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7.2
General LPPa Procedures for UE Positioning 

7.2.1
LPPa Procedures

Positioning and data acquisition procedures between an E-SMLC and eNodeB are modelled as transactions of the LPPa protocol using the procedures defined in this specification.  A procedure consists of a single operation of one of the following types:

· UE associated transfer, i.e. information for a particular UE (e.g. positioning measurements)

· Non UE associated transfer, i.e. information applicable to the eNodeB (e.g. eNB timing differences)


Parallel transactions between the same E-SMLC and eNodeB are supported, i.e.a pair of E-SMLC and eNB may have more than one LPPa procedure in execution at the same time.
For possible extensibility, the protocol is considered to operate between a generic "access node" (e.g. eNodeB) and a “server” (e.g. E-SMLC). A procedure is only be initiated by the server.
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Figure 7.2.1-1: A single LPPa transaction
Figure 7.1.2-1 shows a single LPPa transaction. The transaction is terminated in step 2 in the case of a UE associated procedure. For a non-UE associated procedure to gather information concerning the access node, additional responses may be allowed (e.g. sending of updated information periodically and/or whenever there is some significant change). In this case, the transaction may be ended after some additional responses. According to the definitions of the Stage 3 LPPa protocol, the described transaction may be realized by the execution of one procedure defined as a request and a response, followed by a procedure defined as a single message (to realize the additional responses).
7.2.2
LPPa procedure types

7.2.2.1
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 in response to a request.
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Figure 7.2.2‑1: Location information transfer

1.
The server sends a a request for location related information to the eNode B, and indicates the type of location information needed and associated QoS. The request may refer to a particular UE.

2.
In response to step 1, the eNode B transfers location related information to the server. The location related information transferred should match the location related information requested in step 1.
3.
If requested in step 1, the eNode B may transfer additional location related information to the server in one or more additional LPPa messages when the positioning method is E-CID.
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8.2
Downlink positioning method

8.2.1
General

In the downlink positioning method, the UE positioning 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;

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;

-
Timing information on the eNode B;

-
Geographical candidates of the eNode B.

An eNode B may provide assistance data relating only to itself via LPPa signalling, although assistance data from several eNode Bs may be acquired through other mechanisms, see NOTE below.
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.
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8.2.3.2.2
Assistance Data Delivery between E-SMLC and eNode B

The purpose of this procedure is to enable the eNode B to provide assistance data to the E-SMLC, for subsequent delivery to the UE using the procedures of subclause 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 eNode B 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.
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8.3
Enhanced cell ID positioning methods

8.3.1
General

In the Cell ID (CID)-based method, the UE position is estimated with the knowledge of the geographical coordinates of its serving eNodeB. Enhanced Cell ID (E-CID) positioning refers to techniques which use additional UE and/or E‑UTRAN radio resource related measurements to improve the UE location estimate. For E-UTRAN access, these measurements may include [20, 21]:

UE measurements ([20], [21]):

-
Reference signal received power (RSRP);

-
Reference Signal Received Quality (RSRQ);

-
UE Rx – Tx time difference.
E-UTRAN measurements ([20], [21]):

-
eNB Rx – Tx time difference
-
Timing Advance (TADV):

-
Type1: TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference)
-
Type2: TADV = eNB Rx – Tx time difference;

-
Angle of Arrival (AoA).

Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are beyond the scope of this specification.

8.3.2
Information to be transferred between E-UTRAN Elements

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

8.3.2.1
Information that may be transferred from the E-SMLC to UE

UE-assisted Enhanced Cell-ID location does not require any assistance data to be transferred from the E-SMLC to the UE.

UE-Based Enhanced Cell-ID location is not supported in this version of the specification.

8.3.2.2
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 8.3.2.2-1.

