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1 Introduction
In RAN2#122, significant progress on consistent LBT failure was made.  In summary:
· The UE excludes resource RB set(s) where C-LBT failure was detected.

· Resource pool reselection is for the most-part upto UE implementation.  However, resource pool selection is also expected when all RB sets have C-LBT failure.
In this contribution, we focus on consistent LBT failure open issues of cancellation, reporting, configuration, and interaction with RLF.
2 Discussion
2.1 Cancellation of Consistent LBT Failure

Cancellation of consistent LBT failure was discussed at RAN2#122.  Although mode 1 scenario is clear and was easily agreeable, the picture for mode 2 requires more discussion/analysis:
· Mode 1

Agreements on SL C-LBT cancellation
1: 
For mode 1, SL C-LBT is cancelled upon SL C-LBT failure MAC CE transmission

· Mode 2 (RRC idle/inactive UE)

· Upon resource pool (re)selection (P11:5089)

· SL consistent LBT failure recovery parameters are reconfigured (P18:4831)

· PC5 MAC reset (P18:4831)

· Reconfiguration of resource pool(s) that include SL RB set(s) with triggered but not cancelled SL consistent LBT failure (P18:4831)

· Transition between RRC_CONNECTED mode and RRC_IDLE/INACTIVE mode (P18:4831)

· RA mode change (P7a:5227)

· Reconfiguration of RB sets (P3:4934)

· Based on timer (P17:4831)

· Based on measured channel condition (P17:4831)

· Revisit it next meeting. 

Mode 1 operation follows NR-U because in both cases, the network is responsible for determining the resources to allocate to the UE.  Once the network is aware of the C-LBT failure on a set of Uu or SL resources, it can appropriately allocate the resources to avoid the failed resources but also to start re-using the resources when the interference from WiFi is no longer affecting the resources.  How the network determines this is not specified, but it can be expected that the network waits for some time before the failed resources are re-used and/or relies on some measurements of the channel.
Observation 1:
In NR-U and for mode 1 SL-U, it is expected that the network avoids using the resources associated with the C-LBT failure until it is confident that the interference is no longer present. 

For the mode 2 UE, consistent LBT failure results in exclusion of the resources associated with the failed RB set.  This exclusion should not be applied indefinitely.  Specifically, the most straightforward approach would be for the UE to exclude the resources in resource selection for a configured period.    
Proposal 1:
A UE in RRC_IDLE/RRC_INACTIVE/OOC starts a recovery timer per RB set on which consistent LBT failure is triggered.  Consistent LBT failure is cancelled for that RB set upon expiry of the timer.

Waiting for a time period which is long enough to guarantee that the interference is alleviated assures the TX UE that the resources can be reused with little likelihood of additional LBT failure.  However, this may not lead to the most efficient usage of the SL resources, especially when multiple UEs are forced to exclude the same resources and result in temporary congestion of other resources.  While the C-LBT recovery timer is running, the UE could also determine whether the interference is no longer present on the RB-set.  However, it would be best to avoid the introduction of any additional procedures at the UE (e.g., LBT trials, etc) to keep UE implementation complexity low.
While the TX UE is expected to not attempt any transmissions on the failed RB set, it will likely still continue to perform sensing to maintain its buffered sensing results.  Realtime sensing results can provide a good indication of whether an RB set is free of interference.  Specifically, the presence of an SCI transmission by another UE indicates that this other UE was able to acquire the channel following LBT.  In this way, the UE can re-use the resources for resource selection more quickly if it is safe to do so, and without additional UE complexity compared to legacy operation.
Proposal 2:
A mode 2 UE in RRC_IDLE/RRC_INACTIVE/OOC may cancel a consistent LBT failure on an RB set if it detects a SL transmission (e.g., SCI) on a resource in the RB set while the C-LBT recovery timer is running.

