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1.  

Introduction
At RAN2#90 meeting, a text proposal for TR 37.857 [1] on WiFi, BT, and Barometric Sensor positioning was agreed [2]. These positioning methods can operate in Standalone (Autonomous), UE-assisted and UE-based mode. Three signalling protocol options to support these methods in E-UTRAN were identified:
· Option #1: Existing LPP/LPPe;
· Option #2: LPP Updates;
· Option #3: RRC and LPPa.
Some details of the positioning methods and the possible signalling protocol options for E-UTRAN and UTRAN are discussed in [3].
This contribution provides a text proposal for TR 37.857 [1].
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Annex:
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7.2.2
Wi-Fi/Bluetooth based positioning

Existing Wi-Fi and/or Bluetooth technologies can be used as potential indoor positioning enhancement techniques.

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. 

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 device may obtain the beacon ID and the device location may be obtained from a database query.  

RAN2 identified the following WiFi/Bluetooth based positioning options which may operate in the following modes:

· Standalone/autonomous:
The UE performs WiFi/Bluetooth position measurements and location computation without network assistance. 
· UE-assisted, E-SMLC based:
The UE provides WiFi/Bluetooth position measurements to the network for computation of a location estimate by the network. The network may provide assistance data to the UE (e.g. AP IDs, supported channels, coverage areas) to help or enable position measurements.

· UE-based, E-SMLC assisted:
The UE performs WiFi/Bluetooth position measurements and computation of a location estimate. The assistance data useful or essential to one or both of these functions (e.g. AP locations) may be provided to the UE by the network. 
To enable WiFi/Bluetooth based positioning in UMTS control plane location, RRC [28] and PCAP [29] protocols need to be updated (e.g., UE capabilities, assistance data delivery, position measurement reporting).

To enable WiFi/Bluetooth based positioning in LTE control plane location, the following protocol options have been identified and will be discussed by RAN2:

· LPP/LPPe:
WiFi and Bluetooth based positioning is supported in OMA LPPe protocol [32], for both, UE-based and UE-assisted mode. LPPe is supported in LPP [19] via an EPDU ID (EPDU-ID 1).

· LPP updates:
WiFi and Bluetooth measurements and assistance data may be included in LPP[19], together with corresponding UE capability updates. The method used to compute the location estimate may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).

· RRC and LPPa:
WiFi and Bluetooth measurements and assistance data may be included in the RRC measurement configuration [34], together with corresponding UE capability updates. The UE measurements may be forwarded to the E‑SMLC via LPPa [20]. The server generated assistance data may be provided to the eNB via LPPa. The method used to compute the location estimate may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).
· LPP, RRC and LPPa:
WiFi and Bluetooth assistance data may be included in LPP [19], together with corresponding UE capability updates. 
WiFi and Bluetooth measurements may be included in the RRC measurement configuration [34]. The UE measurements may be forwarded to the E‑SMLC via LPPa [20].
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. 

7.2.3
Barometric pressure sensor positioning 

Barometric sensor information is relevant for this study item, but will not impact RAN1 specifications.

The use of barometric sensors for identifying height information is motivated by the fundamental property that atmospheric pressure drops with an increase in altitude. Barometric sensors have started appearing on smartphones and other portable devices. As deployment rates improve, barometers represent a potential solution for accurate vertical location for e.g., E911. 

RAN2 identified the following Barometric pressure sensor positioning options which may operate in the following modes:

· Standalone/autonomous:
The UE performs barometric pressure sensor measurements and altitude computation without network assistance. 
· UE-assisted, E-SMLC based:
The UE provides barometric pressure sensor measurements, e.g air pressure, to the network for computation of altitude information by the network. 

· UE-based, E-SMLC assisted:
The UE performs barometric pressure sensor measurements and uses the measurements (possibly together with other location measurements) for the computation of altitude information. The assistance data required for this (e.g., reference atmospheric pressure) may be provided to the UE by the network. 
To enable barometric pressure sensor positioning in UMTS control plane location, RRC [28] and PCAP [29] protocols need to be updated (e.g., UE capabilities, assistance data delivery, sensor measurement reporting).

