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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Rel-17 SON/MDT [1] includes the following RAN2-led objectives in the context of MDT. 
1. Support of data collection for SON features, including CCO, inter-system inter-RAT energy-saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimization enhancements) [RAN3, RAN2] 
· Specification of the UE reporting is necessary to enhance the network configuration [RAN2]. 

In this contribution draft, we explore the possible enhancements to the UE history Information for SCG mobility robustness and reporting of NR-U parameters considering failure and non-failure scenarios. 
2. Discussion
2.1 NR-U Related Enhancements 
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. In Post RAN2-emeeting email discussions 851 [2], it is confirmed that NR-U related optimization will be discussed in rel-17.

Observation 1: It is confirmed that NR-U related enhancement should be discussed in Rel-17.

Proposal 1: RAN2 is requested to confirm whether LBT Failures statistics are important for the network optimizations in the following scenarios 
1. Non failure scenarios: for selection of appropriate BWP during successful handovers and successful RACH procedures (multiple BWP might be attempted due to LBT failures before success). Furthermore, this scenario also includes cases when consistent LBT failures is detected on the multiple BWP but eventually it does not result in RLF and SCGFailure. 
2. Failure Scenarios: Reduce the probability of RLF, SCGFailures, CEF which happen due to consistent LBT failures.

Note that the LBT statistics can be used in all of the three (failure, non-failure, and near-failure) scenarios in proposal 1, where LBT resources can be optimized by the network to select proper LBT modes or parameters, for the adjustment/selection of resource configurations to increase LBT success rate, and minimization of RACH, RLF, and SCGFailures.   

Observation 2: LBT statistics can be used by the network for the following:
· For the selection of proper LBT modes or parameters for the UEs
· For adjusting/selecting resource configuration to increase LBT successful rate for the UEs 
· For the minimizations of RACH failures, RLFs, and SCG failures.

For the optimization of transmission opportunity in the NR-U band and the success rate of LBT, LBT failure statistics on different BWPs may be required. Thus, we propose to introduce a new SON message as “LBTFailureInformation”.  The statistics can include the number of LBTFailures on different BWPs during RACH procedures, UL transmission on PUSCH, UL transmission on PUCCH, and/or during semi-persistent scheduled (SPS) transmission. Furthermore, the number of LBTFailures during different channel access schemes (cat 1, cat 2A, cat 2B, cat 4) can be used by the network for adapting efficient channel schemes in different scenarios. UE can also add the measured RSSI values and CO per BWP and/or RB set to the network for NR-U related optimizations and decision making. Channel access priority class (CAPC) used for transmission on the shared spectrum can further be useful to the network for the implementation of NR-U related optimizations. 

Furthermore, as discussed in Rel-16 NR-U [4], the consistent UL LBTFailures on all BWPs in PCell on configured resources results in RLF, the consistent UL LBTFailures on all BWPs in PSCell on configured resources results in SCGFailures, and consistent UL LBTFailures on BWP in SCell on configured resources results in RLC Failures. In these events, the proposed LBTFailureInformation message can be used together with the RLF report, SCGFailure Report, and FailureInformation to understand the underlying cause. Further, using the analysis of LBTFailureInformation, the network can adapt schemes to minimize these events. Note that RLF and SCG Failures are declared only when LBTFailures happen at all BWPs, LBTFailureInformation (when consistent LBTFailures happen at multiple BWPs in PCell and PSCell but does not result in RLF and SCGFailure) can be used by the network to alleviate the RLF and SCGFailures in the future.

Observation 3: Non failure scenario: During the normal operations, the network can achieve NR-U related enhancements by using the statistics/number of LBT failures on different BWPs. Furthermore, it includes cases when LBT Failures happens on multiple BWPs in PCell on configured resources, PSCell on configured resources, and/or SCell on configured resources but does not result in RLF, SCGFailures, and/or RLC Failures (on SCell). The LBT failures statistics as discussed previously can be used by the network for alleviating the RLF, SCGFailures, and RLCFailures on respective Cells.    

