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3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply.

AoA
Angle of Arrival
BDS
BeiDou Navigation Satellite System
BT
Bluetooth
CID
Cell-ID (positioning method)

E-SMLC
Enhanced Serving Mobile Location Centre

E-CID
Enhanced Cell-ID (positioning method)

ECEF
Earth-Centered, Earth-Fixed

ECI
Earth-Centered-Inertial

EGNOS
European Geostationary Navigation Overlay Service

E-UTRAN
Evolved Universal Terrestrial Radio Access Network

GAGAN
GPS Aided Geo Augmented Navigation

GLONASS
GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)

GMLC
Gateway Mobile Location Center

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

LCS
LoCation Services

LCS-AP
LCS Application Protocol

LMU
Location Measurement Unit

LPP
LTE Positioning Protocol

LPPa
LTE Positioning Protocol Annex
MBS
Metropolitan Beacon System
MO-LR
Mobile Originated Location Request

MT-LR
Mobile Terminated Location Request

NI-LR
Network Induced Location Request
PBS
PRS Beacon System
PDU
Protocol Data Unit

PRS
Positioning Reference Signal

QZSS
Quasi-Zenith Satellite System

RRM
Radio Resource Management

SBAS
Space Based Augmentation System

SET
SUPL Enabled Terminal

SLP
SUPL Location Platform

SUPL
Secure User Plane Location

TADV
Timing Advance
TBS 
Terrestrial Beacon System
UE
User Equipment
UTDOA
Uplink Time Difference of Arrival
WAAS
Wide Area Augmentation System

WGS-84
World Geodetic System 1984
WLAN
Wireless Local Area Network
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4.3
Standard UE Positioning Methods

The standard positioning methods supported for E-UTRAN access are:

-
network-assisted GNSS methods;

-
downlink positioning;
-
enhanced cell ID method;

-
uplink positioning;
-
barometric sensor method;

-
WLAN method;
-
BT method;
-
Terrestrial Beacon System method.
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.
Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning methods above is also supported. 
These positioning methods may be supported in UE-based, UE-assisted/E-SMLC-based, eNB-assisted, and LMU-assisted/E-SMLC-based versions. Table 4.3-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.

Table 4.3-1: Supported versions of UE positioning methods
	Method
	UE-based
	UE-assisted, E-SMLC-based
	eNB- assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes

(UE-based and UE-assisted)

	Downlink
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No

	Barometric
	No
	Yes
	No
	No
	No

	WLAN
	No
	Yes
	No
	No
	Yes 

	BT
	No
	Yes
	No
	No
	No

	TBS
	No
	Yes
	No
	No
	No


Barometric, WLAN, BT, and TBS positioning methods are also supported in standalone mode, as described in the corresponding sections.
<End of changed section>
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4.3.5
Barometric sensor positioning
The barometric pressure method makes use of barometric sensors for identifying height information and to determine the vertical component of the position of the UE.  This method should be combined with other positioning methods to determine the 3D position of the UE. 
Barometric sensor positioning is described in clause 8.6.
4.3.6
WLAN positioning
The WLAN positioning method makes use of the signal level or round trip time measurements and databases to determine the location of the UE.  The UE measures received signals from WLAN [29] access points. Using the measurement results, a references database and positioning data published by the WLAN access points, the location of the UE is calculated.
WLAN positioning is described in clause 8.7.
4.3.7
BT positioning

The BT positioning method makes use of the signal level and databases to determine the location of the UE.  The UE measures received signals from BT [30] beacons. Using the measurement results and a references database, the location of the UE is calculated. The BT methods may be combined with other positioning methods (e.g. WLAN) to improve positioning accuracy of the UE.
BT positioning is described in clause 8.8.
4.3.8
TBS positioning
A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. TBS positioning signals are the PRS (Positioning Reference Signal) Beacon Systems signals and the Metropolitan Beacon System (MBS) signals [31]. 

TBS positioning is described in sub-clause 8.9.
<End of changed section>

<Start of next changed section>

5.3
Functional Description of Elements Related to UE Positioning in E-UTRAN

5.3.1
User Equipment (UE)

The UE may transmit the needed signals for uplink-based UE Positioning measurements and may make measurements of downlink signals from E-UTRAN and other sources such as different GNSS and TBS systems, WLAN access points, BT beacons, and UE barometric sensors. The measurements to be made will be determined by the chosen positioning method.

The UE may also contain LCS applications, or access an LCS application either through communication with a network accessed by the UE or through another application residing in the UE. This LCS application may include the needed measurement and calculation functions to determine the UE's position with or without network assistance. This is outside of the scope of this specification.