To enable barometric pressure sensor positioning in LTE control plane location, the following protocol options have been identified and will be discussed by RAN2:

· LPP/LPPe:
Barometric pressure sensor positioning is supported in OMA LPPe protocol [32], for both, UE-based and UE-assisted mode. LPPe is supported in LPP [19] via an EPDU ID (EPDU-ID 1).

· LPP updates:
Barometric pressure sensor positioning (e.g., sensor measurements and assistance data) may be included in LPP [19], together with corresponding UE capability updates. The method used to compute vertical location may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).

· RRC and LPPa:
Barometric pressure sensor positioning (e.g., sensor measurements and assistance data) may be included in the RRC measurement configuration [34], together with corresponding UE capability updates. The UE barometric pressure measurements may be forwarded to the E-SMLC via LPPa [20]. The server generated assistance data may be provided to the eNB via LPPa. The method used to compute vertical location may also need to be included in the UE measurement report (e.g., for standalone/autonomous mode).
· LPP, RRC and LPPa:
Barometric pressure sensor positioning assistance data may be included in LPP [19], together with corresponding UE capability updates.
Barometric pressure sensor measurements may be included in the RRC measurement configuration [34]. The UE measurements may be forwarded to the E‑SMLC via LPPa [20].
Assistance data can be used to further improve the positioning accuracy of the barometric pressure sensor, including information regarding the relationship between air pressure and altitude (e.g. humidity, temperature, reference atmospheric pressure), or the information regarding to the relationship between altitude and floor number (e.g. altitude and floor number for the cells located in the building).
7.2.4
Specification Impacts for WiFi, BT and Barometric Pressure Sensor Positioning
7.2.4.1
Information to be transferred between SMLC and UE
The information transferred from SMLC (E-SMLC and SAS) to the UE usually consist of assistance data, which is useful or essential for the UE to perform location measurements and position calculation. The assistance data that may be sent from SMLC to the UE is summarized in Table 7.2.4.1-1 below.

For WiFi positioning, the assistance data may include a neighbour list of APs available for measurements (e.g., for RTT measurements). For a minimal UE-assisted version (in particular for Cell-ID only location), this assistance data may not be needed, and the UE may provide the measurements based on the scan performed by the UE. For UE-based mode, the assistance data may include (in addition) the AP 3D-locations. 

BT-LE positioning is based on proximity information and may not require assistance data for UE-assisted mode. For UE-based mode, the BT-LE beacon 3D locations would be required in the assistance data. 

For Barometric Sensor Positioning, no assistance data may be required for UE-assisted mode. For UE-based mode, reference pressure measurements would be required either alone or together with terrain/topographic data, depending on whether height above MSL or local ground level is needed.  
Table 7.2.4.1-1: Information that may be transferred from the SMLC to the UE

	Assistance Data
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	WiFi Positioning

	WLAN AP List
	
	
	

	· BSSID
	Yes(2)
	Yes
	No

	· SSID
	Yes(2)
	Yes
	No

	· AP Type Data(1)
	Yes(2)
	Yes
	No

	· AP 3D-Location
	No
	Yes
	No

	BT-LE Positioning

	BTLE AP List
	
	
	

	· AP ID (MAC Address)
	No
	Yes
	No

	· AP 3D Location
	No
	Yes
	No

	Barometric Sensor Positioning

	Sensor Assistance Data
	
	
	

	· Reference atmospheric pressure at sea level
	No
	Yes
	No

	· topographic data (e.g., contour and building height data)
	No
	Yes(3)
	No

	NOTE 1: 
WLAN AP Type Data may include WLAN Type (e.g., 802.11a/b/g/n/ac/ad, etc.), transmit power, antenna again, coverage area, etc.

NOTE 2: 
The Assistance Data for UE-assisted mode may provide a "neighbour list" to the UE to help AP measurements (e.g., identifies suitable neighbours for ranging measurements (such as RTT)). For a "minimal UE-assisted" version, this Assistance Data may not be needed (e.g., the UE just reports what a scan provides). 

NOTE 3:   Topographic data is needed to calculate height above/below local ground level but is not needed for height above/below MSL.


