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Introduction
In the context of MRO, an overall solution including RLF report and required signalling has been agreed as part of a TR 37.816 [1]. In RAN3-105 further agreements were taken on the signalling needed to support MRO. Progress were made also with respect to the content of the RLF Report, which has been followed and discussed as part of an email discussion in RAN2 [2] wherein RRM measurement as well as RLM and RACH related information is agreed to be reported as part of RLF report. 
During RAN2-1107bis meeting, it was further agreed that the RLF Report would include a new RLF cause named “BeamFailureRecovery failure”, which indicates failure due to unsuccessful beam failure recovery.
At the same time a discussion was carried out during RAN3-105 regarding RLF events for which the root cause is detected by the gNB-DU and where it would be beneficial if the gNB-DU informed the gNB-CU of the occurrence and root cause of such events [5].
In this paper, we discuss how the agreed measurement as part of radio link failure (RLF) report can be used by a gNB-DU to potentially resolve MRO related issues. Further, we discuss how a gNB-CU would benefit of knowing the root cause of RLF events detected by the gNB-DU
[bookmark: _Ref178064866]Discussion
According to the email discussion in RAN2 [2] it has been agreed to include RRM measurement as well as RLM and RACH related information as part of RLF report. Here is an excerpt from the conclusion of the email discussion.
[bookmark: _Hlk20898586]All companies agree reporting of available measurement information of SSB/CSI-RS beams and SSB/CSI-RS beams of serving cell, as part of RLF report. Also include 1 bit indication per SSB/CSI-RS beams reporting whether it is configured to RLM purpose.

And further agreements taken in RAN2-106 and RAN2-107 concerning the content of the RLF Report are below:
Agreements:
1	RACH failure information, if available, shall be included in both RLF report and CEF report.
2	Attempted SSB index can be indicated as part of RACH failure information.

Agreements:       
10	Add at least the following contents in TS37.320 NR RLFreport content required for MDT:
	[Omit contents]
-	RACH failure report

Agreements taken at RAN2-107bis regarding the content of the RLF Report are summarized below:
	2-2  Add a new cause “BeamFailure RecoveryFailure” for RLF branch which in parallel with “t310-Expiry”, “randomAccessProblem” and “rlc-MaxNumRetx” and no BFR specific records are needed in RLF report.
2-3 RAN2 confirm the beam level measurement associated to SSB/CSI-RS of both serving cell and neighbour cells can be included in RLF report.
2-4  Only support SSB/CSI-RS based measurements records and no more measurements will be collected in RLF report based on other RS types.
2-5  RAN2 confirm that at least the available uncompensated barometric pressure measurement, UE speeds and UE orientation can be reported as sensor information.
2-6 Working assumption: the UE speed state info (i.e., just flag) if available is included in RLF report. The feasibility and the details depending the email discussion on mobility history. 
2-7  LTE RLF can be reported in NR. How to support this is FFS.
2-8  Support available Bluetooth and WLAN measurements report in RLF report.




In the following we discuss how the above agreed information can be used in gNB-DU to resolve the MRO related issues.
RLM resource configuration
It is clear that reference signals configured by the network to be monitored by the UE for radio link failure detection purposes are less than the total number of beams a cell can adopt (in particular in FR2), and because of that it is possible that such resources do not include the beams providing best quality signals to the UE.  Therefore, due to possible wrong beam configuration, there might be some cases where a UE may fail at RLM and declare RLF while the cell provides good coverage, as the UE is not configured with the beast beams to monitor for RLM purpose.
1. [bookmark: _Toc16067381][bookmark: _Toc16067411][bookmark: _Toc16084252][bookmark: _Toc16683423][bookmark: _Toc16683812][bookmark: _Toc16877517][bookmark: _Toc20902173][bookmark: _Toc20902728][bookmark: _Toc20903632][bookmark: _Toc20903671][bookmark: _Toc20948872]RLM beams are less than the total number of beams a cell can adopt. Hence, they may not include the beams providing best quality signals to the UE. Such wrong configurations may cause RLF while the cell quality is yet good to the UE.  
The situation may be worse, when 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.
[image: ]
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 at high speed where 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 Figure 2 it is shown how a UE may be successfully handed over to a target cell (Cell A, in the figure). However, due to sub-optimal configuration of RLM resources, the UE may be subject to RLF at the target cell. The UE might re-establish to its source cell (i.e. Cell B). The network may interpret this event as Too Early HO and may decide to change CIO from source to target, while the issue comes from wrong configuration of resources assigned to the RLM at target cell. Changing of CIO for such failures not only fails to 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).

