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In last RAN3 meeting, we made general discuss and achieved some agreements. In the document, we provide some analysis on the below topic of MRO enhancements:
MRO for CPC and CPA based on the R17 NR-DC MRO solution
MRO for the fast MCG recovery
MRO for inter-system handover for voice fallback
MRO for MR-DC SCG failure
Discussion
2.1 MRO for CPC and CPA
In last RAN3 meeting, some CPA/C failure scenarios have been agreed, but there is still an open issue as below:
whether to consider Too Early CPA Execution;
Too Early CPA Execution: UE receives CPA configuration and CPA execution condition is satisfied, CPA execution fails or an SCG failure occurs shortly after a successful CPA execution, then no suitable PSCell is found.
We think it is MN or last serving SN (for the case of successful CPA execution) to decide no suitable PSCell after SCG failure. It is based on the measurement report in SCG failure information. However, there is no similar failure type definition in legacy SN addition. The failure type of no suitable PSCell found is necessary to be considered for CPA optimization.
Proposal 1: It is proposed to introduce too early CPA execution failure type.
In R17 PSCell change failure topic, too early/too late/to wrong PSCell change failure type has been defined which can be reused for CPC with some enhancement which is similar as legacy handover failure type definition is enhanced to include CHO failure type. 
Observation 1: Introduce CPC failure type definition based on R17 PSCell change failure type.
But there are some differences that legacy SN addition procedure is not included in R17 PSCell change failure definition. In other words, R17 MRO for PSCell change does not include SN addition case.
Observation 2: legacy SN addition procedure is not included in R17 PSCell change failure definition.
For simplicity, we propose to add new CPA/CPC scenarios in PSCell change failure definition as below:
10.18.2	PSCell change/addition failure
One of the functions of self-optimization for PSCell change is to detect PSCell change failures that occur due to Too late PSCell change or Too early PSCell change/addition, or Triggering PSCell change/addition to wrong PSCell. These problems are defined as follows:
-	Too late PSCell change: an SCG failure occurs after the UE has stayed for a long period of time in the PSCell, or conditional PSCell change is configured but the CPC execution is not initiated for the UE prior to the SCG failure; a suitable different PSCell is found based on the measurements reported from the UE.
-	Too early PSCell change/addition: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a successful conditional PSCell addition procedure, or a PSCell change failure occurs during the PSCell change procedure or conditional PSCell addition procedure; source PSCell is still the suitable PSCell based on the measurements reported from the UE.
-	Triggering PSCell change/addition to wrong PSCell: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a successful conditional PSCell addition procedure, or a PSCell change failure occurs during the PSCell change procedure or conditional PSCell addition procedure; a suitable PSCell different with source PSCell or target PSCell is found based on the measurements reported from the UE.
Proposal 2: It is proposed for RAN3 to discuss the above stage2 CPA/CPC failure type definition. 
There is an open issue raised in last RAN3 meeting as below:
enhancements of SCG failure related information reported from the UE for MRO for CPAC
Much information has been proposed to enhance SCG failure information in last RAN3 meeting, there are listed as below:
1) CPAC execution condition(s) fulfilled 
2) Time between fulfillment of the two triggering events 
3) time elapsed since the last CPC configuration until SCG failure 
4) time elapsed since CPAC execution until SCG failure 
5) time elapsed between the CPAC execution towards the target PSCell and the corresponding latest CPAC configuration is received for the target PSCell 
6) the type of PSCell addition/change, i.e. CPA or CPC
7) the target cell towards which the CPAC was executed
8) the node (i.e., MN or SN) that initiates the CPC 
9) the first satisfied event or condition 
10) the latest radio measurement results, and include an indication on whether a measured neighbour cell was configured as a CPAC candidate or not 
11) list of candidate PSCell Ids 
12) configured CPC execution condition(s).
For 1),9),10),11),12), there are related to candidate PSCell list and execution conditions. 
In R17 MRO for CHO, CHO candidate cell list and execution conditions are kept by network and UE for different cases. In the topic of MRO for CPC/CPA, most of time MN can keep UE context and candidate PSCell list and execution conditions when receiving SCG failure information message from Uu interface. When sending SCG FAILURE INFORMATION REPORT message, MN can send candidate PSCell list and execution conditions to SN for MRO analysis. For intra-SN conditional PSCell change case, although MN is not aware of candidate PSCell list and execution conditions, last serving SN can keep them. So, it is still not needed for UE to keep and report them.
In one word, for CHO candidate PSCell list and execution conditions, network can keep them and it is not needed for UE to keep and report them.
Proposal 3: For CHO candidate PSCell list and execution conditions, network can keep them and it is not needed for UE to keep and report them.
For 2)3)4)5)7), they are time related information.
In R17 MRO for CHO, we discussed how to define and record time related information in RLF Report which mainly includes the following time point:
a). the time when UE receives RRCReconfiguration message which includes CHO configuration.
b). the time when CHO executes.
c). the time when failure occurs.
As for MRO for CPA/CPC, the corresponding time is as below:
a). the time when UE receives RRCReconfiguration message which includes CPA/CPC configuration.
b). the time when CPA/CPC executes.
c). the time when SCG failure occurs.
For a), it is network to send RRCReconfiguration message, so, network knows the time point.
For b), when CPA/CPC executes, RRCReconfigurationComplete message which includes selectedCondRRCReconfig field is initiated from UE to network to indicate the selected PSCell. So, network is aware of the execution time point and the target cell towards which the CPAC was executed (7).
RRCReconfigurationComplete message
-- ASN1START
-- TAG-RRCRECONFIGURATIONCOMPLETE-START

