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1. Background

Refer to Tdoc GP-022131 for a discussion of some current limitations of A-GPS and E-OTD positioning in 3GPP and for various means to improve positioning reliability and accuracy through the use of different types of improvement. In this contribution, the addition of a new GSM Time Synchronization measurement is assessed for A-GPS. The new measurement consists of the precise GSM transmission time from the serving BTS that is observed (i.e. measured) at the MS at the same instant that A-GPS satellite measurements are made. In reality, the MS would probably make each satellite measurement as well as the GSM measurement for the serving BTS at different instants in time. These measurements would then have to be adjusted to some common instant in time. The adjustments would need to make use of an MS internal clock – whose possible drift might be detected and compensated for by means of the more precise timing reference available from GPS satellites or the GSM serving BTS. For adjustments made over less than 1 second of time, an MS clock stability of 0.1 ppm will introduce less than 100ns error (i.e. less than 30 meters additional location error). For longer periods of adjustment, the MS clock drift rate may have to be obtained or the satellite and BTS measurements may have to be repeated.

In Tdoc GP-022131, the benefit of adding a GSM Time Synchronization measurement for A-GPS is demonstrated in terms of improving the yield of successful locations in difficult environments and in improving accuracy where location can still be obtained without the new measurement. Here, the impacts to GERAN standards to support the new measurement are described and then assessed using the criteria defined in GP-022131.

It should be noted that the new measurement is being proposed for both MS Assisted and MS Based A-GPS. This results in some additional assistance data from the SMLC to the MS (for MS Based A-GPS) and some additional measurement data from the MS to the SMLC (for MS Assisted A-GPS).

In order to make use of the new measurement proposed here, GPS enabled LMUs or some other means would be needed to measure the precise correspondence between GSM timing at any BTS and GPS time. Thus, although the new measurement is perceived to be mainly an enhancement to A-GPS, it would be appropriate in areas where both A-GPS and E-OTD were deployed. The new measurement thus also lends itself to a hybrid combination of A-GPS and E-OTD. A particular advantage of the new measurement is that it can always be made anywhere that has GSM coverage. As shown in the accompanying Tdoc GP-022131, this can significantly increase location success rate in the most difficult environments.

2. Impacts to 3GPP TS 44.031 (RRLP)

2.1 Additional Assistance Data from the SMLC to the MS

The following enhancements to an RRLP Measure Position Request are proposed.

Reference Time in GPS Assistance Data Element

This parameter is currently used - by the MS - to restrict the code-phase search window for acquiring GPS satellite signals. Here it is proposed to use it also to help compute the position of the MS in conjunction with the proposed new measurement of the serving BTS time. This parameter currently enables the SMLC to provide to the MS the correspondence between the GSM transmission timing at the serving BTS and GPS time. In this parameter, the GPS time granularity is 80 ms while GSM time granularity is 1 bit. This enables GPS-GSM time synchronization to within 0.5 bit or around 2 (s which is sufficient to significantly assist GPS satellite acquisition by eliminating the need for a code phase search in the MS. If this parameter were to provide the GSM-GPS time synchronization at the serving BTS to within an accuracy of around 100 ns or less then it would be possible for the MS to combine this with the new measurement of serving BTS transmission time that is being proposed here to help calculate location. As shown in GP-022131, one less existing A-GPS or E-OTD measurement is then needed to compute location. It is thus proposed to improve the precision of either the GPS or GSM time components (or possibly both) of this RRLP parameter by adding some smaller units – e.g. GPS millisecond and fractional millisecond time and/or GSM fractional bit timing. Note that the SMLC would be capable of providing this level of accuracy if GPS enabled LMUs were employed to provide timing data on BTSs. LMUs are in any case needed to support E-OTD or a hybrid combination of E-OTD and A-GPS (e.g. in more difficult environments) and are thus not needed solely for the new improvement here.

