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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. MDT has not been specified for NR in the involved standards. This paper discusses some basic principles to specify MDT for NR.
2	Background
MDT was firstly studied in TR 36.805 [1] in Rel-9 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.
The use cases in the TR 36.805 include:
· Coverage optimization 
· Mobility optimization
· Capacity optimization
· Parameterization for common channels
· QoS verification

2.1 Why not normal RRM? 
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 sufficient UL coverage. Besides, there is no accompanying location information in normal RRM measurements.
2.2 MDT types based on RRC states: Logged MDT and Immediate MDT 
In general, there are two types of MDT measurement logging, i.e., Logged MDT and Immediate MDT. 
2.3 Logged MDT
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. 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. A timer (T330) is started at the UE upon receiving the configurations and set to loggingduration (10 min – 120 min). The UE shall perform periodical MDT logging with the interval set to logginginterval (1.28 s – 61.44 s) when the UE is in RRC_IDLE. An example of the MDT logging is shown in the figure below. 
Figure 1. Example of Logged MDT procedure

2.4 Immediate MDT
Measurements for Immediate MDT purpose can be performed by RAN and UE. There are a number of measurements (M1-M9 defined in TS 37.320 [2]) which are specified for RAN measurements and UE measurements.  For UE measurements, the MDT configuration is based on the existing RRC measurement procedures for configuration and reporting with some extensions for location information.

The measurement quantities for Immediate MDT are shown in the table below.

Table 2. The measurement quantities for Immediate MDT
	MDT mode
	RRC states
	Measurement quantities

	Immediate MDT
	RRC_CONNECTED
	M1: RSRP and RSRQ measurement by UE.
M2: Power Headroom measurement by UE.
M3: Received Interference Power measurement by eNB.
M4: Data Volume measurement separately for DL and UL, per QCI per UE, by eNB.
M5: Scheduled IP Throughput for MDT measurement separately for DL and UL, per RAB per UE and per UE for the DL, per UE for the UL, by eNB.
M6: Packet Delay measurement, separately for DL and UL, per QCI per UE, see UL PDCP Delay, by the UE, and Packet Delay in the DL per QCI, by the eNB.
M7: Packet Loss rate measurement, separately for DL and UL per QCI per UE, by the eNB.
M8: RSSI measurement by UE.
M9: RTT measurement by UE.



The reporting of the Immediate MDT is specified as follows.
· For M1:
· [bookmark: OLE_LINK38][bookmark: OLE_LINK37]Event-triggered measurement reports according to existing RRM configuration for events A1, A2, A3, A4, A5 A6, B1 or B2.
· Periodic, A2 event-triggered, or A2 event triggered periodic measurement report according to MDT specific measurement configuration.
· For M2: Reception of Power Headroom Report (PHR) according to existing RRM configuration.
· For M3 – M9: End of measurement collection period.
2.5 Logged MBSFN MDT and RLF Enhancement
Furthermore, Logged MBSFN MDT is defined to perform measurement logging when a UE is in RRC_IDLE and RRC_CONNECTED. An enhancement on Radio Link Failure (RLF) is also specified for RLF report with detailed location information (e.g., GNSS) if available. RLF reports may also include available WLAN measurement results and/or Bluetooth measurement results for calculating UE location. The measurement quantities for Logged MBSFN MDT and RLF Enhancement are shown in the table below.

Table 3. The measurement quantities for Logged MBSFN MDT and RLF Enhancement
	MDT mode
	RRC states
	Measurement quantities

	Logged MBSFN MDT
	RRC_IDLE, RRC_CONNECTED
	RSRP, RSRQ, MBSFN RSRP, MBSFN RSRQ, BLER for signalling and BLER for data per MCH

	RLF Enhancement
	RRC_CONNECTED
	RLF report with detailed location information (e.g., GNSS); RLF reports may also include available WLAN measurement results and/or Bluetooth measurement results for calculating UE location.


[bookmark: _Ref178064866]2.6 Control and Configuration of MDT 
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 based 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 network elements so that the NEs may forward the activation/deactivation originating from the EM.
On the other hand, the MDT can be classified into two main types based on use case perspective, namely: 

· Area-based MDT and 
· Signalling-based MDT 

· 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 signaling-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.  
The figure below summarizes the classification of the MDT.
Figure 1. a classification of MDT