The information transferred from the UE to the SMLC (E-SMLC and SAS) usually consists of capability information and location measurements or coordinates. The information that may be signalled from the UE to the SMLC is summarized in Table 7.2.4.1‑2 below.
Table 7.2.4.1-2: Information that may be transferred from the UE to the SMLC

	Information
	UE‑assisted
	UE‑based
	Standalone/
Autonomous

	UE Capabilities
	
	
	

	· Support for WLAN Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for BTLE Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	· Support for Sensor Positioning (UE-assisted/UE-Based/Standalone; measurements supported, etc.)
	Yes
	Yes
	Yes(1)

	WLAN Location Information
	
	
	

	· AP ID (MAC Address)
	Yes
	No
	No

	· SSID
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	· Round Trip Time (RTT)
	Yes
	No
	No

	BTLE Location Information
	
	
	

	· BTLE AP ID (MAC Address)
	Yes
	No
	No

	· Received Signal Strength (RSSI)
	Yes
	No
	No

	Sensor Location Information
	
	
	

	· Atmospheric  pressure measurement
	Yes
	No
	No

	UE Location Information
	
	
	

	· UE 3D Location Estimate
	No
	Yes
	Yes

	· Time Stamp
	No
	Yes
	Yes

	· Location Source (method(s) used to compute location)
	No
	Yes
	Yes

	NOTE 1:     Because an SMLC does not need to provide assistance data or request specific measurements for standalone/autonomous positioning, detailed capabilities distinguishing different types of standalone/autonomous positioning may not be required.


7.2.4.2
E-UTRAN Specifications Impact

The required protocol changes can be summarized as shown in the Table below. This Table also gives some indication on the possible work load for RAN2 and RAN3 if WiFi/BT/Sensor positioning is added to the specifications using any of the protocol options identified in section 7.2.2 and 7.2.3.

	
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	Option  #1: Existing LPP/LPPe

	· Capability Transfer
	None
	None
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPPe

	· Assistance Data Transfer
	None
	None
	None

	· Location Information Transfer
	None
	None
	New or extension of existing location request for UE autonomous location ("device based hybrid") may need to be added to LPPe

	Option #2: LPP Updates

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPP

	· Assistance Data Transfer
	None(1)
	New Assistance Data for Wifi, BT, Sensor positioning need to be added to LPP
	None

	· Location Information Transfer
	New positioning measurement request and report for WiFi/BT/Sensors need to be added to LPP
	New location request and report for WiFi/BT/Sensors need to be added to LPP
	New or extension of existing location request and report for UE autonomous location ("device based hybrid") may need to be added to LPP

	Option #3: RRC+LPPa

	· Capability Transfer
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.
	New LPPa message/procedure is needed.

Extensions to RRC UE capability transfer are needed.

	· Assistance Data Transfer
	None(1)
	New LPPa message/procedure is needed.

New RRC message/procedure is needed.
	None

	· Location Information Transfer
	WiFi, BT, Sensor Measurement Request and Report need to be added to LPPa ECID procedure (or new procedure).

WiFi, BT, Sensor Measurement Request and Report need to be added RRC measurement configuration.
	WiFi, BT, Sensor Location Estimate Request and Report need to be added to LPPa ECID procedure (or new procedure).
Location request and report need to be added RRC measurement configuration.
	UE autonomous Location Estimate Request and Report ("device based hybrid") need to be added to LPPa ECID procedure (or new procedure).
UE autonomous location request and report need to be added to RRC measurement configuration.

	Option #3a: LPP, RRC+LPPa

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to LPP
	New positioning capabilities for  WiFi/BT/Sensors need to be added to LPP
	New positioning capability for UE autonomous location ("device based hybrid") may need to be added to LPP

	· Assistance Data Transfer
	None(1)
	New Assistance Data for 
Wifi, BT, Sensor positioning need to be added to LPP
	None

	· Location Information Transfer
	WiFi, BT, Sensor Measurement Request and Report need to be added to LPPa ECID procedure (or new procedure).

WiFi, BT, Sensor Measurement Request and Report need to be added RRC measurement configuration.
	WiFi, BT, Sensor Location Estimate Request and Report need to be added to LPPa ECID procedure (or new procedure).
Location request and report need to be added RRC measurement configuration.
	UE autonomous Location Estimate Request and Report ("device based hybrid") need to be added to LPPa ECID procedure (or new procedure).
UE autonomous location request and report need to be added to RRC measurement configuration.

	NOTE 1: Assuming "minimal UE-assisted" version without assistance data.


