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GLOSSARY

ESA
European Space Agency

GPS 
Global Navigation System

IE
Information Element

SBAS
Space Based Augmentation System. Includes WAAS (Wide Area Augmentation System by the US), EGNOS (European Global Navigation and Overlay System by ESA) and GAGAN (GPS augmentation for Indian Ocean region)

LAAS
Locals Area Augmentation System (also known as pseudo-satellites, or pseudolites)

QZSS
Quasi-Zenith Satellite System. Japanese GPS/Galileo augmentation.

GLONASS Global Navigation Satellite System. Russian satellite navigation system

Galileo
European satellite navigation system.

GNSS
Global Navigation Satellite System. Term referring collectively used for GPS, Galileo, GLONASS, SBAS, LAAS and QZSS.

AGNSS
Assisted GNSS. Means that if technical prerequisites are met, the cellular network is able to provide the GNSS receiver with assistance data (time, navigation model), which allows for the receiver to obtain a position fix in a shorter time and in more challenging signal conditions.

SV
Space Vehicle. Name used for a satellite in the satellite navigation systems.

TTFF 
Time to First Fix. Time from the GNSS receiver start-up to the instant, when the receiver starts to provide position information.

SIS
Signal-In-Space specification

ICD
Interface Control Document

CDMA
Code Division Multiple Access

FDMA
Frequency Division Multiple Access

ECEF
Earth-Centered Earth Fixed (coordinate system definition)

MSB
Most Significant Bit

LSB
Least Significant Bit

UTC
Universal Time, Coordinated

1. Introduction

In GP-052718, a generic approach for A-GNSS was introduced. The document also outlined the main characteristics for a common long-term Navigation (Orbit) Model that would be suitable for all GNSSs. This document describes the details of the proposed common (generic) GNSS Navigation Model and more specifically justifies the format, in which the assistance data is proposed for distribution from a communications network to terminals. 

2. Background

Currently, only GPS assistance data can be provided to assisted GNSS receivers in CDMA, GSM and   W-CDMA networks. This assistance data format closely follows the GPS navigation model specified in the GPS-ICD-200 SIS (SIS, Signal-In-Space) specification. This navigation model includes a 1)clock model and 2)orbit model. To be more precise, the clock model is used to relate the satellite time to the system (in this case GPS) time. In addition, there is also a model to relate the system time to UTC time. The orbit model is used to calculate the satellite position at a given instant. Both data, clock and orbit, are crucial in satellite navigation. 

The availability of the assistance data can greatly affect the GNSS (GNSS, Global Navigation Satellite System: collective name for GPS, Galileo, GLONASS, SBAS, QZSS, LAAS or hybrid receiver in this document) receiver performance. First of all, in good signal conditions it takes in minimum 18 seconds for a GPS receiver to extract a copy of the navigation message from the signal broadcasted by the satellite. Therefore, if no valid copy (say, from a previous session) of a navigation model is available, it takes at least 18 second before the satellite can be used in position calculation. Now, in AGPS receivers the cellular network sends the receiver a copy of the navigation message and, hence, the receiver does not need to extract the data from the satellite broadcast, but obtains it directly from the network. Time to first fix (TTFF) can be reduced to sub-18 seconds (from 18 seconds). This reduction in TTFF is crucial in, for instance, when positioning an emergency call. This also improves user experience in various use cases.

Moreover, in adverse signal conditions an assisted GNSS receiver may be the only option for navigation. This is because a drop in the signal power level makes it impossible for the GNSS receiver to obtain a copy of the navigation message. However, when the navigation data is provided to the receiver from an external source (communications network), navigation is enabled again. This feature is important in indoor conditions as well as in urban areas, where signal levels may vary significantly due to buildings and other obstacles. 

