 "
2.4.18
MODULATION METHODS AT HIGH SYMBOL 
RATE TRANSMISSIONS, EARTH EXPLORATION 
SATELLITES (EES) 8 GHZ BAND, SPACE-TO-EARTH
03-09
2.4.18-1 "  "
2.4.23
MODULATION METHODS AT HIGH SYMBOL 
RATE TRANSMISSIONS, EARTH EXPLORATION 
SATELLITES (EES) 25.5–27.0 GHZ BAND, 
SPACE-TO-EARTH 
10-16
2.4.23-1" 2.4.23
MODULATION METHODS AT HIGH SYMBOL RATE TRANSMISSIONS, EARTH EXPLORATION SATELLITES (EES) 25.5–27.0 GHZ BAND, SPACE-TO-EARTH

The CCSDS,

considering

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

(b) that the 25.5–27.0 GHz band is already being used for very high rate transmission from a variety of mission types, and that it is expected that this usage will continue to increase as infrastructure is developed;
(c) that the SFCG has approved a Recommendation
 which specifies a spectrum mask for emissions in the 25.5–27.0 GHz band with channel symbol rates equal to or above 10 Ms/s;

(d) that the SFCG has approved a Recommendation
 restricting Earth Exploration Satellite Service (EESS) GeoStationary Orbit (GSO) missions’ PFD levels to −115 dB (W/m2/MHz) for all angles of arrival at the surface of the Earth, and EESS Non-GSO (NGSO) missions’ PFD levels to −133 dB (W/m2/MHz) at any Data Relay Satellite (DRS) location on the geostationary orbit;
(e) that the SFCG has approved a Recommendation
  suggesting  Variable Coding and Modulation (VCM) or Adaptive Coding and Modulation (ACM), where practicable, when operating high data rate EESS space-Earth links in the 25.5–27.0 GHz frequency band;

(f) that CCSDS 131.0-B-3, CCSDS 131.2-B-1, and CCSDS 131.3-B-1 foresee a number of coding schemes, some of which may be incompatible with the bandwidth-efficient use of the 25.5–27.0 GHz frequency band;
(g) that only filtered suppressed carrier systems can meet the bandwidth efficiency of SFCG spectrum mask Recommendation1 for channel symbol rates equal to or above 10 Ms/s;

(h) that with Square Root Raised Cosine (SRRC) filtering QPSK, OQPSK, 8PSK, 16APSK, 32APSK, and 64APSK modulations spectra can meet the SFCG emission mask1 for channel symbol rates equal to or above 10 Ms/s with acceptable end-to-end losses;
(i) that current technology allows implementing and processing of QPSK, OQPSK, 8PSK, 16APSK, 32APSK, and 64APSK modulations at the rates planned for the 25.5–27.0 GHz frequency band;
(j) that baseband filtered QPSK, OQPSK, and 8PSK receivers are readily available in most space agencies’ ground networks;
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2.4.18
MODULATION METHODS AT HIGH SYMBOL 
RATE TRANSMISSIONS, EARTH EXPLORATION 
SATELLITES (EES) 8 GHZ BAND, SPACE-TO-EARTH
03-09
2.4.18-1 " 2.4.23
MODULATION METHODS AT HIGH SYMBOL RATE TRANSMISSIONS, EARTH EXPLORATION SATELLITES (EES) 25.5–27.0 GHZ BAND, SPACE-TO-EARTH (Continued)

(k) that baseband filtered higher-order modulations receivers are becoming readily available through a number of vendors;

(l) that a phase imbalance of less than 3 degrees and an amplitude imbalance of less than 0.5 dB should result in acceptable performance degradation;

