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1	Introduction
In RAN#88e a new WID on enhancement of data collection for SON/MDT in NR was approved [1]. In the following, we will discuss the objectives of the WID related to SON aspects. In particular, we will outline the scope and the requirements that RAN2 should address in Rel.17 when it comes to SON features.
[bookmark: _Ref178064866]2	Discussion
The new Rel.17 WID on enhancement of data collection for SON/MDT [1] contains various objectives that calls for enhancements to the existing SON framework. Specifically, the following was captured in the new WID:
· Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [RAN3, RAN2] 
· Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 
· Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]

Besides the above main objectives, the WID also mentions the following topic to be treated with lower priority:
Depending on the progress of the work, the following objective may be discussed in the later part of the WI:
· NR-U related SON/MDT optimization which aims to reuse e.g. the existing NR-U measurements [RAN3, RAN2]
In this paper, we focus on the following topics:
· Mobility History Information Reporting
· RACH Optimization
· Enhancements to SCG related MRO
· Possible NR-U impacts
2.1 Mobility History Information Related 
2.1.1	MHI report contents
In email discussion 852 [3], companies shared their views on some aspects related to MHI. In RAN2#113bis, the following was agreed:
If PSCell MHI is introduced, at least include PSCell ID (may include CGI or frequency+PCI) and the time UE stayed in each PSCell into PSCell MHI.

It is explicitly mentioned in the WID that one of the specific objectives of the work is support of UE history information in EN-DC. The RAN will however forget the UE context when the UE goes to idle mode and upon reconnecting to the network, the previously visited cells are only known by the UE. PSCell history should therefore be collected also by the UE, and PSCell mobility history should be introduced.
[bookmark: _Toc79072129]When the UE goes to the idle mode, the RAN loses the UE context and thus all the UE history information including any PSCell related history.
[bookmark: _Toc79072149]RAN 2 confirms that PSCell ID (CGI and/or frequency+PCI) and the time UE stayed in each PSCell is included in PSCell MHI.
By understanding which PSCell(s) a UE has been connected to, while being connected to a particular Pcell, and how the PSCell changes, a more intelligent selection of secondary node/cell can be made. The same information can also be used for the master node to understand when DC is suitable and when it is not. Therefore, for each visited PCell, the MHI should include an indication corresponding to which PSCell(s) that were visited by the UE while being in that PCell.
[bookmark: _Ref74734647][bookmark: _Toc79072150]For each visited PCell, the MHI should include all the PSCell(s) that were configured to the UE while being in that PCell.
In the email discussion [3], companies discussed whether PSCell information should be nested inside of PCell MHI report or should be a separate list. Replies indicates that more than half companies (8/13) support the solution with PSCell MHI nested within the PCell MHI, 1 company has no strong view, while only four companies (4/13) support to make PSCell MHI a separate report from PCell MHI.
Further, in the email discussion [5], 7/11 companies supported the inclusion of PSCell MHI nested within the PCell MHI.If the PSCell MHI would be given in a separate list, the PSCell MHI entries and PCell MHI entries would need to be linked somehow in order to understand the correlation between the visited cells. For the nested solution this correlation is given implicitly without extra complexity.
[bookmark: _Ref74729057][bookmark: _Toc79072151]PSCell MHI should be nested within the PCell MHI.
In the email discussion [5], 4/11 companies have expressed some concerns regarding the size of the MHI if the PSCell MHI is nested within PCell MHI. One of the concern expressed by companies is that the size would be 16*16 i.e., 16 PCell related MHI information and for each of the PCell there would be 16 PSCell related MHI. This is not necessary in our understanding. One could have restrictions on the total number of PSCells to be included. For example, the UE stores only up to 16 latest PSCells but encodes them in a nested structure. In such a method, the UE stores only 16 PCell MHI and 16 PSCell MHI in total.
[bookmark: _Toc79072152]The UE stores only up to 16 latest PSCells but encodes them in a nested structure.
Further enhancements of current MHI report was also discussed and all companies agreed that at least PSCell ID (CGI or PCI+frequency) and time UE stayed in each PSCell to be added into PSCell MHI. While this is important, it is not sufficient in our view. 
[image: ]
[bookmark: _Ref68096213]Figure 1: Timeline of a UE switching between DC and non-DC connectivity

