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1 Introduction

In RAN#50 meeting it was agreed  that stage-2 work will commence on  Network Based Positioning after the RAN#51 meeting.
 This contribution discusses the architecture, protocol, interface and the procedure for Network Based Positioning and provides a proposal to move forward towards a specification for stage-2. 
2 Discussion

In RAN #50 meeting [1], it was agreed that Sounding Reference Signal (SRS) will be transmitted from the UE for uplink measurement for Network Based positioning system.  

2.1 Uplink Positioning System overview
The network based positioning method uses Location Measurement Units (LMU) to obtain timing information of the signal arriving at serving cell or cooperating cell from an UE. As outlined in[2], the MME receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC, eNodeB, 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 [3]. The MME then sends a location services request to an E-SMLC. For Uplink Positioning Method, the SMLC selects the LMU(s) best able to participate in the location session. The serving eNodeB will direct the UE to transmit wideband SRS signals.  The participating LMUs capture the uplink signal transmitted from UE and calculate a timing measurement by knowing all the relevant configuration of the SRS signal. 
2.2 Architecture
The architecture defined for UE positioning in Evolved packet Core (EPC) with E-UTRAN access will be used for Uplink Positioning Technology. 
The LCS architecture diagram taken from [2] is redrawn in Figure 1 with possible association of LMU with E-SMLC or eNodeB. From the figure we notice that the associated node, either the eNodeB or E-SMLC, should have access to all the LMU(s). The associated node will be responsible to manage, configure, control, and monitor the LMUs. The associated node should be able to identify LMU(s) that are able to participate in a positioning session based on a number of factors such as location, configuration and operating status/availability of the LMUs. The associated entity should serve as the central hub for commanding and administering the LMUs.  If LMU(s) are only associated with eNodeB then there will be no central hub to achieve these functionalities.  Also all the eNodeB(s) will be burdened to adopt features which would normally reside in E-SMLC. If the LMU(s) are connected to E-SMLC via an overlay network it is simpler to achieve these functionalities as E-SMLC is the central node which performs the positioning related activity.  LMU(s) connected to E-SMLC via an overlay network offers maximum flexibility in terms of implementation and operation.    

Figure 1 LMU entity in LCS architecture
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Proposal: The Location Measurement Unit (LMU) entity is connected to E-SMLC via an overlay network.
2.3 Protocol and Interface
The general LCS control plane protocols could be used for Uplink positioning. The E-SMLC interacts with the serving eNB to initiate the SRS transmission from UE and obtain the parameters related to SRS signal.
 The E-SMLC will use the LTE Positioning Protocol Annex (LPPa) to send a message to the serving eNB to request the target UE to transmit a wideband SRS signal. E-SMLC will provide the assistance data or tipping information, of the target mobile, to the LMU(s) for timing measurement as similarly done for downlink positioning. LPPa protocol could be used to get tipping information, the assigned SRS parameters and other radio parameters, from the serving eNB to the E-SMLC. Similarly analogous to the downlink where UE sends back the measurement results, in this case, LMU will send the measurement results back to the E-SMLC. Since the LMU(s) are connected via an overlay network with E-SMLC, a protocol can be defined if needed, to pass tipping information (or assistance information) to LMU and retrieve measurement results from LMU. 
In [4], it was proposed that X2 protocol could be used to transfer assistance/tipping information to the LMU(s) from the serving eNodeB.  Though it is possible to use the X2, provided the LMU have an interface/protocol defined with the eNodeB, however managing and coordinating this transfer will pose challenges. A serving eNodeB for a target mobile will have to identify the LMU(s) to send the tipping/assistance information. Further it will have to coordinate, handle and gather the responses from the LMU(s) during the positioning session. At the same time this particular eNodeB may have to responds to requests from other eNodeB(s) in the network for responding and handling of other uplink positioning session. Since there is no central hub which is coordinating and handling these exchanges, complexity will arise in implementing such scheme.
If a standardised protocol is desired between the E-SMLC and LMUs, one could be developed which utilised TCP/IP transport. 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.

The protocol would also define 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.

Proposal: LPPa protocol is used to send request to eNodeB to initiate SRS transmission from the target UE and to transfer tipping/assistance information from serving eNodeB. A new protocol could optionally be defined to send tipping/assistance information to LMU and to receive measurements results from LMU. 
2.4 Procedure 

The Uplink positioning procedures include the initial procedure of triggering, assistant data transfer, and configuring of LMU to make timing measurement and transfer of measurement information.  
Upon receiving a Location Service request from MME, e-SMLC will initiate the process of UL positioning when required. 
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Figure 2 : Message Flow Diagram
1. E-SMLC will send a request, LPPa Uplink Information Request to the serving eNodeB to begin uplink positioning procedure. The request will contain the number of wideband SRS transmissions required for uplink positioning 
2. Upon receiving an LPPa Uplink Information request eNodeB will send an RRC message to 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 will send back the tipping or assistance information (ex: frequency, system BW and SRS related configurations for the UE), in the back to the E-SMLC immediately after receiving the message. The delay time could be included in the message.
3. If the eNodeB is unable to configure UE to transmit SRS, within a maximum fixed time, LPPa Uplink Information Abort message will be sent from eNodeB. The E-SMLC may choose to restart the procedure from step 1 again. 

4. The E-SMLC will determine the LMU(s) that will participate in the location session and will send the assistance information to all of them with a defined response time. 
5. LMU will calculate timing measurements from the UE transmitted SRS signal and send the measurement results to the E-SMLC. If the response time elapsed before any measurement results could be obtained, the LMU will send an error indication in the response message.
6.  If any event occurs that causes the signal characteristics of SRS to change from what had previously been communicated to the E-SMLC, the eNodeB sends an LPPa Uplink Information Reset message to inform the E-SMLC of the new signal characteristics. 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 eNodeB will send an LPPa Uplink Information Abort message to the E-SMLC. The E-SMLC terminates any outstanding measurement requests with participating LMUs.
Proposal: 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 stage-2 specification to support uplink positioning in LTE. The following proposals could be adopted for stage-2 specification. 
· The Location Measurement Unit (LMU) entity is connected to e-SMLC via an overlay network. 

· LPPa protocol is used to trigger UL positioning and to transfer tipping/assistance information from serving eNodeB to e-SMLC. A new protocol could optionally be defined to send tipping/assistance information to LMU and to receive measurements results from LMU. 

· Steps outlined in section 2.4 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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