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Introduction
During the last meeting [1], RAN4 decided that UE’s behavior should be clarified by referring to RAN2 spec and T304 timer when UE cannot transmit in UL. In this contribution, we mention which parts of RAN2 spec should be referred to clarify UE behavior in this scenario.
UE behaviour after HO failure due to UL LBT
RAN4 made the following agreements regarding HO during the previous meetings
	Agreement:
· The interruption time for NR FR1 – NR FR1 handover in NR-U:
Tinterrupt = Tsearch + TIU + [20] +  ms
where 
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = (1+ L1)* Trs + 2 ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥[-2] dB, then Tsearch = [(3+ L1´)* Trs + 2] ms where L1 and L1´ is the number of DRS occasions missed due to DL LBT during the intra-frequency and inter-frequency detection period, respectively.
T∆ is the time for fine time tracking and acquiring full timing information of the target cell. T∆ = (1+ L2) * Trs  ms where L2 is the number of DRS occasions missing at the UE due to DL LBT during the time tracking period.
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to: (1 + L3) * TSSB,RO + 10 ms where TSSB,RO is the SSB to PRACH occasion association period [3] and L3 is the number of PRACH occasions that are unavailable for PRACH transmission due to LBT failure.
Trs is the DRS periodicity of the target NR cell, details are FFS.
L1≤ L1,max, L´1≤ L´1,max, L2≤ L2,max, L3≤ L3,max, and the maximum values Li,max are TBD.
· FFS on UE behavior when L1 > L1,max, L´1 > L´1,max, L2> L2,max, or L3> L3,max




	Agreement:
· The description of interruption uncertainty of the handover procedure in NR-U should be clarified as: “TIU is the interruption uncertainty due to the random access procedure when sending PRACH to the new cell”
· wait for RAN2 decision on the UL LBT failure mechanism before making the requirements for TIU of the handover procedures in NR-U

Agreement:
· L3,max
· Do not define
· L1,max and L´1,max
· Do not define
· L2,max
· Do not define




RAN2 captured UL LBT failure mechanism in 38.321 in the following way:

	
[bookmark: _Toc20428314]5.15	Bandwidth Part (BWP) operation
Editor’s Note: In this section we expect some changes due to Consistent LBT failure handling.
In addition to clause 12 of TS 38.213 [6], this clause specifies requirements on BWP operation.
A Serving Cell may be configured with one or multiple BWPs, and the maximum number of BWP per Serving Cell is specified in TS 38.213 [6].
The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. The BWP switching is controlled by the PDCCH indicating a downlink assignment or an uplink grant, by the bwp-InactivityTimer, or by RRC signalling, or by the MAC entity itself upon initiation of Random Access procedure or upon detection of consistent uplink LBT failure on SpCell. Upon RRC (re-)configuration of firstActiveDownlinkBWP-Id and/or firstActiveUplinkBWP-Id for SpCell or activation of an SCell, the DL BWP and/or UL BWP indicated by firstActiveDownlinkBWP-Id and/or firstActiveUplinkBWP-Id respectively (as specified in TS 38.331 [5]) is active without receiving PDCCH indicating a downlink assignment or an uplink grant. The active BWP for a Serving Cell is indicated by either RRC or PDCCH (as specified in TS 38.213 [6]). For unpaired spectrum, a DL BWP is paired with a UL BWP, and BWP switching is common for both UL and DL.
Editor’s Note: Above impact from agreement “UL LBT failures are detected per BWP”, .

