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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).

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 specfication.

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.
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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: image4]
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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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: image7]
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: image10]
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 positioning session 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.
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Figure 7.1.2‑4: 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.

-------------Unchanged parts omitted!
8.1.3
Assisted-GNSS Positioning Procedures

8.1.3.1
Capability Transfer Procedure

The Capability Transfer procedure for Assisted-GNSS positioning is described in subclause 7.1.2.1.  








8.1.3.2 
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)).

8.1.3.2.1

E-SMLC initiated Assistance Data Delivery

Figure 8.1.3-3 shows the Assistance Data Delivery operations for the network-assisted GNSS method when the procedure is initiated by the E-SMLC. 


[image: image14]

Figure 8.1.3-3: 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 GNSS assistance data defined in subclause 8.1.2.1. 
8.1.3.2.2

UE initiated Assistance Data Transfer
Figure 8.1.3-4 shows the Assistance Data Transfer operations for the network-assisted GNSS method when the procedure is initiated by the UE. 
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Figure 8.1.3-4: UE-initiated Assistance Data Transfer Procedure

 (1)
The UE determines that certain A-GNSS 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 a LPP Request Assistance Data message to the E-SMLC. This request includes an indication of which specific A-GNSS assistance data are requested for each GNSS, possibly together with additional information (e.g., for which GNSS signal types, or satellites, or times the assistance is requested, etc.). 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 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, e.g., one message per GNSS. 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, an LPP Error message is sent by the E-SMLC instead, providing the error reason.

8.1.3.3 
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).

8.1.3.3.1

E-SMLC initiated Location Information Transfer Procedure
Figure 8.1.3-5 shows the Location Information Transfer operations for the network-assisted GNSS method when the procedure is initiated by the E-SMLC.
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Figure 8.1.3-5: E-SMLC-initiated Location Information Transfer Procedure

 (1)
The E-SMLC sends a LPP Request Location Information message to the UE for invocation of A-GNSS positioning. This request includes positioning instructions such as the GNSS mode (UE-assisted, UE-based, UE-based preferred but UE-assisted allowed, UE-assisted preferred, but UE-based allowed, standalone), positioning methods (GPS, Galileo, Glonass, etc. and possibly non-GNSS methods, such as downlink positioning or E-CID), specific UE measurements requested if any, such as fine time assistance measurements, velocity, carrier phase, multi-frequency measurements, 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 sends an LPP Error message instead, providing the error reason.

8.1.3.3.2

UE-initiated Location Information Delivery Procedure
Figure 8.1.3-6 shows the Location Information delivery operations for the UE-assisted GNSS method when the procedure is initiated by the UE. 
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Figure 8.1.3-6: 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 measurements (GNSS pseudo-ranges, and other measurements) already available at the UE and supported by the E-SMLC.

 
8.2
Downlink positioning method

Editor's Note: Downlink positioning is still under discussion in RAN1.  This section is based on the available information at the time of writing, but the contents cannot be considered definitive until RAN1 have concluded.

8.2.1
General

In the downlink positioning method, the UE positiong is estimated based on measurements taken at the UE of downlink radio signals from multiple eNode Bs, along with knowledge of the geographical coordinates of the measured eNode Bs 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.

8.2.2
Transferred information
This subclause defines the information that may be transferred between E-SMLC and UE/eNB.

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

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

· Physical cell IDs (PCIs) and global cell IDs (GCIs) of candidate cells for measurement;

· Timing relative to the serving eNode B of candidate cells;

· Geographical coordinates of candidates cells and/or of the serving eNode B.

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

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

· PCI and GCI of the cells under the eNode B and/or of cells under other eNode Bs;

· Timing information on the eNode B and/or of other eNode Bs;

· Geographical candidates of the eNode B and/or of other eNode Bs.

An eNode B may provide assistance data relating only to itself, or it may supply the E-SMLC with assistance data relating to several eNode Bs (e.g., relative timing information).

