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Assisted satellite signal based positioning

FIELD OF THE INVENTION

The invention relates to assisted satellite signal based

positioning.

BACKGROUND OF THE INVENTION

A positioning of a device 1s supported by various Global
Navigation Satellite Systems (GNSS). These include for
example the American Global Positioning System (GPS), the
Russian Global Navigation Satellite System {(GLONASS), the
future European system Galileo, the Space Based
Augmentation Systems (SBAS), the Japanese GPS
augmentation Quasi-Zenith Satellite System (QZSS), the
Locals Area Augmentation Systems (LAAS), and hybrid

systems.

A GNSS usually comprises a plurality of satellites that
orbit the earth. The satellites are also referred to as
space vehicles (SV). Each of the satellites transmits at
least one carrier signal, which may be the same for all
satellites. Each carrier signal may then be modulated by
a different pseudo random noise (PRN) code, which spreads
the signal in the spectrum. As a result, different
channels are obtained for the transmission by different
satellites. The code comprises a number of bits, which is
repeated in cycles. The bits of the PRN code are referred
to as chips and the time of a cycle is referred to as the
epoch of the code. The carrier frequency of the signal is

further modulated with navigation information at a bit
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rate that is significantly lower than the chip rate of

the PRN code.

The navigation information may comprise among other
information a satellite identifier (SV ID), orbital
parameters and time parameters. The satellite identifier
indicates the satellite for which data in the navigation
information can be applied. It may be for instance an
ordinal number. The orbital parameters may include
ephemeris parameters and almanac parameters. Ephemeris
parameters describe short sections of the orbit of the
respective satellite. They may comprise for example a
parameter indicating the semi-major axis and the
eccentricity of the ellipse along which the satellite
currently travels. Based on the ephemeris parameters, an
algorithm can estimate the position of the satellite for
any time while the satellite is located in the described
section of the orbit. The almanac parameters are similar,
but coarser orbit parameters, which are valid for a
longer time than the ephemeris parameters. It might be
noted that in the case of almanac, all satellites send
the almanac parameters for all satellites of the system,
including an SV ID indicating to which the respective
almanac parameters belong. The time parameters define
clock models that relate the satellite time to the system
time of the GNSS and the system time to the Coordinated
Universal Time (UTC). Further, they include a time-of-
ephemeris (TOE) parameter indicating the reference time
for ephemeris, and a time-of-clock-model (TOC) parameter

indicating the reference time for the clock model.

In the case of GLONASS, the terms "immediate information"
and "non-immediate information" are used instead of the

terms "ephemeris" and "almanac". It is to be understood
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that any reference in this document to "ephemeris" and
"almanac" is used to denote all possible terms that may
be used for the same kind of information, including
GLONASS "immediate information" and "non-immediate

information".

A GNSS receiver, of which position is to be determined,
receives the signals transmitted by the currently

available satellites, and it acquires and tracks the

" channels used by different satellites based on the

different comprised PRN codes. Then, the receiver
determines the time of transmission of the code
transmitted by each satellite, usually based on data in
the decoded navigation messages and on counts of epochs
and chips of the PRN codes. The time of transmission and
the measured time of arrival of a signal at the receiver
allow determining the pseudorange between the satellite
and the receiver. The term pseudorange denotes the
geometric distance between the satellite and the
receiver, which distance is biased by unknown satellite

and receiver offsets from the GNSS time.

In one possible solution scheme, the offset between the
satellite and system clocks is assumed to be known and
the problem reduces to solving a non-linear set of
equations of four unknowns, namely three receiver
position coordinates and the offset between the receiver
and GNSS system clocks. Therefore, at least four
measurements are required in order to be able to solve
the set of equations. The outcome of the process is the

receiver position.

In some environments, a GNSS recelver may be able to

acquire and track sufficient satellite signals for a
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positioning based on the PRN codes, but the guality of
the signals may not be sufficiently high for decoding the
navigation messages. This may be the case, for instance,
in indoor environments. Further, the decoding of
navigation messages requires a significant amount of
processing power, which may be limited in a mobile GNSS

receiver.

If the GNSS receiver is included in a cellular terminal
or attached as an accessory device to a cellular
terminal, a cellular network may therefore be able to
provide the cellular terminal via a cellular link with
assistance data including parameters extracted from
decoded navigation messages. Such a supported GNSS based
positioning is referred to as assisted GNSS (AGNSS). The
received information enables the GNSS recelver or the
assoclated cellular terminal to obtain a position fix in
a shorter time and in more challenging signal conditions.
Assistance data is typically provided for each satellite
that is visible to the GNSS receiver associated to the
cellular terminal. The assistance data may comprise
navigation model parameters, which usually include orbit

parameters, TOE and TOC parameters and SV ID parameters.

Moreover, an external service may provide long-term
orbits, which are accurate substantially longer than the

orbit models (ephemeris/almanac) in the SV broadcasts.

SUMMARY

For providing assistance data, the parameters in the
navigation information may be copied in their original
format to the assistance message. The bandwidth that is

required for the transmission of such assistance messages
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is rather large, though, while in some wireless
communications, like cellular communications, bandwidth

is a critical factor.

For a first considered aspect, a method is proposed,
which comprises receiving parameters for at least one
satellite. The method further comprises removing
redundant information from the parameters at large and
providing parameters with reduced redundancy as

assistance data for a satellite signal based positioning.

For the considered first aspect, moreover an apparatus 1is
proposed, which comprises a processing component. The
processing component is configured to recelive parameters
for at least one satellite. The processing component is
further configured to remove redundant information from
the parameters at large. The processing component is
further configured to provide parameters with reduced
redundancy as assistance data for a satellite signal

based positioning.

The processing component of the apparatus proposed for
the first considered aspect can be implemented in
hardware and/or software. It may be for instance a
processor executing software program code for realizing
the required functions. Alternatively, it could be for
instance a circuit that is designed to realize the
required functions, for instance implemented in a chipset

or a chip, like an integrated circuit.

The apparatus proposed for the first considered aspect
can be for example identical to the comprised processing
component, but it may also comprise additional

components. The apparatus could further be for example a
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module provided for integration into a standalone device

or an accessory device.

For the first considered aspect, moreover an electronic
device is proposed, which comprises the apparatus
proposed for the first considered aspect. In addition, it
may comprise a wireless communication component
configured to transmit information via a wireless link
and/or a satellite signal receiver. The electronic device
could be for example a network element of a wireless
communication network, like a base station of a cellular
communication network, a local measurement unit connected
to such a network element or a server connected to such a

wireless communication network.

For the first considered aspect, moreover a computer
program product is proposed, in which a computer program
code 1s stored in a computer readable medium. When
executed by a processor, the computer program code
realizes the method proposed for the first considered
aspect. This computer program product may be for Instance
a separate memory device or a component that is to be

integrated in a larger device.

The invention is to be understood to cover such a
computer program code also independently from a computer

program product and a computer readable medium.

For a second considered aspect, a method is proposed,
which comprises receiving parameters as assistance data
for a satellite signal based positioning, wherein the
received parameters are based on original parameters for
at least one satellite, from which original parameters at

large redundant information has been removed. The method
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further comprises reconstructing the original parameters
by adding the removed redundant information to the
received parameters. The method further comprises using
the reconstructed original parameters in an assisted

satellite signal based positioning.

For a second considered aspect, moreover an apparatus is
proposed, which comprises a processing component. The
processing component is configured to receive parameters
as assistance data for a satellite signal based
positioning, wherein the received parameters are based on
original parameters for at least one satellite, from
which original parameters at large redundant information
has been removed. The processing component is further
configured to reconstruct the original parameters by
adding the removed redundant information to the received
parameters. The processing component is further
configured to use the reconstructed original parameters

in an assisted satellite signal based positioning.

