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Introduction
[bookmark: _Hlk528065575]For operation in unlicensed spectrum, LBT-operation may be applied prior to any transmission.  Due to LBT failures in DL transmissions, a UE may miss the reception of RLM RSs. Due to LBT failures in UL transmissions, a UE may not be able to perform an uplink transmission in time. For either of reasons, additional latency may be incurred for the UE to be able to detect an RLF in time. Therefore, we may need to take the impact of LBT failures into account and make necessary enhancements to the existing RLM/RLF procedure for NR-U. 
In RAN2#105 bis, RAN2 has made below agreements regarding UL LBT failure handling.
Adopt a mechanism in MAC spec to handle the UL LBT failure, where “consistent” UL LBT failures (at least for UL transmissions of SR, RACH, PUSCH) are used for problem detection
In RAN2#106, companies have noted below remaining aspects for further discussions.

Detection of Consistent LBT failure 
- 	Counter + counter reset criteria (not timer)
- 	Counter + timer

Recovery Action
a) Separately for SR, PUSCH and RACH
b) Common for all UL transmissions. 
 
In this paper we further discuss how to design the procedure by incorporating the above RAN2 agreements. The discussions focus on the UL transmissions.
[bookmark: _Ref1046415]Discussions
Detection of UL LBT failures
In RAN2#106, companies have discussed two alternatives for detection of UL LBT failures, which are highlighted as below
Detection of Consistent LBT failure 
Alt.1:	Counter + counter reset criteria (not timer)
Alt. 2 	Counter + timer

The discussions mainly focused on whether a timer is needed in addition to the counter for UL LBT failures.  Companies have pointed out that a UE may take an unknown time before an RLF is triggered upon occurrence of consecutive UL LBT failures. It is particularly true in case the UE has infrequent data transmissions. An additional timer would be beneficial in this case to mitigate the delay. However, we think it is unnecessary to define an additional timer in addition to the counter due to the below reasons:
1) It is unnecessary to trigger a fast recovery due to RLF for a UE with little data demand. If the traffic is latency sensitive, the counter can be set with a small value to trigger the recovery action faster.
2) Compared to Alternative 1, it is more complicated to maintain an additional timer for handling consistent UL LBT failures. The timer value would depend on both data activities and QoS requirements. 

Therefore, it is sufficient to define only a counter for monitoring of UL LBT failures. In this way, if the number of consecutively occurred LBT failures reaches a maximum number (which is configured by the network), a UL LBT problem can be declared. Therefore, we make the below proposal.

[bookmark: _Toc1047899][bookmark: _Toc1078906][bookmark: _Toc3982522][bookmark: _Toc6401819][bookmark: _Toc6478687][bookmark: _Toc6478713][bookmark: _Toc7597796][bookmark: _Toc7680790][bookmark: _Toc7717980][bookmark: _Toc7736586][bookmark: _Toc10808765][bookmark: _Toc14942162][bookmark: _Toc16068676][bookmark: _Toc16688015][bookmark: _Toc16700577][bookmark: _Toc16717708][bookmark: _Toc16789591][bookmark: _Toc16803522]Define a counter for UL LBT failure monitoring, e.g., upon a maximum number of consecutive UL LBT failures has been reached, the UE declares a UL LBT problem. 
According to the RAN2 agreement, at least for UL transmissions including SR, RACH, PUSCH are used for problem detection. In addition, we think UL transmissions such as PUCCH-UCI and SRS are also needed to be considered. A LBT failure may occur for any UL transmission if the UE has to perform LBT to grasp the channel if there is no existing COT to share for the UE.  

[bookmark: _Toc6478688][bookmark: _Toc6478714][bookmark: _Toc7597797][bookmark: _Toc7680791][bookmark: _Toc7717981][bookmark: _Toc7736587][bookmark: _Toc10808766][bookmark: _Toc14942163][bookmark: _Toc16068677][bookmark: _Toc16688016][bookmark: _Toc16700578][bookmark: _Toc16717709][bookmark: _Toc16789592][bookmark: _Toc16803523]All UL transmissions including RACH, SRS, PUCCH and PUSCH are considered for LBT problem detection. 

In addition, once a UE starts to transmit after success of LBT operation, the UE resets the counter. In this case, the channel may have recovered from LBT failures. A threshold of consecutive UL transmissions may be defined to secure the decision. In other words, the UE can reset the counter for LBT failures if the UE has made a configured number of consecutive UL transmissions with successful LBT.

[bookmark: _Toc6478689][bookmark: _Toc6478715][bookmark: _Toc7597798][bookmark: _Toc7680792][bookmark: _Toc7717982][bookmark: _Toc7736588][bookmark: _Toc10808767][bookmark: _Toc16688017][bookmark: _Toc16700579][bookmark: _Toc16717710][bookmark: _Toc16789593][bookmark: _Toc14942164][bookmark: _Toc16068678][bookmark: _Toc16803524]UE resets the counter of UL LBT failures if UE has made a configured number of consecutive UL transmissions with successful LBT. 

