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Introduction
In RAN3#101bis 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 prioritised as candidates to be studied. One of the SON functions agreed to be studied is mobility robustness optimization (MRO).

In this contribution, we discuss the new aspects related to MRO that could further improve the mobility robustness.
[bookmark: _Ref178064866]Discussion
Like in LTE, the UE can declare RLF in NR when one of following conditions are met:
1) Expiry of the radio link monitoring related timer T310;
2) Expiry of the measurement reporting associated timer T312 (not receiving the handover command from the network within this timer’s duration despite sending the measurement report when T310 was running);
3) Upon reaching the maximum number of RLC retransmissions;
4) Upon receiving random access problem indication from the MAC entity;
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 based contention free random access (CFRA) allocation
· Radio link monitoring (RLM) configuration
· Beam failure detection (BFD) and beam failure recovery (BFR) configuration
In the sections below, we analyze how each of the above features introduced in NR could affect mobility robustness optimizations.
Impact of cell quality derivation parameters on mobility robustness
One major difference in NR is the possible usage of different reference signals (SSBs and/or CSI-RSs) for handover decisions. 
1. [bookmark: _Toc869291][bookmark: _Toc887653][bookmark: _Toc994085]The reference signals on which the UE shall perform RRM measurements in NR are SSB and/or CSI-RS.
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: _Toc869292][bookmark: _Toc887654][bookmark: _Toc994086]The SSBs and CSI-RSs are beamformed and a single cell can have more than one beamformed reference signal.
In the example figure given below, the cell-A’s coverage is identified based on the coverage area of SSB beams A1 and A2 whereas the coverage area of cell-B 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 [3]. In summary, 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’. These options were introduced to prevent potential ping-pong handover related issues that can arise when only the strongest beam is used for cell quality derivation. It was also discussed that having an averaging based configuration can result in a UE being in a sub optimal cell due to the averaging. In the end, both options were supported stating that the network can configure the UE with any of these options depending on which option suits best in terms of the radio condition within the cell’s coverage area. Therefore, we propose to study if there is any additional reporting from the UE that can benefit the network in configuring the cell quality derivation parameters in an optimal way. As the main purpose of this is to avoid ping-pong handovers, this aspect aligns with the MRO related study.  
1. [bookmark: _Toc869293][bookmark: _Toc887655][bookmark: _Toc994087]The cell quality derivation parameters that inform the UE as to whether to consider a single strongest beam as the cell level representation or if the UE must perform averaging of the top ‘X’ beams that are above a certain threshold ‘T’ can potentially impact the mobility robustness in terms of delaying sending a measurement report or avoiding a ping-pong handover. 
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1. [bookmark: _Toc869304][bookmark: _Toc869305][bookmark: _Toc528753839][bookmark: _Toc528782170][bookmark: _Toc528830547][bookmark: _Toc528830807][bookmark: _Toc528835226][bookmark: _Toc528851389][bookmark: _Toc528869706][bookmark: _Toc528871119][bookmark: _Toc186066][bookmark: _Toc869306][bookmark: _Toc887672][bookmark: _Toc994096]To study the impact of cell quality derivation parameters on the mobility robustness optimization.