Also the processing component of the apparatus proposed
for the second considered aspect can be implemented in
hardware and/or software. It may be for instance a
processor executing software program code for realizing
the required functions. Alternatively, 1t could be for
instance a circuit that is designed to realize the
required functions, for instance implemented in a chipset

or a chip, like an integrated circuit.

Further, also the apparatus proposed for the second
considered aspect can be for example identical to the
comprised processing component, but it may also comprise

additional components. The apparatus could further be for
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example a module provided for integration into a

standalone device or an accessory device.

For the second considered aspect, moreover an electronic
device is proposed, which comprises the apparatus
proposed for the second considered aspect. In addition,
it may comprise a wireless communication component
configured to receive information via a wireless link
and/or a satellite signal receiver. The electronic device
could be for example a terminal of a wireless
communication system, like a cellular terminal, or an

accessory for such a terminal.

For the second considered aspect, moreover a computer
program product is proposed, in which a computer program
code is stored in a computer readable medium. When being
executed by a processor, the computer program code
realizes the method proposed for the second considered
aspect. This computer program product may be for instance
a separate memory device or a component that is to be

integrated in a larger device.

The invention is to be understood to cover such a
computer program code also independently from a computer

program product and a computer readable medium.

Finally, a system i1s proposed, which comprises the
apparatus proposed for the first considered aspect and

the apparatus proposed for the second considered aspect.

The invention 1s based on the consideration that, on the
one hand, the original formats of the parameters conveyed
in particular though not exclusively in satellite signals

necessarily have some redundancy, which is required by
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the type of transfer path. In satellite broadcasts, there
may be periodical outages etc., and it may not always be
possible at a satellite receiver to collect all data
bits. The redundancy may be due for instance to a large
amount of overhead data, which is provided for error
correction, etc. On the other hand, a link that is used
for providing assistance data can be more reliable, and
bit errors can be prevented so that the overhead is not
required. Moreover, corresponding parameters transmitted
in parallel for different satellites may be quite similar
to each other. If parameters for several satellites are
thus to be provided as assistance data to a single
device, a set of corresponding parameters may also
comprise redundancy. It is therefore proposed that
redundancy is removed from the parameters in their
original format. It is to be understood that redundancy
is removed from the parameters at large; some parameters

in the assistance data may thus remain unchanged.

The invention results thus in a reduction of the bit
consumption that is used for assistance data for an
assisted satellite base positioning. The achieved
bandwidth saving is valuable, for example, in cellular
transmissions. The bit count that is required for certain
parameters may be reduced without losing precision or
compatibility with the original format, which is used by

a respective satellite system.

The original parameters can be extracted from one or more
satellite signal. As indicated above for the case of
almanac, a single satellite may also transmit parameters
for several satellites. Alternatively or in addition
parameters may be received from another source, like a

server providing long-term orbits. In this case, the
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parameters may be provided for instance using internet
protocol (IP) based methods (user plane) or in a control

rplane.

There are different options for removing redundancy from
the parameters, which depend on the respective kind of
parameters. A reduction may be achieved for a parameter
considered by itself, but in particular by a combined

consideration of a group of corresponding parameters.

In one embodiment, removing redundant information from
the parameters at large comprises determining a common
part and a respective individual part for a plurality of
parameters. The common part may then be provided only

once for the plurality of parameters as assistance data.

In case the parameters comprise parameters for satellites
belonging to two or more different satellite systems, a
common part could even be determined for parameters for
satellites belonging to different satellite systems. A
respective common part for parameters for satellites
belonging to a single satellite system could then be

determined in addition.

At a device, which receives such assistance data, the
original parameters may be reconstructed by adding the
common part or parts received in the assistance data for
a plurality of original parameters to a respective
individual part received in the assistance data for a

plurality of original parameters.

This approach is suited for different kinds of
parameters. It can be used for example for a plurality of

eccentricity parameters and/or for a plurality of semi-
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major axis parameters and/or for a plurality of time
parameters indicating a respective point in time. These
parameters can originate from ephemeris parameters,
almanac parameters or even some external source, such as
a commercial long-term orbit service. In assistance data,
orbit parameters are typically sent for each satellite
that 1s visible to the assisted device. Hence, any
reduction in the bit count of the navigation model

directly contributes to the bandwidth requirements.

If a common part can be used for parameters or groups of
parameters for different satellite systems, the invention
is also suited for harmonizing the representations across

the systems considered.

In case the parameters comprise for example a respective
eccentricity parameter for a plurality of satellites,
removing redundant information from the parameters at
large may comprise splitting up the plurality of
eccentricity parameters into a common most significant
bit (MSB) part and a respective individual least
significant bit (LSB) part. The common MSRB part may then
be provided only once for the plurality of eccentricity
parameters as assistance data. The individual LSB parts,
in contrast, may be transmitted separately for each

eccentricity parameter.

In case the parameters comprise a respective semi-major
axis parameter for a plurality of satellites, removing
redundant information from the parameters at large may
comprise splitting up the plurality of semi-major axis
parameters intc a common MSB part and a respective
individual LSB part. The common MSB part may then be

provided only once for the plurality of semi-major axis
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parameters as assistance data. The individual LSB parts,
in contrast, may be transmitted separately for each semi-

major axis parameter.

As mentioned above, the presented embodiments for
reducing redundancy in eccentricity and semi-major axis
parameters can be used for ephemeris, almanac and any

other source providing comparable parameters.

In case the parameters comprise a plurality of time
parameters indicating a respective point in time,
removing redundant information from the parameters at
large may comprise determining for the plurality of time
parameters a common part indicating a fixed time in a
time block and an individual part defining a deviation of
the point in time indicated by a respective time
parameter from this fixed time. The common part may then
be provided only once for the plurality of time
parameters as assistance data. The individual parts, in
contrast may be transmitted separately for each time

parameter.

Such time parameters, for which a common part is defined,
may comprise TOE parameters for a plurality of satellites
or TOC parameters for a plurality of satellites. In case
separate TOE and TOC parameters are available for a
satellite, both the TCE and TOC parameters may also
define a similar point in time. Thus, the approach can
also be used for TOE parameter and TOC parameter for a
respective single satellite. Most efficiently, a common
part is determined for all TCE parameters and all TOC
parameters for all considered satellites of one satellite
system or even for all considered satellites of several

satellite systems.
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If the parameters comprise a respective satellite
identification parameter for a pluraliﬁy of satellites,
the satellite identification parameters may be bit
representations of ordinal numbers. In this case,
redundant information may be reduced from the parameters
at large by converting the plurality of bit
representations of the ordinal numbers into a single bit
mask representation of the ordinal numbers. The
efficiency of this approach is increased with an
increasing number of considered satellites. Actually,
there might be a preceding decision step, which ensures
that this approach is used only, 1in case a predetermined
number of considered satellites is exceeded, in order to
avold a possible increase of data in the case of few

considered satellites.

At a device, which receives such assistance data, the
original satellite identification parameters may be
reconstructed by converting a single bit mask
representation of ordinal numbers into a plurality of bit
representations of ordinal numbers, the bit
representations of ordinal numbers corresponding to the

original satellite identification parameters.

In some satellite systems, the satellite identification
parameters comprise an offset. That is, more bits are
used for representing a satellite identification than
needed for differentiating between all possible

satellites.

In this case, removing redundant information from the
parameters at large may comprise reducing a bit count of

a respective satellite identification parameter by
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removing a predetermined offset in the parameter. This
approach may be used as an alternative or in addition to

a conversion into a bit mask as proposed above.

