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Introduction
In RAN3#102 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#103bis several items (including measurement and signalling), based on the peculiarities of NR while taking LTE as baseline, have been preliminary agreed as part of a text proposal for MRO [1]. In this paper, we discuss different use cases where such information and measurement may be beneficial and helpful to the network to distinguish and accordingly resolve the issues jeopardizing the UE mobility robustness in NR.
[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.
· Cell quality derivation parameters
· Beam failure detection (BFD) and beam failure recovery (BFR) configuration
· Radio link monitoring (RLM) configuration
· Beam based contention free random access (CFRA) allocation
In the sections below, we analyze the features and discuss some potential use cases wherein measurements included in RLF reports could be leveraged to enhance the MRO function in NR via optimizing the configuration parameters of the above-mentioned features.
CQD and impact of its configuration on MRO
One difference in NR is the possible usage of different reference signals (SSBs and/or CSI-RSs) for performing RRM measurements (which may be used as input for handover decisions). 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. When the UE computes the cell quality of a cell, also known as Cell Quality Derivation (CQD), it needs to consider 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]. In principle, the cell quality can be derived either based on the strongest beam or based on the average of up to ‘X’ strongest beams that are above a threshold ‘T’. In our understanding assistance information (e.g. RLF Reports) reported by the UE and forwarded to the RAN node where the failure occurred may be used to optimize CQD parameters. These parameters may be one of the following items as part of MeasObjectNR Information Element:
· 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.

According to the 3GPP TS 38.331, these parameters defined per RS how the UE uses beams to compute cell quality. Averaging multiple beams has the potential to reduce handover ping-pong rate but may delay the triggering of measurement reports in case the UE detects multiple beams per cell. Hence, if the network receives an RLF report including information that RLF has happened and 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 averages. 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.
1. [bookmark: _Toc7639150][bookmark: _Toc7732914]As part of cell quality derivation parameters
· [bookmark: _Toc7639151][bookmark: _Toc7732915]absThreshCSI-RS-Consolidation,
· [bookmark: _Toc7639152][bookmark: _Toc7732916]absThreshSS-BlocksConsolidation,
· [bookmark: _Toc7639153][bookmark: _Toc7732917]nrofCSInrofCSI-RS-ResourcesToAverage, and
· [bookmark: _Toc7639154][bookmark: _Toc7732918]nrofSS-BlocksToAverage,
[bookmark: _Toc7639155][bookmark: _Toc7732919]are the most effective parameters with impact on the performance of handover in NR (e.g., too late measurement report, or ping-pong handover).
1. [bookmark: _Toc869304][bookmark: _Toc869305][bookmark: _Toc528753839][bookmark: _Toc528782170][bookmark: _Toc528830547][bookmark: _Toc528830807][bookmark: _Toc528835226][bookmark: _Toc528851389][bookmark: _Toc528869706][bookmark: _Toc528871119][bookmark: _Toc7639245][bookmark: _Toc7641110][bookmark: _Toc7732935]Reporting information concerning measurement of the RS resources used for Cell Quality Derivation and RS resources not used for CQD, as part of RLF report can be leveraged to tune the parameters mentioned in Observation1 and avoid too late measurement report or ping-pong handover.
BFD and impact of its configuration on MRO
In NR, a new mechanism aiming to avoid RLF was introduced: Beam Failure Recovery (BFR), which relies on beam selection and random-access procedure. The procedure is assisted by the monitoring procedure called Beam Failure Detection (BFD) that, when it occurs, triggers BFR. Making an analogy, RLF is a RRC procedure triggered when the UE is out of cell coverage in connected mode, because L3 mobility may have failed, and shall perform autonomous actions to re-gain connectivity with the network, possibly in another cell. On the other hand, BFR is a L1/MAC procedure triggered when the UE is out of beam coverage (or at least out of coverage of a pre-determined set of beams e.g. beams overlapping coverage with beams used for PDCCH transmission for that UE) because beam management procedures may have failed, and UE shall perform autonomous actions to re-gain connectivity with the same cell. The UE is configured with BFD resources to be monitored, i.e., a subset of beams in cell coverage, and BFR resources, another set of beams in cell coverage. These BFD and BFR resources can be associated to either SSBs or CSI-RSs. The UE continuously monitors the BFD resources to check if it is still within the coverage of these beams. If the UE is not under the coverage (as defined with certain Qout threshold), the UE performs the beam recovery using the BFR related UL resources. In this way, the UE and the network maintain a set of beams using at least one of which they can reach each other. When the UE fails to reach the network using any of the BFR resources, the UE declares RLF. In the scope of BFD, the following parameters can be target of optimization in beam failure detection (BFD) procedure as part of RadioLinkMonitoringConfig information element in 3GPP TS 38.331:
· beamFailureDetectionTimer: This is the timer for beam failure detection as defined in TS 38.321. The performance of BFD mechanism is highly dependent on the value of this parameter, as higher BFR attempts is a consequence of too short timer value and, suffering from too many out of sync event without triggering BFR can be a consequence of a too long timer. In this regard, information regarding OOS events for BFD on reference signals configured for BFD may assist the network to either increase the timer value when too many BFRs are happening (e.g. based on collected statistics from one or multiple UEs). That may be known thanks to the reported assistance information e.g. RLF report, containing information that RACH failure occurred due to BFR being triggered and reaching a maximum number of retransmissions. 
