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Introduction
NR sidelink operating on unlicensed band is introduced in Rel-18 to extend use scenarios and satisfy increasing requirements of wireless traffic. A new NR SL work item was approved in RAN#94e meeting and further updated in RAN#96e meeting and updated in RAN#97e meeting with the following objective in [1]:
	· Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
· Note: 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 this contribution, the possible aspects related to channel access mechanisms of NR SL on unlicensed spectrum are discussed.
Channel access procedures
Regarding channel access procedures, the following agreement was made in RAN1#110 [2]:
	Agreement
· CW adjustment
· NR-U DL CW adjustment mechanism is used as the baseline for SL-U when SL-HARQ feedback is enabled in SCI for unicast 
· FFS any necessary update for SL-U operation
· FFS: how to determine CW size when SL-HARQ feedback is disabled in SCI
· FFS the case of groupcast option 1 (NACK-only) and groupcast option 2
Agreement
· Type 2A/2B/2C SL channel access procedures
· Type 2A channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≥ 25μs in a shared channel occupancy
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2A is used also for the case of short control signalling transmission
· Type 2B channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE at least when the gap is 16μs in a shared channel occupancy
· FFS the case when the gap is between 16 and 25us
· FFS any other transmission by a UE (e.g., other than COT sharing)
· Type 2C channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≤ 16μs in a shared channel occupancy and the duration of the corresponding transmission is at most 584us.
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2C is used also for the case of short control signalling transmission
· FFS under which conditions (other than the gap) UEs can apply the Type 2A/2B/2C SL channel access procedures
· FFS under which conditions Type 2B or Type 2C is applied in case of a gap of 16 μs



Wireless communication systems operating on shared spectrum need to comply with regulation requirement. From the channel access perspective, legacy NR SL techniques need to be enhanced to satisfy the key requirements of energy detection (ED), including dynamic channel access mode and semi-static channel access mode, where the dynamic channel access procedure could further include Type1 channel access procedure (e.g. random sensing duration) and Type 2 channel access procedure (e.g. deterministic sensing duration). There are also features of LBT bandwidth, ED threshold adaptation, and channel occupancy sharing associated with the channel access procedure.
For channel access of SL-U on FR1, whether and how to reuse the NR-U mechanisms can be studied as a starting point. For dynamic mode channel access procedure (see Figure 1 for an illustration), the conditions for deciding actual channel access type(s) can start with reusing the scenario to apply Type 1 and Type 2 channel access procedures in NR-U as a baseline, including:
· Type-1 channel access procedure can be used for any transmission, including initiating a COT.
· Type-2A channel access procedure can be used for SL transmissions of short control signaling or SL transmissions following other SL transmissions after a gap of 25 us in an initiated/shared COT.
· In NR-U, the short control signaling is defined as discovery burst with duty cycle at most 1/20 and duration at most 1 ms. How to define short control signal on SL is discussed in Section 4 of this contribution.
· Type-2B channel access procedure can be used for SL transmissions following other SL transmissions after a gap of 16 us in an initiated/shared COT.
· Type-2C channel access procedure can be used for SL transmissions following other SL transmissions after a gap of up to 16 us in an initiated/shared COT.



