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1. Introduction

In RAN3#114-e meeting, the CHO and DAPS HO was discussed during Mobility Enhancement Optimization. For CHO, there are some progresses and some open issues. 

For CHO: 

Reuse the legacy MRO detection mechanism with extensions for CHO in stage 2 (i.e. separate failure type detection is not supported unless there is any failure case that can’t be covered).

clarify whether RAN2 agreed RLF-report for CHO is sufficient for MRO purpose before discussing network-based solution;

whether CHO Cell CGI is needed in HANDOVER REPORT message;

whether explicit Handover Report Type is needed in HANDOVER REPORT message for CHO;

whether new initiating condition is needed in FAILURE INDICATION message for CHO;

whether CHO recovery cell ID is needed in FAILURE INDICATION message;

whether to reuse the existing one UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message to transfer failure related information for CHO.

In this paper, we will discuss the CHO related open issues and give our considerations on the potential solutions.
2. Discussion

2.1
Network-based solution

 clarify whether RAN2 agreed RLF-report for CHO is sufficient for MRO purpose before discussing network-based solution;

According to the RLF-report agreed in RAN2 as showed in the Annex section, the UE can optionally include the choConfig-r17 if the measurement results of the CHO candidate cells are included in the measurement results of the neighbour cells. The principle only works well for HOF. For RLF in the target cell, the UE has deleted the CHO configuration upon successful RACH with the target. It is UE implementation to include the above choConfig-r17 if the UE can remember the CHO configuration. 

Besides, if there is no measurement results of the CHO candidate cell, the UE will not include it in the measurement result list of the neighbour cell. Consequently, there is no way for the UE to report the corresponding CHO configuration of this CHO candidate cell.
Based on the above analysis, it is worth noting that:

Observation: RAN2 agreed RLF-report for CHO is not sufficient for MRO purpose, especially for RLF in CHO target cell.
For RLF in legacy MRO functionality, the source node forwarded the mobility information to the target node. Upon reception of the RLF report, the target node can use the source C-RNTI and the time information provided in the RLF report from the UE to check the context. The UE context can include the mobility information and source C-RNTI. The target node sends back to the source node the UE context via HANDOVER REPORT message for the source node to perform optimization. 
If the source node decides to support this kind of CHO candidate optimisation, the retrieval of the CHO configuration related information is also possible from the failure cell (target node) to the source node if RLF happens shortly after handover. This could be done for the target node in two ways:

· using the source CRNTI that was used in the preparation of the last successful handover to identify a specific UE context, or

· using the Mobility Information IE. This used by the source node to form different types of groups, thereby reducing the need to store the full UE context. 
In our understanding, the CHO configuration including the CHO candidate cell list and corresponding execution conditions is kind of UE context. It is reasonable for the source node implements to form different types of groups for CHO configurations, thereby reducing the need to store the full UE context. As stated in the above section, the source node could create different mobility information groups also taking the assigned CHO candidate cells and/or corresponding CHO execution conditions into account. With this assumption, we prefer to use the mobility information for the retrieval of the UE context after successful CHO.
Proposal 1: The source nod transmits the mobility information to the target CHO node where the successful CHO is completed and the target CHO node sends the mobility information back to the source node via HANDOVER REPORT message.
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Figure 1 NW-based mobility information delivery
2.2 Enhancements in FAILURE INDICATION message

whether new initiating condition is needed in FAILURE INDICATION message for CHO;

whether CHO recovery cell ID is needed in FAILURE INDICATION message;

Currently, the initiating conditions in FAILURE INDICATION message include the RRC Reestablishment initiated reporting and RRC Setup initiated reporting. In our understanding, for the RRC Reestablishment, it refers to the case that the reception node performs the RRC Reestablishment procedure with the UE. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	CHOICE Initiating condition
	M
	
	
	
	YES
	reject

	>RRC Reestab
	
	
	
	
	
	

	>>CHOICE RRC Reestab Initiated Reporting
	M
	
	
	
	–
	

	>>>RRC Reestab Reporting without RLF Report
	
	
	
	
	
	

	>>>>Failure cell PCI
	M
	
	9.2.2.10
	Physical Cell Identifier


	–
	

	>>>>Re-establishment cell CGI
	M
	
	Global NG-RAN Cell Identity

9.2.2.27 
	
	–
	

	>>>>C-RNTI
	M
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRCRe-establishment 

Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	–
	

	>>>>ShortMAC-I
	M
	
	BIT STRING (SIZE (16))
	ShortMAC-I contained in the RRCRe-establishment Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	–
	

	>>>RRC Reestab Reporting with RLF Report
	
	
	
	
	
	

	>>>>UE RLF Report Container
	M
	
	9.2.2.59
	nr-RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	–
	

	>RRC Setup 
	
	
	
	
	
	

	>>CHOICE RRC Setup Initiated Reporting
	M
	
	
	
	–
	

	>>>RRC Setup Reporting with RLF Report
	
	
	
	
	
	

	>>>>UE RLF Report Container
	M
	
	9.2.2.59
	nr-RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	–
	


For the CHO Recovery procedure, though it is part of the Reestablishment procedure as described in RAN2, the UE transmits RRCReconfigurationComplete message to the target cell instead of RRCRestablishmentRequest message. This cannot be considered as the RRC Reestablishment initiated reporting. 
In addition, in Rel-16, we includes two types of initiating conditions in the FAILURE INDICATION message, covering reestablishment and setup cases. Actually, there is another case for UE to report the RLF report. For example, if the RLF report is not reported at the first cell where the UE re-enters connected state and the UE is handed over to the target cell, the UE finally reports the RLF report to the target cell. This is the RRCReconfiguration case. 
Therefore, new initiating condition should be introduced to cover the RRCReconfiguration case including all HO types. For this case, the UE just sends the RLF report to the new cell. It is similar as the setup case. Consequently, we prefer to extend the second initiating condition to cover the RRCReconfiguration case. 
Proposal 2: Reword existing initiating condition: RRC Setup or reconfiguration.
Proposal 3: Consider whether the above can be agreed as a Rel16 correction – in that case Huawei is happy to convert the TP into a Rel16 CR.

For the reestablishment case, the reception node can know an RLF occurred in the last serving cell. The reception node can trigger the FAILURE INDICATION message no matter whether the RLF report is reported. For CHO recovery, when the node receives RRCReconfigurationComplete message, it is impossible for the node to differ the CHO recovery case from the normal CHO execution one. In other word, only in case that the reception node receives RLF report, it can trigger the FAILURE INDICATION message. Obviously, the RLF report should be always included in the FAILURE INDICATION message for this case. As a result, it is not needed to include the duplicated CHO recovery cell ID into the message.

Proposal 4: CHO recovery cell ID is not needed in FAILURE INDICATION message.

2.3 No enhancements in HANDOVER REPORT message
whether CHO Cell CGI is needed in HANDOVER REPORT message;

whether explicit Handover Report Type is needed in HANDOVER REPORT message for CHO;

According to the description in section 9.2.3.4 in stage 2 specification [2], the CHO only applies to intra-NR RAN. And, the RLF Report for CHO will always be encoded into NR RRC format. That is, both the source node and target node can always decode the RLF Report container. 
When the reception node receives RLF Report, it triggers FAILURE INDICATION message including the RLF Report. If the target node decides the source node as the right one, it sends HANDOVER REPORT message. Technically speaking, the target node will also forward the received RLF Report to the source node via HANDOVER REPORT message because the source node can decode it and get more useful information. In this way, there is no need to introduce the CHO Cell CGI in HANDOVER REPORT message. Similarly, there is no need to introduce the explicit Handover Report Type for CHO.

Proposal 5: CHO Cell CGI is not needed in HANDOVER REPORT message.
Proposal 6: No explicit Handover Report Type in HANDOVER REPORT message for CHO.

Based on the aforesaid discussion, we prefer to:

Proposal 7: Reuse the existing UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message to transfer failure related information for CHO.
3 Conclusion

In this paper, we mainly discuss SON for mobility enhancement optimization, and we have the proposals:

Observation: RAN2 agreed RLF-report for CHO is not sufficient for MRO purpose, especially for RLF in CHO target cell.
Proposal 1: The source nod transmits the mobility information to the target CHO node where the successful CHO is completed and the target CHO node sends the mobility information back to the source node via HANDOVER REPORT message.

Proposal 2: Reword existing initiating condition: RRC Setup or reconfiguration
Proposal 3: Consider whether the above can be agreed as a Rel16 correction – in that case Huawei is happy to convert the TP into a Rel16 CR.

