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Earth Stations and Spacecraft

2.4.18 MODULATION METHODS AT HIGH SYMBOL RATE TRANSMISSIONS,
EARTH EXPLORATION SATELLITES (EES) 8 GHZ BAND, SPACE-TO-
EARTH

The CCSDS,

considering

@) that efficient use of RF spectrum resources is becoming increasingly important with the
increasing congestion of the frequency bands;

(b) that the 8025-8400 MHz band is heavily used and interference conflicts may become
increasingly frequent in this band;

(© that the SFCG has approved a Recommendation® which specifies a spectrum mask for
emissions with symbol rates below and above 2 Ms/s;

(d) that the SFCG has approved a Recommendation® on the use of the 8025-8400 MHz band
recommending that bandwidth- and power-efficient modulation and coding techniques be used,;

(e) that the CCSDS 131.0-B-1, TM Synchronization and Channel Coding, foresees a number of
coding schemes, some of which may be incompatible with the bandwidth-efficient use of the
8025-8400 MHz band;

() that contiguous to 8400 MHz, a particularly sensitive allocation to Space Research, deep space,
requires adequate protection from unwanted emissions generated by EES;?

(9) that only filtered suppressed carrier systems can meet the bandwidth efficiency of SFCG
spectrum mask Recommendation for symbol rates in excess of 2 Ms/s and limit unwanted
emissions into the neighboring bands;*

(h) that Square Root Raised Cosine filtered 4-Dimensional 8 PSK Trellis Coded Modulation
(SRRC-4D 8PSK TCM),* GMSK,® and some filtered OQPSK® modulations spectra can meet
the SFCG emission mask for symbol rates in excess of 2 Ms/s with acceptable end-to-end
losses;

! See SFCG Recommendation 21-2R2 or latest version.

2 See SFCG Recommendation 14-3R7 or latest version.

% See SFCG Recommendation 14-1 or latest version.

45 Square Root Raised Cosine (o = 0.35 and o, = 0.5) 4D 8PSK Trellis Coded Modulation. See €E€SBS-413.0-G-1Annex 1.

25, | | eEEsEs R EmAme
® Gaussian Minimum Shift Keying (BTs.= 0.25), with precoding as.in figure 2.4.18-1 (see CCSDS 413.0-G-1).

B refers to the one-sided 3-dB bandwidth of the filter.
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Earth Stations and Spacecraft

2.4.18 MODULATION METHODS AT HIGH SYMBOL RATE TRANSMISSIONS,
EARTH EXPLORATION SATELLITES (EES) 8 GHZ BAND, SPACE-TO-
EARTH (Continued)

() that SRRC 4D 8PSK TCM offers better link performance than uncoded GMSK and filtered
Offset QPSK for the same or better bandwidth efficiency;

(}]k)  that current technology allows implementing and processing of SRRC-4D 8PSK TCM
modulation at the rates required in the band;

(k)  that baseband filtered OQPSK receivers are readily available in most space agencies’ ground

networks;
noting

1) that GMSK or filtered OQPSK signals can also be demodulated by OQPSK receivers with
some mismatching losses;’

@) that many missions are currently operating in this band with a signaling efficiency® over 1.75
source bits/channel symbol;

recommends

1) that a mission planning to operate in the 8025-8400 MHz band use SRRC-4D 8PSK TCM?® or
GMSK?™X or filtered OQPSK;™

2 that a mission planning to use this band select the most bandwidth-efficient channel coding
scheme from CCSDS 131.0-B-1 compatible with the mission constraints.

" See annex B.4 of CCSDS 413.0-G-1 for GMSK, SRRC, and Butterworth filtered OQPSK mismatching losses.

8 Ratio of source data rate to channel symbol rate.

% Available options are 2.0 b/s/Hz, 2.25 b/s/Hz, 2.5 b/s/Hz and 2.75 b/s/Hz; Square Root Raised Cosine filter with
o =0.350r a=0.5. See ECSBS413-0-G-1Annex 1.

1_9 - - : _ - -
Gaussian-Minimum-Shift-Keying(BTs-=0.25)with-precoding—See CCSDS413.0-G-1.
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Earth Stations and Spacecraft

2.4.18 MODULATION METHODS AT HIGH SYMBOL RATE TRANSMISSIONS,
EARTH EXPLORATION SATELLITES (EES) 8 GHZ BAND, SPACE-TO-
EARTH (Continued)
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Earth Stations and Spacecraft

3.5.1 MINIMUM SET OF SPACECRAFT - EARTH STATION TESTS REQUIRED
TO ENSURE COMPATIBILITY

The CCSDS,

considering

@ that cross support will frequently be required for Telemetry, Tracking, and/or Command

operation;

(b) that it is desirable to assure compatibility of the spacecraft with the ground network before the
launch of a spacecraft;

(© that this compatibility is usually verified by compatibility tests;

(d) that all parties have a common understanding of the tests;

recommends
that, in accordance with the required cross support, all relevant tests set forth in Table 3.5.1-1
shall be performed.
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Earth Stations and Spacecraft

3.5.1 MINIMUM SET OF SPACECRAFT - EARTH STATION TESTS REQUIRED TO
ENSURE COMPATIBILITY (Continued)

TABLE 3.5.1-1

TEST TYPES*
SPACECRAFT RADIO FREQUENCY

Transmitter frequency and frequency stability
Transmitter residual carrier phase jitter
Transmitter RF spectrum measurement
Receiver rest frequency determination
Receiver acquisition frequency range and rate
Receiver tracking frequency range and rate

TELEMETRY

Telemetry modulation index
Telemetry receiver carrier threshold

TELECOMMAND
S/C receiver command and carrier threshold

Telecommand receiver spurious carrier immunity
Telecommand receiver spurious modulation immunity

RANGING

Transponder ranging delay
Ranging downlink modulation index vs. uplink modulation index

Ranging downlink modulation index vs. uplink signal-to-noise power
DOPPLER

EARTH STATION ANTENNA TRACKING SYSTEM

Receiver carrier signal level threshold

CCSDS 401 (3.5.1) BP-2,1 Page 3.5.1-2 JulyAugust 2008





