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<Start of next changed section>

4.3.5
Barometric Pressure positioning

The barometric pressure method makes use of barometric pressure 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. 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.
The operation of the Barometric Pressure positioning method is described in clause 14.
<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 [34].  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 17.
<End of changed section>
<Start of next changed section>

5.2.5
Stand-alone SMLC

An SAS performs one or more of the following procedures:

-
Provide GNSS, Barometric pressure, and TBS assistance data to the RNC, for both UE-assisted and UE-based method types, to be delivered through point-to-point or broadcast channels to UE;

-
Act as a location calculation server if the location estimates are not to be calculated in the RNC;
-
Performs a U-TDOA positioning of a particular UE on request of the SRNC;
-
Optionally, the SAS may determine the most appropriate positioning method or combination of positioning methods. When the SAS location method determination option is selected:
o
The SAS is responsible to select the set of GNSS assistance data to be sent to the UE for A-GNSS based positioning and provide that assistance data to the SRNC within the PCAP Position Activation Request message;
o
The SAS is responsible to request UE positioning related information from the SRNC, e.g. channel information or round trip time;
o
The SAS is responsible for coordination of simultaneous UE positioning requests from the CN.
-
Selecting the set of U-TDOA capable LMUs to be involved in a U-TDOA location determination.
The SAS communicates with the RNC over the Iupc interface enabling it to forward UE Positioning assistance data to UEs and to receive UE Positioning measurement data from the RNC.

When timing assistance is needed, the SAS may rely on associated LMUs or on the RNC (and on the possibility to have GNSS receivers co-located with the RNC, the Node Bs and/or present in the UEs) to obtain that.

<End of changed section>
<Start of next changed section>
6.6.4.1
Signalling between SRNC and Target UE

UE Positioning related signalling between an SRNC and a target UE is supported by the RRC protocol as specified in [18].

The positioning request to UE signalling flow is generic for all UE-based or UE-assisted positioning methods (OTDOA, Network-assisted GNSS, Barometric pressure sensor and TBS positioning).
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Figure 6.1: OTDOA / GNSS / Barometric Pressure / TBS Positioning Message Flow
1.
The SRNC determines possible assistance data and sends a MEASUREMENT CONTROL request to the UE. The MEASUREMENT CONTROL message may contain a request for periodic reporting with an amount of reports greater than one. In networks that include an SAS, the assistance data is generated within the SRNC or in the SAS and passed to the SRNC over the Iupc interface. If both an SAS and an SRNC with SMLC internal functionality are available, selection is based on SRNC configuration.

2.
The UE performs the requested measurements. If the UE is able to calculate its own position and optionally, velocity, and this is requested, the UE computes a position estimate, and optionally, a velocity estimate based on measurements. Assistance data necessary to perform these operations will either be provided in the MEASUREMENT CONTROL request and possibly in subsequent MEASUREMENT CONTROL messages or be available from broadcast sources. The resulting measurements or position and optional velocity estimates are returned to UTRAN in a MEASUREMENT REPORT response. If the UE cannot fulfil the request, a MEASUREMENT CONTROL FAILURE message is returned.
3.
If periodic reporting was requested in step 1 with an amount of reports greater than one, the UE continues to send MEASUREMENT REPORT messages one reporting interval after the previous MEASUREMENT REPORT message until the requested amount of reports is attained, or until a request from the SRNC is received to stop the periodic reporting.
In case the UE is not able to fulfill the measurements because the assistance data stored in the UE is not sufficient or out of date the UE returns a MEASUREMENT REPORT requesting for more additional data. 
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Figure 6.2: OTDOA / GNSS / Barometric Pressure / TBS Positioning Message Flow with additional assistance data request
1.
The UE cannot fulfil the request or cannot continue to send UE Positioning measurements when the reporting criteria are fulfilled, because its assistance data is not sufficient or out of date, a MEASUREMENT REPORT message is returned requesting for additional assistance data.