· beamFailureInstanceMaxCount: This field determines after how many beam failure events the UE triggers beam failure recovery. In fact, this field is the number of OOS events within the time window that triggers BFR. It is obvious that unnecessary BFR attempts (because of fast fading or temporary blockages) may be a consequence of too low value of beamFailureInstanceMaxCount. On the other side BFR may not be triggered if this field is set to a too high value. Hence the reporting information concerning BFD-BFR in the RLF report may assist the network to detect RLF due to RACH failure (maximum number of retransmissions) due to too many BFR attempts, that may be due to a too low value of the above-mentioned counter. On the other side reporting information concerning BFD-BFR in RLF report can indicate the failure due to expiry of timer T310 due to the fact that BFR is not being triggered (or is slower than RLF) due to the fact that the counter is set to a too high value. 
· failureDetectionResourcesToAddModList: This field is a list of reference signals for detecting beam failure. The network configures at most two detection resources per BWP for the purpose of beam failure detection. Hence if a UE is configured with sub optimal set of RS resources for BFD, RLF may either be triggered too early even if the cell quality is quite good. If the resources monitored for BFD are not the same ones used for cell quality derivation it may happens that the network may not trigger handovers (because UE does not trigger measurements reports taken based on SSBs, which have good coverage) but triggers RLF due to the expiry of timer T310 due to misconfigured RS resources, which may not translate that the UE is still under cell coverage. Hence, when an RLF happens it is very beneficial that the UE logs BFD information, such as beam measurements of BFD resources, but also other beams from the serving cell (e.g. available SSB measurements, or CSI-RS measurements). With these measurements the UE basically indicates to the network that the UE was under cell coverage, but it was monitoring resources with not so good coverage. Possible network actions can be taken based on an enhanced RLF report with information regarding beam measurements on serving cell of BFD/RLM resources, and possibly including beam measurements on serving cell of other resources not configured for BFD/RLM, such as serving cell SSB measurements for RRM. For example, network may know that it should have configured other BFD/RLM resources/beams. 

1. [bookmark: _Toc7639156][bookmark: _Toc7732920]As part of BFD parameters
· [bookmark: _Toc7639157][bookmark: _Toc7732921]BeamFailureDetectionTimer, 
· [bookmark: _Toc7639158][bookmark: _Toc7732922]BeamFailureInstanceMaxCount and 
· [bookmark: _Toc7639159][bookmark: _Toc7732923]failureDetectionResourcesToAddModList 
[bookmark: _Toc7639160][bookmark: _Toc7732924]are the most effective parameters to improve mobility robustness.
1. [bookmark: _Toc7639246][bookmark: _Toc7641111][bookmark: _Toc7732936]Reporting information concerning the performed BFD-BFR mechanism (measurement of beams either used for BFD purpose as well as beams not assigend for BFD purpose) as part of RLF report can be leveraged to tune the parameters mentioned in Observation 2 and optimize the performance of BFD-BFR procedures.
BFR and impact of its configuration on MRO
As we mentioned in section 2.2, BFR mechanism is a UE initiated mechanism to avoid RLF by leveraging Random Access procedure when necessary. BFR mechanism is initiated by detection of beam failure that is discussed in previous section. According to the 3GPP TS 38.331, the following parameters as part of BeamFailureRecoveryConfig information element may be subject to optimizations in BFR mechanism: 
· candidateBeamRSList: This is a list of reference signals (namely CSI-RS and/or SSB) identifying the candidate beams for recovery and the associated RA parameters. Upon BFD, the UE needs to select one of the configured beams. If upon BFD the UE is under the coverage of beams that are not in the list of these resources, the UE is not able to perform BFR, which may lead to RLF. Hence, it would be beneficial if the RLF report included beam measurements (e.g. based on SSBs and CSI-RSs) to indicate to the network that these resources are possibly misconfigured. Hence, based on these reports, the network may add and/or replace resources in that configuration. For example, if in RLF report the UE indicates the RLF due to expiry of timer T310, even though it indicates that BFD was triggered  but no BFR was triggered because of lack of resources. 
