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tion receiver. The signal generation system also staggers the
navigation data in each sub-frame into a first portion and a
second portion for parallelly transmitting the navigation data
over a first carrier frequency and a second carrier frequency
in reduced time.
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PARAMETER TSN TSF
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40%
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Trextua/TaLm 82% NOT APPLICABLE
IMPROVEMENT
GLOBAL
EXTENSION OF POSSIBLE POSSIBLE
IRNSS

FIG. 14
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MODE OF

OPERATION | SFS (8) | RESTRICTED (8) DESCRIPTION

THE TRANSMISSION OF PRIMARY
PARAMETERS IS OPTIMAL FROM
EITHER THE L5 OR S1 PATH FOR A SPS

SINGLE 12 12 USER, WHICH IS THE TTFF OF

RESTRICTED USERS (ASSUMING THE

DATA OF SPS AND RESTRICTED ARE
THE SAME)

THE DATA FROM THE L5/81 PATHS
EFFECTIVELY ENABLE THE SPS
RECEIVER TO ACHIEVE THE MOST
OPTIMAL TTFF. WITH TOW, THE
RESTRICTED SERVICE ENTERS INTO
MEASUREMENT MODE AND PROVIDES
INSTANTANEOUS POSITIONING (WITH
NAV DATA FROM SPS PATH)

DUAL 6 6
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1
NAVIGATION DATA CONFIGURATION FOR
OPTIMAL TIME TO FIRST FIX

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of patent
application Ser. No. 14/018,443 titled ‘“Navigation Data
Configuration For Optimal Time To First Fix”, filed in the
United States Patent and Trademark Office on Sep. 5, 2013,
which claims the benefit of the following patent applica-
tions:

1. Non-provisional patent application number 2011/CHE/
2013 titled “Navigation Data Configuration For Optimal
Time To First Fix”, filed in the Indian Patent Office on
May 6, 2013.

2. Non-provisional patent application number 4231/CHE/
2011 titled “Navigation Data Structure Generation and
Data Transmission For Optimal Time To First Fix”, filed
on 5 Dec. 2011 in the Indian Patent Office.

3. Non-provisional patent application number 4230/CHE/
2011 titled “Satellite Navigation System For Optimal
Time To First Fix Using Code And Carrier Diversity”,
filed on 5 Dec. 2011 in the Indian Patent Office.

The specifications of the above referenced patent appli-
cations are incorporated herein by reference in their entirety.

BACKGROUND

Autonomous regional satellite based navigation systems
have enabled several countries to cover their territorial
footprint and the footprint of their surrounding areas. A
regional satellite based navigation system such as a global
navigation satellite system (GNSS) caters to the needs of
specific users, for example, military personnel for military
applications, and civilian users for civilian applications. For
example, India is planning to deploy an autonomous
regional satellite navigation system, namely, the Indian
regional navigational satellite system (IRNSS), for survey-
ing, telecommunication, transportation, identifying disaster
locations, public safety, etc. The purpose of this navigation
system is to cater to the needs of both standard positioning
service (SPS) users and also to the needs of restricted service
(RES) users. The SPS and the RES modes of service are dual
services supported by any GNSS catering to civilian and
military requirements exclusively. A military signal is gen-
erally acquired in two modes, namely, direct and indirect.
The indirect mode is typically known as SPS assisted. There
is a need for generating navigation data structures that
address the needs of the SPS and RES modes of service.
Specifically, for the RES signal, there is a need for the
navigation data structure to account for the direct mode of
acquisition or the SPS assisted mode. In the SPS assisted
mode, with assistance from time of week (TOW) data, the
jump on to the RES signal is established. The IRNSS will
deploy a satellite constellation comprising seven satellites,
three of which will be in geostationary orbits and four in
geosynchronous orbits. The signals will be transmitted by
the satellites in two frequency bands, namely, L5 frequency
band (1176.45 megahertz (MHz)) and S1 frequency band
(2492.08 MHz). The SPS signal will be modulated by a 1
MHz binary phase shift keying (BPSK) signal, whereas the
PS signal will use a binary offset carrier, BOC (5, 2).

A number of issues need to be addressed while designing
a satellite navigation system, for example, sensitivity
improvements, jamming margins, robustness towards spoof-
ing, multipath related improvements, time to first fix
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2

(TTFF), etc., for ensuring the efficiency and robustness of
the satellite navigation system. Time to first fix (I'TFF) is an
important parameter that needs to be optimized in most
satellite navigation receivers. TTFF is a measure of the time
taken by a satellite navigation receiver to acquire satellite
signals and navigation data, and output a first position
solution, referred to as a “fix”, from power-on. The TTFF
parameter directly influences the efficiency of position track-
ing by the satellite navigation receiver. The TTFF parameter
has been examined at length and several approaches have
been proposed to reduce this parameter. However, most of
the approaches have concentrated on augmenting the satel-
lite navigation receiver with data aid to the satellite navi-
gation receiver. For an optimal TTFF performance, it is
necessary that the time taken for computing navigation
measurements and collecting subsequent navigation data is
minimal. Typically, methods for reducing TTFF have
focused on reducing the time required to acquire and lock
the navigation signal, assisting the satellite navigation
receiver with navigation data on a separate satellite link, etc.
However, these methods are generally expensive in terms of
deployment costs, complexity of the satellite navigation
receiver, etc.

A typical global navigation satellite system (GNSS) sig-
nal may be characterized by the following equation:

s@=c@O*[+(ODd@)]

where the parameter s(t) refers to an output GNSS signal
at a time instant t, the parameter r(t) refers to a ranging code
at the time instant t, the parameter c(t) refers to a frequency
of operation at the time instant t, and the parameter d(t)
refers to the navigation data transmitted by each satellite.

The navigation data transmitted by each satellite can be
grouped into ephemeris data and almanac data. The ephem-
eris data comprises precise clock and Keplerian parameters,
which are typically updated once every two hours. Typically,
the ephemeris data or ephemerides are transmitted periodi-
cally once every two hours. The almanac data provides a
coarse estimate of a satellite orbit, which is used for satellite
visibility computations. The almanac data also comprises
ionosphere delay estimation coefficients for single fre-
quency users, for example, global positioning system (GPS)
L1 users. The almanac data typically changes once in a day.
The satellite state vectors of a satellite computed using the
ephemeris data are used for estimation of a user position and
velocity.

The satellite navigation receivers of conventional satellite
navigation systems have generally been constrained by the
amount of time taken for collecting the ephemeris data and
the almanac data that constitute the navigation data. The
delay in collecting the navigation data translates to multiple
delays, for example, delays in computing satellite visibility,
delays in estimation of ionosphere delay estimation coeffi-
cients, delays in cross-correlation detection based on the
range estimated using the almanac data and an integrity
check specified by the federal aviation administration (FAA)
for beta-3 civil aviation receivers, etc. Conventional satellite
navigation receivers take a relatively long time, for example,
about 12.5 minutes to collect the almanac data for a single
frequency user. This delays the estimation of the ionosphere
error, which is an important parameter for estimation of the
position of the satellite.

The typical time taken by a user in open sky conditions to
collect ephemeris data and almanac data from the global
positioning system (GPS) and the global navigation satellite
system (GLONASS) is recorded. The ephemeris data col-
lection time in a GLONASS is, for example, about 30






