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Introduction

This document discusses the aspects of TS 36.305 related to the protocol design of LPP.  A draft CR is included with proposed text for the relevant sections of the spec.

Discussion

The proposed text describes LPP as an end-to-end protocol terminated between the UE and the E-SMLC, in accordance with the SA2 design in TR 23.891.  A transaction-based protocol design is proposed, with flows illustrating the basic transaction types.
The proposed text includes only a limited treatment of the “LPPa” protocol link between the eNode B and the E-SMLC; it is understood that this aspect will be significantly affected by the design of the downlink positioning method.
Conclusion
We propose that RAN2 agree to the attached text for addition to TS 36.305.  For readability, the text is not revision marked (all text would be new if treated as a CR against the skeleton).
6
Signalling protocols and interfaces

6.1
Network interfaces supporting positioning operations

6.1.1
General LCS control plane architecture

The general LCS control plane architecture in the EPS applicable to a target UE with E-UTRAN access is defined in [2].
Editor's Note:  SA2 have selected architecture alternative 2 in TR 23.891. At SA2#72, CRs were approved against TS 23.271 to include portions of TR 23.891 applicable to the EPC. Further CRs are expected at SA2#73 and should result in an updated version of TS 23.271 for Rel-9 after SA#44.
6.1.2
LTE-Uu interface

The LTE-Uu interface, connecting the UE to the eNode B over the air, is used as one of several transport links for the LTE Positioning Protocol.  It may also be used as transport outside of LPP interactions for information that will be used in positioning, e.g., measurements transferred using the existing measurement mechanisms.
6.1.3
S1-MME interface

The S1-MME interface between the eNode B and the MME is transparent to all UE-positioning-related procedures.  It is involved in these procedures only as a transport link for the LTE Positioning Protocol.
For eNode B positioning related procedures, the S1-MME interface transports both positioning requests from the E-SMLC to the eNode B and positioning results from the eNode B to the E-SMLC.

6.1.4
SLs interface

The SLs interface, between the E-SMLC and the MME, is transparent to all UE related and eNode B related positioning procedures.  It is then used only as a transport link for the LTE Positioning Protocols LPP and LPPa.
The SLs interface supports location sessions instigated by the MME as defined in [2]. LPP and LPPa transport are then supported as part of any location session.
6.2
UE-terminated protocols

6.2.1
LTE Positioning Protocol (LPP)

The LTE Positioning Protocol (LPP) is terminated between the UE and the E-SMLC.  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 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 and its successors, as defined in the OMA SUPL 2.0 standards ([17], [18]). 

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.  More than one transaction may be in progress at any given moment.  A transaction may involve a request/response pairing of messages or one or more “unsolicited” messages.  Each transaction has a single objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of a target according to some QoS and use of one or more positioning methods).  Multiple transactions, in series and/or in parallel, can be used to achieve more complex objectives (e.g., positioning of a target in association with transfer of assistance data and exchange of LPP related capabilities). Multiple transactions 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).
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. For possible successors of SUPL 2.0, as well as possible future 3GPP control plane solutions, LPP permits peer-to-peer location, in which one peer acts as a server and the other a target. 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. In this release, these methods comprise:

-
A-GNSS;
-
OTDOA;
-
E-CID.
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.

6.2.2
Radio Resource Control (RRC)

The RRC protocol is terminated between the eNode B and the UE.  In addition to providing transport for LPP messages over the Uu interface, it supports transfer of measurements that may be used for positioning purposes through the existing measurement systems specified in [14].
6.3
eNB-terminated protocols

6.3.1
LTE Positioning Protocol Annex (LPPa)

The LTE Positioning Protocol Annex (LPPa) is terminated between the eNode B and the E-SMLC. 
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 TR 23.891. The layers below LPP 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.
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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 LPP PDU transfer between an E-SMLC and UE.
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Figure 6.4.2-1: LPP PDU Transfer between an E-SMLC and UE 
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 TR 23.891. 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.
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Figure 6.5.1-1: Protocol Layering for E-SMLC to eNode B Signalling
6.5.2
LPPa PDU Transfer 

Figure 6.5.2-1 shows LPPa PDU transfer between an E-SMLC and eNode B.
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Figure 6.5.2-1: LPPa PDU Transfer between an E-SMLC and eNode B
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 Location Reporting Control message. 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 Location Report message.

