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1	Introduction
This paper discusses the following open issues in logged MDT: 
1. Basic principles to introduce a framework for event-based logged measurement for MDT in NR.
2. MDT memory size, potential issues of logged MDT concerning device memory, in particular when UE suffers from memory issue and logs multiple consecutive measurement at the same location. 
3. MDT configuration for UEs in Inactive State
In RAN2#107bis, the following agreement were made pertaining to logged MDT: 
	 
Agreements:
1    A UE can be configured with the periodical logging or the event-triggered logging.
2    For Logged MDT, the report IE for the both periodical logging and event-triggered logging MDT through the same IE (i.e., LogMeasReport).
3    introduction of a greater value of the maximum number of MDT logged measurements entries that can be stored by the UE in NR compared to LTE maxLogMeas-r10. The value of maxLogMeas-r16 is FFS.




This paper is a revision of R2-1912827. Main updates include 
· approaches to generate relevant MDT data based on specific operator requirements and also to optimize the UE memory.  
· New Events for event based logged MDT
· Open issues for handling stage 3 details of event based logged MDT
· propose a potential number for MDT samples in NR based on UE memory evolution. 
· Remove section on handling of MDT configuration during Inactive state
 
2	Background
In LTE, a UE is configured to perform periodical MDT logging during RRC_IDLE state after receiving the MDT configurations from the network. The UE shall report the DL pilot strength measurements (RSRP/RSRQ) together with time information, detailed location information if available, and WLAN, Bluetooth to the network using the UE information framework when it moves back to RRC_CONNECTED state. The DL pilot strength measurement of Logged MDT is collected based on the existing measurements required for cell reselection purpose, without imposing UE to perform additional measurements. 
Table 1. Key parameters sent to UE in the configuration message for Logged MDT in LTE

	Parameters 
	Notes

	areaConfiguration
	It defines the area where the logged measurements are taken by the UE.

	plmn-IdentityList
	It is used to indicate a set of PLMNs defining when the UE performs measurement logging as well as the associated status indication and information retrieval i.e. the UE performs these actions when the RPLMN is part of this set of PLMNs.

	Trace reference
	It is assigned by OAM.

	Trace recording session reference 
	It is assigned by MME in signaling-based MDT; it is assigned by eNB in the management-based MDT.

	Trace Collection Entity (TCE) identifier
	It is mapping to the TCE IP address and will be sent to the TCE together with the logged measurements.

	absoluteTimeInfo
	It is used to indicate the absolute time in the current cell

	loggingDuration
	It is the configured duration for a UE to perform measurement logging. 

	loggingInterval
	It indicates the periodicity for UE to perform the measurement logging. 

	bt-NameList
	It is used to indicate the names of the Bluetooth beacon which the UE is configured to measure.

	wlan-NameList
	It is used to indicate the names of the WLAN AP for which the UE is configured to measure.



2.1 The existing event-based logged measurements for RRC_IDLE UE in LTE
There is an event-based logged measurement for UE in RRC_IDLE in LTE, i.e., accessibility measurement [1]. The UE logs failed RRC connection establishments for LTE, i.e. a log is created when the RRC connection establishment procedure fails. The UE logs failed RRC connection establishments without the need for prior configuration by the network. The trigger for creating a log related to a failed RRC connection establishment is for LTE when timer T300 expires.
2.2 The problems of combining events based and periodically based logged measurements
After UE being configured with Logged MDT parameters including the loggingDuration and loggingInterval, UE starts the periodical logging when the UE is in RRC_IDLE. 

LoggingDuration information element
-- ASN1START

LoggingDuration-r10 ::=			ENUMERATED {
									min10, min20, min40, min60, min90, min120, spare2, spare1}

-- ASN1STOP

LoggingInterval information element
-- ASN1START

LoggingInterval-r10 ::=			ENUMERATED {
									ms1280, ms2560, ms5120, ms10240, ms20480,
									ms30720, ms40960, ms61440}

-- ASN1STOP

In Rel-15, the out-of-coverage detection (i.e., “anyCellSelectionDetected”) was introduced into the existing Logged MDT mechanism, i.e., periodical logging with the configured logging duration and logging interval. 

In LTE, there is no starting mechanism at UE for Logged MDT. UE executes the periodical logging when UE is in RRC_IDLE after receiving the Logged MDT configuration. When it is started, UE logs both the DL pilot strength measurements when UE is in Camped normally state and “anyCellSelectionDetected” when UE is in Any Cell Selection state. 

In LTE, UE supports a maximum number of logged measurements (i.e., the periodical MDT logging) entries. When the memory reserved for the logged measurement information becomes full, the UE shall stop the duration timer, T330, and perform the same actions as performed upon expiry of T330, i.e., the UE shall release the configuration. 

-- ASN1START

maxLogMeas-r10				INTEGER ::= 4060-- Maximum number of logged measurement entries
											-- that can be stored by the UE

-- ASN1STOP


For the out-of-coverage detection in LTE, the number of the out-of-coverage detection that a UE can log is limited, since UE logs both of the out-of-coverage detections and periodical DL pilot strength measurements using the same configured parameters: logging interval and logging duration; and the reserved memory is used for both of the purposes. The reserved memory can be full due to the records for the DL pilot strength measurements if the logging duration is large, and UE cannot log the events when the duration is expired if the duration is small. 