E-OTD Reference BTS for Assistance Data Element 

This IE is included for both MS Assisted E-OTD and MS Based E-OTD but not for A-GPS. However, this IE contains information that may be useful for an MS based version of A-GPS when E-OTD is not explicitly used since it unambiguously identifies a reference BTS and can provide its coordinates. This information would be needed to make use of the new GSM Time synchronization measurement proposed here if A-GPS were used but not E-OTD. It is thus proposed to enable inclusion of this IE for A-GPS as well as for E-OTD. 

2.2 Additional Measurement Data from the MS to the SMLC

The following enhancements to an RRLP Measure Position Response are proposed.

Reference Frame field in GPS Measurement Information Element

This field enables the MS to timestamp GPS (code phase) measurements with a GSM frame number from the reference (e.g. serving) BTS. This effectively supports the new measurement proposed here except that the time granularity (uncertainty) of a GSM frame is around 4 ms. In order to improve the precision of the GSM timestamp, additional GSM timing data needs to be added – e.g. timeslot, bit number and fraction of a bit.. 

Reference BTS Identity Element
This IE is normally applicable to E-OTD but should be allowed with A-GPS in order to define the reference BTS (normally the serving BTS) that was used by the MS to report the GSM time synchronization measurement proposed here. This can be needed when – as a result of handover in circuit mode – the MS serving cell does not match that stored in the SMLC. 

GPS TOW in GPS Measurement Information Element

This 24 bit field with a resolution of 1 ms is mandatory for MS Assisted A-GPS, but the MS may not be able to obtain GPS TOW if GPS satellite signal strength is weak and the SMLC did not provide GPS TOW earlier to the MS. Correcting this apparent anomaly is not needed specifically for the new measurement proposed here but could still be included within the CRs as part of general A-GPS enhancement.

3. Possible Impacts to LCS Broadcast Assistance Data in 3GPP TS 44.035

The following impacts to LCS broadcast assistance data would be needed to enable usage of the GSM Time Synchronization measurement for A-GPS where the MS is calculating its own position autonomously without point-to-point assistance from the SMLC. Because new data cannot be easily added to existing LCS broadcast messages, it is proposed that the new data here only be supported if a new LCS broadcast message can be agreed for other enhancements of LCS – e.g. if a 3-D terrain map is also included in a new message.

Reference Time in DGPS Correction data

Reference time provides the correspondence of GPS time (defined to the nearest second) with GSM time (defined to the nearest bit). The resulting accuracy is therefore around 0.5 bit or 2 (s. In order to make use of this time correspondence with a measurement of GSM Time Synchronization for A-GPS, its precision would need to be improved by adding smaller units for at least one of the GSM or GPS components.

BTS clock drift in DGPS Correction Data

This is currently provided in units of 12.5 ns per second. If the reference time precision above is improved then some improvement to BTS clock drift precision may also be worthwhile.

Serving Cell Location in E-OTD Assistance Data Broadcast Message

The serving cell location is only provided with assistance data intended to support MS Based E-OTD although it could be employed with MS Based A-GPS to make use of the GSM Time Synchronization measurement being considered here. 
4. Feasibility of GSM Time Synchronization Measurement for A-GPS

It should be noted that the capability to measure and synchronize GSM transmission time and GPS time for a particular BTS is already an optional requirement for an LMU in 3GPP TS 44.071. Thus, it should be expected that the same measurement requirement for an MS will be feasible in principle.

Specific requirements for this measurement are as follows:

(a) Capability to measure GSM transmission timing of the serving BTS BCCH to an accuracy of 100 ns or better

(b) Capability to measure GPS satellite code phases to an accuracy of 100 ns or better

(c) Capability to make the measurements (a) and (b) at the same instant in time or to make the measurements at different instants where the time difference between the measurements is known to better than 100ns accuracy and is used to adjust all measurements to a common instant in time.  