[image: ] 
Figure 2: Too early HO due to sub-optimal configuration of RLM resources
1. [bookmark: _Toc16683813][bookmark: _Toc16877518][bookmark: _Toc16683814][bookmark: _Toc16877519][bookmark: _Toc16683815][bookmark: _Toc16877520][bookmark: _Toc16683816][bookmark: _Toc16877521][bookmark: _Toc16067382][bookmark: _Toc16067412][bookmark: _Toc16084253][bookmark: _Toc16683424][bookmark: _Toc16683817][bookmark: _Toc16877522][bookmark: _Toc20902174][bookmark: _Toc20902729][bookmark: _Toc20903633][bookmark: _Toc20903672][bookmark: _Toc20948873]RLF caused by wrong beam configuration for RLM may be wrongly interpreted as Too Early and Too Late HOs, worsening then RLM related issues.
[bookmark: _Toc16067383][bookmark: _Toc16067413][bookmark: _Toc16067384][bookmark: _Toc16067414][bookmark: _Toc16067385][bookmark: _Toc16067415][bookmark: _Toc16067386][bookmark: _Toc16067416][bookmark: _Toc16067387][bookmark: _Toc16067417][bookmark: _Toc16067388][bookmark: _Toc16067418][bookmark: _Toc16067390][bookmark: _Toc16067420][bookmark: _Toc16067391][bookmark: _Toc16067421][bookmark: _Toc16067392][bookmark: _Toc16067422][bookmark: _Toc16067393][bookmark: _Toc16067423][bookmark: _Toc16067394][bookmark: _Toc16067424][bookmark: _Toc16067395][bookmark: _Toc16067425][bookmark: _Toc16067396][bookmark: _Toc16067426][bookmark: _Toc16067397][bookmark: _Toc16067427][bookmark: _Toc16067398][bookmark: _Toc16067428][bookmark: _Toc16067399][bookmark: _Toc16067429][bookmark: _Toc11853835][bookmark: _Toc11934773][bookmark: _Toc16067401][bookmark: _Toc16067431] 
In this regard, it has been agreed that when an RLF occurs, the UE reports the available measurement of SSB/CSI-RS beams of serving cell, as part of RLF report. The measurement includes one bit indication per SSB/CSI-RS beams reporting whether it is configured for RLM purposes. Once the RLF report is ready at the UE, it can be retrieved by the network by means of the UE information request/response procedure, and forwarded to the serving cell over Xn interface, if required. This is shown in Figure 2 and Figure 3. 
In a DU-CU split architecture, RLM resources are configured as part of RadioLinkMonitoringConfig that is conveyed to the UE as part of SevingCellConfig, which in turn is contained in the CellGroupConfig IE. Therefore, the RadioLinkMonitoringConfig IE is created and managed by the gNB-DU. Hence any optimization concerning RLM resources needs to be performed at gNG-DU that owns the CellGroupConfig according to the TS 38.331 [3].  IT is therefore clear that SSB/CSI-RS beam measurements of the serving cell while indicating the beams used for RLM purpose (and the beams not used for RLM) could be of great help to the gNB-DU.
1. [bookmark: _Toc20902730][bookmark: _Toc20903634][bookmark: _Toc20903673][bookmark: _Toc20948874]Configuration of RLM resources is performed by the gNB-DU. RRM measurement and indication of the resources used for RLM purpose can assist the gNB-DU to reconfigure the RLM resources, avoiding RLF failures occurring due to wrong RLM configuration.

In addition to the value of RLF report for RLM optimizations at the gNB-DU, according to the agreements, RACH related information is agreed to be included as part of RLF report (likely when RLF occurs due to RACH failure). RACH configuration is under the responsibility of the gNB-DU. Hence, the information in RLF Report concerning RACH access can be of greate value for the gNB DU to reconfigure RACH resources, to enhance the RACH performance and to avoid RLF due to the failed RACH. Discussion on the benefits of forwarding RACH report from the gNB-CU to the gNB-DU is discussed in [4].

Additionally, the latest agreements in RAN2 reported in Section 1 highlight that the RLF Report contains information about a failure due to BeamFailureRecovery Failure. BeamFailureRecovery is a procedure by which the UE, upon failing to find a suitable configured beam on which to perform RACH access, attempts to measure any available beams and tries to access them. A failure of the BEamFailureRecovery procedure is a piece of information that needs to be passed to the gNB-DU as the gNB-DU is responsible for configuration of list of beams and beam selection criteria for Beam Failure Detection and Beam Failure Recovery procedures.

Considering the value of such measurement information included in RLF report for the gNB-DU, we propose,

1. [bookmark: _Ref20948935]RAN 3 to agree that the gNB-CU forwards the RLF report to the gNB-DU for further analysis on detection of the configuration issues and performing the required reconfiguration actions. 
It is further noted that in [5] it was discussed that the gNB-DU may detect RLFs due to events that are only visible to the gNB-DU. Such events are for example failure due to maximum number of DL RLC retransmissions and failures due to maximum number of out of synch events at L1. In these cases it has been discussed that it would be beneficial for the gNB-CU to know from gNB-DU that a failure was detected together with the root cause of it. By receiving this information, the gNB-CU could in fact 
· Learn immediately of the occurrence of an RLF: With the support of Rel15 UEs the gNB-CU may not receive an RLF Report. Hence, without notifications of occurred RLFs from the gNB-DU the gNB-CU might never learn about the occurrence of an RLF.
· Learn the root cause of failure for an RLF. Such root cause might not be known because an RLF Report is not received or because an RLF Report does not address such cases.
In light of the above the following is proposed:
1. [bookmark: _Ref20948968]RAN 3 to agree that the gNB-DU signals to the gNB-CU information about the detection of RLF vents and the root cause of such events, if known

Conclusion
In section 2 we made the following observations:
Observation 1	RLM beams are less than the total number of beams a cell can adopt. Hence, they may not include the beams providing best quality signals to the UE. Such wrong configurations may cause RLF while the cell quality is yet good to the UE.
Observation 2	RLF caused by wrong beam configuration for RLM may be wrongly interpreted as Too Early and Too Late HOs, worsening then RLM related issues.
Observation 3	Configuration of RLM resources is performed by the gNB-DU. RRM measurement and indication of the resources used for RLM purpose can assist the gNB-DU to reconfigure the RLM resources, avoiding RLF failures occurring due to wrong RLM configuration.
Based on the discussion in section 2 we propose the following:
Proposal 1	RAN 3 to agree that the gNB-CU forwards the RLF report to the gNB-DU for further analysis on detection of the configuration issues and performing the required reconfiguration actions.
Proposal 2	RAN 3 to agree that the gNB-DU signals to the gNB-CU information about the detection of RLF vents and the root cause of such events, if known
[bookmark: _GoBack]CRs reflecting the proposals above are available in R3-197397 and R3-197398
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