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Introduction
In RANP#97e, a R18 WID on NR Sidelink evolution [1] was agreed. One of the key aspects in this WI is to study and specify support of sidelink on unlicensed spectrum as shown below:
	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
· [bookmark: _Hlk89917081]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.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]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 paper, we discuss LBT for SL-U and provide our views.
Discussion
1.1. LBT failure
According to the legacy spec in NR-U, the PHY layer may perform an LBT procedure, as specified in TS 37.213 [2].A transmission is not performed by PHY layer if the channel is identified as being occupied. When PHY layer performs an LBT procedure before a transmission and the transmission is not performed as such, an LBT failure indication is sent to the MAC entity from PHY layer. In our thinking, this mechanism can be reused for unlicensed spectrum operation for NR SL.
Proposal 1: LBT procedure of NR-U is reused for SL-U, MAC entity expects an LBT failure indication from PHY layer when PHY layer identifies the channel as busy before a transmission and the transmission is not performed.
For NR sidelink mode 1 operation, the gNB may configure PUCCH for each SL transmission whose transmission status can be reported back.  For NR-U, when the UL transmission is not performed due to LBT failure, the gNB could know this non-transmission as gNB is the receiver of UL transmission. For SL transmission in mode 1, when the LBT failure indication is received from PHY layer of TX UE, the SL transmission is not actually performing in PHY layer, which means the RX UE does not receive the SL transmission data. In order to enable further SL transmission scheduling by gNB to perform transmission, the TX UE shall report NACK to gNB if the PUCCH is configured.
Proposal 2: In case of PUCCH is configured, TX UE should report NACK to gNB when the LBT failure indication is received from its PHY layer.
1.2. Consistent LBT failure and recovery
In NR-U, the MAC entity may be configured by RRC with a consistent LBT failure recovery procedure. Consistent LBT failure is detected per UL BWP by counting LBT failure indications, for all UL transmissions, reported from the lower layers to the MAC entity. In our thinking, to improve the performance of resource allocation, such consistent LBT failure and recovery should also be supported for SL-U.
Proposal 3: RAN2 agree to support consistent LBT failure and recovery procedure for SL-U.
In RAN1#109e [3], it was agreed that only one SL BWP is (pre-)configured within a carrier and one SL resource pool can be (pre-)configured to include integer number of RB sets.
	SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.


In NR-U, the consistent LBT failure is detected per UL BWP. When the consistent LBT failure is detected in a UL BWP, the UE may switch to the active BWP on same carrier, for which the consistent LBT failure is not detected and is configured with PRACH occasion. However, only one SL BWP is supported for one carrier, the UE cannot switch to another SL BWP on the same carrier if consistent is detected in one SL BWP. Since one or multiple SL resource pools can be (pre-)configured with a carrier, a direct solution for consisten LBT failure recovery is to perform consistent LBT failure detection per SL resource pool, where the SL resource pool has similar role of UL BWP in NR-U.
Furthermore, the minimum granularity of LBT procedure can be per RB set, since one SL resource pool can be (pre-)configured to include integer number of RB sets. The consistent LBT failure can be detect per RB set, and the UE should use other RB set resource within the SL resource pool if consistent LBT failure is detected in one RB set within this SL resource pool. This would be new feature compared to R16/R17 SL resource allocation, as there is no need to distinguish SL resource within one SL resource pool in R16/R17.
Therefore, RAN2 should study the granularity of consistent LBT failure detection for SL-U, where two options can be considered as follow:
Proposal 4: RAN2 to study the granularity of consistent LBT failure detection for SL-U, with two options can be considered as follow:
· Option 1: Consistent LBT failure is detect per SL resource pool, and UE can use other SL resource pool within same carrier if the consistent LBT failure is detected in one SL resource pool within one carrier.
· Option 2: Consistent LBT failure is detect per RB set, and UE can use other RB sets resource within same resource pool if the consistent LBT failure is detected in one RB set within one SL resource pool.
Regarding consistent LBT failure recovery procedure for SL-U, the impacts can be considered separately for mode 1 and mode 2. For mode 1, since the resource allocation is under gNB’s control, the information of consistent LBT failure should be reported to gNB to assistant resource allocation, thus the gNB can schedule other SL resource resources for which consistent LBT failure is not detected.
Proposal 5: For mode 1, consistent LBT failure indication shall be reported to gNB. 
For mode 2, when the consistent LBT failure is detect, UE should trigger resource reselection to obtain other SL resource resources for which consistent LBT failure is not detected.
Proposal 6: For mode 2, UE shall trigger resource reselection when the consistent LBT failure is detected, e.g. SL resource pool reselection.
1.3. LBT impact to DRX 
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK29]In R17 sidelink, there is one PSFCH resource for a PSSCH, and the UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource, when the SL HARQ feedback is not transmitted due to UL/SL prioritization. In R18 unlicensed sidelink, it is expected that the case when there is one PSFCH resource for a PSSCH also exists. In this case, the reasons why SL HARQ feedback is not transmitted could be not only UL/SL prioritization, but also LBT failure of the PSFCH. Therefore, for unlicensed sidelink DRX, if there is one PSFCH resource for a PSSCH, it should be supported to start sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource, when the SL HARQ feedback is not transmitted due to LBT failure.