It is believed that the capabilities (a) and (b) are already inherent in E-OTD and A-GPS, respectively. The adjustment in (c) is also feasible if the measurements are made within an interval of 1 second or less or if the measurements are made over a longer interval but the drift in the internal MS clock is measured using GPS or BTS timing as a reference. 

Some complications could arise due to the fact that GSM and GPS signals undergo a different delay inside the MS – principally in RF circuitry – before being measured. This occurs because different RF signal processing is required and thus different circuitry. The critical RF portion in both cases includes the antenna (generally different for GSM and GPS), low noise amplifier, filters, RF-IF conversion and analogue-digital (A-D) conversion. Following A-D conversion, the signal can be stored and associated with internal MS time. Siemens measurements indicate that RF path delay will generally be less than 30 ns. However, the delay imposed for filtering of the RF signal and extraction of the I/Q signals can be around 3 (s if the filtering and extraction is performed at baseband or at least 1 (s if the filtering occurs at IF. These delays are significant (e.g. 1 (s corresponds to 300 meters) and could lead to a significant delay difference between the GSM and GPS RF paths. In order to eliminate most of the error caused by this, it might be necessary to measure the RF delays of the GSM and GPS paths during manufacture at different temperatures and store this (or the difference) in the MS. Calibration at different temperatures by ovens in the factory would be too time consuming. A basic approach could be to store a standard characteristic in the phone, which is unique for all handset belonging to one model, and to calibrate each phone in production based on measured time delay at room temperature. Temperature sensing circuits could then be used during operation to infer the actual RF delays. In addition, measurements at known locations could be used during normal operation (e.g. where satellite strengths were high) to track any change in the delay difference over time.

As an alternative, A-GPS and GSM signals might share common RF circuitry – e.g. common baseband path – to eliminate most delay difference. However, this is a more elaborate solution.

Given these considerations, we believe an accurate GSM time synchronization measurement is feasible but not simple.

5. Backward Compatibility 

The enhancements to RRLP (44.031) described here in section 2 can be provided using the existing extension element mechanism that has already been used in R98 through Rel.5. This has enabled additional signaling data (e.g. in Rel. 5) that is backward compatible with both earlier releases and earlier versions of the same release. In the case of the enhancements described here, a new Release 6 extension element would be added as an optional ASN.1 parameter in each impacted RRLP component (following both the ASN.1 ellipsis and the extension elements for previous releases in that component). Any new parameters would then be defined inside each new extension element. An MS or an SMLC from a previous release (i.e. R98 through Rel.5) would then ignore these additional elements if received. Since the additional elements contain data that is intended to enhance positioning capability, the older MS or SMLC would not be able to benefit – but at least, existing capabilities would continue to work.

In the case of 44.035, it is not easily possible to make backward compatible changes. However, errors currently exist in 44.035 that may make such changes possible (e.g. Frame Number in Table 26 for DGPS Correction data is defined with an incorrect number of bits). In correcting the existing errors, an opportunity to add new data could possibly arise. However, it seems more likely that a new LCS broadcast message will need to be added for this and other enhancements. Such a new message would be ignored by MSs from older releases.

6. Optionality

Addition of an A-GPS to GSM Time Synchronization Measurement is an optional improvement whose support impacts the MS and SMLC with regard to point-to-point signaling and only the MS, SMLC, BSC and CBC for broadcast support. 

7. Addition not Alternation

The new measurement discussed here is not an alternative to any other existing LCS component but an optional addition.  Therefore the issue of supporting different alternatives in different entities does not arise. 

8. Performance Benefit

The performance benefit of the new measurement in reducing the number of other A-GPS and E-OTD measurements that need to be obtained to obtain a location or an accurate location has been illustrated in GP-022131.

9. Proposal 

It is proposed to include addition of an A-GPS to GSM Time Synchronization Measurement within a larger work item to provide improvements in A-GPS and E-OTD positioning in Release 6. 
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