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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 pressure 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 Note1
	Yes
	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
	Yes
	Yes
	No
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No
	No

	TBS Note 2
	Yes
	Yes
	No
	No
	Yes (MBS)

	NOTE 1: 
This includes TBS positioning based on PRS signals.

NOTE 2: 
In this version of the specification only for TBS positioning based on MBS signals.


Barometric pressure sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode, as described in the corresponding sections.

4.3.1
Network-assisted GNSS Methods

These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals.
Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), Quasi Zenith Satellite System (QZSS), and BeiDou Navigation Satellite System (BDS).

In this concept, different GNSSs (e.g. GPS, Galileo, etc.) can be used separately or in combination to determine the location of a UE.

The operation of the network-assisted GNSS methods is described in clause 8.1.

4.3.2
Downlink positioning

The downlink (OTDOA) positioning method makes use of the measured timing of downlink signals received from multiple TPs at the UE. The UE measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to locate the UE in relation to the neighbouring TPs.

The operation of the downlink positioning method is described in clause 8.2.

4.3.3
Enhanced Cell ID Methods

In the Cell ID (CID) positioning method, the position of an UE is estimated with the knowledge of its serving eNode B and cell. The information about the serving eNode B and cell may be obtained by paging, tracking area update,  or other methods. Enhanced Cell ID (E‑CID) positioning refers to techniques which use additional UE and/or E‑UTRAN radio resource and other measurements to improve the UE location estimate.

Although E-CID positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning; i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the UE reports the measurements that it has available rather than being required to take additional measurement actions. For NB-IoT, when the UE goes to Idle state to perform positioning measurements, the UE may be required to take additional measurement actions, as specified in section 7.1.3.
In cases with a requirement for close time coupling between UE and eNode B  measurements (e.g., TADV type 1 and UE Tx-Rx time difference), the eNode B configures the appropriate RRC measurements and is responsible for maintaining the required coupling between the measurements.The operation of the Enhanced Cell ID method is described in clause 8.3.

4.3.4
Uplink positioning

The uplink (e.g., UTDOA) positioning method makes use of the measured timing at multiple LMUs of uplink signals transmitted from UE. The LMU measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to estimate the location of the UE.

The operation of the Uplink positioning method is described in clause 8.5.

4.3.5
Barometric pressure sensor positioning

The barometric pressure sensor 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 pressure sensor positioning method is described in clause 8.6.

4.3.6
WLAN positioning

The WLAN positioning method makes use of the WLAN measurements (AP identifiers and optionally other measurements) and databases to determine the location of the UE.  The UE measures received signals from WLAN [29] access points, optionally aided by assistance data, to send measurements to the positioning server for position calculation. Using the measurement results and a references database, the location of the UE is calculated.

Alternatively, the UE makes use of WLAN measurements and optionally WLAN AP assistance data provided by the positioning server, to determine its location.

The operation of the WLAN positioning method is described in clause 8.7.

4.3.7
Bluetooth positioning

The Bluetooth positioning method makes use of Bluetooth measurements (beacon identifiers and optionally other measurements) to determine the location of the UE.  The UE measures received signals from Bluetooth [30] beacons. Using the measurement results and a references database, the location of the UE is calculated. The Bluetooth methods may be combined with other positioning methods (e.g. WLAN) to improve positioning accuracy of the UE.

The operation of the Bluetooth positioning method 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. The current type of TBS positioning signals are the MBS (Metropolitan Beacon System) signals [31] and Positioning Reference Signals (PRS) [32]. 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 based on MBS signals is described in clause 8.9.
TBS positioning based on PRS signals is part of downlink (OTDOA) positioning and described in clause 8.2.

8.2
Downlink positioning method

8.2.1
General

In the downlink positioning method, the UE position is estimated based on measurements taken at the UE of downlink radio signals from multiple TPs (possibly including PRS-only TPs from a PRS-based TBS), along with knowledge of the geographical coordinates of the measured TPs and their relative downlink timing.

The specific positioning techniques used to estimate the UE’s location from this information are beyond the scope of this specification. 
Two positioning modes are supported:

-
UE-Assisted: The UE performs measurements of downlink radio signals and sends these measurements to the E‑SMLC where the position calculation takes place, possibly using additional measurements from other sources;

-
UE-Based: The UE performs measurements of downlink radio signals and calculates its own location, possibly using additional measurements from other sources.

The assistance data content may vary depending on whether the UE operates in UE-Assisted or UE-Based mode.
8.2.2
Transferred information
This subclause defines the information that may be transferred between E-SMLC and UE/eNodeB.

8.2.2.1
Assistance Data that may be transferred from the E-SMLC to UE

Table 8.2.2.1-1 lists the assistance data that may be transferred from the E-SMLC to the UE.



