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1	Introduction
Studying and specifying support of sidelink on unlicensed spectrum (i.e., SL-U) is one of the objectives of SL evolution in Rel.18 [1], How to handle consistent LBT failure is one important aspect to be investigated for SL-U. in this paper, we continue the discussion from RAN2#121bis-e, e.g., including further updates/details on SL C-LBT failure handling/recovery, details of SL LCP restriction,  
[bookmark: _Ref178064866]2	Discussion
2.1 Background
In RAN2#121bis, RAN2 has made further agreements on consistent LBT failure handling as shown in the below
Agreement
SL C-LBT failure is declared per RB-set
UE uses the MAC CE to report consistent LBT failure to the gNB
Uu MAC CE indicates RB set(s) where C-LBT failure happens.
UE triggers SL RLF for all UC connections when UE has triggered consistent SL LBT failure in all RB sets.
In RAN2#121bis, RAN2 has made further agreements on U2U COT sharing and LCP as shown in the below
Agreement
RAN2 will wait for more conclusion from RAN1 on the assistance information for COT sharing.
If the resource to be used is within a shared COT, and if PDU not generated before COT arrival, and there is data in buffer satisfying COT requirement, at least enhanced LCP should be allowed. FFS on the condition for UE to use enhanced LCP. FFS on spec impact.
If a UE decides to use the resource in a shared COT, and when enhanced LCP is decided to be used, for destination selection step in enhanced LCP, at least further restrict the destinations to be the candidates allowed by the COT (as defined by RAN1).

[bookmark: _Toc114746147][bookmark: _Toc114746148][bookmark: _Toc114746149][bookmark: _Toc114746150][bookmark: _Toc114746151][bookmark: _Toc114746152]2.1 Consistent LBT failure handling
According to current RAN2 agreements, the SL UE in connected mode can indicate consistent LBT failure to the gNB for both mode 1 and mode 2. UE uses the MAC CE to report consistent LBT failure to the gNB. We further discuss the format of the MAC CE. The MAC CE can be named as Sidelink LBT failure MAC CE. The MAC CE contains a bitmap where each bit corresponds to an RB set. 
Given the below
[bookmark: _Toc60777484][bookmark: _Toc131065274]–	SupportedBandwidth
The IE SupportedBandwidth is used to indicate the channel bandwidth supported by the UE on one carrier of a band of a band combination.
SupportedBandwidth information element
-- ASN1START
-- TAG-SUPPORTEDBANDWIDTH-START

SupportedBandwidth ::=      CHOICE {
    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}
}

SupportedBandwidth-v1700 ::= CHOICE {
    fr1-r17    ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz35, mhz40, mhz45, mhz50, mhz60, mhz70, mhz80, mhz90, mhz100},
    fr2-r17    ENUMERATED {mhz50, mhz100, mhz200, mhz400, mhz800, mhz1600, mhz2000}
}
Since in this release, we only support SL-U in FR1, therefore, the maximum bandwidth for a SL BWP can be assumed to be equal to 100 MHz. Therefore, the MAC CE contains 8 bits of the bitmap, which is sufficient in this release. 

[bookmark: _Toc134716454]A new MAC CE named as Sidelink LBT failure MAC CE is defined for UE to indicate consistent LBT failure to the gNB. 
[bookmark: _Toc134716455]The Sidelink LBT failure MAC CE contains a bitmap of 8 bits where each bit corresponds to an RB set.
For the MAC CE, the bit has the value 1 indicating that there is consistent LBT failure detected in the RB set. The bit has the value 0 indicating that the consistent LBT failure has been recovered in the RB set.
[bookmark: _Toc134716456]In the Sidelink LBT failure MAC CE, a bit with the value “1” indicates that consistent LBT failure is detected in the corresponding RB set, while the bit with the value “0” means that consistent LBT failure is not detected in the RB set.
In addition, it is necessary to define a new cause value in the SL RLF report if the RLF report is triggered due to consistent LBT failure in all RB sets.
[bookmark: _Toc134716457]RAN2 should define a new cause value for SL RLF report to indicate consistent LBT failure in all SL RB sets.
