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1. Introduction

The objective of this document is:

- to present some material towards a recommandatioanoError Vector Magnitude
(EVM [3]) requirement at the on-board High Data &kdtelemetry (HDRT) Power
Amplifier (PA) output when using High Order Modutats (HOM) of the DVB-S2
standard [1][2]

- to evaluate the possible improvement when usingegy simple channel symbol
Constellation Predistorsion (CP) of the PA non-dirity

- to evaluate possible constraints on the amplifigerating point related to the power
spectrum density (PSD) at the PA output

2. Methodology

The model used is the classical model of non-libgarithout memory: the PA is fully
characterized by its AM/AM and AM/PM responses. ypital X-band TWTA (Travelling
Wave Tube Amplifier) used for the HDRT of CNES Rb##s satellites is considered, see Figure
1.
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Figure1l: AM/AM and AM/PM responses of the TWTA

In the simulator used, the receiver synchronizacmssumed ideal: simple static amplitude and
phase shift compensations are applied to the redeignal to be able to measure the EVM.

The value to be minimized (by modifying the PA agerg point or the CP) is the Total
Degradation (TD), equal to the sum in dB of thegdtBack-Off (OBO) and the Demodulation
Loss (DL) implied by the non-linearity:

TD = OBO + DL
The DL is obtained by the following formula, stitl dB:

E
DL = N—S required at demodulation with PA
0
E
- N_S required at demodulation without non linearity
0

Now, noting “theoretical ENy" and “constellation SNR” with natural value (DLilsbeing in
dB), we get:

-1
E -1
DL = 10log10 (((theoretical N—S> — (constellation SNR)_1> )

0

E
— 10log10 <the0retical —S)
No

E
DL = 10log10 (1 — (theoretical N_S ) (constellation SNR)‘l)
0

with (see [3]):



constellation SNR = —20log10(measured EVM)
The theoretical Ny used are taken from the DVB-S2 ([1] table 13).

It is worth noting that in all the following, TD,ED and DL are expressed with negative values.



3. QPSK and 8PSK

The optimization can only be performed on the afi@loperating point (CP is not applicable
for constant envelop constellations).

The Peak-to-Average-Power Ratio (PAPR) is the sbon€)PSK and 8PSK, because of the
constant envelope constellation. However, the PARRReases when the roll-off decreases. The
PA degradation (in absolute value) varies in thgosjte way of the PAPR.

The operating point optimization leads to a highér (in absolute value) for 8PSK than for
QPSK, because theoretical requirefNg are lower for QPSK than for 8PSK.

Anyway, for both QPSK and 8PSK, whatever the rdillis, the best operating point is found
very close to the saturation. Figure 2: TD for 8PS$kKws the TD for different OBO and for the
3 highest coding rates (5/6, 8/9 and 9/10) for 8PH#ke blue lines are far=0.2, whereas the
green lines are far=0.35.

The highest EVM (corresponding to the optimal opegapoint for 8PSK 9/10) is 18.5 dB (for
an OBO equal to 0.3 dB).

8PSK (3 highest coding rates), o=0.5 and 0.35
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Figure2: TD for 8PSK



4. 16APSK

The optimization is performed on
- the amplifier operating point
- the increase of the radius ratio wrt the nominalstellation ['=yce/Ynomina)
- the phase shift of the second ring wrt the nomioalstellation A¢)

The optimization is performed by the brute forcerapch.

For each IBO, an optimal couplE, (Ao) is found, as shown in Figure 3 for the case &{ASK
9/10. Notice than the OBO slightly depends on tlaweform and consequently depends on the
CP. The optimal coupld’( Ag) is about (1.5, 20°) and leads to a TD equal 18 €B.

16APSK, IBO=-3 dB, 0=0.2
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Figure3: TD (in dB) asafunction of I' and A¢ for a fixed IBO

Figure 4 shows the best TD for different OBO andtfe 6 16APSK of the DVB-S2 standard.
The blue lines are with CP, whereas the green lameswithout CP (PA operating point
optimization only).



16APSK, 0=0.2
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Figure 4: Optimal TD for 16APSK

Tables hereunder summarize the optimal operating far roll-oll ¢=0.2 andu=0.35. The gain

in using CP is found limited: 0.4 to 0.76 dB wiitx0.2, 0.55 dB to 1.1 dB witlx=0.35.
Logically, this gain is slightly higher for the Mngst roll-off (the PAPR increase induced by the
pulse shaping filter is not mitigable by the CP).