Figure 1. Example of the limited number of out-of-coverage detection that a UE can record 

In LTE, the out-of-coverage detections and periodical DL pilot strength measurements logging are configured with the same logging interval and logging duration; and the reserved memory is used for both purposes. 
For the out-of-coverage detection in LTE, the number of the out-of-coverage detection that a UE can log is limited, since the reserved memory can be full due to the records for the DL pilot strength measurements if the logging duration is large, and UE cannot log the events when the duration is expired if the duration is small.
If the logging interval is large, e.g., 61.44 seconds, the UE may miss the out-of-coverage events. 

[bookmark: _Ref178064866][bookmark: _Toc509497794]3	Discussion
3.1 Event Triggered MDT: 
In RAN2 #106 [2] and RAN2#107, there are the following agreements for out-of-coverage event in Logged MDT. 

1	The out-of-coverage detection and logging in NR can be configured to be independent of the periodical DL pilot strength logged measurements.
2	For MDT in NR, UE can be configured to only perform the logging for out-of-coverage detection, i.e., UE is not required to log the DL pilot strength measurements if the configuration is only out-of-coverage detection.
3    For Logged MDT, introduce periodical logged measurements as in LTE and event-triggered logged measurements (including out-of-coverage event). Details of configuration are FFS

This section discusses the basic principles to introduce a framework for event-based logged measurement for MDT in NR.

[bookmark: _Toc1047593][bookmark: _Toc347824244][bookmark: _Toc347823993][bookmark: _Toc347823812][bookmark: _Toc24064968]RAN2 has agreed that the event-triggered out-of-coverage logging can be configured to be independent of periodical logging. The event-triggered logging framework (i.e., configuration, storage and reporting) need to be specified. 
3.1.1 Configuration of Event based MDT
It has already agreed that the Logged MDT is the baseline and the running CR on logged MDT have adopted this configuration from LTE. 
One open question is if the logging interval for event and periodic MDT configuration is similar or different. Our preference is to have flexibility in terms of logging interval for Event based MDT since the logging interval should be set based upon the specific event and requirement of the operators. 
The proposed ASN.1 messages are discussed as follows. 
The proposed LoggedMeasurementConfiguration containing LoggingDuration and LoggingInterval.
LoggedMeasurementConfiguration-r16-IEs ::= SEQUENCE {		
	traceReference-r16				TraceReference-r16,
	traceRecordingSessionRef-r16	OCTET STRING (SIZE (2)),
	tce-Id-r16						OCTET STRING (SIZE (1)),
	absoluteTimeInfo-r16			AbsoluteTimeInfo-r16,
	areaConfiguration-r16			AreaConfiguration-r16					             OPTIONAL,	--Need R
	loggingDuration-r16				LoggingDuration-r16 		OPTIONAL,     
	loggingInterval-r16				LoggingInterval-r16			OPTIONAL,
    eventTriggeredConfigList     	EventTriggeredConfigList     OPTIONAL,
    eventLoggingInterval-r16		EventLoggingInterval-r16     OPTIONAL,
	plmn-IdentityList-r16			PLMN-IdentityList3-r16			OPTIONAL,	--Need R
	bt-NameList-r16					BT-NameList-r16					OPTIONAL, 	--Need R
	wlan-NameList-r16				WLAN-NameList-r16				OPTIONAL, 	--Need R

	nonCriticalExtension			SEQUENCE {}                                			 OPTIONAL
}



[bookmark: _Toc24064994]Introduce network defined configurable logging interval for event-based MDT configuration which would facilitate event/use case specific logging. 
Another open issue is regarding the stage 3 details for event-based MDT. Currently, only out of coverage is agreed as an event but RAN 2 would discuss more events in this release as well as upcoming releases based on operator requirements, so we need to have a flexible structure to add additional events in future. 
Thus, we propose to add a list of events which includes out of coverage as a first event but also provides flexibility to add new events to MDT in a structured manner. As proposed earlier, each event should have an associated logging interval. 
The proposed ASN.1 message are discussed as follows. 
Proposed EventTriggeredList
reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
     }
	PeriodicalReportConfig ::=                  SEQUENCE {
		loggingDuration-r16				LoggingDuration-r16 		OPTIONAL,     
		loggingInterval-r16				LoggingInterval-r16			OPTIONAL,
	}
	EventTriggerConfig ::=						SEQUENCE {
		eventLoggingInterval-r16		EventLoggingInterval-r16     OPTIONAL,
		eventTriggeredConfigList     	EventTriggeredConfigList     OPTIONAL,
		}
	}
}

EventTriggeredConfigList::= SEQUENCE (SIZE (1..maxNrofLoggedMeasEvents)) OF EventTriggerLoggedMeasConfig

EventTriggerLoggedMeasConfig::=                       CHOICE {
    	eventOOCTrigger  							EventOOCTrigger,
	    eventX1Trigger  							EventX1Trigger,
    	...
	}
	EventOOCTrigger  ::=                             ENUMERATED {true}		OPTIONAL,
	EventX1Trigger	::=					FFS						OPTIONAL,
	nonCriticalExtension			SEQUENCE {}                                			 OPTIONAL
}

[bookmark: _Toc24064995]Introduce list of events which includes out of coverage as a first event but also provides flexibility to add new events to MDT in a structured manner in future. 