Consider a scenario where UE switches between DC and stand-alone configuration for the same PCell; such a timeline is shown in Figure 1. Here, the total time for the UE in a given PCell is T. However, it has some period where no PSCell is configured (Tw1,Tw2,Tw3) and some period with PSCells (Ts1,Ts2,Ts3). If UE only includes the times it stayed in PSCells (Ts1,Ts2,Ts3)in its MHI report, it is unclear to network when it didn’t have any DC connectivity. However, this information is important in network as it may provide some indication regarding coverage, as well as potential ping-pong between the PSCells.
[bookmark: _Ref74729296][bookmark: _Toc79072153]UE includes time without PSCell in the MHI report.
In addition, information on the deployment characteristics of the cell will give an indication of the size of the cell and can further help the understanding of the UE mobility patterns. One example could be the carrier frequency of the cell which today is only included in the mobility history information when the Physical Cell ID is reported and not the globally unique ID. However, even when knowing the globally unique ID of the cell, it is hard to know the coverage area of that cell, which is more correlated with the carrier frequency of the cell. In this respect, the MHI is more informative when including Physical Cell ID and carrier frequency, than when including globally unique ID.
[bookmark: _Toc79072154]RAN2 to consider including carrier frequency of the cell in the mobility history information (MHI) when only the CGI of that cell is included in the MHI.
ASN.1 capturing Proposal 3, Proposal 5 and Proposal 6 is given below. -- ASN1START
-- TAG-VISITEDCELLINFOLIST-START

VisitedCellInfoList-r16 ::= SEQUENCE (SIZE (1..maxCellHistory-r16)) OF VisitedCellInfo-r16

VisitedCellInfo-r16 ::=  SEQUENCE {
    visitedCellId-r16        CHOICE {
        nr-CellId-r16            CHOICE {
            cgi-Info                 CGI-Info-Logging-r16,
            pci-arfcn-r16            SEQUENCE {
                physCellId-r16           PhysCellId,
                carrierFreq-r16          ARFCN-ValueNR
            }
        },
        eutra-CellId-r16         CHOICE {
            cellGlobalId-r16         CGI-InfoEUTRA,
            pci-arfcn-r16                SEQUENCE {
                physCellId-r16               EUTRA-PhysCellId,
                carrierFreq-r16              ARFCN-ValueEUTRA
            }
        }
    }                                        OPTIONAL,
    timeSpent-r16            INTEGER (0..4095),
    ...,
	[[ visitedPSCellInfoList-r17		 VisitedPSCellInfoList-r17	OPTIONAL,
	]]
	

}

visitedPSCellInfoList-r17 ::= SEQUENCE (SIZE (1..maxPSCellHistory-r17)) OF VisitedPSCellInfo-r17
VisitedPSCellInfo-r17 ::=  SEQUENCE {
    visitedCellId-r17        CHOICE {
        nr-CellId-r17            SEQUENCE {
                physCellId-r17           PhysCellId,
                carrierFreq-r17          ARFCN-ValueNR
            },
        eutra-CellId-r17         SEQUENCE {
                physCellId-r17               EUTRA-PhysCellId,
                carrierFreq-r17              ARFCN-ValueEUTRA
            }
    } 							OPTIONAL,
    timeSpent-r17            INTEGER (0..4095),
    ...
}

-- TAG-VISITEDCELLINFOLIST-STOP
-- ASN1STOP




In addition to introducing PSCell MHI in NR release -17, in our view also the LTE specification should be enhanced to include PSCell MHI. Additionally, according to 36.331, UEs only include E-UTRAN related PCell information in the MHI report, and the time spent outside E-UTRAN. As a consequence, the UE will not include the list of NR visited cells in the LTE MHI, so that it will not be possible for an LTE cell to retrieve the list of NR visited cells, and also to distinguish whether during the time spent outside EUTRA, the UE had coverage issues or it was simply visiting NR cells. 
[bookmark: _Toc79072130]Current TS36.331 does not allow the UE to report the list of NR visited cell. Therefore, it will not be possible for the network to retrieve from the LTE MHI, the NR visited cell and hence also to determine whether during the time spent outside E-UTRA the UE was out-of-coverage or visiting NR cells.
[bookmark: _Hlk70941315]Given the above observation, it is proposed to enhance the MHI in TS 36.331 so that it includes the list of visited NR PCells and PSCells. This would be imply aligning the MHI structure of TS 38.331 and TS 36.331.
[bookmark: _Toc79072155] Include the list of visited NR PCells and PSCells in the VisitedCellInfoList of TS 36.331 i.e., RAN2 to align the MHI of TS 38.331 and TS 36.331.
2.1.2 	Reporting of MHI
Another important issue discussed in discussions [3] and [5] is related to whether PSCell MHI information is to be reported to both PCell (MN) and PSCell (SN) or only to PCell. In our view, only sending the PSCell MHI to the PCell implies the SN should rely on the MN requesting the information related to the SN changes.
Furthermore, there might be deployment scenarios, e.g. in EN-DC in which the MN is a Rel-15 eNB and SN is Rel-17 gNB. Hence then MN (and PCell) doesn’t have the capability to fetch MHI information. Although the UE has full MHI information logged including PCell and PSCell, such restriction hinders network to collect the report from UE. 
[bookmark: _Toc79072131]In DC scenario, restricting the transmission of MHI information only to PCell might be inefficient when;
a. [bookmark: _Toc79072132]MN and SN belongs to different vendors.
b. [bookmark: _Toc79072133]MN (e.g., a Rel-15 LTE node) might not support the feature while SN supports it. 
It would be more efficient if the SN can fetch autonomously the MHI report from the UE and use the information if supported by the UE. For example, the UE may indicate MHI availability in the RRCReconfigurationComplete via SRB3 to the SN, to which the SN may reply with a mobilityHistoryReportReq transmitted via SRB3. Or the UE may indicate MHI availability to the SN via the MN in SRB1, in which case the mobilityHistoryReportReq is transmitted by the SN via SRB1.
[bookmark: _Toc79072156]The mobility history information can be sent by the UE to both MN (PCell) and SN (PSCell).
2.2 	RACH Optimization
2.2.1	SCG related RA report
In the email discussion [5], companies discussed the SCG related RA report. In that email discussion, there were two options on the table regarding whether the SCG related RA report is sent to the MN and then MN forwards it to the SN or if the SCG related RA report is sent directly to the SN. 
Option-1: UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to the SN;
Option-2: SN requests SgNB RACH report, and then UE reports the SN RACH report to the SN, directly via SRB3 or via SRB1

