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Introduction
Sidelink in FR1 unlicenced bands (n46 and n96/n102) was approved [1]. The CCA aspects have been extensively discussed. 

In this paper, we discuss remaining design aspects related to channel access.  
Discussion 
Type 1 channel access  
Type 1 channel access is used for initiating UE to start a COT for sidelink transmission. 
Energy detection threshold is one key component of type 1 channel access procedure. In RAN1 112-bis-e, it was agreed to use UL EDT as the starting point. 
Agreement
[bookmark: _Hlk132797182]The existing NR-U EDT procedures for uplink transmissions is taken as the baseline for SL-U in Rel-18.
· FFS: details for S-SSB and PSFCH transmissions (e.g., EDT determination based on PC,MAX and/or network configured EDT, value for TA), if needed







In UL EDT transmission, network can configure the ul-toDL-COT-SharingED-Threshold-r16 
for UL transmission, to facilitate the UL to DL COT sharing. The DL transmission power in the shared COT is limited by the Tx power used in to determine EDT for CCA. When  ul-toDL-COT-SharingED-Threshold-r16 is configured to the UE, the gNB should use the gNB's transmit power in determining the resulting energy detection threshold ul-toDL-COT-SharingED-Threshold-r16. 
In SL COT sharing, the relationship of Tx power and EDT follows similar rule as UL transmission. The sl-COT-SharingED value can be configured by the network or pre-configured to facilitate the SL COT sharing, where the SL transmission in the shared COT should use the transmit power lower than the configured power through sl-COT-SharingED. 
In addition, SSB transmission in DL allow TA =5dB for transmission including discovery burst, while TA =10dB for all other transmission. For SL transmission, to enable higher transmission chance of SSB and PSFCH, TA =5dB  can be used for SSB and PSFCH transmission.  
When type 1 channel access procedure is used for S-SSB and PSFCH transmission, COT is initiated following the type 1 channel access procedure. Whether the COT initiated by S-SSB and PSFCH can be shared for SL transmission needs to be discussed. Given the short MCOT value for CAPC 1 channel access procedure and potentially different EDT, and lack of source ID and destination ID in the transmission, for simplicity, we propose the COT initiated by S-SSB and PSFCH can not be shared. 
Proposal 1:    sl-COT-SharingED can be (pre)-configured to facilitate the SL COT sharing. The transmission power in the shared SL COT should be lower than the power used to determine the EDT.  

Proposal 2:    For S-SSB and PSFCH,   TA =5dB can used in EDT determination.  

Proposal 3:    For S-SSB and PSFCH initiated COT, no COT sharing is allowed.  

Type 2A/2B/2C channel access mechanism  
Within COT, whether >25us gap is allowed has been discussed. For DL COT, greater than 25us gap is allowed, and transmission after gap can resume after type 2 LBT. However, for UL COT, greater than 25 us gap is not allowed and transmission after this gap need to perform type-1 LBT. 

In RAN1 110, it was agreed that 25us gap is allowed for shared COT, where type 2A channel access procedure can be used. Other scenarios are FFS. 

For sidelink unlicensed band operation, allowing gap greater than 25us within SL-COT should not be limited to COT sharing. When UE stop transmission temporarily, due to resource pool configuration, or SL SSB transmission configuration, or gap created to allow FDMed UEs to perform LBT, or new traffic arrival within the SL-COT, the UE should be able to resume transmission within the SL-COT after type 2A/2B/2C channel access procedure. 

Proposal 4:    Type 2A/2B/2C SL channel access can be used for the COT initiating UE to resume transmission after gap within the COT, based on gap length.  


Resource selection mode 2 enhancement with type 1 CCA
It has been agreed that the existing mode 1 and mode 2 resource selection schemes are supported with type 1 CCA procedure. In legacy resource selection mode 2, the resource selection window and candidate resource set does not consider CCA impact as the system is designed for dedicated band. When type 1 CCA procedure is used together with resource selection mode 2, enhancement is required to avoid frequent CCA failure and packet drops. 

In RAN1 112bis-e, many options have been captured. 

