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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [1] apply.

As used in this document, the suffixes “-based” and “-assisted” refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation).  Thus, an operation in which measurements are provided by the UE to the E-SMLC to be used in the computation of a position estimate is described as “UE-assisted” (and could also be called “E-SMLC-based”), while one in which the UE computes its own position is described as “UE-based”.
Both standalone LMU and LMU integrated into an eNB are supported. As used in this document, LMU refers to both cases of a standalone LMU and an LMU integrated into an eNodeB unless explicitly mentioned otherwise.

Transmission Point (TP): A set of geographically co-located transmit antennas for one cell, part of one cell or one PRS-only TP. Transmission Points can include base station (eNode B) antennas, remote radio heads, a remote antenna of a base station, an antenna of a PRS-only TP, etc. One cell can be formed by one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.
PRS-only TP: A TP which only transmits PRS signals for PRS-based TBS positioning and is not associated with a cell.
3.2
Abbreviations

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

AoA
Angle of Arrival
AP
Access Point

BDS
BeiDou Navigation Satellite System
BSSID
Basic Service Set Identifier
CID
Cell-ID (positioning method)
CIoT
Cellular IoT
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
HESSID
Homogeneous Extended Service Set Identifier
IoT
Internet of Things
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
NB-IoT
NarrowBand Internet of Things
NI-LR
Network Induced Location Request
OTDOA
Observed Time Difference Of Arrival
PDU
Protocol Data Unit

PRS
Positioning Reference Signal

QZSS
Quasi-Zenith Satellite System

RRM
Radio Resource Management
RSSI
Received Signal Strength Indicator
SBAS
Space Based Augmentation System

SET
SUPL Enabled Terminal

SLP
SUPL Location Platform
SSID
Service Set Identifier
SUPL
Secure User Plane Location

TADV
Timing Advance
TBS
Terrestrial Beacon System
TP
Transmission Point
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

7
General E-UTRAN UE Positioning procedures

7.1
General LPP procedures for UE Positioning

7.1.1
LPP Procedures

Positioning procedures in the E-UTRAN are modelled as transactions of the LPP protocol using the procedures defined in this specification.  A procedure consists of a single operation of one of the following types:

· Exchange of positioning capabilities;

· Transfer of assistance data;

· Transfer of location information (positioning measurements and/or position estimate);

· Error handling;

· Abort.

Parallel transactions are permitted (i.e. a new LPP transaction may be initiated, while another one is outstanding). 

As described in section 6.2.1, the protocol operates between a “target” and a “server”.  In the control-plane context, these entities are the UE and E-SMLC respectively; in the SUPL context they are the SET and the SLP.  The terms “target” and “server” are used in the flows in this section to avoid redundancy between the two versions of the positioning operations.  A procedure may be initiated by either the target or the server. Both target initiated and server initiated procedures are supported. 
7.1.2
Positioning procedures

7.1.2.1
Capability transfer
A UE request for capability from E-SMLC or delivery of the E-SMLC capability to the UE is not supported in this version of the specification.

Capabilities in an LPP context refer to the ability of a target or server to support different position methods defined for LPP, different aspects of a particular position method (e.g. different types of assistance data for A-GNSS) and common features not specific to only one position method (e.g. ability to handle multiple LPP transactions) . These capabilities are defined within the LPP protocol and transferred between the target and the server using LPP transport.

The exchange of capabilities between a target and a server may be initiated by a request or sent as “unsolicited” information.  If a request is used, the server sends an LPP Request Capabilities message to the target device with a request for capability information.  The target sends an LPP Provide Capabilities message.


[image: image1]
Figure 7.1.2.1‑1: LPP Capability Transfer procedure
1.
The server may send a request for the LPP related capabilities of the target.

2.
The target transfers its LPP-related capabilities to the server. The capabilities may refer to particular position methods or may be common to multiple position methods.
LPP Capability Indication procedure is used for unsolicited capability transfer. 


[image: image2]
Figure 7.1.2.1-2: LPP Capability Indication procedure
7.1.2.2
Assistance data transfer

Assistance data may be transferred either by request or unsolicited. In this version of the specification, assistance data delivery is supported only via unicast transport from server to target.
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1. LPP Request Assistance Data

2. LPP Provide Assistance Data

3. LPP Provide Assistance Data


Figure 7.1.2.2‑1: LPP Assistance Data Transfer procedure
1.
The target may send a request to the server for assistance data and may indicate the particular assistance data needed.

2.
The server transfers assistance data to the target. The transferred assistance data should match any assistance data requested in step 1.

3.
Optionally, the server may transfer additional assistance data to the target in one or more additional LPP messages.

LPP Assistance Data Delivery procedure is used for unilateral assistance data transfer. 


[image: image4]
Figure 7.1.2.2-2: LPP Assistance Data Delivery procedure

This procedure is unidirectional; assistance data are always delivered from the server to the target.

7.1.2.3
Location information transfer

The term “location information” applies both to an actual position estimate and to values used in computing position (e.g., radio measurements or positioning measurements).  It is delivered either in response to a request or unsolicited.
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Figure 7.1.2.3‑1: LPP Location Information Transfer procedure
1.
The server may send a request for location information to the target, and may indicate the type of location information needed and associated QoS.

2.
In response to step 1, the target transfers location information to the server. The location information transferred should match the location information requested in step 1.

3.
Optionally (e.g., if requested in step 1), the target in step 2 may transfer additional location information to the server in one or more additional LPP messages.

LPP Location Information Delivery procedure is used for unilateral location information transfer.

NOTE: the LPP Location Information Delivery procedure can only be piggybacked in the MO-LR request. 