When a terminal requests for assistance data, the network sends the handset one navigation model for each satellite in the view of the GPS receiver. The format in which the assistance data is sent is specified in various standards. Control Plane solutions include RRLP in GSM, RRC in W-CDMA and IS-801.1/IS-801.A in CDMA. Broadcast assistance data information elements are defined in TS 44.035 for GSM. There are also User Plane solutions, such as OMA SUPL 1.0, and various proprietary solutions for CDMA networks. The common factor for all these solutions is that they only support GPS. However, in the future it will not be sufficient to provide GNSS receivers with GPS-only assistance data.  The reasons include

· Europe is ramping up Galileo system

· Russian have expressed their committed to GLONASS upgrade and are currently re-deploying the satellite fleet (12 operational satellites in Feb/06)

· Space Based Augmentation Systems, SBAS, (WAAS, EGNOS, GAGAN) are being ramped up

· Local Area Augmentation Systems, LAAS, (pseudolites, “fixed satellites” on the ground) are becoming more common 

· Japanese are developing their own GPS/Galileo complementing system called Quasi-Zenith Satellite System, QZSS

Hence, it is clear that GPS assistance alone will not be adequate the near future and new data format must be developed in order to able to support all these new systems as well as possible future systems. 

3. Challenges and problems

The problem in providing assistance data for new systems, as well as to GPS, can be reduced to finding a navigation model (clock and orbit model) that can be used to describe all the satellite systems. A straightforward solution is to take the native navigation message format for each of the systems and use this format. However, this would result in various different messages (different message format for each system), which would make the implementation task problematic. Moreover, the native format may also be incompatible with cellular standards. Therefore, the final solution must be such that various different formats are not required. 

The challenges in developing a common format include firstly satellite indexing. The satellite index is used to identify the navigation model with a specific satellite. The problem is that every system has its own indexing method:

· GPS indexes SVs (SV, Space Vehicle) based on PRN (Pseudo-Random Noise) numbers. PRN number can be identified with the CDMA spread code used by the SV.

· Galileo uses a 7-bit field (1-128) to identify the SV. The number can be identified with the PRN code used by the SV.

· GLONASS uses a 5-bit field to characterize SVs. The number can be identified with the satellite position in the orbital planes (this position is called a “slot”). Moreover, in contrast to other systems, GLONASS uses FDMA (there is also a CDMA spread code) to spread satellite broadcasts in spectrum. There is, therefore, a table that maps the SV slot number to the broadcast frequency. This map must be included in any assistance data format.

· SBAS systems use PRN numbers similar to GPS, but they have an offset of 120. Therefore, the first SBAS system has an SV number of 120. 

· Since QZSS SIS ICD is not public yet, there is no detailed information on the SV indexing in the system. However, since the system is a GPS augmentation, the GPS compatible format should at high probability be compatible with QZSS as well.

· Pseudolites (LAAS) are the most problematic in the indexing sense. There is no standard defined for indexing pseudolites currently. However, the indexing must at least loosely follow the GPS-type indexing. Therefore, by ensuring that the range of SV indices is sufficient, it should be possible to describe LAAS transmitters with GPS-type SV indexing.

The second challenge is the clock models. The first of these models is the System-Satellite time model. The System-Satellite time model for any system is given by
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 are the 0th, 1st and 2nd order model coefficients, respectively. 

The second clock model is the UTC-System clock model given by
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Since the equations are the same for each system, the only problem in developing the generalized model is to find such bit counts and scale factors that the 1)range of values required by each system is covered and the 2)accuracy (or resolution) requirements for each system are met.

The third problem includes the orbit model. Again, each system has its own format (excluding GPS and Galileo that use the same format).

· GPS and Galileo use Keplerian orbit parameter set (6 orbit parameters, 3 linear correction terms as well as 6 harmonic gravitation correction terms).

· In contrast to GPS and Galileo, GLONASS navigation model contains only information on the satellite position, velocity and acceleration at a given instant. This information can then be used (by solving an initial value problem for the equations of motion) to predict the satellite position at some instant.

· SBAS utilizes in some sense format similar to GLONASS. The SBAS navigation message includes information on the satellite position, velocity and acceleration in ECEF systems at a given instant. This data is used to predict the SV position by simple extrapolation (which is in contrast with GLONASS, in which equations of motion are integrated in time).

· Again, since the QZSS ICD is not available yet, the detailed format of the navigation message is not known. However, there are documents that quote the QZSS signal being compatible with either GPS-type ephemeris or SBAS-type broadcast. Hence, ensuring that the new format is compatible with GPS and SBAS, the QZSS orbits may be described using the format.

· LAAS require that the orbit model is able to describe objects that are stationary in the ECEF-frame. Also, pseudolites have fairly strict resolution requirements for the position. It is necessary to be able to describe a pseudolite position at a resolution of  ~5 mm in some cases.

