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1. Introduction
In last RAN3-109 e-meeting, it was agreed that SON enhancements for CHO and DAPS HO will be supported. In this paper, we will discuss the potential use cases of MRO for CHO and DAPS HO and the enhancements of current delivery schemes in RAN3.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
Currently, we has defined three MRO use cases as described in TS 38.300. The definitions are too late HO, too early HO and HO to wrong cell. These problems are defined as follows:
-	[Intra-system Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
-	[Intra-system Too Early Handover] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
-	[Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
In Rel-16, CHO and DAPS HO were introduced for mobility enhancements. Although there are some enhancements on the legacy handover scheme, the basic nature of the handover procedure is unchanged. Correspondingly, the potential error cases for CHO and DAPS HO should be mainly aligned with the legacy mobility scheme. The above legacy problem definitions should be reused for CHO and DAPS HO cases. 
Proposal 1: Reuse the current MRO error case definitions for CHO and DAPS HO with necessary updates.
Currently, there are lots of information included in the Rel-16 RLF Report, including the information of the previous cell, failed cell, reestablishment cell, the re-connected cell after failing to perform reestablishment and some important timer information. The details in RLF Report are provides as below:
    nr-RLF-Report-r16                    SEQUENCE {
        measResultLastServCell-r16           MeasResultRLFNR-r16,
        measResultNeighCells-r16             SEQUENCE {
            measResultListNR-r16                 MeasResultList2NR-r16       OPTIONAL,
            measResultListEUTRA-r16              MeasResultList2EUTRA-r16    OPTIONAL
        }                                                OPTIONAL,
        c-RNTI-r16                           RNTI-Value,
[bookmark: _Hlk23945787][bookmark: _Hlk16500598]        previousPCellId-r16                  CHOICE {
            nrPreviousCell-r16                   CGI-Info-Logging-r16,
            eutraPreviousCell-r16                CGI-InfoEUTRALogging
        }                                                                    OPTIONAL,
[bookmark: _Hlk23945796][bookmark: _Hlk16496433][bookmark: _Hlk34319377]        failedPCellId-r16                    CHOICE {
            nrFailedPCellId-r16                  CHOICE {
                cellGlobalId-r16                     CGI-Info-Logging-r16,
                pci-arfcn-r16                        SEQUENCE {
                    physCellId-r16                       PhysCellId,
                    carrierFreq-r16                      ARFCN-ValueNR
                }
            },
            eutraFailedPCellId-r16           CHOICE {
                cellGlobalId-r16                 CGI-InfoEUTRALogging,
                pci-arfcn-r16                    SEQUENCE {
                    physCellId-r16                   EUTRA-PhysCellId,
                    carrierFreq-r16                  ARFCN-ValueEUTRA
                }
            }
        },
        reconnectCellId-r16                  CHOICE {
            nrReconnectCellId-r16                CGI-Info-Logging-r16,
            eutraReconnectCellId-r16             CGI-InfoEUTRALogging
        }                                                                                        OPTIONAL,
        timeUntilReconnection-16             TimeUntilReconnection-16                            OPTIONAL,
        reestablishmentCellId-r16            CGI-Info-Logging-r16                                OPTIONAL,
        timeConnFailure-r16                  INTEGER (0..1023)                                   OPTIONAL,
        timeSinceFailure-r16                 TimeSinceFailure-r16,
        connectionFailureType-r16            ENUMERATED {rlf, hof},
        rlf-Cause-r16                        ENUMERATED {t310-Expiry, randomAccessProblem, rlc-MaxNumRetx,
                                                         beamFailureRecoveryFailure, lbtFailure-r16,
                                                         bh-rlfRecoveryFailure, spare2, spare1},
        locationInfo-r16                     LocationInfo-r16                                    OPTIONAL,
        noSuitableCellFound-r16              ENUMERATED {true}                                   OPTIONAL,
        ra-InformationCommon-r16             RA-InformationCommon-r16                            OPTIONAL,
        ...
