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1. [bookmark: _Ref165266342]Introduction
During RAN2#109bis-e, RAN4 LS (R2-2002530) on the applicability of consistent UL LBT detection and recovery for RRC procedures was discussed and the following were agreed:
	5	Reply to RAN4 that UL LBT failure detection/recovery is applicable per current specifications to RA in R15-based handover, R15 SN addition/change, and PSCell addition, given the UE is in connected mode.  LBT failure detection/recovery is not applicable per current specifications in RRC setup, resume, re-establishment, or release with redirection, as the UE does not have lbt-FailureRecoveryConfig during those procedures
6	Reply to RAN4 that no enhancements are planned in R-16 for UL LBT failure detection and recovery during handover, RRC setup, resume, re-establishment, or release with redirection.  However, RAN2 will check if there is any technical issues with DAPS and CHO.  



In this document, we discuss the FFS part of the agreement on handling of UL LBT recovery for DAPS and CHO.
2. Discussion 
CHO, CPC, and DAPS are being introduced as part of Rel-16 Mobility Enhancements WI. As a baseline, these are applicable to both NR licensed and NR-U. In fact, the only difference for NR-U would be whether and how LBT and its failures should be handled during these procedures.
CHO and CPC
In both CHO and CPC, the UE is configured with execution conditions and target cell RRC configurations. The execution conditions are in the form of measurement events, similar to legacy RRM. The target cell RRC configurations are delivered by the source gNB (in case of CPC either by MN or direct delivery by SN are feasible) using a transparent container, similar to legacy HO. The source gNB can configure up to 8 CHO target cells.
The main difference between CHO and legacy HO is that the measurement events trigger a handover completion attempt at the target in CHO without notifying the source cell while they trigger event reporting to the source cell in legacy HO. The same difference is also applicable to between CPC and legacy SN change.
Before the CHO execution is attempted, the RLM procedure is same for Rel-16 and Rel-15 licensed. With this in mind, the UL LBT failure procedure should also not be affected by the existence of CHO configuration. The same is also applicable to PSCell change
Proposal 1: Before the UE attempts CHO (or CPC) execution, the current UL LBT failure detection and recovery at the source cell is applicable. 
After UE initiates CHO attempt at a target cell, the UE will stop any uplink transmission with the source cell and thus LBT failure recovery should not occur.
Proposal 2: After initiation of CHO (or CPC) execution attempt, UL LBT failure detection and recovery at the source cell is not used.
One interaction between CHO and LBT failure can be whether the UE should perform a CHO attempt if LBT failure is triggered. For legacy RLM, this is still feasible; in other words, the UE can trigger and execute a CHO attempt if T310 is running. However, if RLF is declared at the MCG, the UE should perform re-establishment as in legacy. Similar is also true for CPC except SCG failure reporting is used instead of re-establishment.
Proposal 3: The UE can perform CHO (or CPC) attempt while UL LBT failure detection and recovery is ongoing but before indicating the failure to upper layers.
One optional capability in CHO is for the handling of failure of a CHO execution attempt at a target cell. Similar to legacy HO, the UE performs cell selection. In legacy HO, the UE immediately performs re-establishment at the selected cell. In CHO, if the UE supports the optional capability and the NW configures so, instead of performing re-establishment, the UE can try another CHO attempt (only once) if the cell selected as part of the cell selection happens to be one of the CHO target cells. This functionality was also extended to the RLF at the source cell where the UE can perform CHO is the selected cell happens to be a CHO target.
Since UL LBT failures do cause RLF at the upper layers, this optional feaure can also be used. 
Proposal 4: The UE can perform CHO attempt after RLF happens due to UL LBT failures at the source cell or at a target cell if the cell selected is a CHO attempt. The same UE capability is also applicable for this scenario.
All of the above proposals do not need any changes to the specification.
Observation 1: Proposal 1, 2, 3, and 4 will not require any changes to the specifications.
DAPS
During DAPS handover, the UE keeps the source link until after the HO is complete at the target cell and releases the source cel only upon receiving an explicit indication from the target cell. Therefore, the UE keeps downlink and uplink connections at both the source and target during this transition time.
In Rel-16 DAPS HO, the UE keeps performing RLM at the source cell until this cell is released by the target cell. However, if RLF is detected at the source cell, the UE does not perform RLF recovery (i.e. re-establishment); instead, it simply stops the transmission and reception with the source while keeping the source RRC configuration. This way, the UE does not terminate the ongoing connection to the target cell by re-establishment procedure while it keeps the source configuration in case HO fails and it needs to fall back to the source cell.
Observation 2: For DAPS, RLF at the source cell cases only the stopping of reception and transmission with the source cell.