In addition to these requirements (indexing, clock model and orbit model), the navigation model must include information on at least following items.

· Model reference time (
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 in the clock model, similar time stamp is required for the orbit model)

· Model validity period

· Issue of Data (in order to be able differentiate between model data sets)

· SV health (indicates whether navigation data from the SV is usable)

Needless to say, almost all the systems have their own method of expressing these items. The range and accuracy requirements vary from system to system. Moreover, the current SV health field requires modification, since in the future GPS (and other systems) do not transmit only one signal, but various signals at different frequencies. Then, it is possible that one of these signals is unusable, but others are fine. Consequently, the SV health must be able to indicate this mode of malfunction. Current solution in GPS is only able to express malfunction is some signal without specifying which one. (However, despite the importance of these items, this document shall only concentrate on clock and orbit models.)

Now, the new assistance data format must be such that all the system specific items as well as parameter range and accuracy requirements are taken into account. 

Finally, the problem with current assistance data format is that it only allows for one set of navigation data to be available for a given satellite. This means that when the navigation model is updated, the terminal must be provided with a new set of data. However, already now there are commercial services that provide navigation data that are valid for 5-10 days. The navigation mode validity time does not increase (necessarily), but the service sends multiple sets of navigation data for one satellite. In AGNSS this is advantageous, since the user could receive all the assistance needed for the next week or so in a single download. The new assistance data format must, therefore, be able to support these long-term orbit fits. 

4. Discussion

Since GPS and Galileo are familiar systems, their orbit and clock models are not considered here. Instead, orbit and clock model aspects of GLONASS, LAAS (pseudolites), SBAS and QZSS are considered in detail. 

GLONASS (ГЛОНАСС)

4.1.1 Constellation

GLONASS constellation consists of 3*8 = 24 satellites that are positioned in three orbital planes with 8 satellites in each plane. The orbit inclination is 64.8° and the orbit altitude is 19100 km.

The first plane includes satellites 1-8, the second plane satellites 9-16 and the third plane satellites17-24. Therefore, the satellite index is representative of the satellite position in the constellation.

GLONASS is a combination of FDMA and CDMA systems with the L1-frequency characterized by 

fk1 = (1602.00 + k·0.5625) MHz, where 
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The almanac broadcast contains the mapping from the satellite index to the channel k. The two satellites may transmit in the same channel, if they are located in the anti-nodal positions of the orbital plane.

The ranging code repeats every millisecond and is 511 chips long. Data (ephemeris and almanac) are broadcasted at 50 bps.

2006 onwards Russia shall start launching GLONASS-M (modernized) satellites. This modification will bring L2 frequency to civilian use. The L2 frequency is characterized by 

fk2 = (1246.00 + k·0.4375) MHz, where 
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The L2 broadcast shall contain the same ranging code as L1. Moreover, 2008 onwards the GLONASS constellation shall be complemented/replaced by GLONASS-K satellites. These satellites will bring a third civilian frequency, L3. L3 is characterized by 

fk3= 0.75 * fk1.

4.1.2 Orbit model

The GLONASS orbit model differs from GPS/Galileo orbit model in a fundamental manner. Whereas GPS and Galileo send the Keplerian parameters and some correction terms, GLONASS sends only the position, velocity and acceleration of the satellite in the middle of the ephemeris validity period. This information is used as a boundary condition in an initial value problem, where equations of motion are integrated in time. The required equations and the recommend integration algorithm are given in GLONASS ICD.

The required parameters are

	Parameter
	Explanation
	Origin
	BITS
	Scale
	Units

	n
	Satellite (slot) index
	Eph.
	5(u)
	-
	-

	Bn
	Health bit (0 = ok, 1 = malfunction)
	Eph.
	1
	-
	-

	tb
	Time of block in 30, 45 or 60 min blocks. Blocks are counted within the current day according to UTC+03h00min00s. toe (Time of Ephemeris) is to be taken to the middle point of the block. 
	Eph.
	7(u)
	30/   45/   60
	min