Most companies seem to prefer the option of UE reporting the SCG related RA report to the MN and then MN forwarding it to the SN. However, we have strong concerns over such a solution.
For option-1, the specification changes required are larger. We need to create octet string based fetching procedures in both LTE (for EN-DC) and NR (for NE-DC) specifications. Further, there might be an additional request-response procedure between the MN and SN wherein the SN needs to request the MN for the RA reports and then MN fetches the corresponding SN related RA report containers. Otherwise, we risk the situation wherein the MN fetches voluntarily and forwards it to the SN while the SN node in question has not implemented RA report processing. The UEInformationRequest might also need some changes as the MN might want to fetch only MN related RA reports and not both MN+SN related RA reports. Thus, we believe the amount of open issues related to option-1 are many.     
[bookmark: _Toc79072134]The specification work required for option-1 includes;
c. [bookmark: _Toc79072135]Introducing NR RA report fetching possibility in LTE RRC specification and LTE RA report fetching possibility in NR RRC specification.
d. [bookmark: _Toc79072136]Introduction of request-response procedure between MN and SN wherein SN requests MN for the RA reports associated to SCG, then MN fetches it from the UE and forwards it to the SN.
e. [bookmark: _Toc79072137]Changes in the UEInformationRequest-Response procedure so that MN can request only MCG related RA or only SCG related RA or both at once. 

For the option-2, the limitations mentioned in the email discussion is not correct in our understanding. It is mentioned that - ‘For option 2, if SgNB directly retrieves RACH information, the network needs to firstly determine whether the SgNB related RACH information exists, which may also require some work.’
This is always the case. If the UE is currently configured with DC, then the UE has performed at least one RA towards the SN and thus the UE has RA reports. Just to further add, even towards the MN we do not have raReport available indication from the UE. This is purely based on the UE capabilities. Therefore, this is not a limitation at all.
Further, for the option-2, there is no need to create a new message like UEInformationResponseSCG. The existing UEInformationResponse works fine. If the UE receives the UEInformationRequest with RA report request from the MN then the UE sends the MCG related RA reports to MN and if the UE receives the UEInformationRequest with RA report request from the SN (either via SRB3 or UEInformationRequest embedded in RRCConnectionReconfiguration – new part) then the UE sends the SCG related RA reports to SN.
[bookmark: _Toc79072138]The only change required to enable option-2 is the embedding of UEInformationRequest in RRCConnectionReconfiguration and mentioning that ULInformationTransferMRDC can be used to deliver UEInformationReponse (for SRB1);

2.2.1.1 	Further details of signalling for SN RA report 
If RAN2 agrees that the UE reports the SN RACH report to the MN, it would be needed to extend the existing UEInformationResponse and UEInformationRequest with the SN RACH report. For example, the UEInformationResponse should be extended to include the sgNB RACH report. That could be particularly tricky in case of LTE, because it is not possible in the current LTE specification to convey NR-related RA reports.
UEInformationResponse-r16-IEs ::=    SEQUENCE {
    measResultIdleEUTRA-r16              MeasResultIdleEUTRA-r16             OPTIONAL,
    measResultIdleNR-r16                 MeasResultIdleNR-r16                OPTIONAL,
    logMeasReport-r16                    LogMeasReport-r16                   OPTIONAL,
    connEstFailReport-r16                ConnEstFailReport-r16               OPTIONAL,
    ra-ReportList-r16                    RA-ReportList-r16                   OPTIONAL,
    rlf-Report-r16                       RLF-Report-r16                      OPTIONAL,
    mobilityHistoryReport-r16            MobilityHistoryReport-r16           OPTIONAL,
    lateNonCriticalExtension             OCTET STRING                        OPTIONAL,
    nonCriticalExtension                 UEInformationResponse-r17-IEs                         OPTIONAL
}


UEInformationResponse-r17-IEs ::= SEQUENCE {
	ra-SNReportList-r16                 RA-ReportList-r16                   OPTIONAL 
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}