Proposal 4: CHO recovery cell ID is not needed in FAILURE INDICATION message.

Proposal 5: CHO Cell CGI is not needed in HANDOVER REPORT message.

Proposal 6: No explicit Handover Report Type in HANDOVER REPORT message for CHO.

Proposal 7: Reuse the existing UE RLF Report Container in the FAILURE INDICATION message or HANDOVER REPORT message to transfer failure related information for CHO.
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3. Annex 1_Extraction form RAN2 running CR R2-2200004
5.3.10.5
RLF report content determination
The UE shall determine the content in the VarRLF-Report as follows:

[…]
1>
for each of the configured measObjectNR in which measurements are available:

[…]

2>
for each neighbour cell, if any, included in measResultListNR in measResultNeighCells:

3>
if the neighbour cell is one of the candidate cells for which the reconfigurationWithSync is included in the masterCellGroup in VarConditionalReconfig at the moment of the detected failure:

4>
set choConfig in MeasResult2NR to the execution condition for each measId within condTriggerConfig associated to the neighbour cell within VarConditionalReconfig;
4>
if at least one execution condition included in choConfig in MeasResult2NR was fulfilled at the moment of conditional reconfiguration execution, or radio link failure:
5>
if the first entry of choConfig corresponds to a fullfilled execution condition at the moment of conditional reconfiguration execution, or radio link failure:

6>
set condFirstEventFullfilled to true;

5>
if the second entry of choConfig, if available, corresponds to a fullfilled execution condition at the moment of conditional reconfiguration execution, or radio link failure:

6>
set condSecondEventFullfilled to true;

5>
if the first entry of choConfig corresponds to a fulfilled execution condition at the moment of conditional reconfiguration execution, or radio link failure; and

5>
if the second entry of choConfig, if available, corresponds to a fulfilled execution condition at the moment of conditional reconfiguration execution, or radio link failure:

6>
set firstTriggeredEvent to the execution condition condFirstEvent corresponding to the first entry of choConfig or to the execution condition condSecondEvent corresponding to the second entry of choConfig, whichever execution condition was fulfilled first in time;
6>
set timeBetweenEvents to the elapsed time between the point in time of fullfilling the condition in choConfig that was fulfilled first in time, and the point in time of fullfilling the condition in choConfig that was fulfilled second in time;
1>
if the failure is detected due to reconfiguration with sync failure as described in 5.3.5.8.3, set the fields in VarRLF-report as follows:

2>
set the connectionFailureType to hof;

[…]

2>
if the last executed RRCReconfiguration message including reconfigurationWithSync was concerning a conditional handover:

[…]

3>
set choCandidateCellList to include the global cell identity and tracking area code, if available, and otherwise to the physical cell identity and carrier frequency of each of the candidate target cells for conditional handover included in condRRCReconfig within VarConditionalReconfig at the time of the failed conditional handover, excluding the candidate target cells included in measResulNeighCells;

[…]

1>
else if the failure is detected due to radio link failure as described in 5.3.10.3, set the fields in VarRLF-report as follows:

2>
set the connectionFailureType to rlf;

[…]

3>
if configuration of the conditional handover is available in VarConditionalReconfig at the moment of radio link failure:

3>
set choCandidateCellList to include the global cell identity and tracking area code, if available, of all the candidate target cells for conditional handover included in condRRCReconfig within VarConditionalReconfig at the time of radio link failure, excluding the candidate target cells included in measResulNeighCells;

5.3.5.3
Reception of an RRCReconfiguration by the UE

1>
if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above:
2>
if the reconfigurationWithSync was included in spCellConfig of an MCG:

[…]

2>
if the reconfigurationWithSync was included in spCellConfig of an MCG; or:

2>
if the reconfigurationWithSync was included in spCellConfig of an SCG and the CPC was configured

3>
remove all the entries within VarConditionalReconfig, if any;
3>
for each measId of the source SpCell configuration, if the associated reportConfig has a reportType set to condTriggerConfig:

4>
for the associated reportConfigId:

5>
remove the entry with the matching reportConfigId from the reportConfigList within the VarMeasConfig;

4>
if the associated measObjectId is only associated to a reportConfig with reportType set to condTriggerConfig:

5>
remove the entry with the matching measObjectId from the measObjectList within the VarMeasConfig;

4>
remove the entry with the matching measId from the measIdList within the VarMeasConfig;

RLF-Report-r16 ::=                   CHOICE {

    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,

        previousPCellId-r16                  CHOICE {

            nrPreviousCell-r16                   CGI-Info-Logging-r16,

            eutraPreviousCell-r16                CGI-InfoEUTRALogging

        }                                                                    OPTIONAL,

        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-r16            TimeUntilReconnection-r16                           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,

        ...,

        [[

        csi-rsRLMConfigBitmap-v1650          BIT STRING (SIZE (96))                              OPTIONAL
        ]],

        [[

        dapsHOF-r17                          ENUMERATED {true}                                            OPTIONAL,

        lastHOType-r17                       ENUMERATED {cho, daps, spare2, spare1}                       OPTIONAL,

        rlfInSource-DAPS-r17                    ENUMERATED {true}                                            OPTIONAL,

        timeConnSourceDAPSFailure-r17        TimeConnSourceDAPSFailure-r17                                OPTIONAL,

        timeSinceCHOReconfig-r17             TimeSinceCHOReconfig-r17                                     OPTIONAL,

        choCellId-r17                        CHOICE {

            cellGlobalId-r17                     CGI-Info-Logging-r16,

            pci-arfcn-r17                        SEQUENCE {

                physCellId-r17                       PhysCellId,

                carrierFreq-r17                      ARFCN-ValueNR

            }

        }                                                                                                 OPTIONAL,

        measResultNeighCells-r17             SEQUENCE {

            measResultListNR-r17                 MeasResultList2NR-r17       OPTIONAL,

            measResultListEUTRA-r16              MeasResultList2EUTRA-r16    OPTIONAL
        }                                                                                                 OPTIONAL,

        choCandidateCellList-r17             ChoCandidateCellList-r17                                     OPTIONAL

        ]]

    },

    eutra-RLF-Report-r16                 SEQUENCE {

        failedPCellId-EUTRA                  CGI-InfoEUTRALogging,

        measResult-RLF-Report-EUTRA-r16      OCTET STRING,
        ...

    }

}
ChoCandidateCellList-r17           SEQUENCE(SIZE (1..maxNrofCondCells-r16) of ChoCandidate-r17  

ChoCandidate-r17 ::=                  CHOICE {
    cellGlobalId                       CGI-Info-Logging-r16,

    pci-arfcn                          SEQUENCE {

    physCellId                             PhysCellId,

    carrierFreq                            ARFCN-ValueNR
    }

}

MeasResultList2NR-r17 ::=            SEQUENCE(SIZE (1..maxFreq)) OF MeasResult2NR-r17

MeasResult2NR-r17 ::=                SEQUENCE {
    ssbFrequency-r16                     ARFCN-ValueNR                                           OPTIONAL,

    refFreqCSI-RS-r16                    ARFCN-ValueNR                                           OPTIONAL,

    measResultList-r17                   MeasResultListNR-r17,

    ...
}

MeasResultListNR-r17 ::=                    SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultNR-r17

MeasResultNR-r17 ::=                        SEQUENCE {

    physCellId                              PhysCellId                                                                  OPTIONAL,

    measResult                              SEQUENCE {

        cellResults                             SEQUENCE{

            resultsSSB-Cell                         MeasQuantityResults                                                 OPTIONAL,

            resultsCSI-RS-Cell                      MeasQuantityResults                                                 OPTIONAL
        },

        rsIndexResults                          SEQUENCE{

            resultsSSB-Indexes                      ResultsPerSSB-IndexList                                             OPTIONAL,

            resultsCSI-RS-Indexes                   ResultsPerCSI-RS-IndexList                                          OPTIONAL
        }                                                                                                               OPTIONAL
    },

    choCandidate-r17                     ENUMERATED {true}                                       OPTIONAL,
    choConfig-r17                        SEQUENCE (SIZE (1..2)) OF CondTriggerConfig-r16         OPTIONAL,
    triggeredEvent-r17                   SEQUENCE {

       condFirstEventFullfilled              ENUMERATED {true}                                   OPTIONAL,
       condSecondEventFullfilled             ENUMERATED {true}                                   OPTIONAL,

       timeBetweenEvents-r17                 TimeBetweenEvent-r17                                OPTIONAL,

       firstTriggeredEvent                   ENUMERATED {condFirstEvent, condSecondEvent}        OPTIONAL

    }                                                                                            OPTIONAL,

    ...,

}

Annex 2_TP on TS 38.423
Start of the first change

9.1.3.16
FAILURE INDICATION
This message is sent by NG-RAN node2 to indicate an RRC re-establishment attempt or a reception of an RLF Report from a UE that suffered a connection failure at NG-RAN node1.