Agreement
To resolve the Type 1 LBT blocking issue, where one UE performing a Type 1 LBT procedure for using its own selected/reserved resource(s) is blocked by another UE’s SL transmission at least in a slot preceding to the selected/reserved resource and causing the LBT to fail, further study the following options in a future meeting.
· Option 1:
· UE avoid selection of N consecutive resource(s) before a reserved resource with high priority when the transmitting symbols of the selected resource overlap with Type 1 LBT of the reserved resource.
· UE avoid selection of N consecutive resource(s) after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource.
· FFS: the avoidance should be performed by L1 exclusion or L2 MAC selection
· FFS: whether / how to achieve this in RA mode 1
· FFS: How to determine value of N
· Option 2: 
· UE prioritizes/selects resource(s) for transmission in slot(s) after a reserved resource when transmission of the selected resource is able to share the initiated COT of the reserved resource (i.e., the selected resource(s) is within the COT duration of the reserved resource and the CAPC value of the selected resource(s) is equal to or higher than that of the reserved resource).
· UE prioritizes/selects resource(s) for transmission in slot(s) before a reserved resource when transmission of the selected resource is able to share its initiated COT with the reserved resource (i.e., the reserved resource is within the COT duration of the selected resource(s) and the CAPC value of the selected resource(s) is equal to or smaller than that of the reserved resource).
· FFS whether / how to achieve this in RA mode 1.
· Option 3: UE selects extra / more resources than required for transmitting a TB (i.e., overbooking) to accommodate potential Type 1 LBT failures. FFS how to determine/preconfigure the number of extra selected resources.
· Option 4: The expected LBT duration is determined firstly, then resource selection takes into account of the expected LBT duration is performed.
· Option 5: At MAC layer, selection of resource(s) among the reported set of candidate resources from L1 is up to UE implementation in mode 2 for SL-U, instead of random selection.
· Option 6: UE excludes frequency resources (if any) previously reserved via SCI by other SL UEs in the corresponding slot, when estimating the detected power within a sensing slot duration in Type 1 channel access.
· Option 7: SL UE deems channel busy only if the UE detects transmission other than SL transmission occupying the channel (e.g., exceeding the energy detection threshold), i.e., the energy detection for EDT checking in LBT procedure does not take into account the energy from SL transmissions.
· Option X: No solution is needed. To avoid inter-UE blocking from performing Type 1 LBT can be handled based on UE implementation (e.g., as the start timing to perform LBT sensing is determined by each UE).
















 



































By design, the type 1 CCA is a random process where the N is randomly selected within the backoff window length, and count down process depends on how busy the channel is. The maximum CW length is 1023 CCA slots (i.e., more than 9ms long even without any slot sensed as busy). Even with an average CW length, when some CCA slots are sensed as busy, the type 1 CCA will freeze the counter, keep sensing the channel until all the slots of the additional defer duration Td, where the defer duration Td consists of duration Tf =16us immediately followed by mp consecutive 9us slot durations. Due to the random nature of CCA, avoiding slots before/after the selected resources does not ensure CCA success. In addition, avoid many slots to select can dramatically reduce the available slots in the busy unlicensed band.  Therefore option 1 to avoid selection before/after reserved slots can dramatically reduce the size of resource selection pool without guarantee of type 1 CCA success either. 

Option 2 prefer selection of resources for different SL process adjacent to each other. The proposed advantage is that if one resource is CCA successful and acquire the COT, the other resources can be transmitted within the same COT. However if type 1 CCA can not be successful due to busy channel caused by WiFi burst transmission or COT sharing, all the selected resources are likely fail, as the random counter will be resettled and type 1 CCA procedure starts from beginning after the 1st failed transmission on the selected resource. In this case, it is desirable to separate them as far as possible, as opposite to option 2.

Option 3 over-booking resources for type 1 CCA. However, if type 1 CCA is not successful for one reserved resource, based on the type-1 CCA procedure used in DL or UL, the type-1 CCA procedure will be reset. Therefore overbooking will actually increase the CCA failure probability. 

Option 6 and option 7 does not compile with the type 1 CCA procedure and regulation requirement. 

In our view option 4, option 5 and option X are the possible solutions, where we discuss further in details. 

Resource selection on successful RB sets after type 1 CCA
For option X, the start of CCA sensing is up to UE implementation. The UE can start CCA sensing right after traffic arrival at the buffer, before resource selection is done. 

Figure 1 shows an example of option X for single channel access, where the resource pool contains 3 RB sets. The UE can start independent type 1 CCA procedure on each RB sets and depending on which RB set finish the type 1 CCA first, then select resource on this RB set. The UE can perform one short LBT right before the transmission on the selected resource. The scheme has the benefit of higher CCA successful rate particularly if the resource pool contains multiple RB sets.  

[image: ]

Figure 1:   Example of option X, CCA first, and resource selection after type 1 CCA success.  

For multi-channel case, similar options are observed. Since the PSSCH and PSCCH transmission only starts if all RB sets of the resource selection is cleared, option 1 can have higher transmission opportunity comparing to single channel case.  
Proposal 5: For mode 2 resource selection, support option X where UE can determine the start timing to perform LBT sensing, i.e., UE can perform type 1 CCA first, then perform resource selection on RB sets with backoff counter N=0.  

