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0. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This contribution analyses the potential performance issue of NR (OFDM based) in satellite downlink, where the high power amplifier (HPA) on board of the satellite may introduce significant non-linear distortion in the signal. This contribution is an extension of [3], by providing a comparison with the performance of legacy waveforms such as DVB-S2(x) (TDM based) on satellite downlink.
1. PAPR comparison
[bookmark: _Toc488655090][bookmark: _Ref18659799][bookmark: _Ref18659806]DVB waveforms PAPR simulations
[bookmark: _Toc488655091]Effect of Roll-off and modulation on PAPR requirement
In SatCom system design, there is a well-known and widely used engineering rule which recommends that payload amplifier be operated nearly at saturation point, at least for low modulation order.
If this is valid for traditional broadcast systems where QPSK and sometimes 8PSK, modulations are used with high roll-off of 0.35, it doesn’t necessary apply to broadband systems which uses the lowest possible roll-off.
For satellite broadband systems supporting backhaul or broadband access, the use of higher modulation order obliges to cope with higher PAPR.
The following figures shows Complementary Cumulative Distribution Function (CCDF) curves of a QPSK modulation with different roll-offs defines in DVB-S2x standard (0.35, 0.2, 0.1 and 0.05).
[image: ]
Figure 1: QPSK mono-carrier PAPR CCDF for different roll-off values

We can observe that in QPSK, for a roll-off of 0.35, PAPR is indeed quite low (4.8dB) but as roll-off is reduced, the PAPR quickly increases to reach 8.4dB.
For 8PSK as shown in the below figure, the same observation can be made.
[image: ]
Figure 2: 8PSK mono-carrier PAPR CCDF for different roll-off values

But as we can see for 16APSK and 32APSK, the PAPR are also higher than for lowest modulation order. This phenomenon is due to the use of multiple amplitudes to code the constellation points.
[image: ]
Figure 3: 16APSK mono-carrier PAPR CCDF for different roll-off values

[image: ]
Figure 4: 32APSK mono-carrier PAPR CCDF for different roll-off values
Observation 1: Although the use of PSK modulation has been recommended for satellite communications to minimize the required PAPR, the sharper roll-off in the recently introduced satellite radio interface (DVB-S2x), increases significantly the required PAPR.
[bookmark: _Toc488655092]Effect of multi-carriers transmission on PAPR requirement 
In this clause, we analyze the PAPR for 3 and 5 carriers transmitted in a high power amplifier. 
The following figures shows PAPR required for the 5 carriers case.
[image: ]
Figure 5: PAPR required for 5 (A)PSK carriers in high power amplifier CCDF

[image: ]
Figure 6: PAPR required for 5 (A)PSK carriers in high power amplifier CCDF (detail)

The PAPR increases drastically compared to mono-carrier scenario and we can notice that the modulation order has a marginal impact on the PAPR level.
The following figures shows the results with 3 carriers.
[image: ]
Figure 7: PAPR required for 3 (A)PSK carriers in high power amplifier CCDF

[image: ]
Figure 8: PAPR required for 3 (A)PSK carriers in high power amplifier CCDF (detail)

Comparing both, 3 and 5 carriers transmitted in a high power amplifier, one can observe that the required PAPR with 3 carriers is only 0.5dB lower than with 5 carriers. Moreover, the PAPR doesn’t increase further as the number of carriers is further increased.
Observation 2: The use of several DVB-S2(x) carriers in a given High Power Amplifier, quickly increases the required PAPR. For 3 carriers the PAPR increase significantly, however it quickly reaches an asymptotical value as the number of carriers in further increased.
[bookmark: _Toc488655093]PAPR required for CP-OFDM versus TDM (DVB-S2(x)) waveforms
The following figure shows the CCDF of the required PAPR for CP-OFDM waveform with various optimizations as exposed in [3]  .
[image: ]
Figure 9: PAPR required in satellite context for 3GPP defined OFDM waveform CCDF
We can observe that the required PAPR are very similar to the one estimated for TDM waveform type (DVB-S2(x)). Indeed, when comparing the PAPR required between CP-OFDM and 5 TDM carriers transmission case (See clause §1.1 of this paper), the required PAPR is about 8.5dB for optimized CP-OFDM versus 9dB for DVB multi-carriers at a CCDF of 0.1%.
Observation 3: The PAPR required for CP-OFDM with 5G foreseen optimizations and for multi carrier TDM (DVB-S2(x)) are equivalent
In a mono-carrier approach, PAPR is about 7.8dB for a QPSK with 5% roll-off compared to 8.5dB for optimized CP-OFDM.
Observation 4: The PAPR required for CP-OFDM is around 1dB greater than for TDM (DVB-S2x) with low roll-off factors.
As a consequence, from the point of view of required back-off in satellite broadband, the legacy DVB-S2(x) waveforms don’t outperform the 3GPP defined OFDM based waveform for 5G.

2. Conclusion
In this paper, the following observations can be made:
Observation 1: Although the use of PSK modulation has been recommended for satellite communications to minimize the required PAPR, the sharper roll-off in the recently introduced satellite radio interface (DVB-S2x), increases significantly the required PAPR.
Observation 2: The use of several DVB-S2(x) carriers in a given High Power Amplifier, quickly increases the required PAPR. For 3 carriers the PAPR increase significantly, however it quickly reaches an asymptotical value as the number of carriers in further increased.
Observation 3: The PAPR required for CP-OFDM with 5G foreseen optimizations and for multi carrier TDM (DVB-S2(x)) are equivalent
Observation 4: The PAPR required for CP-OFDM is around 1dB greater than for TDM (DVB-S2x) with low roll-off factors.
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