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1	Introduction
In the study item, “Study on RAN-centric data collection and utilization for LTE and NR (FS_LTE_NR_data_collect)”, Minimization of Drive Tests (MDT) is one of the use cases to be studied for NR and LTE enhancement. 
In RAN2 #105, the following high-level agreements were made pertaining to support of MDT in NR:

	Agreements of NR MDT:
 
      1.Logged MDT, immediate MDT and accessibility report should be supported for NR MDT. LTE MDT measurements/failures could be the baseline
      2.Logged MDT should also be supported for RRC_INACTIVE and RRC_IDLE. 
      3.Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT.



In RAN2 #106, the following high-level agreements were made pertaining to support of MDT in NR:

Agreements.                   
1	Immediate MDT configurations are supported for DC scenario.
2	Logged MDT configurations can come from SN node in DC scenario.  
3	The existing MDT framework is the baseline for the SCG cells related MDT configuration.
4	The triggers for MDT measurements associated to MCG and SCG are separate.
5	MN-SN coordination is required for MDT measurements’ configuration and reporting in DC framework.
6	If SRB3 is not configured, SN related measurements are transmitted to MN via SRB1/2 and then forwarded to SN.
7	If SRB3 is configured, MN related measurements are transmitted to MN via SRB1/2, SN related measurements are transmitted to SN via SRB3
In RAN2#107bis, the following high-level agreements were made pertaining to support of MDT in NR:

	2    Introduce the logged MDT measurement frequencies and cell IDs (i.e. PCI) for neighbour cell measurement  in the area configuration. UE only need to log and report measurement results for the configured frequencies if the results available. FFS the serving cell case.



Since, the baseline agreements on NR MDT have been made now, we can discuss the dual connectivity aspects of MDT as well. In this paper, we discuss the support for SN based logged MDT measurements and the current framework available in LTE to support such measurements. 
This contribution is a revision of R2-1912826. The main updates include elaboration of MDT configuration storage and MN-SN coordination requirement, in case SRB 3 is missing and considering the agreements made in RAN2#107bis meeting [4] and also based on email discussion on DC support in MDT [5]
2 Discussion


In RAN 2#106, an agreement was made that SN node would be able to configure the logged MDT towards the UE independent of the MN. The intention was to provide flexibility in the MDT framework for SN to request logged MDT measurements on its own. 

In the same decision chain, it was also agreed that the SCG configuration for MDT would follow the LTE framework. One thing that needs to be analyzed is the information available in the logged MDT measurements for SCG cells. Currently, there is no explicit configuration available for SCG cells. 

In this paper, we would investigate two aspects: 

· How can the MDT report from single configuration (MN or SN) can be made more relevant for operator troubleshooting/optimization
· Investigate the open issues in MDT configuration and reporting in DC scenarios

2.1 Relevant MDT reporting in single node MDT configuration


If we analyzed the current MDT framework for LTE logged measurements, the UE reports detailed logged measurement reports for intra and inter RAT neighbor cells already in current measurement framework. 

Fig. 1 describes the current information elements reported in LTE framework for reporting neighbor cell measurements during logged MDT. The neighbor measurements are standardized for all RAT’s except NR and include measurements related to the following information elements: 

1. Cell RSRP
2. Cell RSRQ
3. Physical Cell Id
4. CGI
5. Carrier Frequency
6. SINR values
7. PLMN information


-- ASN1START

VarLogMeasReport-r10 ::=				SEQUENCE {
	traceReference-r10					TraceReference-r10,
	traceRecordingSessionRef-r10			OCTET STRING (SIZE (2)),
	tce-Id-r10							OCTET STRING (SIZE (1)),
	plmn-Identity-r10					PLMN-Identity,
	absoluteTimeInfo-r10				AbsoluteTimeInfo-r10,
	logMeasInfoList-r10					LogMeasInfoList2-r10
}

VarLogMeasReport-r11 ::=			SEQUENCE {
	traceReference-r10					TraceReference-r10,
	traceRecordingSessionRef-r10		OCTET STRING (SIZE (2)),
	tce-Id-r10							OCTET STRING (SIZE (1)),
	plmn-IdentityList-r11				PLMN-IdentityList3-r11,
	absoluteTimeInfo-r10				AbsoluteTimeInfo-r10,
	logMeasInfoList-r10					LogMeasInfoList2-r10
}