[bookmark: _Toc71571417][bookmark: _Toc79072139]If the sgNB RACH report is terminated in the MN, the existing UEInformationResponse/Request needs to be extended to include the SN-related RA report. Additionally, RAN2 should investigate how to include in the LTE specification, e.g. in the UEInformationRequest/UEInformationResponse, the NR-related RA-Report, because that is not supported today.
Additionally, RAN3 specifications are also impacted, because RAN3 should find a way to transfer the sgNB RACH report via the Xn interface to SN which is not possible as per current TS 38.423.
[bookmark: _Toc71571418][bookmark: _Toc79072140]If the sgNB RACH report is terminated in the MN, RAN3 specification impact is expected, since today the transferring of the sgNB RACH report to the SN via Xn is not supported in TS 38.423.
On the other hand, if the sgNB RACH report is terminated in the SN, i.e. transmitted in SRB1 via the MN or in the SRB3, the specification impact seems much smaller. 
For the SRB1 based solution, the UEInformationRequest can be embedded in the RRCConnectionReconfiguration message which has some ASN.1 impact. In a different solution, the DLInformationTransferMDRC message can be made available over SRB1 and by doing so, we can completely avoid ASN.1 changes . The UEInformationResponse can be embedded in the ULInformationTransferMRDC. Only clarification needed would be as in the following:
For carrying UEInformationRequest message associated to SN:
[bookmark: _Toc60777095][bookmark: _Toc76423381]Solution-1
–	DLInformationTransferMRDC
The DLInformationTransferMRDC message is used for the downlink transfer of RRC messages during fast MCG link recovery using SRB3 or to carry UEInformationRequest associated to SN via SRB1.
Signalling radio bearer: SRB3, SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
DLInformationTransferMRDC message
-- ASN1START
-- TAG-DLINFORMATIONTRANSFERMRDC-START

DLInformationTransferMRDC-r16 ::=       SEQUENCE {
    criticalExtensions                      CHOICE {
        c1                                      CHOICE {
            dlInformationTransferMRDC-r16           DLInformationTransferMRDC-r16-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture                SEQUENCE {}
    }
}

DLInformationTransferMRDC-r16-IEs::=    SEQUENCE {
    dl-DCCH-MessageNR-r16                   OCTET STRING             OPTIONAL, -- Need N
    dl-DCCH-MessageEUTRA-r16                OCTET STRING             OPTIONAL, -- Need N
    lateNonCriticalExtension                OCTET STRING             OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}              OPTIONAL
}

-- TAG-DLINFORMATIONTRANSFERMRDC-STOP
-- ASN1STOP


	DLInformationTransferMRDC field descriptions

	dl-DCCH-MessageNR
Includes the DL-DCCH-Message. In this version of the specification, the field is only used to transfer the NR RRCReconfiguration, RRCRelease, UEInformationRequest and MobilityFromNRCommand messages.

	dl-DCCH-MessageEUTRA
Includes the DL-DCCH-Message. In this version of the specification, the field is only used to transfer the E-UTRA RRCConnectionReconfiguration, RRCConnectionRelease, and MobilityFromEUTRACommand messages as specified in TS 36.331 [10].



Solution-2

RRCConnectionReconfiguration-v1610-IEs ::= SEQUENCE {
	conditionalReconfiguration-r16			ConditionalReconfiguration-r16	OPTIONAL, -- Need ON
	daps-SourceRelease-r16					ENUMERATED{true}				OPTIONAL, -- Need ON
	tdm-PatternConfig2-r16						TDM-PatternConfig-r15			OPTIONAL, -- Need ON
	sl-ConfigDedicatedForNR-r16					OCTET STRING					OPTIONAL, -- Need OR
	sl-SSB-PriorityEUTRA-r16					INTEGER (1..8)					OPTIONAL, -- Need OR
	nonCriticalExtension						RRCConnectionReconfiguration-v17-IEs						OPTIONAL
}

RRCConnectionReconfiguration-v17-IEs ::= SEQUENCE {
	scgUEInformationRequest-r17					OCTET STRING					OPTIONAL, -- Need OR
	nonCriticalExtension						SEQUENCE {}						OPTIONAL
}


[bookmark: _Toc79072141]The ASN.1 changes for SRB1 based solution is minimal (only changes to RRCConnectionReconfiguration message that needs to carry SCG related UEInformationRequest) or none (by modifying the usage of DLInformationTransferMRDC message) if the SN fetches the UE reports from the UE directly.

For carrying UEInformationResponse message associated to SN:
	ULInformationTransferMRDC field descriptions

	ul-DCCH-MessageNR
Includes the UL-DCCH-Message. In this version of the specification, the field is only used to transfer the NR RRC MeasurementReport, RRCReconfigurationComplete, UEAssistanceInformation,FailureInformation and UEInformationResponse messages when sent via SRB1 and to transfer the NR MCGFailureInformation message when sent via SRB3.

	ul-DCCH-MessageEUTRA
Includes the UL-DCCH-Message. In this version of the specification, the field is only used to transfer the E-UTRA RRC MeasurementReport message when sent via SRB1 and to transfer the E-UTRA MCGFailureInformation message when sent via SRB3.



