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1 Introduction

Indoor positioning method based on WLAN Fine Timing Measurements (FTM) has been agreed for inclusion in the TR 37.857 [1] as per:
“The Fine Timing Measurement (FTM) method [33] can also be used to determine position. The 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.”

In this contribution, we discuss in more details the FTM positioning method and analyze the potential impact on 3GPP specifications.
2 WLAN-Aided Positioning
The possibility to use WLAN to assist terminal positioning was described in [2]-[7]. The benefits of WLAN based positioning are twofold: additional reference sources with predefined coordinates for proximity detection and large signal bandwidth to extract benefits from accurate time of flight measurements and trilateration 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 [9]. This framework can be further extended to define additional signaling to facilitate improved performance for indoor user positioning.
2.1 Fine Timing Measurement (FTM)
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 [8].
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 from the current IEEE REVmc spec draft [8]. 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). When the measurements are calculated accurately, the ToF (Time of Flight) is estimated as ToF = [(t4–t1) - (t3–t2)]/2. Once all the time measurements are available, the range between UE and WLAN AP can be estimated by trilateration. 
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Figure 1. Example of FTM protocol (form IEEE REVmc draft)
Similarly to WLAN RSSI, FTM based positioning can be enabled in 3GPP networks by enhancing LPP or LPPa signaling. 

Proposal 1: to include FTM description provided above in the TR 37.857 [1].

2.2 Potential Impact on 3GPP Specifications

Either LPP [10] or LPPa protocols may be enhanced to support FTM positioning. LPP is completely transparent to the RAN, whereas with LPPa the eNB must collect the measurements from the UE. Since the eNB has no role in FTM positioning, it seems redundant to involve it in collecting FTM measurements. Therefore, we propose to enhance LPP signaling to support FTM, as described in more detail below.
Proposal 2: to enhance LPP signaling to support FTM.
The following three positioning modes may be considered for FTM:

1. Standalone (autonomous): The UE performs the positioning measurements and calculates its own location w/o any network assistance.

2. UE-based (+network-assisted): The UE performs the positioning measurements and calculates its own location. Assistance data useful or essential to perform the functions may be provided to the UE by the network. 

3. UE-assisted (+network-based): The UE performs the positioning measurements and sends these measurements to the network where the position calculation takes place. The network may provide assistance data to the UE to help or enable positioning measurements.
With standalone/autonomous method the UE may estimate its position relative to the WLAN APs without network assistance. Additionally, in order to calculate its absolute coordinates the UE may receive additional assistance information from the WLAN network. 
In this case, the LPP protocol impacts to introduce FTM related IEs are limited to:

•
Wifi Capability Information

•
Wifi Capability Information Request

The pros of this method is that it has little 3GPP standardization impact, the cons are that assistance information received from the WLAN may not always be reliable. One potential options to mitigate this is to limit FTM to WLAN APs advertised by the network, which however can only work if the network supports RAN-assisted WLAN interworking.

With UE-based method the network must provide assistance information, including WLAN identifiers and WLAN AP absolute coordinates. The UE calculates its absolute coordinates and sends these to the network.

In this case, the LPP protocol impacts to introduce FTM related IEs include:

•
Wifi Assistance Data Elements

•
Wifi Assistance Data Request

•
Wifi Location Information Elements

•
Wifi Location Information Request

•
Wifi Capability Information

•
Wifi Capability Information Request

•
Wifi Error Elements
The pros of this method is that it may be more reliable compared to the standalone/autonomous method, however it has somewhat bigger 3GPP standardization impact.

With UE-assisted method, the network must only provide WLAN identifiers in the assistance information. The UE performance FTM positioning and sends the measurements (e.g. ranges to nearby WLAN APs) to the network and the network calculates the UE location.

As far as LPP protocol is concerned, the same IEs are affected as for the UE-based method. 

Generally, the UE-assisted method has the same pros and cons compared to the standalone/autonomous method as the UE-based method, while somewhat reducing the UE impact at the expense of E-SMLC impact. However, FTM-capable UEs are likely to support calculating its location based on FTM ranges measurements anyway. 
Proposal 3: to include FTM protocol impact analysis in the TR 37.857 [1].

3 Conclusions and Proposals
In this contribution, we discussed in more details the WLAN FTM based positioning methods that can be used for indoor positioning. Based on the discussion and analysis, we have the following proposals:
Proposal 1: to include FTM description provided above in the TR 37.857 [1].

Proposal 2: to enhance LPP signaling to support FTM.
Proposal 3: to include FTM protocol impact analysis in the TR 37.857 [1].

4 TP for TR 37.857

7.2.2.1
 Fine Timing Measurements (FTM) for Wi-Fi Aided Positioning

The Fine Timing Measurement (FTM) method [33] can also be used to determine position. The 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 7.2.2.1-1 shows an example of FTM protocol from [33]. 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. When the measurements are calculated accurately, the ToF (Time of Flight) is estimated as ToF = [(t4–t1) - (t3–t2)]/2. Once all the time measurements are available, the range between UE and Wifi AP can be estimated by trilateration. 
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Figure 7.2.2.1-1: Fine Timing Measurement
FTM can be supported with the following LPP positioning modes:

1. Standalone (autonomous): The UE performs the positioning measurements and calculates its own location w/o any network assistance.

2. UE-based (+network-assisted): The UE performs the positioning measurements and calculates its own location. Assistance data useful or essential to perform the functions may be provided to the UE by the network. 

3. UE-assisted (+network-based): The UE performs the positioning measurements and sends these measurements to the network where the position calculation takes place. The network may provide assistance data to the UE to help or enable positioning measurements.
LPP protocol impacts include the introduction of following FTM related IEs:

•
Wifi Assistance Data Elements

•
Wifi Assistance Data Request

•
Wifi Location Information Elements

•
Wifi Location Information Request

•
Wifi Capability Information

•
Wifi Capability Information Request

•
Wfi Error Elements
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