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1. Introduction

This contribution suggests way-forwards on the following topics:
the clause 2.1 is for Mobility History Information Enhancements,
the clause 2.2 is for MCG Failure Information and
the clause 2.3 is for NR-U Optimization.
2.
Discussion
2.1 Mobility History Information Enhancements

In RAN2#112e, RAN2 agreed to investigate Mobility history information (MHI) enhancements. 
A basic enhancement on MHI is that the UE will store SCG related MHI. Note that in both LTE and NR, the feature of legacy mobility history storage is optional and is not required to report this capability to the network. We think that same principle can be applied to MHI enhancements. 
Proposal 1: The feature of mobility history storage for MHI enhancements (e.g. SCG related MHI) is optional and UE is not required to report this capability. 
It was agreed that SCG related MHI is encapsulated within existing MHI. Thus we think that current MHI availability flag can be reused i.e. UE includes mobilityHistoryAvail flag in Setup/ResumeComplete message whenever legacy MHI and/or SCG related MHI is stored. 
Proposal 2: Do not introduce new MHI availability flag for SCG. UE includes the legacy MHI availability flag (e.g. mobilityHistoryAvail) in Setup/ResumeComplete message if any MHI is available. 
Currently, up to 16 visited cell information can be stored by UE. Note that UE does not discard it even after reporting but just removes the oldest entry if necessary. To avoid huge signalling overhaed we think up to 4 PSCell MHI can be associated with one PCell 
Proposal 3: Define the maximum number of visited PSCells reported (e.g. maxPSCellHistory-r17) to 4.
It would be good for UE to know whether MN supports MHI enhancements to decide whether to report SCG related MHI. Otherwise, UE reports it to MN unnecessarily. We think that one bit indicating cell support of SCG related MHI on broadcast signaling is beneficial/sufficient. If broadcast bit is set, UE additionally reports SCG related MHI on top of legacy MHI. 
Proposal 4: Introduce broadcast bit to indicate whether cell supports SCG related MHI or not. UE reports SCG related MHI if broadcast bit is set via UE information procedure.
2.2 MCG Failure Information

In Rel-16, Fast MCG Link Recovery has been specified, which intends to inform the network about an MCG failure the UE has experienced, and to request the consequent operation such as handover or release. Upon detecting MCG failure, UE transmits MCGFailureInformation via Split SRB (SRB1) or SRB3, and then starts T316. When Release or (inter-RAT) handover is initiated by network, the UE stops T316. Upon expiry of T316, re-establishment is initiated. The expiry of T316 means a Fast MCG Link Recovery failure. 
In Rel-16, the location information has been added in the SCGFailureInformation. For consistency, the location information can be also added into MCGFailureInformation. 

Proposal 5: A new indicator is introduced to indicate Fast MCG link recovery failure, into RLF report.

Proposal 6: Location info is also added into MCGFailureInformation as in SCGFailureInformation.
2.3 NR-U Optimization 
RAN2 has selected NR-U Optimization as one of the areas to address for R17 SON/MDT. This contribution suggests NR-U reporting mechanisms to enable SON to optimize NR-U operations. 

NR-U involves the use of unlicensed or license-exempt spectrum. Since there is no exclusive right to the unlicensed spectrum, such spectrum can be used by any other NR-U system or non-NR-U system such as Wi-Fi and LTE-based Licensed Assisted Access (LAA). The transmitter must execute the Clear Channel Assessment (CCA) procedure to evaluate the availability of the radio channel prior to using the radio channel. Such CCA is part of so-called Listen-Before-Talk (LBT) mechanism, where the transmitter must “listen” (i.e., sense the channel by receiving the signal) to the radio channel before “talking” (i.e., sending a signal). Examples of useful radio channel quantities for reporting include Received Signal Strength Indicator (RSSI) and Channel Occupancy (CO). To ensure interworking and fair sharing of the unlicensed spectrum, the CCA evaluation is carried out by the UE and the gNB in 20 MHz bandwidth chunks. The gNB may configure a UE to operate in a BWP that is not 20 MHz. 