There is no ASN.1 change required for the SRB3 based solution.
[bookmark: _Toc79072142]ASN.1 is not impacted for SRB3 based solution if the SN fetches the UE reports from the UE directly.
Based on the above, we propose to use the option-2.
[bookmark: _Toc79072157]SN requests SgNB RACH report, and then UE reports the SN RACH report to the SN, directly via SRB3 or via SRB1.

2.2.2	SCell related RA report in Rel-16
The WID mentions also other “RACH optimization” as possible Rel.16 leftover. In [4], including the PCell in the RA report in case RA occurred in an SCell was discussed, but eventually this was not agreed in RAN2#113bis-e:
	From RAN2#113bis-e
Proposal 12: The following RACH optimization can be further considered:
a): UE also includes the PCell in the RA report in case the RA occurred in an SCell.



This seems an important feature given that today the UE can include the SCell in which RA occurred, but not the associated PCell, so that it will be difficult for the gNB receiving the RA-Report to identify the gNB to which the RA-Report should be transmitted. Consequently, we propose that the PCell is also included in the RA-Report in which the RA occurred in an SCell. Hence, the MN, where the RA-Report should be transmitted to, can be easily identified by the SN.
[bookmark: _Toc79072158]The UE includes the PCell in the RA report in case the RA occurred in an SCell.
2.2.3	Other RA report enhancements
Regarding this, we note that the existing RA-Report-r16 unlike the RLF report, does not contain any location information or radio measurements. One may argue that such information is not needed since the RA report only refers to successful RA attempts. However, even if a random access attempt was successful, the reasons for which the UE triggered the random access procedure may be due to radio issues that might be beneficial for the network to know. For example, if the UE triggered random access for the sake of beam failure recovery or SR failure issues, including the location information and some radio measurements may bring value to the SON framework. In other cases, e.g. access related RA or HO related RA, such information does not seem to be needed.
This information can also be beneficial to understand UL/DL mismatch issues, that were discussed at last RAN2#111 meeting.
[bookmark: _Toc79072143]The existing RA report does not include location information and radio measurements, even if the RA procedure, in some cases, may be triggered by radio issues. Including this information can be beneficial for the network to detect UL/DL mismatches.
[bookmark: _Toc79072159]RAN2 to include the location information and the radio measurement in the RA report depending on the raPurpose, e.g. in case of SR failure, beam recovery failure, UL synchronization issues.
Additionally, related to the RA-Purpose, we note that in some cases RLF might be due to random access problems. The RLF report contains the RA-InformationCommon, but not the raPurpose. Hence, from the RLF report it is not possible to know for which reason the UE triggered the random access that eventually resulted into an RLF.
[bookmark: _Toc79072160]Include in the RLF-Report the raPurpose whenever the RLF cause is randomAccessProblem. 

2.4 	Enhancements to SCG Failure related reporting
As highlighted in our contribution [2], the SCGFailureInformation reporting lacks some information. In addition to those missing information, RLF report contains only RLF on MCG and the SCG failure information are not present. In this section, we will highlight some aspects of SCG failure MRO information.
The SCGFailureInformation(EUTRA) procedure is initiated when SCG failure has experienced by a UE. The connection failure type in this message can be due to either 1) SCG RLF or 2) PSCell change failure. Upon PSCell change failure, the UE context is available in the MN/SN that has initiated the PSCell change. The UE context contains information of the source and target PSCells during PSCell change for both inter- and intra- gNB scenarios.
[bookmark: _Toc79072144]The source and target PScell UE context i.e. CGI is available in MN/SN that initiated PSCell chnage at the reception of SCGFailureInformation(EUTRA) message.
In our understanding although the failure type is reported by SCGFailureInformation message also CGI for both source and target PSCell are known in the UE context, the current set of information is not sufficient to differ the failure type associated to either the source or target PSCell during PSCell change failure. In other words, the information in MN/SN which performs the root cause analysis based on both the reported information (i.e. failure type) and the UE context (i.e. failed PSCell CGI), are not sufficient to identify the failure mode (i.e. too late, too early PSCell change and PSCell change to the wrong PSCell etc). Because the UE does not declare whether the failure is associated to the source PSCell or target PSCell during PSCell change, see below:
	SN change failure mode
	Source PSCell CGI
	Failed PSCell CGI
(at the time of failure)
	Reported Failure Type
	MN/SN cause analysis
	PSCell caused failure

	Too late PSCell change
	1
	1
	e.g. randomAccessProblem

	No PSCell change before failure
	Source PSCell

	Too early PSCell change
	1
	2
	e.g. randomAccessProblem

	PSCell change before failure and the best PSCell reported is 1
	Either Source PSCell or failed PSCell

	PScell change to wrong PSCell
	1
	2
	e.g. randomAccessProblem

	PSCell change before failure and the best PSCell reported is 3
	Either Source PSCell or failed PSCell