RRCReconfigurationComplete ::=              SEQUENCE {
    rrc-TransactionIdentifier                   RRC-TransactionIdentifier,
    criticalExtensions                          CHOICE {
        rrcReconfigurationComplete                  RRCReconfigurationComplete-IEs,
        criticalExtensionsFuture                    SEQUENCE {}
    }
}
……

RRCReconfigurationComplete-v1700-IEs ::=    SEQUENCE {
    needForGapNCSG-InfoNR-r17                   NeedForGapNCSG-InfoNR-r17                                               OPTIONAL,
    needForGapNCSG-InfoEUTRA-r17                NeedForGapNCSG-InfoEUTRA-r17                                            OPTIONAL,
    selectedCondRRCReconfig-r17                 CondReconfigId-r16                                                      OPTIONAL,
    nonCriticalExtension                        SEQUENCE {}                                                             OPTIONAL
}

-- TAG-RRCRECONFIGURATIONCOMPLETE-STOP
-- ASN1STOP
	selectedCondRRCReconfig
This field indicates the ID of the selected conditional reconfiguration the UE applied upon the execution of CPA or inter-SN CPC.


For c), SCGFailureInformation message is initiated from UE to network when SCG failure occurs. So, network is aware of the SCG failure time point.
In a word, since network is aware of the every time point during CPA/CPC procedures, it is not needed for UE to keep and report them.
Proposal 4: Since network is aware of the every time point during CPA/CPC procedures, it is not needed for UE to keep and report time related information.
For 6) and 8), the type of PSCell addition/change and the node (i.e., MN or SN) that initiates the CPC, it is consider that MN maintains UE context hence it can know 6) and 8).
As discussed above, network is aware of all of the information. So, we think it is not needed to enhance SCG failure information.
Proposal 5: It is consider that network is aware of all of the list information. It is not needed to enhance SCG failure information at this time.
Here we continue discussing the XN interface impace as below:
Xn interface impacts to support MRO for CPAC
In R17, SCG Failure Information Report and SCG Failure Transfer procedure have been introduced to perform NR-DC MRO analysis. MRO for CPAC can reuse this R17 procedure.
Proposal 6: It is proposed to reuse R17 SCG Failure Information Report and SCG Failure Transfer procedure for R18 MRO for CPAC.
As discussed above, MN can keep UE context and candidate PSCell list and execution conditions when receiving SCG failure information message from Uu interface. 
We think candidate PSCell list and execution conditions are needed for SN to perform MRO analysis and shall be included in SCG FAILURE INFORMATION REPORT message. 
Proposal 7: It is proposed to include candidate PSCell list and execution conditions in SCG FAILURE INFORMATION REPORT message.
2.2 MRO for MR-DC SCG failure
In last RAN3 meeting, the open issue is as below:
how to introduce stage 2 descriptions of PSCell change failure in (NG)EN-DC in TS36.300;
whether/how to enhance SCGFailureInformationNR or SCGFailureInformationEUTRA message;
whether to introduce SCG FAILURE INFORMATION REPORT and SCG FAILURE TRANSFER over X2;
how to forward SCG failure information from MN to SN, e.g. via a new inter-node RRC message, reuse the existing CG-ConfigInfo inter-node message, or explicit IEs over Xn;
whether/how MN decodes measResultSCG to obtain SCG measurement result for MRO analysis.
Before updating above stage2 description, there may be several issues we have to discuss e.g., the different RAT between MN and SN. We propose to first solve stage3 issue and then introduce stage 2 description.
Proposal 8: It is proposed to first discuss stage3 issue and then introduce stage 2 descriptions.
To support MRO for MR-DC SCG failure, it is needed to enhance SCGFailureInformationNR or SCGFailureInformationEUTRA message, but these messages are in RAN2 scope, we may just wait for RAN2.
Proposal 9: It is proposed to wait for RAN2’ progress for whether/how to enhance SCGFailureInformationNR or SCGFailureInformationEUTRA message.
Taking EN-DC as an example, in case of SCG failure, the SCGFailureInformationNR message is sent to MN which is defined in TS36.331 as below:
SCGFailureInformationNR message
-- ASN1START