The UE may also, for example, contain an independent positioning function (e.g., GPS) and thus be able to report its position, independent of the E-UTRAN transmissions. The UE with an independent positioning function may also make use of assistance information obtained from the network.
<End of changed section>
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8.5.3.2
Uplink Positioning Information Update Procedure

This procedure is used to notify the E-SMLC of a change to the UE SRS transmission configuration for one or more cells with respect to a previously sent UTDOA INFORMATION RESPONSE message. If the configured SRS transmission for the target UE has been modified, or if a handover of the target UE has been triggered, the eNB uses the Uplink Positioning Information Update procedure to inform the E-SMLC.
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Figure 8.5.3.2-1: Uplink Positioning Information Update Procedure
1.
If the SRS configuration changes or if a handover of the target UE has been triggered prior to the expected completion time of the previously communicated SRS configuration, the eNB initiates the Uplink Positioning Information Update Procedure. In the case of handover, the source eNB sends the update message after deciding to perform handover execution for the UE.
2.
If the UE SRS transmission configuration has changed for one or more cells, the eNB sends an Uplink Positioning Information Update message to the E-SMLC carrying the UE SRS transmission configuration information for all cells with SRS configured.
8.6
Barometric sensor positioning methods
8.6.1
General
In the barometric pressure positioning method, the UE vertical component of the position is estimated by combining the measured atmospheric pressure and a reference atmospheric pressure. This is accomplished through barometric sensors measuring atmospheric pressure at the UE, and applying a height determination algorithm using the reference atmospheric pressure. 
Two positioning modes are supported:

· UE-Assisted: The UE performs barometric pressure sensor measurements without assistance from the network and sends these measurements to the E-SMLC where the vertical component of the position calculation may take place, possibly using additional measurements from other sources;

· Standalone: The UE performs barometric pressure sensor measurements and calculates its own vertical component of the position, possibly using additional measurements from other sources. 

8.6.2
Information to be transferred between E-UTRAN Elements

This subclause defines the information (e.g., vertical position and/or measurement data) that may be transferred between E-UTRAN elements.

8.6.2.1
Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements or UE position. The information that may be signalled from the UE to the E-SMLC is summarized in Table 8.6.2.1-1.
Table 8.6.2.1-1: Information that may be transferred from UE to the E-SMLC

	Information 
	UE‑assisted 
	Standalone 

	UE position estimate with uncertainty shape
	No
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	Timestamp
	Yes
	Yes

	Barometric pressure sensor measurements
	Yes
	No

	Measurement characteristics
	Yes
	No


8.6.2.1.1
Standalone mode

In Standalone mode, the UE reports the altitude, together with an estimate of the location uncertainty, if available. 
The UE should also report an indication of which positioning method(s) have been used to calculate a fix.
8.6.2.1.2
UE-assisted mode

In UE-assisted mode, the UE reports the barometrric pressure sensor measurements together with associated quality estimates. These measurements enable the E-SMLC to calculate the vertical component of the location of the UE, possibly using other measurements and data. 

If requested by the E-SMLC and supported by the UE, the UE may report barometric pressure sensor measurements together with associated quality measurements, if available. 

8.6.3
Barometric Sensor Location Information Transfer Procedures

The purpose of this procedure is to enable the E-SMLC to request barometric pressure sensor measurements or  position estimate from the UE, or to enable the UE to provide barometric pressure sensor measurements to the E-SMLC for position calculation (e.g., in case of basic self-location where the UE requests its own location).

8.6.3.1
E-SMLC initiated Location Information Transfer Procedure

Figure 8.6.3.1-1 shows the Location Information Transfer operations when the procedure is initiated by the E-SMLC.
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Figure 8.6.3.1-1: E-SMLC-initiated Location Information Transfer  Procedure

(1)The E-SMLC sends a LPP Request Location Information message to the UE for invocation of barometric sensor positioning. This request includes positioning instructions such as the positioning mode (UE-assisted, standalone), and specific requested UE measurements if any.

(2)
The UE performs the requested measurements and possibly calculates its own position. The UE sends an LPP Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed before any of the requested measurements have been obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.

8.6.3.2

UE-initiated Location Information Delivery Procedure

Figure 8.6.3.2-1 shows the Location Information delivery operations for the UE-assisted barometric sensor method when the procedure is initiated by the UE.
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Figure 8.6.3.2-1: UE-initiated Location Information Delivery Procedure

(1)
The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include UE barometric pressure sensor measurements available at the UE.