    },

To assist the network to differ the legacy HO, CHO and DAPS HO, the UE should provide more information. In next section, we’ll give the detailed analysis on the required information for CHO and DAPS HO and potential enhancements on the Rel-16 RLF Report.
2.1 MRO for CHO
Conditional Handover is introduced in R16 for mobility robustness, which is a handover procedure that is executed only when CHO execution condition(s) are met. In CHO, the source gNB can configure a list of candidate target cells, and then the UE can select one whose quality meets the execution condition as the target cell to access to. Failure handling mechanism is introduced for CHO, i.e. at source RLF or legacy HO failure or CHO failure, the UE would perform cell selection, if the selected cell is a candidate target cell, then the UE would perform handover, otherwise re-establishment can be performed. If the handover performed during failure handling procedure fails, the UE would perform re-establishment. There are some failure scenarios in CHO procedure as following:
Scenario 1: too late CHO
For this case, the UE received CHO configuration from the source node. The RLF occurred in the source cell before CHO execution condition is met. After the CHO failure, if the UE selects a cell different from all the target CHO cells and the failed cell, the UE attempts to re-establish the radio link connection to the cell. In this case, the definition of “Too Late HO” can be applied. If the UE selects to a target CHO cell, instead of reestablishment procedure, the UE will perform the CHO complete procedure. 
Observation 1: Redefine the too late HO for too late CHO as below:
-	[Intra-system Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish  the radio link connection or attempts CHO in a different cell.
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Figure 1 too late CHO
To support the R16 MRO for CHO, the UE will collect the RLF related information. In too late CHO, the contents of both the previousPCellId and the failedPcellId are both set to the source cell. It may set the IE timeConnFailure, to indicate the time elapsed since receiving the last CHO configuration until connection failure. Upon reception the RLF report, the source node may compare the UE reported timer with the configured threshold (e.g. Tstore_UE_cntxt) and find that the cell UE attempts to re-connect is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened. Without other useful information, the source node may consider it as too late HO if the UE reported timer is longer than the Tstore_UE_cntxt, or HO to wrong cell if the UE reported timer is smaller than the Tstore_UE_cntxt,. 
To further clarify the information, it is necessary to include an indication to indicate CHO was configured but not executed. If the UE selects a target cell different from all the configured CHO cell, the UE can record the previous cell, the failed cell, the re-established cell information and even the re-connected cell information into the current Rel-16 IEs previousPCellId, the failedPcellId, the reestablishmentCellId or the reconnectCellId. In this way, this indication is definitely useful for the network to distinguish the CHO Handover from R15 intra-NR mobility and adjust the corresponding mobility parameters. 
Besides, if the UE selects to a target CHO cell, the UE attempts CHO with the target CHO cell. It is necessary to introduce such kind of cell information content, e.g., the CHOcellId, into the RLF report. It the CHO is successfully completed, it is enough for UE to provide the previousPCellId, the failedPcellId and the new CHOcellId. If the CHO attempt fails, the UE will perform reestablishment. In this case, the UE should also record the reestablishmentCellId or even the reconnectCellId in case of failing to perform reestablishment.
Observation 2: For too late CHO, the following enhancements should be considered into the RLF Report:
· Introduce an indication to indicate that CHO was configured but not executed for too late CHO.
· Introduce a new cell information IE to indicate the selected CHO after the first connection failure and before the reestablishment.
Scenario 2: too early CHO
There is a recent executed CHO for the UE prior to the connection failure (HOF or RLF) with the target cell. After the CHO failure, if the UE selects to the source cell and attempts to re-establish the radio link connection to the source cell. Therefore, the current definition of too early CHO can be totally applied for this case.
Observation 3: The too early HO definition can be reused for too early CHO without any update. 
In this scenario, the UE will record the IE timeConnFailure. In legacy RLF report, the IE timeConnFailure is to indicate the time elapsed since the last HO initialization until connection failure. It is worth noting that the UE reported timer in the IE timeConnFailure is important for the detecting of the handover failure type. If the timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation. It is a too early HO. If the timer is larger than the configured threshold (e.g. Tstore_UE_cntxt), it is difficult for the node receiving the RLF report to analyse the actual handover failure type.
