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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.

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

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].
2.	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 and gyroscope, but also magnetometer and other sensors such as light sensor to detect indoor/outdoor locations.

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.

IMU Procedure
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:

					(1)
					(2)
					(3)

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 displament along the “y” direction between time t2 and t1 can be computed as:
						(5)

Similarly the displacement along “x” and “z” direction can be computed as below:
						(6)
						(7)

Tha above computation does not take the angular velocity into consideration. The above displacement values can be augmented with the angular velocity as observed using a Gyroscope. 

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:
										             (8)
										             (9)
										             (10)
Where , ,  are computed as described in eqn (5), (6) and (7) 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). 

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 estimating the orientation of the device, and the gyroscope can further enhance the orientation estimate.
The sensor positioning method is providing a relative position to a reference, similar to the uncompensated barometric pressure measurement, which provides a relative altitude to a reference altitude with a reference pressure. Therefore, it is reasonable to introduce a new positioning method Sensors.  
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 1:  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.


Annexure A
Text Proposal to TS 36.305 
[bookmark: _Toc477987469]4.3	Standard UE Positioning Methods
The standard positioning methods supported for E-UTRAN access are:
-	network-assisted GNSS methods;
-	downlink positioning;
-	enhanced cell ID method;
-	uplink positioning;
-	barometric pressure sensor method;
-	WLAN method;
-	Bluetooth method;
-	Terrestrial Beacon System method;
-	Sensors method
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.
Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning methods above is also supported.
These positioning methods may be supported in UE-based, UE-assisted/E-SMLC-based, eNB-assisted, and LMU-assisted/E-SMLC-based versions. Table 4.3-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.
Table 4.3-1: Supported versions of UE positioning methods
	Method
	UE-based
	UE-assisted, E-SMLC-based
	eNB- assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes
(UE-based and UE-assisted)

	Downlink Note1
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No

	Barometric
	Yes
	Yes
	No
	No
	No

	WLAN
	Yes
	Yes
	No
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No
	No

	TBS Note 2
	Yes
	Yes
	No
	No
	Yes (MBS)

	Sensors
	Yes
	Yes
	No
	No
	No

	NOTE 1: 	This includes TBS positioning based on PRS signals.
NOTE 2: 	In this version of the specification only for TBS positioning based on MBS signals.



Barometric pressure sensor, Sensors, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode, as described in the corresponding sections.
[bookmark: _Toc477987474]4.3.x	Sensors 
The sensors positioning method makes use of different sensors such as accelerometers, gyros, magnetometers, light sensors related to relative displacements. 
This method should be combined with other positioning methods to determine the 3D position of the UE.
The operation of the sensor positioning method is described in clause 8.x.
[bookmark: _Toc477987484]5.3.1	User Equipment (UE)
The UE may transmit the needed signals for uplink-based UE Positioning measurements and may make measurements of downlink signals from E-UTRAN and other sources such as different GNSS and TBS systems, WLAN access points, Bluetooth beacons, and UE barometric sensors, accelerometer sensors, gyroscope sensors, magnetometer sensors and light sensors. The measurements to be made will be determined by the chosen positioning method.
[bookmark: _Toc477987622]8.x	Sensor positioning method
8.x.1 General
In the sensor positioning method, the relative displacement of the UE is estimated, including the direction of the displacement in 3D, as well as the indoor/outdoor classification of the displacement. This is accomplished by the accelerometer, gyro, magnetometer and light sensors. 
Two positioning modes are supported:
- Standalone: The UE performs sensor measurements and computes the location.
- UE-Assisted: The UE performs sensor measurements without assistance from the network and sends these measurements to the E-SMLC to compute the location of the UE. E-SMLC computes the position in the network using the sensor measurements possibly in conjunction with measurements from other sources.
The measurements computed by the accelerometer at UE can include:
- Linear acceleration in earth-bounded UE coordinates
- Linear acceleration in UE-bounded coordinates 
The measurements computed by the gyroscope at UE can include:
- Angular velocity of the UE against fixed earth-bounded axes.
- Angular velocity of the UE against fixed UE-bounded axes.
The measurements computed by the magnetometer at UE can include:
- Magnetic field strength of the UE against fixed UE-bounded axes.
The measurements computed by the UE light sensor can include:
-The probability of a UE located indoors
8.x.2 Information to be transferred between E-UTRAN elements
This subclause defines the information (e.g., position, measurement data) that may be transferred between E-UTRAN elements.
[bookmark: _Toc477987625]8.x.2.1	Information that may be transferred from the UE to E-SMLC
The information transferred from the UE to the E-SMLC consists of capability information and location measurements. The information that may be signalled from the UE to the E-SMLC is summarized in Table 8.x.2.1-1.
Table 8.x.2.1-1: Information that may be transferred from UE to the E-SMLC
	Information 
	UE‑assisted 
	Standalone

