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1
Introduction
According to the SID of RAN-centric Data collection and utilization [1], one of the objectives is to study the solutions for the use cases.

1. Identify necessary standard impact on data collection and utilization for the defined use cases and scenarios, including, 

· Definition: Identify relevant measurement quantities, events and faults for collection and utilization. On top of existing RRM measurements and LTE L2 measurements, identify metrics to be newly introduced or to be refined, including [RAN2]:

1. RRM measurement quantities, RLF and access failure information, etc from consenting UEs,

2. L2 measurement quantities.

3. L1 measurement quantities (e.g. Timing Advance in RAR)
4. Sensor data for UE orientation/altitude to log in addition to location (e.g., digital compass, gyroscope,barometer)
· Collection: Study the procedure for configuration and collection of UE measurements, L1/L2 RAN node measurements and signalling procedure for distributed and central analysis. Identify the potential standard impact on related network entities. Additionally for MDT study following solutions [RAN3, RAN2]:

· Logged MDT focusing on RRM measurements;

· Immediate MDT focusing on RRM measurements;

We discussed and proposed some use cases for MDT [2] [3]. In this contribution, we will discuss the solutions for these use cases.
2
Discussion
The use cases of MDT mainly includes the coverage, QoS verification, QoE measurement and WLAN/Bluetooth measurement. This contribution focus on the solutions for the coverage and QoS verification use cases. The solutions of QoE measurement and WLAN/Bluetooth are discussed in [4] [5].
In LTE, RAN2 defined some constraints for the solutions in TS 37.320.

 1.
UE measurements
The UE measurement logging mechanism is an optional feature. In order to limit the impact on UE power consumption and processing, the UE measurement logging should as much as possible rely on the measurements that are available in the UE according to radio resource management enforced by the access network.

2.
Location information
The availability of location information is subject to UE capability and/or UE implementation. Solutions requiring location information shall take into account power consumption of the UE due to the need to run its positioning components.

In our understanding, NR MDT can consider these constraints as the baseline. 
Proposal 1: It is proposed RAN2 to define some constraints for the MDT solutions. The constraints defined in 37.320 can be the baseline.
In LTE, the MDT includes logged MDT, immediate MDT, RLF report, accessibility measurements. The logged MDT is the MDT functionality involving measurements logging by the UE in IDLE mode. It is defined for the coverage use cases. The immediate MDT is the MDT functionality involving measurements performed by the UE in RRC_CONNECTED as well as measurements by the network. It is defined for the coverage use cases and for the QoS verification use cases. RLF report contains informations related to the latest connection failure experienced by the UE. The connection failure can be Radio Link Failure (RLF) or Handover Failure (HOF). For the accessibility measurements, the UE logs failed RRC connection establishments, i.e. a log is created when the RRC connection establishment procedure fails. There two are also defined for the coverage use cases.  
In our understanding, there MDT functions can be reused in NR.
Proposal 2: It is proposed RAN2 to agree that the contents of MDT solutions include the immediate MDT, logged MDT, RLF Report and accessibility measurements.
2.1
measurement quantities, events and faults
In LTE, RAN2 has defined some relevant measurement quantities in logged MDT and immediate MDT. 
In our understanding, all of them can be reused in NR.

Table 1: measurement quantities of LTE MDT and NR MDT
	Use cases
	Measurement quantities of LTE 
	Measurement quantities of NR
	Note

	DL Coverage 
	DL pilot measurement in logged MDT
	DL SS reference signal received information in logged MDT
	The SS reference signal received information may include SS-RSRP/SS-RSRQ/SS-SINR

	DL Coverage
	M1: DL pilot measurement in immediate MDT
	DL reference signal received information in immediate MDT
	DL reference signal may include SS and CSI-RS

	UL coverage
	M2: PHR measurement in  immediate MDT
	PHR measurement in  immediate MDT
	

	UL coverage
	M3: Received Interference Power measurement in  immediate MDT
	Received Interference Power measurement in  immediate MDT
	

	QoS verification
	M4: Data Volume measurement separately for DL and UL in  immediate MDT
	Data Volume measurement separately for DL and UL in  immediate MDT
	This measurement is defined per QCI per UE in LTE. It is FFS in NR

	QoS verification
	M5: Scheduled IP Throughput for MDT measurement separately for DL and UL in  immediate MDT
	Scheduled IP Throughput for MDT measurement separately for DL and UL in  immediate MDT
	DL measurement is defined per E-RAB per UE in LTE. UL measurement is defined per UE in LTE. It is FFS in NR

	QoS verification
	M6: Packet Delay measurement separately for DL and UL in  immediate MDT
	Packet Delay measurement separately for DL and UL in  immediate MDT
	DL measurement is defined per QCI per UE in LTE. UL measurement is defined per UE in LTE. It is FFS in NR. 

