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1. Abstract
The objective of this document is to propose a text for Annex A.1 of the TR 38.811 “Study on NR to support Non-Terrestrial Networks” to be drafted as part of the study item NR-NTN.

1. Discussion
A bentpipe payload is defined in Section 3.1 of TR 38.811 as a “payload that changes the frequency carrier of the uplink RF signal, filters and amplifies it before transmitting it on the downlink”. Some RF elements inside such payload can potentially distort or add noise to the transmitted signal. This contribution reviews a typical bentpipe payload architecture and describes the characteristics of these RF elements. 
1. Proposed text for approval
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.

* * * Start of changes * * * * 

2. Non-Terrestrial Networks channel models
 [1] Digital Video Broadcasting (DVB); Second generation framing structure, channel coding and modulation systems for Broadcasting, Interactive Services, News Gathering and other broadband satellite applications Part II: S2 - Extensions (DVB-S2X), Oct. 2014. 
[2] A. A. M. Saleh, "Frequency-Independent and Frequency-Dependent Nonlinear Models of TWT Amplifiers," in IEEE Transactions on Communications, vol. 29, no. 11, pp. 1715-1720, Nov. 1981.
[3] D. B. Leeson, "A simple model of feedback oscillator noise spectrum," in Proceedings of the IEEE, vol. 54, no. 2, pp. 329-330, Feb. 1966.

* * * End of Changes * * * *


* * * Start of changes * * * * 

3.3 Abbreviations

AWGN		Additive White Gaussian Noise
IMUX		Input MUltipleXer
OMUX		Output MUltipleXer


* * * End of Changes * * * *



* * * Start of changes * * * * 

Annex A.1 Bentpipe payload model 
The bentpipe payload consists in an input multiplexer (IMUX) filter, a power amplifier and an output multiplexer, as depicted in Fig.1. The uplink noise can be seen as an additive white Gaussian noise (AWGN) for physical layer performance analysis. A frequency conversion occurs after the IMUX filtering, so that additive phase noise has to be considered. 

[image: ]
Figure 1: Bent-pipe satellite payload

The IMUX filter is a band-pass filter which removes out-of-band components. The OMUX filter is a band-pass filter necessary to remove harmonics produced by the power amplifier. IMUX filter is likely to disturb the signal, because of the band edge slope, which creates group delay differences between the centre and the edge of the band. As a rule of thumb, the more input channels are close to each other, the more IMUX have to be selective, and thus the more the filtered signal is disturbed. OMUX filter create negligible distortion when the signal remains in the flat band of the filter.
[image: W:\octave\40_MHz_gain.png][image: W:\octave\40_MHz_group_delay.png]
Figure 2 : Typical 40 MHz filter gain and group delay response (signal bandwidth greater or equal to 36 MHz)
(Source [1], Annex H.7)

[image: W:\octave\250_MHz_gain.png][image: W:\octave\250_MHz_group_delay.png]
Figure 3 : Typical 250 MHz filter gain and group delay response (signal bandwidth greater or equal to 225 MHz)
(Source [1], Annex H.7)
Here, the group delay difference between centre and edge of band is approximately of 2 complex symbols (40 MHz case) or 4.5 symbols (250 MHz case).
The power amplifier behaves like a non-linear device since it is generally used closed to its saturation point for power efficiency issues. The Saleh model [2] is the most well-known power amplifier model, given by following equations:


Where  is the input signal amplitude,  is the output signal amplitude,  is the phase shift in radians between the input and output signals, and   are parameters that must be chosen to best fit to the considered power amplifier. Typical values are  
The most well-known phase noise model for feedback oscillators is the Leeson’s model [3], given by the following equation:

Where  is the phase noise function of the offset frequency , the oscillator frequency,  the power at the oscillator input,  the Boltzman’s constant,  the absolute temperature, F the oscillator effective noise figure and Q the oscillator quality factor.
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