Figure 1. Illustration of dynamic mode channel access procedure. 
RAN1 could further investigate the necessity of enhancement to the NR-U mechanisms, including the SL-specific conditions of adopting channel access types on top of the gap length:
· Channel/signal type: Different type of SL channels/signals, e.g. PSCCH/PSSCH, PSFCH and S-SSB, may use different types of channel access procedures. 
· Dynamic/periodical reservation: Similar to the scenario of configured grant/SL resource in NR-U, the channel access procedure of SL mode 2 periodical mode 1 CG may be separately handled, e.g. always use Type 1 channel access.
· SCI indication: In NR-U UL channel access procedures, UE uses the channel access procedure indicated by scheduling DCI when scheduled by gNB to transmit PUSCH in non-contiguous transmissions. The principle can be similarly reused in SL-U, e.g. UE initiating a COT and shares it to a RX UE, indicating channel access procedure type in SCI, then RX UE transmits PSFCH or its own PSSCH/PSCCH according to the SCI indication.
Since the conditions of Type 2B/2C channel access procedures overlap at gap duration of 16μs, it needs further clarification how to determine the type of channel access procedure for this case. Considering no specific handling was introduced for the case of 16μs gap in legacy NR-U system, it can also be up to UE implementation to apply Type 2B/2C procedures for SL-U.
Proposal 1: For Type 2A/2B/2C SL channel access procedures,
· Further study other SL-specific conditions other than gap duration, e.g. SL channel/signal type, dynamic/periodical reservation, SCI indication, etc.
· For the case of a gap of 16μs, if no other SL-specific conditions can be used to determine type of channel access procedure, it is up to UE implementation whether Type 2B/2C is applied.
In NR-U dynamic mode channel access procedure, the maximum COT and contention window size parameters are derived by channel access priority class (CAPC). CAPC is configured according to traffic type by a mapping table between CAPC and QoS control indicator (QCI) to satisfy the QoS requirements of different traffic. The principle can be similarly reused by SL-U that CAPC is determined according to traffic type, which is reflected by QoS Identifiers (PQIs). Considering the LBT behaviour of SL UE is more like UL LBT procedure, UL CAPC table can be considered as a baseline. The details of mapping relationship between SL priorities and CAPC e.g. how to define the mapping table, whether to use PQI or L1 priority for the mapping, can be determined up to RAN2.
Proposal 2: For dynamic mode channel access procedure,
· Channel access priority classes reuse the ones for NR-U UL CAPC;
· Determination of SL priority and CAPC for channel access procedure can be up to RAN2.
Contention window adjustment is supported by NR-U, and the NR-U DL CW adjustment mechanism was agreed to be used as baseline for SL unicast with enabled SL-HARQ feedback. Since there is no gNB’s involvement in SL-U for Rel-18, in this case the definition of reference duration and criteria to adjust contention window needs to be correspondingly enhanced.
How to enhance CW adjustment mechanism for other cases of SL-U communications, including groupcast option 1 (NACK only) and option 2 (ACK+NACK), broadcast, SL transmissions with disabled HARQ-ACK feedback, needs to be further discussed. 
· Groupcast option 1 (NACK only): If any NACK is received, the legacy principle of increasing CW for every priority class can be reused. For the case of no HARQ-ACK feedback being received by TX UE, it may happen either when PSSCH being successfully received by all RX UEs in the group since no explicit ACK will be fed back via PSFCH, or when the PSCCH from TX UE is failed to be transmitted or the PSFCH carrying NACK from RX UE is failed to be detected, which is hard to be distinguished by the TX UE. Therefore, it needs further justification how strong the impact of miss detection of PSCCH from TX UE or PSFCH from RX UE will be in this case.
· Groupcast option 2 (ACK+NACK): Considering the motivation of CW adjustment according to HARQ-ACK feedback is to determine whether channel is successfully occupied rather than to determine whether a retransmission is needed, it is unnecessary to reuse the legacy rule of determining HARQ-ACK status of data by collecting ACK feedback from every expected PSFCH occasion. For a given transmission using groupcast option 2, if the number of ACK received on PSFCH exceeds a given threshold e.g. at least one, CW is set to minimum length, otherwise UE increases CW.
· Broadcast and other SL communications with disabled SL HARQ-ACK feedback: since no HARQ-ACK feedback can be used as condition of CW adjustment, one simple solution is to maintain CW as it is. However, if currently used CW is maintained as a small value e.g., the blind retransmission may not be reliable enough. Therefore, further potential enhancements need to be studied, e.g. whether to use a larger CW when SL communications with disabled HARQ-ACK is transmitted, or CW increasing according to other parameters e.g. retransmission number.
· In addition, existing SL measurements, e.g. CBR measurement and SL-RSSI measurement, can reflect the congestion status of SL channel and is also probable to contribute to CW adjustment procedure.
Proposal 3: For contention window size adjustment procedures of SL-U communications, further study the following enhancements:
· For unicast with enabled SL HARQ-ACK feedback, how to define reference duration and criteria to adjust contention window size for SL-U.
· For groupcast option 1 (NACK only), when explicit NACK is received, CW is increased; for other cases, FFS how to handle CW size and further evaluate the impact of miss detection of PSCCH/PSFCH of CW adjustment.
· For groupcast option 2 (ACK+NACK), when received ACK exceeds a given threshold, CW is set to the minimum value; otherwise CW is increased. FFS details.
· For broadcast and the case of disabled HARQ-ACK, justify the performance and study if further enhancements are needed
· Whether and how SL measurement can contribute to contention window size adjustment.
NR-U also support semi-static mode channel access procedure (see Figure 2 for an illustration), wherein a configurable period can be divided into an idle duration and a channel occupancy. Channel sensing is performed immediately before the starting of channel occupancy, and if the channel is sensed to be idle, transmission shall start immediately at the beginning of the channel occupancy. The channel occupancy can also be shared between the gNB and the UE, wherein a potential sensing may be required for the switching point between DL and UL transmissions. 


