE with SL Mode 2 resource (re)selection procedure sharing the channel can be guaranteed on a long term basis
Observation 14: UE may know CAPC or the necessity of channel access after the UE triggers SL resource (re)selection procedure.
Observation 15: Considering that the channel sensing duration can be larger than T_proc,1, if the first time location of available SL resources closes to the starting time of the resource selection window, the UE may not have enough time to complete the Type 1 channel access procedure. 
Observation 16: For Mode 2 SL resource (re)selection procedure, it would be useful for a UE to further exclude resources associated with channel sensing interval of other UE’s reserved resources.
Observation 17: To support that gNB provide COT initiated by a UE to another UE, it is necessary to check the feasibility on the double COT sharing issue, processing time budget for exchanging COT information, and specification work load on supporting new UCI or reporting type on UL. 
Observation 18: gNB may need to know LBT failure ratio for each RB set to decide how to allocate RB set(s) for SL transmission to UE. 

Proposal 1: For Type 1 SL channel access procedure, 
· If a TX UE transmitted only PSCCH/PSSCH transmission(s) with SL HARQ-ACK feedback disabled during reference duration, contention window size for every CAPC is kept constant.
· Reference duration of UL channel access is reused by replacing PUSCH with PSSCH.
Proposal 2: For Type 1 SL channel access procedure, 
· If a TX UE receives at least one ACK from RX UEs in response of groupcast PSSCH transmission(s) with SL HARQ-ACK feedback Option 2 or in response of unicast PSSCH transmission(s) with SL HARQ-ACK feedback enabled during reference duration, contention window size for every CAPC is set to the minimum allowable value.
Proposal 3: For Type 1 SL channel access procedure, 
· For groupcast PSSCH with SL HARQ-ACK feedback Option 1, down-select one of followings: 
· Alt 1: If a TX UE does not receive ACK from RX UE(s) in response of PSSCH transmission(s), and if the TX UE receives NACK in response of groupcast PSSCH transmission(s) with SL HARQ-ACK feedback Option 1, contention window size for every CAPC is set to the next allowable value.
· Alt 2: RX UE can transmit ACK in response of groupcast PSSCH with SL HARQ-ACK feedback Option 1 upon decoding success. If a TX UE receives at least one ACK from RX UE(s) in response of the PSSCH transmission(s) during reference duration, contention window size for every CAPC is set to the minimum allowable value.
· No specification change on HARQ procedure for new ACK signaling. 
Proposal 4: For SL transmission, energy detection threshold adaptation procedure for UL is considered as a baseline
· FFS: COT sharing ED threshold is (pre)configured or PC5-RRC configured.
· FFS: Energy detection threshold for S-SSB transmission
Proposal 5: UE can transmit transmission(s) after a gap within a SL transmission burst without sensing the corresponding channel(s) for availability.
· SL transmission burst is defined as a set of transmissions from a UE without any gaps greater than 16us.
· CP extension or rate-matching can be used to ensure the time gap requirement between transmissions in a SL transmission burst.
· Transmissions from a UE separated by a gap of more than 16μs are considered as separate SL transmission bursts.
· FFS: Whether the destination of transmissions within a SL transmission burst can be different or not. 
· FFS: Whether TBs of transmissions within a SL transmission burst can be different or not. 
· FFS: Whether CAPC values of transmissions within a SL transmission burst can be different or not. 
Proposal 6: For PSFCH transmission, 
· If a UE receives SCI (e.g., 2nd SCI) indicating Type 2 channel access for PSFCH transmission from another UE transmitting the PSSCH, and 
· if the UE transmits the PSFCH on PSFCH resource determined by Rel-16 PSSCH-to-PSFCH timing in response of the received PSSCH, 
· UE can access channel for the PSFCH transmission in response of PSSCH transmission according to Type 2 channel access procedure 
· Type 2A channel access procedures are applicable to PSFCH transmission performed by the UE following transmission(s) by UE indicating Type 2 channel access type after a gap of 25us.
· Type 2B channel access procedures are applicable to PSFCH transmission performed by the UE following transmission(s) by UE indicating Type 2 channel access type after a gap of 16us.
· Type 2C channel access procedures are applicable to PSFCH transmission performed by the UE following transmission(s) by UE indicating Type 2 channel access type after a gap of up to 16us.
· FFS: Whether/how to specify that UE transmitting the PSSCH occupies the channel until the corresponding PSFCH occasion. 
Proposal 7: For PSCCH/PSSCH transmission, 
· If a UE receives SCI (e.g., 2nd SCI) indicating the starting time and/or the ending time of the shared COT duration, and
· If the UE transmits the PSCCH/PSSCH on the starting time of the shared COT duration to the UE indicating the shared COT information, and
· UE can access channel at least for PSCCH/PSSCH transmission according to Type 2 channel access procedure. 
· Type 2A channel access procedures are applicable to transmission(s) performed by the UE following transmission(s) by UE initiating the COT duration after a gap of 25us in a shared channel occupancy.
· Type 2B channel access procedures are applicable to transmission(s) performed by the UE following transmission(s) by UE initiating the COT duration after a gap of 16us in a shared channel occupancy.
· Type 2C channel access procedures are applicable to transmission(s) performed by the UE following transmission(s) by UE initiating the COT duration after a gap of up to 16us in a shared channel occupancy.
· FFS: Whether/how to specify that UE indicating the shared COT information occupies the channel until the UE sharing the COT transmits the PSCCH/PSSCH.
· FFS: Cast type of PSCCH/PSSCH indicating the shared COT information.
· FFS: Cast type of PSCCH/PSSCH by the UE sharing the indicated COT duration.
Proposal 8: RAN1 prioritizes short control signaling exemption or conditions for applying Type 2A channel access procedure at least for S-SSB transmission(s). 
Proposal 9: For semi-static COT sharing, it is necessary to investigate how to set FFP (fixed frame period) and what is the granularity of configuration for FFP
Proposal 10: UE can attempt to access channel according to Type 1 SL channel access procedure after the resource (re)selection procedure is triggered at the UE side. 
Proposal 11: For the case when UE determines that there is no sufficient time to complete channel access procedure before the SL transmission(s), down-select one or more of followings:
· Option 1: Drop the SL transmission and attempt to access the channel for the next transmission on the reserved resources.
· Option 2: Reselect the resources for the SL transmission.
· Option 3: First time location of available SL resources is determined to ensure the channel sensing duration. 
Proposal 12: For Mode 2 SL resource (re)selection procedure, UE selects transmission resources so that the time gap between any two transmission resources covers channel sensing duration. 
Proposal 13: For the case when a resource pool consists of more than one RB sets, 
· RAN1 discusses whether or how to consider RB set(s) for Mode 2 resource (re)selection procedure.
· e.g., for a given number of sub-channels, smaller number of RB set(s) are prioritized for PSSCH transmission resources. 
· e.g., before selecting transmission resources, UE can selects RB set(s) for PSSCH transmission. 
Proposal 14: In Rel-17, double COT sharing (i.e., gNB indicates COT initiated by UE to another UE) is not supported. 
Proposal 15: For SL Mode 1 operation on unlicensed spectrum, down-select one of followings:
· Option 1: For LBT failure, a UE can report NACK to gNB. 
· Option 2: A UE can report LBT failure status separately from SL HARQ-ACK status to gNB. 
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