3.1.2 Coexistence of multiple Events in logged MDT
As indicated in background, it has been agreed to allow network to configure UE with the periodical logging and the event-triggered logging. There could be two cases are discussed below: 
· Case 1: only the legacy periodical logging is configured. 
· Case 2: only the event-based logging is configured.

Case 1 is already covered in the running CR. We would focus on Case 2. 
Case 2: only the event-based logging is configured. 
If only event-based logging is configured, the logging is performed by a UE when the entering condition of an event of the configured events is satisfied. Then, UE performs the periodical logging following a configured eventLoggingInterval until the leaving condition of that event is fulfilled or the reserved memory is full. 
If there are more than one configured events which have overlaps (e.g., Event B starts after the entering condition of Event A is fulfilled but before the leaving condition of Event A is fulfilled). For simplicity, we can only configure a common eventLoggingInterval for all of the configured events. In the overlapping case, only the entering of the first event triggers the event-based periodical logging. An example in Figure 2 shows that two events configured for event-based logged MDT.


Figure 2. Only event-based logging is configured. UE starts logging when entering Event A and stops logging when leaving Event B. 


[bookmark: _Toc24064996]For simplicity reasons, the event based logging interval is common for all events. In the overlapping case, only the entering of the first event triggers the event-based periodical logging. 

3.1.3 New Events for logged MDT
Out of coverage is already agreed as one event for logged MDT, which is defined as follow:
Event X1: UE is out of the coverage. The entering condition is considered to be satisfied if the UE enters the “Any Cell Selection” state as specified in TS 38.304. The leaving condition is considered to be satisfied when the UE leaves the “Any Cell Selection” state. 
In LTE we already have Event A2 which is triggered when serving becomes worse than threshold, which is defined as follow: 
Event A2 (Serving becomes worse than threshold) has already been defined in TS 38.331 with the following entering and leaving conditions:
	Inequality A2-1 (Entering condition)
Ms + Hys < Thresh
Inequality A2-2 (Leaving condition)
Ms – Hys > Thresh



Measurement quantity-based events: So, to achieve the minimum LTE functionality, it is natural to at least add the measurement quantity-based events to NR MDT as well. 

[bookmark: _Toc24064997]Introduce measurement quantity-based events A1, A2 and A3 to NR MDT configuration 
Sensor measurement-based events: 
Since, we have introduced sensor measurements including speed, barometer and UE orientation in release 16, we should also use this as trigger events for logging relevant MDT reports. One very clear example could be that if the operator is only interested in logging MDT reports from high speed UE. If there is an event based on UE speed thresholds, only high-speed UE’s would log MDT reports. 
Another example is barometer based logged MDT measurements. This allows the network to associate certain radio measurement with other details like height at which the measurement was taken (basement or in a skyscraper) etc. By allowing logging only when the UE is in skyscraper, the network can collect measurements specific to certain height. 

[bookmark: _Toc24064998]Introduce sensor measurement-based events including speed, height and orientation sensors, for event based logged MDT. 

WLAN and BT RSSI measurement-based events: 
Another potential input could be RSSI measurements of a specific WLAN or BT AP configured by the operator. When the WiFi related measurements (either of the operator WiFi nodes only or for any other WiFi APs) are below/above certain RSSI measurements. This information allows the network operators to build WiFi coverage overlap understanding (and also for fingerprinting)
When the Bluetooth beacon related measurements (either of the operator Bluetooth nodes only or for any other Bluetooth) are below/above certain RSSI measurements. This information allows the network operators to build Bluetooth coverage overlap understanding (and also for fingerprinting). 

[bookmark: _Toc24064999]Introduce WLAN and BT RSSI measurement-based events for event based logged MDT.

Cell reselection-based event:
 Another quite useful event is based on cell reselection criteria. Indicative of the radio conditions at the cell border. The information logged as part of MDT is more exhaustive (UE location, radio conditions, time of reselection, possible sensor information, speed state information etc.) than the information stored via ‘mobility History Report’ and therefore it is much more useful. 

[bookmark: _Toc24065000]Introduce cell reselection-based event considering both inter RAT and inter frequency cell reselection for event based logged MDT.


The proposed ASN.1 message is as follows. 

