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Introduction
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 measurement information agreed associated to radio link monitoring can be used to detect and resolve issues particularly in Radio Link Monitoring (RLM) by providing a better configuration of RLM resources.  
[bookmark: _Ref178064866]Discussion
Several new features are introduced in NR that could potentially influence the radio link failure (RLF) declaration at the UE.  Some of these features are listed below.
· Radio link monitoring (RLM) configuration
· Beam failure detection (BFD) 
· Beam failure recovery (BFR) configuration
· Cell quality derivation parameters
· Beam based random access allocation
In the sections below, we analyze the RLM configuration and discuss use cases wherein beam measurements targeting optimization of RLM resources could be leveraged to enhance the RLM functionality in NR via optimizing its configuration parameters which helps reducing the number of RLF happening due to the wrong RLM configuration. In addition, we discuss how such wrong configurations may cause wrong classification of RLF at the time of handover.
0. RLM resource configuration
RLM is a well-known procedure from LTE related to beam management, where the UE is monitoring the quality of its serving cell to determine if the network is unable to reach the UE. In LTE, the UE performs measurements on the CRS, and uses these measurements to estimate what the BLER of PDCCH would be if it were transmitted. In practice, the UE estimates the channel quality, e.g., SINR. The UE then triggers an internal out-of-sync (OOS) event if the BLER of a PDCCH received at this SINR level would be higher than 10%. When the UE has detected a certain number of consecutive OOS indications, the UE starts the T310 timer, and when the T310 expires, the UE declares RLF. Hence, triggering of RLF events that may also be connected to mobility, may be due to misconfiguration of RLM resources. When radio link failure happens UE initiates re-establishment procedure and select a suitable cell to connect. If the UE declare the failure at cell boundaries it may re-establishes a connection to another cell and this may be confusing for the network with Too Early HO, Too Late HO, or HO to Wrong cell.  We further discuss these cases in the following. For this reason, RLM process should be considered as part of the MRO optimisation. 
RLF caused by RLM is a severe failure case, that essentially indicates the UE has no coverage from its serving cell. One situation where this may happen is if the network has failed to perform a handover to a new cell. After declaring RLF, the UE can re-establish connection with the new cell. 
It is clear that the resources monitored for failure detection are less than the total number of beams a cell can adopt and because of that it is possible that such resources do not include the beams providing best quality signals to the UE. Wrong configuration of RLM resources may cause RLF while there are beams (not monitored by the UE) that could provide good enough cell quality to the UE.
1. [bookmark: _Toc16683811][bookmark: _Toc16683422][bookmark: _Toc16084251][bookmark: _Toc16067410][bookmark: _Toc16067380][bookmark: _Toc16774228][bookmark: _Toc16774387][bookmark: _Toc16775518]The maximum number of SSB beams that can be configured for RLM purposes is less than the maximum number of SSB beams that can be transmitted by the serving cell. 
Therefore, due to the wrong beam configuration for such lower layer features such as RLM, there might be some cases where UE may fail at RLM and declare RLF while cell provides good coverage, as the UE is not configured with the beast beams for RLM purpose.
1. [bookmark: _Toc16683812][bookmark: _Toc16683423][bookmark: _Toc16084252][bookmark: _Toc16067411][bookmark: _Toc16067381][bookmark: _Toc16774229][bookmark: _Toc16774388][bookmark: _Toc16775519]RLM beams may not include the beams providing best quality signals to the UE. Such wrong configurations may cause RLF.  
Wrong configurations of RLM resources and consequent RLFs may mislead the network in detecting Too Late HO or Too Early HO if RLF caused by wrong beam configuration takes place at cell boundaries. This is exemplified in the following.
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Figure 1: Too late HO due to sub-optimal configuration of RLM resources.
In Figure 1 it is shown that a UE configured with sub-optimal RLM resources is subject to an RLF in its serving cell that may be followed by re-establishment in a different cell. The latter is especially true if the UE is moving towards the target cell and at high speed radio signal fluctuation is more abrupt. However, the RLF could have been avoided if the RLM resources were optimally configured (e.g. if they included Beam 3). Here the RAN node owning the original cell may wrongly interpret the failure as Too Late HO while the issue is related to the wrong RLM resource configuration.
In a different scenario in may happen that the UE may be successfully handed over to a target cell (say Cell A, in the Figure 1). However, due to sub-optimal configuration of RLM resources, the UE may be subject to RLF. The UE might re-establish to its source cell (say Cell B in Figure 1). The network may interpret this event as Too Early HO and may target to change CIO, while the issue comes from wrong configuration of resources assigned to the RLM at target cell. Changing in CIO for such failures not only may not mitigate this issue but also may cause additional failures (by changing the optimal HO point).  The failure might have been avoided if the RLM resources in Cell A were optimally configured (e.g. if they included Beam 3).
 