Regarding whether/how the triggered consistent SL LBT failure is cancelled, we think the UE shall periodically monitor the RB sets in which consistent LBT failure has been detected even if the UE has switched to other RB sets. This is due to that congestion situation in an RB set may change, so that the RB set has changed from congested to free state. Only in that case the UE can cancel the triggered consistent SL LBT failure. However, this may also depend on whether the UE performs Mode 1 RA or Mode 2 RA, in case of Mode 1 RA, after the UE has reported consistent LBT failure to the gNB, the UE shall cancel the triggered LBT failure in the concerned RB sets. While in case of Mode 2 RA, the UE shall not cancel the triggered LBT failure in the concerned RB sets even if the UE has reported consistent LBT failure to the gNB, since the UE is uncertain whether the gNB will resolve the issue for the UE.
[bookmark: _Toc134716458]The UE shall continuously monitor the RB sets in which consistent LBT failure has been triggered to check if these RB sets have changed its congestion status.
[bookmark: _Toc134716459]In case of Mode 1 RA, after the UE has reported the triggered consistent LBT failures to the gNB, the UE cancels the triggered consistent LBT failures in the concerned RB set.
[bookmark: _Toc134716460]In case of Mode 2 RA, after the UE has reported the triggered consistent LBT failures to the gNB, the UE doesn’t cancel the triggered consistent LBT failures in the concerned RB set.
There is another issue on whether the lbt-FailureRecoveryConfig is configured per SL BWP or per RB set. In our view, it is sufficient for the UE to be configured or preconfigured with lbt-FailureRecoveryConfig per SL BWP. This is based on the fact that the RB sets shall be treated with equal priority. The UE selects the RB sets based on the congestion level. Per RB set configuration may give some flexibility however the gain is unclear.
[bookmark: _Toc134716461]The lbt-FailureRecoveryConfig is configured or preconfigured to the UE in a per BWP manner.
For a SL BWP configured with multiple RB sets, the UE can perform LBT failure detection and recovery per RB set with the common lbt-FailureRecoveryConfig configuration.
[bookmark: _Toc134716462]For a SL BWP configured with multiple RB sets, the UE performs LBT failure detection and recovery procedure per RB set according to the common lbt-FailureRecoveryConfig configuration.
2.2 U2U COT sharing
In RAN2#121, RAN2 has made further agreement on the issue
Agreement on SL LCP and COT
1: 	UE can select 1/ either to do a changed-LCP, in order to satisfy the COT requirement, and to do the type-2 LBT (How to do the LCP can be decided after RAN1 agreement) 2/ or to do a legacy-LCP, e.g. using type-1, type-2 LBT. FFS on the need of assistance INFO to initiating UE. FFS on spec impact, e.g., conditions for UE to choose either solution.
From the above agreement, it is to further study the detailed conditions based on which the UE can determine to apply either of the two options
Option 1: UE can select to do a changed LCP in order to satisfy the COT requirement, and to do the type-2 LBT
Option 2: UE does a legacy LCP, and using type-1 or type-2 LBT (i.e., use the COT if that is feasible with the legacy LCP).
[bookmark: _Toc131702019][bookmark: _Toc134716439]In the LCP procedure, it is agreed to support both options according to conditions.

RAN2 has made the below agreements in case the PDU is not generated before COT arrival.
Agreement:
If the resource to be used is within a shared COT, and if PDU not generated before COT arrival, and there is data in buffer satisfying COT requirement, at least enhanced LCP should be allowed. FFS on the condition for UE to use enhanced LCP. FFS on spec impact.
First, it is beneficial to confirm that the RAN2 agreements is applicable to all cast types. Therefore, we make the below proposal.
[bookmark: _Toc134716463]If the resource to be used is within a shared COT, and if PDU not generated before COT arrival, and there is data in buffer satisfying COT requirement, at least enhanced LCP should be allowed for all cast types. 
RAN2 needs to further discusses cases where the enhanced LCP/COT sharing is not applicable. From the companies’ papers, the below cases need to be further discussed
Case1: (PDU generated already, but NOT satisfies the COT requirement) 
Case2: (PDU not generated, and there is NO data in buffer satisfying the COT requirement 
When a responding UE has received a COT information from a COT initiating UE, the responding UE may select to apply the legacy LCP when one or more of the following conditions are: 
· Condition 1: the responding UE has built a MAC PDU, whose intended Type 1 LBT process is running and associated with a CAPC value larger than (or equal to) the CAPC value associated with the shared COT. 
· Condition 2: the responding UE’s transmissions towards the COT initiating UE has CAPC value larger than the CAPC value associated with the shared COT. 
· Condition 3: the responding UE has no data towards the COT initiating UE. 