Proposal 7: If there is one PSFCH resource for a PSSCH, start sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource when the SL HARQ feedback is not transmitted due to the LBT failure. 
In RAN1#109e meeting, the agreements for PSFCH and SL-HARQ in SL-U are as follows:
	· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 


According to the above yellow highlight FFS, a possible outcome of RAN1 specification is that: a PSSCH may associate with multiple PSFCH occasions, and if SL HARQ feedback cannot be sent in a PSFCH occasion due to LBT failure, RX UE may try the remaining PSFCH(s) associating to the same PSSCH. Anyhow, they have not been agreed by RAN1 yet, so now it is too early to discuss all the possible cases about the start time/condition of sl-drx-HARQ-RTT-Timer when a PSSCH associates with multiple PSFCH occasions. However, we can discuss the case if LBT failure happens in all the associated PSFCH occasions in RX UE when a PSSCH associates with multiple PSFCH occasions. In this case, TX UE will not receive the corresponding SL HARQ feedback after all the associated PSFCH occasions elapse. In order to make the start time of sl-drx-HARQ-RTT-Timer aligned between TX UE and RX UE, it is natural to specify that RX UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback. Accordingly, TX UE starts the timer corresponding to sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback if TX UE has not received the corresponding SL HARQ feedback after all the associated PSFCH occasions elapse.
Proposal 8: If a PSSCH associates with multiple PSFCH resources and LBT failure happens in all the PSFCH resources, RX UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback. 
1.4. Timing to perform LBT procedure
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In NR-U, PHY layer will perform an LBT procedure before data transmission, that we can say the LBT procedure is performed after the TB is delivered from MAC entity to PHY layer. For NR sidelink mode 1, such legacy mechanism may be reused. For mode 2 though, the resource allocation mechanism is different from that in NR-U, whereas the following steps will be performed as shown in fig.1:
· Step 1: data available in LCH, which will trigger resource (re)selection in PHY layer
· Step 2: PHY layer performs resource (re)selection according to the sensing results, and selects SA from the selection window
· Step 3: PHY layer reports SA to MAC entity, and MAC entity randomly select resource from SA to obtain a selected grant
· Step 4: MAC entity generates TB according to the selected grant, and deliver the TB to PHY layer to perform SL transmission
If the LBT is still performed in the timing of step 4(i.e. after the TB is delivered from MAC entity), there may not be enough time to perform LBT, which may further lead to inferior LBT results. On the other side, since the UE can know the SL transmission requirement much earlier before the TB is delivered from MAC entity (e.g. the timing of triggering resource (re)selection when the data is available in LCH), if the LBT is perform in such timing, the UE will have enough time to occupy/choose the channel, which can increase the success probability of LBT and improve the performance of SL-U transmission in mode 2.
Proposal 9: RAN2 to study the timing of performing LBT procedure in mode 2 (e.g. same timing as data available in LCH), for the benefits of early LBT procedure performed. 
[image: ]
Figure 1. resource allocation procedure for mode 2
Conclusion
In this contribution, we discuss the some issues on LBT for SL-U, and provide the following observations and proposals:
Proposal 1: LBT procedure of NR-U is reused for SL-U, MAC entity expects an LBT failure indication from PHY layer when PHY layer identifies the channel as busy before a transmission and the transmission is not performed.
Proposal 2: In case of PUCCH is configured, TX UE should report NACK to gNB when the LBT failure indication is received from its PHY layer.
Proposal 3: RAN2 agree to support consistent LBT failure and recovery procedure for SL-U.
Proposal 4: RAN2 to study the granularity of consistent LBT failure detection for SL-U, with two options can be considered as follows:
· Option 1: Consistent LBT failure is detect per SL resource pool, and UE can use other SL resource pool within same carrier if the consistent LBT failure is detected in one SL resource pool within one carrier.
· Option 2: Consistent LBT failure is detect per RB set, and UE can use other RB sets resource within same resource pool if the consistent LBT failure is detected in one RB set within one SL resource pool.
[bookmark: _GoBack]Proposal 5: For mode 1, consistent LBT failure indication shall be reported to gNB. 
Proposal 6: For mode 2, UE shall trigger resource reselection when the consistent LBT failure is detected, e.g. SL resource pool reselection.
Proposal 7: If there is one PSFCH resource for a PSSCH, start sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource when the SL HARQ feedback is not transmitted due to the LBT failure. 
Proposal 8: If a PSSCH associates with multiple PSFCH resources and LBT failure happens in all the PSFCH resources, RX UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH resource for the SL HARQ feedback. 
Proposal 9: RAN2 to study the timing of performing LBT procedure in mode 2 (e.g. same timing as data available in LCH), for the benefits of early LBT procedure performed. 
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