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1. Introduction & Background
Rel-18, SON/MDT WID [1] has the following as one of the objectives,
Support of SON/MDT enhancements for [RAN3, RAN2]:
· MR-DC CPAC
· Successful PSCell change report
· Successful Handover Report (e.g. inter-RAT)
· NPN 
· RACH report
· fast MCG recovery
· NR-U (MRO and UL MLB)
This paper discusses SON/MDT enhancements for the NR-U (MRO and UL MLB). 
2. Discussion
2.1 NR-U MRO 
In the Rel-16 and prior releases, NR-Unlicensed (NR-U) was discussed to enable transmissions over the shared spectrums. However, before the transmission channel must be sensed (Listen Before Talk (LBT)) and reserved for NR-U transmissions. Note that during LBT, many a time the LBT may fail, i.e., the channel is occupied with ongoing transmission. 

At the MAC layer, the consistent uplink failure is detected per UL BWP by counting the LBT failure indication. When consistent uplink LBT failures are detected on SCell(s), the UE reports this to the corresponding gNB (MN for MCG, SN for SCG) via MAC CE on a different serving cell than the SCell(s) where the failures were detected. If no resources are available to transmit the MAC CE, a Scheduling Request (SR) can be transmitted by the UE. When consistent uplink LBT failures are detected on SpCell, the UE switches to another UL BWP with configured RACH resources on that cell, initiates RACH, and reports the failure via MAC CE. When multiple UL BWPs are available for switching, it is up to the UE implementation which one to select. 

Observation 1: gNB-DU is already aware of consistent UL LBT failures on SpCell or SCell(s) via the reception of LBT failure MAC CE from UE, which includes the cell ID(s) where the consistent UL LBT failures happened. 

For PSCell, if consistent uplink LBT failures are detected on all the UL BWPs with configured RACH resources, the UE declares SCG RLF and reports the failure to the MN via SCGFailureInformation. For PCell, if the uplink LBT failures are detected on all the UL BWP(s) with configured RACH resources, the UE declares RLF.

Observation 2: Rel-17 already supports UE indicating appropriate cause values for RLF and SCG failures due to consistent UL LBT failures in RLF Report and SCGFailureInformation, respectively.

Note that as described above the SCG failure and RLF is declared only after the detection of consistent uplink LBT failures on all the UL BWPs with configured RACH resources. Although the BWP switching is up to the UE implementation, the network can still optimize the RACH resources to minimize the near-failure scenarios, such as consistent LBT failure being detected at multiple BWPs with configured RACH resources, however, eventually, it does not result in the RLF or SCG failure. In rel-18, RAN2 can determine if the following scenarios of MRO should be considered,
· Failure scenarios, such as RLF, SCG Failure, CEF 
· Near failure scenario, consistent uplink LBT failures are detected on multiple UL BWPs with configured RACH resources, however, eventually, it does not result in the RLF, HoF, SCG failure, or PSCell addition or change failure 

Proposal 1: RAN2 can determine if the following scenarios of MRO should be considered
· Failure scenarios, such as RLF, SCG Failure, CEF 
· Near failure scenario, consistent uplink LBT failures are detected on multiple UL BWPs with configured RACH resources, however, eventually, it does not result in the RLF, HoF, SCG failure, or PSCell addition or change failure 

As discussed previously, Rel-17 already supports UE indicating appropriate cause values for RLF and SCG failures due to consistent UL LBT failures in RLF Report and SCGFailureInformation, respectively. However, no solution exists for the optimization of successful RACH procedure, successful handover, Handover failures, connection establishment/resume procedures, and others. 

Proposal 2: Rel-18 can study solutions to optimize RACH failures, connection establishment failures, and handover failures due to consistent UL LBT failures.
Note that instead of enhancing each single SON report, RAN2 can introduce a new SON report that can be used for capturing LBT statistics for both failure and near-failure scenarios.    
Proposal 3: RAN2 should introduce a new SON message as LBTFailureInformation for NR-U related enhancements. 

Proposal 4: The SON report for NR-U can contain the following IEs
1. Cell information on which LBTFailure happened 	
2. Timestamp (the time when LBT failure is detected by the MAC)
3. Indicator whether the LBTFailure resulted in RACH/RLF/SCGFailure (for differentiating failure and non-failure scenarios)
4. BWP information and no. of LBT failures statistics 
5. RSSI and CO measurement when consistent LBT failure is detected by the MAC, if available 

2.1 NR-U UL MLB 
Rel-17 already supports MLB for NR-U in DL to some extent e.g., by exchanging Channel Occupancy percentage (the percentage of time for which the channel resources have been utilized for DL traffic served by the corresponding cell) and Energy Detection Threshold per NR-U channel ID in Resource status update procedure.

Observation 3: Rel-17 already supports MLB for NR-U in DL by exchanging Channel Occupancy percentage and Energy Detection Threshold per NR-U channel ID in the Resource status update procedure.

Proposal 5: Wait for RAN3 discussion on identifying load metrics that are needed to be exchanged between NG-RAN nodes to support MLB for NR-U in UL.
3. Conclusion 
Observation 1: gNB-DU is already aware of consistent UL LBT failures on SpCell or SCell(s) via the reception of LBT failure MAC CE from UE, which includes the cell ID(s) where the consistent UL LBT failures happened. 

Observation 2: Rel-17 already supports UE indicating appropriate cause values for RLF and SCG failures due to consistent UL LBT failures in RLF Report and SCGFailureInformation, respectively.


Proposal 1: RAN2 can determine if the following scenarios of MRO should be considered
· Failure scenarios, such as RLF, SCG Failure, CEF 
· Near failure scenario, consistent uplink LBT failures are detected on multiple UL BWPs with configured RACH resources, however, eventually, it does not result in the RLF, HoF, SCG failure, or PSCell addition or change failure 

Proposal 2: Rel-18 can study solutions to optimize RACH failures, connection establishment failures, and handover failures due to consistent UL LBT failures.

Proposal 3: RAN2 should introduce a new SON message as LBTFailureInformation for NR-U related enhancements. 

Proposal 4: The SON report for NR-U can contain the following IEs
1. Cell information on which LBTFailure happened 	
2. Timestamp (the time when LBT failure is detected by the MAC)
3. Indicator whether the LBTFailure resulted in RACH/RLF/SCGFailure (for differentiating failure and non-failure scenarios)
4. BWP information and no. of LBT failures statistics 
5. RSSI and CO measurement when consistent LBT failure is detected by the MAC, if available 

Observation 3: Rel-17 already supports MLB for NR-U in DL by exchanging Channel Occupancy percentage and Energy Detection Threshold per NR-U channel ID in the Resource status update procedure.

Proposal 5: Wait for RAN3 discussion on identifying load metrics that are needed to be exchanged between NG-RAN nodes to support MLB for NR-U in UL.
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