LoggedMeasurementConfiguration ::= SEQUENCE {		
	traceReference				TraceReference,
	traceRecordingSessionRef	OCTET STRING (SIZE (2)),
	tce-Id						OCTET STRING (SIZE (1)),
	absoluteTimeInfo			AbsoluteTimeInfo,
	areaConfiguration			AreaConfiguration		OPTIONAL,	-- Need OR
	loggingDuration				LoggingDuration,
	loggingInterval				LoggingInterval,
	plmn-IdentityList			PLMN-IdentityList3		OPTIONAL,	-- Need OR
	areaConfiguration			AreaConfiguration		OPTIONAL,	-- Need OR
	targetMBSFN-AreaList		TargetMBSFN-AreaList		OPTIONAL,	-- Need OP
	bt-NameList					BT-NameList					OPTIONAL, 	--Need OR
	wlan-NameList				WLAN-NameList				OPTIONAL, 	--Need OR
	eventConfiguration			EventConfiguration			OPTIONAL
}

EventConfiguration ::=				SEQUENCE {
	Priority 1 SEQUENCE { 
	campedCellOutOfCoverage					BOOLEAN,
	measredFreqOutOfCoverage				BOOLEAN,
	cellReselectionNRtoOtherRAT				BOOLEAN,
	cellReselectionToLowerFrequency  		BOOLEAN,
	campedCellQualityBased					MeasurementQuantityBasedEvent	OPTIONAL,
	}
	Priority 2 SEQUENCE { 
	measuredFreqStrongestCellQualityBased	MeasurementQuantityBasedEvent	OPTIONAL,
	acceptableCellOnlyCoverage				BOOLEAN,
	cellReselectionOccasion					BOOLEAN,
	ueSpeedStateBased						UESpeedStateBased		OPTIONAL,
	sesorInfoBased							SensorInfoBasedList			OPTIONAL
	...
}
}

MeasurementQuantityBasedEvent::=				SEQUENCE {
	triggerType				CHOICE {
		eventA1		SEQUENCE {
			a1-Threshold						ThresholdNR
			reportOnLeave						BOOLEAN
		},
		eventA2								SEQUENCE {
			a2-Threshold						ThresholdNR
			reportOnLeave						BOOLEAN
		},
		eventA3								SEQUENCE {
			a3-Offset							INTEGER (-30..30),
			reportOnLeave						BOOLEAN
		}
	}
	triggerQuantity						ENUMERATED {rsrp, rsrq}
}

UESpeedStateBased::=				SEQUENCE {
	speedState						ENUMERATED {lowOnly, mediumOnly, highOnly, lowOrMedium, lowORHigh, mediumOrHigh}
}

SensorInfoBasedList ::=				SEQUENCE (SIZE (1..maxSensor)) OF SensorInfoBased

SensorInfoBased::=				SEQUENCE {
	sensorType				ENUMERATED {barometer, orientationSensor, …..}
	sensorThreshold			CHOICE {FFS}
}




3.2 Logging, storage and reporting
The logged measurements information is same for both periodical logging and the event-triggered logging. The difference between them is the determination on when the logging is performed. Therefore, the UE variable (i.e., VarLogMeasReport) to store the logged measurements information and the corresponding parameters in the variable can be common for the both types of logging. 

VarLogMeasReport UE variable in LTE
-- 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

-- ASN1STOP

[bookmark: _Toc24065001]For Logged MDT, the UE variable (i.e., VarLogMeasReport) to store the logged measurements information and its parameters are common for the both periodical logging and event-triggered logging. 

The event-triggered logging and periodical logging can share the same indicator, logMeasAvailable, which indicates to a RAN node that there is logged measurements available at UE. Furthermore, the report IE for logged measurements (i.e., LogMeasReport) and its parameters are common for both. 

LogMeasReport in UEInformationResponse message in LTE
LogMeasReport-r10 ::=				SEQUENCE {
	absoluteTimeStamp-r10				AbsoluteTimeInfo-r10,
	traceReference-r10					TraceReference-r10,
	traceRecordingSessionRef-r10		OCTET STRING (SIZE (2)),
	tce-Id-r10							OCTET STRING (SIZE (1)),
	logMeasInfoList-r10					LogMeasInfoList-r10,
	logMeasAvailable-r10				ENUMERATED {true}				OPTIONAL,
	...,
	[[	logMeasAvailableBT-r15			ENUMERATED {true}				OPTIONAL,
		logMeasAvailableWLAN-r15		ENUMERATED {true}				OPTIONAL
	]]
}

LogMeasInfoList-r10 ::=		SEQUENCE (SIZE (1..maxLogMeasReport-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
	]],
	[[	anyCellSelectionDetected-r15		ENUMERATED {true}			OPTIONAL
	]]
}

[bookmark: _Toc24065002]For Logged MDT, the report IE for logged measurements (i.e., LogMeasReport) and its parameters are common for the both periodical logging and event-triggered logging. 

[bookmark: _Toc24065003]Adopt the Text Proposal provided in Annex A to adopt event-based MDT framework in 38.331. 

