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« Amateur radio operators and Satellite signal receiving enthusiasts
have been searching for narrowband signals from Starlink and other
Constellation based Satellite systems for at least 20 years.

Receiving Starlink satellite beacons on a budget

25 November 2021

SGCDEREK blog page - Info on setting up to receive Starlink leakage

Oleg Kutkov ™= & & ST
@olegkutkov

#Starlink beacons!

Clearly visible Doppler shift of the frequency as satellite moves.
Now I need to finish my rotator and track the satellite tuning the
frequency according to this shift.

Olev Kutkov personal blog



https://sgcderek.github.io/blog/starlink-beacons.html
https://olegkutkov.me/
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Signal Structure of the Starlink Ku-Band Downlink

Todd E. Humphreys®, Peter A. lannucci®, Zacharias M. Komodromos', Andrew M. Graff'
*Department of Aerospace Engineering and Engineering Mechanics, The University of Texas at Austin
tDepartment of Electrical and Computer Engineering, The University of Texas at Austin

University of Texas at Austin Starlink signal structure study

Abstraci—We develop a technique for blind signal identifica-
tion of the Starlink downlink signal in the 10.7 to 12.7 GHz
band and present a detailed picture of the signal’s structure. Im-
portantly, the signal characterization offered herein includes the
exact values of synchronization sequences embedded in the signal
that can be exploited to produce pseudorange measurements.
Such an understanding of the signal is essential to emerging
efforts that seek to dual-purpose Starlink signals for positioning,
navigation, and timing, despite their being designed solely for
broadband Internet provision.



https://radionavlab.ae.utexas.edu/wp-content/uploads/starlink_structure.pdf

North

Texas

—NTMS

Academic research

Society

Widehand Capture

Low Moise Block 1-2CiHz
40 dBi K.—Band H: 11.7-12.75 GHz — 1100=2150 MHz Tunable 5%
L: 10.7-11.7 GHz — 950-1950 MHz Bandpass Filter @ Digital Down
Conversion gain: 60 dB 3 Conversion 12 bit
Noise figure: 0.8 dB Splitter 12 bit 2048 Msps
K 4096 M sps CDITIPIEX
i — --.g_.D L B GB RAM
— s L
RF — -— K.D
Marrpwband Capture
Transfer
. Switch Mixer 16 bit 125 Msps
¥ Drigital Down
Conversion
GPS-Disciplined 16 bit 62,5 Msps
10 MHz OCX0O Complex
[r\':/\.. TR
- RAID

Fig. 1: Block diagram of the Starlink signal capture process.
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Key:

FS — Terrestrial Fixed Service B Sv>ceX Communications Frequencies
FSS - Fixed Satellite Service

FSS (GSO) - Geostationary Orbit Fixed Satellite Service

FSS (NGSO) - Non-Geostationary Orbit Fixed Satellite Service [l SpoceX TTEC Frequencies

LMDS — Local Multipoint Distribution Service

MS — Mobile Service ; :
MVDDS - Multichannel Video and Data Delivery Service . Additional SpaceX Frequencies
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TABLE II: Starlink Downlink Signal Parameter Values
Parameter Value Units comb of
channels 1&2 vacant | Fg I /_leakage tones
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« Channel layout for the Ku-band Starlink downlink.
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Each channel’s central four subcarriers are vacant, leaving
a mid-channel gutter. Reserving such a gutter i1s a common
practice in OFDM; otherwise, leakage from a receiver’s mix-
ing frequency may corrupt central information symbols. In
Starlink’s case, a transmitter-side leakage tone is present in
some gutters for some satellites. For example, a leakage tone
was found in the gutter of channel 5 on the Starlink satellite
with identifier 3262, channel 6 on Starlink 3503, and channel
5 on Starlink 2409, whereas for other satellites no leakage
tones were observed for the same channels. Interestingly, the
tth channel’s center frequency, F;. 1s F,f? higher than the
channel’s midpoint, which lies in the center of the mid-channel
gutter. A gutter leakage tone, 1f present, resides at the channel
midpoint.
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A guard band with a generous bandwidth £, = 10 MHz
separates adjacent channels. Within some guard bands there
appears a comb of 9 leakage tones uniformly spaced over
a bandwidth of approximately 350 kHz. For example, such
combs were observed between channels 5 and 6 on Starlink
2024, between channels 5 and 6 on Starlink 1184, and between
channels 7 and 8 on Starlink 2423, whereas for other satellites
no combs were observed between the same channels. Inter-
estingly, the between-channel combs of tones, when present,
persist between frames, whereas the mid-channel gutter leak-
age tones, when present, only appear during the interval of a

broadcast frame.
We suspect that the between-channel tones may be the

tones tracked in [6], [7] and [8] to perform Doppler-based
positioning with Starlink. We note that neither the mid-channel
gutter tones nor the between-channel tones appear deliberate:
their presence and amplitudes are not consistent from satellite
to satellite, and the between-channel tones appear to vary in
amplitude with beam adjustments.
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* Low cost LNB with 9750 MHz LO
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« SDR (RTL-SDR dongle works great)

 SDR software (GNUradio, SDR Console, SDR Angel, etc)
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UNIVERSAL SINGLE LNB

atMaximum
UNIVERSAL SINGLE LNB
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HackRF and mounted LNB
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