	PScell change to Correct PSCell
	1
	2
	e.g. randomAccessProblem

	PSCell change before failure and the best PSCell reported is 2
	Either Source PSCell or failed PSCell



-- ASN1START
-- TAG-SCGFAILUREINFORMATION-START

SCGFailureInformation ::=                   SEQUENCE {
    criticalExtensions                           CHOICE {
        scgFailureInformation                        SCGFailureInformation-IEs,
        criticalExtensionsFuture                    SEQUENCE {}
    }
}

SCGFailureInformation-IEs ::=            SEQUENCE {
    failureReportSCG                         FailureReportSCG                    OPTIONAL,
    nonCriticalExtension                     SCGFailureInformation-v1590-IEs     OPTIONAL
}

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

FailureReportSCG ::=                       SEQUENCE {
    failureType                                    ENUMERATED {
                                                               t310-Expiry, randomAccessProblem,
                                                               rlc-MaxNumRetx,
                                                               synchReconfigFailureSCG, scg-ReconfigFailure,
                                                               srb3-IntegrityFailure, other-r16, spare1},
    measResultFreqList                          MeasResultFreqList                                                      OPTIONAL,
    measResultSCG-Failure                      OCTET STRING (CONTAINING MeasResultSCG-Failure)                OPTIONAL,
    ...,
    [[
    locationInfo-r16                            LocationInfo-r16            OPTIONAL,
   failureType-v1610                        ENUMERATED {scg-lbtFailure-r16, beamFailureRecoveryFailure-r16,
                                                        t312-Expiry-r16, bh-RLF-r16, spare4, spare3, spare2, spare1} OPTIONAL
    ]]
}

MeasResultFreqList ::=                   SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2NR


-- TAG-SCGFAILUREINFORMATION-STOP
-- ASN1STOP

In general, similar fields to RLF Report apply for SCG failure i.e. the parameters previousPSCellID, failedPSCellID, connectionFailureType, timeConnFailure fields can aid the SN initiated SN change failure analysis. Besides, in addition to these parameters, PCellID can aid the MN initiated SN change failure analysis. Some of these parameters can be derived from UE context at the reception of SCGFailureInformation message. Hence, it is beneficial to be reported by the UE in a separate message after SCG failure and when the UE context may not exist.
[bookmark: _Toc79072145]The previousPSCellID, PcellID, failedPSCellID, connectionFailureType and timeConnFailure related to NR(EUTRA) SCG failures can aid the network for SN change failure analysis.
In addition, in SCGFailureInformationNR message and SCGFailureInformation message, the perRAInfoList field is not included and thus MN or SN is unaware of any RA related issues that led to the RLF on SCG. Furthermore, RA information collected in RA Report is specified only for successful RA procedures and thus do not cover the failed RA procedures. Hence, failed SCG RA information in this failure information is needed when the reason for failure is RA or BFR. One potential solution is to include the random access related information i.e. perRAInfoList field in SCGFailureInformation(EUTRA) message for optimizing the related RACH information in case of RACH failure.
[bookmark: _Toc79072146]The perRAInfoList field can aid the network for RACH related SN change failure analysis.
RAN2 should discuss whether these missing pieces of information should be directly included in the SCGFailureInformationEUTRA/SCGFailureInformationNR/SCGFailureInformation or in separate messages.
In our understanding adding such information in the SCG failure information messages may significantly increases the size of this report substantially which is not desired, especially because the SCGFailureInformation report should be delivered quickly reliably in order to minimize the service interruptions. Such concern should not be neglected, especially e.g. for URLLC type of scenarios. Furthermore, the SCGFailureInformation message is compulsorily transmitted by the UE upon declaring SCG failure. Inclusion of failure information as SON optimization related content in a mandatory message would cause very large overhead. 
[bookmark: _Toc79072147]SON related UE stored measurements are not needed immediately after a failure and thus the mandatory messages’ (SCGFailureInformation, SCGFailureInformationNR, SCGFailureInformationEUTRA) size  should not be increased for the SON purposes.
[bookmark: _Toc79072148]Increasing the size of the mandatory messages increase the risk of causing Uu interface overload at poor radio regions and/or at high network load scenarios.
In particular, perRAInfoList granularity is per RA attempt that may contain 2-step and 4-step RA related information. With inclusion of this field in SCGFailureInformation (EUTRA), the message overhead will be significant since the maximum number of RA attempts could be up to 200 as defined in TS 38.331. Hence, the size of the SCGFailureInformation(EUTRA) could be significantly large. If we assume a reasonable number of configured RA attempts before declaring RA failure e.g. msgA-TransMax = 4 and preambleTransMax = 6, the size of the message will be still rather large for SCGFailureInformation(EUTRA) message that should be delivered reliably to the network. While there is no need for live SCG failure cause analysis in the node at the time of failure.
PerRAInfoList-r16 ::= SEQUENCE (SIZE (1..200)) OF PerRAInfo-r16

PerRAInfo-r16 ::=                    CHOICE {
    perRASSBInfoList-r16                 PerRASSBInfo-r16,
    perRACSI-RSInfoList-r16              PerRACSI-RSInfo-r16
}