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: _Toc887656][bookmark: _Toc994088]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: _Toc887657][bookmark: _Toc994089]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: _Toc887658][bookmark: _Toc994090]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: _Toc887659][bookmark: _Toc994091]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: _Toc887660][bookmark: _Toc994092][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: _Toc887661][bookmark: _Toc994093]Sub-optimally configured RLM resources will have an impact on the number of RLF declared by the UE in NR.
[bookmark: _Toc181771][bookmark: _Toc183198][bookmark: _Toc186068]Impact of BFD/BFR resources configuration on MRO
In addition to the conditions when the UE can declare RLF as listed in section 2.1, in NR there is additional aspect of BFR (Beam Failure recovery) related RLF declaration. As part of the beam management configurations, the UE is configured with BFD (beam failure detection) resources and BFR (Beam failure recovery) resources. 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. The UE might re-establish itself in the source cell if the configured BFR resources are sub-optimal and the UE finds a better beam amongst the beams of the serving cell. Therefore, due to the impact of BFD and BFR configurations on the RLF declarations, we propose to study these configurations’ optimization as part of the MRO study.  
1. [bookmark: _Toc181768][bookmark: _Toc183194][bookmark: _Toc186063][bookmark: _Toc869300][bookmark: _Toc887662][bookmark: _Toc994094][bookmark: _Toc181767][bookmark: _Toc183193][bookmark: _Toc186062][bookmark: _Toc869299]BFD and BFR resources can be associated to either SSBs or CSI-RSs.
1. [bookmark: _Toc887663][bookmark: _Toc994095]Beam failure detection (BFD) and beam failure recovery (BFR) related configurations will impact the RLF declaration by the UE.
Based on the series of observations from observation-4 to observation-11, it is clear that the beam based configurations will impact the RLF declaration at the UE and thus up on RLF, it is beneficial to know the beam level measurements from the UE. 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, this area needs to be carefully studied as to how to differentiate type of beam logging at the RLF occasion. 
1. [bookmark: _Toc181772][bookmark: _Toc183199][bookmark: _Toc186069][bookmark: _Toc869307][bookmark: _Toc887673][bookmark: _Toc994097]To include the beam related information as part of the RLF reporting. Details of which beams to be included under which circumstances is FFS (those of serving cell only or strongest cells only etc.).
Inter RAN node signaling to support MRO
Upon determining the type of information the UE will report in the RLF Report used for the MRO solution in NR, a similar signaling solution as the one adopted in LTE can be followed. Information related to a mobility failure, either coming from the UE or collected by the RAN, can be signaled back to the source RAN node.
The source RAN node may trigger an analysis of the issue that caused the mobility failure and it may determine actions aimed at optimizing its configuration. Some of these actions may require purely a RAN node internal change, for example this could happen if the RLM configuration needed to be modified. Such changes would likely require only signaling between a gNB-CU and gNB-DU to trigger such modifications.
Some other changes related with mobility settings may require adaptation of mobility thresholds from source cell/beam to target cell/beam. In order to ensure an harmonised change of mobility thresholds between source and target RAN nodes a signaling procedure similar to the X2: Mobility Setting Change could be foreseen. This procedure allows source and target RAN nodes to indicate the changes applied to the mobility threshold between two cells and to suggest changes on the thresholds used for mobility from target cell to source cell.
In the case of NR however, the enhancement to this procedure that should be studied concerns the application of mobility thresholds on a per beam basis. The latter is justified by the fact that mobility and RS measurements are performed on a per beam bases, therefore mobility thresholds configuration on a per beam basis would also be plausible
1. [bookmark: _Toc994098]To adopt the LTE solution for inter RAN node signalling of UE reported mobility failure information as baseline.
1. [bookmark: _Toc994099]To study the signalling between gNB-CU and gNB-DU needed for RAN node internal changes of configuration derived from MRO actions
1. [bookmark: _Toc994100]To study the introduction of a Handover Setting Change procedure based on per beam mobility threshold changes

Conclusion
In section 2 we made the following observations:
Observation 1	The reference signals on which the UE shall perform RRM measurements in NR are SSB and/or CSI-RS.
Observation 2	The SSBs and CSI-RSs are beamformed and a single cell can have more than one beamformed reference signal.
Observation 3	The cell quality derivation parameters that inform the UE as to whether to consider a single strongest beam as the cell level representation or if the UE must perform averaging of the top ‘X’ beams that are above a certain threshold ‘T’ can potentially impact the mobility robustness in terms of delaying sending a measurement report or avoiding a ping-pong handover.
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.
Observation 10	BFD and BFR resources can be associated to either SSBs or CSI-RSs.
Observation 11	Beam failure detection (BFD) and beam failure recovery (BFR) related configurations will impact the RLF declaration by the UE.

Based on the discussion in section 2 we propose the following:
Proposal 1	To study the impact of cell quality derivation parameters on the mobility robustness optimization.
Proposal 2	To include the beam related information as part of the RLF reporting. Details of which beams to be included under which circumstances is FFS (those of serving cell only or strongest cells only etc.).
Proposal 3	To adopt the LTE solution for inter RAN node signalling of UE reported mobility failure information as baseline.
Proposal 4	To study the signalling between gNB-CU and gNB-DU needed for RAN node internal changes of configuration derived from MRO actions
Proposal 5	To study the introduction of a Handover Setting Change procedure based on per beam mobility threshold changes
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