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1 Introduction

A WI on SON&MDT support for NR [1] is on-going.

In relation to this, RAN4 received an LS from RAN2 in [2] where RAN2 informs about the following:
It has been agreed in the Work Item for SON/MDT support for NR (RP-191776) to introduce following measurements for logged MDT for idle state UE and inactive state UE: 
· The best beam index (SSB index) of the camped cell.

· Beam RSRP/RSRQ of the best beam of camped cell.

· The ‘number of good beams’ associated to the cells within the range (rangeToBestCell which is configured by network for cell reselection in SIB2) of the R value of the highest ranked cell as part of the beam level measurements in the logged MDT report.

Also, the available uncompensated barometric pressure measurement, UE speed and UE orientation can be reported as sensor information.
Furthermore, similar to LTE, another measurement that potentially has RAN4 impact is the relative timestamp the UE will include for each MDT measurement from idle and inactive state. 
RAN4 needs to specify UE requirements for NR MDT, while taking into account [2].
2 Background
MDT is used as an alternative to the drive tests for obtaining certain types of UE measurements results for SON related fartures such as network planning, network optimization, network parameter tunning or setting (e.g. base station transmit power, number of receive and/or transmit antennas etc), or even for positioning (e.g., RF pattern matching based positioning). The UE is configured by the network for logging the measurements. Two MDT modes exist: immediate MDT and logged MDT.

· Immediate MDT is performing measurements performed by UE in RRC_CONNECTED and  reporting them to a gNB when a reporting condition is met e.g. event is triggered.

· Logged MDT is for measurements performed by UE when operating in a RRC_IDLE or RRC_INACTIVE. The network uses Logged Measurement Configuration message to configure the UE to perform logging of measurement results in low RRC activity state which can be stored in the UE for up to 48 hours before reporting. The configuration includes such information as absolute time in the cell, logging duration, logging interval or periodicity (e.g. how often the measurements are logged), information about area where logging is required, etc. The logging duration can vary from few minutes to several hours. The UE transmits the measurement results along with relative time stamp for each log, which indicates the time of logging measurement results relative to the absolute time received (received from the network), location information of the logged results (optional), etc.
3 MDT Requirements in LTE

For UE configured with MDT in LTE, MBSFN measurements were specified and the following requirements were introduced for UE in RRC_IDLE:
· Measurement requirements for the following measurements: GSM carrier RSSI, UTRA CPICH RSCP, UTRA CPICH Ec/Io, P-CCPCH RSCP for UTRA 1.28 TDD, E-UTRA RSRP, E-UTRA RSRQ, MBSFN RSRP, MBSFN RSRQ, and MCH BLER,

· Relative time stamp accuracy requirements for logged measurements,

· Relative Time Stamp Accuracy for RRC Connection Establishment Failure Log Reporting, and
· Relative Time Stamp Accuracy for Radio Link Failure and Handover Failure Log Reporting.

For RRC_CONNECTED, no new requirements were introduced except those related to MBSFN measurements, assuming the existing measurement requirements apply also for MDT measurements.
4 On MDT Requirements in NR
4.1 Specification impact
To introduce support for MDT in NR, changes in both TS 36.133 and TS 38.133 are needed.
In TS 36.133, at least inter-RAT NR measurements need to be added to the list of MDT measurements in RRC_IDLE, while the corresponding requirements are already there by reference.
· Proposal 1: In TS 36.133, cell-level inter-RAT NR measurements are to be added to the list of MDT measurements for RRC_IDLE.

In TS 38.133, a new subsection for MDT is needed in RRC_IDLE requirements (section 4).

In TS 38.133, a new subsection for MDT is needed in RRC_INACTIVE requirements (section 5).

· Proposal 2: In TS 38.133, a new section for MDT is to be added for RRC_IDLE and a new section for MDT is to be added for RRC_INACTIVE, where the new sections will cover cell-level and beam-level measurements for MDT.
4.2 MDT Measurements from UE Configured with EMR

The UE can be configured for performing early measurement reporting (EMR) on cells of one or more carriers (EMR carriers) over a very long period e.g. over the time controlled by timer T331 which can be up to 300 seconds. The UE performs the EMR measurement in low activity state (e.g. in RRC idle state, RRC inactive state etc). In low activity state the UE also autonomously performs cell reselection and for which it performs the measurements. The same EMR carrier may also be configured for cell reselection. However, the UE may not perform measurements on EMR carrier concurrently for both EMR and cell reselection. For example, at a given time the configured EMR carrier may be measured only for EMR or for both EMR and cell reselection. The EMR carrier can therefore be overlapping carrier (OC) or non-overlapping carrier (NOC). In general, the same EMR carrier can change from OC to NOC or vice versa over time, for example when the UE measurement configuration is updated after reading system information. 
In LTE, according to section 4.9 of TS 36.133, the OC and NOC carriers are defined as follows:

· An OC is defined as a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements. 

· A NOC is defined as a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.

In NR, according to the WF [3], the OC and NOC carriers are tentatively defined as follows:

· An OC is a carrier which the UE is actively measuring for mobility and EMR.

· A NOC carrier is a carrier which the UE is actively measuring for EMR only.

The UE may use different measurement procedures (e.g. different measurement rates/sampling) for measuring OC and NOC carriers and are therefore associated with different requirements. In an extreme, yet realistic implementation, the UE may only perform EMR measurements once it becomes aware that it will transition from the low activity state to a higher activity state (e.g. from RRC idle or RRC inactive to RRC connected state), in preparation for reporting possible EMR results during the connection setup or resume. On the other hand, reselection measurements are required whenever the configured measurement threshold conditions for the serving cell are not met, according to TS 38.304. Furthermore, even the EMR measurement requirements can be different depending on whether the carrier is OC or NOC, with the requirements for NOC being more relaxed. Therefore, the existing procedures used for logging the measurements in low activity state do not provide necessary information for enabling the network to interpret the logged results. Network heavily relies on logged measurement results for network planning. This in turn may lead to incorrect network planning and suboptimal setting of network parameters. The absence of a reselection neighbour measurement can be interpreted by the network based on network knowledge of the configured measurement results, along with the UE logged serving cell measurements. However, the absence of EMR results cannot be interpreted by the network in the same way since the EMR measurement trigger would not depend on serving cell measurements. Hence it is not possible to conclude from the absence of a cell in the EMR report whether the UE is out of coverage on the given frequency, or it is in coverage but not performing the measurement at that time. 

· Proposal 3: UE in RRC_IDLE or RRC_INACTIVE logs also the information indicating the carrier status of the measurements logged for MDT. 
The main motivation behind logging the carrier status stems from the fact that the measurement requirements depend on the carrier status. Therefore, without such information the network receiving the logged results cannot adequately interpret and appropriately apply the results for SON function (e.g. network optimization, etc) or positioning. 
5 Summary

The following have been proposed in this contribution:
· Proposal 1: In TS 36.133, cell-level inter-RAT NR measurements are to be added to the list of MDT measurements for RRC_IDLE.

· Proposal 2: In TS 38.133, a new section for MDT is to be added for RRC_IDLE and a new section for MDT is to be added for RRC_INACTIVE, where the new sections will cover cell-level and beam-level measurements for MDT.
· Proposal 3: UE in RRC_IDLE or RRC_INACTIVE logs also the information indicating the carrier status of the measurements logged for MDT. 
Based on the above observations, a draft response LS is provided in [4].
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