A mode 2 UE in RRC_CONNECTED also performs resource selection.  Although the UE reports C-LBT failure MAC CE to the network, the resource selection is performed by the UE itself.  For this reason, the cancellation condition should be similar to the mode 2 IDLE/INACTIVE/OOC UE.
Proposal 3:
A mode 2 in RRC_CONNECTED follows the same cancellation conditions as a mode 2 UE in RRC_IDLE/RRC_INACTIVE/OOC.
2.2 Reporting of Consistent LBT Failure

Consistent LBT failure on an RB set results in the UE attempting operation in other RB sets (either as a result of resource selection with RB set exclusion, or following reporting of consistent LBT failure to the network in mode 1).  In addition, since the SL UE may be able to continue operation with the peer UE on a different RB set, there may be some advantage to reporting the consistent LBT failure to other UEs.  For example, in the case the peer UE is in mode 1, it can report the failure to the network.  On the other hand, if the peer UE is in mode 2, the UE may avoid the RB set in its own resource selection/transmission.
Reporting consistent LBT failure to each peer UE associated with different unicast links may be advantageous.  For groupcast/broadcast, this may be problematic in that it is not clear what L2 ID the UE should use to transmit such information.  Furthermore, since broadcast transmissions may reach UEs with a larger range, the consistent LBT failure may not be applicable to all receiving UEs.  

Proposal 4:
A UE can report consistent LBT failure MAC CE to the peer UE(s) associated with the UE’s unicast links using the RB set.  FFS on the need for such reporting for groupcast/broadcast.

Proposal 5:
A UE in mode 2 uses a received consistent LBT failure MAC CE for its own resource/RB set selection.  FFS on the details.
Proposal 6:
A UE in mode 1 informs the network of a received consistent LBT failure MAC CE.  

Regarding when to cancel the consistent LBT failure, in NR-U, such cancellation is required in order to avoid continuous multiplexing of the MAC CE into the UL transmission.  In SL-U, cancellation with respect to the UL is required only when the UE reports LBT failure to the gNB in the first place and can occur immediately after the MAC CE is multiplexed into the TB.  This rule can be reused for a mode 1 UE.
2.3 Configuration of Parameters for Consistent LBT Failure

Parameters for consistent LBT failure on SL are the same as those in NR-U.  In NR-U, the network configures these parameters to the UE by taking into account the UL resources that it uses to schedule the UE.  Specifically, the number of attempts that warrant a failure, and over how long these attempts are distributed may depend on how may resources the network can allocate to a specific UE. 

Observation 2:
In NR-U, the network can configure the consistent LBT failure parameters based on the resources it has available for UL transmissions by the UE. 

In sidelink, resource availability may depend on several factors, including the resource pool configuration.  Specifically, the parameters used to declare consistent LBT failure may need to be different depending on whether the resource pool is sparse or dense in time and/or frequency.  This may in turn affect the timer and threshold used to declare consistent LBT failure on that resource pool.  

Proposal 7:
A SL UE can be (pre)configured with different consistent LBT failure detection parameters (i.e, SL specific LBT failure detection timer, SL specific maximum LBT failure instance count threshold) per resource pool.

In NR-U, the network can also control how aggressive the declaration of consistent LBT failure should be for a specific UE, and configure the parameters based on the periodicity of UL resources.  This should depend on the traffic type or QoS associated with the UE’s transmissions.  Specifically, a UE with less stringent QoS requirements may be able to afford attempting channel access for longer before taking failure actions. While NR-U can handle this by proper network configuration, a SL UE in IDLE/INACTIVE or OOC may need to depend on multiple different configurations for LBT failure detection and choose the one that is most relevant to the traffic type/QoS.

Furthermore, how aggressively a UE declares consistent LBT failure will depend on how frequent the UE is transmitting.  While NR-U can control this via network implementation, a SL UE in IDLE/INACTIVE should take this account, for example, based on CR.
Proposal 8:
A SL UE can be configured with different consistent LBT failure detection parameters (i.e, SL specific LBT failure detection timer, SL specific maximum LBT failure instance count threshold) for different traffic type/QoS and CR.  FFS on details. 