2.
The SRNC may send more or new assistance data based on UE request.

3.
The requested measurement results are returned to the SRNC. The UE continues the measurement reporting according to the stored MEASUREMENT CONTROL information (e.g., when periodic reporting was requested).
6.6.4.1.1
Assistance Data Delivery to UE

The assistance data signalling flow illustrated here is generic for the point-to-point delivery of positioning related assistance data to the UE, including OTDOA, Network-assisted GNSS, Barometric Pressure, and TBS.
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Figure 6.2b: OTDOA, GNSS, Barometric Pressure or TBS Assistance Data Delivery Flow

1.
The SRNC determines assistance data and sends it in the RRC ASSISTANCE DATA DELIVERY message to the UE. In networks that include an SAS, the UE Positioning assistance data is generated within in the SAS and passed to the SRNC over the Iupc interface.

6.6.4.1.2
Error Handling

The error handling for signalling on the Uu interface is handled by the RRC protocol in [18].

6.6.4.1.3
Broadcast of Assistance Data

For OTDOA, GNSS, Barometric Pressure and TBS, UTRAN may broadcast assistance data to the UE.

The assistance data to be broadcast for OTDOA contains the reference and neighbour cells to measure and for each neighbour cell the approximate cell timing and possibly IPDL information. The approximate cell timing may be used to simplify OTDOA measurements. Additionally, RTD values (e.g. in case of a non-synchronised network) and Node B co-ordinates for UE based OTDOA may be included for each neighbour cell. The length of the message depends on how many neighbours are included in the assistance data. Part of the broadcast message (e.g. the serving and neighbour Node B geographic co-ordinates) may be ciphered.

The assistance data to be broadcast for assisted GNSS may contain a subset of or all of the following information: reference time, reference position, DGNSS corrections, ephemeris and clock corrections, and almanac and other data. The broadcast message may be ciphered.
The assistance data to be broadcast for network assisted Barometric Pressure may contain a subset of or all of the following information: reference pressure and additional reference data. The broadcast message may be ciphered.
The assistance data to be broadcast for network assisted TBS may contain a subset of or all of the following information: MBS almanac and acquisition assistance data. The broadcast message may be ciphered.
The broadcast channel that is used for the OTDOA, GNSS, Barometric Pressure and TBS assistance data makes use of the common UTRAN broadcast service specified in [18].

<End of changed section>

<Start of next changed section>
14
Barometric Pressure positioning methods

14.1
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 pressure 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 measurements with or without assistance from the network and sends these measurements to the SAS/RNC where the vertical 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 measurements and calculates its own vertical component of the position, possibly using additional measurements from other sources, without network assistance.


14.2
Information to be transferred between UTRAN Elements

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

14.2.1
Information that may be transferred from the UE to Network

The information that may be signalled from UE to the SAS/RNC is listed in table 14.2.1-1.

Table 14.2.1-1: Information that may be transferred from UE to the Network

	Information
	UE‑assisted 
	UE-based/

Standalone

	UE 3D position estimate with uncertainty shape
	No
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	Timestamp
	Yes
	Yes

	Barometric Pressure measurements
	Yes
	No


The information reported from the UE to the Network depends on the positioning mode (i.e., standalone, UE-based, or UE-assisted).

14.2.1.1
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.

14.2.1.2
UE-assisted mode

In UE-assisted mode, the UE reports the Barometric Pressure measurements together with associated quality estimates. These measurements enable the Network to calculate the vertical location of the UE, possibly using other measurements and data.
If requested by the SAS/RNC and supported by the UE, the UE may report Barometric Pressure measurements together with associated quality measurements, if available.
14.2.1.x
UE-based mode
In UE-based 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.
14.2.x
Information that may be transferred from the Network to UE

Table 14.2.x-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the SAS/RNC to the UE. 
NOTE:
The provision of these assistance data elements and the usage of these elements by the UE depend on the Network and UE capabilities, respectively.

