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@ Overview
GALILEO

Introduction to conventional and new signal waveforms

Importance of Interoperability and Compatibility
- Galileo Signal Baseline

- GNSS Signals in E5

- GNSS Signals in E6

- GNSS Signals in E1

> Performance of MBOC
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GALILEO From BPSK to MBCS

- BPSK is used for satellite navigation for already a long time:
> GPS C/A and P(Y) Code

> GLONASS signals

- Easy to implement

- Least performing signal for a given bandwidth

- Limited potential to spectrally separate signal
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Binary Offset Carrier Signal
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PSK BOC Signal Modulation
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Binary Coded symbols (BCS)

GALILEO
\ 1
,( Code Chip k-1 X Code Chip k >\
Signal 1 1 1 1 11 X
Level 1 -1 -1 -1 T.

Gocs oy ()= o Sin(ig)j {n+Z >2s;3, cos{ i—i) ﬂ}

i=1l j=i+l

- General definition also includes blending of two or more BCS
sighals — Multiplexed BCS (MBCS)
- The BPSK and BOC modulation are particular cases of BCS
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GALILEO From BPSK to MBCS

Modernized signhals have a better Spectrum Conditioning

> Improved Spectral Separation

- Modernized signals have better control of the spectral
emissions and allow thus for higher levels of compatibility

- MBOC is the result of blending BOC(1,1) and BOC(6,1)

- Allocates the power in that part of the spectrum where the
spectral separation with the rest of signals in the band is
maximized

- Having the same spectrum guarantees compatibility and
facilitates interoperability.

> However, having same spectrum does not mean having

same signals
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g Interoperability and Compatibility 1

The importance of interoperability and compatibility:

» Compatibility refers to the ability of space-based
positioning, navigation, and timing services to be used
separately or together without interfering with each
individual service or signal, and without adversely affecting
national security.

> Interoperability refers to the ability of civil space-based
positioning, navigation, and timing services to be used
together to provide better capabilities at the user level than

would be achieved by relying solely on one service or signal.
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gty Interoperability and Compatibility 2

ITU Negotiations are a MANDATORY
But additional negotiations are a NEED

Compatibility is VITAL for the coexistence of different GNSSes

» Spectral Separation with other signals in the band

Interoperability is DESIRABLE

» Different levels of interoperability

> Minimum:
- Common centre frequency
- Same antenna polarization
» Medium
- Common Signal Spectrum
> Maximum
- Same parameters (data rate, code family...)
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ST Galileo Services

- Open Service (0OS)

- Commercial Service (CS)

- Safety of Life (SolL)

- Public Regulated Service (PRS)
- Search And Rescue (SAR)

- Galileo will provide five services — 3 frequency bands
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GALILEO Galileo Signal Baseline

1575.42 MHz
1278.75 MHz M 4 ‘
ESE g E I

E6, BPSK(5)
BOC,.(10.5)

1176.45 Mhz 1207.14 MHz
AltBOC(15,10) E5b-l

ESa-l

E1,

E5a-Q E5b-Q BPSK(5) BOC,(15,2.5)
E5b-l, E5b-Q E5b-l, E5b-Q E6, E6,, E6. E1,
BPSK(10) BPSK(10) BOC...(10,5) BPSK(5) BOC.,(15,2.5)
Data rate; 250 sps Data rate: 250 sps PRS Service Data rate: 1000 sps PRS Service
0S/CS/SOL Services OS/CS/SOL Services CS Service

- E5: AltBOC(15,10) — 2 x BPSK(10)
- E6: BPSK(5) and BOC__.(10,5)
- E1: MBOC(6,1,1/11) and BOC__.(15,2.5)
» Latest joint EU/ZUS decision to implement MBOC in 2007
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Current and Intended GNSS Signals

GALI L E O 1227.6 MHz M_lesvs.az MHz

BOC(10,5)

M-Code
BOC(10,5)

1176.45 MHz

L5-0
BPSK(10)

TMBOC(E,1,4/33)

1246.0 MHz
1201.5 MHz GLONASS 18020MHz ) onass
GLONASS B
e BPSK(5.11) BPSK(5.11)
)
G
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1575.42 MHz

1176.45 MHz 1207.14 MHz 127875 MHz gg |

ES5a-l AIlBOC{15,10) ESb-l

L1
BOC_.(15.2.5)

E6,-Q
BPSK(5)

1207.14 MHz 1268.52 MHz 1561.098 MHz 1588.742 MHz

= COMPASS B2l COMPASS B3-I COMPASS B1
BPSK(2) BPSK(2)

