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1.	Introduction
3GPP has approved the WI [2] on support for Inertial Measurement Unit (IMU) based positioning for LTE with the intention of supporting IMU sensors, namely, accelerometer and gyroscope.

· Specify support for IMU positioning:
· Specify the signalling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]

The SR for Ran2 #99 notes the following:
•             Discussed a use case where OTDOA positioning and other positioning methods could be augmented using information derived using IMU in the UE e.g. average velocity of a UE during positioning, change in velocity of a UE during positioning, UE trajectory etc
•             Discussed UE-based and UE-assisted IMU positioning and what UE can report to E-SMLC but no conclusions yet
In this discussion paper we propose to include a new positioning method ‘Sensors’ as well as the enhancements needed in LPP to support sensor data as envisaged in the WID [2]. Additionally the paper describes the options to compute the velocity of the UE and the subsequent computation of UE position as well as the trajectory of the UE.

2.	Sensor Discussion
Positioning methods like OTDOA and ECID can be used for positioning. However, the horizontal accuracy of these methods are in tens of meters. Moreover these positioning methods are not very efficient in detecting sudden, minor movements of UE thereby leading to  inaccurate measurements and hence an inacurate user position computation, especially in indoor scenarios. These positioning methods need to be augmented with measurements from other sources.

Rel-13 indoor positioning introduced WLAN and Bluetooth based measurements. However these rely on external entities like WLAN Access points or Bluetooth beacons to measure the RSSI and RTT values. In geolocations that lack this infrastructure, the UE will be handicapped and may have to rely only on OTDOA and ECID measurements. Moreover, in case of WLAN and Bluetooth, the UE may have to continuously perform measurements with respect to the access points and beacons to accurately predict the movement of users which is a strain on resources for battery operated UE. 

Observation 1: It is beneficial to augment the position computation process with measurements from additional sources, for example, sensors like IMU sensors accelerometer , gyroscope and magnetometer, but also barometer pressure sensor and other sensors such as light sensor to detect indoor/outdoor locations.

IMU Sensors
Accelerometer
An accelerometer measures the change in velocity of the UE. When these measurements are used along with measurements from one or more of OTDOA, ECID, WLAN, Bluetooth, a very accurate position of the UE can be computed. Also, an accelerometer is capable of generating measurements within short intervals of time without involving interactions with external entities. 

For example a 3-axis accelerometer can be used to measure the acceleration along x, y and z-direction. An accelerometer constantly outputs raw measurements for acceleration along x, y and z directions. As the UE moves in the three dimensional space the raw measurements keep changing. These measurements can be used to compute the new position of the user.

Gyroscope
A gyroscope measures angular velocity with respect to a known/predefined fixed axis. When accelerometer is used in conjunction with gyroscope it results in prediction of linear movement as well as rotation of the UE. The location server can then use these measurements if they are reported in a earth-bounded coordiante system to compute the accurate position of the user.

A 3-axis gyroscope measures the angular velocity in x, y and z axis. A gyroscope sensor constantly generates the raw gyroscope measurements. along x, y and z directions. As the UE moves in the three dimensional spaces the raw measurements keep changing. These measurements can be used in conjunction with acceleromter readings to compute the new position of the user.
Magnetometer
To calculate the linear acceleration in earth-bounded coordinates, the UE orientation needs to be estimated. The orientation can be estimated using the magnetometer (horizontal component), and the accelerometer (vertical component), and improved with gyroscope data. Only report the raw accelerometer data (in UE coordinate systems) does not enable calculation of earth-bounded relative displacement calculation at the location server. Therefore, it is relevant to also consider the magnetometer for enable estimating the orientation of the device, and the gyroscope can further enhance the orientation estimate.
Barometer Pressure Sensor
The barometer pressure sensor is also capable of providing information about relative position changes, in this case in the vertical direction. Together with a pressure at a reference position including height information, it is possible to determine the vertical displacement.  
Light Sensor
The light sensor is capable of indicating relative changes between indoor and outdoor environments, which in a generic sense is also a relative displacement. Together with an indoor/outdoor classification at a reference position, the scope can be to estimate the indoor/outdoor classification relative the reference position. 