Table 14.2.x-1: Information that may be transferred from the SAS/RNC to UE

	Assistance Data 

	Reference pressure

	Additional reference data


14.2.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.
14.3
Location Information Transfer Procedure

The purpose of this procedure is to enable the SAS/RNC to request Barometric Pressure measurements or 3D position estimate from the UE, or to enable the UE to provide Barometric Pressure measurements to the SAS/RNC for vertical position calculation (e.g., in case of basic self location where the UE requests its own location).
14.3.1
SAS initiated Barometric Pressure positioning procedure

The following describes the signalling for the optional initiation of the network Barometric Pressure vertical positioning procedure by the SAS.
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Figure 14.3.1-1: Barometric Pressure methods when initiated by the SAS

1.
The operation begins with an authenticated request for positioning information about a UE from an application in the core network being received at the SRNC. The request from the CN may be a request for on-demand or periodic reporting. The SRNC acts as interface between the Core Network and the UE Positioning entities in the UTRAN.

2.
The SRNC sends parameters received in the location request, including any periodic reporting information, together with the Cell ID and UE capability information to the SAS in a PCAP: Position Initiation Request message via the Iupc interface.

3.
Depending on the UE capabilities, the SAS initiates a Barometric Pressure positioning procedure by sending a PCAP: Position Activation Request message that allows for the use of Barometric Pressure positioning (along with GPS or OTDOA, and optionally WLAN, Bluetooth or TBS positioning methods) to the SRNC via the Iupc interface. This message may contain all or some Barometric pressure assistance data needed by the UE, e.g. reference pressure, additional reference data. The PCAP Position Activation Request message may include periodic reporting information (number of reports and reporting interval).
4.
The SRNC forwards to the UE the Barometric Pressure positioning request received from the SAS using RRC signalling. The SRNC also forwards in the RRC signalling message(s) the SAS request for either Barometric Pressure measurements, in the case of UE assisted, or a vertical position coordinate, in the case of standalone. The RRC signalling may include a request for periodic reporting as described in subclause 6.6.4.1 if this was received in step 3. For a description of standalone/UE-based modes for barometric pressure, jump to step 9.
5.
For UE assisted Barometric Pressure, the SRNC requests from the UE the atmospheric pressure measurements. These measurements may be made while the UE is in RRC connected mode CELL_DCH state.
6.
The UE returns to the SRNC the available barometric pressure measurements, together with a time stamp of when these values were obtained.

7.
The information obtained in step 6 is sent from the SRNC to the SAS in a PCAP: Position Activation Response message.

8.
The SAS calculates the vertical UE position. If periodic reporting was not requested in step 2, the SAS returns the UE position to the SRNC in a PCAP: Position Initiation Response message. If periodic reporting was requested in step 2, the SAS forwards the position information to the SRNC in a PCAP Position Periodic Result message. The PCAP Position Initiation Response or PCAP Position Periodic Result message may include the positioning method(s) used and an indication of whether the position estimate satisfies the requested accuracy or not.

9.
In case of standalone/UE-based methods, the UE returns the vertical position estimate to the SRNC via RRC signalling. The SRNC forwards the position estimate to the SAS in a PCAP: Position Activation Response message. This estimate includes the position, the estimated accuracy of the results and the time of the estimate.

10.
If periodic reporting was not requested in step 2, the SAS returns the resulting estimate to the SRNC in a PCAP: Position Initiation Response message. If periodic reporting was requested in step 2, the SAS forwards the position estimate to the SRNC in a PCAP Position Periodic Result message. The PCAP Position Initiation Response or PCAP Position Periodic Result message may include the positioning method(s) used and an indication of whether the position estimate satisfies the requested accuracy or not.

11.
If there is insufficient information to yield a UE vertical positioning estimate satisfying the requested accuracy, the SAS may start a new process from step 3.