8.7
WLAN positioning methods
8.7.1
General

In the WLAN positioning method, the UE position is estimated with the knowledge of geographical coordinate of reference WLAN access points. This is accomplished by collecting a certain amount of measurements from UE’s WLAN receivers, and applying a location determination algorithm using databases of the estimated position’s references points.  

The UE WLAN measurements may include:

· WLAN Received Signal Strength (RSSI) 

· Round Trip Time (RTT) between WLAN Access Point and the UE
· WLAN Access Point location provided by the WLAN Access Point
Two positioning modes are supported:

-
Standalone:
The UE performs WLAN position measurements and location computation. 
-
UE-assisted:
The UE provides WLAN position measurements without assistance from the network to the E-SMLC for computation of a location estimate by the network. 
8.7.2
Information to be transferred between E-UTRAN Elements

This subclause defines the information (e.g., position, measurement data) that may be transferred between E-UTRAN elements.

8.7.2.1
Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements or UE position. The information that may be signalled from the UE to the E-SMLC is summarized in Table 8.7.2.1-1.
Table 8.7.2.1-1: Information that may be transferred from the UE to the E-SMLC

	Information
	UE‑Assisted
	Standalone

	WLAN Location Information
	
	

	              BSSID
	Yes
	No

	SSID
	Yes
	No

	Received Signal Strength (RSSI)
	Yes
	No

	Round Trip Time (RTT)
	Yes
	No

	Time Stamp
	Yes
	No

	Measurement characteristics
	Yes
	No

	Access Point Location
	Yes
	No

	UE Location Information
	
	

	UE position estimate with uncertainty shape
	No
	Yes

	Position Time Stamp
	No
	Yes

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


8.7.2.1.1
Standalone mode

In Standalone mode, the UE reports the latitude, longitude and possibly altitude, together with an estimate of the location uncertainty, if available. 
The UE should also report an indication of WLAN mode and possibly other location methods have been used to calculate a fix.
8.7.2.1.2
UE-assisted mode

In UE-assisted mode, the UE should report: 

· The BSSID/SSID of the measured WLAN access points, and associated RSSI or RTT.
· WLAN access point location (if requested by E-SMLC and available from access point).
8.7.3
WLAN Positioning Procedures

8.7.3.1
Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements or location estimate from the UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self-location where the UE requests its own location).

8.7.3.1.1
E-SMLC initiated Location Information Transfer Procedure

Figure 8.7.3.1.1-1 shows the Location Information Transfer operations for the WLAN method when the procedure is initiated by the E-SMLC.
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Figure 8.7.3.1.1-1: E-SMLC-initiated Location Information Transfer  Procedure

(1)The E-SMLC sends a LPP Request Location Information message to the UE for invocation of WLAN positioning. This request includes positioning instructions such as the positioning mode (UE-assisted, Standalone), and specific requested UE measurements if any.

(2)
The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed before any of the requested measurements have been obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.

8.7.3.1.2

UE-initiated Location Information Delivery Procedure

Figure 8.7.3.1.2-1 shows the Location Information delivery operations for the UE-assisted WLAN method when the procedure is initiated by the UE.
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Figure 8.7.3.1.2-1: UE-initiated Location Information Delivery Procedure

(1)
The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include UE WLAN information available at the UE.
8.8
BT positioning methods

8.8.1
General

In the BT positioning method, the UE position is estimated with the knowledge of geographical coordinate of reference BT beacons. This is accomplished by collecting a certain amount of measurements from UE’s BT receiver, and applying a location determination algorithm using databases of the estimated position’s references points.  

The UE BT measurements may include:

· BT beacon’s Received Signal Strength (RSSI)

Two positioning modes are supported:

-
Standalone:
The UE performs BT position measurements and location computation. 
-
UE-assisted:
The UE provides BT position measurements without assistance from the network to the E-SMLC for computation of a location estimate by the network. 

8.8.2
Information to be transferred between E-UTRAN Elements

This subclause defines the information (e.g., position, measurement data) that may be transferred between E-UTRAN elements.

8.8.2.1
Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements or UE position. The information that may be signalled from the UE to the SMLC is summarized in Table 8.8.2.1-1.

Table 8.8.2.1-1: Information that may be transferred from the UE to the E-SMLC

	Information
	UE‑Assisted
	Standalone

	BT Location Information
	
	

	       MAC Address
	Yes
	No

	       Received Signal Strength (RSSI)
	Yes
	No

	
	
	

	Time Stamp
	Yes
	No

	Measurement characteristics
	Yes
	No

	UE Location Information
	
	

	UE position estimate with uncertainty shape
	No
	Yes

	Position Time Stamp
	No
	Yes

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


8.8.2.1.1
Standalone mode

In Standalone mode, the UE reports the latitude, longitude and possibly altitude, together with an estimate of the location uncertainty, if available. 