Enhancement for resource selection before type 1 CCA 
Figure 2 shows an example of option 4 for single channel access, where the resource pool contains 3 RB sets. The UE will first select a transmission resource following legacy resource selection procedure, then perform type 1 CCA on the RB sets that include the selected resource. The type 1 LBT can take long time to finish depending on contention window size and channel condition. If the selected resource is close in time, the chance of type 1 CCA failure is high. The type 1 CCA time should be considered in the resource selection window determination.  

[image: ]
Figure 2:   Example of option 4 

In legacy model 2 resource selection, the resource selection window is between (n+T1, n+T2), where 0≤T1≤Tproc,1; T2,min≤T2≤ Remaining packet delay budget (PDB). To consider the CCA time, T1 can be enhanced to include minimum CCA time, CCAmin≤T1≤ CCAmin + Tproc,1, where CCAmin is the CCA time required if the channel is clear, i.e,, TCCA_min = deferral duration + N*9us, where N is the random number generated for type-1 CCA.   

T2,min can be enhanced to include expected average CCA time, so the UE choose ending window length large enough to accommodate CCA time. Since type 1 CCA procedure depends on many factors such as CW size, random number, and interference condition, the time to finish CCA procedure is random. In LAA and NR-U, channel occupancy rate was introduced to measure how busy the channel is statistically. The channel occupancy can be used to estimate the expected CCA time for resource selection window. The higher the channel occupancy rate is, the longer the expected CCA time.  
Proposal 6: For mode 2, support option 4 to consider CCA time in the resource selection window determination.     
Consistent LBT failure has been discussed within RAN1 and RAN2. RAN 2 decided that the L1 LBT failure indication granularity is per RB set. If an RB set trigger consistent LBT failure, MAC layer can indicate the RB set to PHY, and PHY can exclude the RB set with consistent LBT failure from the candidate resource set SA.    

Proposal 7: For mode 2, support option 5 to exclude the RB set with consistent LBT failure from the candidate resource set SA.  
COT sharing
In RAN1 112, the following agreement are captured:  

 Agreement
· A responding UE over a shared COT can be:
· a receiving UE, which is the target of a PSCCH/PSSCH transmission of a COT initiator
· In the case of unicast from the COT initiator, within the same COT when the source and destination IDs contained in the COT initiator’s SCI match to the corresponding destination and source IDs relating to the same unicast at the receiving UE
· In the case of groupcast and broadcast, when the destination ID contained in the COT initiator’s SCI match to a destination ID known at the receiving UE
· a UE identified by ID(s), if additional IDs are supported in the COT sharing information (in addition to the source and destination IDs of the PSCCH/PSSCH transmission), when additional IDs are included in the COT sharing information from the COT initiator
· FFS Limitations on what additional IDs may be included and how they may be indicated























Whether additional ID are supported in the COT sharing information is FFS.  The concept of additional ID assumes the COT initiating UE knows the traffic condition of other UEs, therefore can share the COT with those by adding additional IDs. There are many issues with the additional ID: 
· The COT initiating UE does not know the traffic condition of other UEs, since there is no SR or BSR sent to the COT initiating UE.
· The additional ID are overhead in the SCI. But the UEs indicated by the additional ID may or may not transmit using the shared COT. Therefore, the benefit is not clear. 
· There can be multiple COT initiating UEs (FDMed transmission). This will result in many UEs to share the COT, increasing collision probability. 
· UEs with additional ID transmit with COT sharing might not meet regulation requirement.   

Proposal 8: For COT sharing, do not support additional IDs in COT sharing information.  

To enable COT sharing, the channel access information can be included as part of SCI stage 1 or stage 2. In RAN1 112bis-e, the SCI content is agreed: 
Agreement
At l	At least the following information should be used as part of COT sharing information from the COT initiator UE.
· CAPC used for initiating the COT
· Existing / legacy R16/17 L1 source and destination IDs
· FFS additional ID(s)
· Time domain information of the shared COT
· FFS: starting offset, number of slots, [remaining or total] COT duration, or a combination of them
· Frequency domain information of the shared COT 
· FFS applicable RB set(s), FRIV, and any other(s)
· FFS: how each of the above is indicated.
· Note, other information is not precluded.



















For COT sharing, the responding device should transmit only the traffic with priority class higher than the priority class used to acquire the COT, the transmission power to be used is also lower than the Tx power used in EDT calculation for channel access. For time related information, the starting offset and the remaining COT duration to be shared should be also included in SCI so that the responding UE knows where to start and how long the transmission can be. For frequency domain resource, the RB set can be derived from FRIV therefore no additional RB set index is requirement. In addition, SCI might include the CCA type and CP extension, so the responding UE can transmit with CP extension to ensure either 16us or 25us gap is used between transmissions. 

