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1.
Introduction

LPPa definition in TS 36.305 is incomplete and needs addition of appropriate procedures for LPPa message transport and LPPa positioning. LPPa supports both positioning of an individual UE (e.g. using eNodeB assisted E-CID) as well as gathering of measurement and other information from eNodeBs to support downlink OTDOA for all UEs. The proposed procedures turn out to be a small subset of those used for LPP leading to the possibility of combining both protocols to reduce the amount of signaling definition and impacts in common entities such as the E-SMLC. However, the discussion of this, if it occurs, is left for another meeting.

2.
Proposed Changes to TS 36.305
Proposed changes appear below.

**** FIRST PROPOSED CHANGE ****
3.2
Abbreviations

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

CID
Cell-ID (positioning method)

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
Enhanced 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

LCS
LoCation Services

LCS-AP
LCS Application Protocol

LMU
Location Measurement Unit

LPP
LTE Positioning Protocol

LPPa
LTE Positioning Protocol Annex

MO-LR
Mobile Originated Location Request

MT-LR
Mobile Terminated Location Request

NI-LR
Network Induced Location Request
PDU
Protocol Data Unit

PRS
Positioning Reference Signal

QZSS
Quasi-Zenith Satellite System

RRM
Radio Resource Management

SBAS
Space Based Augmentation System

SET
SUPL Enabled Terminal

SLP
SUPL Location Platform

SUPL
Secure User Plane Location

UE
User Equipment

WAAS
Wide Area Augmentation System

WGS-84
World Geodetic System 1984

**** NEXT PROPOSED CHANGE ****
5.2
E-UTRAN Positioning Operations

Separately from location service support for particular UEs, an E-SMLC may interact with elements in the E-UTRAN in order to obtain measurement information to help assist one or more position methods for all UEs.

Editor's Note: The details of the related procedures and signalling interactions will need to await RAN1 completion of downlink and possibly uplink position method evaluation and definition.

5.2.1
Downlink Position Method Support
An E-SMLC can interact with any eNodeB reachable from any of the MMEs with signaling access to the E-SMLC in order to obtain location related information to support the downlink position method. Location related information may be obtained either once on demand or on a repeated and triggered basis. The information can include timing information for the eNodeB in relation to either absolute GNSS time or timing of other eNodeBs and information about the supported cells including PRS schedule.
Signalling access between the E-SMLC and eNodeB is via any MME with signalling access to both the E-SMLC and eNodeB.
**** NEXT PROPOSED CHANGE ****
6.3
eNB-terminated protocols

6.3.1
LTE Positioning Protocol Annex (LPPa)

The LTE Positioning Protocol Annex (LPPa) carries information between the eNode B and the E-SMLC. It is used to support the following positioning capabilities:
· eNodeB assisted E-CID
· data collection from eNodeBs for support of downlink OTDOA positioning
Editor’s Note: It is FFS whether the protocol is transparent to the MME or allows for some MME involvement in transactions.

Editor's Note: LPPa will be defined once RAN1 have determined the downlink and any uplink position methods for E-UTRAN.

6.3.2
S1 Application Protocol (S1-AP)

The S1-AP protocol, terminated between the MME and the eNode B, is used as transport for LPP and LPPa messages over the S1-MME interface. The S1-AP protocol is also used to instigate and terminate eNode B related positioning procedures.

6.4
Signalling between an E-SMLC and UE

6.4.1
Protocol Layering 

Figure 6.4.1-1 shows the protocol layering used to support transfer of LPP PDUs between an E-SMLC and UE. The abbreviations for all protocols follow those used in [19], with the additions of LPP and LCS-AP (LCS application protocol) which denotes a possible new protocol that might be functionally similar to parts of BSSAP-LE (TS 49.031), BSSLAP (TS 48.071) and RANAP (TS 25.413).

Editor's Note:
The protocol layering below is copied exactly from [24]. The layers below LPP on the SLs interface between the MME and E-SMLC are expected to be defined by CT4. Once this has occurred, the figure below can be updated if needed.
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Figure 6.4.1-1: Protocol Layering for E-SMLC to UE Signalling

6.4.2
LPP PDU Transfer 

Figure 6.4.2-1 shows the transfer of an LPP PDU between an E-SMLC and UE, in the network- and UE-triggered cases.  These two cases may occur separately or as parts of a single more complex operation.
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Figure 6.4.2-1: LPP PDU transfer between E-SMLC and UE (network- and UE-triggered cases)

1.
Steps 1 to 4 may occur before, after, or at the same time as steps 5 to 8. Steps 1 to 4 and steps 5 to 8 may also be repeated. Steps 1 to 4 are triggered when the E-SMLC needs to send an LPP PDU to the UE as part of some LPP positioning activity. The E-SMLC then sends an LCS-AP PDU to the MME carrying an LPP PDU.