COMPASS B1-2
BPSK(2)

COMPASS

COMPASS B2-Q
BPSK(10)

COMPASS B3-Q
BPSK(10)

Green and blue signals: Open or commercial signals
Red signals: Military signals, Public Regulated Services

Grey signals: Usage of filed signal not yet defined officially @ nstiute of Geadesy and Navigation .
N/ %\ . 13
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GALILEO Regional Systems

1227.6 MHz 1575.42 MHz

127875 MHz ) |
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1176.45 MHz

BPSK(5)

BPSK(10)

1191.795 MHz
S IRNSS
BOC(10,2)

il

RNSS
BPSK(10)

IRNSS

IRNSS

—— v 5
i Green and blue signals: Open or commercial signals m

Grey signals: Usage of filed signal not yet defined officially @ nsttuts of Geodesy and

- GPS and QZSS have reached the highest level of

interoperability — 5 signals out 6 are equal
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Galileo and GPS Signal Structure

40.92 MHz 40,92 MHz

92,07 MHz

1575.42 MHz

127875 MHz g

1176.45 MHz 120714 MHz EE
E55-1 AlBOC(15,10) ESb-l

=]
2
]
]
E6,-0
BPSK(S)
L5 Band "]h L2 Band uh EE Band
30,65 MHz 30,69 MHz 30.69 MHz
12276 MHz 157542 MHz
1176.45 MHz -
M-Code
BOCI10,5)
7]
o
L]

L5-0
BPSK(10)

- GPS and Galileo aimed at reaching compatibility and the

highest interoperability from the beginning

any WG meetings were required to achieve the objectiv&
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Galileo Signals in E5

GALILEO

Galileo ESa Band

Galileo ESb Band
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AltBOC Modulation

GALILEO
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AltBOC Subcarriers
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AlItBOC is a modified version of a Binary Offset Carrier (BOC) with code rate
of 10.23 MHz and a sub-carrier frequency of 15.345 MHz
Transmitted at 1191.795 MHz with constant amplitude

The AItBOC multiplexing combines E5a and E5b in a composite constant



GALILEO
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GNSS Signals around E5
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GNSS Signals Around E6

GALILEO

— Galileo E6 CS Data

— Galileo E6 CS Pilot |

— Galileo £6 PRS

— Compass Intended B3 1
Compass Intended B3 Q
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Background Of MBOC

GALILEO

- The EU-US July 2004 Agreement on Galileo and GPS
foresaw as baseline the common modulation BOC(1,1) for
Galileo L1 OS and GPS L1C

- It also left explicitly the possibility for the optimization of
this baseline modulation

- After almost two years of extensive work of the EU-US
Working Group A on Interoperability between Galileo and
GPS, an alternative modulation was recommended at the
March 2006 Stockholm meeting: MBOC(6,1,1/11)

Institute of Geodesy and Navigation



MBOC Power Spectral Density

GALILEO

1

10
Gusod )= EGBOC(M) (f) +EGBOC(6,1) (f)

- The joint EU-US signals for Galileo E1 OS and GPS L1C have
identical power spectral density when computed using the
combination of pilot and data components

- This normalized (unit power) power spectral density is specified
without the effect of band-limiting filters and payload
imperfections

- Two implementations fulfill these properties:

» Composite BOC (CBOC) — Based on the Interplex modulation
> Time-Multiplexed BOC (TMBOC) — Based on time multiplexing

Institute of Geodesy and Navigation
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GALILEO

iIignal Base

EUROPEAN COMMISSION
DIRECTORATE GENERAL FOR ENERGY AND TRANSPORT

United Staes Departinent of State

Assstoni Secharary of Sate for Ocdany and
Faternatianal nvivonnonial and Seicmific Affairs

Washi

L |

ftom, .0 HI520

Brussals, 1 0 an. st
TREN/GIMREA D(2007) 3164635

JuL 25

Ms. Claudia A McMurray
Assistmat Secretary for Oceaas, Enviroument and Sciesce
U.S. Deparment of State

Washingron DC 20520

usa

Dear Mr. Ruete:

Thank yau for your letters dated June 22 and July 18, 2007, regarding the
adoption of the Multiplex Binary Offset Carrier (MBOC) modulation for certain
Galileo signal structures. Your July 18 letter specificaily notifies the United

Dear Ms McMurray, States, in accordance with Article 1, paragraphs 3, 6, and 7 of the dgreement on
the Pronwotion, Provision and Use of GALILEC and GPS Sotellite-Based