At a device, which receives such assistance data, the
original parameters may be reconstructed by converting
received satellite identification parameters of less bits
in the assistance data into original satellite
identification parameters of more bits by adding a
predetermined offset. If a bit mask has been used in
addition, the bit mask is first converted into a
plurality of bit representations, and the offset is then
added to these bit representations for regaining the

original parameters.

Also the presented embodiments for reducing redundancy in
satellite identification parameters can be used for
ephemeris, almanac and any other source providing

comparable parameters.

Almanac parameters comprise parameters defining a section

of the orbit and in addition a reference time.

In case the parameters comprise almanac parameters for a
plurality of satellites, the almanac parameters may
include almanac reference time information for each of
the satellites. Also in this case, redundant information
may be removed from the parameters at large by defining a
common part including at least a part of the reference
time information. The common part may then be provided
only once for the plurality of satellites as assistance
data. Depending on the concerned satellite system, the
common part may comprise for example a week count, some

other rough time indication, or the entire reference time
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indication. Any reference time indication may be used 1in
its original format or in a modified format that may be

better suited for a split-up.

In case the parameters comprise almanac parameters for a
plurality of satellites belonging to at least two
satellite systems, redundant information may be removed
from the parameters at large for instance by determining
for the almanac parameters a common part for a week count
for a plurality of satellites belonging to different
satellite systems. In addition, a common part may be
provided for a time-of-week for a plurality of satellites
belonging to the same satellite system and an individual
part for almanac data for each of the plurality of
satellites belonging to this satellite system. This first
option may be selected for one or more of the considered
satellite systems. Alternatively or in addition, a common
part may be provided for a day count for a plurality of
satellites belonging to the same satellite system and an
individual part may be provided for a time of day and for
almanac data for each of the plurality of satellites
belonging to the same satellite system. Alternatively or
in addition, an individual part may be provided for a day
count, a time of day and almanac data for each of a
plurality of satellites belonging to the same satellite
system. The latter options may equally be selected for
one or more of the considered satellite systems. Each
common part is then provided only once for the almanac

parameters as assistance data.

The assistance data can be transmitted for example via a
cellular link to a cellular terminal, to which a

satellite signal receiver 1is associated. Alternatively,
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though, it could be transmitted to any device needing the

assistance data using any type of data link.

The invention can be used for any kind of current and
future AGNSS, including but not limited to assisted GPS
L5, Galileo, GLONASS, Q7S8S, LAAS or SBAS, or a
combination of these. Possible SBASs comprise for example
the Wide Area Augmentation System (WAAS) or the European

Geostationary Navigation Overlay Service (EGNOS).

It is to be understood that all presented exemplary

embodiments may also be used in any suitable combination.

Other objects and features of the present invention will
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are
designed solely for purposes of illustration and not as a
definition of the limits of the invention, for which
reference should be made to the appended claims. It
should be further understood that the drawings are not
drawn to scale and that they are merely intended to
conceptually illustrate the structures and procedures

described herein.
BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a schematic diagram of a first system
according to an embodiment of the invention;

Fig. 2 is a flow chart illustrating an exemplary
redundancy reduction in orbit parameters in the

system of Figure 1;
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Fig. 3 is a flow chart illustrating an exemplary
redundancy reduction in time parameters in the
system of Figure 1;

Fig. 4 is a flow chart illustrating an exemplary
redundancy reduction in SV ID parameters in the
system of Figure 1;

Fig. b is an arrangement of tables illustrating an
exemplary redundancy reduction in almanac
parameters in the system of Figure 1;

Fig. © is a flow chart illustrating an exemplary
redundancy regaining in navigation model
parameters in the system of Figure 1; and

Fig. 7 is a schematic diagram of a second system

according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 presents an exemplary system according to the
invention, which allows using a reduced bandwidth for
transferring assistance data for an AGNSS based

positioning via a cellular link.

The system comprises a cellular terminal 110, a base
station 130 of a cellular communication network and a

local measurement unit (LMU) 140.

The cellular terminal 110 can be a cellular phone or any
other type of cellular terminal, like a laptop. It
comprises a processor 114 and, linked to this processor
114, a cellular communication component 112, a GNSS

receiver 113 and a memory 115.

The processor 114 is configured to execute computer

program code. The memory 115 stores computer program
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code, which may be retrieved by the processor 114 for
execution. The stored computer program code includes

assisted positioning software (SW) 116.

The base station 130 includes a processor 134 and, linked
to this processor 134, a cellular communication component

132, a memory 136 and an interface (I/F) component 131.

The processor 134 is configured to execute computer
program code. The memory 135 stores computer program
code, which may be retrieved by the processor 134 for
execution. The stored computer program code includes

positioning assistance software (SW) 136.

The LMU 140 comprises an interface component 141 and,
linked to this interface component 141, a GNSS receiver

143,

The LMU 140 can be linked to the base station 130 via a
connection established between interface components 131
and 141. It has to be noted that any kind of matched
interface components 131, 141 could be used, which enable

a wired or wireless linking.

The cellular communication component 112 of the cellular
terminal 110 and the cellular communication component 132
of the base station 130 are able to communicate with each

other using a cellular link.

The GNSS receivers 113, 143 are both configured to
receive, acquire and track signals transmitted by
satellites S1, S2 belonging to one or more GNSSs. At
least GNSS receiver 143 is further configured to decode

navigation messages included in such signals.
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An assisted GNSS based positioning in the system of
Figure 1 will now be described with reference to Figures

2 to 5.

Figure 2 is a flow chart illustrating a reduction of

redundant information in orbit parameters.

GNSS receiver 143 receives, acqguires, tracks and decodes
signals transmitted by k satellites S1, S2 belonging to a
respective GNSS (step 200). The supported GNSS signals
include by way of example GPS L5, Galilec, GLONASS, SBAS
and QZSS signals. The GNSS receiver 143 provides the
obtained navigation messages for k signals via the

interface components 141, 131 to the base station 130.

The processor 134 executes the positioning assistance
software 136. It extracts various navigation model
parameters from the k navigation messages, including
orbit parameters, time parameters and satellite
identification (SV ID) parameters (step 201). It has to
be noted that the processor 134 could alsc receive
additional GNSS related parameters, including orbit
parameters of long-term orbits, from some server (not
shown), which may be treated in the same manner as
described below for parameters extracted from satellite

signals.

The orbit for Galileo SVs, for example, 1s specified in
the ESA document ESA-EUING-TN/10206: "Specification of
Galileo and Giove Space Segment Properties Relevant for

Satellite Laser Ranging", July 2006.
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The orbit is specified to have a semi-major axis of
29,601,000 m and an eccentricity of 0.002. It is known
from GPS that the semi-major axis of satellite orbits is
very stable and does not vary much between the
satellites. The GPS satellite orbits vary more
specifically +65 km around the nominal semi-major axis,
which variation can be expected to be the same with

Galileo.

The original Galileo format defines eccentricity and

semi-major axis parameters as follows:

Fccentricity is described using a parameter of 32 bits
for each satellite. The employed scale factor is 27°°. The

range is then [0, 0.49999].

Moreover, the square-root of the semi-major axis of the
orbit of esach satellite is expressed by a parameter of 32
bits {unsigned) for each satellite. The employed scale

19

factor is 277 m¥s. As the semi-major axis is 29,601,000 m,

the resolution is in the order of 0.02 m.

Since the eccentricity actually varies between 0 and
0.002, it is not required to cover the range of [0,
0.499991 for each satellite. In the presented embodiment,
each eccentricity parameter is therefore divided into an
MSB part, which is the same for each satellite, and an

LSB part, which is specific to each satellite (step 210).

The MSB part comprises 7 bits with a scale factor of 27°.
The range is then [0, 0.49609375]. Each LSB part
comprises 25 bits with a scale factor of 27°°. The range
is then [0, 0.0039]. Combining such an MSB part with a

respective one of the LSB parts yields the original range
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and resolution. Actually, if assuming that the range of
eccentricity is [0,0.002], then the MSBs are not needed
at all as they contain only zeros always. However, it
might be desirable to maintain the MSBs, since they
appear in the native format and, hence, they may have

some use in the future.

The processor 134 thus provides a single MSB part of 7
bits in common for all eccentricity parameters and an
individual LSB part of 25 bit for each eccentricity

parameter of the k considered satellites as assistance

data (step 211).

According to the GPS L5 specification, for example, the
semi-major axis moreover varies about 65 km around the
nominal value of 29,601,000 m. Hence, the square-rocot of
the semi-major axis is in the range of [5434.7, 544¢.7].
Since the variation of the semi-major axis is only
+65000 m, it is not required to represent to whcole range
for each satellite. It is further assumed that the

Galileo orbits behave similarly as the GPS orbits.

In the presented embodiment, also each semi-major axis
parameter 1s therefore divided into an MSB part, which is
the same for each satellite, and an LSB part, which is

specific to each satellite (step 220).

When assuming that the semi-major axis varies by
approximately Aa =65 km around the nominal value of g, =

29,601,000 m, the bit representations of the upper and

lower limits of the range are given by:

[Ja, + Aa |=5447,, =1010101000111,
| Ja, - Aa |=5434,, =1010100111010,
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Hence, there are 6 common MSBs with MSB=101010C;
=42,,%2"=5376,, for any possible value in the covered

range.

The MSB part is thus selected to comprise 6 bits with a
scale factor of 2’ m. The range is [0, 8064.00000] ms. The
LSB part is selected to comprise 26 bits with a scale

factor of 27" m. The range is [0, 127.99999] ms.

The processor 134 thus provides a single MSB part of 6
bits in common for all semi-major axis parameters and an
individual LSB part of 26 bit for each semi-major axis
parameter of the k considered satellites as assistance

data (step 221).

The total savings in bit count for the orbit parameters
that are achieved using the above approach is thus
(k*32+k*32) bits - (7+ k*25 + 6 + k*26) bits = (k-1)*13
bits.

The orbit parameters from signals originating from other
GNSSs satellites than Galileo satellites can be treated
in a corresponding manner. It is to be understood that
depending on the system, also other than eccentricity and
semi-major axis parameters may be reduced to consume less

bits.

Figure 3 is a flow chart illustrating a reduction of
redundant information in time parameters extracted from

the k decoded navigation messages.
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The time parameters comprise for each system a time-of-
ephemeris (TOE) and a time-of-clock-model (TOC)

parameter.

Currently, the GNSSs allocate bits to these parameters as

summarized in the following table:

System #bits in TOE/TOC | Scale of TOE/TOC
GPS L& 11/11 300s/300s

Galileo 14/14 60s/60s

QZSS 11/11 300s/300s

GLONASS 7+2 30min/45min/60min
SBAS 13 lés

For the GPS L5 signal, the time keeping is based on the
time-of-week (TOW). 11 bits using a scale factor of 300 s

are provided for each, TOE parameter and TOC parameter.

For the Galileo signal, the time keeping is equally based
on the time-of-week. In this case, 14 bits using a scale
factor of 60 s are provided for each, TOE parameter and

TOC parameter.

According to the L1C draft IS-GPS-800 (April 2006), the

Q7SS signal will be similar to the GPS signal L1C, while

L1C and L5 are similar with respect to the navigation
model as regards orbit model and SV clock model.
Therefore, L1C, L5 and QZSS may eventually be described

by the same mode in a multimode navigation model.

If these original formats are simply copied into an
assistance message for transmission, bits are wasted due

o 1ncluded redundcant data.
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For example, a single Galileo satellite might provide a
TOE value of 400,000 s and a TOC wvalue of 401,800 s. In

[

the original format, 28 bits are needed to represent this
data. However, an alternative method would be To express
the TOE and TOC wvalues as “400,000 + 000,000” and
“400,000 + 001,800”, respectively. Thus, the TOE and TOC
values have a common part “400,000” and delta-parts of
“000,000” and “001,800”, respectively. This consideration
can be used to save bits, when the common and delta-parts
are chosen appropriately. The expression delta-part is
used to denote the deviation of a parameter value from a

determined common value.

The same considerations apply analogously for Galileo and

QZS5S.

When time parameters from k satellite signals are
received, it is thus first determined whether they are

parameters from GPS, QZSS or Galileo signals (step 230).

If this is the case, a common part is determined (step
231). The common part is constructed by diving the week
into six~hour blocks. The choice of the block length is
limited by the time of applicability of the models. The
block length must be the same or longer than the longest
time of applicability. In the original formats, the
longest time is four hours. However, because long-term
orbits must be allowed for, the block length is set to 6
hours. It has to be noted, though, that the choice of
length is guite arbitrary as long as it is longer than
the fit interval of any original GNSS format so the
selection of 6 hour blocks is only an example. Moreover,

as the block length grows, the obtained bit count
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reduction is reduced, since the reguired number of bits

in the delta-part grows.

In the present example, the common part is described with
5 bits using a scale factor of 6 h, which results in a
range of 0-186 h. This allows representing the whole week
in six-hour blocks. This common part is used in common

for all TOE and TOC wvalues in all k satellite signals.

The selection of the individual delta-parts for each
satellite and each TOE and TOC value depends on the

considered satellite system (step 232).

In case the considered satellite system 1is GPS or QZSS,
the individual delta-part for each TOC value 1is
represented by 7 bits for each of k considered satellite
signals, and the individual delta-part for each TOE value
is represented by additional 7 bits for each of k

considered satellite signals (step 233).

A single common part and k individual delta-parts are
then included in the assistance message. The total number
of bits for the common part and the k individual delta-
parts is thus (5+2*k*7) bits, compared to the original
(2*k*11) bits.

In case the considered satellite system is Galileo, the
individual delta-part for each TOC value is represented
by 9 bits for each of k considered satellite signals, and
the individual delta-part for each TOE value is
represented by additional 9 bits for each of k considered

satellite signals (step 234).
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A single common part and k individual delta-parts are
then included in the assistance message. The total number
of bits for the common part and the k individual delta-
parts is thus (5+2%k*9) bits, compared to the original

(2*k*14) bits.

In all three cases, the common part is thus the same for
all TOC and TOE parameters for all SVs, while the delta-
part is time parameter and SV-specific. Therefore,

minimizing the bit count in the delta-part minimizes the

total bit consumption as well.

When time parameters from k satellite signals are
received, and it is determined that they are parameters
from GLONASS or SBAS signals (step 230), in contrast, no
common part is used for TOE and TOC values or for

different satellites.

The reason is that in these cases, the counts begin from
the day change as opposed to the other systems, in which
the time keeping is based on the time-of-week. Since SBAS
and GLONASS count their time on a day-basis, the MSBs
indicating 6h blocks used for Galileo, GPS, QZSS etc. are
useless overhead from the SBAS and GLONASS point of view.
Hence, the MSBs described above are not used for SRBAS and
GLONASS. Instead, only LSBs are used for SBAS and
GLONASS.

In the original GLONASS format, TOE and TOC are expressed
by a number of blocks from the beginning of the day. The
number of blocks i1s expressed by a value in a 7-bit field
t,. An additional value in a 2-bit field Pl indicates the
length of the block, which may be either 30 min, 45 min
or 60 min. The TOE/TOC is taken to the middle of the
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block. The parameter is used for TOE and TOC

simultaneously, so only 7+2 bits are needed.

In the original SBAS format, the same 13 bits value is
used for TOE and TOC in the WAAS with a scale factor of

2% s. The count begins as well from the GPS day change.