However, for CHO, the UE can receive the HO initialization with CHO configuration but triggers the CHO execution later. As analysed in the CHO introduction, the time when the CHO condition is met is quite different or even long enough after the reception of the CHO configuration. If we reuse the R16 IE timeConnFailure, it may bring unexpected mistake for identifying the failure type.
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Figure 2 too early CHO (HOF case)
Observation 4: The IE timeConnFailure is not enough to identify the handover failure type for too early CHO.
As showed in figure 2, the really useful time information to decide the failure type for CHO it the one elapsed since the CHO execution until connection failure. Therefore, it is reasonable to introduce a new time information, to indicate the time elapsed since the CHO execution condition triggered until connection failure for too early CHO case. 
Observation 5: Introduce a new time information to indicate the time elapsed since the CHO execution condition triggered until connection failure for too early CHO.
Scenario 3: CHO to wrong cell
The RLF occurrence is similar as the too early CHO. In CHO to wrong cell, after the CHO failure, if the UE selects a cell different from all the target CHO cells and the failed cell, the UE attempts to re-establish the radio link connection to the cell. In this case, the definition of “HO to wrong cell” can be applied. If the UE selects to one of the target CHO cells, instead of reestablishment procedure, the UE will perform the CHO complete procedure. 
Observation 6: Redefine the HO to wrong cell for CHO to wrong cell as below:
-	[Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection or attempts CHO in a cell other than the source cell and the target cell.
The failure case of the CHO to wrong cell is similar as the too early CHO case. Consequently, a new IE timeCHOtriggerFailure to indicate the time elapsed since the CHO execution condition triggered until connection failure for too early CHO should also be introduced.
If the UE selects a new target cell different from the source cell or all the configured CHO cells, the UE can record the previous cell, the failed cell, the re-established cell information and even the re-connected cell information into the current Rel-16 IEs previousPCellId, the failedPcellId, the reestablishmentCellId or the reconnectCellId. 
Besides, if the UE selects to a target CHO cell, the UE attempts CHO with the target CHO cell. It is necessary to introduce such kind of cell information content, e.g., the CHOcellId, into the RLF report. It the CHO is successfully completed, it is enough for UE to provide the previousPCellId, the failedPcellId and the new CHOcellId. If the CHO attempt fails, the UE will perform reestablishment. In this case, the UE should also record the reestablishmentCellId or even the reconnectCellId in case of failing to perform reestablishment.
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Figure 3 CHO to wrong cell
Accounting for the above scenarios, it is desirable to introduce the following enhancements into RLF report for CHO.
Observation 7: For CHO to wrong cell, the following enhancement should be considered into the RLF Report:
· Introduce a new time information to indicate the time elapsed since the CHO execution condition triggered until connection failure;
· Introduce a new cell information to indicate the selected CHO after the first connection failure and before the reestablishment.

As a small summary of the above section, we give the following proposal:
Proposal 2: Redefine the too late HO and HO to wrong cell to support CHO:
-	[Intra-system Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection or attempts CHO in a different cell.
-	[Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection or attempts CHO in a cell other than the source cell and the target cell.
Proposal 3: To support MRO for CHO, the RLF report should include:
· an indication to indicate that CHO was configured but not executed for too late CHO 
· a new time information to indicate the time elapsed since the CHO execution condition triggered until connection failure;
· a new cell information to indicate the selected CHO after the first connection failure and before the reestablishment.
2.2 MRO for DAPS HO
In Rel-16, DAPS HO was introduced to reach the 0ms interruption of data transmission during handover. Compared with traditional handover, in DAPS Handover, the UE maintains the source gNB connection after reception of DAPS until receiving the source release indication from target gNB. The UE detects RLF in source cell before initiating RACH with target cell. After successful RACH with target cell, the UE stops the RLF detection in source cell and starts RLF detection in target cell. 