Figure 2. Illustration of semi-static mode channel access procedure. 
For SL-U, semi-static mode channel access procedure is also one of the important scenarios to consider. Especially, for typical SL implementation with non-contiguous resource allocation, semi-static mode has its benefit in saving the sensing durations. If the system can guarantee the environment without other RAT, operating in semi-static mode is more efficient in term of the spectrum utilization.  
Proposal 4: Support NR-U semi-static channel access mechanism for SL-U.
· Support when other RAT can be absent in a long term
· Support asynchronous channel occupancy starting timing from multiple UEs
· Support channel occupancy sharing with other UE(s)
Multi-channel access procedure was supported in NR-U to allow wider transmission bandwidth and improve data rate. In NR-U dynamic mode channel access, multi-channel access procedure comprises Type A and Type B (see Figure 3 for an illustration). In Type A multi-channel access procedure, the transmitter performs channel access separately on each channel it intends to transmit, and in Type B multi-channel access procedure, the transmitter selects one from the multiple channels to perform Type 1 LBT and sense other channels with at least 25 us before transmission. In NR-U semi-static mode channel access, independent channel access procedure over each channel is supported (similar to the spirit of Type A multi-channel access procedure). 


Figure 3. Illustration of multi-channel channel access procedure. 
For SL-U, dynamic mode channel access procedure can reuse the principle of NR-U multi-channel access procedure and supports both Type A and Type B procedures, and semi-static mode channel access procedure can support independent single-channel access procedure on each channel, similar to NR-U.
Proposal 5: For multi-channel access procedure in SL-U,
· For dynamic mode channel access procedure, support both Type A and Type B multi-channel access procedures;
· For semi-static mode channel access procedure, support independent single-channel access procedure on each channel.

COT sharing
Regarding COT sharing, the following agreement was made in RAN1#110 [2]:
	Agreement
· For UE-to-UE COT sharing, continue considering the following alternatives:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS any additional conditions
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS how to determine a SL UE is a target receiverFFS: details of the channel type of the COT initiating UE’s transmission
· FFS any additional conditions
· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).
· FFS: details of the channel type of the responding UE’s transmission(s)
· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18
· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA



Another aspect to allow flexible channel access is channel occupancy sharing. There exists two types of channel occupancy initiating and sharing mechanisms in NR-U: 
· gNB initiates a channel occupancy and transmits DL channels to UEs at the beginning of the initiated channel occupancy. In addition, gNB can share the channel occupancy to its UE, then the UE can transmits UL channels to gNB in the shared channel occupancy.
· UE initiates a channel occupancy and transmits UL channels to gNB in the initiated channel occupancy. In addition, UE can share the channel occupancy to gNB, then gNB can transmit DL channels, at least including this UE as the receiver, in the shared channel occupancy.
The difference with Uu is that the SL communication topology is more complicated and dynamic, therefore the channel occupancy initiating and sharing mechanism in different scenarios needs to be discussed.
According to the agreement made in RAN1#110 meeting, a responding SL UE can utilize a COT shared by initiating UE when responding UE is RX UE of data transmission from the initiating UE. There was no consensus on whether other type of transmission than data can also be condition of responding UE utilizing the shared COT. In our understanding, it is low efficient if UE transmits stand-alone PSCCH only for the purpose of COT sharing. However, there is another potential case that the initiating UE has HARQ-ACK to be fed back to the responding UE and initiating a COT to transmit PSFCH with the responding UE as a target receiver. Therefore, Alt 2 in the agreement of RAN1#110 meeting is preferred that a responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT .
When a responding UE uses a shared COT for its transmissions, the channel type and cast type needs to be further studied. In our understanding, it is straightforward to support PSFCH and unicasted PSCCH/PSSCH transmission from the responding UE. For groupcasted PSCCH/PSSCH with initiating UE as one of the target receivers, if SL HARQ-ACK feedback is disabled, the case is also feasible since no further fed back transmissions will be triggered. For groupcasted PSCCH/PSSCH with initiating UE as one of the target receivers and with enabled SL HARQ-ACK feedback, since it may trigger PSFCH transmission of a third UE other than the initiating and responding UE, the case needs to be carefully studied to control potential interference. For S-SSB transmission that broadcasted to all adjacent UEs, it needs further study whether S-SSB transmission is supported in shared COT or only in UE-initiated COT, subject to the regional regulations. Similarly, the feasibility of broadcasted PSCCH/PSSCH by responding UE also needs further study.
Proposal 6: For UE-to-UE COT sharing, 
· Alt 2 in RAN1#110 is preferred that a responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT. 
· When a responding UE uses a shared COT for its transmissions, when the COT initiating UE is a target receiver of the responding UE’s transmission(s),
· PSFCH transmission is supported
· Unicasted PSCCH/PSSCH transmission is supported
· Groupcasted PSCCH/PSSCH transmission with disabled SL HARQ-ACK feedback is supported
· Further study the following transmissions: Groupcasted PSCCH/PSSCH transmission with enabled SL HARQ-ACK feedback, broadcasted PSCCH/PSFCH, S-SSB
gNB assistance and mode-1 resource allocation is supported by SL-U system, where Uu operation for mode 1 is limited to licensed spectrum only. 
Therefore, how could gNB involve in SL-U systems needs further discussion, e.g. whether to support the case of gNB determining the UE that initiates channel occupancy and UE(s) that shares the channel occupancy, whether UE provided information of initialized/shared channel occupancy to gNB and receive SL grants scheduling resource in the channel occupancy, etc. 
The legacy mechanism and principle of mode-1 resource allocation can be used as a baseline for SL-U. Since gNB does not perform Type 1 or 2 channel access procedures to access an unlicensed channel, the gNB has no information of channel occupancy status on sidelink by its own. In order to perform efficient mode-1 scheduling and allows UE transmitting in accessed SL channel, it is beneficial to allow SL UE operating in mode-1 reporting COT related information e.g. position of an initiated/shared COT, or a failure of COT initiating, to gNB to enhance mode 1 performance. The details including signaling to carry COT related information and conditions/procedure of the report can be further studied.
Channel occupancy indication (including the time domain channel occupancy and frequency domain channel occupancy) should also be studied as a basic functionality of channel occupancy sharing. It is conveyed by GC-PDCCH in Rel-16 NR-U system to achieve flexible and fast channel occupancy information exchanged. Similarly, it can be conveyed by 1st/2nd stage SCI in SL-U system. Both SCI formats used to convey channel occupancy and detailed field design in the SCI format need to be studied and specified in Rel-18. 
In addition, considering that gNB could be involved in initiating and sharing the channel occupancy for SL UEs, and the case of UE initiating channel occupancy and requesting gNB scheduling in the initiated channel occupancy should be supported for mode 1 operation, the indication method from SL UE to gNB with intention of providing channel occupancy information rather than sharing it to gNB is also necessary to be studied.
Proposal 7: Support mode 1 UE report COT related information to gNB for aiding mode 1 RA. 
· Study if new/existing UCI format(s) in NR-U can be used to providing channel occupancy information from SL UE to gNB
· FFS other details e.g. conditions and procedure.
Proposal 8: Study if new/existing SCI format(s) can be used to indicate channel occupancy sharing between SL UEs.

