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<Start of first changed section>

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;

-
Bluetooth 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
	Yes
	Yes
	No
	No
	No

	WLAN
	No
	Yes
	No
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No
	No

	TBS
	Yes
	Yes
	No
	No
	No


Barometric, WLAN, Bluetooth, and TBS positioning methods are also supported in standalone mode, as described in the corresponding sections.

<End of changed section>

<Start of next changed section>

4.3.5
Barometric sensor positioning

The barometric pressure method makes use of barometric sensors to determine the vertical component of the position of the UE.  The UE measures barometric pressure, optionally aided by assistance data, to calculate the vertical component of its location or to send measurements to the positioning server for position calculation.
This method should be combined with other positioning methods to determine the 3D position of the UE.

The operation of the Barometric sensor positioning method is described in clause 8.6.

<End of changed section>

<Start of next changed section>

4.3.8
TBS positioning

A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. The current type of TBS positioning signals are the MBS (Metropolitan Beacon System) signals [31].  The UE measures received TBS signals, optionally aided by assistance data, to calculate its location or to send measurements to the positioning server for position calculation.
The operation of the TBS positioning method is described in clause 8.9.

<End of changed section>

<Start of next changed section>

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.

Three positioning modes are supported:

-
UE-Assisted: The UE performs barometric pressure sensor measurements with or 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;
· UE-Based: The UE performs barometric pressure sensor measurements and calculates its own vertical component of the position, possibly using additional measurements from other sources and network assistance data.

-
Standalone: The UE performs barometric pressure sensor measurements and calculates its own vertical component of the position, possibly using additional measurements from other sources, without network assistance.

8.6.2
Information to be transferred between E-UTRAN Elements

This subclause defines the information (e.g., assistance data, 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 
	UE-based/

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


8.6.2.1.1
Standalone mode

In Standalone mode, the UE reports the vertical component of the position, 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 barometric 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.
8.6.2.1.x
UE-based mode

In UE-based mode, the UE reports the vertical component of the position, 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.x
Information that may be transferred from the E-SMLC to UE

Table 8.6.2.x-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to the UE. 

NOTE:
The provision of these assistance data elements and the usage of these elements by the UE depend on the E‑SMLC and UE capabilities, respectively.

Table 8.6.2.x-1: Information that may be transferred from the E-SMLC to UE

	Assistance Data 

	Reference pressure

	Additional reference data
· Position associated with the reference pressure
· Reference atmospheric data 


8.6.2.x.1
Barometric sensor assistance data

The barometric sensor assistance data may include reference pressure, along with other reference data, such as the reference area where the reference barometric pressure is valid and reference atmospheric data (e.g. temperature, humidity).
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.


[image: image1]
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, UE-based, standalone), specific requested UE measurements if any, and quality of service parameters (accuracy, response time).

(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 barometric sensor method when the procedure is initiated by the UE.


[image: image2]
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 or location estimate already available at the UE.

8.6.3.x
Assistance Data Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure or for autonomous self location (i.e., UE determines its own location)).

8.6.3.x.1

E-SMLC initiated Assistance Data Delivery

Figure 8.6.3.x.1-1 shows the Assistance Data Delivery operations for the network-assisted barometric pressure sensor method when the procedure is initiated by the E-SMLC. 


[image: image3]
Figure 8.6.3.x.1-1: E‑SMLC-initiated Assistance Data Delivery Procedure

(1)
The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the barometric pressure sensor assistance data defined in subclause 8.6.2.x.

8.6.3.x.2
UE initiated Assistance Data Transfer

Figure 8.6.3.x.2-1 shows the Assistance Data Transfer operations for the network-assisted Barometric pressure sensor method when the procedure is initiated by the UE. 