Hence, the number of LSBs is conditional in this case.
That is, they comprise 13 bit for SBAS and only 9 bit for
GLONASS. The number of LSBs will thus be a function of
the GNSS ID.

The bit count characteristics and scale factors for SBAS
are maintained in the presented embodiment. Also the
reference time for GLONASS parameters is transferred in
the assistance as it is broadcasted by SVs, that is,

using 7+2 bits.

The individual parts for TOE and TOC parameters of each
satellite are divided in addition into LSB and MSB parts,
though. These LSB and MSB parts can be considered to be
sub-parts of the LSBs used for Galileo, GPS, QZ35 etc.

For both systems, GLONASS and SBAS, the 9 LSBs of each
parameter are provided as a respective LSB part for the

assistance message (step 236).

In the case of GLONASS (step 237), only these 9 (7 bits
for block count and 2 bits for the flag Pl) LSB bits are

used in the assistance message.

In the case of SBAS (step 237), the remaining 4 bits of
the 13 bits from the original SBAS format are provided as

a respective MSB part in the assistance data (step 238).
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It should be kept in mind that the interpretation of the
LSB-part changes depending upon whether the system is
SBAS or GLONASS.

The bit savings for different GNSSs as described with
reference to Figure 3 are summarized in the following

table:

Mode Bits | Scale Range Saving

factor
GPS L5/ |7 300s 381008 = | 2*11*k-(5+2*7*k)
QZSs 10.6h =8+%k-5 bits
Galileo | 9 60s 30660s = 2%14% k= (5+2%9*k)
8.5h =10*k-5 bits
GLONASS/ | 9/13 | 15min/16s 86400s = | None
SBAS 1 day

GPS L5 and QZSS are represented by the same mode in the
presented multi-mode navigation model, since the
navigation models might be identical in GPS L5 and QZSS

as regards orbit and time.

GLONASS and SBAS are represented by the same mode in the
presented multi-mode navigation model, since the orbit
models in both are based on representing the satellite
position, wvelocity and acceleration in the earth-
centered, earth-fixed (ECEF) coordinates at a given
instant and then perturbing the position based on the

rate-of~change information.

Figure 4 is a flow chart illustrating a reduction of
redundant information in SV ID parameters extracted from

k decoded navigation messages.
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The bit counts required for identifying a satellite in

different GNSSs are indicated in the following table:

System # of bits | Notes

GPS L5 5 Range 1—32
Galileo |6 Range 1-64
GLONASS | 545 5 bit (1-32) for slot index,
5 bit (1-32) for frequency index
SBAS 8 Range 0-255, but only 120 - 138
used for WAAS/EGNOS |
QZSS 8 Range 0-255, according to L1C draft

In the case of GPS L5 signals, the satellites are

identified in the original format by a 5-bit SV index,
which allows identifying 32 different satellites. This
consumes k*5 bits, where k i1is the number of identified

satellites.

If assistance data is to be provided for more than 6

satellites (k>6), the k SV indices may be presented more
bit-efficiently by using a bit mask of 32 bit, in which
each bit indicates whether a particular satellite signal

has been tracked.

If the considered satellite system is GPS (step 240), the
k*5 bit representations are thus converted into a bit

mask of 32 bit (step 241).

For instance, if there are k=8 Svs {1 5 8 10 18 19 22
30}, the PRN numbers would reguire a bandwidth of 8*5 =
40 bit. When representing the SVs in contrast by the bit
mask [1 0001001010000000110010000
00010 0], the same information is provided by a

bandwidth using 8 bit less.
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In case the considered satellite system is Galileo (step
240), the same approach is applied. However, in the case
of Galileo the satellites are identified in the original
format by a 6-bit SV index, which allows identifying 64
different satellites. Thus, the 6-bit representation of
the Galileo SV IDs for k satellite signals is converted
into a bit mask of 64 bit (step 242). A bit saving is
achieved, if assistance data is provided for more than

ten Galileo satellite signals (k>10).

Still, at least for almanacs, it is indicated in the
Galileo SIS-ICD draft 0 dated 23rd May 2006.: "Galileo
Cpen Service Signal In Space Interface Control Document',
provided by Galileo Joint Undertaking, that almanacs are
sent only for 36 satellites. Therefore, with almanacs, it
can be expected to be sufficient to use a 36-bit bit
mask. This means, bits are saved already i1f assistance

data is provided for more than 6 satellites (k>6).

In the original GLONASS format, 5 bits are used for a
slot index identifying one of 32 orbit slots, while
additional 5 bits are used for a frequency index
identifying one of 32 frequencies. If the considered
satellite system is GLONASS (step 240), the k*5 bit
representations of the time slots are converted into a
bit mask representation of 32 bits (step 243), Jjust as in
the case of GPS L5. The k freguency indices are included

in the assistance message without modification.

In the case of SBAS, 8 bits are used for representing the
SV IDs in the original form, but in the covered range of
0-255, only values 120-138 are used for WAAS and EGNOS.
If the considered satellite system is SBAS (step 240),
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the k*8 bits may be represented using an 18-bit bit mask
when using an offset of 120 (step 244), since the space
to be described is only 18 SVs long. Bit saving 1is
achieved, if assistance data is provided for more than 2

satellites (k>2).

In the case of QZSS, it is likely that equally only a
subspace of the available PRN numbers will be used. In
this case, bit saving may be achieved similarly as in the
SBAS case (step 245), if the considered satellite system
is Q7SS (step 240).

Figure 5 is an arrangement of tables illustrating a
reduction of redundant information in almanac parameters

extracted from decoded navigation messages.

It is assumed by way of example that the decoded
navigation messages are from Galileo and GLONASS

satellites.

The almanac parameters comprise a plurality of
parameters, including a reference time for the almanac.
In the case of Galileo, the reference time is composed of
the Galileo week and time-of-week as specified in the
above mentioned Galileo SIS-ICD draft. In the case of
GLONASS, the reference time is described by two
parameters, namely a day count from the 1st January of
the last leap year and in addition the time of day (Toa),
as described in the GLONASS ICD, version 5.0, Moscow
2002, by the Coordination Scientific Information Center

of the Russian Ministry of Defense.

For achieving a redundancy reduction, for GLONASS the day

count from the 1st January of the last leap year is first
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substituted by a week count corresponding to the Galileo
week count, and a day count from the beginning of the
week. The time of day (Toa) is maintained as described in

the GLONASS ICD.

Now, the "week" count cof 8 bit can be used in common for
the Galileo almanac data and the GLONASS almanac data. No
scaling is used for the representation of the week. This

is indicated in the first table of Figure 5.

In addition, an own common part is provided for Galileo,
which i1includes the Issue of Data (IODa) with 2 bits
without scaling and a time-of-week (Toa) with 8 bits and
a scaling of 2 seconds. The IODa is a running number
describing the data set version. This is indicated in the

second table of Figure 5.

The actual almanac data is provided separately in an
individual part for each considered Galileo satellite.
This is indicated in the third table of Figure 5. The
included parameters are not mentioned in detail. They are
described in the above mentioned Galileo SIS-ICD draft.
It is to be understood, however, that reduction schemes
corresponding to those presented with reference to
Figures 2-4 for ephemeris parameters can be used as well
for the almanac parameters for any further reduction of

redundancy.

For GLONASS, no own common part or an empty common part
is provided. This 1s indicated in the fourth table of

Figure 5.

The day count (day) and the time of day (Toa) are

provided instead together with the actual almanac data
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separately in an individual part for each considered
GLONASS satellite. This is indicated in the fifth table
of Figure 5. The other included parameters are not
mentioned in detail. They are described in the above
mentioned GLONASS ICD. Again, 1t is to be understood that
reduction schemes corresponding to those presented with
reference to Figures 2-4 for ephemeris parameters can be

used as well for the almanac parameters.