Short control signal
In NR-U, short control signal was supported, wherein the short control signal is defined as discovery burst, and it may include SSB as the basic component, with PDCCH/PDSCH of RMSI and CSI-RS subject to configuration. The use of Type 2A channel access procedure for discovery burst is subject to further condition on the duty cycle and duration. 
For SL-U, short control signal shall also be supported, to take advantage of the short channel sensing for channel access. Similar to NR-U, the components used for short control signal shall be the ones with high importance and intended to be assigned with faster channel access procedure. Based on this principle, S-SSB can be considered as the basic component for SL-U short control signal, and further study whether other SL signal/channel (e.g., PSFCH) can also be served as the components of short control signal. 
Proposal 9: Support short control signal for SL-U.
· At least S-SSB can be used as short control signal
· Further study other SL signal/channel to be used as short control signal
· Reuse the duty cycle and duration conditions to use short control signal in NR-U
· Support Type 2A channel access procedure for short control signal, i.e., same as NR-U

CP extension
Regarding CP extension, the following agreement was made in RAN1#109-e [3]:
	Agreement
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.


 
In NR-U, CP extension is an effective way to construct intended gap duration such that the compatible channel access procedure can be used. In NR-U, the maximum duration for CP extension is less than 1 OFDM symbol, while such condition should not apply for SL-U since for many cases the gap between the previous SL transmission and the following SL transmission is as large as 1 OFDM symbol. Also, an alternative mechanism to consider is symbol repetition, wherein the last symbol from previous transmission or the first symbol from the following transmission can be repeated to eliminate the gap between SL transmissions. 
Meanwhile, it’s noted that supporting CP extension (which is essentially a forward symbol extension) may result in non-aligned starting locations for SL transmissions allocated in the same slot. To avoid such issue, it’s worthy to study the backward symbol extension, wherein the extended duration is after the last symbol of SL transmission. 


Figure 4. Mechanisms considered for eliminating or shortening gaps.

Proposal 10: To eliminate or shorten the gaps between SL transmissions: 
· Study extending the CP duration up to 1 OFDM symbol for CP extension;
· Study symbol repetition of the previous or following SL transmission;
· Study backward symbol extension, e.g., to avoid non-aligned SL transmission starting locations. 

Enhancement on resource allocation schemes
Regarding channel access procedures, the following agreement was made in RAN1#110 [2]:
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details