Proposal 9: SCI includes sidelink COT sharing information: start slot offset, remaining COT length, EDT, shared COT CCA type and CP extension index. 
  
When UE receive the COT sharing information, UE will perform resource selection within the shared COT before transmission. The resource selection window length should be within the COT duration. In legacy model 2 resource selection, the resource selection window is between (n+T1, n+T2), where 0≤T1≤Tproc,1; T2,min≤T2≤ Remaining packet delay budget (PDB). In case of resource selection for COT sharing, max T2 should be within the remaining COT duration, i.e., T2≤ min(remaining COT duration, Remaining packet delay budget (PDB)).

Proposal 10: When the responding UE transmit within the shared COT, the resource selection window should be within the remaining COT length indicated in the initiating UE’s SCI. 


CPE and starting position
CPE starting position in SL-U operation as agreed in RAN1 112bis-e. 
Agreement
For 15 kHz, 30kHz and 60kHz SCSs, a set of CPE starting candidate position(s) for PSCCH/PSSCH is (pre-)configured or pre-defined in the spec (to be down-selected) separately for transmission within COT and transmission outside COT.
· Note: It is up to the (pre-)configuration or pre-definition in the spec (to be down-selected) whether each set of CPE starting candidate position(s) associated with Option 1 (1-symbol length) for CPE window or Option 2 (2-symbol length) for CPE window and whether each set of CPE starting candidate position(s) include one or multiple starting position(s)
· FFS whether the set(s) of CPE starting positions are (pre-)configured/pre-defined per priority
· FFS values for the (pre-)configured/pre-defined CPE starting candidate position(s) (including a default value) for each set, and whether the default value is the same or different for different sets


















In eLAA/NR-U configured grant design, the starting point after type 1 channel access procedure is successful depends on whether this is full BW configuration, or partial BW configuration. In case of full BW configuration, random starting position is used, so if one UE starts the transmission, it will naturally block other UEs to start therefore avoiding collision. 

The random starting position and corresponding CPE length can follow similar design as NR-U, i.e., the maximum CPE length is one OFDM symbol length with 15KHz SCS. In case of partial BW, to avoid one UE transmission block another FDMed UE in the same 20MHz CCA bandwidth, the same starting position is used. For sidelink UE, similar mechanism can be used. For channels that FDMed together, one configured starting position can be used. 

Proposal 11: One default CPE length is pre-configured in the resource pool, and the default CPE length is used in: 
· PSCCH/PSSCH/PSFCH transmission in shared COT sharing
· PSFCH transmission outside of shared COT 
· PSCCH/PSSCH transmission with partialBW outside of shared COT

Proposal 12: Multiple CPE can be used for UE initiated COT with fullBW transmission (fullBW). 
· The starting position is randomly chosen from the sensing slot (9us) boundary with 1 (15KHz SCS) or 2 OFDM (30KHz and 60KHz) symbols.  

In Uu link, channel access and CPE is signaled in DL and UL DCI for UL transmission. Channel access model such as type 1, type 2A/2B/2C and CPE is jointed configured using ChannelAccess-CPext field. Similar concept can be used in sidelink to enable dynamic indication of CPE length. If not indicated in SCI, the default configured CPE can be used.  
Proposal 13:  CPE length and CCA type can be dynamically updated by SCI for shared COT. 
The gap symbol in slot format is used for Tx/Rx transition and to perform CCA. The gap symbol length needs to be longer than the CCA type 2A to enable COT sharing. If 60KHz SCS is supported in SL-U, the OFDM symbol length of 60KHz SCS is shorter than 25us. To enable type 2A CCA, 2 gap symbol should be enabled for 60KHz SCS, as shown in Fig. 3. 
[image: ][image: ]
Fig. 3: 2 gap symbol length for 60KHz SCS to allow 25us CCA time
Proposal 14:  For 60KHz SCS, to allow 25us CCA, extend the gap symbol to 2 symbol length.  

Multi-slot transmission  
Support of multi-consecutive slot transmission is agreed in RAN1 110. 

Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U. 