In lme with Asicle 11 paragraphs 5, 6 and 7 of the Agreement on the promotion, Navigation Systems and Related Applications (“A "), of the Europ

provizion and uze of GALILEO and GPS sarallits-based navigarion systems and reinied | Commission’s decision 1o change the signal structures specified in bullet two of

applications (the Agreement) I would like, oa belalf of the Eurcpesn Commuairy and paragraph (1) of the Annex to the Agreement.

its Member States, to vodfy you of our decision to change tae Galileo Open Service,

Safery of Life Service and Compmercial Service sigaal from that described in the second b

On behalf of the United States of America, and in accordance with the
lunguage of Article 11 peragraph 6 of the Agreesicns, | am pleased to inform the
Eurapean Community and its Member States |} that the United States will not
oppose the adoption and implementation of the allemative signal structure
specified in your notification; and 2) that, as a result of the clese cooperation and
collaboration fostered by the parties in Werking Growp A on radio frequency

ibility and perability For civil satellite-based navigation and timing
services, the United States has decided to change its signal structure from that
dlescribed in the last sentence of the third bullet of paragraph {1} of the Anne:
owrs sincenely. X P the aforementioned Agreement W the MBOC modulation (sec Enclosure ),

uller of paragraph (1) of the Annex of e Agresment 1o the Mulviplex Binary Offser
Camier (MBOC) moduladon The description of the MBOC modalation is attacked to
this lerer. I'would alse like w inform you that the Eurepeas Community and its Mexber
States would welcome e United States changing concwrently its sigual stuctare from
that described i the last seatnce of e disd bullet of paragraph (1) of the Azmex (o the
MBOC modulation.

forward to continuing our mutually beneficial cooperation.

Sincerely,
W R d A ONG
Manteas Ruete Rena |, Hamish, Acting

Institute of Geodesy and Navigation
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Galileo CBOC

GALILEO
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GALILEO

Galileo CBOC Implementation

- The power split between pilot and data is 5026 / 50%6
- CBOC(6,1,1/11) for both pilot and data

10 1

Grilot ( f)=77GBocw (f)+7,Geocen) ()
10 1

GData(f)_llGBOC(l,l)( )+ 1lGBOC(61)( )
10 1

Gsignal (1) =7 GBocy (f)+7CBocy ()




CBOC(6,1,1/711) Time Series
GALILEO 502%20/50%0 Power Split

50% Power Data Component

[ L[]

50% Power Pilot Component
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GALILEO

GPS TMBOC Implementation

- The power split between pilot and data is 75%06 / 25%

- TMBOC(6,1,4/33) for pilot, BOC(1,1) for data

29

Gpilot () = = —Gpocan(f)+

A4
33

—Gpocy) ()

Gpata (f)=Geoc@y ()

3

GSignal ( f ) A

_1OG
11

1

= —Gpijjot ( )+ZGData( f)

1
11

—Gpoc(1) ()

BOC(l,l) (f)+




- o GPS TMBOC Time Series
GALILEO 75%0/25% Power Split

25% Power Data Component

75% Power Pilot Component

= o
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GNSS Signals in E1
Compass Bl Intended Band

GPS .
Galileo 11 Band
Galileo E1 Band
GlonassL.1 Band

GALILEO

— Galileo E1 OS & GPS L1C Data

— Galileo PRS

—GPS C/A Code

— GPS L1C Pilot

— GPS P(Y) Code

— GPS M Code

—— Glonass C/A Code

——Glonass P Code

— Compass Intended B11
Compass Intended B1 Q
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GALILEO

N

Code Tracking Error [m]
[—

=

MBOC Code Noise
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GALILEO

BRMq Bandwidth [MHz]

MBOC Root Mean Square Bandwidth
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MBOC Multipath Error
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GALILEO
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C-Band for Satellite Navigation

GALILEO

- During the World Radio Conference 2000 the Galileo
program obtained authorization to use C-Band

frequencies.

- Serious candidate for one or several additional signals

of the next generation of Galileo

Institute of Geodesy and Navigation
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GALILEO

thank you for your attention

further information can be found at:

http://ec.europa.eu/dgs/energy_transport/galileo/documents/index_en.htm

gsa.europa.eu
www.esa.int
www.giove.esa.int

Institute of Geodesy and Navigation
natitut fir Erdmessung und Navigation



	Foliennummer 1
	Overview
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	thank you for your attention��further information can be found at:� ��http://ec.europa.eu/dgs/energy_transport/galileo/documents/index_en.htm �gsa.europa.eu �www.esa.int�www.giove.esa.int ��

