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Definition of GPS TOW
1 Introduction

1.1 Scope

The present paper aims at proposing a Change Request for the 3GPP TS 04.31 document. It aims more particularly at eliminating  any mis-interpretation on the field GPS TOW provided by a MS to the A-GPS server within the "GPS measurement Information Element", section A.3.2.5.

Table A.5: GPS Measurement Information element content

Element fields
Presence
Occurrences

Reference Frame
O
1

GPS TOW
M
1

# of Satellites (N_SAT)
M
1

Measurement Parameters
M
N_SAT

Table A.7: GPS TOW field contents

Parameter
# of Bits
Resolution
Range
Units

GPS TOW
24
1 ms
0 –  14399999
ms

Table A.8: Measurement Parameters field contents

Parameter
# of Bits
Resolution
Range
Units

Satellite ID
6
---
0 – 63
---

C/No
6
1
0 – 63
dB-Hz

Doppler
16
0.2
(6553.6
Hz

Whole Chips
10
1
0 – 1022
chips

Fractional Chips
10
2-10
0 – (1-2-10)
chips

Multipath Indicator
2
see Table A.9
TBD
---

Pseudorange RMS Error
6
3 bit mantissa

3 bit exp
 0.5 – 112
m

One GPS TOW with a resolution of 1ms is supplied by the MS for a series of N_SAT code phases measurements (inferior to 1ms). The issue comes from the interpretation of such GPS TOW :

· GPS system time when measuring the Code phase or

· GPS transmitted time and read in the received message

1.2 Hypotheses

All the following demonstrations rest on the hypothesis that the position computed by the Assistance data server shall be possible in a MS-Assisted mode, for a MS requiring the minimum assistance data. Indeed this hypothesis represents the core spirit of the MS-Assisted functioning mode. It means that the MS does not have neither the ephemeris of the visible satellites, nor the almanacs. 

The Acquisition assistance data are reminded since several reference are made to this kind of assistance in the following. 

Table A.24: GPS Acquisition Assist - Parameters appearing once per message

Parameter
Range
Bits
Resolution
Incl.
Notes

Number of Satellites
0 – 15
4

M


Reference Time
GPS TOW
0 –604799.92sec
23
0.08 sec
M



BCCH Carrier
0 - 1023
10

O1



BSIC
0 - 63
6

O1



Frame #
0 – 2097151
21

O1



Timeslots #
0 – 7
3

O1



Bit #
0 – 156
8

O1


NOTE 1:
All of these field shall be present together, or none of them shall be present.
Table A.25: GPS Acquisition Assist - Parameters appearing [number of satellites] times per message

Parameter
Range
Bits
Resolution
Incl.
Notes

SVID/PRNID
1 – 64 (0 – 63 )
6

M


Doppler (0th order term)
-5,120 Hz to 5,117.5 Hz 
12
2.5 Hz
M


Doppler (1st order term)
--1 – 0.5
6

O1


Doppler Uncertainty
12.5 Hz – 200 Hz 
[2-n(200) Hz, n = 0 – 4]
3

O1


Code Phase 
0 – 1022 chips
10
1 chip
M


Integer Code Phase 
0-19
5
1 C/A period
M


GPS Bit number 
0 – 3
2

M


Code Phase Search Window
1 – 192 chips
4

M


Azimuth
0 – 348.75 deg
5
11.25 deg
O2


Elevation
0 – 78.75 deg
3
11.25 deg
O2


NOTE 1:
Both of these fields shall be present together, or none of them shall be present.

NOTE 2:
Both of these fields shall be present together, or none of them shall be present.
2 Solution currently proposed

The currently solution consists in the fact that the TOW represents the GPS system time with 1ms resolution when the SV Code phases (Whole Chips & Fractional Chip) are measured.
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3 Problem raised by the currently proposed solution

This solution is quite adapted to synchronous cellular networks such as IS 95, or CDMA2000. In this kind of cellular network the MS has access to the GPS time, and then can easily date the code phase measurements without any ambiguity. The information is then transmitted to the assistance server which performs the computation of the location of the MS. The server with the knowledge of 

· the "reference location" location of the MS

· the ephemeris of the satellites

· the GPS TOW at receiving time

· the whole chips+fractional chip

is able to build the pseudo ranges, the position of the satellites and then to compute the position of the MS.