3.3 Number of Samples for logged MDT
For logged MDT, UE receives the MDT configurations including logginginterval and loggingduration in the RRC message, i.e., LoggedMeasurementConfiguration, from the network as shown in the following: 
LoggedMeasurementConfiguration-r10-IEs ::= SEQUENCE {		
	traceReference-r10				TraceReference-r10,
	traceRecordingSessionRef-r10	OCTET STRING (SIZE (2)),
	tce-Id-r10						OCTET STRING (SIZE (1)),
	absoluteTimeInfo-r10			AbsoluteTimeInfo-r10,
	areaConfiguration-r10			AreaConfiguration-r10		OPTIONAL,	-- Need OR
	loggingDuration-r10				LoggingDuration-r10,
	loggingInterval-r10				LoggingInterval-r10,
	nonCriticalExtension			LoggedMeasurementConfiguration-v1080-IEs	OPTIONAL
}
A timer (T330) is started at the UE upon receiving the configurations and UE sets the logging duration according to the loggingduration (10 min – 120 min). The UE shall perform periodical MDT logging with the interval set to logginginterval (1.28 s – 61.44 s). An example of the MDT logging is shown in the Figure 1. 
[image: ]
Figure 1. Example of Logged MDT procedure

[bookmark: _Hlk274777]The logged measurement report consists of measurement results for the serving cell (the measurement quantity), available UE measurements performed in idle for intra-frequency/inter-frequency/inter-RAT, time stamp and location information. When the UE performs logging at the regular logging intervals, it adds a logged measurement entry in a UE variable called VarLogMeasReport. The detailed logged measurements in the VarLogMeasReport are described below.

[bookmark: _Toc24064969]A UE can be configured to perform MDT logged measurement in a periodic interval for a certain period of time. 

-- 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

-- ASN1STOP

As depicted above, the maxLogMeas-r10 is the maximum number of logged measurement entries which can be stored by UE. Since Rel-10, the maximum number, maxLogMeas-r10, is 4060 entries.
-- ASN1START

maxLogMeas-r10				INTEGER ::= 4060-- Maximum number of logged measurement entries
											-- that can be stored by the UE

-- ASN1STOP

[bookmark: _Toc7694261][bookmark: _Toc24064970]The maximum number (i.e., maxLogMeas-r10) of MDT logged measurements entries that can be stored by the UE has NOT been changed since Rel-10.

The UEs today have much more memory size than that 10 year ago. MDT has been used and verified in commercial network to identify and analyze coverage issues, e.g., poor coverage and over shooting [2]. It would be beneficial that UE can store more entries in Logged MDT in NR. Also, in RAN2#107bis, the following agreement was made regarding UE memory for NR MDT: 

	introduction of a greater value of the maximum number of MDT logged measurements entries that can be stored by the UE in NR compared to LTE maxLogMeas-r10. The value of maxLogMeas-r16 is FFS



If we see the progression of UE memory, specifically RAM used for storing logs, it has progressed from 2GB in 2013-14 time frame to around 12 GB in 2019. This is a drastic increase in volatile memory, around 500%. Since, 4060 is already a very small number of samples and considering the huge memory now available with UE, we would propose to have a 16 times increase in the UE memory size. 

[bookmark: _Toc24065004]Considering the huge volatile memory available in UE during release 16 time frame, the maximum number of MDT logged measurements entries that can be stored by the UE in NR (maxLogMeas-r16) is set to 65,536 samples.

3.4 Generating Use Case Relevant MDT Data
3.4.1 Reserved Memory in UE

Even with this high number, it is very important to make the MDT data more relevant and avoid collecting periodic data that might not fulfill the intended MDT use cases. For the Logged MDT in LTE, when the memory reserved for the logged measurement information becomes full, UE stops timer T330 and performs the same actions as performed upon expiry of T330 (i.e., the UE shall release the MDT configuration). 
In this way, the network may not get the expected measurements data from the UE. The solution which considers conserving UE memory can be to introduce another reserved memory for logged measurements at UE; if the primary reserved memory is full, the UE only logs the data in this reserved memory when certain conditions are fulfilled, or the triggering conditions of certain events are fulfilled. 
Some examples are illustrated as follows.
· UE continues performing the out-of-coverage entries in this secondary memory upon out-of-coverage events are detected when the primary reserved memory is full.
· UE can prioritize the logged entries in this secondary memory, e.g., only keeping the measurements from the serving cell and skipping the collected data of the neighbor cells. 
· UE can adjust the logging interval based on the remaining reserved secondary memory. 
· UE can use a selection/filtering mechanism to discard/remove the measurement captured at the same location (in case of detailed location information) to avoid redundancy of the measurements. This is discussed in the next section.

[bookmark: _Toc24065005]RAN2 to discuss introduction of another reserved memory in UE for logged measurements; the UE only logs the data in this memory when certain conditions or the triggering conditions of the certain events are fulfilled. 
3.4.2 Adaptive logging interval
One mechanism to enhance the logging duration of the is to dynamically adjust the logging interval based on the remaining entries which are reserved for the logged MDT measurements. 