(m) that a channel with in-band ripple up to 0.1 dB, out-of-band rejection of at least 30 dB,  and in-band (within channel symbol rate) group-delay variations up to 10 percent of the signal duration
 should result in acceptable performance degradations even in case no equalization is used at the receiver;

noting

(i) that recommended maximum values of phase noise and High Power Amplifier (HPA) linearity are needed to ensure small end-to-end losses;
(ii) that linearization techniques (pre-distortion) or compensation (equalization, centroid tuning) or both can reduce the channel losses, especially for APSK modulations;
(iii) that the use of a frame header and of pilot symbols can improve the acquisition time as well as tracking performance;

(iv) that the constellation bit mappings for coding in accordance with  CCSDS 131.0-B-3, CCSDS 131.2-B-1, and CCSDS 131.3-B-1 are different;
recommends

(1) that a mission planning to operate in the 25.5–27.0 GHz band shall use QPSK, OQPSK, 8PSK, 16APSK, 32APSK, or 64APSK, all with SRRC filtering,
 as specified in Annex 1 when the channel symbol rate is equal to or above 10 Ms/s;
(2) that a mission planning to operate in the 25.5–27.0 GHz band should use QPSK, OQPSK, or 8PSK, all with SRRC filtering,5  as specified in Annex 1 when the channel symbol rate is below 10 Ms/s;
(3) that a mission planning to use this band should select the most bandwidth-efficient channel coding scheme from CCSDS 131.0-B-3, CCSDS 131.2-B-1, or CCSDS 131.3-B-1 compatible with the mission constraints; 

(4) that VCM or ACM techniques should be used where practicable;
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(5) that linearization techniques (pre-distortion) at the transmitter or compensation (such as equalization or centroid tuning) at the receiver should be used to minimize the end-to-end losses at least for 16APSK and higher order modulations, and in any case if the channel is worse than in considering (m);

(6) that a frame header (see A1.5) and pilot symbols
 should be used to improve the acquisition and tracking performance especially for modulations with order higher than 8PSK;
(7) that the phase noise of the communication chain should be limited according to the mask given in figure 2.4.23‑1 for channel symbol rates equal to or above 10 Ms/s for which the lower mask limit shall be 100 Hz; that the same mask should be used for channel symbol rates below 10 Ms/s by setting the lower validity limit in accordance with the mission channel symbol rate and PLL loop bandwidth;
(8) that the modulator’s phase imbalance shall not exceed 5 degrees for QPSK, OQPSK, 8PSK, and 16APSK and 3 degrees for 32APSK and 64APSK, and the amplitude imbalance shall not exceed 0.5 dB between the constellation points;
(9) that the AM/PM slope for the non-linear amplifier shall be less than 5°/dB unless appropriate equalization at the receiver is performed.
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ANNEX 1

Modulation Specifications

(NORMATIVE)
A1.1
GENERAL
The modulation formats here specified shall follow the template provided in table 2.4.23-1, with the relevant parameters that define each constellation. For multi-circle constellations, and in particular for 16APSK and 32APSK, different values are provided for the ratio of outer to inner circle radius, optimized based on the code rate used in CCSDS 131.2-B-1 and CCSDS 131.3-B-1.  
Table 2.4.23-1:  Modulation Definition

	Item
	QPSK and OQPSK
	8PSK
	16APSK
	32APSK
	64APSK

	Number of constellation concentric circumferences
	1
	1
	2
	3
	4

	Number of uniformly spaced points per circumference
	N1=4
	N1=8
	N1=4, N2=12
	N1=4, N2=12, N3=16
	N1=4, N2=12, N3=20, N4=28

	Ratio of outer circle to inner circle radius
	N.A.
	N.A.
	(1=R2/R1 as per CCSDS 131.2-B-1 and CCSDS 131.3-B-1; when codes from 131.0-B-3 are used as described in 431.0-B-1, the ratios in Table 2.4.23-2 shall be used.
(See also 
)

	(1=R2/R1 and (2=R3/R1 as per CCSDS 131.2-B-1 and CCSDS 131.3-B-1; when codes from 131.0-B-3 are used as described in 431.0-B-1, the ratios in Table 2.4.23-2 shall be used.
(See also 
)
	(1=R2/R1 = 2.73, (2=R3/R1= 4.52, (3=R4/R1= 6.31

