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1 Introduction

At the last RAN1 WG meeting # 81, it was agreed that WLAN can be used for indoor positioning and should be introduced in the TR [1]. In particular, the following RAN1 WG agreement was made:
Agreement:

· Existing WiFi and/or Bluetooth can be used for positioning and should be introduced in the TR as one of the potential enhancement techniques for RAT-independent indoor positioning.

· Detailed measurement and reports are FFS
In this contribution, we discuss in more details the WLAN measurements and reports used for positioning and analyze the potential impact on 3GPP specifications.
2 WLAN-Aided Positioning
The possibility to use WLAN to assist terminal positioning was described in [3]-[8]. The benefits of WLAN based positioning are twofold: additional reference sources with predefined coordinates for proximity detection and large signal bandwidth (up to 160MHz) to extract benefits from accurate time of flight measurements and multilateration techniques. 
WLAN is being widely deployed by many operators and 3GPP continues working on LTE/WLAN interworking enhancements, e.g. as part of Release-13 RAN2 WI on LTE-WLAN Radio Level Integration and Interworking Enhancement [12]. This framework can be further extended to define additional signaling to facilitate improved performance for indoor user positioning.
2.1 Beacon RSSI based Enhancement

WLAN RSSI based location is already used today. Release-12 UEs supporting RAN-assisted WLAN interworking support the IEEE 802.11 Beacon RSSI measurement which has been defined in TS 36.214 as part of the Release-12 WLAN/3GPP radio interworking WI [9],. 
The Beacon RSSI measurements can be used to determine position by converting RSSI measurements to range. The position is estimated based on the known location of the access points. 
WLAN RSSI based positioning can be enabled in 3GPP networks by enhancing LPP or LPPa signaling. In the former case the measurements and the assistance information are transferred between the UE and the Location Server transparently to the eNB. In the latter case, the eNB is involved. 
Proposal 1: to discuss whether Beacon RSSI measurements should be included in LPP or LPPa protocols.

However, converting signal power to range is inaccurate; position accuracy is only as good as the density of the deployment. Therefore, it is beneficial to also consider more accurate WLAN based positioning method discussed below.
2.2 WLAN “Fine Timing Measurement” based Enhancement

A better WLAN based positioning method that can provide location accuracy of 3m is the Fine Timing Measurement (FTM) being developed in IEEE as part of the 802.11mc specification [11].
WLAN FTM approach is geometrical, based on estimating the position using the distances from access points. The distance from each access point is acquired by measuring the round trip time (RTT) from the mobile device to the access point and back.

Figure 1 shows an example of FTM protocol [10]. There are four timing measurements – two ToA (Time of Arrival) measurements and two ToD (Time of Departure) measurements, denoted as t1, t2, t3, and t4 (see Figure 1). It is assumed STA-A is UE and STA-B is AP. When the measurements are calculated accurately, the ToF is estimated as ToF = [(t4–t1) - (t3–t2)]/2. Once all the time measurements are available, the range between UE and AP can be estimated. With three or more ranges are acquired, the position can be estimated by 3D trilateration.
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Figure 1. Example of ToF protocol.
Similarly to WLAN RSSI, FTM based positioning can be enabled in 3GPP networks by enhancing LPP or LPPa signaling. 

Proposal 2: to discuss whether Fine Timing Measurement support should be included in LPP or LPPa protocols.

3 Potential Impact on 3GPP Specifications

If RAN2 agrees that LPP should be enhanced to support WLAN based positioning, both WLAN Beacon RSSI and FTM measurements can be added to the 3GPP LPP framework as currently specified in TS 36.355 [13].

RAN2 needs to discuss whether UE-assisted, UE-based or both positioning methods needs to be supported for WLAN positioning. 

The following IEs may need to be defined:

•
WLAN Assistance Data Elements

•
WLAN Assistance Data Request

•
WLAN Location Information Elements

•
WLAN Location Information Request

•
WLAN Capability Information

•
WLAN Capability Information Request

•
WLAN Error Elements
4 Conclusions and Proposals
In this contribution, we discussed in more details the WLAN based positioning methods that can be used for indoor positioning. Based on the discussion and analysis, we have the following proposal:
Proposal 1: to discuss whether Beacon RSSI measurements should be included in LPP or LPPa protocols.
Proposal 2: to discuss whether Fine Timing Measurement support should be included in LPP or LPPa protocols.
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