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1. Introduction
NR sidelink specification has been discussed and made in Rel-16/17. Further SL evolution has been desired as a part of Rel-18 and four topics are included in the scope for RAN1 work [1]; SL-CA/SL-U/SL-FR2/Co-channel coex of LTE-SL and NR-SL. In this contribution, we share our views on channel access mechanism in SL-U. 
Note that in this contribution, any enhancement for OCB requirement e.g. interlaced structure is not considered. Illustration is prepared based on Rel-16/17 SL structure. However, we do not intend to preclude any combinations with enhancements for OCB requirement.

2. Discussions
2.0. Channel access – LBT regulation
For unlicensed spectrum, there is a regulation on resource usage. Each channel bandwidth is 20 MHz (or less), and any device shall check whether other device is performing transmission on the channel bandwidth or not. Only when any transmission from other device is not detected, the device can perform transmission on the channel bandwidth. This mechanism is called Listen Before Talk (LBT).
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Fig. 1: LBT mechanisms defined in Rel-16 NR-U.
There are several rules to perform LBT, and which is applied is dependent on information type, time gap from the previous transmission, etc. In Rel-16 NR-U, four types are defined to align with the rules; Type 1/Type 2A/Type 2B/Type 2C. In Type 1, LBT is performed in a time-duration with random back-off with a contention window of variable size. There are further four priority classes in Type 1, on how to determine the random back-off. In Type 2A/2B, LBT is performed in a fixed time-duration. 25 us for Type 2A LBT, and 16 us for Type 2B LBT. In Type 2C LBT, actually LBT is not performed. Type 2A/2B are allowed only when the time gap from the previous transmission is 16 us, 25 us, respectively. Type 2C is available only when the time gap from the previous transmission is less than 16 us. In the other cases, Type 1 shall be performed. gNB will ensure the time gap by its scheduling in consideration of TA and CP extension, and indicate which type is performed at UE side for UL transmission.
In Rel-16 SL, there is one or more gap symbols in each slot. In addition, TA-like mechanism is not applied in SL. CP extension-like mechanism was not introduced. Therefore, time-gap between two transmissions cannot be adjusted to perform Type 2A/2B/2C. This is the case for both mode 1 RA and mode 2 RA. Meanwhile, when Type 1 LBT is performed, the time-duration might be larger than the gap symbol. For example, when Type 1 is selected for TX at slot n and another UE performs TX at slot n-1, the LBT is failed definitely. However, basically LBT defined for Uu was made to align with regulation. It might be difficult to change a lot. We discuss and propose enhancement mechanisms to solve these issues below.
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Fig. 2: Issue on Type 1 LBT with conventional SL.
Observation 1:
· Rel-16/17 resource pool cannot achieve appropriate time-gap between two transmissions for Type 2A/2B/2C LBT.
· When Type 1 LBT is used in Rel-16/17 resource pool, the LBT time-duration might be larger than a gap symbol. As the result, a lot of LBT failure would occur due to other UE’s SL transmission.

2.1. Additional TX for Type 2X LBT
As discussed in the last section, the gap symbol in Rel-16/17 resource pool structure is not matched with applicability of Type 2A/2B/2C LBT. The time gap is 66.67 / 33.33 / 16.67 us in 15 / 30 / 60 kHz SCS respectively; some solution to adjust the time gap as 25 us, 16 us, or less is necessary.
As the solution, we believe that additional TX mechanism before PSCCH/PSSCH/PSFCH/S-SSB TX can be introduced. In Rel-16 NR-U, the additional TX is performed by CP extension; hence this would be a possible way of the additional TX in SL-U.
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Fig. 3: Additional TX right before PSCCH/PSSCH TX.
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Fig. 4: Additional TX right before PSFCH TX.
Proposal 1:
· Support additional transmission right before the first symbol of PSCCH/PSSCH/S-SSB transmission at slot n such that time gap between the PSCCH/PSSCH/S-SSB transmission at slot n and other transmission at slot n-1 is 25 us, 15 us, or less.
· Support additional transmission right before the first symbol of PSFCH transmission at slot n such that time gap between the PSFCH transmission at slot n and PSCCH/PSSCH transmission at the same slot is 25 us, 15 us, or less.
· Study details of the additional transmission (e.g. CP extension)