It may be beneficial to maintain the counter per channel access category and per CAPC (for category 4 channel access-based transmissions). In this case, services or transmissions with higher priority levels may trigger “consistent UL LBT failure” earlier than other services/transmissions with lower priority levels. To achieve this differentiation, different values of counters can be applied accordingly. 
[bookmark: _Toc3982523][bookmark: _Toc6401820][bookmark: _Toc6478690][bookmark: _Toc6478716][bookmark: _Toc7597799][bookmark: _Toc7680793][bookmark: _Toc7717983][bookmark: _Toc7736589][bookmark: _Toc10808768][bookmark: _Toc14942165][bookmark: _Toc16068679][bookmark: _Toc16688018][bookmark: _Toc16700580][bookmark: _Toc16717711][bookmark: _Toc16789594][bookmark: _Toc16803525]Support differentiation of UL LBT failure handling between transmissions with different channel access categories and channel access priority classes. 

Recovery actions upon detection of UL LBT failures
In RAN2#106, some companies proposed that the UE need to make different recovery actions for SR, RACH and PUSCH separately [1].  For instance, it is noted in [1]
For SR procedure, as the SR counter is not increased when SR is not transmitted due to LBT failure, it seems reasonable that continuous UL LBT on the SR resources should trigger RACH other than RLF like in legacy NR, since it is possible that the PRACH resource and the SR resource are on different LBT sub-channels. If not, it could switch to another BWP to perform RACH there.
While, the above augments don’t motivate for application of different recovery actions for different channels/procedures. If a UE experiences LBT problem for a SR procedure in a BWP, the UE would also experience LBT problem for other UL transmissions/procedures. Therefore, the same recovery action should be applied for consistent UL LBT failure declared by any UL transmission. doesn’t distinguish between channels/procedures. No further separation between different UL transmission types (i.e., transmissions on RACH, SRS, PUCCH and PUSCH respectively) is needed.
[bookmark: _Toc10808769][bookmark: _Toc14942166][bookmark: _Toc16068680][bookmark: _Toc16688019][bookmark: _Toc16700581][bookmark: _Toc16717712][bookmark: _Toc16789595][bookmark: _Toc16803526]The UE applies the same recovery actions upon detection of consistent UL LBT failures regardless of UL transmission (i.e., transmission on RACH, SRS, PUCCH, PUSCH etc).

If the active BWP comprises several LBT subbands, it is sufficient for the UE to keep a common counter across LBT subbands with the same BWP. In other words, an UL LBT problem is only declared in case the number of LBT failures from all LBT subbands has reached a predefined counter. 
[bookmark: _Toc10808770][bookmark: _Toc14942167][bookmark: _Toc16068681][bookmark: _Toc16688020][bookmark: _Toc16700582][bookmark: _Toc16717713][bookmark: _Toc16789596][bookmark: _Toc16803527]The UE keeps a common counter for all LBT subbands within a BWP.

The UE may be configured with several BWPs, UL LBT failure handling should be operated per BWP, since different BWP may have different state of channel occupancy. 
[bookmark: _Toc14942168][bookmark: _Toc16068682][bookmark: _Toc16688021][bookmark: _Toc16700583][bookmark: _Toc16717714][bookmark: _Toc16789597][bookmark: _Toc16803528]UL LBT failure handling should be maintained per BWP.

If the UE experiences LBT problems in its current active BWP, the UE may initiate a RA on an inactive BWP indicating LBT problems. Upon reception of the RA, the gNB can decide if the UE needs to switch to another BWP. The gNB can reply with a DCI or an RRC reconfiguration indicating the new BWP which may be a different one from which the UE has transmitted the RA in.  If there are no PRACH occasions configured on any inactive BWP, the UE can switch to the initial BWP to start a RACH procedure. After switching to the new active BWP, the UE can reset the counter for LBT problem detection.

[bookmark: _Toc6478693][bookmark: _Toc6478719][bookmark: _Toc7597800][bookmark: _Toc7680794][bookmark: _Toc7717984][bookmark: _Toc7736590][bookmark: _Toc10808772][bookmark: _Toc14942169][bookmark: _Toc16068683][bookmark: _Toc16688022][bookmark: _Toc16700584][bookmark: _Toc16717715][bookmark: _Toc16789598][bookmark: _Toc16803529]The UE initiates a RA on an inactive BWP if the UE has detected a UL LBT problem in its active BWP.  If there are no PRACH occasions configured on any inactive BWP, the UE can switch to the initial BWP to start a RACH procedure.

