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1 Introduction

In RAN #73bis meeting it was agreed that Network based positioning architecture and call procedure will support stand-alone LMUs as well as LMUs integrated into the eNB. The architecture will support interoperability between the two types of LMUs as well. 
Contributions [6] and [7] evaluate the three proposed alternatives, those being:

1) eNB involved: LPPa

2) eNB involved: X2

3) Transparent overlay; i.e. SMLC communicates to all LMU's via a new interface directly between the E-SMLC and LMU.
This contribution provides further details on the interfaces, protocols and procedures that would apply to option 3 above, should it be chosen as the preferred architecture. Two options are proposed on how an LMU integrated into an eNB could be handled in regards to signalling.
2 Discussion

2.1 Interface overview

An overlay signalling architecture to the LMUs sees a new interface defined between the E-SMLC and all LMUs. Within this paper this interface is named SLm simply for ease of reference. The diagram below illustrates this interface.
Figure 1 LMU entity in LCS architecture
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2.2 High level information flow

When the E-SMLC is invoked by the MME to locate a UE and the uplink positioning method is chosen by the E-SMLC, the following steps would occur:

1. The E-SMLC uses the LTE Positioning Protocol Annex (LPPa) to request the serving eNB to initiate the wideband SRS transmission from the UE.

2. The LPPa response from the serving eNB back to the E-SMLC informs the E-SMLC of the assigned SRS parameters (assistance data or tipping information) the LMUs require in order to perform measurements.

3. The E-SMLC chooses the LMUs to participate in the location session and passes the assistance data to each LMU over the SLm interface and requests measurements be taken.
4. Each LMU selected performs measurements and returns the results back to the E-SMLC, where all measurements are combined to calculate the location of the UE.
The diagram below illustrates this information flow.

Figure 2 High level information flow for uplink positioning
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2.3 Protocols

2.3.1 LPPa
As shown in the previous section, the LPPa protocol would be used to request the serving eNB to initiate UE SRS transmissions and to pass the assistance data relating to these UE transmissions back to the E-SMLC. LPPa would also be used by the serving eNB to inform the E-SMLC of a change in the UE transmissions (such as reset and abort style procedures when the transmissions change or cease for any reason). New procedures/messages would need to be defined within LPPa to perform these functions.
2.3.2 LMU Protocol

A new protocol, referred to here simply as LMUP (LMU Protocol) would be defined for use on the SLm interface between the E-SMLC and LMUs. This protocol would define control procedures, such as:

· Link establishment – using an application level handshake;

· Link health monitoring – using heartbeating;

· LMU availability reporting – both on request from the E-SMLC as well as an unsolicited report from the LMU on availability change;

as well as positioning procedures, such as:

· Measurement request – where the LMU is informed of the SRS signal characteristics for the target UE and requested to calculate and return a timing measurement;

· Measurement reset – used to inform the LMU of a change in UE signal characteristics;

· Measurement abort – used to terminate an ongoing measurement early.

Transaction management would also be part of this protocol, allowing the E-SMLC to relate all LMU positioning procedures to the location session identified by the “correlationId” provided by the MME on the SLs interface.

2.4 Options for eNB with integrated LMU

It is clear from figure 2 that a standalone LMU is easily supported in this architecture. The LMU simply implements the LMUP protocol on the SLm interface.
For an LMU integrated into an eNB, two options present themselves, which are discussed in sections 2.4.1 and 2.4.2 below.

2.4.1 Integrated LMU implements LMUP over SLm interface

In this option, the LMU module within the eNB implements the SLm interface the same as a standalone LMU would. The diagram below illustrates this.
Figure 3 Integrated LMU implementing the SLm interface


[image: image3.emf]MME eSMLC

S1

X2

S1

SLs

eNodeB

Serving 

eNodeB

Standalone

LMU

SLm

Integrated

LMU

SLm

L

M

U

P

LMUP


The advantage of this approach is that the E-SMLC does not need to distinguish between a standalone LMU and an LMU integrated into an eNB, since the communication mechanism with both of them is identical.

The disadvantage is that a new interface is added into the eNB, however it would only need to be implemented by the eNB in the case where an integrated LMU was present.
Proposal 1a: An eNB-integrated LMU shall be supported by the eNB implementing the SLm interface.
2.4.2 LMUP carried transparently within LPPa

If it is deemed undesirable to have a new interface into the eNB when it has an integrated eNB, this option sees the existing interfaces re-used to transparently carry the LMUP messaging to the integrated LMU. A new LPPa message could be introduced to transparently carry LMUP payloads between the E-SMLC and eNB, with the eNB then delivering the LMUP payload to the integrated LMU. The diagram below illustrates this.

Figure 3 Integrated LMU using LPPa transport for LMUP messaging
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With this option the LMUP control procedures mentioned in section 2.3.2 that deal with link establishment and link health monitoring would not apply (although LMU health querying could still be supported if so desired).

