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Thin MS GPS: Overview and Impact of Inclusion on GERAN Standards

Introduction 

We propose enlarging the scope of the GERAN LCS specification to include a new GPS-based positioning technology, called Thin MS GPS. Thin MS GPS technology is distinguished from other GPS technology in several aspects, including:

· Availability/Sensitivity: Produces accurate GPS positioning results under extremely adverse GPS radio signal conditions where other GPS technologies fail to acquire a signal.

· Simpler hardware: Does not require the complexity of a complete GPS receiver in the MS. Uses only a GPS discriminator (receiver and A/D converter) in the MS, with all required signal processing and calculations performed at the SMLC.

· Server-based processing: Easy upgrading of software as GPS signal processing technology progresses.

· Simpler network messaging: It is not necessary to send GPS assistance information to the MS.

Process Comparison

The primary difference in process between thin MS GPS and other GPS technologies is that in thin MS GPS all signal processing and location computation occur within the SMLC.   Unlike other GPS technologies, this requires that a portion of the GPS waveform be sent from the MS to the SMLC.
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Fig. 1.1. : High Level Message Flow for Existing GPS Technologies
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Fig. 1.2. : High Level Message Flow for thin MS GPS Technology
The digitized GPS waveform response message is carried via the Um or Uu radio interface to the SMLC. The specific logical channel(s) to be used remain for determination by the 3GPP organization, but may include the FACH, SDCCH, PDTCH, PACCH and/or others. 

In most circumstances the size of the GPS waveform interval to be transmitted to the SMLC will be 8 to 128 kilobits.  Extremely poor SNR can require further data.

Finally, unlike other GPS-based technologies, it is not necessary to send assisting information to the MS. All relevant assisting information is present and utilized at the SMLC. 

Other Important Distinctions

A thin MS GPS SMLC has extensive capabilities that would be impractical to incorporate into the MS itself.  In particular, the architecture allows the use of signal-processing algorithms that produce results in otherwise unusable SNR regimes.  These algorithms, synthesize signals from all satellites visible to the MS with other location relevant data to amplify the acquisition of each individual satellite’s signal.  In addition the algorithms compensate for a number of distortions that are often ignored in GPS signal processing, such as Doppler stretch in PRN codes, inaccuracies in the A/D sampling clock, and timing jitter and wandering in the sampling clock. 

Thin MS GPS has the ability to increase its sensitivity in areas of severe GPS signal degradation.  Enhanced sensitivity is achieved by capturing and processing GPS waveform data over a longer capture time.  For example, in situations of very low SNR, the SMLC commands the discriminator in the MS to gather data again, or to report more of the originally captured data.  

Under mild SNR conditions, the position of the MS can be determined with little or no conflict of resources with the communications function of the MS.  In severe SNR situations, the need for a longer GPS waveform capture time interval may impact communications functionality.  For example, in some cases the subscriber may experience temporary voice clipping.  Situations where LCS is desired are usually for the convenience or necessity of the subscriber.  We expect the subscriber to accept this momentary impact on user voice or data communication in these relatively rare SNR cases.

Interoperability with other GPS based Technologies
Unlike other GPS-based technologies, the structure of the thin MS need only be capable of receiving and digitally encoding the specified portion of the GPS waveform. The thin MS alone does not require the internal hardware and software capability to acquire a fix on a satellite signal to calculate pseudo ranges, or position, or to interpret assistance.  However, the inclusion of these further capabilities is compatible with thin MS GPS.  Such thin MS equipment can function within a PLMN equipped for AGPS MS equipment.

Explanation of the Changes

The portions related to GPS position determination in the present draft of TS 43.059 assume that the MS includes a complete GPS receiver, which produces the position or pseudo-ranges inside the MS. The descriptions of the message flows in the present draft do not always cover the situations arising with thin MS GPS technology. Additions or modifications are needed to make the document sufficiently general to cover thin MS technology as an alternative.  The proposed changes to TS 43.059 are minor, further changes will be required in the associated stage 3 documentation.

