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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:


In the last RAN2 #105 meeting, an agreement regarding sensor data collection for NR MDT was achieved, as indicated as follows:

In this paper, we aim to discuss the details of sensor data collections for NR MDT
2 Discussion
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. 
1. How to report the information of UE orientation in a global coordinate system to the 5G NR 
There are two main kinds of variants of inertial measurement units-based localization approach: dead-reckoning positioning approach and step-based pedestrian positioning approach. For the first kind of methods, 3-D local accelerometer outputs are required to be converted to the acceleration values defined in the global reference system, with the aid from the direction cosine matrix (DCM) or quaternion vector (QV). For the second kinds of methods, accelerometer magnitude (squared sum of 3-D local accelerometer outputs) might be required to be used for step recognition. With the knowledge of UE orientation at each time moment user takes step and the estimated user step length, the user moving trajectory could be drawn. The details are indicated in the two figures below.
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    Figure 1: the diagram of dead-reckoning localization approach
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Figure 2: the diagram of step recognised based localization approach
The computation of accelerometer magnitude and direction cosine matrix or quaternion vector could be done in the UE or the 5G system. If the computation is finished in the UE, UE could only report the computation results to the 5G system, which might save memory space, or accommodates more data in a limited memory space, but consumes more UE power for computation. On the other hand, if the 5G system undertakes the task of computation, the UE saves and reports the raw outputs of the IMUs to the 5G system, which might cause more memory space occupation. So, the question becomes which choice should we take? 
Bearing in the mind that the sensor data collection should only be activated when the sensors outputs are already available in the UE, which imply that the sensor has already been activated by some APPs and the users deliberately. In fact, some APPs, e.g., localization APP, will invoke UE orientation information from the UE for the convenience of the users and tracking the users’ trajectory. Similarly, these APPs might record the number of steps have been taken by the users holding the UE too. In such cases, the UE orientation information and/or the step counting results have already been derived by the UE. On the other hand, for other APPs such as vehicle racing gaming, users rotate the UE body to simulate the operation of specific tools such as the steering wheel. In such cases, the UE might only take advantage of raw outputs from IMU to judge the intention of the users, and therefore UE does not need to get the orientation computation result.
Observation 1: if the UE orientation derivation and step counting task are done by the UE, more power usage but lower memory consumption are expected. On the other hand, if the computation is implemented by the 5G system, power usage is reduced but more memory space usage is expected.
So the answer of the question is obviously simple. If any localization or orientation related computation results have been available on the UE, then UE is required to record them rather than the raw IMU sensor outputs, to save both computation power of the 5G system and the memory space of the UE. Otherwise, the UE should record the raw outputs from the IMU sensors.
Proposal 1: RAN2 is asked to agree that if any localization or orientation related computation results have been available on the UE, then UE is required to record them, rather than the raw IMU sensor outputs, to save both computation power of the 5G system and the memory space of the UE. Otherwise, the UE should record the raw outputs from the IMU sensors.
Another point should be noted is that the computational result from different APP may be varied. For example, the DCM computational result is related to the choice of the rotation axis sequence for Euler angle. Overall, there are 12 choices on the table for static axes: XYX, XYZ, XZX, XZY, YXY, YXZ, YZX, YZY, ZXY, ZXZ, ZYX, ZYX [2]. Only if the 5G system knows the rotation axis sequence corresponding to the DCM computational result, it could derive the correct orientation Euler angles. Therefore, besides the DCM computational result, the corresponding rotation axis sequence should be given to the 5G system also. So further discussion on the potential coordinate between UE and 5G system on understanding the orientation related computation result is required. In our opinion, the first step is to identify the orientation related computational result requiring such coordination. 
Proposal 2: further discussion on the potential coordinate between UE and 5G system on understanding the orientation related computation result is required. The first step is to identify the orientation related computational result requiring such coordination. 
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 when the altitude increases. 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. Note that barometer-based localization method has already been included in the TS 36.355 and the TS 36.305, so there is no barrier from supporting such sensor data collection through MDT method. 
Proposal 2: data generated by the barometer sensor tagged with timestamp information should be included in the NR MDT measurement reports.
3 Conclusions
In this contribution, following observations and proposals are made:

Observation 1: if the UE orientation derivation and step counting task are done by the UE, more power usage but lower memory consumption are expected. On the other hand, if the computation is implemented by the 5G system, power usage is reduced but more memory space usage is expected.
Proposal 1: RAN2 is asked to agree that i If any localization or orientation related computation results have been available on the UE, then UE is required to record them, rather than the raw IMU sensor outputs, to save both computation power of the 5G system and the memory space of the UE. Otherwise, the UE should record the raw outputs from the IMU sensors.
Proposal 2: further discussion on the potential coordinate between UE and 5G system on understanding the orientation related computation result is required. The first step is to identify the orientation related computational result requiring such coordination. 
Proposal 3: data generated by the barometer sensor tagged with timestamp information should be included in the NR MDT measurement reports.
4 Reference

[1] RP-182105, Revised SID：Study on RAN-centric data collection and utilization for LTE and NR, CMCC
[2] Quaternions and Rotations, Jernej Barbic, being available on http://run.usc.edu/cs520-s12/quaternions/quaternions-cs520.pdf.
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).








Agreements of NR MDT


In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system if additional measurement is not needed if the information available. FFS the details
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