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1. Introduction

The Further Indoor Positioning Enhancements for UTRA and LTE work item was approved at RAN#71 [1].  This work item includes the objective for the introduction of network assistance data for Barometric Pressure Sensor based positioning.
At RAN2#94, R2-164325 Assistance Data for Indoor Positioning enhancements [2] proposed several assistance data information elements.  There was no consensus on the inclusion of some of the atmospheric/weather conditions, specifically temperature.  
The current endorsed running stage 2 CR has only included the reference barometric pressure and location of the reference pressure with reference atmospheric data FFS [3]:
Table 8.6.2.x-1: Information that may be transferred from the E-SMLC to UE

	Assistance Data 

	Reference pressure

	Additional reference data 


8.6.2.x.1
Barometric pressure sensor assistance data

The barometric pressure sensor assistance data may include reference pressure, along with other reference data, such as the reference point where the reference barometric pressure is valid.
Editor’s Note: Reference atmospheric data is FFS.

2. Discussion 

This contribution examines the need for temperature as part of the barometric pressure sensor assistance data as it relates to the accuracy of the altitude component of the position of the UE.
Altitude as a function of atmospheric pressure

The primary force on the air is gravity.  Consider air at lower altitudes, the air must support the weight of all of the above layers of air and hence higher atmospheric pressure.  At higher altitudes, the air has less layers of air to support and therefore lower atmospheric pressure.  
Using the Ideal Gas Law and the force due to gravity, the differential equation is as follows:
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Where g is the acceleration due to gravity, M is the molar mass of air, R is the universal gas constant, T is the temperature (in Kelvin), P is the pressure, and h is the height.  The temperature (T) that we are referring to in the equation is the measure of temperature that affects the density of the column of air at the reference point.
Re-arranging the equation to solve for height differential from the pressure :
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The differential of the above equation is:
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From this exercise, we can see that the relative error in height estimation is tightly tied to the relative error in temperature.  To illustrate this further, let’s take a look at a specific example, assuming a cold climate and an assumed fixed value of the temperature of 27 C (300 K).  In this cold climate, where the actual temperature T can be 0 C (273 K) and the user is at a height 100 m above the reference pressure, then the induced height error would be as follows:
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Figure 1 shows some various examples, assuming fixed temperatures and a 100m height difference between the UE and the reference point. 288K is the earth’s mean temperature in 2015.
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Figure 1. Theoretical height error by temperature
As shown, for approximately every 3 degree K deviation from actual temperature, the height error is about 1% of the height difference (h) between the UE and reference point. Thus not having an accurate temperature (and using a fixed value of temperature in the calculations) would have a significant impact if:

1.
Actual temperature deviates significantly from a fixed temperature value used in calculations.  
2.
The UE is significantly far from the reference weather station/point where the reference barometric pressure is obtained.
Analysis and IE justification
For UE-based and UE-assisted positioning modes, based on the equations above and solving for height, temperature will have a benefit for the UE to calculate an accurate vertical position based on the Barometric pressure.  
From Wikipedia (https://en.wikipedia.org/wiki/Atmospheric_pressure): As altitude increases, atmospheric pressure decreases. One can calculate the atmospheric pressure at a given altitude. Temperature also affects the atmospheric pressure, and it is necessary to know temperature to compute an accurate figure. 
Observation: As can be seen from the above equations, temperature has a direct correlation with the Barometric Pressure.  In fact, temperature is directly proportional to the barometric pressure due to its impact on the density of the column of air above the reference point/UE.  As shown by the discussion, temperature variability is indeed an issue that needs to be addressed, otherwise the use of reference pressure has impairments as shown above.  One simple and general approach to solve it is by means of temperature assistance. Among other benefits, this approach does not place constraints on UE implementations.
Proposal 1: Agree to include temperature in the Barometric Pressure sensor assistance data.

The accuracy requirements assume at least floor level accuracy (< 3 metres) in order to provide sufficient accuracy for dispatchable location [4].  
Additionally, Barometric Pressure sensor based positioning was studied in the SI phase of this work.  The output of the SI was TR 37.857, which states: “assistance data can be used to further improve the positioning accuracy of the barometric pressure sensor, including information regarding the relationship between air pressure and altitude (e.g. humidity, temperature, reference atmospheric pressure).” [5]
The Work Item for Further Indoor Positioning Enhancements suggests that as a starting point, the IEs defined in LPPe will be leveraged [1].  In LPPe, IEs for temperature have been defined for UE temperature measurements and crowdsourcing temperature measurements [6].  These IEs demonstrate that temperature is useful in pressure sensor based positioning calculations.
Proposal 2: Endorse the Text Proposal in Section 3 from this contribution into the running CRs for TS 36.305 and TS 36.355.