On the above mechanism, there is an issue: There is no scheduler in SL mode 2 and thus each UE needs to decide which type should be used. Each UE might assume different LBT type. If the additional TX is introduced, one UE performs the behavior and Type 2X LBT at slot n, but another UE does not apply the additional TX and performs Type 1 LBT at the same slot. In this case, the 2nd UE will definitely detect the 1st UE’s additional TX and do process as LBT failure. This situation is illustrated in the following figure. 
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Fig. 5: LBT failure due to other UE’s additional TX.
To avoid this issue, whether additional TX is performed or not should not be determined by each UE. Instead, it would be reasonable that the additional TX is (pre-)configured in a resource pool and any UE in the resource pool shall perform the additional TX regardless of whether there is SL transmission at the 2nd last symbol or not.
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Fig. 6: Additional TX ‘ON’ in a resource pool level.
Observation 2:
· LBT for PSCCH/PSSCH/PSFCH/S-SSB transmission might be failed due to other UE’s additional TX right before PSCCH/PSSCH/PSFCH/S-SSB TX if whether the additional TX is performed or not is determined by each UE.
Proposal 2:
· For SL-U, additional transmission right before the first symbol of PSCCH/PSSCH/PSFCH/S-SSB transmission is (pre-)configured for a resource pool.
· When (pre-)configured, UEs perform the additional transmission regardless of existence of SL transmission at the 2nd last symbol.

2.2. LBT type determination
Another discussion point would be how to decide LBT type for LBT before PSCCH/PSSCH/PSFCH/S-SSB TX. For example, when a single UE does PSCCH/PSSCH TX at slot n-1 (in non-PSFCH slot) or PSFCH TX at slot n-1 (in PSFCH-slot) or S-SSB at slot n-1 (in S-SSB slot), and also PSCCH/PSSCH/S-SSB TX at slot n, the time gap can be adjusted as discussed above. The UE can use Type 2A/2B/2C for the PSCCH/PSSCH/S-SSB TX at slot n. For PSFCH TX, the same mechanism can be used. There would be no doubt on this way.
Meanwhile, sufficient discussions would be necessary for the case where a UE does PSCCH/PSSCH TX at slot n-1 (in non-PSFCH slot) or PSFCH TX at slot n-1 (in PSFCH-slot) or S-SSB at slot n-1 (in S-SSB slot), and another UE transmits PSCCH/PSSCH/S-SSB at slot n. In other words, the 2nd UE detects the 1st UE’s transmission at the last slot, and then the UE applies Type 2X LBT based on the detected transmission. Similar situation can be identified also for PSFCH TX at slot n. 
This kind of mechanism is called ‘COT sharing’ in Rel-16 NR-U. Basically this mechanism should be allowed to avoid applying Type 1 LBT and resulting in LBT failure due to other UE’s SL transmission. However, maximum COT is defined in regulation; hence some additional mechanism to prohibit such contiguous transmissions with no/small time gap over the maximum COT.
In the other situations, i.e. there are no SL transmissions/receptions at the 2nd last symbol, then Type 1 LBT shall be performed.
[image: ]
Fig. 7: LBT type determination.
Proposal 3:
· If a UE performs SL transmission at 13th symbol in slot n-1, the UE uses Type 2X LBT for PSCCH/PSSCH/S-SSB transmission at slot n.
· If a UE detects other UE’s SL transmission at 13th symbol in slot n-1, the UE uses Type 2X LBT for PSCCH/PSSCH/S-SSB transmission at slot n.
· Study details of COT sharing among UEs.
· If a UE performs SL transmission at 10th symbol in slot n, the UE uses Type 2X LBT for PSFCH transmission at slot n.
· If a UE detects other UE’s SL transmission at 10th symbol in slot n, the UE uses Type 2X LBT for PSFCH transmission at slot n.
· Otherwise, a UE performs Type 1 LBT for SL transmission at slot n.

