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According to the RAN2#107bis meeting discussion on the UL LBT failure, RAN2 made the following agreements:
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

In this contribution, we discuss the remaining issues for the UL LBT failure.

Discussion
UL LBT failure detection
Regarding how to configure the LBT failure detection parameters (i.e. maximum value for the UL LBT counter and timer), as RAN2 agreed that the UL LBT failures are detected per BWP. We think that the configuration of the UL LBT failure detection should be per BWP.
Proposal 1: The configuration (i.e. maximum value for the UL LBT counter and timer) of uplink LBT detection is per BWP.
According to the MAC specification for the BFR, the BFI_COUNTER resets when the beam failure detection configuration is reconfigured. From our understanding, the same principle of the BFR can be reused also for the UL LBT failure detection.
	38.321 [1]:
1>	if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers:
2>	set BFI_COUNTER to 0.


Proposal 2: The UE resets the UL LBT failure counter and timer when the configuration of the uplink LBT detection is changed.
According to the above Proposal 1 and 2, when the UE switches its active BWP, this means that the configuration for the UL LBT failure is changed/reconfigured, then there is no need to capture the extra UE behaviour to reset UL LBT failure counter and timer upon BWP switching.
Observation 1: The specification does not need to capture the extra UE behaviours of resetting UL LBT failure counter and timer upon BWP switching if Proposal 2 is agreed.

BWP switching at UL LBT failure
Although RAN2 agreed to allow the UE switching its active BWP to another BWP due to the UL LBT failure and counting the number of BWP switching due to the UL LBT failure, however it is still not very clear how the UE counts the number of BWP switching due to UL LBT failure. For example, even after the successful BWP switching (i.e. after the successful RACH to the target BWP), the UE could still increment the BWP_SWITCH_COUNTER if the UL LBT failure occurs in the target BWP. It seems that we should avoid incrementing the BWP_SWITCH_COUNTER without a proper resetting of the BWP_SWITCH_COUNTER. Here we consider that the BWP_SWITCH_COUNTER should reset when the RACH is successfully completed at the target BWP, to avoid the unnecessary counting of the BWP_SWITCH_COUNTER due to the UL LBT failure at the target BWP.
Proposal 3: The UE resets the BWP switching counter when the RACH on the target BWP is successfully completed.
MAC CE of SCell LBT failure
According to the SCell BFR MAC CE discussion in eMIMO, RAN2 made the following agreements:
Agreements:
1. The Scell beam failure detection is per cell.
2. Each DL BWP of a SCell can be configured with an independent SCell BFR configuration (the content is FFS)
3. One SR ID is configured for BFR within the same cell group.
4. The SCell BFRQ MAC CE triggers a SCell BFRQ SR if there is no valid uplink grant which can accommodate the SCell BFRQ MAC CE.
5. FFS whether the transmission of the SCell BFRQ MAC CE cancels the pending BFRQ SR of the failed SCell(s).(depends whether the MAC CE provides info for one or more Scells)
6. When the number of the BFRQ SR transmission reaches the sr-TransMax, the UE triggers a RACH procedure (i.e. reuse Rel-15 behaviour)
The intention of introducing the SR for SCell BFRQ MAC CE is to faster transmission of the SCell BFRQ MAC CE by allowing the UE to request the UL grant. Here we consider that the same scheme can be re-used for the UL LBT failure MAC CE. The delay of the UL LBT failure MAC CE would cause a very long packet transmission delay of the uplink and the more packet loss of the DL due to the lack of the UL feedbacks.
Proposal 4: A dedicated SR is configured for the SCell LBT Failure MAC CE, as the SCell BFRQ MAC CE of Rel-16 eMIMO. 
Regarding the UL grant to be used for the SCell LBT Failure MAC CE, we consider that the UL grant in the cell with UL LBT failure should not be selected. Otherwise the transmission of the SCell LBT Failure MAC CE will be blocked.
Proposal 5: The UL grant of the cell with UL LBT failure should not be selected for the transmission of the SCell LBT Failure MAC CE.
Regarding the content of the MAC CE, we consider that the simultaneous UL LBT failures on multiple SCell would be rare. Then it would be sufficient to allow one MAC CE to indicate one SCell index. As the network could also switches the UE’s BWP when the UL LBT failure occurs in the SCell, the UE should report the BWP index to the network. Otherwise the BWP which has UL LBT failure may not be aligned between the UE and the network.
Proposal 6: The SCell UL LBT Failure MAC CE includes one failed SCell index and the failed BWP index.
LBT failure indication for PCell LBT failure
As RAN2 agreed that the UE could switches its BWP and initiate RACH in the target BWP due to the UL LBT failure in a PCell/PSCell BWP, then the MAC specification would allow the UE to autonomously switch its BWP due to the following two cases:
· Case 1: UL LBT failure.
· Case 2: RACH is triggered, but the PRACH resource is not configured on the active BWP.
If there is no indication from the UE, the network is not be able to know whether the BWP switching is caused by Case 1 or Case 2. Then the network could switch the UE back to the previously UL-blocked BWP. Here we consider that there are two ways for the UE to indicate its UL LBT failure to the network:
· Option 1: Indicate the LBT failure via MAC CE or RRC
· Option 2: Indicate the LBT failure via a dedicated uplink resource (e.g. PRACH)
Proposal 7: At the BWP switching due to the UL LBT failure, the UE indicates its UL LBT failure via dedicated uplink resource (e.g. PRACH), MAC CE or RRC message.
According to the existing agreement, the PRACH procedure is initiated to notify the UL BWP switch due to LBT failure. This requires that the PRACH resources are configured and that the gNB keeps monitoring the PRACH in each candidate UL BWP, which means not only PRACH resource overhead but also power consumption for PRACH monitoring in gNB. 
As the only purpose of the PRACH procedure is to notify the UL BWP switch and the UE is already synchronized to the gNB, some other uplink physical channels may be used when PRACH is not configured. For instance, PUCCH-SR or SRS preconfigured in the new UL BWP can be used to notify the UL BWP switch. When the gNB detects the PUCCH-SR/SRS from a UE in a different UL BWP, the gNB knows that the UE has switched to this different UL BWP. In this case, the gNB only needs to monitor SRS/PUCCH-SR in the candidate UL BWP. The latency of UL BWP switch notification and the power consumption of the gNB could be smaller than that of PRACH procedure. This could be especially beneficial when there are only a few active UEs served by a cell.
Proposal 8: RAN2 sends a LS to RAN1 to inquire if other UL physical channels (e.g. SRS/PUCCH-SR) can be used to notify the UL BWP switch due to UL LBT failure.