As a summary, the below three conditions are clear for the responding UE to apply Option 2.
[bookmark: _Toc131702023][bookmark: _Toc134716464]Upon reception of a COT information from a COT initiating UE, the responding UE performs the legacy LCP when one of the below conditions is met.
a. [bookmark: _Toc131702025][bookmark: _Toc134716465]the responding UE has built a MAC PDU, whose CAPC value larger than the CAPC value associated with the shared COT. 
b. [bookmark: _Toc131702026][bookmark: _Toc134716466]the responding UE’s transmissions/data towards the COT initiating UE has CAPC value larger than the CAPC value associated with the shared COT.
c. [bookmark: _Toc131702027][bookmark: _Toc134716467]the responding UE has no data towards the COT initiating UE.
There are other issues to be further discussed
Issue 1: how to determine the CAPC for data pending for a Destination
Issue 2: whether to further enhance the LCP procedure according to the CAPC value as indicated in the COT information.
The issue is related to the LCP procedure when the responding UE needs to select the Destination. For issue 1, although the UE has not built the MAC PDU for the destination yet, it is reasonable to reuse the same rule/agreement as the below
	As in NR-U, the lowest priority CAPC of the logical channel(s) with MAC SDU multiplexed in the TB is used regardless of whether the TB also contains SL MAC CEs in addition to MAC SDUs.
[bookmark: _Toc131702028][bookmark: _Toc134716468]In the enhanced LCP procedure, the responding UE determines the CAPC for a Destination as the lowest priority CAPC of the logical channel(s) with data of that Destination. 
For issue 2, it is necessary to reuse the same rule as in NR-U. there is no further enhancement needed for the LCP procedure, i.e., to exclude the LCHs in the LCP whose CAPC values are higher than the CAPC value is not pursued, due to the below reasons
1) in the WID, it has captured that
· 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.
The WID says clearly that the NR-U rules of channel access shall be reused for SL-U. there is no clear motivation to break this rule.
[bookmark: _Toc131702029][bookmark: _Toc134716469]In case of COT sharing, the responding UE selects LCHs following the legacy procedure i.e., doesn’t exclude the LCHs whose CAPC values are larger than the CAPC value indicated in the COT information. 
Regarding the FFS on the assistance information provided by the responding UE, we see it is beneficial for the COT initiating UE to determine whether the COT can be shared with the responding UE. Companies had concerns
RAN2 can further discuss if some assistance information is needed to be provided by a responding UE to an initiating UE, based on which the initiating UE can decide whether a COT needs to be shared with the responding UE.
During the online session, companies had concerns including
1. the initiating UE may rely on sensing to collect some information. 
1. the responding UE needs to do LBT prior to transmission of the assistance information. 
1. there would be additional design complexity due to introduction of the assistance information.

For the first concern, it would be insufficient for the initiating UE to only rely on sensing results. Since the sensing results doesn’t indicate the buffer status of the responding UE, in addition, the L1 priority indicated in the SCI may not reflect the CAPC of the responding UE accurately. It may also happen that the responding UE has not send the 1st stage SCI yet.
For the second concern, it is not a relevant concern. LBT operation would be needed prior to any transmission, which is a requirement. The assistance information (single shot transmission) is mainly intended to avoid/reduce future LBT operations for the responding UE. If a COT is more effectively shared by the COT initiating UE, the initiating UE and the responding UE can jointly use the COT to avoid any gap between any two consecutive transmissions, in this way, the responding UE can perform multiple transmissions in the COT by avoiding multiple potential LBT operations. 
For the third concern, we think the introduction of the assistance information only adds minimal design efforts if we limit the signalling work to the MAC layer by reusing the existing IUC framework.
[bookmark: _Toc131702030][bookmark: _Toc134716470]The responding UE can provide assistance information to an initiating UE including its buffer status and/or its CAPC value. 
Regarding the FFS on whether a Mode 1 UE can report COT related information to gNB for aiding Mode 1 RA, we think the benefit is limited. In NR-U, a typical COT has maximum duration up to 8 or 10ms. SL-U is expected to reuse the same rules as in NR-U. Upon receiving the report from the UE, the gNB first needs to process the information from the report which will take some time. Furthermore, the gNB will take at least a couple of slots to be able to schedule a SL transmission, this likely leads to that the COT cannot be used anymore since the COT is already ended. Even if higher SCS is configured for SL transmission, gNB may still require a processing time of several ms to process a received report given the fact that the processing time for higher SCS does not linearly scale compared to lower SCS. As a conclusion, due to the limited MCOT, the potential gain for UE to report COT information to gNB would be rather limited. Therefore, we think there is no need for a Mode 1 UE to report a COT related information to gNB.    