Listen before talk (LBT), which is also referred as short-term sensing, is the key functionality of NR-U to allow spectrum sharing between different RATs with manageable interference. Different LBT types e.g. Type-1/2A/2B/2C were defined with corresponding length to satisfy the regulation requirement of initializing channel occupancy and transmitting within the channel occupancy after a gap duration e.g. for switching points. With performing LBT, UE could decide whether the channel is unoccupied and start to transmit if LBT procedure is passed. 
However, LBT has its own limitation in the decentralized sidelink network, which may limit the overall performance and impact throughput. If only LBT is performed in SL-U, a UE can hardly predict intra-system interference, thus collision due to LBT failure may increase. In addition, the LBT bandwidth is 20MHz, which is much larger than a subchannel size in SL resource pool. Consequently, it is important to support multiple users simultaneously sending FDMed signals on a LBT band to improve spectrum efficiency, but the goal is hard to be achieved in LBT-only system without a centralized scheduler. There is another limitation that LBT is hard to properly handle the periodic transmissions, which may lead to noticeable performance degradation considering that periodic traffic is typical in SL communications.
Sidelink channel sensing in Rel-16 and Rel-17, which is referred to as long-term sensing (although in Rel-17 it also introduced a short-term sensing component), is an important method to avoid intra-system collision in legacy NR SL. Sidelink sensing supports UE to autonomously select resources that are more likely to be unoccupied by SCI detection and reservation based resource exclusion, thus it naturally allows FDMed transmissions from different users to enhance resource efficiency. 
RAN1 needs to study how the two methods work in combination for Rel-18 SL-U system including the logical order of performing channel access procedure and performing sensing-based resource determination. If UE performs sensing-based resource determination procedure at first, it is hard to guarantee UE successfully access SL channel on the selected resource, then UE may drop the transmission, which is not preferred, or trigger resource re-selection and still risk of not accessing channel again. The solution of channel access after sensing is inefficient of resource utilization and increases latency. On the contrary, if UE try to access the channel at first, then determine available resources by sensing-based or other mode 2 resource determination methods, the selected resources are less risky to lose channel access. On top of that, it is possible by further enhancing the mode-2 resource allocation schemes to better utilize the resources in initiated COT, e.g. via multi-consecutive slot transmission. Therefore, it is preferred to perform mode-2 resource allocation by performing channel access procedure before resource determination procedure.
Proposal 11: For mode-2 SL resource allocation on unlicensed band, support resource allocation based on performing channel access procedure first, and then determining actual transmission resources by performing mode-2 resource determination procedure.
SL transmissions on unlicensed spectrum have higher uncertainty than legacy ones. SL transmission on the resources selected in legacy sensing procedure may be dropped or postponed if LBT procedure fails, thus SL reliability and latency are strongly impacted due to LBT failure in SL-U channel access. 
In order to compensate the performance degradation, one possible solution is to introduce multiple transmission occasions for a given (re-)transmission, as shown in Figure 5 UE could try to pass LBT procedure in each occasion, and after LBT procedure passed, the remaining occasions can be released or used for next (re-)transmission. Correspondingly, UE needs to determine multiple resources during sensing procedure. The difference with legacy procedure is that the multiple occasions are for same transmission thus is not restricted by some processing delay e.g. HARQ gap duration. In addition, to reduce intra-system collision, UE could also reserve the multiple occasions by SCI indication. The potential drawback is that SL transmission may be overbooked thus unnecessarily increases congestion level of resource pool. Hence, how to evaluate and solve the overbooking issue needs to be carefully discussed.


Figure 5. Selection of multiple candidate PSSCH occasions for a given (re-)transmission in RA procedure
Another possible way is to introduce a new trigger of LBT failure for legacy resource allocation procedure, as illustrated in Figure 6. After LBT procedure fails, UE re-starts the resource allocation procedure and select new transmission resource. It is beneficial to reduce overbooked resources, but sacrifices latency by introducing more processing delay, and is also risky due to its impact on the SL collision avoidance mechanism from system level, since resources selected in the newly triggered procedure lack a previous reservation and thus vulnerable to collisions with transmissions from other UEs.  


