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Introduction
In RAN3 WG, several Self Organizing Network (SON) functions were discussed as part of the RAN centric data collection and utilization SI and some of the SON functions were also agreed as candidates to be studied. One of the SON functions agreed to be studied is mobility robustness optimization (MRO). In RAN3#104 an overall solution (including measurement and signalling), based on the peculiarities of NR while taking LTE as baseline, has been agreed as part of a text proposal for MRO [1]. In this paper, we discuss how the information and measurement information agreed as part of RLF report can be used to detect and resolve issues particularly in configuration of cell quality derivation (CQD) parameters. Note that misconfiguration of cell quality derivation parameters may cause sub-optimal performance of mobility features by increasing undesired Too Late HOs and/or ping pong HOs that could be prevented by leveraging the UE reported measurement and information.
[bookmark: _Ref178064866]Discussion
Several new features are introduced in NR that could potentially influence the RLF declaration at the UE.  Some of these features are listed below.
· Radio link monitoring (RLM) configuration
· Beam failure detection (BFD) 
· Cell quality derivation (CQD) parameters
· Beam failure recovery (BFR) configuration
· Beam based random access allocation
In the sections below, we analyze the CQD parameters and discuss use cases wherein beam level measurements agreed as part of the content of the RLF report could be leveraged to optimize CQD parameters in NR which helps reducing the number of RLF caused by Too Late HOs as well as unnecessary ping pong HOs.
Cell Quality Derivation (CQD) parameters configuration
[bookmark: _Toc11853834][bookmark: _Toc11934772]Cell quality derivation is achieved by means of RRM measurements. RRM measurements are performed on source and target cells to support mobility functionalities, such as HO decisions. In NR, RRM measurements can be derived from different reference signals, such as SSBs and/or CSI-RSs . In addition, these reference signals are transmitted in different beams and when more than one beam is used for the transmission of these reference signals, the UE receives these reference signals in different time instances. 
1. [bookmark: _Toc16774138][bookmark: _Toc869292][bookmark: _Toc887654][bookmark: _Toc994086][bookmark: _Toc12271750][bookmark: _Toc12271999]UE can perform RRM measurements for Cell Quality Derivation using multiple beam-formed reference signal, such as SSBs and CSI-RSs.
Cell coverage is one possible representation of cell quality. While in LTE the cell coverage is derived from one measurement on a cell-common reference signal, the quality of a NR cell coverage can be derived from multiple measurements taken on reference signals transmitted on a sub-set of cell beams. The cell quality derivation parameters inform the UE of whether to derive cell quality based on either the strongest received beam or an average of up to ‘N’ strongest beams whose strength is above a suitability threshold ‘T’. 
In the example in Figure 1, the cell-A’s coverage is identified based on the coverage area of SSB beams A1 and A2 whereas the cell-B’s coverage is identified based on the coverage area of SSB beams B1, B2 and B3. When the UE computes the cell quality of these cells, the UE needs to consider the additional configuration determining how to combine these beam level measurements into a cell level measurement. This is captured in the section 5.5.3.3 of the NR RRC specification [2]. 

1. [bookmark: _Toc12271751][bookmark: _Toc12272000][bookmark: _Toc16774139]The cell quality derivation parameters inform the UE of whether to consider a single strongest beam as the cell level representation or whether the UE must perform averaging of the top ‘N’ beams. 
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[bookmark: _Ref14683222]Figure 1: Example of cell quality derivation based on beamformed SSB reference signals.
[bookmark: _Toc869304][bookmark: _Toc869305][bookmark: _Toc528753839][bookmark: _Toc528782170][bookmark: _Toc528830547][bookmark: _Toc528830807][bookmark: _Toc528835226][bookmark: _Toc528851389][bookmark: _Toc528869706][bookmark: _Toc528871119]
Linear averaging of multiple beams potentially reduces handover ping-pong rate but may delay the triggering of measurement reports in case the UE detects multiple beams per cell. This may happen when the difference between measurements of different beams above the suitability threshold is large. To exemplify, if T is set to -100 and UE combines measurements of N=3 beams with measurements at target cell (-75, -115, -114) the measurement triggering event may be delayed (caused by low quality of second and third beams) even though the first beam (with RSRP=-75) could be suitable to trigger the measurement report and initiate the handover. 
This example highlights how misconfiguration of N and T parameters may cause Too Late HOs and hence beam level measurements can be helpful for the network to optimize CQD parameters to avoid Too Late HOs. In fact, having the beam level measurement of the beams configured for RRM measurements, can assist the network to find the optimal number of beams used for CQD and the corresponding beam suitability thresholds. 
1. [bookmark: _Toc869293][bookmark: _Toc887655][bookmark: _Toc994087][bookmark: _Toc12271752][bookmark: _Toc12272001][bookmark: _Toc16774140]Cell quality derivation parameters (i.e., N and T) can potentially impact the mobility robustness in terms of delaying a measurement report targeting point. 
If the network receives an RLF report including additional beam measurements (with beams not necessarily used for CQD), network may figure out that RLF has occurred due to too late measurement reports and where CQD was based on average measurements of a list of sub-optimal beams. 
1. [bookmark: _Toc12272002][bookmark: _Toc16774141]Beam level measurement of RRM beams can be helpful to optimize the cell quality derivation parameters. 
Hence, receiving these reports may lead the network to disable averaging and/or reduce the number of averaged beams and/or raising the consolidation thresholds so that less beams are used for averaging. In detail, RRM measurements captured in an RLF Report may help improving the following RRC parameters:
· absThreshCSI-RS-Consolidation: This is the absolute threshold for the consolidation of measurement results per CSI-RS resource(s) from L1 filter(s). 
· absThreshSS-BlocksConsolidation: Absolute threshold for the consolidation of measurement results per SS/PBCH block(s) from L1 filter(s). 
· nrofCSInrofCSI-RS-ResourcesToAverage: Indicates the maximum number of measurement results per beam based on CSI-RS resources to be averaged. The same value applies for each detected cell associated with the MeasObjectNR.
· nrofSS-BlocksToAverage: Indicates the maximum number of measurement results per beam based on SS/PBCH blocks to be averaged. The same value applies for each detected cell associated with the MeasObject.

1. [bookmark: _GoBack]RAN3 to base the MRO solution on reporting beam measurements of beams configured for RRM measurements as part of RLF report.
Conclusion
In section 2 we made the following observations:
Observation 1	UE can perform RRM measurements for Cell Quality Derivation using multiple beam-formed reference signal, such as SSBs and CSI-RSs.
Observation 2	The cell quality derivation parameters inform the UE of whether to consider a single strongest beam as the cell level representation or whether the UE must perform averaging of the top ‘N’ beams.
Observation 3	Cell quality derivation parameters (i.e., N and T) can potentially impact the mobility robustness in terms of delaying a measurement report targeting point.
Observation 4	Beam level measurement of RRM beams can be helpful to optimize the cell quality derivation parameters.

Based on the discussion in section 2 we propose the following:

1. RAN3 to base the MRO solution on reporting beam measurements of RRM beams as part of RLF report.
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