Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2#106	Tdoc R2-1906875
Reno, US, 13-17 May 2019	

Agenda Item:	11.12.2
Source:	Ericsson
Title:	On the relation between UE memory, logged MDT measurements, and the UE location information	
Document for:	Discussion
Introduction
In RAN2 #105 in Athens, and as part of NR MDT it has been agreed that without the need for prior configuration by the network, the UE logs establishment failures as in LTE [1].

Agreements of NR MDT
· Logged MDT, immediate MDT and accessibility report should be supported for NR MDT. LTE MDT measurements/failures could be the baseline

[bookmark: _Hlk513657944]In this contribution paper, we discuss the details of the logged MDT procedure and its configuration in LTE system. We investigate a potential issue that logged MDT suffers when UE suffers from memory shortage and loges multiple consecutive measurement at the same location. Under memory shortage, we propose to discard such measurements when the location information is the same as location information of the preceding measurements.
[bookmark: _Ref178064866]Discussion
MDT was firstly studied in Rel-9 (TR 36.805) driven by RAN2 with the purpose to minimize the actual drive tests. MDT has been introduced since Rel-10 in LTE. MDT has not been specified for NR in the involved standards in RAN2, RAN3 and SA5 groups. However, as part of RAN Centric Data Collection and Utilization SI an effort has been commenced on standardization of MDT considering the following use cases:

· Coverage optimization 
· Mobility optimization
· Capacity optimization
· Parameterization for common channels
· QoS verification

The normal RRM mechanisms only allow for measurements to be reported when the UE has RRC connection with the particular cell, and there is sufficient UL coverage to transport the MEASUREMENT REPORT. This will restrict measurements to be collected from UEs not experiencing RLF and experiencing enough UL coverage. Hence RRM mechanism would not suffice in particular when considering the above-mentioned use cases.
MDT Control and Configuration 
When MDT was introduced in Rel-10, it was decided to include MDT as a part of the Trace function which is able to provide very detailed logging data at call level. Based on the methods of activating/deactivating trace and trace configuration, the trace function can be classified into the following two aspects.
· Management activation/deactivation: Trace Session is activated/deactivated in different Network Elements (NE) directly from the Element Manager (EM) using the management interfaces of those NEs.
· Signalling Based Activation/Deactivation: Trace Session is activated/deactivated in different NEs using the signalling interfaces between those elements so that the NEs may forward the activation/deactivation originating from the EM.
On the other hand, the MDT can be classified as Area-based MDT and Signalling-based MDT from the use case perspective illustrated below.
· Area based MDT: MDT data is collected from UEs in a specified area. The area is defined as a list of cells (UTRAN or E-UTRAN) or as a list of tracking/routing/location areas. The area-based MDT is an enhancement of the management-based trace functionality. Area based MDT can be either a logged MDT or Immediate MDT. 
· Signalling based MDT: MDT data is collected from one specific UE. The UE that is participating in the MDT data collection is specified as IMEI(SV) or as IMSI. The signalling-based MDT is an enhancement of the signalling based subscriber and equipment trace. The signalling-based MDT can be either a logged MDT or Immediate MDT. 
In LTE, for Area based MDT, the MDT control and configuration parameters are sent by the Network Management directly to the eNB. Then, the eNB selects UEs which fulfil the criteria including the area scope and the user consent and starts the MDT. For signalling-based MDT, i.e., UE specific MDT, the MDT control and configuration parameters are sent by the Network Management to MME which then forwards the parameters to eNB associated with the specific UE.  
Based on the above activation/deactivation mechanisms, two different types of MDT can be performed according to the UE RRC state 
· Logged MDT in RRC_IDLE mode,
· Immediate MDT in RRC_CONNECTED mode,
In this contribution, we focus on the logged MDT that can be activated when UE is in RRC_IDLE mode. 
Logged MDT
In logged MDT procedure, a UE that is in RRC_IDLE state can be configured to perform periodical MDT logging 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 via using the UE information framework when it is in 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. The measurement logging for Logged MDT
	MDT mode
	RRC states
	Measurement quantities

	Logged MDT
	RRC_IDLE
	RSRP and RSRQ of the serving cell and available UE measurements for intra-frequency/inter-frequency/inter-RAT, time stamp and detailed location information if available.


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.

1. A UE can be configured to perform MDT logged measurement when it is in RRC_IDLE mode.
1. A UE can be configured to perform MDT logged measurement in a periodic intervals 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, a list of measurements will be recorded in LogMeasInfoList and the maximum number of logged measurement entries which can be stored by UE is defined by maxLogMeas. In LTE, the maximum number is 4060 entries. Each measurement entry is stored as LogMeasInfo in the list of the measurements as the detail of the measurement is shown below. 

1. In the LTE system, the maximum number of MDT logged measurements to be performed is 4060 entries.

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
	]]
}

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.

1. 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. 
1. 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).

1. 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.

Conclusion
In section 2 we made the following observations:

1. A UE can be configured to perform MDT logged measurement when it is in RRC_IDLE mode.
A UE can be configured to perform MDT logged measurement in a periodic intervals for a certain period of time. 
In the LTE system, the maximum number of MDT logged measurements to be performed is 4060 entries.
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.
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.
Based on the discussion in section 2 we propose the following:
1. RAN2 discuss a selection/filtering mechanism to discard/remove the measurement captured at the same location (in case if detailed location information is available, e.g., GNSS) to avoid redundancy of the measurements when suffering from memory shortage. How to configure and identify/measure the changes in the location is FFS.
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