The advantage of this approach is that no new interface is introduced to the eNB for the integrated LMU case.
The disadvantage is that the E-SMLC must be aware of the type of LMU such that the mechanism to communicate with it can be determined. This could simply be O&M configuration within the E-SMLC for each LMU.
Proposal 1b: An eNB-integrated LMU shall be supported by the LMU protocol being carried transparently within LPPa messaging.
Of course, it would also be possible to include both options in the specifications, leaving the decision up to eNB implementation how it chooses to receive the LMUP messaging destined for the integrated LMU.
Proposal 1c: It shall be left up to eNB implementation how it chooses to receive the LMU protocol messaging in the case of an integrated LMU (either by the eNB implementing the SLm interface or by LMUP being delivered within LPPa messaging)

2.5 Procedures and messages
Upon receiving a Location Service request from an MME, the E-SMLC chooses to initiate the uplink positioning method when required.

The uplink positioning procedures include the initial LPPa procedure of triggering UE SRS transmissions and assistance data transfer from the serving eNB to the E-SMLC, as well as LMUP procedures for configuring the LMUs to make timing measurement and transfer of measurement information back to the E-SMLC. 
A Reset procedure is defined to allow the serving eNB to inform the E-SMLC when the UE signal characteristics have changed (for example, potentially on an intra-eNB handover), and an Abort procedure is also defined to allow the serving eNB to inform the E-SMLC to cease any ongoing measurement attempts (eg, UE disconnection or inter-eNB handover).
The diagram below shows a more detailed message flow.
Figure 4 : Message Flow Diagram
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1. The E-SMLC sends a request, LPPa Uplink Information Request, to the serving eNodeB to begin uplink positioning procedures. The request will contain the number of wideband SRS transmissions required for uplink positioning 

2. Upon receiving an LPPa Uplink Information request, the serving eNodeB sends an RRC message to the UE to transmit SRS signal after some fixed or configurable time. The fixed or configurable time can be identified in terms of frame numbers. However, the eNodeB sends the tipping or assistance information (for example, frequency, system BW and SRS related configurations for the UE) back to the E-SMLC immediately after receiving the message. The delay time could be included in the message.
If the eNodeB is unable to configure the UE to transmit SRS within a maximum fixed time, an LPPa Uplink Information Abort message is sent to the E-SMLC. The E-SMLC may choose to restart the procedure from step 1 again. 

3. The E-SMLC determines the set of LMUs to participate in the location session and sends the assistance information to all of them with a defined response time.
3a - For a standalone LMU or an LMU integrated into an eNB that supports the direct SLm interface, the E-SMLC sends the LMUP Measurement Request directly to the LMU.
3b - For an LMU integrated into an eNB that does not support the direct SLm interface, the E-SMLC bundles the LMUP Measurement Request inside an LPPa LMU Transfer message and uses existing LCS-AP Connectionless Information procedures (or LCS-AP Connection Oriented Information for the serving eNB) to signal the integrated LMU.
4. The LMU calculates timing measurements from the UE transmitted SRS signal and sends the measurement results to the E-SMLC. If the response time elapsed before any measurement results could be obtained, the LMU sends an error indication in the response message.

5.  If any event occurs that causes the SRS signal characteristics to change from what had previously been communicated to the E-SMLC, the serving eNodeB sends an LPPa Uplink Information Reset message to inform the E-SMLC of the new signal characteristics. 
6. The E-SMLC passes this information on to all participating LMU(s).

7. If any event occurs during the SRS transmission time that causes the UE to cease transmitting SRS as configured for positioning purposes (such as UE disconnection or handover to another eNB), the serving eNodeB sends an LPPa Uplink Information Abort message to the E-SMLC.
8. The E-SMLC terminates any outstanding measurement requests with participating LMUs.

Proposal 2: Steps outlined in this section could be used as a framework for triggering, assistant data transfer, and configuring of LMU to make timing measurement and transfer of measurement information.
3 Conclusion

This contribution discusses further stage-2 specification impacts specific to the LMU overlay interface architecture to support uplink positioning in LTE. Options are proposed on how LMUs integrated into an eNB could be handled.
Proposal 1a: An eNB-integrated LMU shall be supported by the eNB implementing the SLm interface.
Proposal 1b: An eNB-integrated LMU shall be supported by the LMU protocol being carried transparently within LPPa messaging.
Proposal 1c: It shall be left up to eNB implementation how it chooses to receive the LMU protocol messaging in the case of an integrated LMU (either by the eNB implementing the SLm interface or by LMUP being delivered within LPPa messaging)

Proposal 2: Steps outlined in section 2.5 could be used as a framework for triggering, assistant data transfer, and configuring of LMU to make timing measurement and transfer of measurement information.
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For each standalone LMU and integrated LMU where the eNB supports SLm interface:
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