3. UE-based and UE-assisted
Similar to barometric pressure, IMU and light sensor methods are divided into UE-assisted and UE-based.  The UE-based IMU method should include UEs able to calculate its position given assistance data from the network. For example, in the barometric case, the UE receives pressure data to estimate its altitude. Similar to the barometric pressure, IMU UEs capable of estimating the relative displacement in earth-bounded coordinates should therefore be considered as a UE-based method, when their intial position is known. The intial position could be retrieved from the network via previous sessions of WLAN/Bluetooth/OTODOA or GNSS positioning sessions. The intial position is discussed further in next section, then denoted as the reference position. The report of velocity and acceleration data in earth-bounded coordinates is considered as a UE-based method, since it is trivial to transform this information to a location estimate.
Observation 2: IMU and light sensors are similar to barometric pressure and can also be divided into UE-based and UE-assisted
Proposal 1: UEs supporting the UE-based Sensor positioning method are capable of reporting displacement, acceleration or velocity in earth-bounded coordinates
The IMU UE can also report in UE-bounded coordinates, i.e. the UEs does not need to transform its IMU measurement into earth-bounded measurements, this is considered as a UE-assisted method. Where the reported IMU data is translated into a relative displacement at the location server.
Proposal 2: UE-assisted Sensor positioning method can be supported by UEs that are either capable or not capable of reporting measurements in earth-bounded coordinate system
The light data is another sensor data that needs to be translated into an indoor/outdoor estimate. In UE-based mode, the UE conducts light sensor measurements and estimates an indoor probability. In the UE-assisted, the UE conducts light measurements and reports them to the location server. 
Proposal 3:  In the UE-based light sensor method, the UE estimates an indoor probability. 
Proposal 4: In the UE-assisted light sensor method, the UE reports light sensor measurements to the location server.
4.	Reference Positions
The relative position information for the IMU method only makes sense if associated to a reference position. In this section, we will elaborate a bit on some different definitions of reference position, and we belive that there is a need for several options to define the reference position:
· Absolute position. One obvious configuration of a reference position is an absolute position, for example provided via a different positioning method. An example is a reference position that the location server has provided to the target device at a specific time. Another example is a GNSS positioning estimate that the target device has provided the location server at a certain time instant.
· Absolute time. Another possible  is to define the reference position as the position associated to a specific absolute time. An example is the absolute time when a specific location information report was sent from the target device to the location server, for example containing RSTD measurements of the OTDOA positioning method. The target device can relate to the reference position at this absolute time without being aware of the actual absolute position at this time.
 
Given these options of defining a reference position, it is now possible to discuss different scope of the representation of the sensor measurements.
5.	Sensor Measurement Representations
In case of sensor measurements, there is a range of possible representations of the measurements. On one end, we have the UE assisted mode, where the target device simply provides more or less raw measurements to the location server for further processing and position estimation. On the other end, we have the UE based mode where the UE determines the relative displacement relative a reference position and sends to the location server. 
Since the raw IMU measurements is typically of high frequency, it is reasonable to post-process the information before reporting the measurements, and the more post-processing in the target device the closer we get to the UE-based mode.
Raw IMU Sensor Measurements
The post-processing needed for the IMU data needs to reflect the UE mobility, and the reported IMU needs to be divided into piecewise linear segments. For example, a UE with irrational change of direction needs more time segments than a static or a constant moving UE, i.e., more IMU measurements reported. The IMU data for each time segment can be the averaged value of the considered IMU. Or it could be a filtered value, for example by first applying a low-pass filter to get rid of high noise peaks, and then apply averaging of the filtered values. An estimate of the reporting size is investigated in [4], where the IMU data size is 10.8 kbyte/s when reporting 50 samples per second from the accelerometer, magnetometer and gyroscope. It should be noted that applying filtering of the IMU data at the UE can reduce the reporting size. Also, in order to limit the IMU reporting overhead even further, another option is that the UE report the new IMU data based on the difference from the previous value reported. Since the IMU capabilities is different for each UE, it is important that the UE also sends the uncertainty factor of the measurements to the network.

Acceleration Computation
The report of earth-bounded acceleration needs to be reported in a standardized earth bounded coordinate system, preferably the coordinate system used to describe velocity defined in 23.032, where a bearing and horizontal speed is specified. It is proposed that the relative acceleration report follows the same coordinate system, and to add an acceleration description to 23.032. 
Proposal 5: Introduce an acceleration description in 23.032

Velocity Computation
[bookmark: _Hlk494198190]Ideally when the device is oriented in such a way that the X-axis points to the centre of the earth then the accelerometer reading would be x=9.8 m/sec2, y=0, z=0 where the x value indicates the constant acceleration due to gravity. When the UE is stationary, the accelerometer output would be constant along the three axis. However the device orientation keeps changing and hence acceleration along x, y and z axis would change accordingly. These measurements are generally superimposed with the acceleration due to gravity. In order to measure the acceleration of the UE, the acceleration due to gravity needs to be subtracted from the readings as below:
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Assume that the UE is moving along the ‘Y’ direction. Also assume that the orientation of the device does not change, then the instantaeous acceleration values as measured along y-axis is as shown below.
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The change in velocity of the UE can be computed as below:
								(4)

Similarly the change in velocty along ‘x’ and ‘z’ direction can be computed as below:

 							(5)
							(6)
The above computation does not take the angular velocity into consideration. The above values can be augmented with the angular velocity as observed using a Gyroscope as well as orientation information from the magnetometer.