Table 8.3.2.2-1: Information that may be transferred from UE to the E-SMLC

	Information 
	UE‑assisted 

	Evolved Cell Global Identifier (ECGI)/Physical Cell ID
	Yes

	Reference signal received power (RSRP)
	Yes

	Reference Signal Received Quality (RSRQ)
	Yes

	UE Rx – Tx time difference
	Yes


8.3.2.3
Information that may be transferred from the eNB to E-SMLC

The information that may be signalled from eNB to the E-SMLC is listed in table 8.3.2.3-1.

Table 8.3.2.3-1: Information that may be transferred from eNB to the E-SMLC

	Information 

	Timing Advance (TADV)

	Angle of Arrival (AoA)

	E-UTRA Measurement Results List:

	
	- Evolved Cell Global Identifier (ECGI)/Physical Cell ID

	
	- Reference signal received power (RSRP)

	
	- Reference Signal Received Quality (RSRQ)
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8.3.4
Uplink E-CID Positioning Procedures

The procedures described in this subclause support E-CID related measurements obtained by the eNodeB and provided to the E-SMLC using LPPa.  The term “uplink” is intended to indicate that from the E-SMLC point of view, the involved measurements are provided by the eNode B; this set of procedures might also be considered as “eNB-assisted E-CID”. An example of this uplink E-CID positioning method is AoA+TADV.
NOTE:
Uplink E-CID positioning does not require LCS support in the UE and therefore, works also with legacy UEs (assuming that any involved measurements delivered in RRC are supported by the legacy UEs).

8.3.4.1
Position Capability Transfer Procedure

The position capability transfer procedure is not applicable to uplink E-CID positioning.

8.3.4.2
Assistance Data Delivery Procedure

The assistance data delivery procedure is not applicable to uplink E-CID positioning.

8.3.4.3
Position Measurement Procedure

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

8.3.4.3.1
E-SMLC-initiated Position Measurement

Figure 8.3.4.3.1-1 shows the Position Measurement operations for the uplink E-CID method when the procedure is initiated by the E-SMLC.




[image: image6.emf]E-SMLC eNB

LPPa Message

(E-CID MEASUREMENT INITIATION 

REQUEST)

(2)

(1)

LPPa Message

(E-CID MEASUREMENT INITIATION 

RESPONSE/FAILURE)

(3)

UE

RRC Measurement 

Procedure


Figure 8.3.4.3.1-1: E-SMLC-initiated Position Measurement Procedure

(1)
The E-SMLC sends an LPPa eE-CID MEASUREMENT INITIATION REQUEST message to the eNB. This request includes indication of E-CID measurements requested and whether the result is expected only once or periodically.
(2)
If the E-SMLC in step (1) requested UE measurements (i.e., RSRP, RSRQ measurements), or if the eNB requires UE measurements associated with the measurements requested by the E-SMLC (e.g., TADV type 1, which requires a UE Tx-Rx time difference measurement to be delivered from the UE to the eNB), the eNB may configure the UE to report the measurement information requested as specified in [14].

(3)

If the result is expected only once and the eNode B obtains E-CID measurements as requested, the eNode B sends an LPPa E-CID MEASUREMENT INITIATION RESPONSE to the E-SMLC, which includes the obtained E-CID measurements. If the result is expected periodically and the eNode B is able to configure the E-CID measurements as requested, the eNode B sends an LPPa E-CID MEASUREMENT INITIATION RESPONSE to the E-SMLC, which does not include any result. The eNode B reports then the requested measurements by initiating the E-CID Measurement Report procedure, with the requested periodicity. If the eNode B is unable to initiate the requested measurements as configured by the request from the E-SMLC, or is unable to instigate required RRC procedures to obtain the requested measurements from the UE, the eNode B sends an LPPa E-CID MEASUREMENT INITIATION FAILURE message providing the error reason. If the failure occurs during a periodic reporting, the eNode B sends an LPPa E-CID MEASUREMENT FAILURE INDICATION message.
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 

	Global cell IDs (ECGIs) of eNodeB
	Yes

	Physical cell IDs (PCIs) of eNodeB
	Yes

	PRS Scheduling
	Yes

	If synchronized: SFN initialization time of eNB relative to time reference
	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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