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4.2
Role of UE Positioning Methods

The E-UTRAN may utilise one or more positioning methods in order to determine the position of an UE.
Positioning the UE involves two main steps:

-
signal measurements; and

-
Position estimate and optional velocity computation based on the measurements.

The signal measurements may be made by the UE or the eNode B. The basic signals measured for terrestrial position methods are typically the E-UTRA radio transmissions; however, other methods may make use of other transmissions such as general radio navigation signals including those from Global Navigation Satellites Systems (GNSSs).

The positioning function should not be limited to a single method or measurement. That is, it should be capable of utilising other standard methods and measurements, as such methods and measurements are available and appropriate, to meet the required service needs of the location service client. This additional information could consist of readily available E-UTRAN measurements.
The position estimate computation may be made by the UE or by the E-SMLC.

 [...]
4.3.2
Downlink positioning

The downlink (OTDOA) positioning method makes use of the measured timing of downlink signals received from multiple eNode Bs 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 eNode Bs.
The operation of the downlink positioning method is described in clause 8.2.
[...]
5
E-UTRAN UE Positioning Architecture

Figure 5-1 shows the architecture in EPS applicable to positioning of a UE with E-UTRAN access. 

The MME receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC, eNB, or UE) or the MME itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in [2]. The MME then sends a location services request to an E-SMLC. The E-SMLC processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. The E-SMLC then returns the result of the location service back to the MME (e.g., a position estimate for the UE and/or an indication of any assistance data transferred to the UE). In the case of a location service requested by an entity other than the MME (e.g., UE, eNB, or E-SMLC), the MME returns the location service result to this entity.

The SLP is the SUPL entity responsible for positioning over the user plane.  Further details of the relationship of the user-plane positioning entities to the E-UTRAN control-plane positioning architecture are described in Annex B.
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Figure 5-1: UE Positioning Architecture applicable to E-UTRAN

[...]
6.2.1
LTE Positioning Protocol (LPP)

The LTE Positioning Protocol (LPP) is terminated between a target device (the UE in the control-plane case or SET in the user-plane case) and a positioning server (the E-SMLC in the control-plane case or SLP in the user-plane case).  It may use either the control- or user-plane protocols as underlying transport. In this specification, only control plane use of LPP is defined. User plane support of LPP is defined in [17] and [18].

LPP is a point to point positioning protocol with capabilities similar to those in UMTS RRC ([15]) and GERAN RRLP ([16]). Whereas RRLP supports positioning of a target MS accessing GERAN and RRC supports positioning of a target UE accessing UTRAN, LPP supports positioning and location related services (e.g. transfer of assistance data) for a target UE accessing E-UTRAN. To avoid creating new positioning protocols for future access types developed by 3GPP, and to enable positioning measurements for terrestrial access types other than E‑UTRAN, LPP is in principle forward-compatible with other access types, even though restricted to E-UTRAN access in this specification.

LPP further supports the OMA user plane location solution SUPL 2.0, as defined in the OMA SUPL 2.0 standards ([17], [18]), and is intended to be compatible with the successor protocols of SUPL 2.0 as well.

LPP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., S1-AP over the S1-MME interface, NAS/RRC over the Uu interface).  The LPP protocol is intended to enable positioning for LTE using a multiplicity of different position methods, while isolating the details of any particular positioning method and the specifics of the underlying transport from one another.

The protocol operates on a transaction basis between a target device and a server, with each transaction taking place as an independent procedure.  More than one such procedure may be in progress at any given moment.  An LPP procedure may involve a request/response pairing of messages or one or more “unsolicited” messages.  Each procedure has a single objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of a target device according to some QoS and use of one or more positioning methods).  Multiple procedures, in series and/or in parallel, can be used to achieve more complex objectives (e.g., positioning of a target device in association with transfer of assistance data and exchange of LPP related capabilities). Multiple procedures also enable more than one positioning attempt to be ongoing at the same time (e.g., to obtain a coarse location estimate with low delay while a more accurate location estimate is being obtained with higher delay).
A single LPP transaction may be realised as multiple procedures; e.g., a single transaction for provision of assistance data might comprise several Provide Assistance Data messages, with each such message constituting a separate procedure (since there is no “multiple unsolicited messages” procedure type).
For the 3GPP EPS Control Plane solution defined in [2], the UE is the target device and the E-SMLC is the server. For SUPL 2.0 support, the SUPL Enabled Terminal (SET) is the target device and the SUPL Location Platform (SLP) is the server.  The protocol does not preclude the possibility of future developments in control plane and user plane solutions (e.g., possible successors of SUPL 2.0, as well as possible future 3GPP control plane solutions).

All LPP operations and procedures are defined with respect to the target and server, and thus the LPP operations and procedures defined here with respect to a UE and an E-SMLC can also be viewed in this more generic context by substituting any target for the UE and any server for the E-SMLC.

