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1.	Introduction
3GPP have standardized basic WLAN FTM support as part of the Release-13 WI [1] on Indoor Positioning Enhancements for UTRA and LTE. As not all the objectives of that WI have been completed in Release-13, 3GPP have approved a follow up Release-14 WI [2] on Further Indoor Positioning enhancements for UTRA and LTE.

Referring to the WID [2] the WLAN positioning method needs to be enhanced to introduce e.g. network assistance data and UE based positioning support. In this contribution we discuss these additional enhancements needed to support WLAN FTM positioning method according to the WID [2].
2.	Discussion

The basic WLAN FTM support introduced in Release-13 as part of the Indoor Positioning Enhancements for UTRA and LTE WI [1] includes support for WLAN Round Trip Time (RTT) measurements with accuracy of up to tenths of nanoseconds [4]. We would like to note that the name chosen by 3GPP to refer to FTM may cause confusion, as the same name (RRT) is used in IEEE 802.11 [6] specification to refer to the legacy positioning method, which does not support the tenths of nanoseconds accuracy. It is only the WLAN FTM introduced in IEEE 802.11mc which supports that accuracy.

Release-13 FTM supports only the standalone and UE assisted method, in which the network may request the UE to report RTT measurements without network assistance. 

Observation 1: Rel-13 indoor positioning introduced standalone and UE assisted FTM support with accuracy of tenths of nanoseconds under the name of RTT and without network assistance.

Rel-13 FTM based positioning is illustrated by the diagram in Figure 1 below.



Figure 1: Release-13 positioning with FTM


The proposed WLAN FTM enhancements can be categorized into three groups: assistance data, UE based positioning and WLAN AP location (including civic address, which is important for E911). The proposed changes for the LPP protocol are largely based on OMA LPPe, in line with the WID [2] objective: “as a starting point, the IEs defined in LPPe will be leveraged”.
Assistance data

In Release-13, WLAN assistance data is not provided by the location server. In the absence of an assistance data, it is up to UE implementation to figure out which WLAN APs can be used for positioning. This has an obvious disadvantage as such information may not always be accurate or reliable. While FTM based positioning for commercial applications may use any AP, it is questionable whether the operator may rely on positioning measurements with WLAN APs it does not control. 

If the UE supports e.g. LWA or any other method of WLAN interworking, it may have been configured with WLAN identifiers, however this information cannot be assumed to be always available when positioning is requirement. Moreover, WLAN identifiers used for positioning may or may not be the same as the WLAN mobility set configured for LWA. 

Observation 2: WLAN assistance data with WLAN AP identifiers is required for reliable and accurate positioning.


The diagram in the Figure 2 below illustrate the proposed enhancements:


Figure 2: FTM positioning with assistance data
As shown above, RequestAssistanceData IE and ProvideAssistanceData IE has to be enhanced with relevant information, which can be deviced into two parts: AP list and AP location. The former is needed for the UE assisted method and the latter is needed for the UE based method, discussed below. As it is likely that the operator would like to control the time that the UE may use such assistance information, it may be accompanied with purge time.

Additionally, as further optimization, the network may also provide WLAN channel numbers used by FTM-enabled APs, to assist the UE in WLAN scanning in order save UE batter life.


Proposal 1: to introduce WLAN assistance data as follows: AP list, AP location, purge time and channels.

This proposal is inline with the following objective of the WID [2]: “Enhance WLAN positioning, Bluetooth positioning, Barometric Sensor Positioning, and TBS positioning based on Metropolitan Beacon System (MBS signals) to introduce network assistance data”.
The CR [6] captures the proposed changes.

UE based positioning
As mentioned above, in Release-13 only supports standalone and UE assisted positioning with WLAN and FTM. According to the WID [2], UE based positioning shall also be added as per: “add support for UE-based positioning mode for WLAN positioning, Bluetooth positioning, MBS, and Barometric Sensor Positioning”.