1. [bookmark: _Toc16683813][bookmark: _Toc16683814][bookmark: _Toc16683815][bookmark: _Toc16683816][bookmark: _Toc16683817][bookmark: _Toc16683424][bookmark: _Toc16084253][bookmark: _Toc16067412][bookmark: _Toc16067382][bookmark: _Toc16774230][bookmark: _Toc16774389][bookmark: _Toc16775520]RLF caused by wrong beam configuration for RLM may be wrongly interpreted as Too Early and Too Late HOs.

In this regard, when an RLF occurs, if the UE performs measurement on resources configured for RLM resources, network nodes would be able to detect the failures without misinterpretation with other types of the failures (i.e., Too Early HO and Too Late HO). 
The above-mentioned measurement (i.e., measurement on resources configured for RLM) are already available, as UE needs to verify IS/OOS condition by performing measurement on the configured resources. Once the RLF report is compiled by the UE, it can be retrieved by the network by means of the UE information request/response procedure. 
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1. RAN2 is requested to agree reporting of measurement information of both failure detection resources (SSB/CSI-RS beams) assigned for RLM purpose and resources (SSB/CSI-RS beams) not assigned for RLM purpose, as part of RLF report.
In addition to the above measurement that can be logged right at radio link failure, UE may be able to collect the logs before radio link failure when it starts radio link failure supervision timer. Beam measurement information during the time that T310 is running (for the cases that cause failures) may be useful for the network to reconfigure the UEs with a better RLM resources (if there exists a better beam within this time period). In fact, if the network could provide a better RLM resources for the UE to delay the radio link failure, it may provide enough time for the network to prepare a handover for the UE without failure. This is illustrated in the Figure 3.
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Figure 3. UE performing beam measurement on the beams not associated to RLM purpose when supervision timer T310 is running. Beam 3 could postpone triggering T310 up to 700ms if configured for RLM resources.
1. [bookmark: _Toc16775522]UE’s beam measurements when RLF supervision timer T310 is running can be helpful to reconfigure better RLM resources and avoid RLF.

This measurement when timer T310 is running can be worthwhile to inform the network availability of some beams when T310 is running. Hence network can keep the UE for a longer period. For example, in the Figure 4, UE can be kept for 700ms if beam 3 be configured for RLM purpose. 
1. RAN2 is requested to agree reporting of measurement information of both failure detection resources (SSB/CSI-RS beams) assigned for RLM purpose and resources (SSB/CSI-RS beams) not assigned for RLM purpose when a supervision timer T310 is running.
Conclusion
In section 2 we made the following observations:
Observation 1	The maximum number of SSB beams that can be configured for RLM purposes is less than the maximum number of SSB beams that can be transmitted by the serving cell.
Observation 2	RLM beams may not include the beams providing best quality signals to the UE. Such wrong configurations may cause RLF.
Observation 3	RLF caused by wrong beam configuration for RLM may be wrongly interpreted as Too Early and Too Late HOs.
Observation 4	UE measurements on resources configured (and not configured) for RLM are necessary to optimize RLM configured resources and avoid misinterpretation of failures caused by wrong configuration of RLM resources with Too Late/Early handovers.
Observation 5	UE’s beam measurements when RLF supervision timer T310 is running can be helpful to reconfigure better ROLM resources and avoid RLF.

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

1. [bookmark: _Hlk12539421]RAN2 is requested to agree reporting of measurement information of both failure detection resources (SSB/CSI-RS beams) assigned for RLM purpose and resources (SSB/CSI-RS beams) not assigned for RLM purpose, as part of RLF report.
1. RAN2 is requested to agree reporting of measurement information of both failure detection resources (SSB/CSI-RS beams) assigned for RLM purpose and resources (SSB/CSI-RS beams) not assigned for RLM purpose when a supervision timer T310 is running.
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