	P1
	Ephemeris validity time (Fit interval). Values are 0, 30, 45 and 60 minutes (table defined)
	Eph.
	2
	-
	-
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	x,y,z –coordinates of the SV
	Eph.
	27
	2-11
	km
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	x,y,z –velocities of the SV
	Eph.
	24
	2-20
	km/s
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	x,y,z –accelerations of the SV
	Eph.
	5
	2-30
	km/s2

	URA
	User Range Accuracy index (table conversion to meters)
	Eph.
	4
	-
	-

	TGD
	Equipment delay between L1 and L2
	Eph.
	5
	2-30
	s

	kn
	Carrier frequency index
	Alm.
	5
	-
	-


The validity period of the orbit data in the GLONASS navigation message is ±15, ±22.5 or ±30. Therefore, given only one set of ephemeris, the orbit may be determined for 30, 45 or 60 minutes. It may be that this short period of orbit data is not sufficient for fitting the orbit to the GPS/Galileo–type parametrization. Therefore, it is proposed that GLONASS broadcasted ephemeris is converted to assistance data as such in its native format. 

4.1.3 System-Satellite clock model

GLONASS system time is referenced to UTC+03h00min00s. The GLONASS segments ensure that the deviation between UTC+03h00min00s and GLONASS system time is no more than 1 ms. 

The GLONASS system time 
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The required parameters are

	Parameter
	Explanation
	Origin
	BITS
	Scale
	Units

	toe
	Time of ephemeris (see tb above).
	Eph.
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	Correction between n-satellite time tn and GLONASS time tc at instant toe.
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	Eph.
	22
	2-30
	s
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	Relative deviation of the carrier frequency of n-satellite from the nominal value. Takes relativistic effects into account.
	Eph.
	11
	2-40
	-


The parameter range and resolution requirements are fulfilled by Galileo compatible format.

4.1.4 UTC-System clock model

The navigation message contains data to relate GLONASS time to UTC within 1 microsecond. 
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The required parameters are

	Parameter
	Explanation
	Origin
	BITS
	Scale
	Units
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	GLONASS time scale correction to UTC time. Correction is given at the instant of the beginning of the day according to UTC+03h00min00s. 
	Alm.
	32
	2-31
	s


The parameter bit count requirement is fulfilled by Galileo compatible format (note that Galileo/GPS also have a 1st order term in the model in addition to 0th order term). However, whereas GPS/Galileo/SBAS use a scale factor of 2-30, GLONASS requires 2-31. Since bit count cannot be readily increased, since otherwise 32 bits were exceeded, the scale factor shall be made conditional: 2-31 for GLONASS, 2-30 otherwise.

4.2 Pseudolites

4.2.1 Orbit model

It is possible to express pseudolite position with Keplerian parameters. If the pseudolite position is given in ECEF by 
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 is the earth rotation rate. 
However, if the pseudolite is to be expressed in GPS-type ephemeris, the bit counts in (n and 
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 must be increased significantly in order to remove the drift due to quantization (to 40 and 36 bits, respectively, with scale factors of 2-50 and 2-50 if the drift is to be kept below 1cm/week). However, since pseudolites positions are sometimes needed at an accuracy of better than 1 cm, the mentioned bit counts, although already high, do not fulfill the condition. This works to show that the Keplerian model at least as such is not suitable for pseudolites. 

Other problem is the resolution of Keplerian model with current bit counts. A simple error propagation study shows that the coordinates can be expressed at about 2 cm accuracy. This is shown by forming a total derivative on the equations defined GPS-ICD-200.
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Now, when semi-major axis is the earth radius, the error in the semi-major axis due to quantization is 
[image: image40.wmf]375

.

8

»

D

x

 mm. The error in the argument of perigee and inclination is 
[image: image41.wmf]10

-

31

10

7.315

2

2

×

»

=

D

=

D

-

p

w

i

rad. For instance, for y-direction it is obtained 

[image: image42.emf]-80 -60 -40 -20 0 20 40 60 80

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Error in y-direction as a function of inclination and argument of perigee

Argument of perigee / degrees

Maximum error in y-direction / centimetres

 

 

i=0 degrees

i=30 degrees

i=60 degrees

i=90 degrees


It is, therefore, clear that pseudolites need format other than GPS-ephemeris. The native format for expressing pseudolite coordinates is the plain ECEF-coordinates, which would of course be desirable. Since GLONASS format already requires ECEF position, velocity and acceleration, pseudolites may be expressed in GLONASS format by setting velocity and acceleration to zero (or not to include the higher order terms at all).