The diagram in the Figure 3 below illustrate the proposed enhancements:


Figure 3: UE based positioning with FTM
As we can see in the above call flow, in order to support UE based positioning in which the UE reports its location, rather than RTT measurements, the assistance data provided by the neeed need to include not only the list of APs, but also AP location.
Proposal 2: to introduce UE based positioning with FTM.
The CR [7] captures the proposed changes.
AP location
In addition to measurement information, we think it is beneficial for the UE to be able to report WLAN AP location information. The relevant information which may be broadcast by the AP may include:
· WLAN AP support for FTM
· WLAN AP latitude and longitude 
· WLAN AP civic address
· WLAN AP floor number

There are two main reasons for the location server to request and for the UE to report this information: for compliance with regulatory requirements to provide civic address and to verify operators database of AP locations. One of the E911 requirements is to provide civic address and floor number, which can be addressed usign WLAN positioning. Additionally, we expect the operator to maintain a database of his APs with their locations. Maintenance of such a database can be costly and WLAN AP reporting by the UE, including reporting of AP coordinates, may help the operator to reduce the cost of maintenance of such a database and to ensure its correctness.


Based on the above considerations we propose to enhance WLAN-MeasurementElement IE with WLAN-ReportedLocation IE carrying information about FTM support, latitude, longitude, civic location, floor number and possibly other additional information.

The diagram in the Figure 4 below illustrate the proposed enhancements:


Figure 4: AP location

Proposal 3: to enhance WLAN-MeasurementElement IE with WLAN-ReportedLocation IE carrying information about FTM support, latitude, longitude, civic location, floor number and possibly other additional information.
The CR [8] captures the proposed enhancements.

3.	Summary and conclusion
Based on the discussion above we propose:
Proposal 1: to introduce WLAN assistance data as follows: AP list, AP location, purge time and channels.
Proposal 2: to introduce UE based positioning with FTM.
Proposal 3: to enhance WLAN-MeasurementElement IE with WLAN-ReportedLocation IE carrying information about FTM support, latitude, longitude, civic location, floor number and possibly other additional information.

We have provided the stage-2 CR [9] and stage-3 CRs [6], [7] and [8] capturing the proposed enhancements. 
4.	References
[1] 	RP-151624, Indoor Positioning Enhancements for UTRA and LTE, NextNav, Huawei, AT&T, TeleCommunication Systems, Intel, CMCC, China Telecom, China Unicom
[2]	RP-160538, New Work Item proposal: Further Indoor Positioning enhancements for UTRA and LTE, NextNav, Huawei, Broadcom
[2]	OMA-TS-LPPe-V2_0-20141202-C, LPP Extensions Specification, Candidate Version 2.0, 2 Dec 2014
[3]	IEEE 802.11-REVmc/D6.0, June 2016: "Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications"
[4]	3GPP TS 36.305 V13.0.0 (2015-12), Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN
[5]	3GPP TS 36.355 V13.1.0 (2016-03), LTE Positioning Protocol (LPP)
[6]	IEEE 802.11, Part 11: "Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifications, IEEE Std.".
[7]	IEEE P802.11-REVmc/D3.3, October 2014
[6]	R2-165419, Introduction of WLAN AP assistance data for WLAN FTM positioning method, Intel Corporation
[7]	R2-165420, Introduction of UE-based WLAN positioning mode and methods, Intel Corporation
[bookmark: _GoBack][8]	R2-165426, Introduction of WLAN AP information reporting, Intel Corporation
[9]	R2-165427, Introduction of WLAN AP assistance data and UE-based WLAN positioning method (Stage-2), Intel Corporation
- 5/5 -
image1.emf
R13 - WLAN FTM UE-Assisted without Assistance Data provision and RTT measurements reported to network

Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.

LPP-ProvideLocationInformation(wlan-ProvideLocationInformation-r13.wlan-MeasurementInformation-r13(measurementReferenceTime-r13, 

wlan-MeasurementList-r13(wlan-AP-Identifier-r13, rtt-r13, ...)), ...)

LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted, wlan-MeasSupported-r13=rssi-r13 | rtt-r13), ...)