2.
If the UE is in ECM-IDLE state, the MME performs a network triggered service request as defined in [19] in order to establish a signalling connection with the UE and assign a serving eNode B. 

3.
The MME forwards the LPP PDU to the serving eNode B in an S1AP Downlink NAS Transport message. The MME need not retain state information for this transfer; it can treat any response in step 7 as a separate non-associated transfer.

4.
The eNode B forwards the LPP PDU to the UE in an RRC DL Information Transfer message.

5.
Steps 5 to 8 are triggered when the UE needs to send an LPP PDU to the E-SMLC as part of some LPP positioning activity. If the UE is in ECM-IDLE state, the UE instigates a UE triggered service request as defined in [19] in order to establish a signalling connection with the MME and assign a serving eNode B.

6.
The UE sends an LPP PDU to the serving eNode B in an RRC UL Information Transfer message.

7.
The eNode B forwards the LPP PDU to the MME in an S1AP Uplink NAS Transport message.

9.
The MME forwards the LPP PDU to the E-SMLC in an LCS-AP PDU. 

6.5
Signalling between an E-SMLC and eNode B

6.5.1
Protocol Layering 

Figure 6.5.1-1 shows the protocol layering used to support transfer of LPPa PDUs between an E-SMLC and eNode B. 

Editor's Note:
the protocol layering below is adapted from [24]. The layers below LPPa on the SLs interface between the MME and E-SMLC are expected to be defined by CT1. Once this has occurred, the figure below can be updated if needed.

Editor's Note:
It is FFS if any interaction of the MME with LPPa is required.
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Figure 6.5.1-1: Protocol Layering for E-SMLC to eNode B Signalling

6.5.2
LPPa PDU Transfer for UE Positioning 

Figure 6.5.2-1 shows LPPa PDU transfer between an E-SMLC and eNode B to support positioning of a particular UE.
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Figure 6.5.2-1: LPPa PDU Transfer between an E-SMLC and eNode B for UE Positioning
1.
Steps 1 to 3 are triggered when the E-SMLC needs to send an LPPa PDU to the serving eNode B for some target UE as part of an LPPa positioning activity. The E-SMLC then sends an LCS-AP PDU to the MME carrying an LPPa PDU.

2.
If the UE is in ECM-IDLE state, the MME performs a network triggered service request as defined in TS 23.401 [19] in order to establish a signalling connection with the UE and assign a serving eNode B.

3.
The MME forwards the LPPa PDU to the serving eNode B in an S1AP Downlink Location Transport message and includes a correlation ID related to the MME to E-SMLC location session on the SLs interface. The MME need not retain state information for this transfer – e.g. can treat any response in step 4 as a separate non-associated transfer.

4.
Steps 4 and 5 are triggered when a serving eNode B needs to send an LPPa PDU to the E-SMLC for some target UE as part of an LPPa positioning activity. The eNode B then sends an LPPa PDU to the MME in an S1AP Uplink Location Transport message and includes the correlation ID received in step 3 and the current ECGI.

5.
The MME forwards the LPPa PDU to the E-SMLC associated with the correlation ID received in step 4 in an LCS-AP PDU and includes the ECGI. Steps 1 to 5 may be repeated.

Editor's Note: the above procedure will need to be reviewed after RAN1 has defined the downlink and any uplink positioning methods and after LPPa has been defined at a stage 2 level to support these methods because the use of the current S1AP Location Reporting Control and Location Report messages may be too restrictive – e.g. may not adequately support unsolicited responses from a serving eNode B and messages from an E-SMLC that require no response from an eNode B.
6.5.3
LPPa PDU Transfer for Positioning Support
Figure 6.5.3-1 shows LPPa PDU transfer between an E-SMLC and eNode B when related to gathering data from the eNodeB for positioning support for all UEs.
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Figure 6.5.3-1: LPPa PDU Transfer between an E-SMLC and eNode B for obtaining eNodeB Data
1.
Steps 1 and 2 are triggered when the E-SMLC needs to send an LPPa PDU to an eNode B to obtain data related to the eNodeB. The E-SMLC determines an MME with access to the eNodeB and then sends an LCS-AP PDU to the MME carrying an LPPa PDU and the identity of the eNodeB.

2.
The MME forwards the LPPa PDU to the identified eNode B in an S1AP Downlink Location Transport message and includes the identity of the E-SMLC. The MME need not retain state information for this transfer – e.g. can treat any response in step 3 as a separate non-associated transfer.

