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Introduction
[bookmark: _Hlk528065575]RAN4 LS R4-2002282 [1], RAN4 has asked RAN2 the below questions:
· Is there currently support in RAN2 specifications for the UL LBT failure detection/recovery procedure for PRACH transmissions in the target cell during the following procedures: 
· handover, 
· RRC re-establishment, 
· RRC release with redirection, and
· PSCell addition?
· If not yet supported, is RAN2 still considering introducing such support in Rel-16?
· If the UL LBT failure detection/recovery in the target cell is or to be supported in Rel-16, is it mandatory for all UEs supporting NR-U operation or is it a UE capability?

Accordingly, as a reply to the RAN4 LS, RAN2 made the agreements in RAN2#109bis regarding whether LBT failure detection and recovery procedure can be applied in the target cell during a handover:

· 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
· 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.  

Here we study whether there is any technical issue regarding LBT failure detection and recovery in a handover procedure with DAPS and/or CHO. 
Discussion
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[bookmark: _Ref15897051][bookmark: _Ref11048504]Figure 1 User plane stack for Dual Active Protocol Stack (DAPS) on the UE side
In case of DAPS handover, the UE continues the downlink user data reception from the source gNB until releasing the source cell and continues the uplink user data transmission to the source gNB until successful random access procedure to the target gNB.
In case that DAPS is applied for unlicensed scenarios, the UE may be configured to perform UL LBT failure handling in the source cell. The UE may detect consistent UL LBT failures in the active BWP of the source cell while the UE is connecting to the target cell during the handover. Upon declaration of consistent UL LBT failure in the active BWP of the source cell, the UE would then initiate a RACH procedure in a different BWP with RACH resources in the source cell. Thus, during the handover the UE may initiate two parallel RACH procedures which are overlapping in time. If RACH occasions in both cells are overlapping in time, the UE would have to split power between the two procedures. This may negatively affect the RACH coverage and the gNB may not be able to receive the preamble transmissions.

[bookmark: _Toc40973761]In case of DAPS handover, UE may detect consistent LBT failure in the serving cell while the handover is on-going, which may cause the UE to start two simultaneous RACH procedures, this may negatively affect the RACH coverage performance.
To solve this issue, the UE can suspend LBT failure detection and recovery procedure in the source cell during DAPS handover. 

[bookmark: _Toc40973762]To avoid parallel RACH procedures, the UE may suspend LBT failure detection and recovery procedure in the source cell during DAPS handover.
When the UE experience consistent LBT failure in the source cell, the UE may not be able to provide RLC status report in uplink in time for the received DL RLC AM PDUs. The source cell may re-establish RLC to resolve the situation. However, this issue can be avoided since the gNB is able to detect this issue via monitoring of DL RLC retransmissions. The gNB can assume that the UE have been experiencing uplink LBT failures if the UE cannot provide RLC status report for a time period after the gNB has sent a poll bit. Thereafter, the gNB may either order the UE to switch to another BWP or stop DL transmission to the UE in the source cell.  

[bookmark: _Toc40973763]The gNB can detect when the UE is experiencing consistent uplink LBT failure via monitoring DL RLC retransmission in the cell. Thereafter, the gNB may either order the UE to switch to another BWP or stop DL transmission to the UE in the source cell.
If the handover fails and the UE stays in the source cell, the UE can resume the LBT failure handling mechanism in the source cell.

Proposal 1 [bookmark: _Toc40791762][bookmark: _Toc40973768]During DAPS handover, the UE shall perform the below actions
a. [bookmark: _Toc40973769]suspend LBT failure detection and recovery procedure in the source cell
b. [bookmark: _Toc40973770]if the DAPS handover fails and the UE stays in the source cell, the UE shall resume LBT failure detection and recovery in the source cell.

In case of non-DAPS CHO, there is no technical issue expected, since the UE will handle LBT detection and recovery as during a normal handover, which was agreed by RAN2 in RAN2#109bis.
In case of DAPS combined with CHO, the issue will be the same as for DAPS without CHO, and a solution has been covered in P1.

[bookmark: _Toc40973764]There is no technical issue observed in case of CHO.

Text proposal is provided below.

