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1.  

Introduction
WiFi-based positioning systems are widely used for commercial Location Based Services (LBS). Various smartphones and operating system vendors provide the ability to provide position estimates using WiFi transceivers. This is usually accomplished by collecting RSSI and other information from the UE’s WiFi receiver, and applying a location determination algorithm using databases of the estimated positions or coverage areas of WiFi access points. These databases are usually obtained via some combination of scheduled drive testing and crowd sourcing.  

In addition, Bluetooth (BT) Low Energy (LE) beacons are realized as a potential technology to provide location information and relevant contextual interactions to users. Bluetooth beacons are transmitters that use Bluetooth Low Energy to broadcast signals that can be heard by compatible smartphones and other devices.  When the device is in a beacon’s proximity, the beacon will (at a minimum) tell the device where it is so that an application can act on the specific location.

Barometric sensors have started appearing on smartphones and other portable devices. Such sensors may (among other benefits) enable faster and/or more accurate GPS location fixes by providing an initial altitude estimate that can be used to assist signal acquisition and measurement and/or help compute a location fix. As deployment rates improve, barometers represent a viable solution for accurate vertical location for e.g., E911. 

The US Federal Communications Commission (FCC) final rule for Wireless E911 Location Accuracy Requirements
 include the requirement for network operators to deliver a "dispatchable location" for Indoor 9-1-1 calls as an alternative to delivering a geographic location accurate horizontally to 50 meters. In addition, network operators must make uncompensated barometric data available to PSAPs from any handset that has the capability to deliver barometric sensor data.

For a "dispatchable location", First Responders will obtain the civic address (e.g. street address) of the calling party, plus additional information such as floor, suite, apartment or other information when needed to adequately identify the location of the calling party. Barometric sensor data may help to identify the altitude of the calling party.
Network operators in the US are committed to equip all (carrier-provided) handset models with the capability to support delivery of beacon information, such as BT LE and WiFi AP MAC addresses, to the network. A WiFi/BT AP MAC address may often be sufficient to deliver E911 dispatchable location.
The Alliance for Telecommunications Industry Solutions (ATIS) established an Emergency Location (ELOC) task force and is developing standards needed to support the commitments and requirements mentioned above. The ELOC work progressed on requirements and architectures to support "dispatchable location", which includes the definition of a WiFi and BT-LE access point data base (National Emergency Address Database (NEAD)).
Therefore, WiFi, BT and barometric pressure measurements are recognized by the industry as important elements for improved indoor location, and should therefore, also be considered as potential enhancement technology to be included in TR 37.857. 
Observation 1:
WiFi, BT, and barometric pressure measurements can be leveraged for indoor positioning purposes. 

As shown in [1] and [2], WiFi, BT and barometric pressure measurements are already supported for E-UTRA access (i.e., measurements can be delivered from the UE to the E-SMLC). The same is the case for UTRA access using SUPL location solutions [3], since LPP/LPPe within SUPL also supports UTRA access.
However, for UTRA control plane location solutions WiFi, BT and barometric pressure measurements are currently not supported. 
2.  

UTRA Positioning Architecture

The UTRA positioning architecture and relevant protocols are shown in Figure 1 below. To exchange positioning measurements and data between UE and location server (SAS), RRC and PCAP protocols are used. Therefore, in order to support WiFi, BT and barometric pressure measurements for location, the measurements need to be included in RRC and PCAP. 
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Figure 1: UTRA Positioning Architecture and Relevant Protocols.

NBAP and RNSAP support GNSS and OTDOA assistance data collection from Node Bs. It is not expected that these protocols need any updates for WiFi, BT or Sensor Positioning. 

