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ABSTRACT:


One of the strengths of the GPS positioning method is that it enables applications that require high accuracy, such as navigation. One requirement for this accuracy is that differential corrections must be provided to the position computation function.  This contribution proposes a point-to-multipoint message for delivering differential corrections to support MS-based position computation using the GPS method.
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1 Introduction

As described in several other contributions (e.g., [1] and [2]), one of the strong points of the GPS positioning method is accuracy.  The GPS Standard Positioning Service (SPS) is specified to have an accuracy of no worse than 100m horizontal at the 95% probability level in a good signal environment.  This specification is based on an agreement between the transportation and defense departments of the U.S. government. The primary determinant of position accuracy is the intentional degradation of the accuracy of the GPS satellite clocks, known as selective availability (SA).  Another contributor to the error budget is unmodeled atmospheric delay.  In particular, this delay is a problem in single-frequency receivers such as those used for recreational purposes.

The techniques used to correct these error sources are collectively known as differential GPS (DGPS).  These methods involve locating one or more high-quality reference receivers at known locations and observing the visible satellite signals.  These receivers essentially solve the inverse problem – find differences from the expected measurements at the known position.  The accuracy of these differential corrections is inversely proportional to the distance from the reference receiver, commonly known as the baseline.  The baseline error is caused mainly by the changes in the geometry and visibility of the satellite constellation.

One noteworthy characteristic of the DGPS corrections is that they have a short time constant compared to other GPS information such as satellite ephemeris.  Once a correction model is computed, its accuracy degrades over time.  This is mainly due to the time-varying nature of the SA imposed on the satellite signals.  The duration of validity of a set of differential corrections depends on the accuracy requirements of the user or application, but in general the corrections must be updated at least every 30-40 seconds.

Commercial DGPS networks are available in North American and Europe.  Means of distributing the data include low-frequency radio beacons, subcarrier of FM broadcast stations, and proprietary radio networks.  With these differential corrections, the accuracy of GPS can be improved significantly.  While results will vary from case to case, accuracy of 1m is achievable with fresh corrections over a 50-km baseline.  At this level, other non-systematic errors such as measurement noise and multipath start to dominate.  

Even with 10-m accuracy, GPS becomes extremely attractive for high-accuracy applications such as personal and commercial navigation.  With this view, we believe that DGPS capability is very critical for meeting the needs of commercial applications for assisted-GPS positioning in GSM networks.  To address this need, this document proposes a point-to-multipoint (broadcast) messaging method for providing differential corrections to all GPS-capable MS in each cell.  A key driver for choosing the broadcast method is the need for frequent updates of the differential corrections, as noted above.  

We also propose to employ ciphering, which gives the network operator control over which GPS-capable MS have access to the DGPS information. In this way, the differential corrections are controlled separately from the other GPS assistance (e.g., ephemeris) for which point-to-point delivery is proposed in a companion contribution.  This distinction allows the network operator to provide two separate GPS assistance services.  The basic assistance improves sensitivity, time-to-first-fix, and power consumption, while the DGPS service provides accuracy for those applications that require it.

The following section describes the contents of the differential correction information.  Note that this proposal is similar to proposal for point-to-multipoint messaging for MS-based E-OTD [5].

2 DGPS Message Contents

This section describes the contents of the broadcast message for differential corrections. The message contents are based on a Type-1 message of version 2.2 of the RTCM-SC-104 recommendation for differential service [3].  This format is a standard of the navigation industry and is supported by all DGPS receivers.

Two possible signaling methods are Short Message Service Cell Broadcast (SMS-CB) and new System Information messages on the cell BCCH.  For a maximum of 12 satellites, the length of the broadcast message is 71 octets.  Thus, it can be included in one SMS-CB message which is a maximum of 82 octets.  The information elements (IEs) in the message are listed in Table 1 below.