12.
The SRNC passes the position estimate received from the SAS to the CN including the positioning method (or the list of the methods) used to obtain the position estimate. If the CN has requested accuracy for the position estimate, the Location response shall include an indication whether the position estimate satisfies the requested accuracy or not.
13.
If periodic UE reporting was requested in step 4, the UE continues to send Barometric Pressure measurement reports one reporting interval after the previous measurement report. The SRNC forward the Barometric Pressure measurement report information to the SAS in a PCAP Position Periodic Report message. The SAS may calculate the UE vertical position and sends the position information to the SRNC in a PCAP Position Periodic Result message. The SRNC passes the new position estimate to the CN including, if available, the positioning method (or the list of the methods) used to obtain the position estimate. If the CN has requested accuracy for the position estimate, the Location response shall include an indication whether the position estimate satisfies the requested accuracy or not. This step 13 is repeated until the desired amount of reports has been attained or the procedure is cancelled by the CN or UTRAN. The SAS may send the final location estimate in a PCAP Position Initiation Response message to the SRNC, and the SRNC forwards the final location information to the CN.
14.
If periodic UE reporting was not requested in step 4, but was requested in step 2, the SAS may repeat the steps 3 to 12 as for the first request until the desired amount of reports has been attained or the procedure is cancelled by the CN or UTRAN. When repeating step 10 for the final request, the SAS returns the resulting final position estimate to the SRNC in a PCAP: Position Initiation Response message.

<End of changed section>

<Start of next changed section>
17 
TBS positioning methods

17.1
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).
Each TBS can be used individually or in combination with others. When used in combination, the effective number of navigation signals would be increased.

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 SAS 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.

17.2
Information to be transferred between UTRAN Elements

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

17.2.1
Information that may be transferred from the UE to SAS

The information that may be signalled from UE to the SAS/RNC is listed in table 17.2.1-1.

Table 17.2.1-1: Information that may be transferred from UE to the SAS

	Information
	UE‑assisted
	UE-based/

Standalone

	UE 3D 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


The TBS information reported from the UE to the SAS depends on the positioning mode (i.e., standalone, UE-based, or UE-assisted).

17.2.1.1
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 TBS method used and possibly other positioning methods used to calculate the fix.
17.2.1.2
UE-assisted mode

In UE-assisted mode, the UE reports the TBS associated measurements, together with associated quality estimates. These measurements enable the SAS/RNC to calculate the location of the UE, possibly using other measurements and data.
17.2.1.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.
17.2.x
Information that may be transferred from the Network to UE
Table 17.2.x-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the SAS/RNC to the UE. 
NOTE:
The provision of these assistance data elements and the usage of these elements by the UE depend on the Network and UE capabilities, respectively.

Table 17.2.x-1: Information that may be transferred from the Network to UE

	Assistance Data 

	Almanac

	Acquisition assistance  


17.2.x.1
Acquisition Assistance
Acquisition assistance provides the MBS receiver with information about visible beacons, PN Codes, timing correction, and other information of the MBS signals to enable a fast acquisition of the MBS signals. 

17.2.x.2
Almanac
Almanac assistance provides the MBS receiver with parameters to determine the MBS beacon position. 
17.3
Location Information Transfer Procedure

The purpose of this procedure is to enable the SAS/RNC to request TBS measurements or location estimate from the UE, or to enable the UE to provide TBS measurements to the SAS/RNC for position calculation (e.g., in case of basic self location where the UE requests its own location).
17.3.1
SAS initiated TBS positioning procedure

The following describes the signalling for the optional initiation of the network TBS positioning procedure by the SAS.
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Figure 17.3.1-1: TBS methods when initiated by the SAS

1.
The operation begins with an authenticated request for positioning information about a UE from an application in the core network being received at the SRNC. The request from the CN may be a request for on-demand or periodic reporting. The SRNC acts as interface between the Core Network and the UE Positioning entities in the UTRAN.

2.
The SRNC sends parameters received in the location request, including any periodic reporting information, together with the Cell ID and UE capability information to the SAS in a PCAP: Position Initiation Request message via the Iupc interface.