Change Requests to TS 43.059/v1/1(2001-xx)

4.2.3
Global Positioning System (GPS) positioning mechanism

The Global Positioning System (GPS) method refers to any of several variants that make use of GPS signals or additional signals derived from GPS signals in order to calculate MS position.  These variants give rise to a range of optional information flows between the MS and the network.  One dimension of variation is where position calculation is performed at: a) MS-based PCF or b) network-based PCF.  Examples of network based PCF GPS mechanisms include AGPS where pseudo ranges are calculated at the MS and transmitted to network, and thin MS GPS where a portion of the GPS waveform is captured and digitized at the MS, then transmitted to the network for processing and position calculation.  Another dimension is whether "assistance data" is required - irrespective of where position calculation is performed.  Examples of assistance data include differential GPS data; lists of satellites in view based on approximate MS position, etc.  A third dimension of variation is closely related to the preceding, namely, the origin and distribution of any assistance data.  For example, even while assistance data may be required of a GPS method, it may be optional that the assistance data originates from and is distributed within and by the PLMN, VPLMN, etc.

9.5
E-OTD and GPS Positioning Procedures 

9.5.1 

General procedures

For any location request where the highest priority level is assigned and MS-based GPS positioning is not used, the SMLC functionality shall provide sufficient assistance data to a target MS to enable a location estimate or location measurements to succeed according to the required QoS on the first attempt. The SMLC shall not assume in this case that the target MS already possesses assistance data. For a lower priority location request or when MS-based GPS, or thin MS GPS positioning is used, the SMLC may reduce the assistance data provided to a target MS on the first location attempt. 

9.5.2  
Positioning Request

This signaling flow is generic for all MS based or assisted location methods (MS Based E-OTD, MS Assisted E-OTD, MS Based GPS, MS Assisted GPS, and thin MS GPS)  The signaling flow below applies to integrated and standalone SMLCs in a circuit switched network.

If the SMLC desires to avoid lower layer (e.g. BSSAP-LE) segmentation, see section 6.1.2, and transfer the LCS assistance data more reliably, this procedure may be preceded by an  “Assistance Data Delivery” procedure. Note that part of the entire set of assistance data may be included in the RRLP Measure Position Request even when the message is preceded by an  “Assistance Data Delivery” procedure. 
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Figure 1: E-OTD or GPS Position Request Flow

1.   The SMLC may precede the RRLP MEASURE POSITION REQUEST with an optional Assistance Data Delivery procedure. 

2.
The SMLC determines possible assistance data and sends RRLP MEASURE POSITION REQUEST to the BSC. 
3.
The BSC forwards the positioning request including the QoS and any assistance data to the MS in a RRLP MEASURE POSITION REQUEST.
4.
The MS performs the requested E-OTD or GPS measurements, if needed assistance data is available in the MS. If the MS is able to calculate its own location and this is required and needed assistance data is available in MS, the MS computes a location estimate based on E-OTD or GPS measurements. In case of E-OTD, any data necessary to perform these operations will either be provided in the RRLP MEASURE POSITION request or available from broadcast sources. In case of Assisted GPS (both MS base GPS and MS assisted GPS) and first positioning attempt, Acquisition Assistance data and optionally Differential GPS data will be provided in the RRLP MEASURE POSITION REQUEST. In case of MS based GPS and further positioning attempt (failure in first attempt due to missing assistance data), complete GPS assistance data excluding Acquisition Assistance data will be provided in the RRLP MEASURE POSITION REQUEST and possibly preceding RRLP ASSISTANCE DATA messages. In the case of thin MS GPS, no Acquisition Assistance data is required; the MS measures (receives and digitizes) a portion of the GPS waveform, and the timestamp of when waveform measurement began.  The resulting E-OTD or GPS measurements or E-OTD or GPS location estimate are returned to the BSC in a RRLP MEASURE POSITION RESPONSE. If the MS was unable to perform the necessary measurements, or compute a location, a failure indication identifying the reason for failure (e.g. missing assistance data) is returned instead.

5.
BSC forwards the RRLP MEASURE POSITION response to SMLC.
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