2.7 Location Information
The Logged MDT measurements are tagged by the UE with location data in the following manner:
· ECGI or Cell-Id of the serving cell when the measurement was taken is always included.
· Detailed location information (e.g. GNSS location information) is included if available in the UE when the measurement was 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.
For Immediate MDT, the M1 measurements are tagged by the UE with location data in the following manner:
· Detailed location information (e.g. GNSS location information) is included if available in the UE when the measurement was 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. 
· The UE should include the available detailed location information only once. If the detailed location information is obtained by GNSS positioning method, GNSS time information shall be included. For both event-based and periodic reporting, the detailed location information is included if the report is transmitted within the validity time after the detailed location information was obtained. The validity evaluation of detailed location information is left to UE implementation.
2.8 User consent 
For signalling based MDT, the Core Network (CN) shall not initiate MDT towards a particular user unless the user consent is available.
For area-based MDT, the CN indicates to the RAN whether MDT is allowed to be configured by the RAN for this user considering, e.g. user consent and roaming status, by providing management-based MDT allowed information consisting of the Management Based MDT Allowed indication and optionally the Management Based MDT PLMN List. The management-based MDT allowed information propagates during inter-PLMN handover if the Management Based MDT PLMN List is available and includes the target PLMN.
The same user consent information can be used for area-based MDT and for signaling-based MDT, i.e. there is no need to differentiate the user consent per MDT type. Collecting the user consent shall be done via customer care process. The user consent information availability shall be considered as part of the subscription data and as such this shall be provisioned to the Home Subscriber Server (HSS) database.
3	Discussion
[bookmark: _Toc509497794]This section discusses about MDT for NR based on the MDT mechanisms in LTE.
3.1 MDT use cases
For LTE, the use cases which has been included in Annex (informative) in TS 37.320 include:
· Coverage use cases
· Coverage hole
· Weak coverage
· Pilot Pollution
· Overshoot coverage
· Coverage mapping
· UL coverage
· Cell boundary mapping
· Coverage mapping for pico cell in CA scenario
· QoS verification use cases
· Traffic Location
· User QoS Experience
· MBSFN use cases
The coverage use cases and QoS verification use cases are still applicable for NR. 

1. [bookmark: _Toc1138810]RAN3 to consider the coverage use cases in Annex A and QoS verification use cases in Annex B in the TS 37.320 as the base line for NR.


3.2 Logged MDT
The DL pilot strength measurement (RSRP/RSRQ in LTE) of Logged MDT is collected based on the existing measurements required for cell reselection purpose, without imposing UE to perform additional measurements. In NR, the UE measurement for cell selection and cell reselection is based on Cell defined Synchronization Signal Blocks (CD-SSBs) located on the synchronization raster. The UE shall detect and measure on the SSBs and then determine the cell quality illustrated as follows. 
· For cell reselection in multi-beam operations, using a maximum number (nrofSS-BlockToAverage) of beams to be considered and a threshold (absThreshSS-BlocksConsolidation) which are configured for a frequency, the measurement quantity of this cell is derived amongst the beams corresponding to the same cell based on SSB block as follows:
· if the highest beam measurement quantity value is below the threshold: derive a cell measurement quantity as the highest beam measurement quantity value.
· else: derive a cell measurement quantity as the linear average of the power values of up to the maximum number of highest beam measurement quantity values above the threshold.

Regarding the cell ranking in the cell reselection procedure in NR, there is an additional criterion based on number of good beams which has been introduced for multi-beam operations on top of R criteria. Each time when UE evaluates the serving cell and the neighbor cells for cell reselection purpose, the UE derives the beam-level RSRP (BRSRP) and beam-level RSRQ (BRSRQ), and number of good beams of the associated cell. 
A coverage of a cell is determined by the coverages of the beams in the cell. The average value of a number of beam quantity values of the beams in the cell does not be used to map with the cell coverage, identify the weak coverage of an individual beam, or detect beam-level overshoot and interference problem.

[bookmark: _Toc426089][bookmark: _Toc1138807]In the multi-beam operations in NR, the cell-level RSRP/RSRQ can be derived as the linear average of the power values of a number of beam measurement quantity values in a cell.  The average alone cannot be used to map with the cell coverage, identify the weak coverage of an individual beam, or detect beam-level overshoot and interference problem. 

In our view, it is beneficial for UE to include the BRSRP/BRSRQ and number of good beams in the MDT logging for coverage optimization. 

1. [bookmark: _Toc427383][bookmark: _Toc1138811]For Logged MDT, the beam-level RSRP/RSRQ should be included in the measurement logging together with cell-level RSRP/RSRQ. The details about the number of BRSRP/BRSRQ values for the serving cell and neighbor cells can be further studied.

An indicator, “loggedMeasurementsIdle”, which included in the IE UE-EUTRA-Capability indicates whether UE supports logged measurements in Idle mode.

	UE-BasedNetwPerfMeasParameters-r10 ::=	SEQUENCE {
	loggedMeasurementsIdle-r10				ENUMERATED {supported}		OPTIONAL,
	standaloneGNSS-Location-r10				ENUMERATED {supported}		OPTIONAL
}



[bookmark: _Toc1138808]The Logged MDT is optional in LTE. UE indicates the support of Logged MDT to the network by including the “loggedMeasurementsIdle” in the IE UE-EUTRA-Capability.