LogMeasInfoList2-r10 ::=				SEQUENCE (SIZE (1..maxLogMeas-r10)) OF LogMeasInfo-r10


LogMeasInfoList2-r10 ::=                SEQUENCE (SIZE (1..maxLogMeas-r10)) OF LogMeasInfo-r10


LogMeasInfo-r10 ::=		SEQUENCE {
	locationInfo-r10					LocationInfo-r10		OPTIONAL,
	relativeTimeStamp-r10				INTEGER (0..7200),
	servCellIdentity-r10				CellGlobalIdEUTRA,
	measResultServCell-r10				SEQUENCE {
		rsrpResult-r10						RSRP-Range,
		rsrqResult-r10						RSRQ-Range
	},
	measResultNeighCells-r10			SEQUENCE {
		measResultListEUTRA-r10				MeasResultList2EUTRA-r9		OPTIONAL,
		measResultListUTRA-r10				MeasResultList2UTRA-r9		OPTIONAL,
		measResultListGERAN-r10				MeasResultList2GERAN-r10	OPTIONAL,
		measResultListCDMA2000-r10			MeasResultList2CDMA2000-r9	OPTIONAL
	}	OPTIONAL,
	...,
	[[	measResultListEUTRA-v1090			MeasResultList2EUTRA-v9e0	OPTIONAL
	]],
	[[	measResultListMBSFN-r12				MeasResultListMBSFN-r12	OPTIONAL,
		measResultServCell-v1250			RSRQ-Range-v1250			OPTIONAL,
		servCellRSRQ-Type-r12				RSRQ-Type-r12				OPTIONAL,
		measResultListEUTRA-v1250			MeasResultList2EUTRA-v1250	OPTIONAL
	]],
	[[	inDeviceCoexDetected-r13			ENUMERATED {true}			OPTIONAL
	]],
	[[	measResultServCell-v1360			RSRP-Range-v1360			OPTIONAL
	]],
	[[	logMeasResultListBT-r15			LogMeasResultListBT-r15		OPTIONAL,
		logMeasResultListWLAN-r15			LogMeasResultListWLAN-r15		OPTIONAL
	]]
}


MeasResultList2EUTRA-r9 ::=                SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-r9

MeasResult2EUTRA-r9 ::=                SEQUENCE {
	carrierFreq-r9                        ARFCN-ValueEUTRA,
	measResultList-r9                    MeasResultListEUTRA
}


MeasResultListEUTRA ::=				SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA

MeasResultEUTRA ::=	SEQUENCE {
	physCellId							PhysCellId,
	cgi-Info							SEQUENCE {
		cellGlobalId						CellGlobalIdEUTRA,
		trackingAreaCode					TrackingAreaCode,
		plmn-IdentityList					PLMN-IdentityList2				OPTIONAL
	}															OPTIONAL,
	measResult							SEQUENCE {
		rsrpResult							RSRP-Range						OPTIONAL,
		rsrqResult							RSRQ-Range						OPTIONAL,
		...,
		[[	additionalSI-Info-r9				AdditionalSI-Info-r9		OPTIONAL
		]],
		[[	primaryPLMN-Suitable-r12			ENUMERATED {true}			OPTIONAL,
			measResult-v1250					RSRQ-Range-v1250			OPTIONAL
		]],
		[[	rs-sinr-Result-r13					RS-SINR-Range-r13			OPTIONAL,
			cgi-Info-v1310						SEQUENCE {				
				freqBandIndicator-r13				FreqBandIndicator-r11		OPTIONAL,
				multiBandInfoList-r13				MultiBandInfoList-r11		OPTIONAL,
				freqBandIndicatorPriority-r13		ENUMERATED {true}			OPTIONAL
			}																OPTIONAL
		]],
		[[
			measResult-v1360					RSRP-Range-v1360					OPTIONAL
		]],
		[[
			cgi-Info-5GC-r15		SEQUENCE (SIZE (1..maxPLMN-r11)) OF CellAccessRelatedInfo-5GC-r15		OPTIONAL
		]]
	}
}


-- ASN1STOP


Fig. 1 Intra and inter RAT Neighbor Info in logged MDT (36.331)

Fig. 2 describes the current information elements reported in NR framework for reporting neighbor cell measurements. Currently, logging framework is not specified in NR, but these measurements could be used to extend the logging framework eventually to cover intra and inter RAT logged MDT measurements in NR.  Also, the current LTE framework needs to be enhanced to cover the inter RAT NR measurements as well. 

