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1
Introduction

In RAN2#121 meeting, RAN 2 has discussed the SL CAPC mapping rule, SL consistent LBT failure and recovery and so on [1]. During this meeting, some issues are left to be discussed in the future.
This contribution mainly focuses on the remaining issues of LBT failure on SL, LBT impact to resource (re)selection, CG for SL-U and COT sharing, etc.

2
Discussion
2.1
CAPC determination
In RAN2#121 meeting [1], following agreements related to SL CAPC mapping rule were reached:

	Agreement on SL CAPC mapping rule:

1: For an IDLE/INACTIVE/OOC UE, if a QoS flow cannot be mapped to a non-default SLRB: 1) if the per-bearer CAPC is configured in SIB/Pre-configuration, the UE use the configured CAPC; 2) else, select CAPC of the standardized PQI which best matches the QoS characteristics of the non-standardized QoS flow based on one or more QoS characteristics. For a standardized QoS flow, CAPC is directly derived from CAPC table.


2.1.1
Definition of “best-matched standardized PQI”

The situation in SL-U is different from that in NR-U. In NR-U the gNB can ensure a suitable implementation on the non-standardized 5QI to CAPC mapping for all UEs in this gNB. However, in SL-U the current agreement does not have strong restriction on UE behaviour, i.e. different UEs may map same QoS flow which is associated with non-standardized PQI configured in SIB/pre-configuration into different CAPC. Therefore, it may cause unfair between different UEs, e.g. a “smart” UE may always map the non-standardized PQI configured in SIB/pre-configuration to CAPC based on its own understanding on “best matches the QoS characteristics of the current non-standardized PQI based on one or more QoS characteristics”, in order to have a lager chance to access the channel.

To avoid such unfair problem on channel access in SL-U, we need to specify how the UE can determine “best matches the QoS characteristics of the current non-standardized PQI based on one or more QoS characteristics”, i.e. what one or more QoS characteristics can be used and how they should be used. In our thinking, similar to standardized PQI based QoS flow, whether the QoS flow is Mission Critical or whether the QoS flow has (default) priority of 1 or 2, and the PDB of non-standardized PQI based QoS flow, should be considered to determine the CAPC. That is, if the QoS flow is Mission Critical or the QoS flow has (default) priority of 1 or 2, the CAPC of such QoS flow is 1; otherwise, the CAPC of non-standardized PQI based QoS flow should use the CAPC of the standardized PQI based QoS flow for which there is minimum PDB difference.

Proposal 1:  For QoS flow with non-standardized PQI mapped to a default SLRB whose CAPC is not configured in RRC INACTIVE/IDLE/OOC, following the same principle as the standardized PQI to CAPC mapping:

· If the QoS flow has priority of 1 or 2, the CAPC of such QoS flow is 1;
· Otherwise, the CAPC should use the CAPC of the standardized PQI for which there is minimum PDB difference. If the minimum PDB difference are the same for multiple standardized PQIs, it is up to UE implementation to choose which CAPC 
2.1.2
CAPC of default SLRB
Then we need to determine the CAPC of the default SLRB that either standardized or non-standardized PQI based QoS flows are mapped into, whereas the CAPC is not configured for this default SLRB and multiple QoS flows associated with different CAPC can be mapped into this default SLRB. In this case, we need to determine the CAPC of this default SLRB, which can be further used to determine the CAPC of SL MAC PDU. In our thinking, similar to the principle used for SL MAC PDU CAPC, if a SLRB is default SLRB without CAPC configuration and the SLRB is mapped with multiple QoS flows associated with different CAPCs, the CAPC of this SLRB is the biggest CAPC among the multiple CAPCs that are associated with multiple QoS flow.

Proposal 2:  For default SLRB without CAPC configuration in RRC INACTIVE/IDLE/OOC, the CAPC of the default SLRB is the CAPC of the lowest priority among the multiple QoS flow mapped to the default SLRB. 
2.2
Impacts of LBT on SL-U
2.2.1
LBT impact to counters in sidelink
In R16 Sidelink, SL TX UE will detect a SL DTX if the SL UE performs a SL transmission in the PSCCH/PSSCH slot and does not receive a HARQ feedback on the corresponding PSFCH location. Such mechanism aims to assist SL TX UE to detect the deteriorating link quality (e.g. the RX UE is getting far away) and consistent DTX detection will cause a SL RLF.  