4.2.2 Clock models

The clock model (Satellite-Satellite and UTC-System) used in GPS is usable as such for pseudolites (a fair assumption). 
4.3 SBAS

4.3.1 Orbit model

SBAS satellites (WAAS, EGNOS, GAGAN) are located in geostationary orbits, where their position is approximately constant (in the ECEF frame). Because of these characteristics, SBAS satellites utilize a simple orbit model defined by


[image: image43.wmf]2

0

0

0

)

(

2

1

)

(

)

(

)

(

t

t

x

t

t

x

t

x

t

t

x

oe

oe

oe

oe

D

×

+

D

×

+

=

D

+

·

·

·

, 

where parameters 
[image: image44.wmf]oe

t

, 
[image: image45.wmf])

(

0

oe

t

x

, 
[image: image46.wmf])

(

0

oe

t

x

·

 and 
[image: image47.wmf])

(

0

oe

t

x

·

·

 (time of ephemeris, position, velocity and acceleration, respectively) are obtained from the navigation message. The navigation message fields are

	Parameter
	Explanation
	BITS
	Scale Factor
	Units

	toe
	Time of ephemeris
	13(u)
	16
	s

	x and y position
	
	30
	0.08
	m

	z position 
	
	25
	0.40
	m

	x and y velocity
	
	17
	0.000625
	m/s

	z velocity
	
	18
	0.004
	m/s

	x and y acceleration
	
	10
	0.0000125
	m/s2

	z acceleration
	
	10
	0.0000625
	m/s2


4.3.2 Clock models

The System-Satellite and UTC-System clock models are GPS compatible and, hence, the range and resolution of GPS clock model are sufficient for SBAS.

4.4 Quasi-Zenith Satellite System

4.4.1 Orbit model

QZSS is a Japanese GPS augmentation. Hence, the messages should resemble either GPS or SBAS ephemeris. Since the new navigation model supports both ephemerides, QZSS shall pose no problems for the current proposition. 

The QZSS specification is currently somewhat open. The constellation shall consist of three satellites (plus one spare) with highly elliptical orbits and 8-shaped ground tracks. The satellites shall be positioned in such a way they spend most of their time over Japan (low speed). Satellites will also spend much time over Australia, but their speed there will be much higher. The constellation shall be designed in such manner that in Japan there is one QZSS satellite above a 70°-elevation mask all the time.

Although little is known about the final orbits currently, some parameter set options are public. Selecting the worst case parameter set (meaning highest eccentricity and inclination), we have 

	Parameter
	Value
	Units

	Semi-major axis
	42 164 000
	m

	Eccentricity
	0.35
	-

	Inclination
	52.6 degrees
	degrees


These parameters result in the following trajectory characteristics.

	Parameter
	Value
	Units

	Maximum projected distance (on ECEF x,y,z basis vectors)
	~±5e7
	m

	Maximum projected velocity (on ECEF x,y,z basis vectors)
	~±3000
	m/s

	Maximum radial velocity (takes place as the satellite is observed from the Southern Pole)
	~±1600 
	m/s

	Maximum projected acceleration (on ECEF x,y,z basis vectors)
	~0.5
	m/s2
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4.4.2 Clock models

Since QZSS is a GPS/Galileo augmentation, the clock models (System-Satellite and UTC-System) should be compatible with any format compatible with GPS and Galileo.

5. Solutions

5.1 Indexing

The indexing problem has been solved by extending the SV index field in such a way that the upper bits of the field define the system (GPS, Galileo, GLONASS, SBAS, LAAS, QZSS or some future system) and the lower bits express the satellite index in the system native format. The field shall be called SS index from now on to denote “System and Satellite”. There is also a GLONASS specific addition that allows for mapping the SS index to the satellite broadcast frequency (or channel). These two fields may be summarized by the following. 