Figure 6. Resource reselection triggered by LBT failure
Furthermore, RAN1 also needs to study whether legacy resource allocation procedure can work well under channel access structure on unlicensed spectrum. The legacy steps, e.g. determination of RSW, monitoring of sensing window, and resource exclusion and selection, may be further restricted by channel occupancy. RAN1 should further study if there exists some problem (e.g., the impact from channel access procedure), and if any, discuss how to handle it in an efficient way within WID scope.
Proposal 12: Study the applicability of further enhancements on channel access schemes for unlicensed spectrum, including:
· Multiple sidelink transmission occasions, e.g. selection of multiple candidate PSSCH occasions for potential LBT procedure, and resource reservation of multiple candidate PSSCH occasions in SCI
· Resource overbooking issue needs to be further considered
· Resource reselection triggered by LBT failure
· Study how to reduce the latency impact and potential collision
· Resource allocation shall take into account the enough time duration for performing LBT
· Potential issues on legacy mode-2 resource allocation procedure and how to enhance it under WID scope
Considering the potential impact due to LBT failure, it is beneficial to reduce the use of LBT procedure as much as possible. In an initiated/shared channel occupancy, LBT procedure occurs mainly due to gap duration between different transmissions. With a larger gap, UE is more probable to lose channel occupancy thus has to drop or postpone the subsequent transmissions. Even if LBT procedure is passed, the overhead of LBT duration is still not negligible from system level perspective. Therefore, how to improve resource determination principle to reduce gap duration is also an important issue for SL-U. 
For UEs with multiple SL transmissions using different HARQ processes or HARQ disabled, one simple solution is to select consecutive TX resources during resource selection procedure. UE can send signals on the guard and/or AGC symbols to eliminate transmission gap and maintain channel occupancy (see accompany contribution [3] for details), then LBT procedure only happens at the beginning of first transmission. An example is illustrated in Figure 7. 
Proposal 13: Study the possibility and methods of selecting consecutive resources in time domain to minimize the overhead of LBT and avoid potential LBT failure.


Figure 7. Selection of consecutive resources to reduce LBT
The feasibility and performance of legacy resource reservation on unlicensed bands also needs to be carefully evaluated. According to the typical channel occupancy length in NR-U, it is possible that inter-period reservation will cross channel occupancy boundary, i.e. resource reserved in next period is after the ending point of current channel occupancy. For the last few slots in channel occupancy, regardless of its length, there always exists a potential risk that intra-period reservation as well as PSFCH position will cross channel occupancy boundary in a similar manner. 
Considering the uncertainty of acquiring channel occupancy right after current channel occupancy finished, and also the length of LBT duration, it is highly possible that inter/intra-period reservations and PSFCH resources cannot be occupied for transmission. It is possible to drop such transmission, however this significantly degrades system performance. Therefore, it is necessary to study some methods to make resource reservation more flexible and reduces the impact of unoccupied resources. One possible solution is dynamic indication of HARQ-ACK feedback resources when PSFCH crosses COT boundary, and dynamic indication of PSSCH reservation of which location can cross boundary of current COT, but it needs to be carefully studied how to resolve the mapping relationship and to avoid extra collision. In addition, whether to support codebook-based feedback on SL similarly as in NR-U needs to be considered. Another direction is to consider further enhancements on legacy indication or mapping rule to ensure TX/RX UEs and adjacent UEs have aligned understanding of how to count resource reservation across COTs, then avoids transmission dropping or increased collision.
Proposal 14: For data/feedback resource reservation,
· Study flexible data/feedback resource reservation to improve reliability and availability of short/long term resource reservations.
· Study potential enhancements on legacy SCI resource reservation and PSSCH-PSFCH mapping to reduce the impact of reservation/feedback out of COT