In SL-U, if a LBT failure is detected, the SL TX UE cannot perform a SL transmission in the PSSCH slot and will not receive any HARQ feedback in the corresponding PSFCH. According to the current R16 SL mechanism, a DTX will be determined by TX UE in this case. Actually, such DTX is not caused by the deteriorating link quality and RLF will be easily triggered in SL-U due to the LBT failure. In this meeting, we proposed that when a LBT failure is detected for the SL transmission, the SL UE will not regard the SL transmission as a SL DTX. 

Observation: When LBT failure is detected for the SL transmission, the TX UE will not regard the SL transmission as a SL DTX.
In Rel-16, to limit the number of new transmission and retransmission of a MAC PDU for a mode-1 CG transmission, sl-MaxTransNum is configured in SL-CG-MaxTransNum by gNB, which indicates the maximum transmission number (including new transmission and retransmission) for a MAC PDU. sl-MaxTxTransNumPSSCH has the same propose for a mode-2 UE. Based on the 5.22.1.3.1a in 38.321, if the number of transmissions of the MAC PDU has reached sl-MaxTransNum, the Sidelink process shall flush the HARQ buffer of the associated Sidelink process. 
However, in SL-U, a LBT failure may happen before one transmission of the MAC PDU in PHY layer, yet this might be seen as a successful transmission of a MAC PDU from MAC layer perspective. Therefore, due to LBT failure in SL-U, when the number of transmissions of the MAC PDU has been reached to sl-MaxTransNum in MAC layer, it would not indicate that a SL UE has actually transmitted the MAC PDU sl-MaxTransNum times in PHY. For this problem, two approaches can be considered:
· For this problem, we proposed that in SL-U, when a LBT failure happens at one transmission of a MAC PDU in PHY, this transmission shall not be counted for the transmission number of this MAC PDU in MAC layer.
· Another approach could be that when a UE performs a MAC PDU transmission in mode-1 CG transmission in SL-U, a new configuration parameter (e.g. sl-MaxTransNum-u) could be introduced for the maximum number of new transmission and retransmission. The parameters indicated in the sl-MaxTransNum-u shall be larger than those in sl-MaxTransNum in case LBT procedure is enabled. Similarly, a configuration parameter (e.g. sl-MaxTxTransNumPSSCH-u) for the maximum number of new transmissions of a MAC PDU can be introduced for mode-2 UE when LBT procedure is enabled.
Proposal 3: In SL-U, due to the LBT failure, for the transmission counter and the the maximum number of new transmission and retransmission in CG/mode 2:

· ALT1: In SL-U, when a LBT failure happens at one transmission of a MAC PDU in PHY, this transmission shall not be counted for the transmission number of this MAC PDU in MAC layer.

· ALT2: When a UE performs a MAC PDU transmission in SL-U, a new configuration parameter (e.g. sl-MaxTransNum-u) could be introduced for the maximum number of new transmission and retransmission.
2.2.2 LBT impact to SL DRX
The working assumption (the yellow highlight) about the start of sl-drx-HARQ-RTT-Timer when multiple PSFCH occasion per PSCCH/PSSCH is supported in [1] needs to be confirmed.
Agreements on SL DRX
1: 
RAN2 deprioritizes the SL DRX enhancement on active time extension for SL LBT failure.
2:
Working assumption: Not define shared COT as SL DRX active time.

3a:
Working assumption: If multiple PSFCH occasion per PSCCH/PSSCH is supported in RAN1, if HARQ A/N is successfully transmitted in one PSFCH occasion, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback.
3b: If multiple PSFCH occasion per PSCCH/PSSCH is supported in RAN1, if LBT failure happens in all PSFCH occasions, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the last PSFCH occasion for the SL HARQ feedback.

According to the above yellow highlight, a PSSCH is associated 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. We can discuss the case if the HARQ feedback in the at least one of PSFCH resources is successfully transmitted in RX UE when a PSSCH associates with multiple PSFCH occasions. In this case, in order to make the start time of sl-drx-HARQ-RTT-Timer aligned between TX UE and RX UE, RX UE starts sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the first successfully transmitted 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 first successfully received PSFCH resource for the SL HARQ feedback if TX UE has received the corresponding SL HARQ feedback at the first successfully received PSFCH resource.

Proposal 4: Confirm the WA that if multiple PSFCH occasion per PSCCH/PSSCH is supported in RAN1, if HARQ A/N is successfully transmitted in one PSFCH occasion, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback.
2.2.3
LBT impact to triggering resource (re)selection
The FFS on MCST case considering that UE triggers a resource (re)selection when PSSCH transmission was not performed due to an LBT failure indication from L1 was discussed in [1].
	Proposal 1: UE triggers a resource (re)selection when a SL transmission was not performed due to an LBT failure indication from L1. FFS on MCST case.