For DAPS, if RLF happens at the target cell but not at the source cell, the UE falls back to the source cell. This is again differen from legacy HO where re-establishment happens.
We note that DAPS is only applicable to PCell and thus we do not need to consider LBT failures on SCells.
Observation 3: Only LBT failures on source PCell and target PCell need to be considered as SCells are not used during DAPS HO.
At a high level, the same principle can be applied to the UL LBT failure detection and recovery. In other words, the UE can perform LBT failure detection to decide whether to keep the source link transmisions but do not perform the failure recovery. One complication here is the BWP switching when multiple BWPs with RACH are available. This BWP switching will not be desirable at the source cell since the UE will be forced to perform RACH while attempting to connect to the target cell.
Observation 4: During DAPS HO, RACH at the source cell for LBT recovery will increase UE complexity and potentially reduce the performance gains of DAPS.
There are two options to simplify the UE procedure:
1. The UE does not perform BWP switching, i.e. report failure to upper layers after failure on first BWP.
2. The UE suspends UL LBT failure detection and recovery during DAPS HO.
In both options, it is assumed that UL LBT failure detection and recovery should resume at the source if the UE falls back to source due to HO failure.
Even though second option sounds simpler, it will create several problems:
· If LBT failures happen at the source, the UE will still continue transmission attempts at the source which will waste UE resources.
· MAC will need to be aware of DAPS HO start and end or RRC will need to include a new indication to MAC to suspend UL LBT failure detection and recovery.
· A new indication to resume LBT recovery upon fall back is needed
The first option is similar to how legacy RLM is handled for DAPS and can simply be done by gNB implementation if the gNB disables RACH configurations on all other BWPs. This way, there is no MAC impact and this condition can be captured only in RRC.
Observation 5: If there is only one BWP with RACH resources at the source link, the existing DAPS and LBT failure/recovery specification can be used to a great extent.
Based on this, we propose:
Proposal 5: For DAPS HO, the UE performs LBT failure detection and recovery at the source cell. BWP switching is disabled which can be achieved by configuring RACH resources only at the current BWP.
Proposal 6: For DAPS HO, if UL LBT failures occur at the source cell, the UE follows the same behaviour upon T310 expiration at the source cell.
[bookmark: _GoBack]Proposal 7: If Proposal 6 is agreed, add “upon LBT failure problem indication from source MCG MAC” in 5.3.10.3 in DAPS condition. 
The handling of target cell LBT failures can follow the legacy HO. In other words, the existing LBT failure detection and recovery can be used.
Proposal 8: For DAPS HO, UL LBT failure detection and recovery at the target cell follows the existing procedure in 38.321 and 38.331. No changes to the specifications are needed.
3. Conclusion
In this document, we discussed the handling of UL LBT failures during CHO, CPC, and DAPS and propose the following:
Proposal 1: Before the UE attempts CHO (or CPC) execution, the current UL LBT failure detection and recovery at the source cell is applicable. 
Proposal 2: After initiation of CHO (or CPC) execution attempt, UL LBT failure detection and recovery at the source cell is not used.
Proposal 3: The UE can perform CHO (or CPC) attempt while UL LBT failure detection and recovery is ongoing but before indicating the failure to upper layers.
Proposal 4: The UE can perform CHO attempt after RLF happens due to UL LBT failures at the source cell or at a target cell if the cell selected is a CHO attempt. The same UE capability is also applicable for this scenario.
Observation 1: Proposal 1, 2, 3, and 4 will not require any changes to the specifications.
Observation 2: For DAPS, RLF at the source cell cases only the stopping of reception and transmission with the source cell.
Observation 3: Only LBT failures on source PCell and target PCell need to be considered as SCells are not used during DAPS HO.
Observation 4: During DAPS HO, RACH at the source cell for LBT recovery will increase UE complexity and potentially reduce the performance gains of DAPS.
Observation 5: If there is only one BWP with RACH resources at the source link, the existing DAPS and LBT failure/recovery specification can be used to a great extent.
Proposal 5: For DAPS HO, the UE performs LBT failure detection and recovery at the source cell. BWP switching is disabled which can be achieved by configuring RACH resources only at the current BWP.
Proposal 6: For DAPS HO, if UL LBT failures occur at the source cell, the UE follows the same behaviour upon T310 expiration at the source cell.
Proposal 7: If Proposal 6 is agreed, add “upon LBT failure problem indication from source MCG MAC” in 5.3.10.3 in DAPS condition. 
Proposal 8: For DAPS HO, UL LBT failure detection and recovery at the target cell follows the existing procedure in 38.321 and 38.331. No changes to the specifications are needed.
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