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1. Background

A-GPS as defined by 3GPP is an enhancement of GPS in which various types of assistance data may be sent by an SMLC to an MS to assist in the acquisition and measurement of GPS satellites and, in the case of MS based A-GPS, in the subsequent computation of the MS position by the MS. The improvement compared to normal GPS is in terms of greater accuracy, lower response time (e.g. faster acquisition time) and higher sensitivity (the ability for an MS to acquire and measure weaker GPS satellite signals that may arise in environments where signals are blocked, reflected and/or attenuated). Despite these improvements, there can still be environments - for example indoors, below ground level or in a very dense urban setting - in which A-GPS positioning performance (accuracy and response time) becomes unacceptably poor for a particular application or where insufficient satellite signals are acquired to even produce a position. 

E-OTD as defined by 3GPP relies on measurements of the relative times of arrival at the MS of GSM transmission signals from neighboring BTSs. This positioning method can also degrade in certain environments – for example in rural areas where neighbor BTSs may be very distant or indoors where neighbor BTS signals may be highly attenuated – to the point where performance or positioning reliability may not be acceptable for a particular application.

In order to improve the performance and reliability of A-GPS and E-OTD positioning methods, both methods may be employed simultaneously within the same positioning attempt. With such a hybrid approach, a position estimate would be computed from a combination of both GPS satellite measurements and E-OTD BTS measurements. Specifically, the following types of measurements made by the MS, that are already supported in 3GPP standards, could be used:

· GPS code phase measurements (sometimes referred to as pseudo-ranges) for one or more satellites

· OTD measurements between a reference (e.g. serving) BTS and one or more neighbor BTSs

OTD measurements serve to locate an MS in 2 dimensions (on hyperbolae defined by the locations of each pair of measured BTSs and their associated OTDs) while GPS measurements provide similar information in 3 dimensions (although the motion of the GPS satellites introduces time as another variable to be calculated). A combined location computation making use of both OTD measurements and GPS code phase measurements is possible as indicated in the following example.

Example 1

An MS in a dense urban environment is able to acquire and measure 4 GPS satellites and make one OTD measurement between the serving BTS and some neighbor BTS. Some of the GPS measurements suffer from high multipath (e.g. due to reflections and obscuration of line of sight by nearby buildings) but the OTD measurement is accurate due to line of sight conditions to the 2 BTSs (e.g. an MS situated on a straight road may have LOS to BTSs in either direction).  If the SMLC (or MS) makes use of the single OTD measurement, it can accurately determine the MS location in one dimension on a hyperbola defined by the OTD and BTS positions. The GPS measurements may then be used to pin point the exact location on the hyperbola. In the absence of the OTD measurement, the MS or SMLC can still determine location, but the resulting error may be higher due to the multipath errors.

2. 3GPP Standards Support and Limitations

As illustrated by the previous example, 3GPP standards already support combined (or hybrid) A-GPS and E-OTD positioning by enabling an SMLC to request the MS to perform both types of measurement. The positioning computation from the resulting measurements may then be performed in either the MS or SMLC.


However, current standards do not support certain types of additional measurement by the MS or additional assistance data from the SMLC that could lead to even better (more reliable, more accurate) positioning results. The limitations are mostly signaling related – i.e. caused by an inability both to send measurement data from an MS to an SMLC that may in fact already be available in the MS (or at least relatively easy to acquire by the MS) and to send assistance data that may already be available in the SMLC to an MS. The following paragraphs describe what additional data could be supported.

Possible Additional Data from an SMLC to an MS in RRLP (44.031)

(a) Positioning Methods in Positioning Instructions IE (in RRLP Measure Position Request)

This IE currently allows choice of the following position methods: “A-GPS”, “E-OTD” or  “E-OTD or A-GPS” where the last alternative allows both methods. However, while the MS may employ both methods in the last case, it seems to be implied that either method alone is allowable according to the discretion of the MS. An additional new choice of “E-OTD and A-GPS” would be useful to indicate to the MS that both methods should be used when possible (or either method alone if not possible).

(b) Multiple Sets indication in Positioning Instructions IE (in RRLP Measure Position Request)

There is ambiguity concerning how this would (should) apply to return of both A-GPS and E-OTD measurements. Resolving this may or may not require changes in signaling.

(c) Reference Time in GPS Assistance Data Element (in RRLP Measure Position Request)

This parameter 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 the MS is able to measure (or infer from its own internal clock source) the GSM time received from the reference BTS corresponding to the GPS code phase measurements then it could use the provided GPS-GSM time synchronization to derive the GPS time received from the reference BTS. This enables the reference BTS measurement to be treated similarly to an additional GPS satellite measurement. However, this measurement is only useful for position computation purposes if the derived GPS timing precision is around 100 ns or better (since 1 ns timing error corresponds to about 0.3 meters distance error). This implies that GPS-GSM time synchronization delivery from the SMLC should be capable of similar accuracy. To achieve this, either the GPS or GSM time components (or possibly even both) would need to be expressed using smaller units. 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 to the SMLC for E-OTD (and A-GPS).