The main motivation to support MCST is to reduce the need or frequency of UE performing LBT (Type 1) to access the channel once it has acquired a COT, to retain the COT to transmit UE’s data as much as and as soon as possible in the following slots [X R1-2210290]. In detail, for the time resources in a MCST, there is no gap or the gap is less than 16 us (Type 2C or no LBT is needed) between the two slots. That is, similar to single slot transmission in SL-U, only one type 1 LBT is performed for the whole MCST transmission.  Therefore, when an LBT failure indication from L1 before a MCST transmission, UE triggers a resource (re)selection. Thus, no special handling for MCST case.
Proposal 5: Follow the same procedure as single slot transmission for MCSt on the resource selection/reselection procedure due to LBT failure. 
Besides, the discussion above, another issue with the current WA is the relationship between resource reselection due to LBT failure and consistent LBT detection/recovery. The current granularity for resource reselection is resource pool and we wonder, if we change the resource pool every time the LBT failure is detected, is it still feasible to perform consistent LBT failure detection/recovery.

Observation: LBT failure detection/recovery may not be able to be performed if UE performs resource reselection everytime it detects LBT failure.
We also want to further clarify the condition of resource (re)selection in the agreement. In current specification, according to mode 2 resource allocation, the UE can reserve the resources for initial transmission and retransmissions. If initial transmission fails due to LBT failure, the resource for retransmission may be used without resource reselection. Otherwise, the reserved retransmission resource will be wasted. Therefore, we propose that UE should trigger resource reselection if LBT failures are detected for all retransmission resources. 
Proposal 6: In mode 2, SL UE should trigger resource reselection if LBT failures are detected for all retransmission resources.
2.3 LBT impact in Mode 2 Resource Selection
Based on [1], RAN2 should discuss how MAC performs resource (re)selection with the consideration of LBT impact to its own candidate resource.
Agreements on SL resource (re)selection
1: 
RAN2 understands UE triggers a resource (re)selection when PSSCH transmission was not performed due to an LBT failure indication from L1. FFS on MCST case. Send LS to RAN1 to check if there is any concern.

2a:
RAN2 understands L1 handles LBT impact to/from other UEs’ reserved resources in SL candidate resource selection (inter-UE case).
2b:
RAN2 will study how MAC performs resource (re)selection with the consideration of LBT impact to its own candidate resource (intra-UE case).
3:
Will send LS to RAN1 to check if there is any concern.
Then, during the post meeting email discussion, the following has been approved for the LS to RAN1 in R2-2302303.

	With regards to the work on sidelink unlicensed procedures, RAN2 has further discussed in RAN2#121 the LBT impact on resource (re)selection for both intra-UE case and inter-UE case and made the following agreements.

· RAN2 understands L1 handles LBT impact to/from other UEs’ reserved resources in SL candidate resource selection (inter-UE case).
· RAN2 will study how MAC performs resource (re)selection with the consideration of LBT impact to its own candidate resource (intra-UE case).
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Fig. 1 LBT impact in the SL resource selection procedure
Based on the agreement, in mode 2 resource selection, RAN 2 is considering LBT impact to its own candidate resource. As Fig 1 shows, if the LBT of the candidate sidelink resource overlaps with the transmitting symbols of the reserved resource, the candidate sidelink resource will be unavailable due to LBT failure. 

We think during the candidate resource selection in PHY layer, SL UE can guarantee all the selected SL resources and the other UE’s reserved resources shall be separated to avoid such LBT impact in Fig. 1 when the unlicensed spectrum is used for SL transmission. 
Proposal 7: Leave the impacts of LBT to resource selection for intra-UE case to UE’s implementation in MAC layer.
2.4 COT sharing impact to SL DRX
	In [1], RAN 2 propose a working assumption that the shared COT shall not be defined as SL DRX active time.
Working assumption: Not define shared COT as SL DRX active time.