In the above behavior, however, Type 1 LBT might start before detection of other UE’s SL transmission in the previous symbols/slot. How/when to determine LBT type based on other UE’s SL TX detection is an important aspect to be discussed.
Proposal 4:
· Study solution(s) to solve the following issues:
· Type 1 LBT for PSCCH/PSSCH/S-SSB transmission at slot n might start before detection of other UE’s SL transmission at slot n-1.
· Type 1 LBT for PSFCH at slot n might start before detection of other UE’s SL transmission at previous symbols in slot n.

2.3. Priority class determination of Type 1 LBT
As described in the first section, Type 1 LBT defined in NR-U includes four priority classes. In addition, priority class table is defined separately between DL and UL based on regulation (supervising devices vs. supervised devices). LBT time-duration is dependent on the tables/classes, and the maximum duration is 9286 us. Which class is used is determined based on channel/signal/information/HARQ-ACK.
In SL, transmission timing is determined by each UE; hence if such a long LBT like 9286 us is performed at a UE, the UE would detect LBT failure due to other UE’s SL transmission. This outcome is not what to want to achieve by LBT – the purpose of LBT is to detect inter-system interference, but not intra-system interference.
Therefore, it is necessary to discuss the following aspects for SL:
Proposal 5:
· Study priority classes for SL.
· Priority class table for SL
· How to determine priority class
· Whether/how to perform LBT with long duration

2.4. Resource allocation enhancement
Furthermore, resource allocation enhancement should be discussed to achieve transmissions with Type 2A/2B/2C LBT. As discussed above, when UEs do transmissions at contiguous slots, the time gap can be 25us, 16us, or less. COT can be maintained for the SL system more compared to non-contiguous transmissions based on the conventional random selection and time-domain restriction considering HARQ feedback procedure.
Proposal 6:
· Study resource allocation enhancement such that Type 2A/2B/2C LBT is applied as much as possible.

2.5. Special handling for PSFCH/S-SSB
One additional considered aspect is applicability of exception handling for short control signaling transmission, which is defined in regulation. It seems that this exception can be used for S-SSB transmission with any (pre-)configuration and PSFCH transmission in some (pre-)configuration sets. However, if this is applied, the abovementioned Type 2X LBT mechanism for UEs’ contiguous transmissions would not be allowed for subsequent transmissions after the S-SSB/PSFCH with the exception handling. There seems pros/cons, therefore sufficient discussions on this way are necessary.
Observation 3:
· The exception handling for short control signaling transmission is applicable to PSFCH/S-SSB.
· If applied, Type 2X LBT with zero/small time gap would not be allowed for subsequent transmissions and as the result, subsequent transmissions would be failed due to LBT failure by detecting the short control signaling transmission.
Proposal 7:
· Study whether/how to allow short control signaling transmission for PSFCH/S-SSB.

2.6. LBT in mode 1 RA
In WID, it is mentioned that mode 1 is also considered in this work item, with restriction that scheduling is performed from licensed spectrum only. Discussions for mode 1 RA in unlicensed spectrum is necessary.
In Rel-16 NR-U, gNB indicates LBT mechanism and UE follows the indication. gNB can control time gap between DL transmission and subsequent UL transmission. Type 2A/2B/2C is applicable based on the gNB scheduling. For SL-U, the same direction would be considerable. 
On the other hand, in NR-U, basically contiguous UL transmissions from different UEs are not assumed in our understanding. For example, the first UL transmission at slot n is allocated for the first UE and the second UL transmission at slot n+1 is allocated for the second UE. gNB indicates LBT mechanism to the second UE in consideration of the first UL transmission. However, the first UL transmission might not be performed due to e.g. PDCCH misdetection at the first UE, LBT failure at the first UE, etc. The indicated LBT mechanism will not be appropriate for this situation. Such an issue will occur in SL-U as well as NR-U. This perspective needs to be considered for LBT mechanism indication in SL-U.
Observation 4:
· In NR-U, gNB indicates LBT mechanism to be performed for the scheduled UL transmission. However, contiguous UL transmissions from different UEs were not assumed.
Proposal 8:
· Study LBT-related mechanism in mode 1 resource allocation, in consideration of PDCCH misdetection/LBT failure.
· E.g. gNB indicates LBT type in SL scheduling DCI
· E.g. gNB indicates additional TX to make a gap with a certain duration

