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1 Introduction
In RAN2#105 meeting [1], the following agreement has been made:
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.
In this paper, we will further discuss about MDT location information reporting based on sensor data.

2 Discussion
Smart phones have built-in sensors that measure motion, orientation, and various environmental conditions. These sensors can be divided into three categories:
· Position Sensor

These sensors measure the physical position of a device. This category includes orientation sensors and magnetometers.
By computing a device's orientation, you can monitor the position of the device relative to the earth's frame of reference (specifically, the magnetic north pole). Position sensors are not typically used to monitor device movement or motion, such as shake, tilt, or thrust.
· Motion sensors
These sensors measure acceleration forces and rotational forces along three axes. This category includes accelerometers, gravity sensors, gyroscopes, and rotational vector sensors.

· Environmental sensors

These sensors measure various environmental parameters, such as ambient air temperature and pressure, illumination, and humidity. This category includes barometers, photometers, and thermometers.

In our understanding, it is not clear whether the agreed “UE orientation” in RAN2#105 refers to position or motion sensor. Meanwhile, barometric based UE altitude estimation was proposed in [2] [3]. They are all used to report UE location in MDT.
Observation 1: Sensor-based data collection with position / motion and barometric senor was proposed to report UE location in MDT.
However, the details how the UE reports sensor-based reporting are still not clear. [2] provided some initial discussions. Specially, it proposed 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.”.
Observation 2: One proposed solution for sensor-based data collection is that the UE reports location results computed by apps if available, otherwise the UE reports raw data of sensor(s).

From our point of view, multiple issues are identified for both approaches (i.e. location computed by APPs and raw data of sensor).
2.1 Issue of reporting location results computed by APPs
1) Calibration across different APPs:
As we know, some of these sensors are hardware-based and some are software-based. Hardware-based sensors are physical components built into a handset. They derive their data by directly measuring specific environmental properties, such as acceleration, geomagnetic field strength, or angular change. Software-based sensors are not physical devices, although they mimic hardware-based sensors. Software-based sensors derive their data from one or more of the hardware-based sensors and are sometimes called virtual sensors or synthetic sensors. While sensor availability varies from device to device, it can also vary between handset operation system versions. Even worse, as indicated in [2], 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. In our understanding, the calibration of computed UE location from different APPs is out of scoping of 3GPP.
Observation 3: Hardware-based sensor and software-based sensor have different accuracy and precision of the UE location.

Observation 4: The computational result from different APP may be varied. The calibration of computed UE location from different APPs is out of scoping of 3GPP.

2) Duplicated with SA2 NWDAF work
In eNA-phase 2 SI of SA2, the interface between AF (application function) and NWDAF (Network Data Analytics Function) was specified in TS 23.288 [4]. And the locations of application are included as illustrated in table 6.4.2-1 of TS 23.288.
Table 6.4.2-1: Service Data from AF related to the observed service experience

	Information
	Source
	Description

	Application ID
	AF
	To identify the service and support analytics per type of service (the desired level of service)

	Locations of Application
	AF/NEF
	Locations of application represented by a list of DNAI(s). The NEF may map the AF-Service-Identifier information to a list of DNAI(s) when the DNAI(s) being used by the application are statically defined.

	Service Experience
	AF
	Refers to the QoE as established in the SLA and during on boarding. It can be either e.g. MOS or video MOS as specified in ITU-T P.1203.3 [11] or a customized MOS

	Timestamp
	AF
	A time stamp associated to the observed level of Service Experience provided by the AF, mandatory if the observed Service Experience is provided by the ASP.


Thus, it is our understanding that SA2 has specified NWDAF to collect UE location from AF. Thus, if operator requires UE location computed by APPs, the easiest way is to acquire it from NWDAF, instead of from the UE. It can avoid duplication of SA2 work and UE’s battery and network’s resource wastage.  
Observation 5: SA2 has specified the interface between AF (application function) and NWDAF (Network Data Analytics Function) to exchange UE location information in TS 23.288.
Thus, we propose:

Proposal 1: For sensor-based data collection, the location results computed from APPs can be acquired from NWDAF by NW / operator and should not be reported in the RAN to avoid duplication and battery/network resource wastage.  
2.2 Issue of reporting raw data of sensor(s)

1) Huge overhead
Obviously, reporting raw data of sensor(s) will introduce huge overhead which will result in both UE power consumption and UE’s memory occupation. 
Observation 6: Reporting raw data of sensor(s) will introduce huge reporting/storage overhead which will result in both UE power consumption and UE’s memory occupation. 
2) Sensor availability and variation
As we indicated before, hardware-based sensor and software-based sensor have different accuracy and precision of the UE location. While sensor availability varies from device to device, it can also vary between handset operation system versions. Even if available, we are not sure how NW can process raw data from different sensor(s). 
Observation 7: Sensor availability varies from device to device, it can also vary between handset operation system versions. Even if available, we are not sure how NW can process raw data from different sensor(s).
3) Variation of the UE orientation and the altitude
As we know, the UE orientation and the altitude may change quickly. Thus, their validity time is required to be studied. 
Observation 8: the UE orientation and the altitude may change quickly. Thus, their validity time is required to be studied. 
Based on above discussion, we can see that there will be multiple issues to report raw data of sensor(s). And these issues seem to difficult to resolve in short time. Thus, we propose:
Proposal 2: For sensor-based data collection, raw data from sensor(s) (including position / motion and barometric senor) is not worthwhile reporting to the network as it is difficult to use it to determine UE location.
3 Summary
In this paper, we discuss MDT location information reporting based on sensor data.
Observation 1: Sensor-based data collection with position / motion and barometric senor was proposed to report UE location in MDT.
Observation 2: One proposed solution for sensor-based data collection is that the UE reports location results computed by apps if available, otherwise the UE reports raw data of sensor(s).

Observation 3: Hardware-based sensor and software-based sensor have different accuracy and precision of the UE location.

Observation 4: The computational result from different APP may be varied. The calibration of computed UE location from different APPs is out of scoping of 3GPP.

Observation 5: SA2 has specified the interface between AF (application function) and NWDAF (Network Data Analytics Function) to exchange UE location information in TS 23.288.

Observation 6: Reporting raw data of sensor(s) will introduce huge reporting/storage overhead which will result in both UE power consumption and UE’s memory occupation. 
Observation 7: Sensor availability varies from device to device, it can also vary between handset operation system versions. Even if available, we are not sure how NW can process raw data from different sensor(s).
Observation 8: the UE orientation and the altitude may change quickly. Thus, their validity time is required to be studied. 
Proposal 1: For sensor-based data collection, the location results computed from APPs can be acquired from NWDAF by NW / operator and should not be reported in the RAN to avoid duplication and battery/network resource wastage.  

Proposal 2: For sensor-based data collection, raw data from sensor(s) (including position / motion and barometric senor) is not worthwhile reporting to the network as it is difficult to use it to determine UE location.
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