LPP further supports multiple positioning methods as defined in section 4.3. 

LPP supports hybrid positioning, in which two or more position methods are used concurrently to provide measurements and/or a location estimate or estimates to the server. LPP is forward compatible with the later addition of other position methods in later releases (e.g., position methods associated with other types of terrestrial access).

The operations controlled through LPP are described further in section 7.1.

[...]
8.1.3.1.1

E-SMLC-initiated (UE to E-SMLC) Position Capability Transfer

Figure 8.1.3-2 shows the Position Capability Transfer operations for the network-assisted GNSS method when position capabilities are transferred from the UE to the E-SMLC.
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Figure 8.1.3-2: E-SMLC-initiated Position Capability Transfer

(1)
Optionally, the E-SMLC determines that the positioning capabilities of the UE are needed and sends an LPP message to the UE including a Request Capabilities type. The request indicates that the A-GNSS capabilities of the UE are needed and may indicate a request for the capabilities of other position methods also.

(2)
When the UE has received an LPP message of type Request Capabilities that includes a request for A-GNSS capabilities or unilaterally in the absence of step 1, the UE sends an LPP message of type Provide Capabilities to the E-SMLC. This message includes the A-GNSS positioning capabilities of the UE, including the GNSSs and signals per GNSS supported, GNSS modes supported, A-GNSS associated hybrid mode combinations supported. The LPP message may also indicate the UE support for specific GNSS measurements, such as carrier phase measurements, velocity, or fine time assistance measurements and may include the types of assistance data supported by the UE. If step 1 occurred and the UE cannot fulfill the request, a LPP message of type Error is sent instead, providing the specific error reason.

[...]
8.1.3.2.1

E-SMLC initiated Assistance Data Delivery

Figure 8.1.3-6 shows the Assistance Data Delivery operations for the network-assisted GNSS method when the procedure is initiated by the E-SMLC. 
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Figure 8.1.3-6: 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 message of type Provide Assistance Data to the UE. This PDU may include any of the GNSS assistance data defined in subclause 8.1.2.1. 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. 

8.1.3.2.2
UE initiated Assistance Data Delivery

Figure 8.1.3-8 shows the Assistance Data Delivery operations for the network-assisted GNSS method when the procedure is initiated by the UE. 
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Figure 8.1.3-8: UE-initiated Assistance Data Delivery 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 message of type Request Assistance Data 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 in a LPP message of type Provide Assistance Data, 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 message of type Error is sent by the E-SMLC instead, providing the error reason.

[...]
8.1.3.3.1
E-SMLC initiated Position Measurement

Figure 8.1.3-10 shows the Position Measurement operations for the network-assisted GNSS method when the procedure is initiated by the E-SMLC.
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Figure 8.1.3-10: E-SMLC-initiated Position Measurement Procedure

(1)
Optionally, the E-SMLC sends a LPP message of type Request Location Information 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)
If step 1 occurred, the UE performs the requested measurements and possibly calculates its own location. Alternatively, if step 1 did not occur, the UE may initiate step 2 and obtain measurements in the absence of a request – e.g. to provide to the E-SMLC in association with the procedure in Figure 8.1.3-12. The UE sends an LPP message of type Provide Location Information to the E-SMLC before the Response Time provided in step (1) elapsed if step 1 occurred. If step 1 occurred and 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 a LPP message of type Error instead, providing the error reason.

8.1.3.3.2

UE-initiated Position Measurement

Figure 8.1.3-12 shows the Position Measurement operations for the network-assisted GNSS method when the procedure is initiated by the UE. This procedure may be used by the UE in case of basic self location for UE-assisted mode (i.e., UE requests its own location).

Editor’s note:
This figure is not entirely aligned with the generic flow shown in section 5.1 regarding the triggering of the location operation.  The details of the flow are FFS and some coordination with other groups is required to converge on upper-layer aspects.
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Figure 8.1.3-12: UE-initiated Position Measurement Procedure (Basic Self Location)

(1)
The UE sends a LPP message of type Request Location Information to the E-SMLC, including preferred location methods and quality of service parameters (accuracy and response time). The UE may also include an associated Provide Location Information message as described in step 2 of Figure 8.1.3-10 containing A-GNSS and possibly other measurements. The Provide Location Information type may include any UE measurements (GNSS pseudo-ranges, and other measurements) already available at the UE and supported by the E-SMLC.

(2)
If the E-SMLC is able to calculate the UE position and velocity (if requested), it returns the location and velocity (possibly together with uncertainty information) to the UE in a LPP message of type Provide Location Information. If the E-SMLC cannot obtain the UE location, a LPP message of type Error is sent instead, providing the specific error reason.

8.2
Downlink positioning method
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