· rsrp-ThresholdSSB: According to TS 38.213, clause 6, this is a L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free Random Access to recover from beam failure. By receiving an RLF report including beam measurements at the moment the failure has occurred the network knows which beams are above or below a threshold. Notice that in this sense, the UE may report beams in RLF report regardless of their quality i.e. possibly including beams below that threshold. That would allow the network to possibly lower that threshold in case it is set too high. 

1. [bookmark: _Toc7639161][bookmark: _Toc7732925]As part of BFR parameters
· [bookmark: _Toc7639162][bookmark: _Toc7732926]candidateBeamRSList, and 
· [bookmark: _Toc7639163][bookmark: _Toc7732927]rsrp-ThresholdSSB 
[bookmark: _Toc7639164][bookmark: _Toc7732928]are the most effective parameters to improve mobility robustness.
1. [bookmark: _Toc7639247][bookmark: _Toc7641112][bookmark: _Toc7732937]Reporting information concerning the performed BFD-BFR mechanism (measurement of RS resources either used for BFR purpose as well as beams not used for BFR purpose) as part of RLF report can be leveraged to tune the parameters mentioned in Observation 3 and optimize the performance of BFD-BFR procedures.
Impact of beam-based RA resource allocation on RLF and handover robustness
In NR, the Random Access resources are configured per beam level. The UE first checks whether a certain DL beam (based on SSB or CSI-RS) is above a certain threshold (for example, rsrp-ThresholdSSB configured in RACH-ConfigCommon) and if the beam level RSRP is above this threshold, then the UE can perform random access to that cell using the RA resources mapped to this DL beam. As part of the handover procedure, it is possible to use either SSBs or CSI-RSs to associate the RA resources in NR.     
1. [bookmark: _Toc888072][bookmark: _Toc7639165][bookmark: _Toc7732929]Random access (RA) resources are configured per beam level and the RA resources configured at handover can be associated to either SSBs or CSI-RSs of the target cell.  
The contention free random access (CFRA) related resources are allocated potentially on a subset of beams as part of the random-access (RA) configurations for the target cell. This is most likely based on the beam level information in the measurement report sent by the UE that led to the source cell requesting for handover towards the target cell. 
1. [bookmark: _Toc888073][bookmark: _Toc7639166][bookmark: _Toc7732930]The contention free random access (CFRA) related resources are allocated potentially on a subset of beams as part of the random-access (RA) configurations for the target cell.  
However, if the time difference between sending the measurement report and the time of accessing the target cell is large (in terms of radio quality changes), the optimal beams which could be used by the UE for performing RA could differ from the ones for which the UE is configured with CFRA resources. As the UE is mandated to use the beam with CFRA allocation if it fulfills certain RSRP threshold, there is a risk of spending much time on a sub-optimal beam for succeeding in RA (especially in scenarios when there is a mismatch in DL and UL). If the UE declares RLF in such a scenario, it is beneficial for the network to get measurements related to the strongest beams that the UE was receiving at the time of declaring RLF so that the CFRA allocation can be enhanced by the target cell for the future handovers.
1. [bookmark: _Toc869295][bookmark: _Toc888074][bookmark: _Toc7639167][bookmark: _Toc7732931]Upon RLF due to RACH related issues at handover, it is beneficial for the network to know the beam level quality associated to beams of the target cells.
Impact of RLM configuration on MRO 
The radio link monitoring (RLM) in LTE is associated to the hypothetical PDCCH quality as derived based on the CRSs. Whereas in NR, the RLM related hypothetical PDCCH calculation is based on the pre-configured RLM reference signals. 
1. [bookmark: _Toc869297][bookmark: _Toc888075][bookmark: _Toc7639168][bookmark: _Toc7732932]RLM resources can be configured via RRC and when so configured, they are configured per beam level.
However, if these reference signals are not configured as part of the RLM configuration, then the UE performs RLM based on the activated TCI state of PDCCH. When the RLM reference signals are configured, the number of reference signals that can be configured for RLM are lesser than the number of reference signals that will be used for RRM purposes. Depending on the operating frequency (less than 3 GHz/ between 3 and 6GHz/ above 6 GHz), the number of beams to be used for cell quality derivation for RRM purposes (4/8/64 respectively) is different from the number of beams to be used for RLM purposes (2/4/8 respectively).  
1. [bookmark: _Toc181766][bookmark: _Toc183192][bookmark: _Toc186061][bookmark: _Toc869298][bookmark: _Toc888076][bookmark: _Toc7639169][bookmark: _Toc7732933][bookmark: _Toc181765][bookmark: _Toc183191][bookmark: _Toc186060][bookmark: _Toc869296][bookmark: _Ref189046994]The maximum number of SSB beams that can be configured for RLM purposes of a serving cell is less than the maximum number of SSB beams that can be transmitted by the serving cell. 