5.
The MME forwards the LPPa PDU to the E-SMLC in an LCS-AP PDU. 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.
7
General E-UTRAN UE Positioning procedures
7.1
General LPP procedures for UE Positioning 

7.1.1
LPP Transaction
Positioning procedures in the E-UTRAN are modelled as transactions of the LPP protocol.  A transaction consists of a single operation of one of the following types:
· Exchange of positioning capabilities;
· Transfer of assistance data;
· Transfer of location information (measurements and/or position).
Parallel transactions are permitted.  A single LPP PDU may contain information relating to more than one transaction. 
All LPP messages flow between two endpoints referred to as the “target” and the “server”.  In this version of the specification the target is always the (LPP endpoint within the) UE, and the server the (LPP endpoint within the) E-SMLC.  A transaction may be initiated by either the target or the server.
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Figure 7.1.1-1: A single LPP transaction

Figure 7.1.1-1 shows a single LPP transaction taking place immediately after session establishment.  The transaction request in step 2 is optional.  Although the figure shows the request as being originated by the server and the response by the target, the reverse is also possible (with some restrictions for certain transaction types).
7.1.2
Positioning transaction types
7.1.2.1
Capability exchange

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) . 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, one endpoint (either the target or the server) sends an LPP PDU to the other endpoint with a request for capability information.  The responding endpoint sends an LPP PDU containing a capability response.
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Figure 7.1.2‑1: Capability transfer

1.
Optionally, the target or server (“Endpoint B”) may send a request for the LPP related capabilities of the other node (“Endpoint A”).

2.
Either in response to step 1 or unilaterally, the server or target (“Endpoint A”) transfers its LPP-related capabilities to the other node (“Endpoint B”). The capabilities may refer to particular position methods or may be common to multiple position methods.
This transaction is supported in both directions, i.e., capabilities can be delivered either from the target to the server or vice versa. Note that while the transaction is bidirectional at the LPP level, capability transfer for some position methods may be only unidirectional (e.g., only from the target to the server).
7.1.2.2
Assistance data transfer

Assistance data may be transferred either by request or unsolicited.  If a request is used, the target sends an LPP PDU to the server indicating the request; the server then delivers one or more LPP PDUs with assistance data.
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Figure 7.1.2‑2: Assistance data transfer

1.
Optionally, the target may send a request to the server for assistance data and may indicate the particular assistance data needed.

2.
Either in response to step 1 or unilaterally, the server transfers assistance data to the target. The transferred assistance data should match any assistance data requested in step 1 if this step occurred.

3.
Optionally (e.g., if requested in step 1), the server may transfer additional assistance data to the target in one or more additional LPP PDUs.

This transaction is unidirectional; assistance data are always delivered from the server to the target.  In the event that multiple instances of assistance data are delivered (i.e., if step 3 occurs), the several instances are all considered as portions of a single transaction.
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).  It is delivered either in response to a request or unsolicited.
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Figure 7.1.2‑3: Location information transfer
1.
Optionally, the target or server (“Endpoint B”) may send a request for location information to the other node (“Endpoint A”), and may indicate the type of location information needed and associated QoS.

2.
Either in response to step 1 or unilaterally, the server or target (“Endpoint A”) transfers location information to the other node (“Endpoint B”). If step 1 was performed, the location information transferred should match the location information requested in step 1.

3.
Optionally (e.g., if requested in step 1), the source node (“Endpoint A”) in step 2 may transfer additional location information to the recipient node (“Endpoint B”) in one or more additional LPP PDUs.

This transaction is bidirectional at the LPP level; either the target or the server may take the rôle of either endpoint in Figure 7.2.3-1. Note, however, that particular constituents of the LPP PDUs used for this transaction may sometimes be sent in only one direction; e.g., while a location estimate may be valid in both directions, certain radio measurements may only be allowed from a target to a server.
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 transaction to obtain location information shall be in progress at any time for the same position method.

In this example, the objective is to provide the target with an estimate of its location, in a situation in which the target’s LPP capabilities are not known in advance to the server, and additional assistance data are required by the target.  A message flow is shown in Figure 7.1.2.-4.
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Figure 7.1.2‑4: Example of multiple LPP transactions

1.
The target sends a request to the server for its geographic location and may include the required QoS.

2.
The server returns a request for the LPP related capabilities of the target.

3.
The target returns its LPP related capabilities (e.g., positioning methods supported).

4.
The target sends a request for particular assistance data.  Note that step 4 could take place simultaneously with step 3 (i.e., using a single transport message to carry the two LPP PDUs).

