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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 UE-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 and accepted, this modification will enable the network to provide the UE with an optional form of almanac-based DGPS corrections (referred to in this paper as “DGPS-A” corrections).  The UE-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 a more effective manner by the simpler combination of DGPS-A correction and Almanac elements.  In support of this assertion, the straightforward changes and algorithms associated with incorporating the DGPS-A correction option are illustrated.  The bandwidth efficiency benefit of this DGPS-A broadcast option is emphasized as well.  Finally, simulation results based on real GPS data that validates DGPS-A positioning performance and that verifies the dynamic ranges assigned to specific DGPS-A parameters are included in an appendix.

DGPS Correction Proposal

This section introduces the proposed almanac-based DGPS-A correction method by demonstrating the several straightforward changes required to incorporate this option into the Release ’00 LCS GPS Assistance broadcast.  First however, the key components of the current Release ’99 DGPS correction mechanism (DGPS-E) are summarized for background purposes.  For a more extensive description of this DGPS-E option, please see [1].

Current DGPS-E Option

The table below displays the DGPS-related elements of the Release ’99 System Information Block (SIB) 15.1 [1].  The Status/Health parameter indicates whether or not any instances of the DGPS Information group are included in the broadcast message.

	Information Element/Group name
	Need
	Multi
	Bits
	Range
	Scale Factor

	Reference GPS TOW
	MP
	
	40
	0..6.047*1011
	1 usec

	
	
	
	
	
	

	Status/Health
	MP
	
	3
	enumerated
	-

	DGPS Information
	CV-Status
	1..MAX_N_SAT
	
	
	

	> SatID
	MP
	
	5
	0..31
	1

	> IODE
	MP
	
	8
	0..255
	1

	> UDRE
	MP
	
	2
	enumerated
	-

	> PRC
	MP
	
	12
	-2047..2047
	0.32 m

	> RRC
	MP
	
	8
	-127..127
	0.032 m/s

	> Delta PRC2
	MP
	
	8
	-127..127
	1 m

	> Delta RRC2
	MP
	
	4
	-7..7
	0.032 m/s


	Multi Bound
	Explanation

	MAX_N_SAT
	Maximum number of satellites included in the IE=16


	Condition
	Explanation

	Status/Health
	This IE is mandatory if "status" is not equal to "no data" or "invalid data", otherwise the IE is not needed


If DGPS Information is provided, the MS can compute a DGPS correction for each included satellite from its associated Pseudorange Correction (PRC), Range Rate Correction (RRC), and the common Reference GPS TOW (tref).  These corrections can then be applied by a position computation function in which the relevant satellite positions are calculated from current ephemeris information received in standard SIB 15.2 broadcast elements.

For a specific time “t”, the correction generation process can be mechanized for a particular satellite as follows:


DGPS Correction (t) = PRC + [RRC * (t – tref)]

Alternatively, if the MS desires to utilize ephemeris models that are 4-6 hours of age (two IODE issues old), then the process can be mechanized as follows:


DGPS Correction (t) = (PRC + Delta PRC2) + [(RRC + Delta RRC2) * (t – tref)]

Proposed DGPS-A Option
The table below displays the DGPS-related elements of the proposed Release ’00 System Information Block 15.1.  Note that with the simple modifications indicated (change-bars), this SIB may support either the current DGPS-E option or the proposed DGPS-A option.  

The DGPS Basis Flag is the key to determining which of the DGPS correction options is included in this SIB 15.1 message.  If this flag is set to “1”, the Status/Health parameter is included and the DGPS-A option is not supported.  In this case, the MS simply examines the Status/Health parameter to determine whether or not any DGPS-E Information is present.  Otherwise the flag is set to “0”, thus indicating that DGPS-A Information is present instead.

	Information Element/Group name
	Need
	Multi
	Bits
	Range
	Scale Factor

	Reference GPS TOW
	MP
	
	40
	0..6.047*1011
	1 usec

	
	
	
	
	
	

	DGPS Basis Flag
	MP
	
	1
	enumerated
	

	
	
	
	
	
	

	Status/Health
	CV-Basis
	
	3
	enumerated
	

	DGPS-E Information
	CV-Status
	1..MAX_N_SAT
	
	
	

	> SatID
	MP
	
	5
	0..31
	

	> IODE
	MP
	
	8
	0..255
	

	> UDRE
	MP
	
	2
	enumerated
	

	> PRC
	MP
	
	12
	-2047..2047
	0.32 m

	> RRC
	MP
	
	8
	-127..127
	0.032 m/s

	> Delta PRC2
	MP
	
	8
	-127..127
	1 m

	> Delta RRC2
	MP
	
	4
	-7..7
	0.032 m/s

	
	
	
	
	
	

	Almanac Week Number
	CV-Basis
	
	8
	0..255
	1 week

	Almanac TOA
	CV-Basis
	
	8
	0..255
	212 sec

	DGPS-A Information
	CV-Basis
	1_MAX_N_SAT
	
	
	

	> SatID
	MP
	
	5
	0..31
	

	> PRC_A
	MP
	
	17
	-65535..65535
	0.32 m

	> RRC_A
	MP
	
	12
	-2047..2047
	0.0016 m/s

	> RAC_A
	MP
	
	9
	-255..255
	1.0 (m/s2


	Multi Bound
	Explanation

	MAX_N_SAT
	Maximum number of satellites included in the IE=16


	Condition
	Explanation

	DGPS Basis Flag
	=1, DGPS-E utilized;     =0, DGPS-A utilized

	Status/Health
	This IE is mandatory if "status" is not equal to "no data" or "invalid data", otherwise the IE is not needed


If DGPS-A Information is included, the MS can compute a DGPS correction for each included satellite from its associated Pseudorange Correction (PRC_A), Range Rate Correction (RRC_A), Range Acceleration Correction (RAC_A), and the common Reference GPS TOW (tref).  These corrections can then be incorporated into a position computation function in which the relevant satellite positions are calculated from almanac information received in standard SIB 15.3 broadcast elements.