Furthermore, to reduce storage requirements and overhead of reporting, the 20 MHz evaluation parts can be defined by the gNB as part of LBT evaluation and reporting configuration. Then, the UE can use a limited number of bits to specify the CCA evaluation part. We observe that using fewer bits to represent the same information would save the UE storage space and would require fewer UL radio resources to send a message with repots.

The gNB can specify exact frequency ranges to the UE in the NR-U report configuration for each evaluation part. For example, let’s say that there are four CCA evaluation parts. The bit combination “00” can be used for the evaluation part 0 with frequency starting at X MHz and bandwidth of 20 MHz, “01” can be used for the evaluation part 1 with frequency starting at Y MHz and bandwidth of 20 MHz, “10” can be used for the evaluation part 2 with frequency starting at Z MHz and bandwidth of 20 MHz, and “11” can be used for the evaluation part 3 with frequency starting at P MHz and bandwidth of 20 MHz. To reduce the storage requirements and the size of the signaling message carrying the NR-U report, the UE can use just two bits “01” to specify the evaluation part 1 instead of explicitly indicating starting frequency of Y MHz and bandwidth of 20 MHz.

In summary, the gNB can provide the reporting configuration to the SON entity and the UE provides indicators of evaluation parts.

Observation 1: The LBT evaluation or CCA evaluation occurs in 20 MHz bandwidths. This evaluation bandwidth may correspond to one or multiple BWPs or a partial BWP.

Proposal 7: Define “CCA/LBT Evaluation Parts” containing 20 MHz bandwidths.  The UE reports LBT statistics (RSSI, CO) per “CCA/LBT Evaluation Part.” Example options include (i) indications of evaluation parts by the UE using a limited number of bits and (ii) specification of full evaluation parts such as the exact (e.g. lowest) frequency of the BWP by using ARFCN-ValueNR and the bandwidth of the evaluation part.

The feature of NR-U is defined by 3GPP in R16. 3GPP has not yet defined any SON-oriented NR-U reporting. While R16 supports various reports related to RLF, CEF, and RA, these are not adequate for NR-U optimization. For example, there may be delays in signaling/traffic but not actual failures when the LBT failure occurs. Hence, there is a need to define distinct NR-U reports.

Observation 2: R16 does not have reports specific to NR-U report. LBT failures may or may not lead to actual CEFs and RLFs.  Hence, there is a need to define a separate NR-U report, especially to report LBT statistics.  

Proposal 8: Define a new NR-U report like CEF, RLF, and RA reports. The UE indicates the availability of an NR-U report in typical messages such as RRCSetupComplete just like how it indicates the availability of CEF, RLF, and RA reports in R16.

The use of the unlicensed spectrum can be quite localized. In other words, one part of the cell (e.g., Eastern portion) may have interference issues on Frequency Fx due to a Wi-Fi system deployed near the Eastern portion of the NR-U cell. However, another part of the same NR-U cell (e.g., Western portion) may not have any interference issues on Frequency Fx due to the absence of any other system operating near the Western portion of the NR-U cell.

Observation 3: Reporting of the UE location is important to identify the opportunities of carrier assignments to UEs. For example, due to the localized nature of WLAN, LAA, and NR-U deployments, it is possible that one portion of the cell has one type of interference environment and another portion of the cell has a completely different interference environment.  

Proposal 9: The UE reports its position along with LBT statistics if available (e.g., as in legacy MDT or in a more compact manner where selected elements are included).

3GPP has defined the mechanism of LBT failure recovery, where the UE tries to recover from the LBT failures using the LBT failure recovery configuration provided by the gNB. The “lbt-FaiureRecoveryConfig” IE contains important NR-U/LBT parameters such as lbt-FailureInstanceMaxCount-r16 (=the number of consistent UL LBT failures after which the UE triggers UL LBT failure recovery) and lbt-FailureDetectionTimer-r16.   The SON can optimize LBT recovery configuration if it is aware of this configuration and the outcome of the LBT recovery process.   This reporting enables the SON to evaluate if the current LBT Recovery is working well or not.