If the UE has detected LBT problems for all configured BWPs, the UE may declare an RLF for the cell and trigger RRC connection reestablishment. 
[bookmark: _Toc7597801][bookmark: _Toc7680795][bookmark: _Toc7717985][bookmark: _Toc7736591][bookmark: _Toc10808773][bookmark: _Toc14942170][bookmark: _Toc16068684][bookmark: _Toc16688023][bookmark: _Toc16700585][bookmark: _Toc16717716][bookmark: _Toc16789599][bookmark: _Toc16803530]The UE declares an RLF for the cell if the UE has detected LBT problem for all configured BWPs.
For a UE configured with SCells, if the UE has detected UL LBT problem in one carrier, the UE may inform the gNB which may take appropriate actions, for example, to inactivate or de-configure the cell where the UL LBT problem has been detected.
[bookmark: _Toc6478695][bookmark: _Toc6478721][bookmark: _Toc7597803][bookmark: _Toc7680797][bookmark: _Toc7717987][bookmark: _Toc7736593][bookmark: _Toc10808775][bookmark: _Toc14942171][bookmark: _Toc16068685][bookmark: _Toc16688024][bookmark: _Toc16700586][bookmark: _Toc16717717][bookmark: _Toc16789600][bookmark: _Toc16803531]The UE configured with SCells indicate UL LBT problem to the gNB for a serving cell in which an UL LBT problem has been detected on a different cell. 

For a UE is configured with DC: Similar as SCG RLF report procedure, the UE can report SCG LBT problem to the gNB when the UE has experienced UL LBT failures consecutively up to a maximum number (which is configured by the network) in SCG.

[bookmark: _Toc6478696][bookmark: _Toc6478722][bookmark: _Toc7597804][bookmark: _Toc7680798][bookmark: _Toc7717988][bookmark: _Toc7736594][bookmark: _Toc10808776][bookmark: _Toc14942172][bookmark: _Toc16068686][bookmark: _Toc16688025][bookmark: _Toc16700587][bookmark: _Toc16717718][bookmark: _Toc16789601][bookmark: _Toc16803532][bookmark: _Toc6478723]The UE reports SCG LBT problems to the MCG if the UE has experienced UL LBT failures consecutively up to a maximum number in SCG. 
[bookmark: _Toc6478697]
Protocol aspects
RAN2 has already agreed to model the LBT failure handling in MAC, meaning that the PHY layer may need to inform every LBT outcome to the MAC.  In addition, in case some transmissions such as SRS transmissions triggered by the UE PHY itself without being scheduled by the gNB would be invisible to the MAC layer. The PHY would also need to inform such information to the MAC layer. As a result, this may impose more design complexity for LBT failure handling on the MAC. 
Instead, it may be better to model LBT failure handling in the PHY layer, i.e., captured in the RRC spec, since the LBT procedure is performed in the PHY layer. This would require RAN2 to revert the previous agreement. Therefore, we suggest RAN2 to study if it is necessary to model UL LBT failure handling in RRC instead of MAC. 

[bookmark: _Toc14942173][bookmark: _Toc16068687][bookmark: _Toc16688026][bookmark: _Toc16700588][bookmark: _Toc16717719][bookmark: _Toc16789602][bookmark: _Toc16803533]RAN2 studies if it is necessary to model UL LBT failure handling in RRC instead of MAC. 

There is an accompanying CR to the stage 2 spec [2].

[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
[bookmark: _Hlk528066049][bookmark: _Hlk528066018]
Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	Define a counter for UL LBT failure monitoring, e.g., upon a maximum number of consecutive UL LBT failures has been reached, the UE declares a UL LBT problem.
Proposal 2	All UL transmissions including RACH, SRS, PUCCH and PUSCH are considered for LBT problem detection.
Proposal 3	UE resets the counter of UL LBT failures if UE has made a configured number of consecutive UL transmissions with successful LBT.
Proposal 4	Support differentiation of UL LBT failure handling between transmissions with different channel access categories and channel access priority classes.
Proposal 5	The UE applies the same recovery actions upon detection of consistent UL LBT failures regardless of UL transmission (i.e., transmission on RACH, SRS, PUCCH, PUSCH etc).
Proposal 6	The UE keeps a common counter for all LBT subbands within a BWP.
Proposal 7	UL LBT failure handling should be maintained per BWP.
Proposal 8	The UE initiates a RA on an inactive BWP if the UE has detected a UL LBT problem in its active BWP.  If there are no PRACH occasions configured on any inactive BWP, the UE can switch to the initial BWP to start a RACH procedure.
Proposal 9	The UE declares an RLF for the cell if the UE has detected LBT problem for all configured BWPs.
Proposal 10	The UE configured with SCells indicate UL LBT problem to the gNB for a serving cell in which an UL LBT problem has been detected on a different cell.
Proposal 11	The UE reports SCG LBT problems to the MCG if the UE has experienced UL LBT failures consecutively up to a maximum number in SCG.
Proposal 12	RAN2 studies if it is necessary to model UL LBT failure handling in RRC instead of MAC.
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