	QoS verification
	M7: Packet loss rate measurement  separately for DL and UL in  immediate MDT
	Packet loss rate measurement  separately for DL and UL in  immediate MDT
	This measurement is defined per QCI per UE in LTE. It is FFS in NR


Proposal 3: The following measurement quantities are required:
· DL signal quantities measurement results for the serving cell and for intra-frequency/Inter-frequency/inter-RAT neighbour cells(logged MDT and immediate MDT)
· PHR (immediate MDT)
· Received Interference Power measurement (immediate MDT)
· Data Volume measurement separately for DL and UL(immediate MDT)
· Scheduled IP Throughput for MDT measurement separately for DL and UL(immediate MDT)
· Packet Delay measurement separately for DL and UL(immediate MDT)
· Packet loss rate measurement  separately for DL and UL(immediate MDT)

As discussed in [3], we think it is necessary for UE to report the beam measurement results in the logged MDT and for UE to log the measurement results in RRC_INACTIVE. In RRC_INACTIVE, UE only measures the SSB and does not measure the CSI-RS.
Proposal 4: For the logged MDT, 

· UE logs the SSB measurement results

· UE performs the logged MDT in RRC_INACTIVE
For the RLF report, we discuss it in our contribution [6].
For the accessibility measurements, in LTE, it only includes the RRC connection establishment procedure failure. As discussed in [3], we think UE in RRC_INACTIVE can log the resume procedure failure.
Proposal 5: Accessibility measurements include logging the RRC connection establishment failure and RRC resume procedure failure.
2.2
Collection procedure
In LTE, there are two cases that RAN should initiate a MDT measurements collection task, i.e. the management based MDT and the signalling based MDT. The management based MDT task is initiated without targeting a specific UE by the cell traffic trace, i.e. management based trace function from OAM. The signalling based MDT is initiated towards a specific UE by the signalling trace activation messages from CN nodes. In our understanding, NR can consider these two task as the baseline.
Proposal 6: Two MDT tasks (i.e. management based MDT and signalling based MDT) can be initiated. The principles of these two MDT tasks in LTE can be the baseline of NR.
In LTE, the data collection procedures of logged MDT, immediate MDT, RLF-report, accessibility measurements are different. 
For the logged MDT, the procedure includes the logged MDT configuration and collection. The network sends the configuration to UE. UE sends the measurement results logged in idle status to the network. 
For the immediate MDT, RAN measurements and UE measurements can be configured. The configuration for UE measurements is based on the existing RRC measurement procedures for configuration and reporting with some extensions for location information. The RAN measurements are performed in RAN and does not involve the UE measurement and report. 

For RLF report and accessibility measurement, UE logs these failure informations without the need for prior configuration by the network and sends these failure informations to the network. 
In our understanding, these procedures can be reused in NR. As discussed in [3], we think UE in RRC_INACTIVE can continue the logged MDT measurement and log the resume failure. Therefore we think NR MDT can use the procedures as shown in Figure 1.
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Figure 1 MDT procedures
Proposal 7: The procedures of LTE MDT are the baseline of NR MDT.
- for immediate MDT: The network can collect data with/without the UE involvement in RRC_CONNECTED. For example, the UE can report measurements to the RAN via periodical or event-triggered ways

- for logged MDT: the network sends logged measurement configuration to the UE in connected mode, and then the UE collects measurements in RRC_IDLE/INACTIVE. Upon UE restarting the RRC connection, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements
- for RLF report and accessibility measurements, UE logs these measurements without the need for prior configuration by the network. Upon UE entering connected state, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements
3
Conclusions
In this paper, we discussed the solutions for MDT. It is proposed:
Proposal 1: It is proposed RAN2 to define some constraints for the MDT solutions. The constraints defined in 37.320 can be the baseline.

Proposal 2: It is proposed RAN2 to agree that the contents of MDT solutions include the immediate MDT, logged MDT, RLF Report and accessibility measurements.
Proposal 3: The following measurement quantities are required:
· DL signal quantities measurement results for the serving cell and for intra-frequency/Inter-frequency/inter-RAT neighbour cells(logged MDT and immediate MDT)

· PHR (immediate MDT)

· Received Interference Power measurement (immediate MDT)

· Data Volume measurement separately for DL and UL(immediate MDT)

· Scheduled IP Throughput for MDT measurement separately for DL and UL(immediate MDT)

· Packet Delay measurement separately for DL and UL(immediate MDT)

· Packet loss rate measurement  separately for DL and UL(immediate MDT)

Proposal 4: For the logged MDT, 

· UE logs the SSB measurement results

· UE performs the logged MDT in RRC_INACTIVE
Proposal 5: Accessibility measurements include logging the RRC connection establishment failure and RRC resume procedure failure.
Proposal 6: Two MDT tasks (i.e. management based MDT and signalling based MDT) can be initiated. The principles of these two MDT tasks in LTE can be the baseline of NR.

Proposal 7: The procedures of LTE MDT are the baseline of NR MDT.

- for immediate MDT: The network can collect data with/without the UE involvement in RRC_CONNECTED. For example, the UE can report measurements to the RAN via periodical or event-triggered ways

- for logged MDT: the network sends logged measurement configuration to the UE in connected mode, and then the UE collects measurements in RRC_IDLE/INACTIVE. Upon UE restarting the RRC connection, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements
- for RLF report and accessibility measurements, UE logs these measurements without the need for prior configuration by the network. Upon UE entering connected state, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements
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