In RAN1 #109 meeting, UE-to-UE COT sharing is discussed for SL-U [3]. When UE1 initiates a COT after performing Type 1 LBT, then UE1 can share the COT to UE2 and inform UE2 by sending COT indication. After UE2 receive such COT indication, UE 2 transmits SL data to UE 1 within the shared COT duration. That is, UE 1 shall monitor the PSCCH/PSSCH from UE 2 within the shared COT duration. However, if UE 1 is inactive by the SL DRX configuration in the shared COT duration, UE 1 cannot receive the data from the UE 2. In this case, for UE1, in the shared COT duration, UE 1 shall be in an active state to receive UE2’s data or signaling, which will have an impact to the UE1’s DRX time. Besides, the SL-DRX is an existing feather that has been specified in Release 17, which should be considered in the current WI.
Proposal 8: For UE-to-UE COT sharing with DRX operations, active time of the DRX for initiating UE should include the shared COT. 
2.5 CG retransmission and SL-U
	In [1], we need to confirm the wording assumption that not to support CG retransmission timer in SL-U, and further clarify that no enhancement for CG retransmission in SL-U.Agreements on SL CG

Working assumption: Not to support CG retransmission timer in SL-U.


In NR-U, CG retransmission timer (CGRT) was introduced in the UL transmission case.  Specifically, the UE sends a transmission to gNB and the HARQ feedback for the transmission is not sent successfully by the gNB due to the LBT failure. To deal with this case, UE starts a CGRT when initiating an UL transmission and if no HARQ feedback is received after the timer expires, UE will perform the retransmission via future CG transmission opportunities. For CG in SL-U, when TX UE sends a SL transmission and LBT failure happens at the RX UE and no HARQ feedback is sent, TX UE shall regard this SL transmission as a DTX and will start a retransmission automatically. Therefore, we do not support CG retransmission timer in SL-U.

In SL, when the number of transmissions for TB exceeds the maximum transmission and PUCCH NACK is sent in Uu, the gNB can schedule retransmission on sidelink with licensed spectrum without LBT impacts. Therefore, we propose that since current SL HARQ retransmission mechanism is enough for CG retransmission in SL-U, there is no need to discuss the enhancement of CG retransmission similar to NR-U.
Proposal 9:  Confirm the WA not to support CG retransmission timer in SL-U, and further clarify that no enhancement for CG retransmission in SL-U.
3
Conclusion

In this contribution, we discussed various issues for SL-U in detail and made the following observations and proposals.
Observation 1: When LBT failure is detected for the SL transmission, the TX UE will not regard the SL transmission as a SL DTX.
Observation 2: LBT failure detection/recovery may not be able to be performed if UE performs resource reselection everytime it detects LBT failure.
CAPC
Proposal 1:  For QoS flow with non-standardized PQI mapped to a default SLRB whose CAPC is not configured in RRC INACTIVE/IDLE/OOC, following the same principle as the standardized PQI to CAPC mapping:

· If the QoS flow has priority of 1 or 2, the CAPC of such QoS flow is 1;
· Otherwise, the CAPC should use the CAPC of the standardized PQI for which there is minimum PDB difference. If the minimum PDB difference are the same for multiple standardized PQIs, it is up to UE implementation to choose which CAPC 
Proposal 2:  For default SLRB without CAPC configuration in RRC INACTIVE/IDLE/OOC, the CAPC of the default SLRB is the CAPC of the lowest priority among the multiple QoS flow mapped to the default SLRB. 
LBT impacts to SL
Proposal 3: In SL-U, due to the LBT failure, for the transmission counter and the the maximum number of new transmission and retransmission in CG/mode 2:

· ALT1: In SL-U, when a LBT failure happens at one transmission of a MAC PDU in PHY, this transmission shall not be counted for the transmission number of this MAC PDU in MAC layer.

· ALT2: When a UE performs a MAC PDU transmission in SL-U, a new configuration parameter (e.g. sl-MaxTransNum-u) could be introduced for the maximum number of new transmission and retransmission.
Proposal 4: Confirm the WA that if multiple PSFCH occasion per PSCCH/PSSCH is supported in RAN1, if HARQ A/N is successfully transmitted in one PSFCH occasion, Rx UE starts the sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH transmission carrying the SL HARQ feedback.
Proposal 5: Follow the same procedure as single slot transmission for MCSt on the resource selection/reselection procedure due to LBT failure. 
Proposal 6: In mode 2, SL UE should trigger resource reselection if LBT failures are detected for all retransmission resources.
LBT impacts to resource selection
Proposal 7: Leave the impacts of LBT to resource selection for intra-UE case to UE’s implementation in MAC layer.
COT sharing and DRX
Proposal 8: For UE-to-UE COT sharing with DRX operations, active time of the DRX for initiating UE should include the shared COT. 
CG retransmission on SL-U
Proposal 9:  Confirm the WA not to support CG retransmission timer in SL-U, and further clarify that no enhancement for CG retransmission in SL-U.
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