There are some failure scenarios in DAPS handover procedure as following. First of all, the UE has received the DAPS HO configuration. Therefore, there is no too late DAPS HO case. And no update is needed for the definition of current too late HO.
Observation 8: There is no too late DAPS HO case and no update is needed for the definition of too late HO.
Scenario 1: too early DAPS HO
The UE receives DAPS HO configuration and there is no RLF detected in source cell before initiating the RACH with target cell. An RLF occurs shortly after a successful handover from the source cell to the DAPS target cell or a handover failure occurs during the handover procedure. For too early DAPS HO in case of HOF, the UE can successfully revert to the source cell without triggering RRC reestablishment. The UE can send to the source cell the FailureInformation message including the failure type set to “DAPS failure”. 
Observation 9: There is no need to report the RLF report if the UE can successfully revert to the source cell.
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Fig 4 too early DAPS HO with HOF, successfully reverting to the source
In case of RLF in target cell, the UE performs reestablishment procedure as legacy. Therefore, the current definition of too early HO can cover the too early DAPS HO. 
Observation 10: There is no update of the definition of too early HO to support DAPS HO case.
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Fig 5 too early DAPS HO with RLF
To differ the DAPS HO from the legacy one, it is desirable to introduce a handover type “DAPS HO”.
Scenario 2: DAPS HO to wrong cell
Sub-scenario 2.1: UE detects RLF in source cell before initiating the RACH with target cell
In this case, after the UE received the DAPS HO configuration, the UE detects the RLF in source. After the failure in source cell, the UE will continue the RACH procedure with the target cell. If the UE detects HOF or RLF in the target cell, the UE performs the reestablishment to a third cell different from both the source and the target cells. 
Besides, for the IE timeConnFailure, it will indicate the time elapsed since the DAPS HO to the connection failure with the source cell. But there will be a second failure, e.g., HOF/RLF with the target cell. Therefore, it is desirable to provide the detailed time information between the two failures.
To differ the DAPS HO case, except for the introduction of a new handover type “DAPS HO”, it is also expected to introduce new information, which can indicate a RLF in source occurs before the RACH in the target. The new information can be an indicator or a new time information. The indicator can indicate that the UE detects RLF in source before initiating RACH in target. The new time information can further indicate the time elapsed between the two failures, e.g., since the RLF in the source cell to the HOF/RLF in the target cell should be considered.
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Fig 6 DAPS HO to wrong cell, HOF/RLF, detecting RLF in source before RACH
Sub-scenario 2.2: no RLF in source cell before initiating the RACH with target cell
If the UE detects HOF with the target cell, the UE attempts to revert to the source cell. If the source cell is unavailable, the UE performs reestablishment to a third cell. In this case, the UE firstly detects HOF in the target and then finds the source cell unavailable. Therefore, there may be two failures. 
To make the situation clearer, except for the introduction of a new handover type “DAPS HO”, it is also expected to introduce new information, which can indicate a RLF in source occurs after the RACH in the target. The new information can be an indicator or a new time information. The indicator can indicate that the UE doesn’t detect RLF in source before initiating RACH in target. The new time information to indicate the time elapsed between the two failures, e.g., since the HOF in the target cell to the RLF in the source cell should be considered.
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Fig 7 DAPS HO to wrong cell, HOF, detecting failure in source after RACH
For RLF case, the UE performs reestablishment to a third cell. This is almost the legacy procedure. A new handover type “DAPS HO” should be introduced to differ this kind of case from the legacy one.
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Fig 8 DAPS HO to wrong cell, RLF

Technically speaking, the current definition of HO to wrong cell can cover all the above cases showed in sub-scenarios 2.1 and 2.2.  
Observation 11: There is no update for the definition of current HO to wrong cell to support DAPS HO.
Taking the above analysis together, to support and identify the DAPS HO:
Proposal 4: There is no need to update the current definition of MRO cases to support DAPS HO.