In non synchronous networks such as GSM, the problem is completely different. Indeed the MS has no a priori access to the exact GPS system time. To fill the field GPS TOW as it is proposed here above, the MS has two solutions :

1. Use a GPS time maintained thanks to its local clock from a previous GPS positioning. 

Due to the accuracy of its clock, this estimation of the GPS system time can be affected by a non negligible error. For instance, suppose a clock of 10ppm stability, the accuracy after 30 min is about 20ms. Moreover it supposes that the MS has already made a positioning before. So that the cold start can not be done in MS-Assisted.

2. Rebuild the GPS system time thanks the observations it has : Use of one satellite SIS message to retrieve the transmitted time and add the trip delay. The problem is that the MS has no access to a precise trip delay. 

We see that in both cases, an error can be made on this field if it is defined like this. This error has a direct impact on the accuracy of the location computed by the server. Indeed, to compute the location of the MS, the server shall compute the position of the satellites in view. An error on the timing means an error on the position of the satellites and then an error on the triangulation. 

3.1 Timing maintaining at MS level

A rough reasoning leads to advance that the GPS space vehicle speed is about 3.9km/s. A timing error of 20ms means an error on the satellite position of approximately 80m which leads to a maximum error at user level of approximately 20m.

The following presents the precise study of the error engendered on the MS position.

First of all, a typical example of user located in Paris and aiming at performing a location in MS-Assisted. The following figure provide the error in longitude and latitude over a period of 24hours with a time step of 60minutes, for a error of 20ms made in the field GPS TOW. 
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Figure 1 : Position Error over 24 hours for a user in Paris, with a timing error of 20ms.

The error can  go to approximately 13m.

The x,y,z error and the norm of the error are represented in the following figures. 

Norm of the Error
X,Y,Z Error
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The same simulation can be done for timing errors of 10ms or 5ms.


Timing Error of 10ms
Timing Error of 5ms
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X,Y,Z Error
[image: image9.png]XYZ Error for a timing error of 10ms and a User located in Paris

User Error [m]

5 0 15 il E
Time [Hour]




[image: image10.png]XYZ Error for a timing error of Sms and a User located in Paris

User Error [m]

5 0 15 il E
Time [Hour]





Even with an Error of 5ms on the timing the error made on the longitude/latidue remains high, approximately 3m.

The simulations have also been performed all over the globe to analyse the impact the user latitude and longitude on such phenomenon. The following figures provides the mean error over a period of 24 hours due to a timing error of 20ms for receiver spread all over the globe.
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Figure 2 : Mean Error over a period of 24 hours for a timing error of 20ms

Mean Error for timing error of 10ms
Mean Error for timing error of 5ms
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It comes out that the phenomenon is not at all marginal but really a global phenomenon. 

3.2 Retrieving the GPS TOW at MS level thanks to various observation and assistance data.

To retrieve the information of the GPS TOW, the user has several solutions :

· Take the GPS TOW filled in the  "Reference Time" Assistance data. But the uncertainty on this parameter is far to high in Asynchronous networks to accept this.

· Read the transmitted time in one signal in space message and add the trip delay. The problem for this solution is to have a sufficiently good approximation of this trip delay. For this the MS have several solutions: 

· Add an average trip delay to a GPS TOW read in a signal in space message. The GPS signal in space trip delays come from approximately 67ms to 86ms, which means a mean trip delay of approximately 77ms. It also means a potential error on the received GPS system TOW of 10ms. The error on the location of the user can then be of about 6 to 7m (cf analysis due to time maintaining at user level)

· Use as assistance data Ephemeris + Reference location. The accuracy is quite good, even it remains an approximation. But this solution obliges the MS to get the ephemeris of the satellites, which means a high level of traffic on the communication link and which is contrary to the spirit of MS-Assisted.