3. Conclusion
In this contribution, we discussed channel access mechanism in SL-U. Observations/Proposals are summarized as following: 
Observation 1:
· Rel-16/17 resource pool cannot achieve appropriate time-gap between two transmissions for Type 2A/2B/2C LBT.
· When Type 1 LBT is used in Rel-16/17 resource pool, the LBT time-duration might be larger than a gap symbol. As the result, a lot of LBT failure would occur due to other UE’s SL transmission.
Proposal 1:
· Support additional transmission right before the first symbol of PSCCH/PSSCH/S-SSB transmission at slot n such that time gap between the PSCCH/PSSCH/S-SSB transmission at slot n and other transmission at slot n-1 is 25 us, 15 us, or less.
· Support additional transmission right before the first symbol of PSFCH transmission at slot n such that time gap between the PSFCH transmission at slot n and PSCCH/PSSCH transmission at the same slot is 25 us, 15 us, or less.
· Study details of the additional transmission (e.g. CP extension)
Observation 2:
· LBT for PSCCH/PSSCH/PSFCH/S-SSB transmission might be failed due to other UE’s additional TX right before PSCCH/PSSCH/PSFCH/S-SSB TX if whether the additional TX is performed or not is determined by each UE.
Proposal 2:
· For SL-U, additional transmission right before the first symbol of PSCCH/PSSCH/PSFCH/S-SSB transmission is (pre-)configured for a resource pool.
· When (pre-)configured, UEs perform the additional transmission regardless of existence of SL transmission at the 2nd last symbol.
Proposal 3:
· If a UE performs SL transmission at 13th symbol in slot n-1, the UE uses Type 2X LBT for PSCCH/PSSCH/S-SSB transmission at slot n.
· If a UE detects other UE’s SL transmission at 13th symbol in slot n-1, the UE uses Type 2X LBT for PSCCH/PSSCH/S-SSB transmission at slot n.
· Study details of COT sharing.
· If a UE performs SL transmission at 10th symbol in slot n, the UE uses Type 2X LBT for PSFCH transmission at slot n.
· If a UE detects other UE’s SL transmission at 10th symbol in slot n, the UE uses Type 2X LBT for PSFCH transmission at slot n.
· Otherwise, a UE performs Type 1 LBT for SL transmission at slot n.
Proposal 4:
· Study solution(s) to solve the following issues:
· Type 1 LBT for PSCCH/PSSCH/S-SSB transmission at slot n might start before detection of other UE’s SL transmission at slot n-1.
· Type 1 LBT for PSFCH at slot n might start before detection of other UE’s SL transmission at previous symbols in slot n.
Proposal 5:
· Study priority classes for SL.
· Priority class table for SL
· How to determine priority class
· Whether/how to perform LBT with long duration
Proposal 6:
· Study resource allocation enhancement such that Type 2A/2B/2C LBT is applied as much as possible.
Observation 3:
· The exception handling for short control signaling transmission is applicable to PSFCH/S-SSB.
· If applied, Type 2X LBT with zero/small time gap would not be allowed for subsequent transmissions and as the result, subsequent transmissions would be failed due to LBT failure by detecting the short control signaling transmission.
Proposal 7:
· Study whether/how to allow short control signaling transmission for PSFCH/S-SSB.
Observation 4:
· In NR-U, gNB indicates LBT mechanism to be performed for the scheduled UL transmission. However, contiguous UL transmissions from different UEs are not assumed.
Proposal 8:
· Study LBT-related mechanism in mode 1 resource allocation, in consideration of PDCCH misdetection/LBT failure.
· E.g. gNB indicates LBT type in SL scheduling DCI
· E.g. gNB indicates additional TX to make a gap with a certain duration
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