Table 8.2.2.1-1: Assistance data that may be transferred from the E-SMLC to the UE
	Information
	UE‑Assisted
	UE-based

	Measurement Assistance Data
	
	

	Physical cell IDs (PCIs), global cell IDs (GCIs), and TP IDs of candidate TPs for measurement
	Yes
	Yes

	Timing relative to the serving (reference) TP of candidate TPs
	Yes
	Yes

	PRS configuration of candidate TPs
	Yes
	Yes

	Position Calculation Assistance Data
	
	

	Fine timing (Real Time Difference (RTD)) between the reference TP and neighbour (candidate) TPs for measurement
	No
	Yes

	Quality and drift of RTDs 
	No
	Yes

	Geographical position and reliability of each candidate TP for measurement
	No
	Yes


8.2.2.2
Assistance Data that may be transferred from the eNodeB to E-SMLC

The following assistance data may be transferred from the eNodeB to the E-SMLC:

-
PCI, GCI, and TP IDs of the TPs served by the eNodeB;

-
Timing information of TPs served by the eNodeB;
-
PRS configuration of the TPs served by the eNodeB;
-
Geographical coordinates of the TPs served by the eNodeB.

An eNodeB may provide assistance data relating only to itself and served TPs via LPPa signalling, although assistance data from several eNodeBs and served TPs may be acquired through other mechanisms, see NOTE below.

NOTE:
The assistance data described in this section are not necessarily transferred only from the eNodeB, and in some deployment options may not be delivered from the eNodeB at all; they may also be delivered to the E-SMLC through OA&M or other mechanisms external to the E-UTRAN.  In addition, in cases where assistance data are delivered from the eNodeB, how the eNodeB acquires the data is outside the scope of this specification.

8.2.2.3
Location Information that may be transferred from the UE to E-SMLC

The information that may be signalled from UE to the E-SMLC is listed in Table 8.2.2.3-1. The individual UE measurements are defined in [20].

Table 8.2.2.3-1: Information that may be transferred from UE to the E-SMLC
	Information 
	UE‑assisted
	UE‑based

	Downlink Measurement Results List for EUTRA
	
	

	Physical cell IDs
	Yes
	No

	Global cell IDs
	Yes
	No

	TP IDs
	Yes
	No

	Downlink timing measurements
	Yes
	No

	Location Information
	
	

	UE position estimate with uncertainty shape
	No
	Yes

	Time stamp of position estimate 
	No
	Yes


	
	

	
	

	
	

	
	

	
	


8.2.3
Downlink Positioning Procedures



8.2.3.1
Capability Transfer Procedure

The Capability Transfer procedure for Downlink positioning is described in subclause 7.1.2.1.

8.2.3.1.1
Void
8.2.3.2
Assistance Data Transfer Procedure

8.2.3.2.1
Assistance Data Transfer between E-SMLC and UE

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)).

8.2.3.2.1.1
E-SMLC-initiated assistance data delivery

Figure 8.2.3.2.1.1-1 shows the Assistance Data Delivery operations for the downlink positioning method when the procedure is initiated by the E-SMLC.
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Figure 8.2.3.2.1.1-1: 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 downlink positioning assistance data defined in subclause 8.2.2.1. 

8.2.3.2.1.2
UE-initiated assistance data transfer
Figure 8.2.3.2.1.2-1 shows the Assistance Data Transfer operations for the downlink positioning method when the procedure is initiated by the UE.
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Figure 8.2.3.2.1.2-1: UE-initiated Assistance Data Transfer Procedure

 (1)
The UE determines that certain downlink positioning assistance data are 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 fulfill the request) and sends an LPP Request Assistance Data message to the E-SMLC. This request includes an indication of which specific downlink assistance data are requested.  Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in an accompanying Provide Location Information message to help the E-SMLC provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving eNodeB and possibly neighbour eNodeBs, as well as E-CID measurements. 

(2)
The E-SMLC provides the requested assistance in an LPP Provide Assistance Data message, if available at the E-SMLC. 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.
8.2.3.2.2
Assistance Data Delivery between E-SMLC and eNodeB

The purpose of this procedure is to enable the eNodeB to provide assistance data to the E-SMLC, for subsequent delivery to the UE using the procedures of sub clause 8.2.3.2.1 or for use in the calculation of positioning estimates at the E-SMLC.