SCGFailureInformationNR-r15 ::=		SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE {
			scgFailureInformationNR-r15			SCGFailureInformationNR-r15-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

SCGFailureInformationNR-r15-IEs ::=	SEQUENCE {
	failureReportSCG-NR-r15				FailureReportSCG-NR-r15				OPTIONAL,
	nonCriticalExtension					SCGFailureInformationNR-v1590-IEs	OPTIONAL
}

SCGFailureInformationNR-v1590-IEs ::=	SEQUENCE {
	lateNonCriticalExtension					OCTET STRING					OPTIONAL,
	nonCriticalExtension						SEQUENCE {}					OPTIONAL
}

FailureReportSCG-NR-r15 ::=		SEQUENCE {
	failureType-r15						ENUMERATED {
											t310-Expiry, randomAccessProblem,
											rlc-MaxNumRetx,
											synchReconfigFailureSCG, scg-reconfigFailure,
											srb3-IntegrityFailure, dummy},
	measResultFreqListNR-r15				MeasResultFreqListFailNR-r15		OPTIONAL,
	measResultSCG-r15						OCTET STRING						OPTIONAL,
	...,
	[[	locationInfo-r16				LocationInfo-r10						OPTIONAL,
		logMeasResultListBT-r16			LogMeasResultListBT-r15					OPTIONAL,
		logMeasResultListWLAN-r16		LogMeasResultListWLAN-r15				OPTIONAL,
		failureType-v1610				ENUMERATED {t312-Expiry, scg-lbtFailure,
											beamFailureRecoveryFailure, bh-RLF-r16,
											beamFailure-r17,
 													spare3, spare2, spare1}	OPTIONAL
	]]
}
	measResultSCG
Includes the NR MeasResultSCG-Failure IE as specified in TS 38.331 [82]. The field contains available results of measurements on NR frequencies the UE is configured to measure by the NR RRCConfiguration message.