SS_ID

The SS ID is used to define the different satellites and satellite systems. The SS ID is a 9-bit field divided to 2 subfields:

System ID – this field contains the ID number of the satellite system

SV/Slot ID – this field contains the index of the satellite in the system

The bit masks for the SS ID are the following:

System ID (3 bits, range 0…7)

xxx-----

SV/Slot ID (6 bits, range 0…63)

---xxxxxx

The system ID is specified by 

	System ID
	System ID value

	GPS
	0

	SBAS 
	1

	Galileo
	2

	GLONASS
	3

	QZSS
	4

	LAAS
	5

	Reserved for future use
	6

	Reserved for future use
	7


SV/Slot ID is the satellite index in the broadcasted navigation model. 

Carrier Frequency Index

This conditional parameter is a GLONASS specific frequency channel index (the map between the satellite index indicating a slot in the orbit and the navigation signal frequency. This map is included in the GLONASS almanac broadcast).  It is omitted for any other system than GLONASS. The bit count of the field is 5 and range [-7,-13].

5.2 Clock models

The following tables define the required bit counts and scale factors for clock models. It should be noted that GPS-compatibility is assumed for clock models in LAAS and QZSS. Other considered systems are GLONASS, Galileo and SBAS. 
5.2.1 UTC-System time model

UTC – System time model is defined for the new assistance data format (NOTE: This is the Reference Time field in 3GPP RRLP specification) by
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	Parameter
	Explanation
	BITS
	Scale Factor
	Units

	t0_UTC
	Time of UTC clock model
	-
	-
	-
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	Leap second count (-10 - +21 s)
	5
	1
	s

	A0
	UTC model 0th order term

Range set by GPS/GALILEO/ SBAS. Resolution set by GLONASS.
	32
	2-31  if GLONASS,

2-30 else
	s

	A1
	UTC model 1st  order term

Range set by GPS/GALILEO/ SBAS. Resolution set by GPS/GALILEO/ SBAS.
	24
	2-50
	s/s


5.2.2 System-Satellite time model

The System-Satellite time model is given by 
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	Parameter
	Explanation
	BITS
	Scale Factor
	Units

	t0_SV
	Time of satellite clock model
	-
	-
	-

	a0
	Clock model 0th order term

Range set by GALILEO. Resolution set by GALILEO.
	28
	2-33
	s

	a1
	Clock model 1st  order term

Range set by GALILEO. Resolution set by GALILEO.
	16
	2-43
	s/s

	a2
	Clock model 2nd order term.

Range set by GPS. Resolution set by GALILEO.
	18
	2-65
	s/s2


5.3 Multimode navigation model

5.3.1 Broadcasted orbit data

It is clear that the navigation model for GPS and Galileo may and shall be expressed in the native format, i.e. with 6 Keplerian parameters, 3 linear correction terms and 6 harmonic correction terms.

However, as shown when considering the Keplerian model for pseudolites (chapter 4.2) the Keplerian parameters are not suitable for expressing pseudolite locations due to the resolution and drift problems. Moreover, as shown in the chapters 4.1 and 4.3 for GLONASS and SBAS, respectively, the ECEF-format is the native format for these systems. Hence, it is concluded that the new assistance data format should in fact be a multi-mode mode taking into account

· GPS and Galileo requirement for Keplerian parameters as well as correction terms (MODE 1)

· LAAS (pseudolites) requirement for plain ECEF-coordinates (MODE 2)

· GLONASS and SBAS requirement for ECEF position, velocity and acceleration (MODE 3)

Taking the system specific range and resolution requirements into account, it is obtained that the future assistance data format should be as follows.

	Satellite Navigation Model Using Keplerian Parameters (once per model)

	toe
	
	
	
	

	 (
	32
	2-31
	semi-circles
	C(1), MODE 1

	(n
	16
	2-43
	semi-circles/sec
	C(1), MODE 1

	M0
	32
	2-31
	semi-circles
	C(1), MODE 1
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	24
	2-43
	semi-circles/sec
	C(1), MODE 1

	e
	32(u)
	2-33
	---
	C(1), MODE 1
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	14
	2-43
	semi-circles/sec
	C(1), MODE 1

	(A)1/2
	32(u)
	2-19
	meters1/2
	C(1), MODE 1

	i0
	32
	2-31
	semi-circles
	C(1), MODE 1
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	32
	2-31
	semi-circles
	C(1), MODE 1