8.2.3.2.2.1
Void

8.2.3.2.2.2
E-SMLC-initiated assistance data delivery to the E-SMLC

Figure 8.2.3.2.2.2-1 shows the Assistance Data Delivery operation from the eNodeB to the E-SMLC for the downlink positioning method, in the case that the procedure is initiated by the E-SMLC.
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Figure 8.2.3.2.2.2-1: E-SMLC-initiated Assistance Data Delivery Procedure

(1)
The E-SMLC determines that certain downlink positioning assistance data are desired (e.g., as part of a periodic update or as triggered by OAM) and sends an LPPa OTDOA INFORMATION REQUEST message to the eNode B. This request includes an indication of which specific downlink assistance data are requested.

(2)
The eNode B provides the requested assistance in an LPPa OTDOA INFORMATION RESPONSE message, if available at the eNode B. If the eNode B is not able to provide any information, it returns an OTDOA INFORMATION FAILURE message indicating the cause of the failure.

8.2.3.3
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).

8.2.3.3.1
E-SMLC-initiated Location Information Transfer
Figure 8.2.3.3.1-1 shows the Location Information Transfer operations for the downlink positioning method when the procedure is initiated by the E-SMLC.
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Figure 8.2.3.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1)
The E-SMLC sends an LPP Request Location Information message to the UE. This request includes positioning instructions such as the positioning mode (UE-assisted, UE-based), indication of downlink measurements requested if any, any needed measurement configuration information, and quality of service parameters (accuracy, required response time).

(2)
The UE obtains downlink measurements as requested in step 1 and possibly calculates its own location. The UE then 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 calculation of its location, or the Response Time elapsed before any of the requested measurements or location estimate were 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.
8.2.3.3.2
UE-initiated Location Information Delivery procedure
Figure 8.2.3.3.2-1 shows the Location Information Delivery procedure operations for the downlink positioning method when the procedure is initiated by the UE.
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Figure 8.2.3.3.2-1: 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 any UE downlink measurements or location estimate already available at the UE.

8.4
Downlink Supporting Procedures

8.4.1
General

An E-SMLC is enabled to request downlink location related information from the E-UTRAN in order to support downlink positioning. LPPa is employed for this between the E-SMLC and each eNodeB reachable from the E-SMLC via any of the MMEs with signalling access to the E-SMLC.

8.4.2
Location Related Information

The information that may be transferred from an eNodeB to the E-SMLC to support downlink positioning is listed in table 8.4.2-1.

Table 8.4.2-1: Information that may be transferred from an eNodeB to the E-SMLC for the Downlink Position Method Support
	Information 
	UE‑assisted 
	UE-based

	Global cell IDs (ECGIs) of eNodeB
	Yes
	Yes

	Physical cell IDs (PCIs) of eNodeB
	Yes
	Yes

	TP IDs
	Yes
	Yes

	PRS Scheduling
	Yes
	Yes

	SFN initialization time of TP relative to time reference
	Yes
	Yes

	Geographical position of TP
	Yes
	Yes


	
	

	
	

	
	

	
	

	
	

	
	


8.4.3
Location Related Information Acquisition Procedure

The purpose of this procedure is to enable an E-SMLC to request downlink location related information from an eNodeB.

8.4.3.1
On Demand Procedure

Figure 8.4.3.1-1 shows the location information acquisition operation for the downlink positioning method when information is needed on demand in real time.
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Figure 8.4.3.1-1: E-SMLC-initiated On Demand Procedure for Location Information Applicable to Downlink

(1)
The E-SMLC sends an LPPa message of type Request Location Information to the eNodeB. This request includes an indication of the downlink related information requested.

(2)
The eNodeB obtains the information requested in step 1 using previously configured or stored information and/or real time measurements in the case of a request for timing information where recent timing information is not already available. The eNodeB then sends an LPPa message of type Provide Location Information to the E-SMLC. If the eNodeB is unable to obtain any of the requested information, the eNodeB sends an LPPa failure message, providing the error reason.

8.4.3.2
Triggered Procedure 

Figure 8.4.3.2-1 shows the location information acquisition operation for the downlink positioning method when information is needed on a triggered basis.
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Figure 8.4.3.2-1: E-SMLC-initiated Triggered Procedure for Location Information Applicable to Downlink

(1)
The E-SMLC sends an LPPa message of type Request Location Information to the eNodeB. This request includes an indication of the downlink related information requested, triggering criteria for responses (e.g. periodic time interval).

(2)
In response to step 1, the eNodeB obtains the information requested using already available information and/or real time measurements. The eNodeB then sends an LPPa message of type Provide Location Information to the E-SMLC carrying this information. If the eNodeB is unable to obtain the requested information partly or completely, the eNodeB sends an LPPa failure message.

(3)
When the trigger criteria provided in step 1 indicate the need for a new report the eNodeB obtains the latest information. The eNodeB then sends a further LPPa message of type Provide Location Information to the E-SMLC containing this information If the eNodeB is unable to obtain the requested information, partly or completely, the eNodeB sends an LPPa failure message.
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