· Use a pre stored almanacs set plus an approximate time plus a reference location. The error engendered by such solution is also reduced (even also if it is an approximation) if the reference time is precise at less than 10s. Nevertheless the position results is not perfect and there is a functioning constraint on the MS : the MS shall have the Almanacs  stored.

· Use the "Acquisition Assistance" assistance data and add the trip delay provided by the acquisition assistance through the concatenation of the fields "GPS Bits number" & "Integer Code Phase". The results can be considered as quite satisfactory, if the acquisition assistance are recent enough. But suppose that a MS wants to perform a start with old acquisition assistance. The trip delay indicated in this set of assistance is not valid enough. The following curve provides the error made by the MS estimating the GPS TOW by reading the SIS GPS TOW and adding the trip delay contained in an acquisition assistance set versus the age of such assistance data. 
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Figure 3 : GPS TOW versus age of the Acquisition assistance data.

For acquisition assistance data aged of 160s, the error can be of 0.5ms. And for aged acquisition assistance of 320 seconds the error can be of 1ms. The following figure provide the error induced at the position computation.
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Longitude Latitude Error
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Distance Error
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It comes out from the previous figures that the error can be significant, up to 65cm on a position for few minutes ageing acquisition assistance data.

3.3 Partial conclusion

It comes out from the previous analyses that no solution is convenient, that is to say error free, in the case of a use of Assisted GPS in MS-Assisted mode within an asynchronous network. Every solution rests on approximations, in certain cases very un accurate. 

The error source is only due to a problem of interpretation of the field GPS TOW in the  measurement parameters sent back by the MS. The error can be minimised but  its brings about some constraints on the functioning of the MS.

The solution proposed by Alcatel allows to get rid of such sources of errors, in any cases, leading to exact positioning solutions. 

4 Alcatel Proposed Solution

Alcatel proposes to interpret the signification of the TOW as : The GPS time read in Signal in Space message of the first satellite of the list of the provided satellite measurement.


[image: image21.wmf]139

140

141

142

143

144

145

146

128

129

130

131

132

133

134

135

132

133

134

135

136

137

138

139

Observed SV#1

Time tsv_1

Observed SV#2

Time tsv_2

Observed 

SV#nsat

Time 

tsv_nsat

Whole 

chips_+ Fractional Chips of SV 2

Whole 

chips_+ Fractional Chips of SV 

nsat

GPS TOW 

broadcast in 

the 

Measurement

message

TOW=142

Whole chips + 

Fractional Chips of SV 1 = 0

 With this information and 

· The “reference position” of the user (Cell ID)

· The ephemeris of the satellites in view

the server is perfectly and easily able to deduce the TOW date of transmission of the code epoch of each satellite 2 to NSAT, associated with the whole chips + fractional chips provided in the measurement message.

In this case, the resolution of the position does not suffer from any error.

By this way a MS aiming at requiring to the server a very precise location is able to do so, with a minimum traffic load on the communication link, and this in synchronous or asynchronous networks.

A MS which has access to the GPS system TOW and which does not want to read the GPS TOW within the Signal in Space message of one strong satellite is able to do so by withdrawing to the GPS TOW the trip delay of one satellite, with more or less accuracy depending on the assistance data it has. 

But in the context of the solution proposed by Alcatel, any MS is able to perform top precise location with a minimum of assistance data.

The choice, accuracy (read TOW in one satellite message) vs approximation (other source of GPS TOW) remains at the MS level in an asynchronous networks as well as in asynchronous networks.

5 Conclusion

The present paper shows that the TOW as it is interpreted in the TS 04.31 measurement information element is not convenient for precise propositioning in Asynchronous networks. This TOW information becomes indeed not GPS self consistent and depends from exterior measurements or assistance which accuracy suffer from approximation due to asynchronism of some networks. 

Alcatel makes a proposal for another interpretation which allows to solve all the problems and to reach a high level of accuracy independently from the synchronisation or not of the networks.
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