RANAP supports location requests and location reports, which may require updates for reporting uncompensated barometric data and probably location information in civic address formats as required by the FCC. The latter depends on the preferred architecture; e.g., where a query to the NEAD for a dispatchable location for an emergency call will take place such as from the SAS or from an element in the CN. 
Observation 2:
To utilize WiFi/BT/Barometric Pressure measurements in UTRA control plane location architecture, RRC and PCAP protocols need to be updated. In addition, to support FCC requirements on dispatchable location and uncompensated barometric pressure data, RANAP needs to be updated.
3.  

WiFi, BT and Barometric Pressure Measurements
As shown in [1] and [2], LPPe [4] supports a wide range of measurements and options for each positioning method, including WLAN, Short Range Node (SRN), and Sensor Positioning. Also, for each positioning method UE-based and UE-assisted modes are supported. These methods and options would also be available in UTRA if SUPL with LPP/LPPe is used as a location solution. 
It is expected that the SUPL solution in UTRA will primarily be used for commercial location based services. Although, SUPL could also be used for emergency caller location in UTRA, it is expected that control plane location support is also desired. However, since control plane location support is expected to be desired only for emergency caller location, all the options and methods currently available in LPPe would not need to be supported for the control plane positioning solution in UTRA. Also, UE-based mode may not be needed for WiFi or BT positioning in UTRA control plane location solution.
Observation 3:
To support WiFi/BT/Barometric Pressure measurements in UTRA control plane location architecture for emergency caller location, only a subset of the corresponding measurements available in LPPe would need to be supported in RRC and PCAP. In addition, only UE-assisted mode would need to be supported.
From the FCC Wireless E911 Location Accuracy requirements and the voluntary "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
, it is clear that at least WiFi and BT access point (AP) MAC addresses are required to be delivered to the location server, as well as uncompensated barometric pressure data. This would enable the location server to query the NEAD for a dispatchable location (e.g., street address) for an emergency call based on the MAC address(es) of any WiFi visible to the calling UE. Other measurements, such as for example WiFi RCPI (Received Channel Power Indicator) or RTT (Round Trip Time) may be optionally supported as well.
Observation 4:
To support "dispatchable location" in UTRA control plane architecture, at least WiFi and BT AP MAC addresses should be supported in RRC and PCAP. Other more enhanced measurements (e.g., RCPI, RTT, etc.) may optionally be supported as well. 
Therefore, the changes necessary for supporting "dispatchable location" (via WiFi and BT APs) and barometric pressure data in UTRA control plane architecture could be very small, which allows a quick completion and deployment of the standard, which is also needed to support the tight timelines of the FCC requirements.  
4. 

Summary
This contribution discussed the utilization of WiFi, BT and barometric pressure measurements for indoor positioning in UMTS. The following was observed:
Observation 1:
WiFi, BT, and barometric pressure measurements can be leveraged for indoor positioning purposes. 

Observation 2:
To utilize WiFi/BT/Barometric Pressure measurements in UTRA control plane location architecture, RRC and PCAP protocols need to be updated. In addition, to support FCC requirements on dispatchable location and uncompensated barometric pressure data, RANAP needs to be updated.
Observation 3:
To support WiFi/BT/Barometric Pressure measurements in UTRA control plane location architecture for emergency caller location, only a subset of the corresponding measurements available in LPPe would need to be supported in RRC and PCAP. In addition, only UE-assisted mode would need to be supported.
Observation 4:
To support "dispatchable location" in UTRA control plane architecture, at least WiFi and BT AP MAC addresses should be supported in RRC and PCAP. Other more enhanced measurements (e.g., RCPI, RTT, etc.) may optionally be supported as well. 
Therefore, it is proposed:
Proposal 1:
WiFi, BT and barometric pressure positioning should be listed among the indoor positioning enhancement candidates in TR 37.857 for UTRA access. However, there is no need for any further performance evaluation in RAN1. 

Although, WiFi, BT and barometric pressure measurements can be considered as "RAT independent" location technologies, the specification impacts are quite different between UTRA and E-UTRA access, which should be pointed out in the TR 37.857. 
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