Proposal 5: To support MRO for DAPS HO, the RLF report should include:
· A new handover type “DAPS HO”; and,
· a new indicator to indicate whether the UE detects RLF with source before initiation RACH with the target DAPS cell; or, new time information to indicate the time elapsed between two failures.
Based on above discussion, RAN3 can send an LS as attached in the Annex to ask RAN2 to consider the information which can be included in the RLF report for R16 mobility enhancements.
Proposal 6: Send an LS to ask RAN2 to consider the above enhanced information and include them in the RLF report for CHO and DAPS HO.

2.3 Delivery of RLF report for CHO and DAPS HO
In RAN3, two different types of inter-node MRO messages i.e. FAILURE INDICATION and HANDOVER REPORT have been specified in NG-RAN to support the Xn based delivery of RLF report while UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER to support the NG based delivery of RLF report. 
The message FAILURE INDICATION is sent from the node which receives the RLF report from the UE. The reception node includes the RLF report as a container and delivers it to the right node. The message HANDOVER REPORT can be sent from the node which hosted the previous serving cell of the UE to the original source RAN node. Based on these two messages, the network can classify a handover as ‘too-late’ or ‘too early’ or ‘to wrong cell’. 
Currently, it is unclear on the contents of the RLF reports for CHO and DAPS HO. It is difficult for RAN3 to discuss the impact of the RLF reports for CHO and DAPS HO on the FAILURE INDICATION and HANDOVER REPORT messages. RAN3 can wait for the progress of the RLF report enhancements and then study the contents of the RLF INDICATION, HANDOVER REPORT or UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER message for the failure scenarios in DAPS HO or CHO. 
Proposal 7: RAN3 should wait for the enhanced RLF report for CHO and DAPS HO in RAN2 before studying the contents of the RLF INDICATION, HANDOVER REPORT, or UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER message for the failure scenarios in CHO and DAPS HO.
Currently, the RLF Report can be delivered as a container from CU to DU via the ACCESS AND MOBILITY INDICATION message. If both the CHO and DAPS related enhancements are included in the RLF report, there is no update for the current delivery solution. If new report is introduced in RAN2, it is also desirable to introduce the corresponding container in the ACCESS AND MOBILITY INDICATION message in F1 interface. This depends on RAN2 design and should wait for the progress of RAN2.
Proposal 8: RAN3 should wait for the definition of the report for CHO and DAPS HO in RAN2.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
[bookmark: _Toc423020280]Observation 1: Redefine the too late HO for too late CHO as below:
-	[Intra-system Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish  the radio link connection or attempts CHO in a different cell.
Observation 2: For too late CHO, the following enhancements should be considered into the RLF Report:
· Introduce an indication to indicate that CHO was configured but not executed for too late CHO.
· Introduce a new cell information IE to indicate the selected CHO after the first connection failure and before the reestablishment.
Observation 3: The too early HO definition can be reused for too early CHO without any update. 
Observation 4: The IE timeConnFailure is not enough to identify the handover failure type for too early CHO.
Observation 5: Introduce a new time information to indicate the time elapsed since the CHO execution condition triggered until connection failure for too early CHO.
Observation 6: Redefine the HO to wrong cell for CHO to wrong cell as below:
-	[Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection or attempts CHO in a cell other than the source cell and the target cell.
Observation 7: For CHO to wrong cell, the following enhancement should be considered into the RLF Report:
· Introduce a new time information to indicate the time elapsed since the CHO execution condition triggered until connection failure;
· Introduce a new cell information to indicate the selected CHO after the first connection failure and before the reestablishment.
Observation 8: There is no too late DAPS HO case and no update is needed for the definition of too late HO.
Observation 9: There is no need to report the RLF report if the UE can successfully revert to the source cell.
Observation 10: There is no update of the definition of too early HO to support DAPS HO case.
Observation 11: There is no update for the definition of current HO to wrong cell to support DAPS HO.

Proposal 1: Reuse the current MRO error case definitions for CHO and DAPS HO with necessary updates.