Conclusions
In this contribution, the issues for channel access of sidelink operating on FR1 unlicensed spectrum are discussed with the following proposals:
Proposal 1: For Type 2A/2B/2C SL channel access procedures,
· Further study other SL-specific conditions other than gap duration, e.g. SL channel/signal type, dynamic/periodical reservation, SCI indication, etc.
· For the case of a gap of 16μs, if no other SL-specific conditions can be used to determine type of channel access procedure, it is up to UE implementation whether Type 2B/2C is applied.
Proposal 2: For dynamic mode channel access procedure,
· Channel access priority classes reuse the ones for NR-U UL CAPC;
· Determination of SL priority and CAPC for channel access procedure can be up to RAN2.
Proposal 3: For contention window size adjustment procedures of SL-U communications, further study the following enhancements:
· For unicast with enabled SL HARQ-ACK feedback, how to define reference duration and criteria to adjust contention window size for SL-U.
· For groupcast option 1 (NACK only), when explicit NACK is received, CW is increased; for other cases, FFS how to handle CW size and further evaluate the impact of miss detection of PSCCH/PSFCH of CW adjustment.
· For groupcast option 2 (ACK+NACK), when received ACK exceeds a given threshold, CW is set to the minimum value; otherwise CW is increased. FFS details.
· For broadcast and the case of disabled HARQ-ACK, justify the performance and study if further enhancements are needed
· Whether and how SL measurement can contribute to contention window size adjustment.
Proposal 4: Support NR-U semi-static channel access mechanism for SL-U.
· Support when other RAT can be absent in a long term
· Support asynchronous channel occupancy starting timing from multiple UEs
· Support channel occupancy sharing with other UE(s)
Proposal 5: For multi-channel access procedure in SL-U,
· For dynamic mode channel access procedure, support both Type A and Type B multi-channel access procedures;
· For semi-static mode channel access procedure, support independent single-channel access procedure on each channel.
Proposal 6: For UE-to-UE COT sharing, 
· Alt 2 in RAN1#110 is preferred that a responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT. 
· When a responding UE uses a shared COT for its transmissions, when the COT initiating UE is a target receiver of the responding UE’s transmission(s),
· PSFCH transmission is supported
· Unicasted PSCCH/PSSCH transmission is supported
· Groupcasted PSCCH/PSSCH transmission with disabled SL HARQ-ACK feedback is supported
· Further study the following transmissions: Groupcasted PSCCH/PSSCH transmission with enabled SL HARQ-ACK feedback, broadcasted PSCCH/PSFCH, S-SSB
Proposal 7: Support mode 1 UE report COT related information to gNB for aiding mode 1 RA. 
· Study if new/existing UCI format(s) in NR-U can be used to providing channel occupancy information from SL UE to gNB
· FFS other details e.g. conditions and procedure.
Proposal 8: Study if new/existing SCI format(s) can be used to indicate channel occupancy sharing between SL UEs.
Proposal 9: Support short control signal for SL-U.
· At least S-SSB can be used as short control signal
· Further study other SL signal/channel to be used as short control signal
· Reuse the duty cycle and duration conditions to use short control signal in NR-U
· Support Type 2A channel access procedure for short control signal, i.e., same as NR-U
Proposal 10: To eliminate or shorten the gaps between SL transmissions: 
· Study extending the CP duration up to 1 OFDM symbol for CP extension;
· Study symbol repetition of the previous or following SL transmission;
· Study backward symbol extension, e.g., to avoid non-aligned SL transmission starting locations. 
Proposal 11: For mode-2 SL resource allocation on unlicensed band, support resource allocation based on performing channel access procedure first, and then determining actual transmission resources by performing mode-2 resource determination procedure.
Proposal 12: Study the applicability of further enhancements on channel access schemes for unlicensed spectrum, including:
· Multiple sidelink transmission occasions, e.g. selection of multiple candidate PSSCH occasions for potential LBT procedure, and resource reservation of multiple candidate PSSCH occasions in SCI
· Resource overbooking issue needs to be further considered
· Resource reselection triggered by LBT failure
· Study how to reduce the latency impact and potential collision
· Resource allocation shall take into account the enough time duration for performing LBT
· Potential issues on legacy mode-2 resource allocation procedure and how to enhance it under WID scope
Proposal 13: Study the possibility and methods of selecting consecutive resources in time domain to minimize the overhead of LBT and avoid potential LBT failure.
Proposal 14: For data/feedback resource reservation,
· Study flexible data/feedback resource reservation to improve reliability and availability of short/long term resource reservations.
· Study potential enhancements on legacy SCI resource reservation and PSSCH-PSFCH mapping to reduce the impact of reservation/feedback out of COT
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