Direction: NG-RAN node2 ( NG-RAN node1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	CHOICE Initiating condition
	M
	
	
	
	YES
	reject

	>RRC Reestab
	
	
	
	
	
	

	>>CHOICE RRC Reestab Initiated Reporting
	M
	
	
	
	–
	

	>>>RRC Reestab Reporting without RLF Report
	
	
	
	
	
	

	>>>>Failure cell PCI
	M
	
	9.2.2.10
	Physical Cell Identifier


	–
	

	>>>>Re-establishment cell CGI
	M
	
	Global NG-RAN Cell Identity

9.2.2.27 
	
	–
	

	>>>>C-RNTI
	M
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRCRe-establishment 

Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	–
	

	>>>>ShortMAC-I
	M
	
	BIT STRING (SIZE (16))
	ShortMAC-I contained in the RRCRe-establishment Request message (TS 38.331 [10]) or in the RRCConnectionReestablishmentRequest message (TS 36.331 [14])
	–
	

	>>>RRC Reestab Reporting with RLF Report
	
	
	
	
	
	

	>>>>UE RLF Report Container
	M
	
	9.2.2.59
	nr-RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	–
	

	>RRC Setup or Reconfiguration
	
	
	
	
	
	

	>>CHOICE RRC Setup or Reconfiguration Initiated Reporting
	M
	
	
	
	–
	

	>>>RRC Setup or Reconfiguration Reporting with RLF Report
	
	
	
	
	
	

	>>>>UE RLF Report Container
	M
	
	9.2.2.59
	nr-RLF-Report-r16 IE contained in the UEInformationResponse message (TS 38.331 [10]) or RLF-Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [14])
	–
	


Start of the next change

9.3.5
Information Element definitions

-- ASN1START

-- **************************************************************

--

-- Information Element Definitions

--

-- **************************************************************

[…]
InitiatingCondition-FailureIndication ::= CHOICE {


rRCReestab




RRCReestab-initiated,

rRCSetup
orReconfiguration



RRCSetuporReconfiguration-initiated,

choice-extension



ProtocolIE-Single-Container { {InitiatingCondition-FailureIndication-ExtIEs} }

}

InitiatingCondition-FailureIndication-ExtIEs XNAP-PROTOCOL-IES ::= {


...

}

[…]
RRCSetuporReconfiguration-initiated ::= SEQUENCE {


rRRCSetuporReconfiguration-Initiated-Reporting
RRCSetuporReconfiguration-Initiated-Reporting,


uERLFReportContainer    UERLFReportContainer


OPTIONAL,


iE-Extensions


ProtocolExtensionContainer { { RRCSetuporReconfiguration-initiated-ExtIEs} } OPTIONAL,


...

}

RRCSetuporReconfiguration-initiated-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

RRCSetuporReconfiguration-Initiated-Reporting ::= CHOICE {


rRCSetuporReconfiguration-reporting-with-UERLFReport



RRCSetuporReconfiguration-Initiated-Reporting-with-UERLFReport,


choice-extension



ProtocolIE-Single-Container { {RRCSetuporReconfiguration-Initiated-Reporting-ExtIEs} }

}

RRCSetuporReconfiguration-Initiated-Reporting-ExtIEs XNAP-PROTOCOL-IES ::= {


...

}

RRCSetuporReconfiguration-Initiated-Reporting-with-UERLFReport ::= SEQUENCE {


uERLFReportContainer
UERLFReportContainer,


iE-Extensions


ProtocolExtensionContainer { {RRCSetuporReconfiguration-Initiated-Reporting-with-UERLFReport-ExtIEs} } OPTIONAL,


...

}

RRCSetuporReconfiguration-Initiated-Reporting-with-UERLFReport-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

End of the last change
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