Observation 4: The gNB provides the “lbt-FailureRecoveryConfig” IE to the UE to enable the UE to perform recovery when the LBT failure occurs. If the LBT failure recovery is not working well, the SON can optimize those parameters.

Proposal 10: The UE records the “lbt-FailureRecoveryConfig” IE in the NR-U report. RAN2 to send an LS to RAN3 to verify if the gNB has recorded this information for SON or not.

Observation 5: The SON should know if LBT failure recovery was successful or not. This will enable the SON to decide whether to update LBT failure recovery parameters or not.

Proposal 11: The UE records an indicator if LBT recovery was successful or not as part of the NR-U report.

Some of the key NR-U parameters include maxEnergyDetectionThreshold, energyDetectionThresholdOffset, and ul-to-DL-COT-SharingED-Threshold. The UE utilizes these thresholds to determine whether LBT has failed or not. These parameters have a significant influence on how the NR-U performance would be. The SON can tune these parameters based on the NR-U reports if it is aware of the current settings of these parameters.

Observation 6: The gNB specifies key thresholds of maxEnergyDetectionThreshold, energyDetectionThresholdOffset, and ul-to-DL-COT-SharingED-Threshold to the UE. 

Proposal 12: The UE records maxEnergyDetectionThreshold, energyDetectionThresholdOffset, and ul-to-DL-COT-SharingED-Threshold Key thresholds in the NR-U report. RAN2 to send an LS to RAN3 to verify if the gNB has recorded this information for SON or not.
3. Conclusion

It is suggested that 
Proposal 1: The feature of mobility history storage for MHI enhancements (e.g. SCG related MHI) is optional and UE is not required to report this capability. 
Proposal 2: Do not introduce new MHI availability flag for SCG. UE includes the legacy MHI availability flag (e.g. mobilityHistoryAvail) in Setup/ResumeComplete message if any MHI is available. 
Proposal 3: Define the maximum number of visited PSCells reported (e.g. maxPSCellHistory-r17) to 4.
Proposal 4: Introduce broadcast bit to indicate whether cell supports SCG related MHI or not. UE reports SCG related MHI if broadcast bit is set via UE information procedure.
Proposal 5: A new indicator is introduced to indicate Fast MCG link recovery failure, into RLF report.

Proposal 6: Location info is also added into MCGFailureInformation as in SCGFailureInformation.
Proposal 7: Define “CCA/LBT Evaluation Parts” containing 20 MHz bandwidths.  The UE reports LBT statistics (RSSI, CO) per “CCA/LBT Evaluation Part.” Example options include (i) indications of evaluation parts by the UE using a limited number of bits and (ii) specification of full evaluation parts such as the exact (e.g. lowest) frequency of the BWP by using ARFCN-ValueNR and the bandwidth of the evaluation part.

Proposal 8: Define a new NR-U report like CEF, RLF, and RA reports. The UE indicates the availability of an NR-U report in typical messages such as RRCSetupComplete just like how it indicates the availability of CEF, RLF, and RA reports in R16.

Proposal 9: The UE reports its position along with LBT statistics if available (e.g., as in legacy MDT or in a more compact manner where selected elements are included).

Proposal 10: The UE records the “lbt-FailureRecoveryConfig” IE in the NR-U report. RAN2 to send an LS to RAN3 to verify if the gNB has recorded this information for SON or not.

Proposal 11: The UE records an indicator if LBT recovery was successful or not as part of the NR-U report.

Proposal 12: The UE records maxEnergyDetectionThreshold, energyDetectionThresholdOffset, and ul-to-DL-COT-SharingED-Threshold Key thresholds in the NR-U report. RAN2 to send an LS to RAN3 to verify if the gNB has recorded this information for SON or not.
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