A condition can be defined for a UE to derive a new Logging Interval once the current reserved memory for MDT had gone below a threshold value, based upon a scaling factor, i.e. K1 in formula below: 

	CurRemainingLogMeas <= PrevRemainingLogMeas / K1 (for example K1 = 2)



The UE can calculate the new logging interval based upon a scaling factor, i.e. K2 in formula below: 
	NewLoggingInterval = PrevLoggingInterval * K2 (for example K2 = 2)



where, 
· CurRemainingLogMeas: the current remaining number of the logged measurement entries which can be stored by UE.
· PrevRemainingLogMeas: the previous remaining number of the logged measurement entries which can be stored by UE when the UE changed the Logging Interval previously. If the UE has not changed the Logging Interval, PrevRemainingLogMeas = MaxLogMeas.
· NewLoggingInterval: the new logging interval to be used.
· PrevLoggingInterval: the previous logging interval which was used.
· Scaling Factor: K1, K2

This simple approach to adaptively change the logging interval could result in extending the MDT monitoring range dynamically based upon operator specific requirements and prevent the UE to stop logging even before MDT loggin timer expires, due to lack of space in MDT buffer. 


3.4.3 Prioritization of logged measurements

Another approach to generate relevant MDT reports along with extending the MDT logging period using available memory samples is to prioritize specific MDT measurements based upon network provided prioritization in MDT configuration. 

In general, the logged measurement report consists of measurement results for the serving cell (the measurement quantity), available UE measurements performed in idle for intra-frequency/inter-frequency/inter-RAT, time stamp and location information. When the UE performs logging at the regular logging intervals, it adds a logged measurement entry in a UE variable called VarLogMeasReport.

The detailed logged measurements in the VarLogMeasReport are described below.
-- 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

-- ASN1STOP

The maxLogMeas is the maximum number of logged measurement entries which can be stored by UE. In LTE, the maximum number is 4060 entries and the value is FFS for NR. 
The LogMeasInfo is one single logged measurement entry. The details are shown below.
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
	]]
}


We can improve the relevance of the reported data by adding a measurement priorites in MDT configuration. Some examples of the priorities in the configuration could be: 
· The priorities of the measurement entries: The logged measurement entry (i.e., LogMeasInfo) with locationInfo has higher priority than the entry without the locationInfo. 
· The priorities of the fields in the measurement entries:
· The measurements for the serving cell, i.e., measResultServCell, has the highest priorities.
· The anyCellSelectionDetected field has the highest priorities among all of the fields.
· The priorities order for neighbor cells inside the measResultNeighCells is specified from highest to the lowest: measResultListNR, measResultListEUTRA, measResultListUTRA, measResultListGERAN, measResultListCDMA2000. 
· The logged measurements in one PLMN has higher priority than that in another PLMN.
· The measurements for cellular radios have higher priorities than the WLAN and BT. 	

The UE receives the configurable priorities for the logged measurements included in the MDT control and configuration parameters. Another option could be that the UE receives the configurable priority policy for the logged measurements included in the MDT control and configuration parameters and determines the priorities according to the policy. 
The UE applies the priorities for the logged measurements which are defined in the specification. So, if multiple measurements are available, the UE would prioritize to take the high priority measurements first in MDT logging. This would avoid logging non relevant data and also optimize the UE memory space. 


Proposal 1 [bookmark: _Toc24065006]RAN2 to discuss introduction of adaptive logging interval and prioritized measurement reporting to generate more relevant MDT data and extend the MDT logging dynamically based on available samples in UE memory and avoid MDT logging termination before the MDT logging interval timer expires. 

3.4.5 Relation between measurement and location information
In logged MDT it is possible to tag each measurement entry with the location information, if available. The location information can be derived either by ECGI or Cell-Id of the serving cell or can be taken as detailed location information (e.g. GNSS location information) that can be included if available and valid when the measurement is taken. 
If detailed location information is available, the reporting shall consist of latitude and longitude. Depending on availability, altitude, uncertainty and confidence may be also additionally included. UE tags available detailed location information only once with upcoming measurement sample, and then the detailed location information is discarded, i.e. the validity of detailed location information is implicitly assumed to be one logging interval.

[bookmark: _Toc24064971]In logged MDT it is possible to tag each measurement entry with the location information, if available. The location information can be derived either by ECGI or Cell-Id of the serving cell or can be taken as detailed location information (e.g. GNSS location information) that can be included if available and valid.
As already mentioned, one interesting use case for performing logged MDT is coverage optimization. Generally, the coverage optimization requires measurements to be performed in all possible locations within the coverage area to provide a complete picture of the radio propagation environment to the network nodes for e.g., AAS based optimization of the capacity and coverage. 
On the other side, a limited memory can be allocated to the UE to perform the logged measurement. For example, in LTE, the maximum number of logged measurement entries (i.e., the memory reserved for Logged MDT, maxLogMeas), which can be stored by UE is 4060 entries. Therefore, a delicate MDT configuration is required to capture only the necessary and useful measurement at interested and target locations. 
Although the radio signal propagation and measurement results are highly dependent on the location and mobility pattern of the UE, MDT configuration is currently oblivious to the mobile UEs’ location (mobility) and is blindly performed right at each MDT logging interval. To exemplify, for a stationary UE, the radio signal propagation may barely change and hence the logged data reported to the network may bring not much information. 
Hence, all the 4060 entries may include similar radio condition belonging to a given location of the UE. In other words, a UE may be configured to perform logged measurement while it might be in a fixed location throughout the measurement period (loggingDuration), hence providing redundant data to the network that may not be useful for coverage optimization. Therefore, network should lend more careful consideration on the location information when configuring the UE with logged MDT measurement, by configuring the UE to possibly discard redundant measurement when the location information is fixed for some consecutive measurements. 