[bookmark: _Ref189046994]Text Proposal to the MAC spec
[bookmark: _Toc37296246][bookmark: _Toc29239861][bookmark: _Toc37296223]5.21.2	LBT failure detection and recovery procedure
[bookmark: _Hlk19608713]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, from the lower layers to the MAC entity. During DAPS handover, the UE shall suspend LBT failure detection and recovery in the source cell. If the DAPS handover fails and the UE stay in the source cell, the UE shall resume LBT failure detection and recovery in the source cell.
RRC configures the following parameters in the lbt-FailureRecoveryConfig:
-	lbt-FailureInstanceMaxCount for the consistent LBT failure detection;
-	lbt-FailureDetectionTimer for the consistent LBT failure detection;
The following UE variable is used for the consistent LBT failure detection procedure:
-	LBT_COUNTER: counter for LBT failure indication which is initially set to 0.
For each activated Serving Cell configured with lbt-FailureRecoveryConfig, the MAC entity shall:
1>	if LBT failure indication has been received from lower layers:
2>	start or restart the lbt-FailureDetectionTimer;
2>	increment LBT_COUNTER by 1;
2>	if LBT_COUNTER >= lbt-FailureInstanceMaxCount:
3>	trigger consistent LBT failure for the active UL BWP in this Serving Cell;
[bookmark: _Hlk26362676]3>	if this Serving Cell is the SpCell:
4>	if consistent LBT failure has been triggered in all UL BWPs configured with PRACH occasions on same carrier in this Serving Cell:
5>	indicate consistent LBT failure to upper layers.
4>	else:
[bookmark: _Hlk34157513]5>	stop any ongoing Random Access procedure in this Serving Cell;
5>	switch the active UL BWP to an UL BWP, on same carrier in this Serving Cell, configured with PRACH occasion and for which consistent LBT failure has not been triggered;
5>	initiate a Random Access Procedure (as specified in clause 5.1.1).
1>	if the lbt-FailureDetectionTimer expires; or
1>	if lbt-FailureDetectionTimer or lbt-FailureInstanceMaxCount is reconfigured by upper layers:
2>	set LBT_COUNTER to 0.
The MAC entity shall:
1>	if consistent LBT failure has been triggered, and not cancelled, in the SpCell; and
1>	if UL-SCH resources are available for a new transmission in the SpCell and these UL-SCH resources can accommodate the LBT failure MAC CE plus its subheader as a result of logical channel prioritization:
2>	instruct the Multiplexing and Assembly procedure to generate the LBT failure MAC CE.
1>	else if consistent LBT failure has been triggered, and not cancelled, in at least one SCell:
2>	if UL-SCH resources are available for a new transmission in a Serving Cell for which consistent LBT failure has not been triggered and these UL-SCH resources can accommodate the LBT failure MAC CE plus its subheader as a result of logical channel prioritization:
3>	instruct the Multiplexing and Assembly procedure to generate the LBT failure MAC CE.
2>	else:
3>	trigger a Scheduling Request for LBT failure MAC CE.
[bookmark: _Hlk27579438]1>	if a MAC PDU is transmitted and this PDU includes the LBT failure MAC CE:
2>	cancel the triggered consistent LBT failure in SCell(s) indicating consistent LBT failure in the transmitted LBT failure MAC CE.
[bookmark: _Hlk34745434]1>	if consistent LBT failure is triggered and not cancelled in the active UL BWP of the SpCell; and
[bookmark: _Hlk34411978]1>	the Random Access procedure is considered successfully completed (see clause 5.1) in the SpCell:
2>	cancel the triggered consistent LBT failure(s) in the SpCell.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In case of DAPS handover, UE may detect consistent LBT failure in the serving cell while the handover is on-going, which may cause the UE to start two simultaneous RACH procedures, this may negatively affect the RACH coverage performance.
Observation 2	To avoid parallel RACH procedures, the UE may suspend LBT failure detection and recovery procedure in the source cell during DAPS handover.
Observation 3	The gNB can detect when the UE is experiencing consistent uplink LBT failure via monitoring DL RLC retransmission in the cell. Thereafter, the gNB may either order the UE to switch to another BWP or stop DL transmission to the UE in the source cell.
Observation 4	There is no technical issue observed in case of CHO.


Based on the discussion in the previous sections we propose the following:
Proposal 1	During DAPS handover, the UE shall perform the below actions
a.	suspend LBT failure detection and recovery procedure in the source cell
b.	if the DAPS handover fails and the UE stays in the source cell, the UE shall resume LBT failure detection and recovery in the source cell.
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