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1.  

Introduction
Initial simulation results show that solutions for more accurate vertical location in some scenarios would be desired [1]. 

Barometric sensors started appearing on some smartphones and other portable devices. Such sensors may (among others) provide faster GPS location fixes by providing an initial altitude estimate. As penetration rates improve barometers represent a viable solution for accurate vertical location for e.g., E911. 
The "roadmap for improving E911 location accuracy" by the Association of Public-Safety Communications Officials (APCO), the National Emergency Number Association (NENA), AT&T Mobility, Sprint, T-Mobile USA, and Verizon
 includes the commitment to evaluate options and solutions for utilizing barometric pressure data to obtain z-axis location information and the industry is converging on using baro-altimeter solutions.
2. 

Baro-altimeter
The use of barometric sensors for identifying height information is motivated by the fundamental property that atmospheric pressure drops with an increase in altitude. The relation between barometric pressure and altitude is affected not only by the temperature, but also by also by various environmental phenomena, such as weather conditions and humidity, which vary by location and throughout the day. 
The barometric law relates atmospheric pressure p to altitude h as [2]:
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where p0 is the pressure at Mean Sea Level (MSL), M is the molecular weight of air, g is the gravitational constant, R is the universal gas constant, and T is the temperature in Kelvin. Therefore, if the UE measures air pressure p, one can in principle calculate the height above sea level.

Since sea level air pressure varies with weather conditions and with location a network of reference stations is needed. It must be able to provide reference measurements that are sufficient accurate and close to the unknown location. For example, the National Oceanic and Atmospheric Administration (NOAA) Aviation Digital Data Service (ADDS) makes available related weather variables. 
The use of the barometer for indoor height/floor estimation is hindered by several artefacts that are not observed outdoors.  In particular, buildings are often pressurized and climate controlled. As a consequence, the humidity and temperature indoors is quite distinct from that outdoors. 
In addition, the accuracy and resolution of the smartphone embedded barometer must be relatively high. The floor height of buildings are typically around 3-6 meters, which may be well within the range of measurement error of the smartphone-embedded sensor (e.g., a 20 meter variation in height estimation may be inconsequential for GPS aiding, but may translate into about 6 floors indoors).
Therefore, there is some work and effort required to integrate barometric pressure sensor technology into mobile phones, develop and integrate a ubiquitously available reference source with which barometric pressure sensor information, weather, and internal building conditions, etc. would be correlated. However, this work is beyond the scope and responsibility of RAN1. 
Observation 1: 
Barometric sensors offer some promise to determine accurate vertical location information. The various implementation and logistical issues are beyond the scope and responsibility of RAN1. 
3. 

Standards Situation
The Open Mobile Alliance (OMA) Location (LOC) Subworking Group has added altitude determination using barometric pressure sensors in LPPe [3]. LPPe are extensions to the 3GPP LTE Positioning Protocol (LPP) [4], which can be used in control plane and user plane location solutions. Barometric pressure based altitude information in LPPe is supported for both, UE-based and UE-assisted modes. 
LPPe defines assistance data which enables a location server (e.g., E-SMLC or SUPL SLP) to provide reference atmospheric pressure at sea level to the UE. It is assumed that the location server providing the assistance data to the UE is connected to a network of weather and other reference stations in order to obtain the reference atmospheric pressure information at sea level. 
The UEs with embedded barometric sensor receiving the assistance data can then use the provided barometric reference pressure assistance data to calculate their altitude above sea level using standard barometric formulas. 

LPPe also allows to provide several topographic data (e.g., contour and building height data) to the UE. In combination with the absolute altitude above sea level, this enables a UE to calculate its altitude above street level and/or the floor number within a building the UE is at. 

For UE-assisted mode, LPPe enables UEs to report barometric pressure measurements to the location server so that the server can calculate the UE’s altitude. 
Therefore, standards for baro-altimeter vertical location solutions have already been developed by the industry, which can be used for both, user plane and control plane location solutions. 
The collection of necessary assistance data at the location server is usually implementation dependent. However, solutions which allow eNBs to provide reference pressure measurements to a location server (e.g., via LPPa [5]) may be beneficial.  However, these investigations are beyond the scope and responsibility of RAN1, and may be discussed in RAN2/3, if needed.   
Observation 2: 
Standards for baro-altimeter based z-axis solutions have already been developed by the industry. Any application or extensions of these standards to control plane solutions should be discussed in RAN2/3. 

4. 

Summary
This contribution discusses the use of baro-altimeters for accurate z-axis determination. It was observed:
Observation 1: 
Barometric sensors offer some promise to determine accurate vertical location information. The various implementation and logistical issues are beyond the scope and responsibility of RAN1.

Observation 2: 
Standards for baro-altimeter based z-axis solutions have already been developed by the industry. Any application or extensions of these standards to control plane solutions should be discussed in RAN2/3.

Therefore, it is proposed:

Proposal 1: 
Barometric pressure sensors for determining accurate altitude information should be listed among the positioning technology enhancements in the TR [6]. However, there is no need for any further e.g., performance evaluation in RAN1. 
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� "Roadmap for Improving E911 Location Accuracy" (Roadmap), available at  � HYPERLINK "http://apps.fcc.gov/ecfs/document/view?id=60000986637" �http://apps.fcc.gov/ecfs/document/view?id=60000986637�.
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