LPP-RequestLocationInformation(commonIEsRequestLocationInformation.locationInformationType=locationMeasurementsRequired,

wlan-RequestLocationInformation-r13.requestedMeasurements-r13=rtt, ...)
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R13 - WLAN FTM UE-Assisted without Assistance Data provision and RTT measurements reported to network
[parameters]
Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.
LPP-ProvideLocationInformation(wlan-ProvideLocationInformation-r13.wlan-MeasurementInformation-r13(measurementReferenceTime-r13, 
wlan-MeasurementList-r13(wlan-AP-Identifier-r13, rtt-r13, ...)), ...)
LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted, wlan-MeasSupported-r13=rssi-r13 | rtt-r13), ...)
LPP-RequestLocationInformation(commonIEsRequestLocationInformation.locationInformationType=locationMeasurementsRequired,
wlan-RequestLocationInformation-r13.requestedMeasurements-r13=rtt, ...)
UE
Location Server
LPP-RequestCapabilities(wlan-RequestCapabilities-r13, ...)
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R14 - WLAN FTM UE-Assisted with Assistance Data provision and RTT measurements reported to network

Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.

LPP-ProvideLocationInformation(wlan-ProvideLocationInformation-r13.wlan-MeasurementInformation-r13(measurementReferenceTime-r13,

 wlan-MeasurementList-r13(wlan-AP-Identifier-r13, rtt-r13, ...)), ...)

LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted, wlan-MeasSupported-r13=rssi-r13 | rtt-r13), ...)

LPP-RequestAssistanceData(wlan-RequestAssistanceData-r14(requestedAD-r14=aplist|aplocation, visibleAPs-r14, wlan-AP-Data-r14), ...)
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LPP-RequestCapabilities(wlan-RequestCapabilities-r13, ...)

LPP-RequestLocationInformation(commonIEsRequestLocationInformation.locationInformationType=locationMeasurementsRequired,

wlan-RequestLocationInformation-r13.requestedMeasurements-r13=rtt, ...)

LPP-ProvideAssistanceData(wlan-ProvideAssistanceData-r14(wlan-DataSet-r14(wlan-AP-List-r14, validityPeriod-14, purgeTime-r14), serverTracking-r14), ...)
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R14 - WLAN FTM UE-Assisted with Assistance Data provision and RTT measurements reported to network
[parameters]
Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.
LPP-ProvideLocationInformation(wlan-ProvideLocationInformation-r13.wlan-MeasurementInformation-r13(measurementReferenceTime-r13,
 wlan-MeasurementList-r13(wlan-AP-Identifier-r13, rtt-r13, ...)), ...)
LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted, wlan-MeasSupported-r13=rssi-r13 | rtt-r13), ...)
LPP-RequestAssistanceData(wlan-RequestAssistanceData-r14(requestedAD-r14=aplist|aplocation, visibleAPs-r14, wlan-AP-Data-r14), ...)
UE
Location Server
LPP-RequestCapabilities(wlan-RequestCapabilities-r13, ...)
LPP-RequestLocationInformation(commonIEsRequestLocationInformation.locationInformationType=locationMeasurementsRequired,
wlan-RequestLocationInformation-r13.requestedMeasurements-r13=rtt, ...)
LPP-ProvideAssistanceData(wlan-ProvideAssistanceData-r14(wlan-DataSet-r14(wlan-AP-List-r14, validityPeriod-14, purgeTime-r14), serverTracking-r14), ...)
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R14 - WLAN FTM UE-Based with Assistance Data provision and UE's location reported to the network

Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.

LPP-ProvideLocationInformation(commonIEsProvideLocationInformation(locationEstimate, locationSource-r13=wlan, locationTimestamp-r13), ...)

LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted | ue-based, wlan-MeasSupported-r13=rssi-r13 | rtt-r13), ...)

LPP-RequestAssistanceData(wlan-RequestAssistanceData-r14(requestedAD-r14=aplist|aplocation, visibleAPs-r14, wlan-AP-Data-r14), ...)

UE

Location 

Server

LPP-ProvideAssistanceData(wlan-ProvideAssistanceData-r14(wlan-DataSet-r14(wlan-AP-List-r14, validityPeriod-14, purgeTime-r14), serverTracking-r14), ...)

LPP-RequestCapabilities(wlan-RequestCapabilities-r13, ...)