	Crs
	16
	2-5
	meters
	C(1), MODE 1

	Cis
	16
	2-29
	radians
	C(1), MODE 1

	Cus
	16
	2-29
	radians
	C(1), MODE 1

	Crc
	16
	2-5
	meters
	C(1), MODE 1

	Cic
	16
	2-29
	radians
	C(1), MODE 1

	Cuc
	16
	2-29
	radians
	C(1), MODE 1

	Satellite Navigation Model Using ECEF Coordinates  (once per model)

	toe
	
	
	
	

	X MSB
	27
	1
	meters
	C(2), MODE 2&3

	Y MSB
	27
	1
	meters
	C(2), MODE 2&3

	Z MSB
	27
	1
	meters
	C(2), MODE 2&3

	X LSB
	8 (u)
	2-8
	meters
	O(2), MODE 2&3

	Y LSB
	8 (u)
	2-8
	meters
	O(2), MODE 2&3

	Z LSB
	8 (u)
	2-8
	meters
	O(2), MODE 2&3

	X’
	26
	2-12
	meters/sec
	O(2), MODE 3

	Y’
	26
	2-12
	meters/sec
	O(2), MODE 3

	Z’
	26
	2-12
	meters/sec
	O(2), MODE 3

	X’’
	19
	2-22
	meters/sec2
	O(2), MODE 3

	Y’’
	19
	2-22
	meters/sec2
	O(2), MODE 3

	Z’’
	19
	2-22
	meters/sec2
	O(2), MODE 3


Satellite Navigation Model Using Keplerian Parameters

The navigation model as defined by using the Keplerian parameters is the same as defined for GPS in GPS-ICD-200.  This set of parameters is used in the mode 1 (i.e. with GPS and Galileo SVs). The explanation of the model parameters is given in the table below.

	Parameter
	Explanation

	toe
	Time of ephemeris

	e
	Eccentricity

	(A)1/2
	Square-root of semi-major axis

	M0
	Mean anomaly
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	Longitude of the ascending node

	i0
	Inclination @ toe

	(
	Argument of perigee

	(n
	Mean motion correction
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	Rate of change of longitude of the ascending node
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	Rate of change of inclination

	Cus
	Sine correction of latitude

	Cuc
	Cosine correction of latitude

	Crs
	Sine correction of radius

	Crc
	Cosine correction of radius

	Cis
	Sine correction of inclination

	Cic
	Cosine correction of inclination


Keplerian parameters are the native format for GPS and Galileo. However, the native format for GLONASS and SBAS differs from the format used by GPS and Galileo. Although it may be possible, by using history data on orbits, to convert GLONASS and SBAS format to GPS/Galileo-type orbit model, it is advantageous to allow for the native GLONASS and SBAS broadcasted orbit model format to be included in the generalized model.  This is advantageous from the LAAS point-of-view as well, since representing a stationary object with Keplerian parameters would require adding significant number bits to parameters (n and 
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. Moreover, Keplerian parameters can only present the object position at an accuracy of few cm. However, with pseudolites it is essential to have a sub-cm resolution in order to be able to obtain the best possible navigation solution. The use of GLONASS/SBAS native format in the model allows for representing the position of a LAAS transmitter in plain ECEF-coordinates without additional format conversions.

Satellite Navigation Model Using ECEF Coordinates

This set of parameters is used in the modes 2 (i.e. for LAAS) and 3 (i.e. for GLONASS and SBAS).

	Parameter
	Explanation
	Modes

	toe
	Time of ephemeris
	2,3

	X MSB
	MSB of the x-coordinate in the ECEF frame
	2,3

	Y MSB
	MSB of the y-coordinate in the ECEF frame
	2,3

	Z MSB
	MSB of the z-coordinate in the ECEF frame
	2,3

	X LSB
	LSB of the x-coordinate in the ECEF frame
	2,3

	Y LSB
	LSB of the y-coordinate in the ECEF frame
	2,3

	Z LSB
	LSB of the z-coordinate in the ECEF frame
	2,3

	X’
	x-velocity in the ECEF frame
	3

	Y’
	y-velocity in the ECEF frame
	3

	Z’
	z-velocity in the ECEF frame
	3

	X’’
	x-acceleration in the ECEF frame
	3

	Y’’
	y-acceleration in the ECEF frame
	3

	Z’’
	z-acceleration in the ECEF frame
	3


Note that the number of most significant bits (MSB) in the position field is chosen so that GLONASS and SBAS range requirements are met. However, the number of MSB is also sufficient to represent QZSS orbits, if required. The number of LSB, on the other hand, represents the resolution requirement set by LAAS.