Observation 4: In the scenario where RA failures/RLFs/SCGFailures happen due to LBT Failures, the LBT Failure statistics discussed previously will help understand the underlying cause of RLF, SCGFailure, or RLC Failures (SCell) in NR-U.

Proposal 2: Introduce a new SON message as LBTFailureInformation for NR-U related enhancements. 

Proposal 3: The LBTFailureInformation may contain the following fields:
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 used and no. of LBT failures observed (on each of the RB sets within BWPs and/or aggregated LBT Failures on each BW), if needed
5. RSSI and CO measurement when LBT failure is detected by the MAC, if available 

Proposal 4: LBTFailureInformation can be used together with other SON reports to further achieve optimizations in different nonfailure, near-failure, and failure scenarios.

2.2 Open Issue with CEF report

In RAN#116-emeeting [3], we had the following agreement:

3	Multiple CEF reports is introduced to solve the problem about UL/DL coverage imbalance. FFS whether UE capability is applied. FFS how to limit the overhead during running CR.

In the RAN2#116-emeeting [3], we agreed to introduce multiple CEF reports to solve the problem of UL/DL coverage imbalance. It is FFS whether the UE capability is applied for supporting multiple CEF report. Note that multiple CEF reports will impose additional memory requirements at the UE. Therefore, UEs might not be able to support multiple CEF reports as they may require additional memory. 

Observation 5: Multiple CEF reports impose additional memory requirements at the UE. 

Proposal 5: Introduce UE capability for multiple CEF report, i.e., introduce UE capability to indicate whether UE supports multiple CEF reports. 




2.3 Open Issue with Mobility History Information

2.3.1 Indicating the availability of MHI

In the case of PCell MHI, the MHI is OPTIONALLY supported at the UE. If UE supports the PCell MHI and UE has MHI available, UE indicates the availability of MHI is indicated in RRCSetupComplete and RRCResumeComplete. On such indication, the network can request MHI using UEInformationRequest message, and thereafter UE sends the MHI using UEInformationResponse message.  In the case of PSCell MHI, we had the following agreements in RAN2#115-emeeting [4]:

Agreements:
RA Report to the SN:
1 	UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN.
SN Related MHI Information:
2	RAN2 to confirm that the PSCell transition is part of MHI.
3	PSCell MHI is reported only to PCell.
4	UEInformationResponse message is used to convey the PSCell MHI to the MN.
5	Take Option 1 ‎(PSCell MHI nested within the PCell MHI) as baseline.

In RAN2#115-emeeting [4], we agreed PSCell MHI will be nested within PCell MHI and it will be reported only to MN. As the PSCell MHI is nested within the PCell MHI and reported only to the MN, there is no need for a separate indicator. However, in many a scenario (for example, SCG change or addition), the PSCell MHI can be used to properly select PSCell. Therefore, the selective extraction of PSCell MHI can be useful, i.e. if the network is aware that if UE supports PSCell MHI and if the network knows the MHI is available at the UE, the network can extract the MHI report. To indicate to the network the UE support PSCell MHI collection and the network can get PSCell MHI on the extraction of MHI from the UE, use UE capability. 

Observation 6: PCell MHI is OPTIONALLY supported at the UE. 

Observation 7: If UE supports the PCell MHI and UE has MHI available, UE indicates the availability of MHI is indicated in RRCSetupComplete and RRCResumeComplete. On such indication, the network uses the UEInformationRequest message to request PCell MHI. 

Observation 8: PSCell MHI will be nested within PCell MHI and it will be reported only to MN. Therefore, there is no need for a separate indicator for PSCell MHI.

Observation 9: The information on whether UE supports the PSCell MHI can be useful for the network to decide when to request MHI. 

Proposal 6: Introduce an explicit capability indicator that indicates that the UE is capable of storing the PSCell related MHI and it can store upto a maximum of 16 PSCell information.