For completeness, it may be noted that in general, Toa is
a term meaning "Time-of-Almanac". With Galileo this is
originally "Time-of-Week" (plus week count), since
Galileo time keeping is based on counting weeks and
counting time in blocks of one week. On the other hand,
with GLONASS "Toa" 1s originally the count of days from
the beginning of the latest leap year and then counting
time inside that day. So depending upon the GNSS, the

interpretation of "Time-Of-Almanac" changes.

It is to be understood that the same distribution to
common part and individual parts could be used, 1f only

Galileo signals or only GLONASS signals are considered.

It is to be understood that alternatively, a common part

could be determined separately for each satellite system.

Further, a similar split into a common part and an
individual part of almanac parameters could be realized

for other GNSSs.

Moreover, the presented division into common and
individual parts is to be understood only as an exemplary

embodiment. For instance, 1in an alternative embodiment,
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the “day” parameter in GLONASS could be taken to the
common part of GLONASS satellites.

The entirety of the parameters resulting in the
operations of Figures 2-5 has thus a reduced redundancy.
They are inserted together with other data extracted from
the k navigation messages in an assistance message that
is transmitted by the base station 130 via a cellular
link to the cellular terminal 110. In the cellular
terminal 110, the received assistance message 1s provided

to the preccessor 114,

The processor 114 executes the assisted positioning
software 116. It receives measurement results from the
GNSS receiver 113 for a plurality of acquired and tracked
satellite signals, but possibly no decoded navigation
data. The associated navigation data that is required for
a positioning of the cellular terminal 110 is obtained
from the assistance data, for example in order to
accelerate the positioning or in order to enable a
positioning in those cases, in which is it not possible
to decode the navigation messages in acguired and tracked

satellite signals.

Figure 6 is a flow chart illustrating a reconstruction of
the original navigation orbit parameters from the

parameters in the received assistance message.

The processor 114 extracts from the assistance message
the low redundancy eccentricity parameters and combines
for each of k satellite signals the common 5 bit MSB part
with the respective individual 25 bit LSB part (step
601). The resulting values are identical to the original

k*32 bit eccentricity parameters.



10

15

20

25

30

WO 2008/035143 PCT/IB2006/053419

The processor 114 further extracts from the assistance
message the low redundancy semi-major axis parameters and
combines for each of k satellite signals the common 6 bit
MSB part with the respective individual 2¢ bit LSB part
(step 602). The resulting values are identical to the

original k*32 bit semi-major axis parameters.

The processor 114 further extracts from the assistance
message the time parameters, which may or may not have a
reduced redundancy compared to the original time
parameters. Depending on the considered satellite system,
the processor 114 combines an extracted common part with
each of 2*k extracted individual parts, or it combines
extracted MSBs (if any), with extracted LSBs (step 603).
The combining includes a reversal of any change of scale
factor that has been carried out in the base station 130.
The resulting values are identical to the original k

TCE/TOC parameters.

The processor 114 further extracts from the assistance
message the low redundancy SV ID parameters. Depending on
the considered satellite system, 1t converts the obtained
bit mask representation into the k bit representations.
In case an offset had been removed from the k original
bit representations before the conversion to a bit-mask
representation, the predetermined offset i1s now added
again to each of the k bit representations, in order to
obtain the original bit count (step 604). The results are

then identical to the original k SV ID parameters.

The processor 114 further extracts from the assistance
message the low redundancy almanac parameters. It

combines the common part with each of the individual
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parts (step 605). If the almanac parameters are provided
for Galileo and GLONASS, for example, a common part

indicating the week count for both is combined with the

common part for Galileo indicating the time-of-week. This

combined common part is then further combined with each
individual almanac part for a respective Galileo
satellite. In addition, the common part for Galileo and
GLONASS indicating the week count is converted into a
count of day and combined with the count of day and the
time of day information in each individual almanac part
for a respective GLONASS satellite. The resulting
parameters are thus identical to the original sets of

almanac parameters.

The regained original orbit, time and SV ID parameters
are then used with any other assistance data extracted
from the assistance message in conventional positioning

calculaticns (step 600 .

On the whole, it becomes apparent that the bandwidth
regquired for transmitting the assistance data from the
base station 130 to the cellular terminal 110 can be
reduced significantly by removing redundancies from the
parameters extracted from the navigation messages.
Nevertheless, the original parameters can be regained at
the cellular terminal 110 without losing precision or

compatibility with the original format.

Figure 7 presents another exemplary system according to
the invention, which uses a reduced bandwidth for
transferring assistance data for an AGNSS based

positioning on a wireless link.
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The system comprises a mobile device 720, a GNSS
accessory device 710, a positioning server 730 of a
wireless communication network and a fixed station 740 of

a wireless communication network.

The mobile device 710 comprises a wireless communication
component 722. The wireless communication component 722
can be for instance a cellular engine or terminal, or a

WLAN engine or terminal, etc.

The GNSS accessory device 720 comprises a chip 715 and,
linked to this chip 715, a GNSS receiver 713. The chip
715 can be for instance an integrated circuit (IC), which
includes circuitry configured to realize an assisted
positioning. In addition to the actual assisted
positioning component 719, which may be implemented in a
conventional way, the circuitry includes an orbit
parameter reconstruction component 716, a time parameter
reconstruction component 717 and an SV ID parameter

reconstruction component 718.

Mobile device 710 and GNSS accessory device 720 comprise
matching interfaces (not shown), which enable a data
exchange via a wireless or wired link between both

devices.

The fixed station 740 includes a wireless communication
component 742, which allows establishing a wireless link
to the wireless communication component 722 of the mobile
device 720. The wireless link may be a cellular link or a
non-cellular link, like a wireless local area network

(LAN) connection.
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The positioning server 730 comprises a chip 735 and,
linked to this chip 735, a GNSS receiver 733. The chip
735 can be for instance an integrated circuit (IC), which
includes circuitry configured to assemble an assistance
message for an assisted positioning. The circuitry
comprises in addition to the actual assistance message
assembly component 739 an orbit parameter redundancy
reduction component 736, a time parameter redundancy
reduction component 737 and an SV ID parameter redundancy

reduction component 738.

Fixed station 740 and positioning server 730 comprise
matching interfaces (not shown), which enable a direct or
indirect data exchange via a wireless or wired link

between both devices.

The GNSS receivers 713, 733 are both configured to
receive, acquire and track signals transmitted by
satellites S1, S2 belonging to one or more GNS3Ss, for
example including GPS L5, Galileo, GLONASS, SBAS and QZSS
signals. At least GNSS receiver 733 is further configured

to decode navigation messages included in such signals.

An assisted positioning operation in the system of Figure
7 can be realized in a corresponding manner as described
for the system of Figure 1 with reference to Figures 2 to
6. In this case, the chip 735 takes care of the functions
of processor 134, while the chip 715 takes care of the

functions of processor 114.

Base station 130 or network element 730 could be an
exemplary electronic device according to the first
considered aspect. Processor 134 or chip 735 could be an

exemplary apparatus according to the first considered
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aspect. Cellular terminal 110 or GNSS accessory 710 could
be an exemplary electronic device according to the second
considered aspect. Processor 114 or chip 715 could be an
exemplary apparatus according to the second considered

aspect.

The functions illustrated by the processor 134 executing
software 136 or the functions illustrated by the chip 735
can also be viewed as means for receiving parameters,
which have been extracted from at least one satellite
signal, as means for removing redundant information from
the parameters at large, and as means for providing
parameters with reduced redundancy as assistance data for

a satellite signal based positioning.

