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1. Introduction
RAN2#107 has agreed on a baseline mechanism for the detection and recovery of consistent uplink LBT failures as follows:

· L2 LBT failure mechanism take into account any LBT failure regardless UL transmission type. 

· The UL LBT failure mechanism will have the same recovery mechanism for all failures regardless UL transmission type

· UL LBT failures are detected per BWP

· The UE will report the occurrence of consistent UL LBT failures on PSCell and SCells. The assumption is to reuse SCell failure reporting for BF

Baseline Mechanism, further enhancements not precluded: 

· A “threshold” for the maximum number of LBT failures which triggers the “consistent” LBT failure event will be used. 

· Both a timer and a counter are introduced, the counter is reset when timer expires and incremented when UL LBT failure happens

· The timer is started/restarted when UL LBT failure occur. 

Further progress was made in RAN2#107bis on the recovery mechanism:

Agreements:

1. MAC relies on reception of a notification of UL LBT failure from the physical layer to detect a consistent UL LBT failure.  
2. 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.    

3. 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.   “ 

4. 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.   

5. “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.  

6. 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

There were still some open issues which were not resolved in RAN2#107bis as well as some which surfaced during the drafting of the NR-U running CRs.
In this contribution, we discuss the open issues on the detection and recovery for consistent UL LBT failure mechanism and suggest resolutions.
2. Discussion
It was agreed that, for primary cells (PCell or PSCell), if the consistent failures are detected on the UE’s existing UL BWP, the UE will switch to another BWP for recovery. The selection of the BWP to switch, if more than one is available, was left to the UE implementation. The UE will declare RLF only when after “N” switches where N is the number of BWPs configured with RACH resources. 
One interpretation of the agreement on BWP switches was that the UE should try all BWPs with RACH resources. A second interpretation is that the UE can try any of them, some multiple, but the number of switches should be equal to N. The confusion arises due to the tying of number of switches to the number of BWPs with RACH resources.
In some cases, there is no point in trying a different BWP. For example, if the other BWP is in the same sub-band as the failed one, UL LBT failures will very likely happen in that one as well. This can also happen even if the other BWP spans other sub-bands but RACH resources are located in the same sub-band where UL LBT failures happened.
Observation 1: Switching to a BWP in the same sub-band or which has RACH resources in the same sub-band as the failed BWP will very likely result in UL LBT failures again.
Proposal 1: The UE should not be required to try all BWPs with RACH resources before declaring RLF.
There can be several options to optimize switching to other BWPs in the increasing order of network control:
1. The number of switches is left to UE implementation.
2. The network configures the number of switches allowed (could be minimum, maximum, or exact).
3. The network configures which BWPs can be considered for switching (with possibly a priority order for each BWP)

a. Possibly allowing multiple switches for some BWPs

For uplink, the UE can have better knowledge of the interference (due to hidden nodes) on different sub-bands. A good UE implementation can switch to e.g. a BWP with the lowest interference or farthest sub-band if this information is not available. Therefore, our preference is not to over-specify this behaviour and go with Option 1.
Proposal 2: The number of BWP switches before declaring RLF is left to UE implementation.
If RAN2 decides on NW configuration or a specified number for BWP switches, the procedure on updating the number should be clarified. If the UE is able to perform RACH successfully on a BWP, this number should be reset.

Proposal 3: The counter for the BWP switches is set to 0 when RACH is successful on a switched BWP.
When the UE switches to another BWP with RACH resources, the RACH procedure may not complete successfully either due to reaching maximum number of msg1 attempts (preambleTransMaxI) or declaring UL LBT failures. Which one comes first will depend on the configuration parameters for RACH and LBT failure. Then the question is whether to have the same recovery or not. If we follow the current RAN2 agreements on UL LBT failure and legacy RACH procedure, the UE will switch to another BWP for the first case and declare RLF for the second case. Another alternative would be to continue switching to another BWP, if possible, when the RACH is initiated for LBT failure recovery. This has more impact on the specification and UE procedures, so it is preferable to confirm the first behaviour.
Proposal 4: UE declares RLF upon RACH failure when it performs RACH on a second BWP after failure on a first BWP 

For the failure on PSCell, it was agreed to use the SCG failure reporting to inform the network. One question is what kind of failure indication the UE should use. If there isn’t another BWP to switch, the UE can’t use any of the existing ones which are printed below. The same is also true if UL LBT failures are detected on the switched BWP before RACH failure. If RACH failure happens first, it is reasonable to use the “randomAccessProblem” as in legacy. For UL LBT failures case, a new cause value is needed.
failureType                                    ENUMERATED {

                                                           t310-Expiry, randomAccessProblem,

                                                           rlc-MaxNumRetx,

                                                           synchReconfigFailureSCG, scg-ReconfigFailure,

                                                           srb3-IntegrityFailure,  spare2, spare1},

Proposal 5: Introduce a new “failureType” to be included in SCG failure information for consistent UL LBT failures.

RAN2 also did not conclude whether to use MAC CE to report the UL LBT failure on a BWP for PCell when RACH on a switched BWP is successful. This can be useful information to the NW to identify hidden node problems. As a MAC CE is being introduced for SCell failure reporting, its design can be flexible to also support this use case.

Proposal 6: The UE sends the list of BWPs where UL LBT failures happened when RACH is successful on a switched BWP.

For reporting the failures on SCell, the agreement is “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”. It is not clear from this agreement whether the UE can send this MAC CE on any cell. 

For BFR on SCells, the UE can send the MAC CE on any SCell. This is reasonable as beam failure is a downlink problem and uplink can still be fine. For UL LBT failures, the UE should not attempt to report the failure on an SCell if it is in the same sub-band as the BWP which the failure occurred. The choice can be left to UE implementation with the understanding that the UE may for example prefer to send the MAC CE on a configured grant on an SCell later where failures are less likely to occur (e.g. different or farther sub-bands). 
Proposal 7: For reporting of UL LBT failures on SCell, the choice of which SCell and grant to use is left to the UE implementation.

In Rel-16, as part of the DCCA WI, MCG failure recovery is being introduced. This allows the UE to send the MCG failure to MN via SN if this link is available. When UL LBT failures happen on PCell after BWP switching, the UE will declare RLF. This case should also be allowed for MCG recovery.
Proposal 8: When consistent UL LBT failures occur on PCell and UE declares RLF, MCG recovery for DC is allowed.
3. Conclusion

In this contribution, we discussed the remaining details for the consistent UL LBT failure mechanism and propose the following:
Observation 1: Switching to a BWP in the same sub-band or which has RACH resources in the same sub-band as the failed BWP will very likely result in UL LBT failures again.

Proposal 1: The UE should not be required to try all BWPs with RACH resources before declaring RLF.
Proposal 2: The number of BWP switches before declaring RLF is left to UE implementation.
Proposal 3: The counter for the BWP switches is set to 0 when RACH is successful on a switched BWP.
Proposal 4: UE declares RLF upon RACH failure when it performs RACH on a second BWP after failure on a first BWP 

Proposal 5: Introduce a new “failureType” to be included in SCG failure information for consistent UL LBT failures.

Proposal 6: The UE sends the list of BWPs where UL LBT failures happened when RACH is successful on a switched BWP.

Proposal 7: For reporting of UL LBT failures on SCell, the choice of which SCell and grant to use is left to the UE implementation.

Proposal 8: When consistent UL LBT failures occur on PCell and UE declares RLF, MCG recovery for DC is allowed.
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