Proposal 2: Redefine the too late HO and HO to wrong cell to support CHO:
-	[Intra-system Too Late Handover] An RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection or attempts CHO in a different cell.
-	[Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection or attempts CHO in a cell other than the source cell and the target cell.
Proposal 3: To support MRO for CHO, the RLF report should include:
· an indication to indicate that CHO was configured but not executed for too late CHO 
· a new time information to indicate the time elapsed since the CHO execution condition triggered until connection failure;
· a new cell information to indicate the selected CHO after the first connection failure and before the reestablishment.
Proposal 4: There is no need to update the current definition of MRO cases to support DAPS HO.
Proposal 5: To support MRO for DAPS HO, the RLF report should include:
· A new handover type “DAPS HO”; and,
· a new indicator to indicate whether the UE detects RLF with source before initiation RACH with the target DAPS cell; or, new time information to indicate the time elapsed between two failures.
Proposal 6: Send an LS to ask RAN2 to consider the above enhanced information and include them in the RLF report for CHO and DAPS HO.
Proposal 7: RAN3 should wait for the enhanced RLF report for CHO and DAPS HO in RAN2 before studying the contents of the RLF INDICATION, HANDOVER REPORT, or UPLINK/DOWNLINK RAN CONFIGURATION TRANSFER message for the failure scenarios in CHO and DAPS HO.
Proposal 8: RAN3 should wait for the definition of the report for CHO and DAPS HO in RAN2.
Annex 1 – LS to RAN2
3GPP TSG-RAN WG3 #110-e	R3-xxxx
E-meeting, 2 – 12 Nov 2020	
Title:	LS on CHO and DAPS HO MRO
Response to:	-
Release:	Rel-17
Work Item:	NR_ENDC_SON_MDT_enh-Core

Source:	RAN3
To:	RAN2
Cc:	

Contact Person:
Name:	Henrik Olofsson
E-mail Address:	Henrik (dot) olofsson (at) huawei (dot) com


1. Overall Description:
RAN3 discussed the CHO and DAPS HO related MRO solutions. 
RAN3 agreed to reuse the definition of too late HO, too early HO and HO to wrong cell with related updates.
RAN3 also agreed to reuse the RLF report to collect CHO and DAPS HO related information. The following information should be collected and signalled by a UE to the NG-RAN as an enhanced RLF Report:
· CHO 
-	an indication to indicate that CHO was configured but not executed for too late CHO
-	a new time information to indicate the time elapsed since the CHO execution condition triggered until connection failure;
-	a new cell information to indicate the selected CHO after the first connection failure and before the reestablishment
· DAPS HO
-	a new handover type “DAPS HO”; and,
-	a new indicator to indicate whether the UE detects RLF with source before initiation RACH with the target DAPS cell; or, new time information to indicate the time elapsed between two failures.

2. Actions:

To RAN2:
ACTION: RAN3 respectfully asks RAN2 to analyse and confirm the above enhancements during the normative work.

3. Date of Next TSG-RAN3 Meetings:
TSG-RAN3 Meeting #111	25 Jan – 5 Feb 2021	
TSG-RAN3 Meeting #112	17 – 28 May 2021	

Annex 2 – TP on TS 38.300
Start of the first change
[bookmark: _Toc46502093][bookmark: _Toc51971441][bookmark: _Toc52551424]15.5.2.2	Connection failure
[bookmark: _Toc46502094][bookmark: _Toc51971442][bookmark: _Toc52551425]15.5.2.2.1	General
For analysis of connection failures, the UE makes the RLF Report available to the network.
The UE stores the latest RLF Report, including both LTE and NR RLF report until the RLF report is fetched by the network or for 48 hours after the connection failure is detected.
The UE only indicates RLF report availability and only provides the RLF report to the network if the current RPLMN is a PLMN that was present in the UE's EPLMN List or was the RPLMN at the time the connection failure was detected. In case RLF happens in an E-UTRA cell, the UE makes the LTE RLF Report available to NG-RAN nodes and eNB(s), and in case RLF happens in an NR cell the UE makes the NR RLF Report available to gNB(s).