[image: image4]
Figure 8.6.3.x.2-1: UE-initiated Assistance Data Transfer Procedure

(1)
The UE determines that certain barometric pressure sensor assistance data is desired (e.g., in case the UE requires its own location with autonomous self location or as part of a positioning procedure when the E-SMLC provided assistance data are not sufficient for the UE to fulfil the request) and sends a LPP Request Assistance Data message to the E-SMLC.  This request includes an indication of which specific barometric pressure sensor assistance data is requested.
(2)
The E-SMLC provides the requested assistance data in a LPP Provide Assistance Data message, if available at the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages. In this case, this step may be repeated by the E-SMLC several times. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the E-SMLC. If none of the UE requested assistance data in step (1) can be provided by the E-SMLC, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.

<End of changed section>

<Start of next changed section>

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:

-
Metropolitan Beacon Systems (MBS).

Three positioning modes are supported:

-
UE-Assisted: The UE performs TBS measurements with or without assistance from the network, and sends these measurements to the E-SMLC where the position calculation takes place, possibly using additional measurements from other (non TBS) sources;
· UE-Based: The UE performs TBS measurements and calculates its own location, possibly using additional measurements from other (non-TBS) sources and network assistance data.
-
Standalone: The UE performs TBS measurements and calculates its own location, possibly using additional measurements from other (non TBS) sources, without network assistance.

8.9.2
Information to be transferred between E-UTRAN Elements

This subclause defines the information (e.g., assistance data, 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 
	UE-based/ Standalone 

	UE position estimate with uncertainty shape
	No
	Yes

	Timestamp
	Yes
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	TBS measurements (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 that TBS method is used 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 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.
8.9.2.2.x
UE-based mode

In UE-based 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 that TBS method is used and possibly other positioning methods used to calculate the fix.
8.9.2.x
Information that may be transferred from the E-SMLC to UE

Table 8.9.2.x-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to the UE. 

NOTE:
The provision of these assistance data elements and the usage of these elements by the UE depend on the E‑SMLC and UE capabilities, respectively.

Table 8.9.2.x-1: Information that may be transferred from the E-SMLC to UE

	Assistance Data 

	Almanac

	Acquisition assistance  


8.9.2.x.1
Acquisition Assistance

Acquisition assistance provides the MBS receiver with information about visible beacons, PN Codes, and other information of the MBS signals to enable a fast acquisition of the MBS signals. 

8.9.2.x.2
Almanac

Almanac assistance provides the MBS receiver with parameters to determine the MBS beacon position. 
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.


[image: image5]
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, UE-based, Standalone), specific requested UE measurements if any, and quality of service parameters (accuracy, response time).

(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 TBS method when the procedure is initiated by the UE.


[image: image6]
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 or location estimate already available at the UE.
8.9.3.x
Assistance Data Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure or for autonomous self location (i.e., UE determines its own location)).

8.9.3.x.1

E-SMLC initiated Assistance Data Delivery

Figure 8.9.3.x.1-1 shows the Assistance Data Delivery operations for the network-assisted TBS method when the procedure is initiated by the E-SMLC. 


[image: image7]
Figure 8.9.3.2.1-1: E‑SMLC-initiated Assistance Data Delivery Procedure

(1)
The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the TBS assistance data defined in subclause 8.9.2.x.

8.9.3.x.2
UE initiated Assistance Data Transfer

Figure 8.9.3.x.2-1 shows the Assistance Data Transfer operations for the network-assisted TBS method when the procedure is initiated by the UE. 


[image: image8]
Figure 8.9.3.x.2-1: UE-initiated Assistance Data Transfer Procedure

(1)
The UE determines that certain TBS assistance data is desired (e.g., in case the UE requires its own location with autonomous self location or as part of a positioning procedure when the E-SMLC provided assistance data are not sufficient for the UE to fulfil the request) and sends a LPP Request Assistance Data message to the E-SMLC. This request includes an indication of which specific TBS assistance data is requested. 

(2)
The E-SMLC provides the requested assistance data in a LPP Provide Assistance Data message, if available at the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages. In this case, this step may be repeated by the E-SMLC several times. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the E-SMLC. If none of the UE requested assistance data in step (1) can be provided by the E-SMLC, return any information that can be provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not provided assistance data.

<End of last changed section>
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