5.3.2 Modes

The following table summarizes the different modes and the systems that can be described using the mode.

	Mode
	Explanation
	Supported systems

	1
	GPS/Galileo-type ephemeris
	GPS, Galileo, (QZSS)

	2
	Position in ECEF-coordinates
	LAAS

	3
	Position, velocity and acceleration in ECEF-coordinates
	GLONASS, SBAS, (QZSS)

	(…)
	(some new type)
	(some future system)


5.3.3 Long-term orbit data 

Long-term orbit fits do not require anything special. The reference time and validity period of the navigation model define precisely (not defined more specifically in this document), when the model can be used. If long-term data is available, the network provides the terminal with the long-term data and it is the responsibility of the terminal to take care of storing and handling multiple sets of navigation data for the same SS index. However, if the navigation model is not based on the broadcasted navigation model, but is long-term data, this can, for instance, be indicated in the Issue-of-Data field.

5.3.4 Size of Navigation Model for A-GPS Only

The proposed multimode navigation model will actually reduce the size of the assistance data compared to the current Navigation Model in RRLP if it is used only for A-GPS. The number of bits needed for the current Navigation Model can be calculated from


NNav_Model = 4 + N  x 552,

where N  is the number of satellites. The proposed multimode navigation model takes


NNav_Model = 22 + N  x 491

assuming that satellite position information is represented in Keplerian parameters and a five-bit field for satellite position accuracy (URA) is also included. Now, for a case of 8 satellites the difference in Navigation Model size will be (4+8x552) – (22+8x491) = 470 bits!

Obviously, the difference is mostly due to the reason that the proposed navigation model does not include “SF 1 Reserved” field. This field is proposed to be included in a separate “Data Bit Assistance” IE that will be a more natural place for GNSS specific data assistance and at the same time will also include complete representations for GPS subframes for the best possible data wipe-off and time recovery purposes.

6. Conclusions

This document specifies a multi-mode navigation model that is suitable for use with GPS, Galileo, GLONASS, SBAS, LAAS and QZSS. The model will have reservations for new future systems. This flexibility is achieved by introducing SS index (System+Satellite) instead of SV index. As compared to previous solutions, the proposed solution only requires adding a few bits to the SV index field and redefining it. In addition, GLONASS requires mapping from the SS index to the broadcast frequency (channel). This is easily accomplished by adding a single 5-bit field that is defined for GLONASS and left out for other systems.

The clock model has two parts. The navigation model contains data to relate the satellite time to the system time. It is easy to find such a parameter set that each of the systems considered fit into the range of the parameters and that resolution requirements are met. The second clock model is used to relate the system time to UTC time and it is included in Reference Time IE. Again, it is fairly easy to find such a parameter set that all the requirements originating from different systems are met. However, there is a single parameter that has conditional scale factor. 

When considering the orbit model, it was shown that the GPS/Galileo-type Keplerian representation is not suitable for other systems. Instead, it was shown that the native format used by GLONASS and SBAS is desirable for LAAS as well. QZSS is GPS/Galileo or SBAS compatible and, therefore, it is assumed that any solution having GPS/Galileo/SBAS compatibility will be sufficient for QZSS as well. 

Therefore, a multi-mode orbit model was proposed. In the multi-mode model, the orbit model changes according to the requirements. The mode may be indicated by an additional mode field or the receiving system may recognize the mode by, for instance, looking at the message length. The mode cannot simply be defined by the system, since, for instance, LAAS may utilize Keplerian elements in some less critical positioning circumstances and GLONASS might be represented in Keplerian elements.

Finally, it should be emphasized that although the model is able to support navigation data originating from external source (such as, long-term orbit fits), the proposed format is inherently compatible with the broadcasted navigation data. This is because Keplerian format is native format for GPS/Galileo and ECEF coordinates are native for GLONASS/SBAS/LAAS. Only simple scaling operations are required in converting the navigation data broadcast to the now proposed multi-mode format. A further advantage of the proposed solution is that the already implemented (for GPS, Galileo, SBAS or GLONASS) navigation algorithms do not require any modifications.
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