3.
Steps 3 and 4 are triggered when an eNode B needs to send an LPPa PDU to an E-SMLC containing data applicable to the eNB. The eNode B determines an MME with access to the E-SMLC and then sends an LPPa PDU to the MME in an S1AP Uplink Location Transport message. The eNodeB includes the identity of the E-SMLC.
4.
The MME forwards the LPPa PDU to the E-SMLC indicated in step 3 in an LCS-AP PDU. Steps 1 to 4 may be repeated.
**** NEXT PROPOSED CHANGE ****
7.2
General LPPa Procedures for UE Positioning 


7.2.1
LPPa Transaction

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

· Transfer of location information for a particular UE (e.g. positioning measurements)

· Transfer of information applicable to the eNodeB (e.g. eNB timing differences)
NOTE:
exchange of capabilities between an eNodeB and E-SMLC and transfer of assistance data may not be needed (e.g. since capability information can be provisioned through O&M)
Parallel transactions between the same E-SMLC and eNodeB are supported. A single LPPa PDU shall not contain information relating to more than one transaction.
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 transaction may be initiated by either end.
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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 request in step 1 is optional.  The transaction is terminated in step 2 in the case of a UE associated transaction. For a non-UE associated transaction 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.
7.2.2
LPPa transaction 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 either in response to a request or unsolicited.
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Figure 7.2.2‑1: Location information transfer

1.
The server optionally sends a a request for location related information to the access node, and may indicate the type of location information needed and associated QoS. The server also indicates whether this refers to a particular UE or only to the access node.
2.
Either in response to step 1 or unilaterally, the access node transfers location related information to the server. The location related information transferred should match the location related information requested in step 1 if step 1 occurs.

3.
Optionally (e.g., if requested in step 1 if step 1 occurs), the access node may transfer additional location related information to the server in one or more additional LPPa PDUs.
**** NEXT PROPOSED CHANGE ****
8
Positioning methods and Supporting Procedures
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.

	Information 
	UE‑assisted 
	UE‑based 

	Global cell IDs (ECGIs) of eNodeB
	Yes
	Yes

	Physical cell IDs (PCIs) of eNodeB
	Yes
	Yes

	PRS Scheduling
	Yes
	Yes

	If not GNSS synchronized: timing of other neighbor cells relative to eNB timing
	Yes
	Yes

	If GNSS synchronized: timing association of eNB cells relative to GNSS
	Yes
	Yes


Table 8.4.2-1: Information that may be transferred from an eNodeB to the E-SMLC for the Downlink Position Method Support
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 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: E-SMLC initiated On Demand Procedure for Location Information Applicable to Downlink
(1)
The E-SMLC sends an LPPa PDU of type Request Location Information to the eNodeB. This request includes an indication of the downlink related information requested and a required response time.

(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 PDU of type Provide Location Information to the E-SMLC, before the Response Time provided in step (1) elapsed.  If the eNodeB is unable to obtain any of the requested information, or if the Response Time elapsed before any of the requested information could be obtained, the eNodeB sends an LPP PDU of type Error instead, providing the error reason.

8.4.3.2

Triggered Procedure 

Figure 8.4.3-2 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: E-SMLC initiated Triggered Procedure for Location Information Applicable to Downlink
(1)
Optionally, the E-SMLC sends an LPPa PDU 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 and/or threshold change in a reported information item), a response time and criteria for terminating responses (e.g. a limit on the number of responses or a maximum reporting period).

(2)
Either in response to step 1 or based on configuration information, the eNodeB obtains the information requested in step 1 or defined by configuration using already available information and/or real time measurements. The eNodeB then sends an LPPa PDU of type Provide Location Information to the E-SMLC carrying this information, before the Response Time provided in step (1) elapsed if step 1 occurs.  If the eNodeB is unable to obtain any of the requested information, or if the Response Time elapsed before any of the requested information could be obtained, the eNodeB sends an LPPa PDU of type Provide Location Information to the E-SMLC containing a cause indication and no location related information.

(3)
When the trigger criteria provided in step 1 or by configuration indicate the need for a new response (e.g. a periodic timer has expired or some timing difference has changed by more than a specified amount), the eNodeB obtains the latest information requested either in step 1 or by configuration. The eNodeB then sends a further LPPa PDU of type Provide Location Information to the E-SMLC containing this information, before the Response Time provided in step (1) or by configuration elapses following occurrence of the trigger. If the eNodeB is unable to obtain any of the requested information, or if the Response Time elapsed before any of the requested information could be obtained, the eNodeB sends an LPPa PDU of type Provide Location Information to the E-SMLC containing a cause indication and no location related information.
(4) Step 3 is repeated for each further occurrence of the trigger(s) provided either in step 1 or by configuration until the criteria provided in step 1 or by configuration occur for cessation of reporting. This may or may not occur in conjunction with a reporting criterion. Regardless of which is the case, the eNodeB behaves as in step 3 to send a further LPPa PDU of type Provide Location Information to the E-SMLC. This PDU also carries an end of transaction indication.
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