For a time “t”, the correction generation process can be mechanized for a particular satellite as follows:


DGPS Correction (t) = PRC_A + [RRC_A * (t – tref)] + [RAC_A * (t – tref)^2]

2 Bandwidth Efficiency of DGPS-A Option

In addition to supporting DGPS correction update intervals of up to 30 minutes (and thus simplifying SMLC task scheduling), the DGPS-A option provides the compelling benefit of improved broadcast bandwidth efficiency.  

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

· DGPS Corrections
(DGPS-E)






(SIB 15.1, R’99)

· Ephemeris











(SIB 15.2, R’99)

The sizes of these broadcast elements (in bits) are provided in the table below:

	Information Element
	N satellites
	12 visible satellites



	DGPS-E Corrections
	44 + (N * 47)
	608

	Ephemeris
	N * 638
	7656


In order to maintain reasonable UE positioning latency  (during turn-on, emergence from a 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 
= [(608 / 30sec) + (7656 / 30sec)] = (20 + 255) = 
275 bits/sec

Proposed DGPS-A Option

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

· DGPS Corrections
(DGPS-A)





(Proposed SIB 15.1, R’00)

· Almanac











(SIB 15.3, R’99)

The sizes of these broadcast elements (in bits) are provided in the table below:

	Information Element
	N satellites
	12 visible satellites



	DGPS-A Corrections
	57 + (N * 43)
	573

	Almanac
	N * 216
	2592


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

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

BWeff 
= [(573 / 30) + (2592 / 30)] = (19 + 86)    = 
105 bits/sec

3 Conclusion and Recommendation 

This contribution has introduced the concept of employing almanac-based DGPS (DGPS-A) corrections for UE-Based GPS positioning.  The straightforward changes associated with incorporating this DGPS-A option into the Release ’00 LCS GPS Assistance broadcast (SIB 15.1) have been illustrated as well.  In addition, the basic process for manipulating DGPS-A corrections in the UE technology has been summarized.  

From the discussion, it is clear that the inclusion of this DGPS-A option into the LCS broadcast protocol places very little additional burden upon either SMLC or UE functionality.  In fact, if implemented, such an option could actually simplify SMLC task scheduling since the DGPS-A corrections can be computed as infrequently as every 30 minutes.

With respect to UE implementation, it is important to note that Release ’99 already supports:

· UE computation of satellite positions from almanac information, and

· UE 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 almost 3-to-1 advantage in efficiency when compared to the DGPS-E option specified in Release ’99.  With so much to be gained from incorporating this DGPS-A concept into System Information Block 15.1, we recommend that this working group agree to make the necessary changes to support this optional information 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

In this section, we present results of a simulation performed to estimate the additional error realized in the computed location of the UE resulting from the use of the proposed DGPS-A correction approach. Figure 1 is a composite histogram of 3-D UE 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, 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.

Figure 1
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Conservative Bounds for DGPS-A Parameters

Psuedorange Correction (PRC_A)

Figure 2 presents a histogram of the worst-case Pseudorange Correction (PRC_A) terms observed over a period of 40 hours for various GPS satellite trajectories.  This histogram is extremely conservative since each PRC_A term is formed by adding the magnitude of the almanac orbital position error to the magnitude of the almanac-based clock bias scaled by the speed of light.

These upper bound terms can be expressed as follows:

PRC_A_bound = sqrt[(x2 + (y2 + (z2] + mag[af0(eph) – af0(alm)] * c

Figure 2
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Range Rate Correction (RRC_A)
Figure 3 presents a histogram of the worst-case Range Rate Correction (RRC_A) terms observed over a period of 40 hours for various GPS satellite trajectories.  This histogram is extremely conservative since each RRC_A term is formed by adding the magnitude of the almanac orbital velocity error to the magnitude of the almanac-based clock drift scaled by the speed of light.

These upper bound terms can be expressed as follows:

RRC_A_bound = sqrt[((x’)2 + ((y’)2 + ((z’)2] + mag[af1(eph) – af1(alm)] * c

Figure 3
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Range Acceleration Correction (PRC_A)

Figure 4 presents a histogram of the worst-case Range Acceleration Correction (RAC_A) terms observed over a period of 40 hours for various GPS satellite trajectories.  This histogram is extremely conservative since each RRC_A term is formed by adding the magnitude of the almanac orbital acceleration error to the magnitude of the almanac-based clock drift rate scaled by the speed of light.

These upper bound terms can be expressed as follows:

RAC_A_bound= sqrt[((x’’)2 + ((y’’)2 + ((z’’)2] + mag[af2(eph)] * c

Figure 4
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