2.4 Interaction between SL-RLF and Consistent LBT Failure Detection

One issue associated with LBT failure is that it may result in pre-maturely triggering SL-RLF in some cases.  Specifically, LBT failure by a UE transmitting PSFCH may contribute to triggering HARQ-based SL-RLF, possibly in a pre-mature manner.  While the network can compensate for this by configuring a different set of SL-RLF parameters (i.e., number of consecutive HARQ DTX), it cannot predict whether significant interference is present or not, and this may therefore affect the performance of legacy SL-RLF detection.  While not discussed, a number of companies have provided solutions to this issue.  

Approach 1: LBT at the TX UE

One approach which was mentioned would be to try to differentiate and compensate between HARQ DTX which occur due to channel conditions, and those which occur due to LBT failure.  One simple way to do this is to have the TX UE perform measurements (e.g., LBT-like) to determine whether a HARQ DTX is related to LBT failure by the peer UE.  Because the TX and RX UE are sharing COT, they are assumed to have similar/same LBT results and so we see no issue with this option.

Approach 2: Counting DTX on PSFCH in shared COT differently.

Another workable approach is to count DTX for PSFCH which fall inside a COT vs PSFCH which would require initiating a new COT differently in RLF determination.  In theory, DTX for a PSFCH occasion that falls within a COT should mostly be the result of RX UE decoding failure rather than LBT failure during the HARQ feedback.  However, this solution does not account for failures in performing short LBT.
Approach 3: Using assistance Information.
Finally, another approach would be for the RX UE to provide some information (e.g., in an assistance information message or similar) to the TX UE.  This approach may seem more complex to implement as the contents of the message would need to be determined, and how to transmit the message (using a PHY channel, MAC CE, etc.) would need to be discussed.  Furthermore, transmission of the assistance information by the RX UE may not come in time to avoid premature SL-RLF.  We therefore prefer the first approach.

Proposal 9:
A TX UE uses measurements to differentiate between HARQ DTX due to channel conditions and HARQ DTX due to LBT failure to avoid pre-maturely triggering SL-RLF.  

3 Conclusion
In this contribution, the following observations were made on consistent LBT failure and recovery for SL-U:
Observation 1:
In NR-U and for mode 1 SL-U, it is expected that the network avoids using the resources associated with the C-LBT failure until it is confident that the interference is no longer present. 

Observation 2:
In NR-U, the network can configure the consistent LBT failure parameters based on the resources it has available for UL transmissions by the UE. 

Based on these observations, the following conclusions were made:

Proposal 1:
A UE in RRC_IDLE/RRC_INACTIVE/OOC starts a recovery timer per RB set on which consistent LBT failure is triggered.  Consistent LBT failure is cancelled for that RB set upon expiry of the timer.

Proposal 2:
A mode 2 UE in RRC_IDLE/RRC_INACTIVE/OOC may cancel a consistent LBT failure on an RB set if it detects a SL transmission (e.g., SCI) on a resource in the RB set while the C-LBT recovery timer is running.

Proposal 3:
A mode 2 in RRC_CONNECTED follows the same cancellation conditions as a mode 2 UE in RRC_IDLE/RRC_INACTIVE/OOC.

Proposal 4:
A UE can report consistent LBT failure MAC CE to the peer UE(s) associated with the UE’s unicast links using the RB set.  FFS on the need for such reporting for groupcast/broadcast.

Proposal 5:
A UE in mode 2 uses a received consistent LBT failure MAC CE for its own resource/RB set selection.  FFS on the details.

Proposal 6:
A UE in mode 1 informs the network of a received consistent LBT failure MAC CE.  

Proposal 7:
A SL UE can be (pre)configured with different consistent LBT failure detection parameters (i.e, SL specific LBT failure detection timer, SL specific maximum LBT failure instance count threshold) per resource pool.

Proposal 8:
A SL UE can be configured with different consistent LBT failure detection parameters (i.e, SL specific LBT failure detection timer, SL specific maximum LBT failure instance count threshold) for different traffic type/QoS and CR.  FFS on details. 

Proposal 9:
A TX UE uses measurements to differentiate between HARQ DTX due to channel conditions and HARQ DTX due to LBT failure to avoid pre-maturely triggering SL-RLF.  
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