The computation of velocity can be done either at the UE or at the server. Depending on the UE capabilities, the appropriate option can be chosen.
Velocity Computation at UE
UE shall use the measurements of Accelerometer, Gyroscope as well as magnetometer and compute the velocity (as described in eqn 4, 5 and 6). The velocity of the UE shall then be transmitted to the location server. Location server can then compute the accurate location of the UE using the velocity (as described in Eqn 7, 8 and 9). Location server can also compute the trajectory of the UE using the velocity computed at periodic intervals.
Velocity Computation at Server
UE shall transmit the measurements obtained from accelerometer, gyroscope and magnetometer to the location server. Location server shall compute the velocity of the UE (as described in Eqn 4, 5 and 6). Subsequently the location server can compute the location of the UE (as described in Eqn 7, 8 and 9). Using the velocity computed over a period of time, the UE shall also be able to compute the trajectory of the UE.

Displament along the “y” direction can be computed as:
								(7)

Similarly the displacement along “x” and “z” direction can be computed as below:
								(8)
								(9)
Displacement Computation

IMU measurements are useful in computing relative displacement. In order to compute the position of the UE, IMU measurements need to be augmented with position computed using other techniques like GPS/WLAN/Bluetooth etc. Let the position computed using other positioning techniques at time t1 be (x1, y1, z1). Hence the position of UE at time t2 would be:
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										             (12)
Where , ,  are computed as described in eqn (7), (8) and (9) respectively.

IMU measurements can drift over a period of time. This could lead to innacurate position of UE over time. Hence these measurements may need to be augmented by periodically re-computing user position using other positioning technologies (i.e. GPS, WLAN, Bluetooth etc). 

As aforementioned, some UEs can estimate a relative displacement. One simple example of how such displacement report could be supported is to extend 3GPP 36.355 with a field denoted Sensor-locations-r15. The signalling in ASN1 can for example be according to:

-- ASN1START

Sensor-locations-r15 ::= SEQUENCE {
	measurementReferenceTime-r15 	 UTCTime						OPTIONAL,
	sensor-position-point		 	 LocationCoordinates			OPTIONAL,
}
-- ASN1STOP
In the above signaling, the UE provides a sequence of measurements (x2,y2,z2 from equation 10-12), where the first item in the sequence indicates the starting time of sensor measurements (using UTCTime format) together with the reference position (x1,y1,z1 in 10-12,denoted sensor-position-point). In case the reference position is only based on the absolute time as described in previous section, the displacement point is not present for the first item in the sequence. The subsequent items in the sequence indicates the time of measurement and the new position with added displacement (sensor-position-point). 
Also, the UE should indicate the sensors used for estimating the sensor position points.

6. Sensor Positioning Method
Barometric pressure sensor is already supported since release 13, the signalling for the barometric pressure is detailed in the Sensor based methods chapter in 36.355, therefore, it is natural to introduce more sensors under this chapter, such as IMU and light sensor.
Observation 3: The sensor positioning method is already defined in 36.355
Proposal 6:  To align 36.305 with 36.355, it is reasonable to introduce a new positioning method Sensors in 36.305, and move barometric pressure method into this Sensor method.   
In addition, capable devices can [3] use the light sensor to classify whether the device is indoor or outdoor with certain probability, or rather if the device moves from indoor to outdoor or vice versa, and this fits well within the scope of a sensor positioning method focused on relative positioning measurements.  

Proposal 7:  Introduce a sensor positioning method and measurements that consider sensor measurements such as acceleration, angular velocity, magnetometer measurements and indoor/outdoor classifications.

The Text Proposal to Stage-2 LTE Positioning spec TS 36.05 is added as Annexure A. This text proposal describes the option where velocity computation is done at the location server


4.	Summary and conclusion
Based on the discussion above we propose the following:
Proposal 1: UEs supporting the UE-based Sensor positioning method are capable of reporting displacement, acceleration or velocity in earth-bounded coordinates
Proposal 2: UE-assisted Sensor positioning method can be supported by UEs that are either capable or not capable of reporting measurements in earth-bounded coordinate system
Proposal 3:  In the UE-based light sensor method, the UE estimates an indoor probability. 
Proposal 4: In the UE-assisted light sensor method, the UE reports light sensor measurements to the location server.
Proposal 5: Introduce an acceleration description in 23.032
Proposal 6:  To align 36.305 with 36.355. it, it is reasonable to introduce a new positioning method Sensors in 36.305, and move barometric pressure method into this Sensor method
Proposal 7:  Introduce a sensor positioning method and measurements that consider sensor measurements such as acceleration, angular velocity, magnetometer measurements and indoor/outdoor classifications.
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