The UE should also report an indication of BT mode and possibly other location methods have been used to calculate a fix.

8.8.2.1.2
UE-assisted mode

In UE-assisted mode, the UE should report: 

· The MAC addresses of the measured BT beacons and associated RSSI.

8.8.3
BT Positioning Procedures

8.8.3.1
Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements or location estimate from the UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self-location where the UE requests its own location).

8.8.3.1.1
E-SMLC initiated Location Information Transfer Procedure

Figure 8.8.3.1.1-1 shows the Location Information Transfer operations for the BT method when the procedure is initiated by the E-SMLC.
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Figure 8.8.3.1.1-1: E-SMLC-initiated Location Information Transfer  Procedure

(1)The E-SMLC sends a LPP Request Location Information message to the UE for invocation of BT positioning. This request includes positioning instructions such as the positioning mode (UE-assisted, Standalone), and specific requested UE measurements if any.

(2)
The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed before any of the requested measurements have been obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.

8.8.3.1.2

UE-initiated Location Information Delivery Procedure

Figure 8.8.3.1.2-1 shows the Location Information delivery operations for the UE-assisted BT method when the procedure is initiated by the UE.
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Figure 8.8.3.1.2-1: UE-initiated Location Information Delivery Procedure

(1)
The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include UE BT information available at the UE.
8.9
TBS positioning methods

8.9.1
General

Terrestrial Beacon Systems (TBS) is the standard generic term for a network of ground-based transmitters broadcasting signals for geo-spatial positioning with wide-area or regional coverage. The following TBSs are supported in this version of the specification:

· PRS Beacon Systems (PBS);

· Metropolitan Beacon Systems (MBS).

Two positioning modes are supported:

· UE-Assisted: The UE performs TBS measurements (RSTD (PBS), code phase (MBS)) and sends these measurements to the E-SMLC where the position calculation takes place, possibly using additional measurements from other (non TBS) sources;

· Standalone: The UE performs TBS measurements and calculates its own location, possibly using additional measurements from other (non TBS) sources. 

8.9.2
Information to be transferred between E-UTRAN Elements

This subclause defines the information (e.g., position, measurement data) that may be transferred between E-UTRAN elements.

8.9.2.1
Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements or UE position. The information that may be signalled from the UE to the E-SMLC is summarized in Table 8.9.2.1-1.

Table 8.9.2.1-1: Information that may be transferred from UE to the E-SMLC

	Information 
	UE‑assisted 
	Standalone 

	UE position estimate with uncertainty shape
	No
	Yes

	Timestamp
	Yes
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	TBS measurements (RSTD (PBS), code phase (MBS))
	Yes
	No

	Measurement quality parameters for each measurement
	Yes
	No


8.9.2.1.1
Standalone mode

In Standalone mode, the UE reports the latitude, longitude and possibly altitude, together with an estimate of the location uncertainty, if available. 

The UE should also report an indication of which TBS system is used (PBS or MBS or both) and possibly other positioning methods used to calculate the fix. 

8.9.2.1.2
UE-assisted mode

In UE-assisted mode, the UE reports the TBS type (PBS or MBS or both) and associated measurements, together with associated quality estimates. These measurements enable the E-SMLC to calculate the location of the UE, possibly using other measurements and data. 

8.9.3
TBS Positioning Procedures

8.9.3.1
Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements or location estimate from the UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self-location where the UE requests its own location).

8.9.3.1.1
E-SMLC initiated Location Information Transfer Procedure

Figure 8.9.3.1.1-1 shows the Location Information Transfer operations for the TBS method when the procedure is initiated by the E-SMLC.
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Figure 8.9.3.1.1-1: E-SMLC-initiated Location Information Transfer  Procedure

(1)The E-SMLC sends a LPP Request Location Information message to the UE for invocation of TBS positioning. This request includes positioning instructions such as the positioning mode (UE-assisted, Standalone), TBS system to use (PBS, MBS) and specific requested UE measurements if any.

(2)
The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed before any of the requested measurements have been obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.

8.9.3.1.2

UE-initiated Location Information Delivery Procedure

Figure 8.9.3.1.2-1 shows the Location Information delivery operations for the UE-assisted TBS method when the procedure is initiated by the UE.


[image: image9]
Figure 8.9.3.1.2-1: UE-initiated Location Information Delivery Procedure

(1)
The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include UE TBS measurements available at the UE.
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