With CP Without CP (TD with CP)
. constellation o OBO | consteliation - (TD without]
constellation | 1BO (dB) OBO (dB) SNR (dB TD (dB) | DL (dB) r A¢ (°) |1BO (dB) (dB) SNR (dB TD (dB) | DL (dB) CP) (dB
16APSK 2/3 -1.5 -0.76 16.9 -1.53 -0.71 1.64 176 -3 -0.86 615. | -1.93 -1.07 0.40
16APSK 3/4 -2.5 -0.85 17.5 -1.7§ -0.9] 1.5 175 -4 -1.04 16.3| -2.27 -1.23 0.51
16APSK 4/5 -3 -0.93 17.8 -1.95] -1.03 1.5 20 -5 -1.31 17.1§ 532 -1.22 0.58
16APSK 5/6 -3.5 -1.05 18.1 -2.11]] -1.06 1.4% 175 -5 -18 17.1] -2.74 -1.44 0.63
16APSK 8/9 -4 -1.12 185 -2.5 -1.34 14 17.% -6 -1.63 18 -3.24-1.61 0.74
16APSK 9/10 -5 -1.36 19.3 -2.57] -1.21 1.3 15 -7 -2.03 19 -383-1.3 0.76
With CP Without CP (TD with CP)
. constellation o OBO | consteliation - (TD without]
constellation | 1BO (dB) OBO (dB) SNR (dB TD (dB) | DL (dB) r A¢ (°) |1BO (dB) (dB) SNR (dB TD (dB) | DL (dB) CP) (dB
16APSK 2/3 -0.5 -0.71 18.3 -1.2§ -0.54 1.8% 22.p -3 -0.86 116. -1.8 -0.94 0.55
16APSK 3/4 -1.5 -0.77 18.9 -1.4 -0.63 1.79 22.5 -4 -1.04 16.8] -2.1 -1.06 0.70
16APSK 4/5 -2 -0.82 19.2 -1.53] -0.71] 1.7 22. -5 -1.8 17.7 352 -1.05 0.82
16APSK 5/6 -2 -0.81 19.3 -1.63] -0.87 1.7 22. -5 -1.29 17.7 532 -1.24 0.90
16APSK 8/9 -3 -0.95 19.9 -1.9 -0.95 16 20 -6 -1.62 18.6 -2.97-1.35 1.07
16APSK 9/10 -3.5 -1.04 20.3 -1.97 -0.9 1.5 20 -6 -1.61 18.6] -3.05 -1.44 1.08




5. 32APSK

The optimization is performed on
- the amplifier operating point
- the increase of the second radius ratio wrt theinalneconstellationI{2=y2 cHy2 nomina)
- the phase shift of the third ring wrt the nominahstellation Ag,)

Hence, the optimization proposed here is suboptilmatause the optimization could also be
performed oM '1=y1 cHY1 nominai@NdA@1. However, the third ring of 32APSK is the mostjsab

to PA compression and thus the improvements of a&ensophisticated approach can be
presumed limited.

32APSK, 0=0.35
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Figure5: optimal TD for 32APSK

Tables hereunder summarize the optimal operating far roll-oll ¢=0.2 andu=0.35. The gain
in using CP is found between 1.25 and 1.46 dB w#th.2, and between 1.69 and 2.11 dB with
a=0.35. In the same way than for 16APSK, this gaislightly higher for the highest roll-off.

With CP Without CP (TD with CP)
constellation | IBO (dB) OBO (dE)Cg;SFEe("z;F’“ TD(B)|DL(@B)| T | Ap() |IBO (dB) ?di? ngsée(";‘;,on TD (dB) | DL (dB) (g's)"zgg‘_’”t
32APSK 34 | 55| -185 187 31 12 1.3 15 d 245 176] 436 | 171 1.25
32APSK 4/5 6 2 19.2 339 1394 135 124 o 34 188 2457 158 133
32APSK56 | 65 | 214 197 36| 144 13 12 d 313 180] 498 | 185 138
32APSK 8/9 8 271 212 213 143 12 10 2 3do 202] 565 -187 143
32APSK 910 | 8 271 212 43| 5] 12 10 ad 34 202|  765] 207 1.46




With CP Without CP (TD with CP)
. constellation o OBO | constellation - (TD without]
constellation | 1BO (dB) OBO (dB) SNR (dB) TD (dB) | DL (dB) r Ag (°) [1BO (dB) (dB) SNR (dB) TD (dB) | DL (dB) CP) (dB)

32APSK 3/4 -4.5 -1.7 19.9 -2.61 -0.91 1.59 17.% -8 -2.65 17.7) -43 -1.65 1.69
32APSK 4/5 -5 -1.78 20.4 -2.81 -1.03 15 17. -9 -3.14 19 146 -1.47 1.80
32APSK 5/6 -5.5 -1.86 20.8 -2.96 -1.1 1.4 15 -9 -3.12 19.1 844 -1.72 1.88
32APSK 8/9 -6.5 -2.15 21.8 -3.36 -1.21 1.3§ 12 -1 -3.58 520 -5.41 -1.73 2.05
32APSK 9/10 -6.5 -2.15 21.9 -3.41 -1.3 1.3 15 -1 -3.68 620. | -5.58 -1.9 211




6. ACPR

PSD (Power Spectrum Density) presented here ared®8i2 PA output, whereas SFCG mask
is applicable at the satellite output (in particupessibly after a RF output filter). PSD is
normalized at the carrier center.

ACPR (Adjacent Channel Power Ratio) designs hezadtio in natural value between the PSD
at the carrier center and the maximum PSD abovieven drequency offset from the carrier
center.SFCG PSD mask is computed depending orotisetdlation as in [4].

The spectrums are identical for QPSK and 8PSK. blae the spectrum is not significantly
dependent on the constellation (possibly with T@)the different 16APSK or for the different
32APSK. Consequently, results are only presente@R&K, 16 APSK 5/6 and 32APSK 5/6 in
Figure 6.

It seems quite achievable to respect the SFCG migskhe considered PA.

It is also of interest to look at the ACPR in thearest adjacent band (in particular for carriers
close to 8.4 GHz, taking into account the maximudthrpquirement on the DSN-band to avoid
coordinations). Figure 7 proposes some results.
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Figure6:

PSD at the PA output




maximum ACPR computed above 0.65Rs
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maximum ACPR computed above 0.75Rs
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Figure7: ACPR at the PA output



7. Conclusion

The optimal operating point in the PA amplifierdsao the following constellation SNR values
for the highest coding rate

- 8PSK:~20.4dB

- 16APSK:~20.3dB

- 32APSK:~21.9dB
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