	Sensor Location Information
	
	

	Timestamp
	Yes
	No

	Accelerometer sensor measurements
	Yes
	No

	Gyroscope sensor measurements
	Yes
	No

	Magnetometer sensor measurements
	Yes
	No

	Light sensor measurements
	Yes
	No

	UE Location Information
	
	

	UE position estimate with uncertainty shape
	No
	Yes

	Position Timestamp
	No
	Yes

	Location Source (method(s) used to compute location)
	No
	Yes


[bookmark: _Toc477987659][bookmark: _Toc477987627]
8.x.2.1.1	Standalone mode
In Standalone mode, the UE reports the latitude, longitude and possibly altitude, together with an estimate of the location uncertainty, if available.  The UE should also report sensor method as a location source and possibly other location methods that have been used to calculate a fix.
8.x.2.1.2	UE-assisted mode
In UE-assisted mode, the UE reports the senor measurements as measured over time, by the accelerometer, gyroscope , magnetometer and light sensor. These measurements enable the E-SMLC to calculate the location of the UE, possibly using other measurements and data.
8.x.3 Sensor Positioning Procedure
8.x.3.1 Sensor location transfer procedure
The purpose of this procedure is to enable E-SMLC to request for sensor measurements or to enable the UE to provide the sensor measurements to the E-SMLC for position calculation.
8.x.3.1.1 E-SMLC initiated location information transfer procedure
Figure 8.x.3.1.1-1 shows the Location Information Transfer operations when the procedure is initiated by the E-SMLC
UE
E-SMLC
1
. 
LPP Request Location Information 
2
. 
LPP Provide Location Information 

Figure 8.x.3.1.1-1 E-SMLC initiated location transfer procedure
(1) The E-SMLC sends a LPP Request Location Information message to the UE for invocation of sensor positioning. This request includes positioning instructions such as the positioning mode (UE-assisted, Standalone), and quality of service parameters (accuracy, response time).
(2) The UE performs the requested measurements and sends an LPP Provide Location Information message to the E-SMLC before the Response Time provided in step (1) is elapsed. If the UE is not able to perform the requested measurements, or if the Response time elapsed before any of the requested measurements have been obtained, the UE returns an LPP message of type Provide Location Information indicating the reason for not provided location information. For the E-SMLC to compute the position of the UE to a higher accuracy, the UE may need to provide accelerometer measurements in batches measured over time.
8.x.3.1.2 UE initiated location information delivery procedure
Figure 8.x.3.1.2-1 shows the Location Information Transfer operations when the procedure is initiated by the UE
UE
E-SMLC
1. LPP Provide Location Information

Figure 8.x.3.1.2-1 UE initiated location transfer procedure
(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include UE sensor measurements already available at the UE.
[bookmark: _Toc477987683]Annex B (informative): Use of LPP with SUPL
The design goal of LPP is to enable it to be used in user plane location solutions such as OMA SUPL ([17], [18]) and this informative annex shows how LPP can be used in SUPL 2.0.
[bookmark: _Toc477987684]B.1	SUPL 2.0 Positioning Methods and Positioning Protocols
The following table shows how the 3GPP positioning protocols are supported in SUPL 2.0.
Table B.1-1: SUPL support of positioning methods
	Positioning Protocol:
	RRLP
(GSM/GPRS/WCDMA/
LTE/WLAN/WiMAX)
	RRC
(WCDMA)
	LPP
(LTE)

	Positioning Method:
	
	
	

	A-GPS (A-GANSS) SET Assisted 
	
	
	

	A-GPS (A-GANSS) SET Based 
	
	
	

	Autonomous GPS/GANSS 
	
	
	

	Enhanced Cell ID 
	
	
	

	Enhanced Observed Time Difference (E-OTD) 
	 (GSM only)
	NA
	NA

	Observed Time Difference of Arrival (OTDOA) NOTE 1
	NA
	
	

	Barometric Pressure Sensors
	NA
	
	

	WLAN
	NA
	
	

	Bluetooth
	NA
	
	

	TBS NOTE 2
	NA
	
	

	Sensors
	NA
	NA
	

	NOTE 1:	This includes TBS positioning based on PRS signals, which is only supported in LPP (LTE).
NOTE 2:	TBS positioning based on MBS signals.
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4.	Summary and conclusion
Based on the discussion above we propose the following:
Proposal 1:  to 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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