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1	Introduction
In RAN2 #106, 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.
This paper discusses the basic principles to introduce a framework for event-based logged measurement for MDT in NR.
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
In RAN2 #106 [2], 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.
This section discusses the basic principles to introduce a framework for event-based logged measurement for MDT in NR.
1. [bookmark: _Toc1047593][bookmark: _Toc347824244][bookmark: _Toc347823993][bookmark: _Toc347823812][bookmark: _Toc16756504]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 Configuration
It has already agreed that the Logged MDT is the baseline. Thus, we propose that the RRC message, LoggedMeasurementConfiguration, can be reused in NR. 
1. [bookmark: _Toc16758199]As in LTE, RAN2 to define RRC message, LoggedMeasurementConfiguration, for NR to configure the UE to perform logging of measurement results in TS 38.331. 
In order to support the event-triggered logging, we propose to allow network to configure UE with the periodical logging or the event-triggered logging or both. The three cases are discussed as follows. 
3.1.1 Case 1: only the legacy periodical logging is configured. 
The parameters of “LoggingDuration” and “LoggingInterval” can be reused. 
1. [bookmark: _Toc16758200]As in LTE, RAN2 to define “LoggingDuration” and “LoggingInterval” for periodical logging in LoggedMeasurementConfiguration message in TS 38.331. 
LoggingDuration in LTE
-- ASN1START

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

-- ASN1STOP
LoggingInterval in LTE
-- ASN1START

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

-- ASN1STOP

3.1.1 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. 
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
}
Proposed EventTriggeredList
EventTriggeredConfigList::= SEQUENCE (SIZE (1..maxNrofLoggedMeasEvents)) OF EventTriggerLoggedMeasConfig  

EventTriggerLoggedMeasConfig::=                       CHOICE {
    eventA2Trigger  							EventA2Trigger,
    eventX1Trigger  							EventX1Trigger,
    ...
}

EventA2Trigger  ::=                                  SEQUENCE {
   a2-Threshold                                MeasTriggerQuantity,
   ...
}

EventX1Trigger	::=					BOOLEAN




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


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. 

3.1.1 Case 3: both the event-based logging and legacy periodical logging are configured. 
If both of the event-based logging and legacy periodical logging are configured and there is an overlap between them, UE uses the smaller interval between the eventLoggingInterval and loggingInterval to perform the logging during the overlapping part. 


Figure 3. Both event-based logging and legacy periodical logging are configured, UE uses the smaller interval between eventLoggingInterval and loggingInterval during the overlapping part.

1. [bookmark: _Toc16758201]For Logged MDT, RAN2 to introduce periodical logged measurements as in LTE and event-triggered logged measurements (including at least out-of-coverage event and A2 like event). A UE can be configured with the periodical logging or the event-triggered logging or both.

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

1. [bookmark: _Toc16758202]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
	]]
}

1. [bookmark: _Toc16758203]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. 
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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	As in LTE, RAN2 to define RRC message, LoggedMeasurementConfiguration, for NR to configure the UE to perform logging of measurement results in TS 38.331.
Proposal 2	As in LTE, RAN2 to define “LoggingDuration” and “LoggingInterval” for periodical logging in LoggedMeasurementConfiguration message in TS 38.331.
Proposal 3	For Logged MDT, RAN2 to introduce periodical logged measurements as in LTE and event-triggered logged measurements (including at least out-of-coverage event and A2 like event). A UE can be configured with the periodical logging or the event-triggered logging or both.
Proposal 4	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 5	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: _In-sequence_SDU_delivery]References
[bookmark: _Ref1049183]TS 37.320, Radio measurement collection for Minimization of Drive Tests (MDT), 3GPP, V15.0.0, 2018-07
[bookmark: _Ref16667410][bookmark: _GoBack]RAN2-106-Notes LTE-5GC NR-idle RAN-DCU Hu-2019-05-16-1930, 3GPP RAN2#106 meeting, Reno, USA, May 2019
image1.png
Bt

Camped Normally

Restarts periodical
MDT logging

Any Cell Selection

Reserved memory is full. Stop
logging

MDT loggingduration (expiration duration for T330)

UE in RRC_CONNECTED UE enters Camped Normally Any Cell Selection
receives MDT configurations RRC_IDLE
Starts periodical
MDT logging
, UE performs , ”
\.E \.E MDT logging i anyCellSelectionDetected
: i ; /
| 0 0 0 o0 0 0
= A |
| ! :
I H H
! H MDT logginginterval :
i i :
: = ’
B
I
1
!
'
H

time




image2.png
Bt

Camped Normally

Restarts periodical
MDT logging

Any Cell Selection

Reserved memory is full. Stop
logging

MDT loggingduration (expiration duration for T330)

UE in RRC_CONNECTED UE enters Camped Normally Any Cell Selection
receives MDT configurations RRC_IDLE
Starts periodical
MDT logging
, UE performs , ”
\.E \.E MDT logging i anyCellSelectionDetected
: i ; /
| 0 0 0 o0 0 0
= A |
| ! :
I H H
! H MDT logginginterval :
i i :
: = ’
B
I
1
!
'
H

time




image3.emf
time

Entering event A: performing 

logging and triggering event-

based periodical logging 

Entering Event B:

Performs logging Leaving Event A

Leaving Event B;

Stopping event-based 

periodical logging

eventLogginginterval


Microsoft_Visio_Drawing.vsdx
time
Entering event A: performing logging and triggering event-based periodical logging
Entering Event B:
Performs logging
Leaving Event A
Leaving Event B;
Stopping event-based periodical logging
eventLogginginterval




image4.emf
time

Entering event A: performing 

logging and triggering event-

based periodical logging with 

smaller interval

Leaving Event A;

Periodical logging is continued until 

loggingduratin timer is expired or reserved 

memory is full

MDT 

loggingduration 

(expiration duration for T330) for legacy periodical logging

legacy 

logginginterval

eventLogginginterval

legacy 

logginginterval


Microsoft_Visio_Drawing1.vsdx
time
Entering event A: performing logging and triggering event-based periodical logging with smaller interval
Leaving Event A;
Periodical logging is continued until loggingduratin timer is expired or reserved memory is full
MDT loggingduration (expiration duration for T330) for legacy periodical logging
legacy logginginterval
eventLogginginterval
legacy logginginterval