-- ASN1START

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

MeasResultNR ::=                        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
    },
    ...,
    [[
    cgi-Info                                CGI-InfoNR                                                                    OPTIONAL
    ]]
}

MeasResultListEUTRA ::=                 SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA

MeasResultEUTRA ::=                     SEQUENCE {
    eutra-PhysCellId                        PhysCellId,
    measResult                              MeasQuantityResultsEUTRA,

    cgi-Info                                CGI-InfoEUTRA                                                               OPTIONAL,...
}

MultiBandInfoListEUTRA ::=              SEQUENCE (SIZE (1..maxMultiBands)) OF FreqBandIndicatorEUTRA

MeasQuantityResults ::=                 SEQUENCE {
    rsrp                                    RSRP-Range                                                                  OPTIONAL,
    rsrq                                    RSRQ-Range                                                                  OPTIONAL,
    sinr                                    SINR-Range                                                                  OPTIONAL
}


-- ASN1STOP


Fig. 2 Intra and inter RAT Neighbor measurement in 38331


Based on the above discussion, it is quite clear that the current LTE framework for logged MDT provide quite substantial information for inter and intra RAT neighbors. These inter and intra RAT neighbors could be SCG cells as well since SCG cells should have coverage overlap with serving cell. Thus, UE would provide logged MDT measurements for SCG cells as part of current framework as well. 

[bookmark: _Toc24065774]Current LTE framework for logged MDT provides quite substantial information for inter and intra RAT neighbors.

One concern with the current reporting mechanism is that CGI reporting for neighbor cells is optional which might be very relevant in some cases. Another issue with relying on neighbor cell information is that information could be very broad since there could be multiple neighbouring frequencies and this is not the desired behavior if the operator is only interested to see MDT report for a specific frequency, i.e mmwave bands. 

[bookmark: _Toc24065775]Current LTE framework have limitations specifically the broad list of neighbors reported, and it does not provide possibility to receive report on specific neighbor frequencies. 

Another problem with current MDT mechanism is that the configuration do not allow inter RAT movement although there would be valid scenarios with such movement after release 15, i.e cell reselection from EN-DC to NR stand alone cell. So, the MDT framework should be able to provide precise report covering multiple RATs in dual connectivity scenarios. 

In RAN2#107bis meeting, the following agreement was made regarding area configuration: 

	 Introduce the logged MDT measurement frequencies and cell IDs (i.e. PCI) for neighbour cell measurement  in the area configuration. UE only need to log and report measurement results for the configured frequencies if the results available. FFS the serving cell case.




If the operators would like UEs camping on LTE cells to collect the measurements on high-frequency NSA NR neighboring cells, there are no way for UE to check if a detected neighbor cell is one of the desired NR neighbor cell since currently in LTE,  UE only checks if the serving cell is a part of the Area Configuration. 


Introduce the logged MDT measurement of specific RAT for neighbour cell measurement in addition to the current agreed measurements of frequencies and cell IDs (i.e. PCI)  in the area configuration.

Since RAN 2 have already proposed to have SN based configuration in dual connectivity scenarios, the MDT configuration should be done so that the MDT report provides coverage and QoS on specific RAT instead of a diverse report with multiple frequencies and RATs. So, the MDT mechanism should be able to provide precise reports for scenarios where only MN configures the MDT report or both MN and SN configures the MDT report. 

The area configuration in terms of Cell ID, frequency or RAT should be configured by both MN and SN since the UE might switch MN and SN and the configuration should still be relevant. Another reason is that the MN and SN could have different OAM which can provide MDT configuration independent of each other. 

[bookmark: _Toc24065776]MN and SN could have different OAM which can provide MDT configuration independent of each other.

The area configuration should be configurable by both MN and SN. 


2.2 MDT Configuration and Reporting in DC scenarios

Another consideration is regarding the reporting of the MDT reporting by the UE for the SN cells. Since the OAM can be separate for MN and SN in management-based MDT, the MDT configuration could be separate as well. In this case, it is more suitable that the UE reports the MDT reports when it manages to have connection with cell of the same RAT that provides the MDT configuration.  