Some key observations can be summarized as follows:

· Signalling protocol option #1 (existing LPP/LPPe) does not require any Stage 3 changes for UE-assisted and UE-based positioning (i.e., can be implemented/used already today). UE autonomous location ("device based hybrid") may need LPPe updates for positioning capabilities and location request but this impacts OMA and not 3GPP RAN. 
· Signalling protocol option #3 (RRC+LPPa) has the biggest impact to Stage 3 specifications. Not only existing messages and procedures would require updates, but also new LPPa and RRC procedures (for UE-based) would be needed.
· Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based WiFi/BT/Sensor positioning has the biggest impact to Stage 3 specifications (excluding Option #1, where there is no impact). 
· Use of UE-assisted mode is implied by the FCC Report and Order for Indoor E911 location in the US due to specific requirements on providing uncompensated barometric pressure to PSAPs and on using a central National Emergency Address Database (NEAD) to derive a dispatchable UE location from measurements of WiFi/BT-LE APs and small cells. Therefore, this mode should be supported at a minimum.
7.2.4.3
UTRAN Specifications Impact

The required protocol changes can be summarized as shown in the Table below. This Table also gives some indication on the possible work load for RAN2 and RAN3 if WiFi/BT/Sensor positioning is added to the specifications.

	
	UE-Assisted
	UE-Based
	Standalone/
Autonomous

	RRC Changes

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to RRC UE Positioning Capability
	New positioning capabilities for WiFi/BT/Sensors need to be added to RRC UE Positioning Capability
	New or extension of existing positioning capabilities(1) need to be added to RRC UE Positioning Capability.

	· Assistance Data Transfer
	None(2)
	New Assistance Data for Wifi, BT, Sensor positioning needs to be added to RRC Measurement Control and Assistance Data Delivery procedures(3)
	None

	· Location Information Transfer
	New positioning measurement request and report for WiFi/BT/Sensors needs to be added to RRC Measurement Control procedure.
	New location request and report for WiFi/BT/Sensors need to be added to RRC Measurement Control procedure.
	The existing standalone request in RRC Measurement Control may be adapted/re-used (i.e., standalone positioning is currently tied to GNSS)(4).

	PCAP Changes

	· Capability Transfer
	New positioning capabilities for WiFi/BT/Sensors need to be added to PCAP Position Initiation Request message.
	New positioning capabilities for WiFi/BT/Sensors need to be added to PCAP Position Initiation Request message.
	None(1)

	· Assistance Data Transfer
	None(2)
	New Assistance Data for Wifi, BT, Sensor positioning need to be added to PCAP Information Exchange and Position Activation procedure.
	None

	· Location Information Transfer
	WiFi/BT/Sensor measurements need to be added to PCAP Position Calculation and Position Activation procedure.
	WiFi/BT/Sensor location request needs to be added to Position Activation procedure.
	New location request and report for UE autonomous location ("device based hybrid") need to be added to PCAP Position Activation procedure(4).

	NOTE 1: 
An extension of the existing support indication for standalone positioning in [13] may be sufficient.

NOTE 2: 
Assuming "minimal UE-assisted" version without assistance data.

NOTE 3: 
Assuming there is no need for including the assistance data in System Information Blocks.

NOTE 4: 
Alternatively, a new location request and report for UE autonomous location ("device based hybrid") may be added to RRC Measurement Control procedure. 


In addition to the above summarized protocol impacts, RANAP [29] may need to be updated to enable location information reporting in civic address format and to enable reporting of uncompensated barometric pressure measurements (as required by the FCC Report and Order for Indoor E911 location in the US).
Some key observations can be summarized as follows:

· No new messages and procedures are required to support WiFi/BT/Sensor Positioning in UMTS control plane architecture. Existing messages would need extensions to support the new positioning methods. 
· Among the three positioning modes (UE-based, UE-assisted, Standalone), UE-based WiFi/BT/Sensor positioning has the biggest impact to Stage 3 specifications. 
· Use of UE-assisted mode is implied by the FCC Report and Order for Indoor E911 location in the US due to specific requirements on providing uncompensated barometric pressure to PSAPs and on using a central National Emergency Address Database (NEAD) to derive a dispatchable UE location from measurements of WiFi,/BT-LE APs and small cells. Therefore, this mode should be supported at a minimum.
7.2.5
IMU sensor based positioning 
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