PerRASSBInfo-r16 ::=                 SEQUENCE {
    ssb-Index-r16                        SSB-Index,
    numberOfPreamblesSentOnSSB-r16       INTEGER (1..200),
    perRAAttemptInfoList-r16             PerRAAttemptInfoList-r16
}

PerRACSI-RSInfo-r16 ::=              SEQUENCE {
    csi-RS-Index-r16                     CSI-RS-Index,
    numberOfPreamblesSentOnCSI-RS-r16    INTEGER (1..200)
}

PerRAAttemptInfoList-r16 ::=         SEQUENCE (SIZE (1..200)) OF PerRAAttemptInfo-r16

PerRAAttemptInfo-r16 ::=             SEQUENCE {
    contentionDetected-r16               BOOLEAN                OPTIONAL,
    dlRSRPAboveThreshold-r16             BOOLEAN                OPTIONAL,
    ...
}
We will therefore propose to include such MRO information in a separate message that the network can inquiry after the SCG failure at any more suitable time when the link is stable, similar to the RLF report.
[bookmark: _Toc79072161]Include previousPSCellID, PCellID, failedPSCellID, connectionFailureType and timeConnFailure related to NR/EUTRA SCG failures in a separate message, rather than in the SCGFailureInformationEUTRA/SCGFailureInformationNR/SCGFailureInformation message.
[bookmark: _Toc79072162]Include perRAInfoList field related to NR SCG failures in a separate message, rather than in the SCGFailureInformationNR/ SCGFailureInformation(EUTRA) message.

Furthermore, a UE should generate and accumulate the SCG failure information report as a separate variable for SCG, e.g. VarSCGFailure-Report. The UE variable VarSCGFailure-Report includes the PSCell change failure information and should not override variable VarRLF-Report due to link failure information or handover failure information on MCG.
[bookmark: _Toc79072163]The UE should generate a new variable VarSCGFailure-Report for PSCell change failure information. VarSCGFailure-Report should not be overridden on VarRLF-Report for link failure information or handover failure information on MCG.
In light of above discussion, we also propose:
[bookmark: _Toc79072164]The UE transmits the above message when the network requests it, similar to the RLF-report.
2.5 Enhancements related to NR-U
NR-U functionality has been introduced in Rel.16, giving the possibility to the UE to operate in the unlicensed spectrum. Unlike LAA in LTE, in which case only user plane data could be transmitted in the unlicensed spectrum, in NR-U any type of transmission (hence including L1/L2 and RRC control signalling) can be transmitted in the unlicensed spectrum. Additionally, with NR-U, also the SpCell can operate over the unlicensed spectrum (not only the SCells), thereby opening the possibility for standalone unlicensed operations.
NR-U implies some new set of features that both the UE and the network should comply in order to perform NR-U operations. In particular, before transmitting on the unlicensed spectrum, both the UE and the gNB should perform LBT and sense the wireless channel, in order to ensure that the medium is not occupied by other transmissions which could be generated by non-3GPP technologies such as WiFi. Additionally, also new types of measurements representing the RSSI and channel occupancy have been introduced to reflect the characteristics of the unlicensed channel. 
In the SON/MDT WID, this topic has been assigned lower priority, but we believe that some changes can be addressed with relatively small effort during the WI phase. For example, RAN3 has started addressing NR-UT topic in last meeting:
	From RAN3#112-e:
Following problems seem the most relevant for the SON for NR-U: load information from NR-U towards licensed NR and new failure events related to e.g. LBT or channel occupancy in the failure report. 
Resource coordination between licensed NR and NR-U and optimized resource utilization in NR-U is FFS (contribution driven).