[bookmark: _Toc131702031][bookmark: _Toc134716471]Mode 1 UE does not report COT related information to gNB for improving Mode 1 scheduling purpose. 
[bookmark: _Hlk124254157]Regarding the FFS on UE forwarding/relaying information about a COT initiated by another UE, we think this is not useful. This is because the COT shared by an initiating UE cannot be used by a responding UE if the COT forwarding/relaying UE is a target receiver of the responding UE’s transmission(s) while the COT initiating UE is not. Meanwhile the COT cannot be shared if the responding UE is far from the initiating UE and cannot hear the COT information directly from the initiating UE as the channel situation will be quite different at the initiating UE and the responding UE in this case. 
[bookmark: _Toc131702032][bookmark: _Toc134716472]Does not support UE forwarding/relaying information about a COT initiated by another UE. 
In addition, how a UE handles multiple parallel COT information was discussed in RAN2#120. In our view, it is sufficient to leave for UE implementation to handle this case. If the UE is involved with multiple COT periods, the UE can decide to use which COT to continue its subsequent transmissions. 
[bookmark: _Toc131702033][bookmark: _Toc134716473]It is up to the UE implementation to choose to use which COT to continue its transmission when the UE has received multiple COT sharing indications from different initiating UEs.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	In the LCP procedure, it is agreed to support both options according to conditions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A new MAC CE named as Sidelink LBT failure MAC CE is defined for UE to indicate consistent LBT failure to the gNB.
Proposal 2	The Sidelink LBT failure MAC CE contains a bitmap of 8 bits where each bit corresponds to an RB set.
Proposal 3	In the Sidelink LBT failure MAC CE, a bit with the value “1” indicates that consistent LBT failure is detected in the corresponding RB set, while the bit with the value “0” means that consistent LBT failure is not detected in the RB set.
Proposal 4	RAN2 should define a new cause value for SL RLF report to indicate consistent LBT failure in all SL RB sets.
Proposal 5	The UE shall continuously monitor the RB sets in which consistent LBT failure has been triggered to check if these RB sets have changed its congestion status.
Proposal 6	In case of Mode 1 RA, after the UE has reported the triggered consistent LBT failures to the gNB, the UE cancels the triggered consistent LBT failures in the concerned RB set.
Proposal 7	In case of Mode 2 RA, after the UE has reported the triggered consistent LBT failures to the gNB, the UE doesn’t cancel the triggered consistent LBT failures in the concerned RB set.
Proposal 8	The lbt-FailureRecoveryConfig is configured or preconfigured to the UE in a per BWP manner.
Proposal 9	For a SL BWP configured with multiple RB sets, the UE performs LBT failure detection and recovery procedure per RB set according to the common lbt-FailureRecoveryConfig configuration.
Proposal 10	If the resource to be used is within a shared COT, and if PDU not generated before COT arrival, and there is data in buffer satisfying COT requirement, at least enhanced LCP should be allowed for all cast types.
Proposal 11	Upon reception of a COT information from a COT initiating UE, the responding UE performs the legacy LCP when one of the below conditions is met.
a.	the responding UE has built a MAC PDU, whose CAPC value larger than the CAPC value associated with the shared COT.
b.	the responding UE’s transmissions/data towards the COT initiating UE has CAPC value larger than the CAPC value associated with the shared COT.
c.	the responding UE has no data towards the COT initiating UE.
Proposal 12	In the enhanced LCP procedure, the responding UE determines the CAPC for a Destination as the lowest priority CAPC of the logical channel(s) with data of that Destination.
Proposal 13	In case of COT sharing, the responding UE selects LCHs following the legacy procedure i.e., doesn’t exclude the LCHs whose CAPC values are larger than the CAPC value indicated in the COT information.
Proposal 14	The responding UE can provide assistance information to an initiating UE including its buffer status and/or its CAPC value.
Proposal 15	Mode 1 UE does not report COT related information to gNB for improving Mode 1 scheduling purpose.
Proposal 16	Does not support UE forwarding/relaying information about a COT initiated by another UE.
Proposal 17	It is up to the UE implementation to choose to use which COT to continue its transmission when the UE has received multiple COT sharing indications from different initiating UEs.
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