As discussed in Section 2, 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. MDT has been used in commercial network to identify and analyze coverage issues, e.g., poor coverage and over shooting [3]. However, the logged MDT is optional which results that many UE vendors do not support the feature, although the feature itself does not impose UE to perform additional measurements.
1. [bookmark: _Toc1138812]In Rel-16, supporting Logged MDT is mandatory for UE in RRC_IDLE and RRC_INACTIVE; do not include “loggedMeasurementsIdle” or “loggedMeasurementsInactive” in the UE-NR-Capability field.

There are some limitations for Logged MDT in LTE.
· UE Buffer size issues: 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 and the UE is allowed to discard the stored logged measurements 48 hours after the expiry of the timer. The way to deal with the full reserved memory can be improved, for example, the UE can discard the measurements without detailed location information and continue the logging until not possible to discard the measurements or the expiry of the timer. Another example is that the UE can deprioritize the measurements from the lower priority frequency of the neighbor cells in this case. 
· Overriding ongoing MDT logging: When a UE receives the MDT configurations, it shall discard the configuration and the logged measurements information if the UE stores a previous MDT configuration, regardless of whether the previous MDT logging is ongoing or not. If different RAN nodes select the same UE to perform the Logged MDT for the Area-based MDT, the UE may unexpectedly discard the MDT configurations and logged measurements.

1. [bookmark: _Toc1138813]For Logged MDT, the limitations of UE buffer size and session interruption should be considered when applying the MDT mechanism to NR.
3.3 Immediate MDT
The cell quality derivation for UE in RRC_CONNECTED is same as that in RRC_IDLE.  As we discussed in Section 3.1, a coverage of a cell is determined by the coverages of the beams in the cell. The average values of the beams in the cell does not represent the cell coverage.

1. [bookmark: _Toc1138814]For Immediate MDT, the measurement quantities should consider both cell-level RSRP/RSRQ and BRSRP/BRSRQ. The details about BRSRP/BRSRQ for the serving cell and neighbor cells can be further studied.
3.4 Control and Configuration of MDT 
The requirements for managing MDT are defined in TS 32.421. In our view, the defined business-level requirements (REQ-MDT-CON-1 - REQ-MDT-CON-28) and the specification-level requirements (REQ-MDT-FUN-01 - REQ-MDT-FUN-26) are applicable to MDT in NR.
1. [bookmark: _Toc1138815]The control and configuration of MDT in LTE is the baseline for MDT in NR. Both the Area-based MDT and Signaling-based MDT are supported by MDT in NR. Both Area-based MDT & signaling-based MDT can be either Logged MDT or Immediate MDT. 
3.5 Location Information
Including the detailed location information (e.g., GNSS) is one of the key advantages for MDT and RLF enhancement.  However, even if the RAN node obtains the user consent for MDT purpose and the UE is capable of GNSS (indicated by “standaloneGNSS-Location”), the UE can still choose to not support the location report to the RAN node. An indicator “locationReport” is specified in UE-EUTRA-Capability field to indicate whether the UE supports reporting of its geographical location information to eNB.

	UE-BasedNetwPerfMeasParameters-v1430 ::=	SEQUENCE {
	locationReport-r14						ENUMERATED {supported}		OPTIONAL
}



[bookmark: _Toc1138809]The location report is optional for MDT in LTE, regardless of whether the UE is capable of deriving the location information (e.g., GNSS information) and regardless of whether the RAN node obtains the user consent for MDT.

The MDT becomes useless if the UE does not support the location report. 
The location report is optional which results that many UE vendors do not support the location report even if the location information (e.g., GNSS information) can be derived when the UE performs logged measurement. There is a difference between the UE can report but it does not, and the detailed location information is not available so that the UE cannot report. It would be beneficial to for a UE which is equipped with a standalone GNSS receiver to report the GNSS location information. 

1. [bookmark: _Toc1138816]In Rel-16, supporting the location report is mandatory for UE if the location information is available; do not include the “locationReport” in the UE-NR-Capability field.
3.6 User consent handling
For area-based MDT in LTE, there are two levels of anonymization: using IMEI-TAC and not sending any identity to Trace Collection Entity (TCE), as shown in the table below according to the TS 32.422 [4].