3. Text Proposals
3.1 Text Proposal for Stage 2 TS 36.305

Unchanged sections are excluded and shows how the Sensor assistance data can be updated using the endorsed running CR as a baseline.

<Start of changed section>
8.6.2.x
Information that may be transferred from the E-SMLC to UE

Table 8.6.2.x-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to the UE. 

NOTE:
The provision of these assistance data elements and the usage of these elements by the UE depend on the E‑UTRAN and UE capabilities, respectively.

Table 8.6.2.x-1: Information that may be transferred from the E-SMLC to UE

	Assistance Data 

	Reference pressure

	Additional reference data 


8.6.2.x.1
Barometric pressure sensor assistance data

The barometric pressure sensor assistance data may include reference pressure, along with other reference data, such as the reference point where the reference barometric pressure is valid and reference temperature.

<End of changed section>

3.2 Text Proposal for Stage 2 TS 36.355

Unchanged IEs are excluded and shows how the Sensor assistance data can be updated using the endorsed running CR as a baseline.

<Start of changed section>
6.5.5.y
Sensor Assistance Data Elements

–
Sensor-AssistanceDataList

The IE Sensor-AssistanceDataList is used by the location server to provide the Sensor specific assistance data to the UE.

-- ASN1START
Sensor-AssistanceDataList-r14::= SEQUENCE {

refPressure-r14 
INTEGER (-20000..10000),





refPosition-r14

EllipsoidPointWithAltitudeAndUncertaintyEllipsoid
OPTIONAL,

refTemperature-r14
INTEGER (-64..63)


OPTIONAL,


...
}

-- ASN1STOP

	Sensor-AssistanceDataList field descriptions

	refPressure 
This field specifies the atmospheric pressure (Pa) nominal at sea level, EGM96 to the target. 

The scale factor is 1 Pa. The value is added to the nominal pressure of 101325 Pa.  

	refPosition 
This field specifies the reference position at which the pressure measurement is made, as an ellipsoid point with altitude and uncertainty ellipsoid. 

	
refTemperature 
Local temperature measurement at the reference where the pressure measurement is made. 

The scale factor 1K. The value is added to 273K.


<End of changed section>

<Start of next changed section>
6.5.5.4
Sensor Capability Information

–
Sensor-ProvideCapabilities

The IE Sensor-ProvideCapabilities is used by the target device to provide capabilities for sensor-based methods from to the location server.

-- ASN1START

Sensor-ProvideCapabilities-r13 ::= SEQUENCE {


sensor-Modes-r13


BIT STRING { 
standalone
(0),













ue-assisted
(1),













ue-based
(2)} (SIZE (1..8)),


...,


[[


sensor-AssistanceDataSupportList-r14
Sensor-AssistanceDataSupportList-r14

OPTIONAL


]]

}




-- ASN1STOP

	Sensor-ProvideCapabilities field descriptions

	sensor-Modes

This field specifies the sensor mode(s) supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular sensor mode is supported; a zero‑value means not supported.

	sensor-AssistanceDataSupportList

This field specifies a list of sensor assistance data supported by the target device. This field shall be present if the target device supports assistance data for Barometric pressure sensor.


–
Sensor-AssistanceDataSupportList
The IE Sensor-AssistanceDataSupportList is used by the target device to provide information on supported Sensor assistance data types to the location server.

-- ASN1START
Sensor-AssistanceDataSupportList-r14 ::= SEQUENCE {

refPressureAssistanceDataSupport-r14
BOOLEAN,

refTempAssistanceDataSupport-r14

BOOLEAN,

...

}

	Sensor-AssistanceDataSupportList field descriptions

	refPressureAssistanceDataSupport 
This field specifies if the target device supports reference barometric pressure. TRUE means supported.

	refTempAssistanceDataSupport
This field specifies if the target device supports reference temperature for barometric pressure sensors. TRUE means supported.


<End of changed section>

4. Conclusion

Based on the discussion above, the following is proposed: 
Proposal 1: Agree to include temperature in the Barometric Pressure sensor assistance data.
Proposal 2: Endorse the Text Proposals in Section 3 from this contribution into the running CRs for TS 36.305 and TS 36.355.
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