[image: image6]
Figure 7.1.2.3‑2: LPP Location Information Delivery procedure

7.1.2.4
Multiple transactions
Multiple LPP transactions may be in progress simultaneously between the same target and server nodes, to improve flexibility and efficiency.  However, no more than one LPP procedure between a particular pair of target and server nodes to obtain location information shall be in progress at any time for the same position method.

In this example, the objective is to request location measurements from the target, and the server does not provide assistance data in advance, leaving the target to request any needed assistance data. A message flow is shown in Figure 7.1.2.4-1.


[image: image7.emf]Target Server

1. LPP Message: Request Location Information [transaction A]

2. LPP Message: Assistance data request [transaction B]

3. LPP Message: Assistance data delivery [transaction B]

4. LPP Message: Location information [measurements, transaction A]


Figure 7.1.2.4-1: Example of multiple LPP procedures

1.
The server sends a request to the target for positioning measurements.

2.
The target sends a request for particular assistance data.

3.
The server returns the assistance data requested in step 2.

4.
The target obtains and returns the location information (e.g., positioning method measurements) requested in step 1.

7.1.2.5
Sequence of Procedures

LPP procedures are not required to occur in any fixed order, in order to provide greater flexibility in positioning. Thus, a UE may request assistance data at any time in order to comply with a previous request for location measurements from the E-SMLC; an E-SMLC may instigate more than one request for location information (e.g., measurements or a location estimate) in case location results from a previous request were not adequate for the requested QoS; and the target device may transfer capability information to the server at any time if not already performed.

Despite the flexibility allowed by LPP, it is expected that procedures will normally occur in the following order:

1.
Capability Transfer;

2.
Assistance Data Transfer;

3.
Location Information Transfer (measurements and/or location estimate).

Specific examples for each positioning method are shown in clause 8.

7.1.2.6
Error handling

The procedure is used to notify the sending endpoint by the receiving endpoint that the receiving LPP message is erroneous or unexpected. This procedure is bidirectional at the LPP level; either the target or the server may take the role of either endpoint in Figure 7.1.2.6-1.
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1. LPP Message

2. LPP Message: Error


Figure 7.1.2.6-1: Error handling

1.
The target or server (indicated as “Target/Server” in Figure 7.1.2.6-1) sends a LPP message to the other endpoint (indicated as “Server/Target”).

2.
If the server or target (“Server/Target”) detects that the receiving LPP message is erroneous or unexpected, the server or target transfers error indication information to the other endpoint (“Target/Server”). 

7.1.2.7
Abort

The procedure is used to notify the other endpoint by one endpoint to abort an ongoing procedure between the two endpoints. This procedure is bidirectional at the LPP level; either the target or the server may take the role of either endpoint in Figure 7.1.2.7-1.
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2. LPP Message: Abort

1. Ongoing LPP Procedure


Figure 7.1.2.7-1: Abort

1. A LPP procedure is ongoing between target and server.
2.  If the server or target (“Server/Target”) determines that the procedure must be aborted, and then the server or target sends an LPP Abort message to the other endpoint (“Target/Server”) carrying the transaction ID for the procedure. 
7.1.3
UE positioning measurements in idle state for NB-IoT
NB-IoT UEs may perform measurements for some positioning methods only when in idle state. 
Figure 7.1.3-1 shows the general positioning procedure where the UE performs positioning measurements in idle state.
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Figure 7.1.3-1: UE positioning measurements in idle state.
1. The E-SMLC is aware of the UE access type and/or coverage level if applicable from the Location Service Request message received from the MME. The E-SMLC may send a LPP Request Capabilities message to the UE to obtain the UE positioning method capabilities from the UE, as described in subclause 7.1.2.1.

2. The UE sends its positioning method capabilities to the E-SMLC in a LPP Provide Capabilities message, including an indication of position methods for which the UE needs to make measurements in idle state.

3. The E-SMLC may determine the assistance data required for the selected position method or methods, and sends them in one or more LPP Provide Assistance data messages to the UE, as described in subclause 7.1.2.2. If an LPP acknowledgement was requested, the UE sends an LPP acknowledgment for each received LPP Provide Assistance data message to the E-SMLC.

4. If the UE capabilities from step 2 indicate that idle state is required for positioning measurements, the E-SMLC may allow additional response time to the UE to obtain the location measurements, and sends one or more LPP Request Location Information messages to the UE requesting positioning measurements or a location estimate, and including the required response time, as described in subclause 7.1.2.3. 

5. The UE sends an LPP acknowledgement for each received LPP Request Location Information message to the E‑SMLC, if an LPP acknowledgement was requested at step 4 but does not perform the requested measurements. 

6. The UE may finish any other activities in progress (e.g., SMS or data transfer), and waits until the network releases or suspends the connection (after a certain period of inactivity). The UE will then receive an RRC connection release or suspend from the eNodeB due to the expiration of the inactivity timer. 
7. When the UE has entered idle state, the UE performs the measurements requested in step 4. 

8. Before the location measurements are to be sent to the E-SMLC, the UE instigates a UE triggered service request or, when User Plane CIoT EPS optimization applies, the Connection Resume procedure as defined in TS 23.401 [19], if the UE is not using Control Plane CIoT EPS Optimisation, in order to establish a signalling connection with the MME. If the UE is using Control Plane CIoT EPS Optimisation, procedures for Mobile Originated Data Transport in Control Plane CIoT EPS optimisation as defined in TS 23.401 [19] are performed by the UE to establish a signalling connection with the MME.
9. When the LPP response time received in step 4 expires (or when location measurements are available before expiry), the UE sends one or more LPP Provide Location Information messages containing the requested location measurements or location estimate obtained in step 7 to the E-SMLC.

7.2
General LPPa Procedures for UE Positioning 

7.2.1
LPPa Procedures
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