The functions illustrated by the processor 114 executing
software 116 or the functions illustrated by the chip 715
can also be viewed as means for receiving parameters as
assistance data for a satellite signal based positioning,
wherein the received parameters are based on original
parameters extracted from at least one satellite signal,
from which original parameters at large redundant
information has been removed, as means for reconstructing
the original parameters by adding the removed redundant
information to the received parameters, and as means for
using the reconstructed original parameters in an

assisted satellite signal based positioning.

Furthermore, the claimed means-plus—-function clauses are
intended to cover the structures described herein as
performing the recited function and not only structural

equivalents, but also equivalent structures.
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While there have been shown and described and pointed out
fundamental novel features of the invention as appiied to
preferred embodiments thereof, it will be understood that
various omissions and substitutions and changes in the
form and details of the devices and methods described may
be made by those skilled in the art without departing
from the spirit of the invention. For example, it is
expressly intended that all combinations of those
elements and/or method steps which perform substantially
the same function in substantially the same way to
achieve the same results are within the scope of the
invention. Moreover, it should be recognized that
structures and/or elements and/or method steps shown
and/or described in connection with any disclosed form or
embodiment of the invention may be incorporated in any
other disclosed or described or suggested form or
embodiment as a general matter of design choice. Just to
give cne example, the indicated bit counts for MSB and
LSB parts and the indicated scale factors can obviously
be changed in any suitable manner. Further, the presented
embodiments can be adapted as reqguired for use with any
other, including any future, GNSSs. It is the intention,
therefore, to be limited only as indicated by the sccpe

of the claims appended hereto.
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What i1s claimed is:

1. A method comprising:

10
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25

30

receiving parameters for at least one satellite;

removing redundant information from said
parameters at large; and

providing parameters with reduced redundancy as
assistance data for a satellite signal based

positiconing.

The method according to claim 1, wherein removing
redundant information from said parameters at large
comprises determining a common part and a respective
individual part for a plurality of parameters and
wherein said common part is provided only once for

said plurality of parameters as assistance data.

The method according to claim 2, wherein in case said
parameters comprise parameters for satellites
belonging to at least two different satellite
systems, determining said common part comprises
determining a common part for parameters for
satellites belonging to at least two different
satellite systems and in addition, optionally, a
respective common part for parameters for satellites

belonging to a single satellite system.

The method according to claim 1, wherein said
parameters comprise a respective eccentricity
parameter for a plurality of satellites, wherein
removing redundant information from said parameters
at large comprises splitting up said plurality of

eccentricity parameters into a common most
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significant bit part and a respective individual
least significant bit part, and wherein said common
most significant bit part is provided only once for
said plurality of eccentricity parameters as

assistance data.

The method according to claim 1, wherein said
parameters comprise a respective semi-major axis
parameter for a plurality of satellites, wherein
removing redundant information from said parameters
t large comprises splitting up said plurality of
semi-major axis parameters into a common most
significant bit part and a respective individual
least significant bit part, and wherein said common
most significant bit part is provided only once for
said plurality of semi-major axis parameters as

assistance data.

The method according to claim 1, wherein said
parameters comprise a plurality of time parameters
indicating & respective point in time, wherein
removing redundant information from said parameters
at large comprises determining for said plurality of
time parameters a common part indicating a fixed time
in a time block and an individual part defining a
deviation of said point in time indicated by a
respective time parameter from said fixed time, and
wherein said common part is provided only once for

said plurality of time parameters as assistance data.

The method according to claim 6, wherein said time
parameters for which a common part is defined

comprise at least one of
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time-of-ephemeris parameters for a plurality of
satellites;

time~of-clock-model parameters for a plurality of
satellites;

time-of-ephemeris parameter and time-of-clock-
model parameter for a respective single satellite;
and

time-of-ephemeris parameters and time-of-clock-
model parameters for a plurality of satellites;

time of almanac parameters for a plurality of

satellites.

The method according teo claim 1, wherein said
parameters comprise a respective satellite
identification parameter for a plurality of
satellites, wherein said satellite identification
parameters are bit representations of ordinal numbers
and wherein removing redundant information from said
parameters at large comprises converting said
plurality of bit representations of said ordinal
numbers into a bit mask representation of said

ordinal numbers.

The method according to claim 1, wherein said
parameters comprise a respective satellite
identification parameter for a plurality of
satellites and wherein removing redundant information
from said parameters at large comprises reducing a
bit count of said plurality of satellite
identification parameters by removing a predetermined

offset in said satellite identification parameters.

The method according to claim 1, wherein said

parameters comprise almanac parameters for a

PCT/IB2006/053419
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plurality of satellites, said almanac parameters
including almanac reference time information for each
of said satellites, and wherein removing redundant
information from said parameters at large comprises
defining a common part including at least a part of
sald reference time information, wherein said common
part is provided only once for said plurality of

satellites as assistance data.

The method according to claim 1, wherein said
parameters comprise almanac parameters for a
plurality of satellites belonging to at least two
satellite systems, wherein removing redundant
information from said parameters at large comprises
determining for said almanac parameters a common part
for a week count for a plurality of satellites
belonging to different satellite systems, and in
addition at least one of:

a common part for a time-of-week for a plurality
of satellites belonging to the same satellite system
and an individual part for almanac data for each of
said plurality of satellites belonging to the same
satellite system;

a common part for a day count for a plurality of
satellites belonging to the same satellite system and
an individual part for a time of day and for almanac
data for each of said plurality of satellites
belonging to the same satellite system; and

- an individual part for a day count, a time of day
and almanac data for each of a plurality of
satellites belonging to the same satellite system;
wherein each common part is provided only once for

said almanac parameters as assistance data.
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The method according to claim 1, wherein said
assistance data is provided via a cellular link to a
cellular terminal, to which a satellite signal

receiver 18 assoclated.

An apparatus comprising a processing component,

said processing component being configured to
receive parameters for at least one satellite;

said processing component being configured to
remove redundant information from sald parameters at
large; and

said processing component being configured to
provide parameters with reduced redundancy as
assistance data for a satellite signal based

positioning.

The apparatus according to claim 13, wherein said
processing component 1s configured to remove
redundant information from said parameters at large
by determining a common part and a respective
individual part for a plurality of parameters and
wherein said processing component is configured to
provide said common part only once for said plurality

of parameters as assistance data.

The apparatus according to claim 14, wherein said
processing component is configured to determine, in
case salid parameters comprise parameters for
satellites belonging to at least two different
satellite systems, a common part for parameters for
satellites belonging to at least two different
satellite systems and in addition, optiocnally, a
respective common part for parameters for satellites

belonging to a single satellite system.
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The apparatus according to claim 13, wherein said
parameters comprise a respective eccentricity
parameter for a plurality of satellites, wherein said
processing component is configured to remove
redundant information from said parameters at large
by splitting up said plurality of eccentricity
parameters into a common most significant bit part
and a respective individual least significant bit
part, and wherein said processing component is
configured to provide said common most significant
bit part only once for said plurality of eccentricity

parameters as assistance data.

The apparatus according to claim 13, wherein said
parameters comprise a respective semi-major axis
parameter for a plurality of satellites, wherein said
processing component is configured to remove
redundant information from said parameters at large
by splitting up said plurality of semi-major axis
parameters into a common most significant bit part
and a respective individual least significant bit
part, and wherein said processing component is
configured to provide said common most significant
bit part only once for said plurality of semi-major

axis parameters as assistance data.

The apparatus according to claim 13, wherein saild
parameters comprise a plurality of time parameters
indicating a respective point in time, wherein said
processing component 1is configured to remove
redundant information from said parameters at large
by determining for said plurality of time parameters

a common part indicating a fixed time in a time block
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and an individual part defining a deviation of said
point in time indicated by a respective time
parameter from said fixed time, and wherein said
processing component is configured to provide said
common part only once for said plurality of time

parameters as assistance data.

