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STATUS TODAY

Communication at high latitudes

System Characteristics PD'?T | 5|;|I::r-P1:-IE|r Dth:ar
(=30 N) (70°N - 80 N) (=70 M)
HF, MF Safety related OK, OK, OK,
wn messages and but unsuitable for | but unsuitable for | but unsuitable for
g voice e digital digital
E»- communications | communications communications | communications
® | VHF, Line-of-sight, No base Few Dase VHF Is OK close to
£ | digital voice and low stations,ship-to- | stations, ship-to- the coast,
g VHF, GSM. data rate ship OK ship DK GSM/S35 limited
= e commumnications coastal coverage
GEO Medium Potential OK (exceptin
satellites, | capacity. Low to problems with | fjords and similar
including | medium guality and special areas)
E Inmarsat. | latency. availability
-.E LED Currently max. Potential Potential OFK, except for
& | satellites; | 128 kbps. High problems with prablems with areas around
£ Iridiurn and variable quality quality equator
o | OpenPort | latency.
E HEDQ Properties Expected to provide good coverage, capacity and gualimy in
satellites comparable to the Polarand Sub-Paolar areas. S5pare capacty can be used
GED._Currenthy in other sea areas. Notyet implementead.
unavailable.
Source: HMS Utfordringer i nordomradene - litteraturgjennomgang gﬁ}ﬁ;
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Satellite Technology - Spectrum
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Figure 1. Frequency spectrum.
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Figure 2. Satellite bands.

L-band used by Inmarsat and other MSS operators (low bit-rates, very high availability)
C-band used for TV (DTH) and VSAT Data services (medium bit-rates, high availability)
Ku-band used for TV(DTH) and VSAT Data services (high bit-rates, medium/high availability
Ka-band used primarily for consumer and professional broadband connectivity and in the
US also for TV(DTH). (high bit-rates, medium availability but can provide high availability

provided proper system dimensioning)
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Satellite Technology - Coverage
(Regional vs. Global)
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Regional system such as Thor 7 covers only a relatively small part of the world

with ~30 spot beam - throughput around 6-9 Gbps
« A global systems such as Inmarsat GX covers most of the world with 3 satellites
each having 89 spot beams - throughput around 6-10 Gbps per satellite
« A gross simplification: the larger the coverage area, the lower the performance
A% | telenor
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Satellite Technology - Performance (HTS Satellites)

e,
A « Next generation
A N satellites often called
G N P e = =ON HTS - High
’ ,/”,,; :l 71% \\\ /‘\‘ ’<I/ > > N - ::-;_\_::_J,/' Th ro u g h p ut Satel I Ites

Throughput

 Frequency reuse drive

throughput up 8 -
« Smaller spot beams have 6 Small Ku
higher gain/performance than 4 edm
: 2 m Large Ku
wide spot beams e . . " Thor 7
Small Medium Large Thor 7
Ku Ku Ku
1 byl « Highest performing
- ® et | satellites existing today
- - i reach 100+ Gbps
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Some Current and Planned Systems

« Thor 7 - operational Q1-2015 (GEO) @ 1W "~ =

. Ka-band spot beams /\ i‘ ,
« Can support 10’s of Mbps download and 6+ A \/_\
Mbps upload speeds for 1meter antenna /

« Service guaranteed to elevation of 6-7 deg \ /
« Thor 10-02 (GEO) @ 1 West

« Ku-band wide spot beam

« Can support 10’s of Mbps download and 2+
Mbps upload forl meter antenna, more for
larger antennas

« Service guaranteed to elevation of 5 deg

P
« Inmarsat GX (GEO) (3 satellites) N
« Ka-band spot beams | ' '.___fﬁf'
/R
« Use westerly and easterly satellite positions. — 5
and cannot therefore provide service in — e
Norwegian Sea and Barents Sea regions % | T, T
. //O //ﬁ\] e oy
(see 10 deg elevation contours) A 74
/£




Some Current and Planned Systems

« Intelsat IS 907 @ 18 West

Ku-band wide spot beam
Used extensively for maritime VSAT

North-Western Europe coverage

 Astra 4A

Ku-band wide spot beam
Used extensively for maritime VSAT

Northern European coverage

« Iridium / Iridium NEXT (LEO)

L-band spot beams

Mostly used for voice comms, supports low data
rates. NEXT expexted to provide a few hundred
kbps (similar to Inmarsat BGAN)

Worldwide coverage
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Specific Challenges for the Arctic
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« First GEO system via commercial satellltes for Arctic region was installed
by Telenor at Isfjord Radio around 40 years ago - in 1974 - and provided
telephony services to mainland Norway

« Later in 1979 a much larger antenna was installed and from then on
Svalbard also received TV broadcasts in addition to the telephony service.

« Over the years, Telenor have conducted multiple measurement campaigns

« Key issues relate to rain attenuation, elevation and scintillation fading
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The Relation Between Availability and Attenuation (dB)

(for 30 GHz uplink signal from a location near Osl|o)
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Difference in attenuation between Ka-band and Ku-band
downlink signals (20 GHz vs. 12 GHz) @ 99.7% availability




Tropospheric Scintillation

« Scintillation is caused by discontinuities in atmosphere’s
refractive index and causes rapid fluctuations in signal
level around a mean value

« Scintillation increases with decreasing (lower) elevation
angle

« Generally considered to be significant as elevation drops
below around 5 degrees

« Scintillation increases with increasing frequency

« Tends to be worse in the warmer periods of the year

« ITU-R models for scintillation are somewhat difficult to
use, particularly as there is a discontinuity in the models
depending on whether you are above or below 5 degrees
of elevation
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Measurement Highlights

1979: Scintillation effect on

C/Ku-band

C- and Ku-band signals received
at Isfjord simultaneously with
different elevation angle

Precentage of time abscissa value is exceeded
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4 GHz, 1.7° elevation

Source: ‘
Telektronikk 4.9 |
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Scintiliation [dB]

2000/2001: Elevation effect on Ku-band
Ku-band signal beacon measured
simultaneously at Isfjord and Plataberget
showing the effect of elevation angle

Fade depth exceeded 0.05% of time
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Source:
“Svalbard verification test”, Telenor internal report é‘
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Current Ka-band Measurement Campaign

Telenor currently chairing an ESA sponsored
study of Ka-band propagation effects in
Northern regions:

« Isfjord (el. 39)

« Vadsg (el. 109)

« Rgst (el. 149)

« Eggemoen (el. 229)

« Nittedal (el. 229)
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SUMMARY
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