[bookmark: _Toc24064972]A UE may be configured to perform logged measurement, while it might be in a fixed location throughout the measurement period (loggingDuration), hence providing redundant data to the network that may not be useful for coverage optimization or any other purpose.

Therefore, in our understanding, RAN2 can discuss a selection/filtering mechanism for UE to discard/remove measurement (or entries of measurement in the trace) wherein the location information is the same or at least very similar to the location information of the preceding measurements. In this way, the UE may provide more meaningful measurement data captured at different locations which can be used by network for different use-cases such as coverage or mobility optimization. 
On the other side, the current logged MDT method may result buffer bloating in a short period of time before expiry of T330 timer.  A selection/filtering mechanism can assist the UE to better utilize the memory allocated to the logged measurement by discarding consecutive measurements captured at the same location. Hence the risk of having a full memory before expiration of T330 timer significantly reduces. In addition, it helps the UE to reduce energy consumption for logged MDT.
A filtering mechanism based on the location information can be enabled by the MDT configurations to allow the UE to discard logging/storing the MDT measurements based on the UE location information. In other words, UE discards the measurement if the location information is the same or very similar to the location information of the preceding measurement. This can be very helpful for the UE to conserve memory for more valuable measurement from other locations (in particular, when UE deals with memory shortage).

[bookmark: _Toc24065007]RAN2 discuss a selection/filtering mechanism to discard/remove the measurement captured at the same location (in case of detailed location information) to avoid redundancy of the measurements (when dealing with memory shortage), when performing logged MDT. How to configure and identify/measure the changes in the location is FFS.

3.5 Logged MDT configuration for UE’s in Inactive State

In RAN 3#107bis, the following agreements were made pertaining to logged MDT handling in case of signalling and management-based MDT: 

	 If the signalling based logged MDT received by the NG-RAN when UE is in RRC_INACTIVE:
⁻     The NG-RAN stores the logged MDT configuration in the UE context.
⁻     When the UE resumes the RRC connection in the last serving NG-RAN, the NG-RAN can configure the MDT configuration for the UE. 
⁻     When the UE resumes the RRC connection in one new NG-RAN, the last serving NG-RAN can propagate the logged MDT configuration to the new NG-RAN.
      This agreement should be confirmed by RAN3.
4    If the management based logged MDT received by the NG-RAN when UE is in RRC_INACTIVE,
⁻     No requirement for the NG-RAN to store the logged MDT configuration in the UE context
⁻     When the UE resumes the RRC connection in the last serving NG-RAN, the NG-RAN can configure the MDT configuration for the UE. 
⁻     When the UE resumes the RRC connection in another NG-RAN, the source NG-RAN will not propagate the management based logged MDT configuration. The source NG-RAN should inform the target NG-RAN of UE consents.



Although, this agreement is comprehensive from logged MDT perspective but still the network behavior for handling Immediate MDT configuration while the Ue is in Inactive state is still undefined. 

[bookmark: _Toc7179425][bookmark: _Toc16755982][bookmark: _Toc24064973]The network behavior for handling Immediate MDT configuration while the Ue is in Inactive state is still undefined.

From configuration trigger point of view, Immediate based MDT is similar to logged MDT so we would propose to align the configuration trigger solution between Immediate and logged MDT when the UE is Inactive state. 