Another open topic is if the UE would prepare two separate reports for MN and SN or combine the reports in one common report for both MN and SN. Since MN and SN would be from different RAT, at least in release 16 scope of MDT, i.e EN-DC, it makes sense to have separate reports for both MN and SN. If any correlation needs to be made, it could be done with post processing of MDT logs by operators. 


UE should log separate MDT reports based on MN and SN configuration respectively. Logged MDT report for MN and SN should be reported separately to respective RAT node which provides the initial configuration. 
2.2.1 Configuration Storage by UE

Based on current agreements, UE should be able to receive configuration from both MN and SN nodes. One open topic is if the UE should be able to store configuration from both MN and SN simultaneously. In our view, UE should be able to store configuration from MN and SN since then the UE would have the possibility to log MN and SN RAT in case it performs inter RAT cell reselection. This would support scenarios where UE would be able to continue MDT logging during inter RAT reselection scenarios as well. 

[bookmark: _Toc24065777]UE would be able to continue MDT logging during inter RAT cell reselection scenarios if it can store MDT configuration from both MN and SN. 

UE should be able to store MDT configurations for both MN and SN, simultaneously. 

2.2.2 MN SN coordination in DC scenarios

MN SN coordination in terms of Dual connectivity measurement is required in case of Immediate MDT measurements M3-M7 specially in case of split bearer case. But, this coordination is already taken care by Layer 2 measurement discussion. In case of management-based MDT, both MN and SN can receive the MDT configuration from MN independently so there is not coordination required in that case. But, in case of signaling based MDT, only MN have connection to MME so MN needs to receive the configuration for both MN and SN from MME/AMF and then forward SN specific configuration towards SN.  

[bookmark: _Toc24065778]MN SN coordination in terms of Dual connectivity measurement is required in case of Immediate MDT measurements M3-M7 specially in case of split bearer case. But, this coordination is already taken care by Layer 2 measurement discussion.  

In case SRB 3 is not available, MN needs to forwards SN originated MDT configuration transparently on SRB 1 towards the UE l. If SRB 3 is available, SN can directly provide MDT configuation and receive MDT reports from the UE.  There is no coordination required in terms of transmission of MDT configuration towards the UE. MN and SN should be independently able to configure UE with MDT configuration. It is up to OAM to coordinate and avoid overlapping configurations. 
In case of both signaling and management-based MDT, there is no coordination required between MN and SN in terms of transmission of MDT configuration towards the UE and receiving MDT reports. 
 In case SRB 3 is not available, MN needs to forwards SN originated MDT configuration transparently on SRB 1 towards the UE. 

Conclusion
In the previous sections we made the following observations: 

Observation 1	Current LTE framework for logged MDT provides quite substantial information for inter and intra RAT neighbors.
Observation 2	Current LTE framework have limitations specifically the broad list of neighbors reported, and it does not provide possibility to receive report on specific neighbor frequencies.
Observation 3	MN and SN could have different OAM which can provide MDT configuration independent of each other.
Observation 4	UE would be able to continue MDT logging during inter RAT cell reselection scenarios if it can store MDT configuration from both MN and SN.
Observation 5	MN SN coordination in terms of Dual connectivity measurement is required in case of Immediate MDT measurements M3-M7 specially in case of split bearer case. But, this coordination is already taken care by Layer 2 measurement discussion.

Based on the discussion in the previous sections we propose the following:

1. Introduce the logged MDT measurement of specific RAT for neighbor cell measurement in addition to the current agreed measurements of frequencies and cell IDs (i.e. PCI)  in the area configuration.
The area configuration should be configurable by both MN and SN. 
UE should log separate MDT reports based on MN and SN configuration respectively. Logged MDT report for MN and SN should be reported separately to respective RAT node which provides the initial configuration. 
UE should be able to store MDT configurations for both MN and SN, simultaneously. 
In case of both signaling and management-based MDT, there is no coordination required between MN and SN in terms of transmission of MDT configuration towards the UE and receiving MDT reports. 
 In case SRB 3 is not available, MN needs to forwards SN originated MDT configuration transparently on SRB 1 towards the UE. 
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