2.3.2 Number of PSCell in MHI

In the PCell MHI, a total of 16 latest PCell information is stored together with the timing information. In a static network deployment, the network can estimate PSCell with high accuracy based on PCell information. Therefore, in our understanding, to avoid wasting, UE memory, we can store the same number of PSCell information in the MHI. 

Observation 10:  In the PCell MHI, a total of 16 latest PCell information is stored together with the timing information.

Proposal 7: To avoid wasting, UE memory, MHI should store upto a maximum of 16 PSCell information (same as PCell MHI). It is upto the UE implementation “How UE stores the PSCell information”. For example, UE stores 16 latest PSCell information. 
3. Conclusion 
Observation 1: It is confirmed that NR-U related enhancement should be discussed in Rel-17.

Proposal 1: RAN2 is requested to confirm whether LBT Failures statistics are important for the network optimizations in the following scenarios 
1. Non failure scenarios: for selection of appropriate BWP during successful handovers and successful RACH procedures (multiple BWP might be attempted due to LBT failures before success). Furthermore, this scenario also includes cases when consistent LBT failures is detected on the multiple BWP but eventually it does not result in RLF and SCGFailure. 
2. Failure Scenarios: Reduce the probability of RLF, SCGFailures, CEF which happen due to consistent LBT failures.

Observation 2: LBT statistics can be used by the network for the following:
· For the selection of proper LBT modes or parameters for the UEs
· For adjusting/selecting resource configuration to increase LBT successful rate for the UEs 
· For the minimizations of RACH failures, RLFs, and SCG failures.

Observation 3: Non failure scenario: During the normal operations, the network can achieve NR-U related enhancements by using the statistics/number of LBT failures on different BWPs. Furthermore, it includes cases when LBT Failures happens on multiple BWPs in PCell on configured resources, PSCell on configured resources, and/or SCell on configured resources but does not result in RLF, SCGFailures, and/or RLC Failures (on SCell). The LBT failures statistics as discussed previously can be used by the network for alleviating the RLF, SCGFailures, and RLCFailures on respective Cells.    

Observation 4: In the scenario where RA failures/RLFs/SCGFailures happen due to LBT Failures, the LBT Failure statistics discussed previously will help understand the underlying cause of RLF, SCGFailure, or RLC Failures (SCell) in NR-U.

Proposal 2: Introduce a new SON message as LBTFailureInformation for NR-U related enhancements. 

Proposal 3: The LBTFailureInformation may contain the following fields:
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 used and no. of LBT failures observed (on each of the RB sets within BWPs and/or aggregated LBT Failures on each BW), if needed
5. RSSI and CO measurement when LBT failure is detected by the MAC, if available 

Proposal 4: LBTFailureInformation can be used together with other SON reports to further achieve optimizations in different nonfailure, near-failure, and failure scenarios.

Observation 5: Multiple CEF reports impose additional memory requirements at the UE. 

Proposal 5: Introduce UE capability for multiple CEF report, i.e., introduce UE capability to indicate whether UE supports multiple CEF reports. 

Observation 6: PCell MHI is OPTIONALLY supported at the UE. 

Observation 7: If UE supports the PCell MHI and UE has MHI available, UE indicates the availability of MHI is indicated in RRCSetupComplete and RRCResumeComplete. On such indication, the network uses the UEInformationRequest message to request PCell MHI. 

Observation 8: PSCell MHI will be nested within PCell MHI and it will be reported only to MN. Therefore, there is no need for a separate indicator for PSCell MHI.

Observation 9: The information on whether UE supports the PSCell MHI can be useful for the network to decide when to request MHI. 

Proposal 6: Introduce an explicit capability indicator that indicates that the UE is capable of storing the PSCell related MHI.

Observation 10:  In the PCell MHI, a total of 16 latest PCell information is stored together with the timing information.

Proposal 7: To avoid wasting, UE memory, MHI should store upto a maximum of 16 PSCell information (same as PCell MHI). It is upto the UE implementation “How UE stores the PSCell information”. For example, UE stores 16 latest PSCell information. 
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