Related to RAN2, we note that in the current SON framework, only the RLF-report considers the NR-U system, i.e. the RLF cause can be set to “lbtFailure” in current legacy. However, no other information representing LBT statistics and RSSI/channel occupancy measurements are considered in the RA/RLF report. For example, it is not possible to determine whether a certain RA transmission attempt was blocked by LBT. Moreover, as per current specification, no RA-report purpose is even included if the UE performed RA due to consistent LBT failures. Therefore, RAN2 can for instance start enhancing the existing RA/RLF report and consider the above aspects.
[bookmark: _Toc79072165]RAN2 aims at some basic enhancements to the current SON framework to address the NR-U system, e.g. enhancements to the existing RA/RLF report.
Conclusion
In the previous sections we made the following observations: 
Observation 1	When the UE goes to the idle mode, the RAN loses the UE context and thus all the UE history information including any PSCell related history.
Observation 2	Current TS36.331 does not allow the UE to report the list of NR visited cell. Therefore, it will not be possible for the network to retrieve from the LTE MHI, the NR visited cell and hence also to determine whether during the time spent outside E-UTRA the UE was out-of-coverage or visiting NR cells.
Observation 3	In DC scenario, restricting the transmission of MHI information only to PCell might be inefficient when;
a.	MN and SN belongs to different vendors.
b.	MN (e.g., a Rel-15 LTE node) might not support the feature while SN supports it.
Observation 4	The specification work required for option-1 includes;
a.	Introducing NR RA report fetching possibility in LTE RRC specification and LTE RA report fetching possibility in NR RRC specification.
b.	Introduction of request-response procedure between MN and SN wherein SN requests MN for the RA reports associated to SCG, then MN fetches it from the UE and forwards it to the SN.
c.	Changes in the UEInformationRequest-Response procedure so that MN can request only MCG related RA or only SCG related RA or both at once.
Observation 5	The only change required to enable option-2 is the embedding of UEInformationRequest in RRCConnectionReconfiguration and mentioning that ULInformationTransferMRDC can be used to deliver UEInformationReponse (for SRB1);
Observation 6	If the sgNB RACH report is terminated in the MN, the existing UEInformationResponse/Request needs to be extended to include the SN-related RA report. Additionally, RAN2 should investigate how to include in the LTE specification, e.g. in the UEInformationRequest/UEInformationResponse, the NR-related RA-Report, because that is not supported today.
Observation 7	If the sgNB RACH report is terminated in the MN, RAN3 specification impact is expected, since today the transferring of the sgNB RACH report to the SN via Xn is not supported in TS 38.423.
Observation 8	The ASN.1 changes for SRB1 based solution is minimal (only changes to RRCConnectionReconfiguration message that needs to carry SCG related UEInformationRequest) or none (by modifying the usage of DLInformationTransferMRDC message) if the SN fetches the UE reports from the UE directly.
Observation 9	ASN.1 is not impacted for SRB3 based solution if the SN fetches the UE reports from the UE directly.
Observation 10	The existing RA report does not include location information and radio measurements, even if the RA procedure, in some cases, may be triggered by radio issues. Including this information can be beneficial for the network to detect UL/DL mismatches.
Observation 11	The source and target PScell UE context i.e. CGI is available in MN/SN that initiated PSCell chnage at the reception of SCGFailureInformation(EUTRA) message.
Observation 12	The previousPSCellID, PcellID, failedPSCellID, connectionFailureType and timeConnFailure related to NR(EUTRA) SCG failures can aid the network for SN change failure analysis.
Observation 13	The perRAInfoList field can aid the network for RACH related SN change failure analysis.
Observation 14	SON related UE stored measurements are not needed immediately after a failure and thus the mandatory messages’ (SCGFailureInformation, SCGFailureInformationNR, SCGFailureInformationEUTRA) size  should not be increased for the SON purposes.
Observation 15	Increasing the size of the mandatory messages increase the risk of causing Uu interface overload at poor radio regions and/or at high network load scenarios.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN 2 confirms that PSCell ID (CGI and/or frequency+PCI) and the time UE stayed in each PSCell is included in PSCell MHI.
Proposal 2	For each visited PCell, the MHI should include all the PSCell(s) that were configured to the UE while being in that PCell.
Proposal 3	PSCell MHI should be nested within the PCell MHI.
Proposal 4	The UE stores only up to 16 latest PSCells but encodes them in a nested structure.
Proposal 5	UE includes time without PSCell in the MHI report.
Proposal 6	RAN2 to consider including carrier frequency of the cell in the mobility history information (MHI) when only the CGI of that cell is included in the MHI.
Proposal 7	Include the list of visited NR PCells and PSCells in the VisitedCellInfoList of TS 36.331 i.e., RAN2 to align the MHI of TS 38.331 and TS 36.331.
Proposal 8	The mobility history information can be sent by the UE to both MN (PCell) and SN (PSCell).
Proposal 9	SN requests SgNB RACH report, and then UE reports the SN RACH report to the SN, directly via SRB3 or via SRB1.
Proposal 10	The UE includes the PCell in the RA report in case the RA occurred in an SCell.
Proposal 11	RAN2 to include the location information and the radio measurement in the RA report depending on the raPurpose, e.g. in case of SR failure, beam recovery failure, UL synchronization issues.
Proposal 12	Include in the RLF-Report the raPurpose whenever the RLF cause is randomAccessProblem.
Proposal 13	Include previousPSCellID, PCellID, failedPSCellID, connectionFailureType and timeConnFailure related to NR/EUTRA SCG failures in a separate message, rather than in the SCGFailureInformationEUTRA/SCGFailureInformationNR/SCGFailureInformation message.
Proposal 14	Include perRAInfoList field related to NR SCG failures in a separate message, rather than in the SCGFailureInformationNR/ SCGFailureInformation(EUTRA) message.
Proposal 15	The UE should generate a new variable VarSCGFailure-Report for PSCell change failure information. VarSCGFailure-Report should not be overridden on VarRLF-Report for link failure information or handover failure information on MCG.
Proposal 16	The UE transmits the above message when the network requests it, similar to the RLF-report.
Proposal 17	RAN2 aims at some basic enhancements to the current SON framework to address the NR-U system, e.g. enhancements to the existing RA/RLF report.
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