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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.
Although, primarily developed for commercial Location Based Services, these technologies will also play an important role for emergency caller location. 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. For a dispatchable location, First Responders will obtain the civic 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. Network operators are committed to equip all (carrier-provided) VoLTE 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 and BT 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. 
As shown in this contribution, for VoLTE there are no impacts to RAN1 and no impacts on RAN protocols (e.g., RAN2/3); i.e., reporting WiFi and BT-LE information is already supported in the standards today (and can therefore, be quickly deployed, which is also needed to support the tight timelines of the FCC requirements). 
Observation 1:
WiFi and BT measurements can be leveraged for indoor positioning purposes. 
2.  

E-UTRA Positioning Architecture

The E-UTRA positioning architecture and protocols are shown in Figure 1 below. The protocol used between the location server (E-SMLC) and UE is the LTE Positioning Protocol (LPP) specified in [2]. In order to support WiFi and BT measurements for location, the measurements need to be included in LPP. 
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Figure 1: E-UTRA Positioning Architecture and Location Protocols.

LPP supports A-GNSS, OTDOA, and ECID location methods. However, LPP elementary messages (Request and Provision of Capabilities and Location Information and Assistance Data) may each include a container, an EPDU (External Protocol Data Unit) [2], which can be used by standardization fora outside 3GPP to define their own extensions to LPP messages. LPP currently supports an EPDU for OMA LPPe [2]:

External PDU Identifier Definition

	EPDU-ID
	EPDU Defining entity
	Method name
	Reference

	1
	OMA LOC
	OMA LPP extensions (LPPe)
	OMA-TS-LPPe-V1_0 [20]


The correct handling of the OMA LPPe EPDU is part of the 3GPP UE conformance testing procedures ([3], Test Case 7.3.1.1). 
Observation 2:
OMA LPPe is supported in 3GPP LPP via the EPDU-ID 1.
3.  

LPPe WLAN and SRN Location Methods
The Open Mobile Alliance (OMA) Location (LOC) Subworking Group has added "WLAN Positioning" and "Short Range Node Positioning (SRN)" (incl. BT) in LPPe [1]. WLAN and SRN positioning in LPPe is supported for both, UE-based and UE-assisted modes.
For UE-assisted mode, the UE can report measurements made from WLAN APs to the location server in a LPP/LPPe Provide Location Information message. The location information data supported in LPPe are based on the corresponding definitions in IEEE 802.11 specifications, and include (see [1], section 6.5.8.5):
· AP MAC Address;
· AP SSID;

· AP signal to noise ratio of a beacon, probe response or measurement pilot frame;
· AP Device Type (e.g., 802.11a/b/g/n/ac/ad, etc.);

· AP PHY type (e.g., FHSS, DSSS, OFDM, etc.);

· AP Signal Strength (RCPI – Received Channel Power Indicator of a beacon frame, probe response frame or measurement pilot frame);
· AP Channel Frequency;

· AP Round Trip Delay;

· UE transmit power (transmit power used by the UE to access the WLAN AP);
· UE antenna gain (antenna gain of the UE for transmission to the WLAN AP);
· Location of the AP;
· AP transmit power (power the AP transmits on a beacon, probe response or measurement pilot frame) ;
· AP antenna gain;
· UE signal to noise ratio measured at the AP;
· UE signal strength (RCPI – Received Channel Power Indicator) measured at the AP.
For UE-based mode, LPPe supports delivery of WLAN assistance data to the UE, which includes location and coverage information of the WLAN APs in vicinity of the UE. 

For both modes, the LPP/LPPe Capability Exchange procedure allows the indication of the UE supported WLAN measurements. 

Similar to WLAN positioning, LPPe also supports Short Range Node (SRN) Positioning for both, UE-assisted and UE-based modes. The following SRN technologies are currently supported in LPPe:
· Bluetooth;

· Bluetooth Low Energy;

· Near Field Communications (NFC);

· OMA Mobile Codes.

For UE-assisted mode, the UE can report measurements made from SRNs to the location server in a LPP/LPPe Provide Location Information message. The location information data supported in LPPe are based on the corresponding definitions in Bluetooth and IEEE specifications, and include (see [1], section 6.5.11.5):

· SRN ID (e.g., BT MAC address, NCF ID, etc.);
· Received Signal Strength Indicator (where the interpretation is SRN-type specific, as defined in the individual SRN specifications);
· Round trip delay between the target and SRN.
For UE-based mode, LPPe supports delivery of SRN assistance data to the UE, which includes location and coverage information of the SRNs. 
For both modes, the LPP/LPPe Capability Exchange procedure allows the indication of the UE supported SRN measurements. 

The E911 location accuracy requirements imply a mapping of visible BT and WLAN IDs to a "dispatchable address". This mapping would be possible based on the creation of a National Emergency Address Database (NEAD). Reporting location information data in civic address format is also supported in LPPe. 
Observation 3: 
WiFi and BT location measurements are already supported in LPP/LPPe. 

4.  

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

Observation 2:
OMA LPPe is supported in 3GPP LPP via the EPDU-ID 1.

Observation 3: 
WiFi and BT location measurements are already supported in LPP/LPPe.

Therefore, it is proposed:
Proposal 1:
WiFi and BT positioning should be listed among the indoor positioning enhancement candidates in TR 37.857. However, there is no need for any further performance evaluation in RAN1. 
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