If the LTE RLF Report is reported to a NG-RAN node, and the last serving node is an E-UTRAN node, the NG-RAN node may transfer it to the E-UTRAN node by triggering the Uplink RAN configuration transfer procedure over NG and the E-UTRAN node can take this into account as defined in TS 36.300 [2].
[bookmark: _Toc46502095][bookmark: _Toc51971443][bookmark: _Toc52551426]15.5.2.2.2	Connection failure due to intra-system mobility
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too Early or Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:
-	Intra-system Too Late Handover: an RLF occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection or attempts CHO in a different cell.
-	Intra-system Too Early Handover: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
-	Intra-system Handover to Wrong Cell: an RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection or attempts CHO in a cell other than the source cell and the target cell.
In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RA procedure.
Detection mechanism
A failure indication may be initiated after a UE attempts to re-establish the radio link connection at NG-RAN node B after a failure at NG-RAN node A. NG-RAN node B may initiate the Failure Indication procedure towards multiple NG-RAN nodes if they control cells which use the PCI signalled by the UE during the re-establishment procedure. The NG-RAN node receiving this selects the UE context that matches the received Failure Cell ID and C-RNTI, and, if available, uses the shortMAC-I to confirm this identification, by calculating the shortMAC-I and comparing it to the received IE.
A failure indication may also be sent to the node last serving the UE when the NG-RAN node fetches the RLF REPORT from UE by triggering:
-	The Failure Indication procedure over Xn;
-	The Uplink RAN configuration transfer procedure and Downlink RAN configuration transfer procedure over NG.
The detailed detection mechanisms for too late handover, too early handover and handover to wrong cell are carried out through the following in the NG-RAN node that served the UE before the reported connection failure:
-	Intra-system Too Late Handover: there is no recent handover for the UE prior to the connection failure e.g. the UE reported timer is absent or larger than the configured threshold (e.g. Tstore_UE_cntxt), or the CHO is not initiated for the UE prior to the connection failure.
-	Intra-system Too Early Handover: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect is the cell that served the UE at the last handover initialisation.
-	Intra-system Handover to Wrong Cell: there is a recent handover for the UE prior to the connection failure e.g. the UE reported timer is smaller than the configured threshold (e.g. Tstore_UE_cntxt), and the first re-establishment attempt cell/the cell UE attempts to re-connect/the cell UE attempts CHO is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialized toward.
The "UE reported timer" above indicates the time elapsed since the last handover initialisation until connection failure for legacy handover or the time elapsed since the CHO triggering until connection failure.
In case of Too Early Handover or Handover to Wrong Cell, the NG-RAN node receiving the failure indication may inform the NG-RAN node controlling the cell where the mobility configuration caused the failure by means of the Handover Report procedure over Xn or the Uplink RAN Configuration Transfer procedure over NG. This may include the RLF report.
Retrieval of information needed for problem analysis
In order to retrieve relevant information collected at the network side as part of the UE context, the UE provides C-RNTI used in the last serving cell. If the cause for the failure is identified as a "Too Early HO" or a "HO to Wrong Cell", the NG-RAN node controlling the last serving cell shall, include in the HANDOVER REPORT message the C-RNTI used in the source cell of the last completed handover before the failure. If the NG RAN node controlling that source cell provided the Mobility Information, it is also included in the HANDOVER REPORT message. If used, the Mobility Information is prepared at the source NG RAN node of a handover and may refer to or identify any handover-related data at this NG RAN node. If the failure is identified due to CHO or DAPS handover, the NG-RAN node controlling the last serving cell shall, include in the HANDOVER REPORT message the CHO or DAPS HO indication.
Handling multiple reports from a single failure event
In case the RRC re-establishment fails and the RRC connection setup succeeds, MRO evaluation of intra-RAT mobility connection failures may be triggered twice for the same failure event. In this case, only one failure event should be counted.
End of the last change
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