[bookmark: _Toc24065008]For Ue’s in Inactive state, adopt the agreed mechanism for handling logged MDT configuration towards Immediate MDT configuration. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN2 has agreed that the event-triggered out-of-coverage logging can be configured to be independent of periodical logging. The event-triggered logging framework (i.e., configuration, storage and reporting) need to be specified.
Observation 2	A UE can be configured to perform MDT logged measurement in a periodic interval for a certain period of time.
Observation 3	The maximum number (i.e., maxLogMeas-r10) of MDT logged measurements entries that can be stored by the UE has NOT been changed since Rel-10.
Observation 4	In logged MDT it is possible to tag each measurement entry with the location information, if available. The location information can be derived either by ECGI or Cell-Id of the serving cell or can be taken as detailed location information (e.g. GNSS location information) that can be included if available and valid.
Observation 5	A UE may be configured to perform logged measurement, while it might be in a fixed location throughout the measurement period (loggingDuration), hence providing redundant data to the network that may not be useful for coverage optimization or any other purpose.
Observation 6	The network behavior for handling Immediate MDT configuration while the Ue is in Inactive state is still undefined.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce network defined configurable logging interval for event based MDT configuration which would facilitate event/use case specific logging.
Proposal 2	Introduce list of events which includes out of coverage as a first event but also provides flexibility to add new events to MDT in a structured manner in future.
Proposal 3	For simplicity reasons, the event based logging interval is common for all events. In the overlapping case, only the entering of the first event triggers the event-based periodical logging.
Proposal 4	Introduce measurement quantity-based events A1, A2 and A3 to NR MDT configuration
Proposal 5	Introduce sensor measurement-based events including speed, height and orientation sensors, for event based logged MDT.
Proposal 6	Introduce WLAN and BT RSSI measurement-based events for event based logged MDT.
Proposal 7	Introduce cell reselection-based event considering both inter RAT and inter frequency cell reselection for event based logged MDT.
Proposal 8	For Logged MDT, the UE variable (i.e., VarLogMeasReport) to store the logged measurements information and its parameters are common for the both periodical logging and event-triggered logging.
Proposal 9	For Logged MDT, the report IE for logged measurements (i.e., LogMeasReport) and its parameters are common for the both periodical logging and event-triggered logging.
Proposal 10	Adopt the Text Proposal provided in Annex A to adopt event-based MDT framework in 38.331.
Proposal 11	Considering the huge volatile memory available in UE during release 16 time frame, the maximum number of MDT logged measurements entries that can be stored by the UE in NR (maxLogMeas-r16) is set to 65,536 samples.
Proposal 12	RAN2 to discuss introduction of another reserved memory in UE for logged measurements; the UE only logs the data in this memory when certain conditions or the triggering conditions of the certain events are fulfilled.
Proposal 13	RAN2 to discuss introduction of adaptive logging interval and prioritized measurement reporting to generate more relevant MDT data and extend the MDT logging dynamically based on available samples in UE memory and avoid MDT logging termination before the MDT logging interval timer expires.
Proposal 14	RAN2 discuss a selection/filtering mechanism to discard/remove the measurement captured at the same location (in case of detailed location information) to avoid redundancy of the measurements (when dealing with memory shortage), when performing logged MDT. How to configure and identify/measure the changes in the location is FFS.
Proposal 15	For Ue’s in Inactive state, adopt the agreed mechanism for handling logged MDT configuration towards Immediate MDT configuration.
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Annex A 

[bookmark: _Toc5272392]–	LoggedMeasurementConfiguration
The LoggedMeasurementConfiguration message is used by NR to configure the UE to perform logging of measurement results while in RRC_IDLE or RRC_INACTIVE. It is used to transfer the logged measurement configuration for network performance optimisation.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
LoggedMeasurementConfiguration message
-- ASN1START
-- TAG-LOGGEDMEASUREMENTCONFIGURATION-START

LoggedMeasurementConfiguration-r16 ::= SEQUENCE {
    criticalExtensions                      CHOICE {
        loggedMeasurementConfiguration               LoggedMeasurementConfiguration-r16-IEs,
        criticalExtensionsFuture                     SEQUENCE {}
    }

}


LoggedMeasurementConfiguration-r16-IEs ::= SEQUENCE {		
	traceReference-r16				TraceReference-r16,
	traceRecordingSessionRef-r16	OCTET STRING (SIZE (2)),
	tce-Id-r16						OCTET STRING (SIZE (1)),
	absoluteTimeInfo-r16			AbsoluteTimeInfo-r16,
	areaConfiguration-r16			AreaConfiguration-r16			OPTIONAL,	--Need R
	
	plmn-IdentityList-r16			PLMN-IdentityList3-r16			OPTIONAL,	--Need R
	bt-NameList-r16					BT-NameList-r16					OPTIONAL, 	--Need R
	wlan-NameList-r16				WLAN-NameList-r16				OPTIONAL, 	--Need R
	
reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
     }
	PeriodicalReportConfig ::=                  SEQUENCE {
		loggingDuration-r16				LoggingDuration-r16 		OPTIONAL,     
		loggingInterval-r16				LoggingInterval-r16			OPTIONAL,
	}
	EventTriggerConfig ::=						SEQUENCE {
		eventLoggingInterval-r16		EventLoggingInterval-r16     OPTIONAL,
		eventTriggeredConfigList     	EventTriggeredConfigList     OPTIONAL,
		}
	}
}

EventTriggeredConfigList::= SEQUENCE (SIZE (1..maxNrofLoggedMeasEvents)) OF EventTriggerLoggedMeasConfig

EventTriggerLoggedMeasConfig::=                       CHOICE {
    	eventOOCTrigger  							EventOOCTrigger,
	    eventX1Trigger  							EventX1Trigger,
    	...
	}
	EventOOCTrigger  ::=                             ENUMERATED {true}		OPTIONAL,
	EventX1Trigger	::=					FFS						OPTIONAL,
	nonCriticalExtension			SEQUENCE {}                                			 OPTIONAL
}



nonCriticalExtension			SEQUENCE {}                                			 OPTIONAL

}


-- TAG-LOGGEDMEASUREMENTCONFIGURATION-STOP
-- ASN1STOP

	LoggedMeasurementConfiguration field descriptions

	tce-Id
Parameter Trace Collection Entity Id: See TS XX.XXX [YY].

	traceRecordingSessionRef
Parameter Trace Recording Session Reference: See TS XX.XXX [YY].

	reportType
Parameter configures the type of MDT configuration, specifically Periodic MDT configuration or Event Triggered MDT. 

	EventTriggerLoggedMeasConfig
Parameter configures with UE with specific events for triggering MDT configuration. Current specified event is based on out of coverage detection. 
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