NOTE: The assistance data described in this section are not necessarily transferred only from the eNode B, and in some deployment options may not be delivered from the eNode B 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 eNode B, how the eNode B 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 8.2.2-1. The individual UE measurements are defined in [20, 21].

	Information 
	Measurements

	Downlink Measurement Results List for EUTRA
	Physical cell IDs

	
	Global cell IDs

	
	Downlink timing measurements


Table 8.2.2-1: Information that may be transferred from UE to the E-SMLC
Editor's Note: The details of the measurements are FFS.

8.2.3
Downlink Positioning Procedures

The procedures described in this subclause support downlink positioning measurements obtained by the UE and provided to the E-SMLC using LPP, or obtained by the eNode B and provided to the E-SMLC using LPPa.
In this version of the specification only the UE-assisted downlink positioning is supported.

8.2.3.1
Capability Transfer Procedure

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







8.2.3.2 
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 8.2.3-3 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 8.2.3-3: 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 8.2.3-4 shows the Assistance Data Transfer operations for the downlink positioning method when the procedure is initiated by the UE. 



[image: image26]
Figure 8.2.3-4: 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, an LPP Error message is sent by the E-SMLC instead, providing the error reason.

-------------Unchanged parts omitted!
8.2.3.3 
Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements 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 8.2.3-7 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 8.2.3-7: E-SMLC-initiated Location Information Transfer Procedure
(1)
The E-SMLC sends an LPP Request Location Information message to the UE. This request includes indication of downlink measurements requested, including any needed measurement configuration information, and required response time.

(2)
The UE obtains downlink measurements as requested in step 1.The UE then sends an LPP Provide Location Information message to the E-SMLC, before the Response Time provided in step (1) elapsed, and includes the obtained downlink measurements.  If the UE is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, the UE sends an LPP Error message instead, providing the error reason.

8.2.3.3.2

UE-initiated Location Information Delivery procedure
Figure 8.2.3-8 shows the Location Information Delivery operations for the downlink positioning method when the procedure is initiated by the UE. 
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Figure 8.2.3-8: UE-initiated Location Information DeliveryProcedure.
(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 already available at the UE and supported by the E-SMLC.


-------------Unchanged parts omitted!

8.3.3
Downlink E-CID Positioning Procedures

The procedures described in this subclause support E-CID related measurements obtained by the UE and provided to the E-SMLC using LPP.  The term “downlink” is intended to indicate that from the E-SMLC perspective the involved measurements are provided by the UE; this set of procedures might also be considered as “UE-assisted, E-SMLC-based E-CID”.

8.3.3.1
Capability Transfer Procedure

The Capability Transfer procedure for E-CID positioning is described in subclause 7.1.2.1.







8.3.3.2
Assistance Data Delivery Procedure

Assistance data delivery is not required for UE- or eNB-assisted forms of E-CID positioning.
8.3.3.3 
Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements 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).

8.3.3.2.1

E-SMLC-initiated Location Information Transfer
Figure 8.3.3-3 shows the Location Information Transfer operations for the E-CID method when the procedure is initiated by the E-SMLC.
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Figure 8.3.3-3: E-SMLC-initiated Location Information Transfer Procedure.

(1)
The E-SMLC sends a LPP Request Location Information message to the UE for invocation of E-CID positioning. This request includes the E-CID measurements requested by the E-SMLC and supported by the UE as listed in Table 8.3.2-2 together with a required response time.

 (2)
The UE performs the requested measurements and 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 sends an LPP Error message instead, providing the error reason.

8.3.3.2.2

UE-initiated Location Information Delivery procedure
Figure 8.3.3-4 shows the Location Information Delivery operations for the E-CID method when the procedure is initiated by the UE. 
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Figure 8.3.3-4: UE-initiated Location Information Delivery Procedure.
(1)
The UE sends an LPP Provide Location Information message to the E-SMLCThe Provide Location Information message may include any UE measurements already available at the UE and supported by the E-SMLC.
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