(d) E-OTD Reference BTS for Assistance Data Element (in RRLP Measure Position Request)

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 take advantage of precise GPS-GSM timing information (as described under (c)) for an MS Based version of enhanced A-GPS.

Possible Additional Data from an MS to an SMLC in RRLP (44.031)
(e) Reference Frame field in GPS Measurement Information Element (in RRLP Measure Position Response)

This field enables the MS to timestamp GPS (code phase) measurements with a GSM frame number from the reference (e.g. serving) BTS. The time granularity (uncertainty) of a GSM frame is around 4 ms. However, if the MS were enabled to provide a very precise GSM timestamp (e.g. 100 ns or better) then the SMLC could use this as an additional GPS measurement (with MS Assisted A-GPS) in a similar manner to that described for MS Based A-GPS (within the MS) in paragraph (c).  Such improved precision could be accomplished by simply improving the granularity of the reported GSM timestamp (e.g. provide frame number, timeslot, bit number and fraction of a bit). It could also be accomplished by adjusting the reported code phase measurements to coincide exactly with the start of the first bit in the reported frame. In that case, RRLP signaling would still need a small enhancement (e.g. an additional flag) to tell the SMNLC that such adjustment had been performed.

(f) Reference BTS Identity Element (in RRLP Measure Position Response)

This IE is normally applicable to E-OTD. It may be useful to clarify when it is applicable to A-GPS - e.g. when associated with item (e). This may not result in any signaling change (just clarification in 44.031).

(g) GPS TOW in GPS Measurement Information Element (in RRLP Measure Position Response)

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 hybrid A-GPS but could still be included within the WI as part of general A-GPS enhancement.

Possible Additional Data from an SMLC to an MS in LCS Broadcast messages (44.035)
(h) 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 implying the same usefulness and limitations as with item (c) for RRLP. An associated enhancement would be to increase the precision of at least one of the GSM or GPS components.

(i) BTS clock drift in DGPS Correction Data

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

(j) 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 would also be useful for A-GPS (if a more precise reference time is to be used by an MS as for item (h) above). 

The following example shows how some of the enhancements above, if supported, could improve the performance of A-GPS and E-OTD.

Example 2

An MS deep inside a building is able to acquire and measure code phases for two GPS satellites and the OTD between the serving BTS and one other neighbor BTS. Additionally, the MS is assumed to accurately measure the GSM reference time from the serving BTS (item (e) above) corresponding to the two GPS code phase measurements. It is assumed that the SMLC receives RTD measurements from LMUs and that the LMU measuring the serving BTS is GPS synchronized. If all measurement data is returned by the MS to the SMLC, the SMLC can use LMU provided data to derive the GPS times at the serving BTS and neighbor BTS at which GSM signals were transmitted that later reached the MS at the point in time when the GPS code phase measurements were made. This enables the SMLC to treat the two BTSs in a similar manner to two additional GPS satellites, thereby enabling position (and GPS time) derivation from effectively four satellites (note that four satellites are required in the absence of altitude and absolute time reference information). If the SMLC attempted to use only the two A-GPS measurements or only the single E-OTD measurement or even both of these without the additional GSM reference time (item (e)) for the serving BTS, no accurate location would be possible.

Example 3

As for Example 2 but with the MS computing location instead of the SMLC. In this example, the SMLC is assumed to send to the MS the accurate GSM-GPS time correspondence for the serving BTS (item (c) above) and the RTD values (obtained by the LMUs) and location coordinates for the serving and neighbor BTSs. The location calculation in the MS can now proceed exactly as in the SMLC in Example 2 using the same measurement and LMU provided data.

3. Backward Compatibility and Interoperability

It is expected that enhancements (additional signaling data) in RRLP (44.031) would be provided using the existing extension element mechanism that has already been used in R98 through Rel.5 to add additional signaling data that is backward compatible with earlier releases and earlier versions of a particular release (e.g. earlier versions of R98 and R99). In the case of the enhancements described here, a new Release 6 extension elements would be added as an optional ASN.1 parameter to each impacted RRLP component (following the ASN.1 ellipsis and extension elements for previous releases in each component). New parameters would then be defined inside each extension element. An MS or an SMLC from a previous release (i.e. R98 through Rel.5) could then ignore these additional elements if received. In the case of an extension to an existing parameter (e.g. definition of a new “E-OTD and A-GPS positioning method), the new parameter value would be defined in the extension element with an existing paremer value (e.g. “E-OTD or A-GPS” in the previous example) inside the main portion of the message. An older release MS or SMLC would then use the latter parameter value.

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. If adding new data to existing messages proves not to be possible, then a new enhanced broadcast message could be created (e.g. enhanced DGPS Correction Data message). 

4. Proposal 

It is proposed to agree a work item for making changes to 44.031 (RRLP) and 44.035 (LCS broadcast) in Release 6 to support the corrections and enhancements described above. In the case of 44.031, backward compatibility can be ensured through use of the existing extension mechanism. In the case of 44.035, a new broadcast message is proposed if changes cannot be introduced into existing messages in any backward compatible manner.