PCell LBT failure recovery 
According to the current cell selection procedure [2], the UE only considers the RSRP/RSRQ for the selected frequency. Then it is quite possible that the UE selects again the congested PCell frequency according to the current cell selection criterion. Then to avoid selecting to the failed/congested frequency, we consider that the UE should select to a frequency which is not congested (e.g. based on RSSI/CO).
Proposal 9: At the RRC connection re-establishment triggered by the uplink LBT failure, the UE should select a frequency which is not congested.
Regarding the RRC signalling procedure (e.g. re-establishment procedure) for the PCell uplink LBT failure, as there is only one spare code point for the ReestablishmentCause, we consider that “otherFailure” can be re-used as the reestablishmentCause in the “RRCReestablishmentRequest” message for the PCell uplink LBT failure.
Proposal 10: For the PCell uplink LBT failure, the reestablishmentCause in the RRCReestablishmentRequest message is set to otherFailure.
For the PCell uplink LBT failure, we consider that alike the legacy LTE RRC connection reestablishment procedure, the UE should also report the PCell uplink LBT failure to gNB (e.g. by indicating the lbtFailure-infoAvailable via RRCReestablishmentComplete message). Then the gNB can fetch the failure report from the UE. This is for the maintenance (e.g. configuration optimization) of the network.
Proposal 11: The UE can indicate the availability of the UL LBT failure information via the RRCReestablishmentComplete message.
Proposal 12: The gNB can fetch the UL LBT failure information as indicated via the RRCReestablishmentComplete message.
Regarding the detailed content reported by the UL failure report, we consider that the UE should at least indicate the failed BWP index and the failed cell index. The indication of the failed BWP index is to avoid the ambiguity on the failed BWP, as the active BWP could be changed when the UE is reporting the UL LBT failure of the PCell and the gNB does not know the exact timing when the UL LBT failure occurs at the PCell. Additionally, the UE can provide the measurement results of the serving/neighbour cells in order to help the network to change the serving cell to a non-congested cell.
Proposal 13: The uplink LBT failure information reported by the UE includes the failed BWP index, the failed cell index and the measurement results (i.e. RSRP/RSRQ/RSSI/CO) of the serving/neighbour cells.

Conclusions
According to the analysis given above, we have the following observation and proposals:
Observation 1: The specification does not need to capture the extra UE behaviours of resetting UL LBT failure counter and timer upon BWP switching if Proposal 2 is agreed.
Proposal 1: The configuration (i.e. maximum value for the UL LBT counter and timer) of uplink LBT detection is per BWP.
Proposal 2: The UE resets the UL LBT failure counter and timer when the configuration of the uplink LBT detection is changed.
Proposal 3: The UE resets the BWP switching counter when the RACH on the target BWP is successfully completed.
Proposal 4: A dedicated SR is configured for the SCell LBT Failure MAC CE, as the SCell BFRQ MAC CE of Rel-16 eMIMO. 
Proposal 5: The UL grant of the cell with UL LBT failure should not be selected for the transmission of the SCell LBT Failure MAC CE.
Proposal 6: The SCell UL LBT Failure MAC CE includes one failed SCell index and the failed BWP index.
Proposal 7: At the BWP switching due to the UL LBT failure, the UE indicates its UL LBT failure via dedicated uplink resource (e.g. PRACH), MAC CE or RRC message.
Proposal 8: RAN2 sends a LS to RAN1 to inquire if other UL physical channels (e.g. SRS/PUCCH-SR) can be used to notify the UL BWP switch due to UL LBT failure.
Proposal 9: At the RRC connection re-establishment triggered by the uplink LBT failure, the UE should select a frequency which is not congested.
Proposal 10: For the PCell uplink LBT failure, the reestablishmentCause in the RRCReestablishmentRequest message is set to otherFailure.
Proposal 11: The UE can indicate the availability of the UL LBT failure information via the RRCReestablishmentComplete message.
Proposal 12: The gNB can fetch the UL LBT failure information as indicated via the RRCReestablishmentComplete message.
Proposal 13: The uplink LBT failure information reported by the UE includes the failed BWP index, the failed cell index and the measurement results (i.e. RSRP/RSRQ/RSSI/CO) of the serving/neighbour cells.
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