The apparatus according to claim 18, wherein said
time parameters for which a common part is defined
comprise at least one of

time-of-ephemeris parameters for a plurality of
satellites;

time-of-clock-model parameters for a plurality of
satellites;

time-of-ephemeris parameter and time-of-clock-
model parameter for a respective single satellite;

time-of-ephemeris parameters and time-of-clock-
model parameters for a plurality of satellites; and

time of almanac parameters for a plurality of

satellites.

The apparatus according to claim 13, wherein said
parameters comprise a respective satellite
identification parameter for a plurality of
satellites, wherein said satellite identification
parameters are bit representations of ordinal numbers
and wherein said processing component is configured
to remove redundant information from said parameters
at large by converting said plurality of bit
representations of said ordinal numbers into a bit

mask representation of said ordinal numbers.

The apparatus according to claim 13, wherein said

parameters comprise a respective satellite
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identification parameter for a plurality of
satellites and wherein said processing component is
configured to remove redundant information from said
parameters at large by reducing a bit count of said
plurality of satellite identification parameters by
removing a predetermined offset in said satellite

identification parameters.

The apparatus according to claim 13, wherein said
parameters comprise almanac parameters for a
plurality of satellites, said almanac parameters
including almanac reference time information for each
of said satellites, and wherein said processing
component 1s configured to remove redundant
information from said parameters at large by defining
a common part including at least a part of said
reference time information, wherein said commen part
is provided only once for said plurality of

satellites as assistance data.

The apparatus according to claim 13, wherein said
parameters comprise almanac parameters for a
plurality of satellites belonging to at least two
satellite systems, and wherein said processing
component is configured to remove redundant
information from said parameters at large by
determining for said almanac parameters a common part
for a week count for a plurality of satellites
belonging to different satellite systems, and in
addition at least one of:

a common part for a time-of-week for a plurality
of satellites belonging to the same satellite system

and an individual part for almanac data for each of

PCT/IB2006/053419
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said plurality of satellites belonging to the same
satellite system;

a common part for a day count for a plurality of
satellites belonging to the same satellite system and
an individual part for a time of day and for almanac
data for each of said plurality of satellites
belonging to the same satellite system; and

an individual part for a day count, a time of day
and almanac data for each of a plurality of
satellites belonging to the same satellite system;

and wherein said processing component is
configured to provide each common part only once for

said almanac parameters as assistance data.

An apparatus comprising:

means for receiving parameters for at least one
satellite;

means for removing redundant information from said
parameters at large; and

means for providing parameters with reduced
redundancy as assistance data for a satellite signal

based positioning.

An electronic device comprising:
an apparatus according to claim 13; and
a wireless communication component configured to

transmit information via a wireless link.

An electronic device comprising:
an apparatus according to claim 13; and

a satellite signal receiver.

. A computer program product in which a computer

program code is stored in a computer readable medium,

PCT/IB2006/053419
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which computer program code realizes the method of

claim 1 when executed by a processor.

A method comprising:

receiving parameters as assistance data for a
satellite signal based positioning, wherein said
received parameters are based on original parameters
for at least one satellite, from which original
parameters at large redundant information has been
removed;

reconstructing said original parameters by adding
salid removed redundant information to sald received
parameters; and

using said reconstructed original parameters in an

assisted satellite signal based positioning.

The method according to claim 28, wherein
reconstructing said original parameters comprises
adding at least one common part received in said
assistance data for a plurality of original
parameters to a respective individual part received
in said assistance data for a plurality of original

parameters.

The method according to claim 28, wherein said
plurality of original parameters comprises at least
one of:

a plurality of eccentricity parameters;

a plurality of semi-major axilis parameters;

and

a plurality of time parameters indicéting a

respective point in time.



10

15

20

25

30

WO 2008/035143 PCT/IB2006/053419

31.

32.

33.

34.

_51_

The method according to claim 28, wherein
reconstructing said original parameters comprises
converting a bit mask representation of ordinal
numbers into a bit representation of ordinal numbers,
said bit representation of ordinal numbers
corresponding to original satellite identification

parameters.

The method according to claim 28, wherein
reconstructing said original parameters comprises
converting satellite identification parameters of
less bits in said assistance data into original
satellite identification parameters of more bits by

adding a predetermined offset.

An apparatus comprising a processing component,

said processing component being configured to
receive parameters as assistance data for a satellite
signal based positioning, wherein said received
parameters are based on original parameters for at
least one satellite, from which original parameters
at large redundant information has been removed;

said processing component being configured to
reconstruct said original parameters by adding said
removed redundant information to said received
parameters; and

said processing component being configured to use
said reconstructed original parameters in an assisted

satellite signal based positioning.

The apparatus according to claim 33, wherein said
processing component is configured to reconstruct
said original parameters by adding at least one

common part received in sald assistance data for a
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plurality of original parameters to a respective
individual part received in said assistance data for

a plurality of original parameters.

The apparatus according to claim 33, wherein said

plurality of original parameters comprises at least

one of:

a plurality of eccentricity parameters;
a plurality of semi-major axis parameters; and
a plurality of time parameters indicating a

respective point in time.

The apparatus according to claim 33, wherein said
processing component is configured to reconstruct
salid original parameters by converting a bit mask
representation cf ordinal numbers into a bit
representation of ordinal numbers, said bit
representation of ordinal numbers corresponding to

original satellite identification parameters.

The apparatus according to claim 33, wherein said
processing component is configured to reconstruct
said original parameters by converting satellite
identification parameters of less bits in said
assistance data into original satellite
identification parameters of more bits by adding a

predetermined offset.

An apparatus comprising:

means for receiving parameters as assistance data
for a satellite signal based positioning, wherein
said received parameters are based on original

parameters for at least one satellite, from which
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original parameters at large redundant information
has been removed;

means for reconstructing said original parameters
by adding said remcved redundant information to said
received parameters; and

means for using said reconstructed original
parameters in an assisted satellite signal based

positioning.

An electronic device comprising:
an apparatus according to claim 33; and
a wireless communication component configured to

receive 1nformation via a wireless link.

An electronic device comprising:

an apparatus according to claim 33; and

a satellite signal receiver.

A computer program product in which a computer
program code is stored in a computer readable medium,
which computer program code realizes the method of

claim 28 when executed by a processor.

A system comprising:
an apparatus according to claim 13; and

an apparatus according to claim 33.

PCT/IB2006/053419
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Field Bits Scale 2" Units Common part almanac parameters for
Week 8 0 weeks plurality of Galiteo and GLONASS satellites
Field Bits Scale 2% | Units
T 8 12 Common part almanac parameters for
oa s plurality of Galileo satellites
IODa 2 0 -
Field Bits | Scale 2" | Units |
e 11 -16 -
delta_i 11 -14 sC
Omegadot 11 -33 sc/s
delta_sqrtA 17 -9 mhre
Omega0 16 .15 sc Individual part almanac
omega 16 15 SC parameters for each
MO 16 15 o Galileo satellite
SVstatus 2/4 - -
afl 14 -19 s
aft 11 -38 ss |/
Field Bits Scale 2" | Units Common part almanac parameters for
- - - - plurality of GLONASS satellites
Field Bits | Scale 28 | Units | "\
Day 3 0 days
Toa 21 -5 S
e 15 -20 -
delta i 18 -20 sc
Omegal 21 -20 sc Individual part aimanac
omega 16 -15 sc parameters for each
delta T 52 9 S/orbit -GLONASS satellite
delta_Tdot 7 ~14 s/orbit"2
Cn (health) 1 - -
Tau n 10 ~18 S j

Fig. 5
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