1. [bookmark: _Toc888077][bookmark: _Toc7639170][bookmark: _Toc7732934]Sub-optimally configured RLM resources will have an impact on the number of RLF declared by the UE in NR.
In summary
Based on the series of observations from observation-4 to observation-11, it is clear that the beam-based configurations will influence the conditions upon which an RLF occurs. It is therefore beneficial to know the beam level measurements from the UE as part of the RLF Report. The UE can possibly log different beam level information depending on the reason for RLF. For example, when the RLF is caused due to the BFD/BFR failure, the UE can log more serving cell related beam information whereas if the RLF is caused due to the sub-optimal CFRA allocation at the target cell, the UE can log more target cell related beam information in the RLF report. However, the problem of how to differentiate type of beam logging at the RLF occasion. 
1. [bookmark: _Toc181772][bookmark: _Toc183199][bookmark: _Toc186069][bookmark: _Toc869307][bookmark: _Toc888081][bookmark: _Toc888101][bookmark: _Toc7639248][bookmark: _Toc7641113][bookmark: _Toc7732938]RAN3 to include the beam related information as part of the RLF reporting. Details of which beams to be reported under what conditions is FFS (those of serving cell only or strongest cells only etc.).
In the split architecture deployments (CU-DU split), the CU will be the node handling RLF Reports as the RLF Reports are part of the RRC related measurement report. However, many of the beamforming configurations are handled in the DU, it is beneficial for the DU to be aware of the optimality of certain beamforming configurations for the BFD/BFR resources related reference signals by having some statistics collected for declared RLFs due to beam management associated configurations.
1. [bookmark: _Toc181773][bookmark: _Toc183200][bookmark: _Toc186070][bookmark: _Toc869308][bookmark: _Toc888082][bookmark: _Toc888102][bookmark: _Toc7639249][bookmark: _Toc7641114][bookmark: _Toc7732939]RAN3 to consider what information associated to RLF report can be used in the DU level and how to communicate this information to the DU.
Conclusion
In section 2 we made the following observations:
Observation 1	As part of cell quality derivation parameters
	absThreshCSI-RS-Consolidation,
	absThreshSS-BlocksConsolidation,
	nrofCSInrofCSI-RS-ResourcesToAverage, and
	nrofSS-BlocksToAverage,
are the most effective parameters with impact on the performance of handover in NR (e.g., too late measurement report, or ping-pong handover).
Observation 2	As part of BFD parameters
	BeamFailureDetectionTimer,
	BeamFailureInstanceMaxCount and
	failureDetectionResourcesToAddModList
are the most effective parameters to improve mobility robustness.
Observation 3	As part of BFR parameters
	candidateBeamRSList, and
	rsrp-ThresholdSSB
are the most effective parameters to improve mobility robustness.
Observation 4	Random access (RA) resources are configured per beam level and the RA resources configured at handover can be associated to either SSBs or CSI-RSs of the target cell.
Observation 5	The contention free random access (CFRA) related resources are allocated potentially on a subset of beams as part of the random-access (RA) configurations for the target cell.
Observation 6	Upon RLF due to RACH related issues at handover, it is beneficial for the network to know the beam level quality associated to beams of the target cells.
Observation 7	RLM resources can be configured via RRC and when so configured, they are configured per beam level.
Observation 8	The maximum number of SSB beams that can be configured for RLM purposes of a serving cell is less than the maximum number of SSB beams that can be transmitted by the serving cell.
Observation 9	Sub-optimally configured RLM resources will have an impact on the number of RLF declared by the UE in NR.

Based on the discussion in section 2 we propose the following:
Proposal 1	Reporting information concerning measurement of the RS resources used for Cell Quality Derivation and RS resources not used for CQD, as part of RLF report can be leveraged to tune the parameters mentioned in Observation1 and avoid too late measurement report or ping-pong handover.
Proposal 2	Reporting information concerning the performed BFD-BFR mechanism (measurement of beams either used for BFD purpose as well as beams not assigend for BFD purpose) as part of RLF report can be leveraged to tune the parameters mentioned in Observation 2 and optimize the performance of BFD-BFR procedures.
Proposal 3	Reporting information concerning the performed BFD-BFR mechanism (measurement of RS resources either used for BFR purpose as well as beams not used for BFR purpose) as part of RLF report can be leveraged to tune the parameters mentioned in Observation 3 and optimize the performance of BFD-BFR procedures.
Proposal 4	RAN3 to include the beam related information as part of the RLF reporting. Details of which beams to be reported under what conditions is FFS (those of serving cell only or strongest cells only etc.).
Proposal 5	RAN3 to consider what information associated to RLF report can be used in the DU level and how to communicate this information to the DU.
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