	Radii relation for unit average symbol level (average symbol energy =1)
	N.A.
	N.A.
	[R1]2+3[R2]2=4
	[R1]2+3[R2]2

+4[R3]2=8
	[R1]2+3[R2]2

+5[R3]2+7[R4]2=16

	Bit-to-symbol mapping
	Bits 2i (MSB) and 2i+1 (LSB) determine the ith  QPSK symbol
	Bits 3i (MSB), 3i+1 and 3i+2 (LSB) determine the ith  8PSK symbol
	Bits 4i (MSB), 4i+1, 4i+2, and 4i+3 (LSB) determine the ith 16APSK symbol
	Bits 5i (MSB), 5i+1, 5i+2, 5i+3, and 5i+4 (LSB) determine the ith 32APSK symbol
	Bits 6i (MSB), 6i+1, 6i+2, 6i+3, 6i+4, and 6i+5 (LSB) determine the ith 64APSK symbol

	Constellation proper
	(See figure 2.4.23‑3)
	(See figures 2.4.23‑4 and 2.4.23‑5)
	(See figure 2.4.23‑6)
	(See figure 2.4.23‑7)
	(See figure 2.4.23‑8)


Table 2.4.23-2: Radii Ratios when codes from 131.0-B-3 are used as described in 431.0-B-1.
	VCM Mode
	Modulation
	Code Rate
	(1 = R2/R1
	(2 = R3/R1

	16
	16-APSK
	½
	3.15
	N.A.

	17
	16-APSK
	2/3
	3.15
	N.A.

	18
	16-APSK
	4/5
	2.75
	N.A.

	19
	16-APSK
	223/255
	2.60
	N.A.

	20
	32-APSK
	½
	2.84
	5.27

	21
	32-APSK
	2/3
	2.84
	5.27

	22
	32-APSK
	4/5
	2.72
	4.87

	23
	32-APSK
	223/255
	2.57
	4.41
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ANNEX 1 (Continued)

A1.2
SRRC Channel Filtering
The transfer function of the SRRC filter shall be:
,
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 is the Nyquist frequency and ( is the roll-off factor.

The specified values for the roll-off factor are ( = 0.2, 0.25, 0.3 and 0.35.
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ANNEX 1 (Continued)

A1.3
PHASE NOISE
Figure 2.4.23‑1 shows the double-sided phase noise mask 2L(f) in dBc/Hz versus frequency in Hz.
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Figure 2.4.23‑1:  Phase Noise Mask Recommendation
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ANNEX 1 (Continued)

A1.4
BIT MAPPING TO CONSTELLATION
A1.4.1
Overview

The following convention is used to identify each bit in an N-bit field.  The first bit in the field to be transmitted (i.e., the most left justified when drawing a figure) is defined to be ‘Bit 0’,  the following bit is defined to be ‘Bit 1’, and so on up to ‘Bit N−1’.  When the field is used to express a binary value (such as a counter), the Most Significant Bit (MSB) shall be the first transmitted bit of the field, i.e., ‘Bit 0’ (see figure 2.4.23‑2).

[image: image4.emf]N -Bit Data Field Bit 0 BitN -1 First Bit Transmitted = MSB I


Figure 2.4.23‑2:  Bit Numbering Convention

For instance, bits 3i, 3i+1, 3i+2 of the modulator input determine the ith 8PSK symbol, where i = 0, 1, 2,… (N/3)−1 and N is the block size to be transmitted.
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ANNEX 1 (Continued)

A1.4.2
QPSK and OQPSK

Modulations in accordance with CCSDS 131.2-B-1, CCSDS 131.3-B-1 or when used with coding schemes specified in CCSDS 131.0-B-3,  shall employ a conventional Gray-coded constellation
 with absolute mapping (no differential coding) as in figure 2.4.23‑3 with associated bit numbering convention as in figure 2.4.23‑2.
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Figure 2.4.23‑3:  QPSK and OQPSK Symbol Mapping into Constellation
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ANNEX 1 (Continued)

A1.4.3
8PSK

Modulation in accordance with CCSDS 131.2-B-1 shall employ a conventional Gray-coded constellation with absolute mapping (no differential coding) as respectively in figures 2.4.23‑4 with associated bit numbering convention as in figure 2.4.23‑2. 