	[bookmark: _Toc516654920]4.7	Anonymization of MDT data for area based MDT
If the job type is either Immediate MDT or Logged MDT or Logged MBSFN MDT or combined Immediate MDT and trace, the anonymization requirements are applicable as described in this clause. 
[bookmark: _Hlk776395]In case of UTRAN/E-UTRAN the anonymization of MDT data depends on the configuration parameter received at the MDT configuration. There are two levels of anonymization:
[bookmark: _Hlk776414][bookmark: _Hlk527010]-	Using IMEI-TAC.
-	Not sending any identity to the TCE.
If the anonymization parameter value is not known or the anonymization indicates that no identity should be sent to the TCE: 
-	For E-UTRAN the eNB should not send the CELL TRAFFIC TRACE message to the MME. 
If the anonymization indicates that the IMEI-TAC is required: 
-	For E-UTRAN eNB should send the CELL TRAFFIC TRACE message to the MME and shall put the following in the privacy indicator IE based on job type:
-	"immediate MDT" if the job type is "Immediate MDT only" and "Immediate MDT and Trace" 
-	"logged MDT" if the job type is "Logged MDT Only"
-	"logged MDT" if the job type is "Logged MBSFN MDT" 
MME shall look up of the IMEI-TAC and send to the TCE if the privacy indicator indicates logged MDT or Immediate MDT 



The main reason that the user consent is required in MDT is that the UE identity might be sent to the TCE. 
For signaling-based MDT, the MDT is UE specific and a UE is selected to perform the MDT report based on the UE identity. Thus, it makes sense to require the user consent for signaling-based MDT. 

1. [bookmark: _Toc1138817]For Signaling-based MDT in NR, the user consent is required as in LTE.

For area-based MDT, the UEs which perform MDT reporting are selected by the RAN node based on an area scope, area a UE is located, UE MDT capability and the user consent. Whether the UE identity is sent to TCE for the associated MDT reporting does not affect the usage of the MDT data. It is not necessary to send the UE identity to the TCE. The user consent would not be required if the UE identity is not sent to the TCE. 

1. [bookmark: _Toc1138818]For Area-based MDT in NR, we propose the following options. 
[bookmark: _Toc1138819]Option 1: UE identifiers (IMEI-TAC in LTE or SUPI/IMEI(SV) in NR) shall not be sent to Trace Collection Entity (TCE); in this case, user consent is not required for area-based MDT. 
[bookmark: _Toc1138820]Option 2:  there are two levels of anonymization as in LTE; but the user consent is required only when the UE identifier (IMEI-TAC in LTE or SUPI/IMEI(SV) in NR) is sent to TCE.

Conclusion
In the previous sections we made the following observations: 
Observation 1	In the multi-beam operations in NR, the cell-level RSRP/RSRQ can be derived as the linear average of the power values of a number of beam measurement quantity values in a cell.  The average alone cannot be used to map with the cell coverage, identify the weak coverage of an individual beam, or detect beam-level overshoot and interference problem.
Observation 2	The Logged MDT is optional in LTE. UE indicates the support of Logged MDT to the network by including the “loggedMeasurementsIdle” in the IE UE-EUTRA-Capability.
Observation 3	The location report is optional for MDT in LTE, regardless of whether the UE is capable of deriving the location information (e.g., GNSS information) and regardless of whether the RAN node obtains the user consent for MDT.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN3 to consider the coverage use cases in Annex A and QoS verification use cases in Annex B in the TS 37.320 as the base line for NR.
Proposal 2	For Logged MDT, the beam-level RSRP/RSRQ should be included in the measurement logging together with cell-level RSRP/RSRQ. The details about the number of BRSRP/BRSRQ values for the serving cell and neighbor cells can be further studied.
Proposal 3	In Rel-16, supporting Logged MDT is mandatory for UE in RRC_IDLE and RRC_INACTIVE; do not include “loggedMeasurementsIdle” or “loggedMeasurementsInactive” in the UE-NR-Capability field.
Proposal 4	For Logged MDT, the limitations of UE buffer size and session interruption should be considered when applying the MDT mechanism to NR.
Proposal 5	For Immediate MDT, the measurement quantities should consider both cell-level RSRP/RSRQ and BRSRP/BRSRQ. The details about BRSRP/BRSRQ for the serving cell and neighbor cells can be further studied.
Proposal 6	The control and configuration of MDT in LTE is the baseline for MDT in NR. Both the Area-based MDT and Signaling-based MDT are supported by MDT in NR. Both Area-based MDT & signaling-based MDT can be either Logged MDT or Immediate MDT.
Proposal 7	In Rel-16, supporting the location report is mandatory for UE if the location information is available; do not include the “locationReport” in the UE-NR-Capability field.
Proposal 8	For Signaling-based MDT in NR, the user consent is required as in LTE.
Proposal 9	For Area-based MDT in NR, we propose the following options.
Option 1: UE identifiers (IMEI-TAC in LTE or SUPI/IMEI(SV) in NR) shall not be sent to Trace Collection Entity (TCE); in this case, user consent is not required for area-based MDT.
Option 2:  there are two levels of anonymization as in LTE; but the user consent is required only when the UE identifier (IMEI-TAC in LTE or SUPI/IMEI(SV) in NR) is sent to TCE.
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