Multi-TTI PUSCH transmission in Rel-15 enables repetition of PUSCH transmission in time domain to support URLLC or extend UL coverage. For NR-U, multi-TTI PUSCH transmission targets to schedule multiple slots with different transport blocks using a single UL grant. The main NR-U multi-PUSCH design focus is to enable higher efficiency for larger traffic and increase UL transmission probability. For SL unlicensed multi-slots transmission, similar to NR-U, multi-TB transmission should be prioritized.  
Proposal 15: Multi-slot transmission should prioritize multi-TB transmission.  
Since multi-TTI SL transmission is optimized for large traffic, for SL transmission targeting for smaller payload size, it is better to transmit the smaller payload in one slot with larger frequency domain resource allocation, instead of extending the transmission in time domain. If multi-slot transmission is enabled with FDMed UEs, additional sensing gap needs to be created after each slot to allowed FDMed UE to sense the channel. However, the UE performing multi-slot transmission will have to sense the channel as well, and might fail the CCA, therefore cancelling the ongoing multi-slot transmission.  To avoid all the complicated design without clear potential benefit, we propose to limit the multi-slot transmission to the case where transmission on all the resource blocks of an RB set.  
Proposal 16: For model 1 RA with CG and mode 2 RA, multi-slot transmission is enabled only for full BW transmission where all the resource blocks within an RB set is configured.  
In MCSt, to ensure the transmission does not loss the COT due to LBT gap, the gap symbol should transmit PSSCH with rate matching in order to efficiently utilize the resource. An example is shown in Fig. 4, where UE2 is the COT initiating UE. The blue slots are the multi-slot transmission from UE2 and UE 3, and the gap symbol is proposed to transmit PSSCH, i.e., continuous transmission without any gap. In addition, as shown in the example between yellow slot and blue slots, if the transmit UE2 is transmitting to different UEs in different slots, it is also desirable to fill the gap symbol with PSSCH transmission, as any gap longer than 16us will require additional LBT.  
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Fig. 4.
Proposal 17: For multi-slot transmission, PSSCH with rate matching is transmitted within the gap symbol.  
Proposal 18: If COT initiating UE has multiple transmissions to different UEs within the same COT, PSSCH with rate matching can be used within the gap symbol to reduce additional LBT gap.  
Conclusion
In the paper, we discuss the sidelink unlicensed band channel access design aspects. The proposals are: 
 
Proposal 1:    sl-COT-SharingED can be (pre)-configured to facilitate the SL COT sharing. The transmission power in the shared SL COT should be lower than the power used to determine the EDT.  

Proposal 2:    For S-SSB and PSFCH,   TA =5dB can used in EDT determination.  

Proposal 3:    For S-SSB and PSFCH initiated COT, no COT sharing is allowed.  

Proposal 4:    Type 2A/2B/2C SL channel access can be used for the COT initiating UE to resume transmission after gap within the COT, based on gap length.  
Proposal 5: For mode 2 resource selection, support option X where UE can determine the start timing to perform LBT sensing, i.e., UE can perform type 1 CCA first, then perform resource selection on RB sets with backoff counter N=0.  
Proposal 6: For mode 2, support option 4 to consider CCA time in the resource selection window determination.     
Proposal 7: For mode 2, support option 5 to exclude the RB set with consistent LBT failure from the candidate resource set SA.  
Proposal 8: For COT sharing, do not support additional IDs in COT sharing information.  

Proposal 9: SCI includes sidelink COT sharing information: start slot offset, remaining COT length, EDT, shared COT CCA type and CP extension index. 

Proposal 10: When the responding UE transmit within the shared COT, the resource selection window should be within the remaining COT length indicated in the initiating UE’s SCI. 

Proposal 11: One default CPE length is pre-configured in the resource pool, and the default CPE length is used in: 
· PSCCH/PSSCH/PSFCH transmission in shared COT sharing
· PSFCH transmission outside of shared COT 
· PSCCH/PSSCH transmission with partialBW outside of shared COT

Proposal 12: Multiple CPE can be used for UE initiated COT with fullBW transmission (fullBW). 
· The starting position is randomly chosen from the sensing slot (9us) boundary with 1 (15KHz SCS) or 2 OFDM (30KHz and 60KHz) symbols.  

Proposal 13:  CPE length and CCA type can be dynamically updated by SCI for shared COT. 
Proposal 14:  For 60KHz SCS, to allow 25us CCA, extend the gap symbol to 2 symbol length.  
Proposal 15: Multi-slot transmission should prioritize multi-TB transmission.  
Proposal 16: For model 1 RA with CG and mode 2 RA, multi-slot transmission is enabled only for full BW transmission where all the resource blocks within an RB set is configured.  
Proposal 17: For multi-slot transmission, PSSCH with rate matching is transmitted within the gap symbol.  
Proposal 18: If COT initiating UE has multiple transmissions to different UEs within the same COT, PSSCH with rate matching can be used within the gap symbol to reduce additional LBT gap.  
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