LPP-RequestLocationInformation(commonIEsRequestLocationInformation(locationInformationType=locationEstimateRequired, qos),

wlan-RequestLocationInformation-r14.wlanMethods-r14=rtt, ...)
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R14 - WLAN FTM UE-Based with Assistance Data provision and UE's location reported to the network
[parameters]
Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.
LPP-ProvideLocationInformation(commonIEsProvideLocationInformation(locationEstimate, locationSource-r13=wlan, locationTimestamp-r13), ...)
LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted | ue-based, wlan-MeasSupported-r13=rssi-r13 | rtt-r13), ...)
LPP-RequestAssistanceData(wlan-RequestAssistanceData-r14(requestedAD-r14=aplist|aplocation, visibleAPs-r14, wlan-AP-Data-r14), ...)
UE
Location Server
LPP-ProvideAssistanceData(wlan-ProvideAssistanceData-r14(wlan-DataSet-r14(wlan-AP-List-r14, validityPeriod-14, purgeTime-r14), serverTracking-r14), ...)
LPP-RequestCapabilities(wlan-RequestCapabilities-r13, ...)
LPP-RequestLocationInformation(commonIEsRequestLocationInformation(locationInformationType=locationEstimateRequired, qos),
wlan-RequestLocationInformation-r14.wlanMethods-r14=rtt, ...)



image4.emf
R14 - WLAN FTM UE-Assisted with Assistance Data provision and AP Location reported in the Measurements

Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.

LPP-ProvideLocationInformation(wlan-ProvideLocationInformation-r13.wlan-MeasurementInformation-r13(measurementReferenceTime-r13,

 wlan-MeasurementList-r13(wlan-AP-Identifier-r13, rtt-r13, wlan-ReportedLocation-r14, ...)), ...)

LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted, wlan-MeasSupported-r13=rssi-r13 | rtt-r13 | apRepLoc), ...)

LPP-RequestAssistanceData(wlan-RequestAssistanceData-r14(requestedAD-r14=aplist|aplocation, visibleAPs-r14, wlan-AP-Data-r14), ...)

LPP-RequestCapabilities(wlan-RequestCapabilities-r13, ...)

LPP-RequestLocationInformation(commonIEsRequestLocationInformation.locationInformationType=locationMeasurementsRequired,

wlan-RequestLocationInformation-r13.requestedMeasurements-r13=rtt | apRepLoc, ...)

LPP-ProvideAssistanceData(wlan-ProvideAssistanceData-r14(wlan-DataSet-r14(wlan-AP-List-r14, validityPeriod-14, purgeTime-r14), serverTracking-r14), ...)
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R14 - WLAN FTM UE-Assisted with Assistance Data provision and AP Location reported in the Measurements
[parameters]
Pre-condition: VoLTE Emergency Call is established and Location server supports LPP for the E911 positioning use-case.
LPP-ProvideLocationInformation(wlan-ProvideLocationInformation-r13.wlan-MeasurementInformation-r13(measurementReferenceTime-r13,
 wlan-MeasurementList-r13(wlan-AP-Identifier-r13, rtt-r13, wlan-ReportedLocation-r14, ...)), ...)
LPP-ProvideCapabilities(wlan-ProvideCapabilities-r13(wlan-Modes-r13=ue-assisted, wlan-MeasSupported-r13=rssi-r13 | rtt-r13 | apRepLoc), ...)
LPP-RequestAssistanceData(wlan-RequestAssistanceData-r14(requestedAD-r14=aplist|aplocation, visibleAPs-r14, wlan-AP-Data-r14), ...)
LPP-RequestCapabilities(wlan-RequestCapabilities-r13, ...)
LPP-RequestLocationInformation(commonIEsRequestLocationInformation.locationInformationType=locationMeasurementsRequired,
wlan-RequestLocationInformation-r13.requestedMeasurements-r13=rtt | apRepLoc, ...)
LPP-ProvideAssistanceData(wlan-ProvideAssistanceData-r14(wlan-DataSet-r14(wlan-AP-List-r14, validityPeriod-14, purgeTime-r14), serverTracking-r14), ...)
Location Server
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