Table 1. Information Elements of GPS_Differential_Corrections message.
Parameter
Bits
Resolution
Range
Units
Occurrences
M/O/C

Cipher On/Off
1
---
0 – 1
---
1
M

Cipher Key Change Indic.
1
---
0 – 1
---
1
M

Reference time


FN
22
---
0-2715647
frames
1
M


TN
3
---
0 – 7
timeslots
1
M


BN
8
---
0 – 156
bits
1
M


GPS TOW
17
6
0-604794
sec
1
M

Correction status/health
3
---
0 – 7
---
1
M

BTS clock drift
5
3.125x10-3
(0.05
(sec/sec
1
O

Time offset ((T)
12
0.25
0 - 1023.75
sec
1
C

# satellites (N_SAT)
4
---
1 – 12
---
1
C

IODD
8
---
0 – 255
---
1
C

DGPS corrections
Satellite ID
5
---
0 – 31
---
N_SAT
C


IODE
8
---
0 – 255
---




SF
1
---
0 – 1
---




UDRE
2
---
0 – 3
---




PRC
16
0.02 (0.32)
(655.34 ((10485.44)
m




RRC
8
0.002 (0.032)
(0.254 ((4.064)
m/sec



The elements in Table 1 are described in the following sections.  These descriptions are organized into mandatory, optional, and conditional IEs.

2.1 Mandatory Information Elements

The following IEs are mandatory and are included in every GPS_Differential_Corrections message.

Cipher On/Off

This IE indicates whether this broadcast message has been ciphered or not.  A value of “0” indicates that ciphering is off, while a value of “1” indicates that ciphering is active.

Cipher Key Change Indicator

The MS always receives two (2) cipher keys during the location update procedure.  One of the keys is time-stamped to be current one and the other is time-stamped to be the next one as described in [4].  Thus, the MS always has two cipher keys in memory. The Cipher Key Change Indicator in this broadcast message instructs the MS whether to use current or next cipher key for deciphering the received broadcast message (i.e., by using the serial number of SMS-CB message).  The MS shall interpret this IE as follows:

· Cipher Key Change Indicator(previous message) = Cipher Key Change Indicator(this message)   => Cipher Key not changed

· Cipher Key Change Indicator(previous message) <> Cipher Key Change Indicator(this message)   => Cipher Key changed

# satellites (N_SAT)


This IE specifies the number of satellites for which differential corrections are provided in the message.  This value represents the number of satellites that are visible at the coordinate of the serving cell or at the nearest DGPS reference station.  This value of N_SAT determines the length of the payload portion of the message.  Typical range for N_SAT is four to a maximum of 12.

Reference Time

This IE specifies the relationship between GPS time and air-interface timing of the BTS transmission in the serving cell.  The GPS TOW (time-of-week) is specified at a six-second increment corresponding to the beginning of a subframe in the satellite navigation messages.  The FN, TN, and BN IEs are respectively the GSM frame number, timeslot number, and bit number of the BTS transmissions for the serving cell that occur at that GPS time.  

Correction Status/Health

This IE indicates the status of the differential corrections contained in the broadcast message.  It is equivalent to the “Station Health” IE in the common header for all reference station messages specified in [3].  The values of this IE and their respective meanings are shown below in Table 1.

Table 1. Values of Correction Status/Health IE.

Code
Indication

000
UDRE Scale Factor = 1.0

001
UDRE Scale Factor = 0.75

010
UDRE Scale Factor = 0.5

011
UDRE Scale Factor = 0.3

100
UDRE Scale Factor = 0.2

101
UDRE Scale Factor = 0.1

110
No data available

111
Data is invalid - disregard

The first six values in this IE indicate valid differential corrections in the broadcast message.  When using the corrections values described below, the “UDRE Scale Factor” value is applied to the UDRE values contained in the message.  The purpose is to indicate an estimate in the amount of error in the corrections.

The value “110” indicates that the source of the differential corrections (e.g., reference station or external DGPS network) is currently not providing information.  The value “111” indicates that the corrections provided by the source are invalid, as judged by the source.  In either case, the broadcast message shall contain no differential corrections.  All MS that read the broadcast message shall contain the appropriate logic to ignore any data IEs following a Correction Status/Health IE having a value of “110” or “111”.

2.2 Optional Information Elements

The following IEs are optionally included in the message.  They are included based on the preference of the network operator.

BTS Clock Drift

This IE provides an estimate of the drift rate of the BTS clock relative to GPS time.  It has units of (sec/sec (ppm) and a range of (0.05. This IE aids the MS in maintaining the relation between GPS and cell timing over a period of time.  The value of the clock drift is valid starting at the time contained in the Reference Time IE.  A positive value for BTS Clock Drift indicates that the BTS clock is running at a greater frequency than desired.

2.3 Conditional Information Elements

The IEs described in this section are included in the message on a conditional basis.  The presence of all IEs described below is conditioned on the value of the Correction Status/Health IE, as described above.  When present, the following IEs appear once in each message:

Time Offset ((T)

This IE indicates the offset between the GPS TOW in the Reference Time IE and the reference time for the DGPS corrections.  This IE has resolution of 0.25-sec and a range from 0 to +1023.75 sec, with a positive value indicating that the reference time for the corrections is later than GPS TOW in the Reference Time IE.