Modulation in accordance with CCSDS 131.3-B-1 or when used with coding specified in CCSDS 131.0-B-3, shall employ a conventional Gray-coded constellation with absolute mapping (no differential coding) as in figure 2.4.23‑5 with associated bit numbering convention as in figure 2.4.23‑2.
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Figure 2.4.23‑4:
8PSK Symbol Mapping into Constellation (CCSDS 131.2-B-1)
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Figure 2.4.23‑5:
8PSK Symbol Mapping into Constellation (CCSDS 131.3-B-1 
and CCSDS 131.0-B-3)
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ANNEX 1 (Continued)

A1.4.4
16APSK

Modulations in accordance with CCSDS 131.2-B-1, CCSDS 131.3-B-1 or when used with coding schemes specified in CCSDS 131.0-B-3, shall employ a  constellation as in figure 2.4.23‑6 and with associated bit numbering convention as in figure 2.4.23‑2.
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Figure 2.4.23‑6: 16APSK Symbol Mapping into Constellation 
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A1.4.5
32APSK

Modulations in accordance with CCSDS 131.2-B-1, CCSDS 131.3-B-1 or when used with coding schemes specified in CCSDS 131.0-B-3, shall employ a  constellation as in figure 2.4.23‑7 and with associated bit numbering convention as in figure 2.4.23‑2.
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Figure 2.4.23‑7: 32APSK Symbol Mapping into Constellation
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A1.4.6
64APSK

Modulations in accordance with CCSDS 131.3-B-1 or when used with coding schemes specified in CCSDS 131.0-B-3, shall employ a  conventional Gray-coded constellation with absolute mapping (no differential coding) as in figure 2.4.23‑8 and with associated bit numbering convention as in figure 2.4.23‑2.
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Figure 2.4.23‑8: 64APSK Symbol Mapping into Constellation
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A1.5
FRAME HEADER MODULATION

The frame header shall consist of π/2-BPSK modulated symbols as defined below.

Assuming that the frame header binary sequence of length N is denoted as:

(x1,x2,…,xN)
then the in-phase (I) and the quadrature (Q) components of the N π/2-BPSK modulated symbols shall be determined according to the following rule:
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� See SFCG Recommendation 21-2R4 or latest version.


� See SFCG Recommendation 29-1 or latest version.


� See SFCG Recommendation 30-2 or latest version.


� 1 ns at 100Ms/s (channel symbol rate).


� Square Root Raised Cosine filter roll-off  =0.2, 0.25, 0.3, 0.35.


� Related Recommended Practices (Magenta Books) are under preparation.


� For systems compliant with CCSDS 131.2-B-1 and CCSDS 131.3-B-1, see relevant standard. For systems compliant with CCSDS 131.0-B-3 (see CCSDS 431.1-R-1).


� For a multistandard system,  the range to be covered for (1 varies from 2.57 to 3.15.


� For a multistandard system,  the range to be covered for (1 varies from 2.53 to 2.84 and the range for (2 varies from 4.30 to 5.27.


� SRRC filtering can be practically implemented with baseband filters able to fulfill SFCG Recommendation 21-2R4 (see CCSDS 413.0-G-3).


� This formulation yields an impulse response function with dimensions of Hz (or 1/s). Sometimes in literature, the transfer function is shown with a multiplication factor � EMBED Equation.3 ��� in front. 


� The mapping is the same as in recommendation � REF s2x4x10s \h ��2.4.10�.
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