The field measResultSCG is encoded in NR format hence LTE MN cannot decode and use it to select the next suitable PSCell. Although measResultFreqListNR-r15 can be decoded by MN, we notice it is so limited, for example CSI-RS measurement is not supported. As we know, although SSB RRM measurement may be configured for mobility, CSI-RS can provide more precise RRM measurement result which is more important for improving handover successful rate. Without CSI-RS measurement result, MN cannot select the next suitable PSCell and then perform MRO analysis.
Observation 3: For EN-DC case, MN cannot decode measResultSCG while measResultFreqListNR-r15 only supports SSB RRM measurement and cannot provide enough information for MRO analysis.
In R17 NR-DC case, the solution is based on MN having overall information for performing MRO analysis except for intra-SN PSCell case, while in EN-DC case, without necessary SCG measurement result, MN cannot take the same responsibility as in R17 NR-DC case.
Proposal 10: For EN-DC, MN cannot decode measResultSCG to obtain enough SCG measurement result e.g., CSI-RS. Without necessary information, MN cannot select the next suitable PSCell and perform MRO analysis.
In R17 NR-DC, we introduced SCG Failure Information Report and SCG Failure Transfer procedure to ask SN whether there is intra-SN PSCell occurs. In this way, MN can obtain overall information and decide which RAN node shall be optimized. If we decide to reuse the existing procedures, there are two alternatives.
ALT1: last serving SN takes the responsibility to select the next suitable PSCell and send it to MN in existing SCG Failure Transfer procedure if last serving SN think there is other RAN nodes needs optimization.
ALT2: last serving SN provide SCG measurement result explicitly to MN after decoding SCG Failure Information Report message.
Comparing the two alternatives, ALT1 has less impact on current specification, while ALT2 needs large interface resources if introducing SCG measurement result explicitly in XN interface. Therefore, we prefer ALT1 to ALT2.
Proposal 11: It is proposed to discuss the above alternatives. We prefer ALT1 to ALT2 i.e., last serving SN takes the responsibility to select the next suitable PSCell.
In order to SN to perform MRO analysis, in current specification MN first send SCG Failure Information Report message to last serving SN which directly includes SCGFailureInformation message from Uu interface. For NR-DC, SN can decode SCGFailureInformation message container which is encoded in NR format, while for EN-DC, SN cannot decode LTE format SCGFailureInformation message.
In our understanding, we do not think it is a usual method to directly include Uu interface message in Xn interface. Most of time, we include inter-node message in Xn interface. As for SCGFailureInformation message, we notice that some of IEs have been included in CG-ConfigInfo inter-node message. We can ask RAN2 to enhance CG-ConfigInfo inter-node message and then RAN3 use CG-ConfigInfo to send SCG failure information from MN to SN.
Proposal 12: It is proposed to use CG-ConfigInfo inter-node message to send the content of SCG failure information from MN to SN. LS is needed to ask RAN2 to enhance CG-ConfigInfo inter-node message.
Conclusions
Based on the discussion in section 2 the followings are proposed:
Proposal 1: It is proposed to introduce too early CPA execution failure type.
Observation 1: Introduce CPC failure type definition based on R17 PSCell change failure type.
Observation 2: legacy SN addition procedure is not included in R17 PSCell change failure definition.
Proposal 2: It is proposed for RAN3 to discuss the above stage2 CPA/CPC failure type definition. 
Proposal 3: For CHO candidate PSCell list and execution conditions, network can keep them and it is not needed for UE to keep and report them.
Proposal 4: Since network is aware of the every time point during CPA/CPC procedures, it is not needed for UE to keep and report time related information.
Proposal 5: It is consider that network is aware of all of the list information. It is not needed to enhance SCG failure information at this time.
Proposal 6: It is proposed to reuse R17 SCG Failure Information Report and SCG Failure Transfer procedure for R18 MRO for CPAC.
Proposal 7: It is proposed to include candidate PSCell list and execution conditions in SCG FAILURE INFORMATION REPORT message. 
Proposal 8: It is proposed to first discuss stage3 issue and then introduce stage 2 descriptions.
Proposal 9: It is proposed to wait for RAN2’ progress for whether/how to enhance SCGFailureInformationNR or SCGFailureInformationEUTRA message.
Observation 3: For EN-DC case, MN cannot decode measResultSCG while measResultFreqListNR-r15 only supports SSB RRM measurement and cannot provide enough information for MRO analysis.
Proposal 10: For EN-DC, MN cannot decode measResultSCG to obtain enough SCG measurement result e.g., CSI-RS. Without necessary information, MN cannot select the next suitable PSCell and perform MRO analysis.
Proposal 11: It is proposed to discuss the above alternatives. We prefer ALT1 to ALT2 i.e., last serving SN takes the responsibility to select the next suitable PSCell.
Proposal 12: It is proposed to use CG-ConfigInfo inter-node message to send the content of SCG failure information from MN to SN. LS is needed to ask RAN2 to enhance CG-ConfigInfo inter-node message.
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5. TP on TS37.340
10.18.2	PSCell change/addition failure
One of the functions of self-optimization for PSCell change is to detect PSCell change failures that occur due to Too late PSCell change or Too early PSCell change/addition, or Triggering PSCell change/addition to wrong PSCell. These problems are defined as follows:
-	Too late PSCell change: an SCG failure occurs after the UE has stayed for a long period of time in the PSCell, or conditional PSCell change is configured but the CPC execution is not initiated for the UE prior to the SCG failure; a suitable different PSCell is found based on the measurements reported from the UE.
-	Too early PSCell change/addition: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a successful conditional PSCell addition procedure, or a PSCell change failure occurs during the PSCell change procedure or conditional PSCell addition procedure; source PSCell is still the suitable PSCell based on the measurements reported from the UE.
-	Triggering PSCell change/addition to wrong PSCell: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a successful conditional PSCell addition procedure, or a PSCell change failure occurs during the PSCell change procedure or conditional PSCell addition procedure; a suitable PSCell different with source PSCell or target PSCell is found based on the measurements reported from the UE.
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