# Satellites (N_SAT)

This IE indicates the number of satellites for which differential corrections are available.  In order to limit to message length to <82 octets, corrections for a maximum of 12 satellites can be included in the message.

Issue of Data Differential (IODD)

This IE is a cyclical counter that indicates the sequence number of the correction data.  The value of IODD is initialized to zero when the IODE IE for one or more satellites has changed, or when the visible constellation changes.  IODD is incremented each time new differential corrections are issued for the same visible constellation having the same set of IODE values.

The following IEs appear N_SAT times in the message, once for each satellite for which corrections are available.  These IEs are identical to those in the Type-1 message described in [3].

Satellite ID

This IE identifies the satellite for which the corrections are applicable.  This value is the same as the PRN number provided in the navigation message transmitted by the particular satellite.  The range is 0 to 31, with 0 indicating satellite number 32 as per [3].

IODE

This IE is the sequence number for the ephemeris for the particular satellite.  The MS can use this IE to determine if new ephemeris is used for calculating the corrections that are provided in the broadcast message.  This eight-bit IE is incremented for each new set of ephemeris for the satellite (modulo 256).

Scale Factor (SF)

This IE indicates the resolution of the pseudorange (PRC) and pseudorange-rate (RRC) corrections for the particular satellite.  Table 2 below shows the meaning of the values for this IE.

Table 2.  Definition of Scale Factor IE.

Value
PRC Resolution
RRC Resolution

0
0.02
0.002

1
0.32
0.032

User Differential Range Error (UDRE)

This IE provides an estimate of the uncertainty (1-() in the corrections for the particular satellite.  The value in this IE shall be multiplied by the UDRE Scale Factor in the common Corrections Status/Health IE to determine the final UDRE estimate for the particular satellite.  The meanings of the values for this IE are described in Table 3 below.

Table 3. Values of UDRE IE.

Value
Indication

00
UDRE ( 1.0 m

01
1.0 m < UDRE ( 4.0 m

10
4.0 m < UDRE ( 8.0 m

11
8.0 m < UDRE

Pseudo-Range Correction (PRC)

This IE indicates the correction to the pseudorange for the particular satellite at the reference time, t0.  As mentioned above, this reference time is the sum of the GPS TOW and the Time Offset ((T) IEs.  The value of this IE is given in meters (m) and the resolution depends on the value of Scale Factor (SF), as shown in Table 2 above.  The method of calculating this IE are described in [3].

Pseudo-Range Rate Correction (RRC)

This IE indicates the rate-of-change of the pseudorange correction for the particular satellite.  The value of this IE is given in meters per second (m/sec) and the resolution depends on the value of Scale Factor (SF), as shown in Table 2 above.  For some time t1 > t0, the corrections are estimated by

PRC(t1) = PRC(t0) + RRC(t0)((t1 - t0) ,

and the MS uses this to correct the pseudorange it measures at t1, PRm(t1), by

PR(t1) = PRm(t1) + PRC(t1) .

2.4 Example

This section gives an example of how the information IE should be packed into the GPS_ Differential_Corrections message.  The example shown in Table 4 below includes corrections for 12 satellites.

Table 4.  An example of a GPS_Differential_Corrections message with 12 satellites.

Octet
MSB

LSB

1
Cipher On/Off
Cipher Chg.
FN (MSBs, 21-16)

2
FN (bits 15-8)

3
FN (bits 7-0)

4
BN

5
TN
GPS TOW (MSBs, 16-12)

6
GPS TOW (bits 11-4)

7
GPS TOW (bits 3-0)
Correction Status/Health
(Reserved)

8
BTS Clock Drift (optional)
(Reserved)

9
Time Offset (MSBs, 11-4)

10
Time Offset (bits 3-0)
N_SAT

11
IODD

12
Satellite ID (Sat 1)
SF (Sat 1)
UDRE (Sat 1)

13
IODE (Sat 1)

14
PRC (Sat 1 – MSBs)

15
PRC (Sat 1 – LSBs)

16
RRC (Sat 1)

¦

¦
¦

¦

67
Satellite ID (Sat 12)
SF (Sat 12)
UDRE (Sat 12)

68
IODE (Sat 12)

69
PRC (Sat 12 – MSBs)

70
PRC (Sat 12 – LSBs)

71
RRC (Sat 12)
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