5.
The server returns the assistance data requested in step 4.

6.
The server sends a request for location information  (e.g., for location related measurements for position methods supported by the target as indicated in step 3).  Note that step 6 could be combined with step 5 in a single transport message.
7.
The target obtains and returns the location information (e.g., positioning method measurements) requested in step 6.

8.
The server computes a location estimate for the target, using the location information received in step 7, and returns this to the target, completing the transaction started in step 1.
7.1.2.5
Sequence of Transactions

LPP transactions 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 either side may transfer or request capability information to or from the other side at any time if not already performed.
Despite the flexibility allowed by LPP, it is expected that transactions will normally occur in the following order:

1.
Transfer Capabilities;
2.
Transfer Assistance Data;
3.
Transfer Location information (measurements and/or location estimate).
Specific examples for each positioning method are shown in clause 8.

7.2
General LPPa Procedures for UE Positioning  

Editor's Note: to be completed after RAN1 decides needed downlink and possibly uplink position methods.

7.3
Service Layer Support using combined LPP and LPPa Procedures
As described in [2], UE-positioning-related services can be instigated from the EPC in the case of an NI-LR or MT-LR location service, or from the UE in the case of an MO-LR location service. The complete sequence of operations in the EPC is defined in [2]. This subclause defines the overall sequences of operations that occur in the E-SMLC, E-UTRAN and UE as a result of the EPC operations.

7.3.1
NI-LR and MT-LR Service Support

Figure 7.3.1-1 shows the sequence of operations for an NI-LR or MT-LR location service, starting at the point where the MME initiates the service in the E-SMLC. 
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Figure 7.3.1-1: UE Positioning Operations to support an MT-LR or NI-LR

1.
The MME sends a location request to the E-SMLC for a target UE and may include associated QoS.

2.
The E-SMLC may obtain location related information from the UE and/or from the serving eNode B. In the former case, the E-SMLC instigates one or more LPP transactions to transfer capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate one or more LPP transactions after the first LPP PDU is received from the E-SMLC (e.g., to request assistance data from the E-SMLC).
3.
If the E-SMLC needs location related information for the UE from the eNode B, the E-SMLC instigates one or more LPPa transactions. Step 3 is not necessarily serialised with step 2; if the E-SMLC and eNode B have the information to determine what transactions need to take place for the location service, step 3 could precede or overlap with step 2.
4.
The E-SMLC returns a location response to the MME with any location estimate obtained as a result of steps 2 and 3.
7.3.2
MO-LR Service Support

Figure 7.3.2-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the UE or the user has requested some location service (e.g., retrieval of the UE's location or transfer of the UE's location to a third party).
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Figure 7.3.2-1: UE Positioning Operations to support an MO-LR
1.
The UE sends a NAS level MO-LR request to the MME. The MO-LR request may carry an LPP PDU to instigate one or more LPP transactions to transfer capabilities, request assistance data, request location information and/or transfer location information (e.g. location measurements).  

2.
The MME sends a location request to the E-SMLC and includes any LPP PDU received in step 1.

3.
The E-SMLC may obtain location related information from the UE and/or from the serving eNode B. In the former case or if an immediate response is needed to any LPP transaction instigated by the UE in step 1 (e.g., a request for assistance data or E-SMLC capabilities), the E-SMLC instigates one or more LPP transactions to transfer capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also instigate further LPP transactions after the first LPP PDU is received from the E-SMLC (e.g., to request assistance data or to request further assistance data).

4.
If the E-SMLC needs location related information for the UE from the eNode B, the E-SMLC instigates one or more LPPa transactions. Step 4 may also precede step 3 or occur in parallel with it.

5.
The E-SMLC returns a location response to the MME with any location estimate obtained as a result of steps 3 and 4, and/or with a final LPP PDU (e.g., that could provide a location estimate to the UE if requested by the UE in step 1).  
6.
If the UE requested location transfer to a third party the MME transfers the location received from the E-SMLC in step 5 to the third party as defined in [2].

7.
The MME sends a NAS level MO-LR response to the UE, carrying any final LPP PDU that was received in step 5.
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