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1 Introduction
In the RAN#81 meeting, a new SID to study RAN-centric data collection and utilization for LTE and NR has been approved [1]. One of the objectives are related to MDT measurement quantities, as illustrated as follows:


Drive test functions as a kind of test in which trained engineers needs to move according to a predefined routed for collection of various data regarding the network performance and UE performance, which takes significant labour efforts and time. MDT was introduced for the LTE to save the cost for the driving test and speed up the collection procedure. For NR, it is also of great significance to introduce the MDT. Specifically, new features have been added to the NR, compared with LTE. As a result, new measurements quantities such as the measurement results taken by inertial measurement units (IMU) should be introduced into the NR.  In this paper, we discuss the necessity of doing so. 
2 Discussion
1. The importance of supporting data collection from inertial sensors through MDT method
in LTE, Logged MDT measurements are always tagged with location information. Specifically, when the detailed location information (e.g., GNSS location information) is available, the report shall consist of latitude and longitude [2]. However, GNSS signal is rarely available in the indoor scenarios, due to the high penetration loss of the signal. Therefore, GNSS localization result is not reliable in the indoor scenarios. Note that Bluetooth measurement results have already been introduced to the MDT for the LTE in the latest release, which is beneficial for providing location information in indoor scenario. However, in the indoor scenario, it is difficult for MNOs to guarantee that the entire space has been well covered by the Bluetooth beacons, which is costly.
Nowadays, almost all smartphones on the global markets are equipped with three types of inertial sensors: accelerometer, magnetometer and gyroscope. They could be applied in many scenarios such as gaming, virtual reality, augmented reality, etc. But, most importantly, they could be used for obtaining user’s trajectory and UE’s orientation. 

For example, when conventional dead-reckoning method is applied for obtaining user’s trajectory, the accelerometer output data defined in the smartphone reference frame is required to be converted to the ones defined in the global reference frame, which involves the usage of the direction cosine matrix as defined in [3]. Note that this matrix could be derived from UE’s orientation information which consists of three rotation angles: yaw, pitch and roll [3]. They could be inferred from 3-D readings from accelerometer, magnetometer. However, in practice, magnetometer measurement results are prone to be corrupted in the indoor environment, where many objects, for example, running electronic computers, speakers, etc., could be regarded as potential interference sources. As a result, in order to improve the accuracy, a gyroscope is also commonly applied as another information source to track the change of the direction cosine matrix. 

Furthermore, it is well known both in industries and academia that the acceleration magnitude exhibits peak-like repetitive patterns when the user takes walks, as presented in [4,5]. Thus, rather than inferring the user’s moving trajectory by directly applying the IMU sensors outputs with the DR method, the peak-like repetitive patterns could be taken advantage to recognise every new step that users take. As a result, we can conclude that inertial sensors output data could provide the network with the opportunity of further location calibration of users in the weak or even blind coverage range of the Bluetooth signal. 
Observation 1: in the indoor scenario, it is difficult for MNOs to guarantee that the entire space has been well covered by the Bluetooth beacons, which is costly. Data collected from inertial sensors could provide the network with the opportunity of further location calibration of users in the weak or even blind coverage range of the Bluetooth signal. 
In addition, according to [6], optimization of the deployment of new base stations or beam-sweeping operation of the existing base stations could be benefited from the information of UE’s orientation. Therefore, we propose that data generated by the IMUs tagged with timestamp information should be included in the NR MDT measurement reports.
Observation 2: optimization of the deployment of new base stations or beam-sweeping operation of the existing base stations could be benefited from the information of UE’s orientation.
Proposal 1: data generated by the IMUs tagged with timestamp information should be included in the NR MDT measurement reports.
2. The importance of supporting data collection from barometer through MDT method 
Besides the data generated from the IMUs, a barometer could be taken advantage to determine the UE’s altitude above sea level, as the air pressure decreases at altitudes above sea level. Since the altitude information could be utilized for optimization of the signal coverage for UEs skyscraper indoor scenarios and UAV in the sky, we propose that the barometer information should be also included in the NR MDT measurement reports.
Proposal 2: data generated by the barometer sensor tagged with timestamp information should be included in the NR MDT measurement reports.
3. The principle of data collection of inertial sensors and barometer through MDT method
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, such as when the sensors are activated by APPs stored in the UE. However, it should be noted that power insensitive UE should be allowed to perform additional MDT measurements.
Proposal 3: 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, such as when the sensors are activated by APPs stored on the UE.
Proposal 4: power insensitive UE should be allowed to perform additional MDT measurements.
3 Conclusions
In this contribution, following observations and proposals are made:

Observation 1: in the indoor scenario, it is difficult for MNOs to guarantee that the entire space has been well covered by the Bluetooth beacons, which is costly. Data collected from inertial sensors could provide the network with the opportunity of further location calibration of users in the weak or even blind coverage range of the Bluetooth signal. 
Observation 2: optimization of the deployment of new base stations or beam-sweeping operation of the existing base stations could be beneficial from the information of UE’s orientation.
Proposal 1: data generated by the IMUs tagged with timestamp information should be included in the NR MDT measurement reports.
Proposal 2: data generated by the barometer sensor tagged with timestamp information should be included in the NR MDT measurement reports.
Proposal 3: 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, such as when the sensors are activated by APPs stored on the UE.

Proposal 4: power insensitive UE should be allowed to perform additional MDT measurements.
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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]:


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


L2 measurement quantities.


L1 measurement quantities (e.g. Timing Advance in RAR)


Sensor data for UE orientation/altitude to log in addition to location (e.g., digital compass, gyroscope, barometer).