5.X.2 LBT failure detection and recovery procedure
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.
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 variables are 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>	if this Serving Cell is an SCell:
4>	declare consistent LBT failure for the active UL BWP;
4>	indicate to the Multiplexing and assembly entity to include an LBT failure MAC CE in the subsequent uplink transmission.
Editor’s Note: This captures agreement “When consistent uplink LBT failures are detected on an SCell, a new MAC CE to report this to the node where SCell belongs to is used.  FFS whether the MAC CE can be used to report failure on PCell”.
Editor’s Note: FFS if we need to limit this MAC CE transmission to other BWPs than the BWP where LBT failure is declared. 
FFS what the priority of this MAC CE shall be in the LCP. 
FFS if we need to handle case when there are no subsequent UL resources available. 
3>	else (i.e. SpCell):
4>	declare consistent LBT failure for the active UL BWP;
4>	if consistent LBT failure has been declared in all UL BWPs configured with PRACH occasions in this Serving Cell:
5>	indicate consistent LBT failure to upper layers.
Editor’s Note: This is for PCell or PSCell and shall trigger RLF if in PCell, or SCG RLF if in PSCell. Procedural text in section 5.3.10.3 of 38.331 is needed for this.
This captures three agreements 
“The UE shall perform RLF recovery if the consistent UL LBT failure was detected on the PCell and UL LBT failure was detected on “N” possible BWP.”,
“When consistent uplink LBT failures are detected on the PSCell, the UE informs MN via the SCG failure information procedure after detecting a consistent UL LBT failure on “N” BWPs.” and
““N” is the number of configured BWPs with configured PRACH resources.   If N is larger than one it is up to the UE implementation which BWP the UE selects.”.
4>	else:
5>	switch the active UL BWP to an UL BWP, in this Serving Cell, configured with PRACH occasion and for which consistent LBT failure has not been declared;
5>	perform the BWP operation as specified in clause 5.15;
5>	initiate a Random Access Procedure (as specified in clause 5.1.1).
Editor’s Note: This captures agreement “The UE switches to another BWP and initiates RACH upon declaration of consistent LBT failure on PCell or PSCell if there is another BWP with configured RACH resources.”.
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


RAN2 spec [2] shows that network can configure lbt-FailureInstanceMaxCount, the maximum number of LBT failures that UE should experience before starting LBT failure recovery mechanisms. Also, UE is supposed to return to idle mode after the expiration of T304 timer. 
RAN2 is currently discussing to make ‘LBT recovery mechanism’ a UE capability feature.
Observation 1: RAN2 specs show that network can configure lbt-FailureInstanceMaxCount, the maximum number of LBT failures that UE should experience before starting LBT failure recovery mechanisms.
Observation 2: UE is supposed to return to idle mode after the expiration of T304 timer.
Observation 3: RAN2 is currently discussing to make ‘LBT recovery mechanism’ a UE capability feature.

Based on this information, following scenarios may occur during handover:
Scenario 1- UE experiences lbt-FailureInstanceMaxCount LBT related backoffs before the expiration of T304 timer or before it attempts preambleTransMax PRACH attempts:
In this scenario, RAN2 spec clearly mentions that UE will perform LBT failure recovery procedure after it fails to transmit RACH lbt-FailureInstanceMaxCount times due to LBT related backoff.
Scenario 2 – T304 timer expires or UE runs out before it experiences lbt-FailureInstanceMaxCount LBT related backoffs:
In this scenario, UE should return to idle mode after the expiration of T304 timer.
Scenario 3 – UE fails to transmit PRACH preambleTransMax times before it experiences lbt-FailureInstanceMaxCount LBT related backoffs:
In this scenario, UE should stop trying to transmit PRACH after preambleTransMax attempts and return to idle mode after the expiration of T304 timer.

Proposal 1:
· The UEs that support UL LBT failure recovery feature, take one of the following two steps:
· perform LBT failure recovery procedure (as shown in 38.321) if they experience lbt-FailureInstanceMaxCount backoffs due to LBT before the expiration of T304 timer or 
· return to idle mode after the expiration of T304 timer if they don't experience lbt-FailureInstanceMaxCount backoffs due to LBT before the expiration of T304 timer.

· The UEs that don’t support UL LBT failure recovery feature try to transmit PRACH up to preambleTransMax attempts and return to idle mode after the expiration of T304 timer.


Conclusion
Observation 1: RAN2 specs show that network can configure lbt-FailureInstanceMaxCount, the maximum number of LBT failures that UE should experience before starting LBT failure recovery mechanisms.
Observation 2: UE is supposed to return to idle mode after the expiration of T304 timer.
Observation 3: RAN2 is currently discussing to make ‘LBT recovery mechanism’ a UE capability feature.
Proposal 1:
· The UEs that support UL LBT failure recovery feature, take one of the following two steps:
· perform LBT failure recovery procedure (as shown in 38.321) if they experience lbt-FailureInstanceMaxCount backoffs due to LBT before the expiration of T304 timer or 
· return to idle mode after the expiration of T304 timer if they don't experience lbt-FailureInstanceMaxCount backoffs due to LBT before the expiration of T304 timer.

· The UEs that don’t support UL LBT failure recovery feature try to transmit PRACH up to preambleTransMax attempts and return to idle mode after the expiration of T304 timer.
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