3.
Depending on the UE capabilities, the SAS initiates a TBS positioning procedure by sending a PCAP: Position Activation Request message that allows for the use of TBS positioning (along with GPS or OTDOA, and optionally Barometric Pressure or WLAN, Bluetooth positioning methods) to the SRNC via the Iupc interface. This message may contain all or some TBS assistance data needed by the UE, e.g. almanac, acquisition assistance data. The PCAP Position Activation Request message may include periodic reporting information (number of reports and reporting interval).
4.
The SRNC forwards to the UE the TBS positioning request received from the SAS using RRC signalling. The SRNC also forwards in the RRC signalling message(s) the SAS request for either TBS measurements, in the case of UE assisted, or a position coordinate, in the case of standalone. The RRC signalling may include a request for periodic reporting as described in subclause 6.6.4.1 if this was received in step 3. For a description of standalone/UE-based mode for TBS, jump to step 9.
5.
For UE assisted TBS, the SRNC requests from the UE the TBS measurements. These measurements may be made while the UE is in RRC connected mode CELL_DCH state.
6.
The UE returns to the SRNC the available TBS measurements, together with a time stamp of when these values were obtained.

7.
The information obtained in step 6 is sent from the SRNC to the SAS in a PCAP: Position Activation Response message.

8.
The SAS calculates the UE position. If periodic reporting was not requested in step 2, the SAS returns the UE position to the SRNC in a PCAP: Position Initiation Response message. If periodic reporting was requested in step 2, the SAS forwards the position information to the SRNC in a PCAP Position Periodic Result message. The PCAP Position Initiation Response or PCAP Position Periodic Result message may include the positioning method(s) used and an indication of whether the position estimate satisfies the requested accuracy or not.

9.
In case of standalone/UE-based methods, the UE returns the position estimate to the SRNC via RRC signalling.   The SRNC forwards the position estimate to the SAS in a PCAP: Position Activation Response message. This estimate includes the position, the estimated accuracy of the results and the time of the estimate.

10.
If periodic reporting was not requested in step 2, the SAS returns the resulting estimate to the SRNC in a PCAP: Position Initiation Response message. If periodic reporting was requested in step 2, the SAS forwards the position estimate to the SRNC in a PCAP Position Periodic Result message. The PCAP Position Initiation Response or PCAP Position Periodic Result message may include the positioning method(s) used and an indication of whether the position estimate satisfies the requested accuracy or not.

11.
If there is insufficient information to yield a UE positioning estimate satisfying the requested accuracy, the SAS may start a new process from step 3.

12.
The SRNC passes the position estimate received from the SAS to the CN including the positioning method (or the list of the methods) used to obtain the position estimate. If the CN has requested accuracy for the position estimate, the Location response shall include an indication whether the position estimate satisfies the requested accuracy or not.
13.
If periodic UE reporting was requested in step 4, the UE continues to send TBS measurement reports one reporting interval after the previous measurement report. The SRNC forward the TBS measurement report information to the SAS in a PCAP Position Periodic Report message. The SAS may calculate the UE position and sends the position information to the SRNC in a PCAP Position Periodic Result message. The SRNC passes the new position estimate to the CN including, if available, the positioning method (or the list of the methods) used to obtain the position estimate. If the CN has requested accuracy for the position estimate, the Location response shall include an indication whether the position estimate satisfies the requested accuracy or not. This step 13 is repeated until the desired amount of reports has been attained or the procedure is cancelled by the CN or UTRAN. The SAS may send the final location estimate in a PCAP Position Initiation Response message to the SRNC, and the SRNC forwards the final location information to the CN.
14.
If periodic UE reporting was not requested in step 4, but was requested in step 2, the SAS may repeat the steps 3 to 12 as for the first request until the desired amount of reports has been attained or the procedure is cancelled by the CN or UTRAN. When repeating step 10 for the final request, the SAS returns the resulting final position estimate to the SRNC in a PCAP: Position Initiation Response message.
<End of last changed section>
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