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1 Introduction

A GPS satellite orbit can be modelled as a modified elliptical orbit with correction terms to account for various perturbations.  In a GPS system, the orbit of the satellite can be represented using either almanac or ephemeris parameters. The short-term ephemeris data provides a very accurate representation of the orbit of the satellite. In contrast, the long-term almanac data provides a truncated reduced precision set of the ephemeris parameters.  Consequently, raw satellite positions derived from almanac data tend to be much less accurate (~1km) than those derived from the detailed ephemeris data (~1m).

Currently, Release ‘99 defines information elements for both almanac and ephemeris orbital models.  Note that both optional broadcast and point-to-point mechanisms have been specified for the distribution of these almanac and ephemeris messages [1].  Release ‘99 also specifies a Differential GPS (DGPS) corrections information element that is used to compensate for orbital, clock, and atmospheric perturbations.  The MS-Based technology can employ these ephemeris-based DGPS corrections (referred to in this paper as “DGPS-E” corrections) along with ephemeris information in order to obtain corrected positioning results.

This proposal calls for a simple augmentation to the DGPS correction broadcast information specified for Release ‘00.  If agreed, this modification will enable the network to provide the MS with an optional form of almanac-based DGPS corrections (referred to in this paper as “DGPS-A” corrections).  The MS-Based technology can employ these “DGPS-A” corrections along with almanac information in order to obtain corrected positioning results.

This contribution demonstrates that the collective positioning functions provided by DGPS-E correction and Ephemeris broadcast elements can be accomplished in an equivalent yet more effective manner by the simpler combination of DGPS-A correction and Almanac elements.  In particular, the bandwidth efficiency benefit of this DGPS-A broadcast option is emphasized.  In addition, simulation results based on real GPS data that validates DGPS-A positioning performance is included in an appendix.

2 Bandwidth Efficiency of DGPS-A Option

As shown in the comparison below, the DGPS-A option provides a compelling bandwidth efficiency advantage over the current DGPS-E option.  

Current DGPS-E Option
MS-Based positioning utilizing DGPS-E corrections requires the following information elements to be broadcast:

· DGPS Corrections
(DGPS-E)






(DGPS Correction Data)

· Ephemeris











(Ephemeris and Clock Correction Data)

The sizes of these broadcast elements (in octets) are provided below for the nominal case of 9 visible satellites:

Information Element
9 visible satellites



DGPS-E Corrections
82

Ephemeris
9 * 82

In order to maintain reasonable MS positioning latency  (during turn-on, emergence from low-power idle states, etc.), a message repetition interval of 30 seconds is employed.  Note that this repetition interval determines the maximum delay that any user experiences while attempting to receive the complete broadcast.

The overall effective bandwidth of this composite transmission can be calculated as follows:

BWeff 
= [(1*82 octet / 30sec) + (9*82 octets / 30sec)] = 10*82 octets / 30sec

Proposed DGPS-A Option

MS-Based positioning utilizing DGPS-A corrections requires the following information elements to be broadcast:

· DGPS Corrections
(DGPS-A)





(Proposed DGPS-A Correction Data)

· Almanac











(Almanac and Other Data)

The sizes of these broadcast elements (in octets) are provided below for the nominal case of 9 visible satellites:

Information Element
9 visible satellites



DGPS-A Corrections
82

Almanac
3 * 82

Again, in order to maintain reasonable MS latency, a message repetition period of 30 seconds is employed.

The overall effective bandwidth of these composite transmissions can be calculated as follows:

BWeff 
= [(1*82 octet / 30sec) + (3*82 octets / 30sec)] = 4*82 octets / 30sec

Recall from [1] that the baseline CBCH capacity is assumed to be 15*82 octets per 30 seconds.  Thus, with a 30 second update rate, the current DGPS-E option requires 67% (10/15) of the available capacity.  In contrast, the proposed DGPS-A option requires only 27% (4/15) of the available broadcast capacity.  

3 Conclusion and Recommendation 

This contribution has introduced the concept of employing almanac-based DGPS (DGPS-A) corrections for MS-Based GPS positioning.

Clearly, the inclusion of this proposed DGPS-A option into the LCS broadcast protocol places very little additional burden upon either SMLC or MS functionality.  With respect to simplicity, it is important to note that Release ’99 already supports:

· Broadcast of almanac information and time-varying DGPS range corrections, 

· MS computation of satellite positions from almanac information, and

· MS computation and application of time-varying DGPS range corrections.

With respect to broadcast bandwidth, it has been demonstrated that the DGPS-A concept offers an approximate 2.5-to-1 advantage in efficiency when compared to the DGPS-E option specified in Release ’99 with no observable degradation in performance (see Appendix A).  Since there are fewer messages to receive when employing the DGPS-A option, it follows that there are proportional advantages to be realized with respect to standby power efficiency as well.

With so much to be gained from simple changes to the DGPS Correction Data information element, we recommend that this working group agree in principle to pursue the necessary changes to support this DGPS-A broadcast option in the Release ’00 specification.
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Appendix A:

Simulation Results

In this section, we present a sample of results from simulations performed to validate the DGPS-A approach proposed in this contribution.  Note that real live almanac and ephemeris from GPS satellites were used in the simulation.

DGPS-A Positioning Performance Results

Presented below are the results of a simulation performed to estimate the additional error realized in the computed location of the MS resulting from the use of the proposed DGPS-A correction approach. Figure 1 is a composite histogram of 3-D MS position location error for extrapolation times (correction ages) uniformly distributed over the interval of 0 to 30 minutes.  Positioning errors corresponding to a particular set of 4 GPS satellites were observed during each 30-minute test interval.  Note that the simulation spanned a period of over 40 hours with the GDOP of each satellite subset limited to <10.

As shown below, even with long extrapolation times, the vast majority of the additional positioning errors were less than 1m in magnitude.  Thus, any performance perturbations introduced by the proposed DGPS-A correction approach can be expected to be negligible.  Note that similarly additional positioning errors can be observed when DGPS-E corrections are applied.  The magnitude of the errors will be a function of the extrapolation time (age of the corrections).

Figure 1
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Note that for this particular simulation, a total of 44 bits per satellite were employed for the DGPS-A option.  These bits were distributed amongst the following fields: 

· satellite ID, 

· range correction term, 

· first order range correction term, and 

· second order range correction term.

These bits effectively replaced the 48 bits per satellite required by the current DGPS-E option (Satellite ID, IODE, UDRE, PRC, RRC, Delta_PRC2, and Delta_RRC2).

Note:  Each “Ephemeris and Clock Correction Data” message requires 82 octets per satellite.





Note:  Each “Almanac and Other Data” message requires 82 octets per 3 satellites.
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