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Discussions on Location Hybridization
1 Introduction
This paper seeks to clarify the issues raised during the introduction of the Working Item (WI) GP-09008[1] and the associated Change Request (CR) GP-09009[2] at the opening plenary of 3GPP TSG GERAN #41 (St. Julians, Malta). 

This paper justifies the need and explains in detail the technical approach taken in WI GP-09008[1]. Acceptance of the Work item and associated CR is sought. Both the WI and CR are for Release 9.
2 Purpose
The use of A-GPS (A-GNSS) and U-TDOA location technologies are complementary, each offers service in areas or conditions where the other suffers. Both true hybridization (combination of pseudoranges/ranges from each technology) and fallback to a single location technology is possible with the proposed method. Hybridization with the two technologies operating in parallel is necessary since results of any single location attempt cannot be known a priori.

As subscribers begin to rely on accurate commercial location-based services with a uniform quality of service, the hybridization of the existing Assisted Global Positioning System (A-GPS) and Uplink Time-Difference-of-Arrival (U-TDOA) will allow GSM carriers to offer robust and uniform location-based services that satisfy subscribers. Hybridization will also allow GSM carriers to satisfy new or tightened regulatory requirements.
3 Changes Required in Stage 1 to Implement Hybrid
No changes to Stage 1[4] are needed to accomplish the Hybridization of U-TDOA and A-GPS.

4 Changes Required in Stage 2 to Implement Hybrid
Very limited changes to stage 2[5] are required to enable the hybridization of U-TDOA and A-GPS. This section shows the existing messaging for each positioning technique and the messaging needed for the U-TDOA/A-GPS hybrid. Changes to the text of 3GPP TS 43.059 “"Functional stage 2 description of Location Services (LCS) in GERAN”, are as shown.

4.1 Background - Existing A-GPS Messaging

Figure 1 shows the existing messaging used in a A-GPS location estimate.
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Figure 1
No changes are required to existing A-GPS messaging to support the Hybrid A-GPS/U-TDOA system.
4.2 Background - Existing U-TDOA Messaging

Figure 2 shows the pre-existing messaging involved in a U-TDOA location estimate.
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Figure 2
No changes are required to existing U-TDOA messaging to support the Hybrid A-GPS/U-TDOA system.
4.3 Hybrid A-GPS and U-TDOA Messaging

Figure 3 shows the combined messaging for a hybrid A-GPS/U-TDOA location attempt. For the convenience of the reader, solely U-TDOA related messaging (steps f and g) is shown as shaded.
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Figure 3
4.3.1 Scope of Changes to Support Hybrid Localization

No messaging contents are changed by this proposal. All messaging and loading is as if the two separate location attempted were performed. 
Please note: Figure 3 shows one example of the timing of messages. Since the two location attempts are launched in parallel, and are independent to all nodes other than the SMLC, exact messaging order is not a requirement for this feature.
4.3.2 Required Changes to 3GPP TS 43.059

As detailed in the proposed CR GP-09009, the 3GPP TS 43.059 (v8.0.0) specification requires removal of the prohibition against multiple simultaneous location attempts from the text. These changes are shown below:
8.5.3.1
General Procedures

The BSC serving a target MS shall supervise any network or MS location service procedure, including transfer of positioning assistance data to an MS, and shall only allow one such procedure to be active at any time. If a new procedure is instigated by the SMLC for any target MS, the BSC shall initiate the new positioning procedure, running in parallel with the current procedure. cancel any previous procedure without notifying the SMLC or target MS. The new procedure shall be treated according to the prevailing conditions. If a location information transfer to an MS initiated by an SMLC is not active, the BSC shall discard any RRLP message received from the MS.  This precludes the initiation of any location service procedure from an MS.
Depending on the location procedure and its current state of execution, a serving BSC may choose to defer certain radio related events (e.g. handover) to avoid interference with location – refer to the later clauses for each position method. A serving BSC shall abort all existing location related procedures for a particular target MS without notifying a target MS if the DCCH to the target MS or the SCCP connection to the SMLC is released. In the event of an abort with an SMLC, the BSC shall attempt to notify the SMLC using a BSSAP-LE Perform Location Abort.

8.5.4.1
General Procedures

The BSS serving a target MS shall supervise any network or MS location service procedure, including transfer of positioning assistance data to an MS, and shall only allow one such procedure to be active at any time for any one TLLI. If a new procedure is instigated by the SMLC for any target MS, the BSS shall initiate the new positioning procedure, running in parallel with the current procedure. cancel any previous procedure without notifying the SMLC or target MS The new procedure shall then be treated according to the prevailing conditions. If a location information transfer to an MS initiated by an SMLC is not active, the BSS shall discard any RRLP message received from the MS via the SGSN.

A serving BSS shall abort all existing location related procedures for a particular target MS without notifying a target MS if the SCCP connection to the SMLC is released. In the event of an abort when no BSSLAP procedure is active, but a location procedure is active, the BSS shall attempt to notify the SMLC using a BSSAP-LE Perform Location Abort.

A serving BSS shall abort all existing location related procedures for a particular target MS if the radio connection to the MS is lost. The SMLC shall be notified with a BSSAP-LE Perform Location Abort if no BSSLAP procedure is currently active. If there is an active BSSLAP procedure, the BSSLAP Abort message shall be sent to the SMLC.

A serving BSS shall return a BSSLAP Reject to the SMLC containing the cause of rejection, if the BSS receives the BSSGP Position Response message from the SGSN indicating a failure.

9.5.1.4  BSC Error Handling during CS U-TDOA Positioning Procedure


There are three (3) BSSLAP messages defined to handle error scenarios that occur during the U-TDOA location process: Reset, Reject and Abort. Please refer to 3GPP TS 48.071 for the messages’ details. The BSSLAP Reset message is used to update the U-TDOA channel description as outlined in 9.5.1.3. 

In Table 9.5.2, all identified RR procedures are listed that result in the BSSLAP Abort message to be sent from the BSC to the SMLC. The Abort message is only sent if the U-TDOA location determination is not complete. The BSC considers the location determinations complete if; it receives a BSSAP-LE Perform Location response message; or the delta timer expires; or it receives a valid BSSLAP message for a new positioning method.
9.5.2.5
Error Handling during PS U-TDOA Positioning Procedure

In Table 9.5.4, all identified RLC/MAC procedures are listed that result in the BSSLAP Abort message to be sent from the BSS to the SMLC. The Abort message is only sent if the U-TDOA location determination is not complete. The BSS considers the location determinations complete if; it receives a BSSAP-LE Perform Location response message; or it receives a valid BSSLAP message for a new positioning method.
5 Changes Required in Stage 3

No changes to Stage 3 Specifications[6,7,8] are needed to accomplish the Hybridization of U-TDOA and A-GPS.
6 Conclusion
UTRAN currently allows for a hybrid location solution for location technologies that use separate resources (e.g., A-GPS and U-TDOA).  This functionality is blocked in GERAN.  This functionality should always be supported when it is requested by the SMLC.  A hybrid approach allows for a fallback technology in the case that one technology might fail due to current conditions (e.g., no line of sight to satellites), as well as allowing for an increase in accuracy and/or yield from the use of multiple location technologies.

In this discussion paper, the changes needed to accomplish A-GPS with U-TDOA hybridization are shown to be minimal and effects on the GSM network minor.
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The SMLC has the available U-TDOA and A-GPS data at this point.  The SMLC combines and or selects the most appropriate data that will provide the best possible MS location.
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