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1 Abstract

The objective of this document is to propose a link budget analysis for an appendix to the TR
38.811 “Study on NR to support Non-Terrestrial Networks”.

2 Proposed text for approval

It is proposed to add the following text to TR 38.811 “ Study on NR to support Non-Terrestrial Networks'.

* % * Start of changes * * * * (new text)

Annex A: Link budget analysis for the different deployment
scenarios

This annex provides examples of Link Budgets associated to the different deployment scenarios.

A.1 Introduction

This section provides an short overview of the formula used in the satellite link budgets.

The general formula for link budgets in free space between a transmitter and a receiver is provided here
below, expressed in dB. It is composed of two terms:

The first term is the received carrier power over noise density ratio in dBHz called C/No, and the second
term is the C/lo ratio which the carrier power to interference nose density ratio.

For convenience this term includes all the potential sources of interference: other beams interference,
other system interference, and intermodulation product interference.

The first term is the received power carrier to noise density ratio expressed in dBHz

C _Eires % + Lo = 10% LOG(K) = Pragins = Aoss — A
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The second is C/lo is the carrier power over interference noise density, also in dBHz.

We have
e C/No: carrier power over noise density ratio in dBHz
e EIRP: useful transmitter EIRP
e G/T:figure of merit of the receiver, where G is the receiver antenna gain,a nd T the equivalent
system temperature. The unit is dB/K
e Loss: free space loss (negative according to the definition)

° I:’m‘,j\,gms : propagation margins (here positive counted); these are provisioned for shadowing

margins for instance when dealing with satellite systems that can suffer from shaded conditions
(trees)

e Alces: atmospheric losses : due to gases and rain fades: in S or L bands atmospheric losses are
very small typically between 0.5 and 1 dB, but they can be very high in Ka band. They depend on
the location of the terminal with respect to the satellite, the elevation angle. In this document
we provide only clear sky conditions Link Budgets, with a typical atmospheric attenuation of 1
dB.

« Ad,, :Additional losses, like degradation due to feeder links in case of non-regenerative

systems. Typically we provision 0.5 dB feeder link degradation
k: Boltzmann Constant: -10*LOG(k) =-228.6 dBW/K/Hz

In fact there are interference noise coming from other spot beams, other system interference, and
intermodulation product interference, and so we must considerer at the entrance of the receiver the
C/lo ratio which the carrier power to interference nose density ratio

The relationship between C/No and C/(No+lo) in dBHz is the following:

c C
=-10x Log(lO_O'lx(N_o) + 10‘0-“(5))

Ny + 1,
And the relationship between C/N and C/No (and all equivalent parameters like C/1 or C/(N+l) is
C/N =C/No -10xLOG (BW), where BWis the signal bandwidth expressed in Hz, and C/N is in dB.
Slant range : this is the distance between the satellite and the earth station.
We define

e R;: Earth Radius
e H.: Satellite Altitude at nadir
e A: elevation angle of the considered point with respect to the satellite.

D = —R; x sin(a) + /(R% x sin(a)? + H? + 2 X Ry X Hy)

Free space loss : if we have a waveform of wavelength A, and R the distance between with transmitter
and the receiver, the free space loss is the quantity:
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,and in dB 10x Log(
(47R)? (47R)?

). The sign is minus.

In the link budgets presented all over this document, the required C/N is the nearest value of C/N
compared to the obtained C/(N+l). Required C/N< Obtained C/(N+I)

Note 1: the relationship between G/T and the minimum Rx level and receiver’s antenna is:

|Min_Rx_LeveI_At_antenna =-(G/T )+10*LOG(k)+10*LOG (BW)+ (C/N)required|

Where BW is the signal bandwidth.
In satellite world G/T is commonly used.

Note 2 : in the link budgets Symbol rate is defined as the ratio Ncarrier/ Ts the Time Symbol is including
CP length. It is expressed in Msymb/s.



A.1 Deployment scenario D1: GEO in Ka band

The following tables present the downlink and uplink link budgets, for fixed terminal featuring an
antenna with 60 cm equivalent aperture (dish or phased array antenna) and xx W Transmit power.

The radio interface configuration is provided in the different Link Budgets Tables.

On both directions, the impact of feeder links is supposed to be around 0,5 dB degradation.

A.1.1 Downlink performance

An example of the downlink link budgets is presented here below, and the graph presents the spectral

efficiency versus the EIRP density.

Table 1: Example of GEO satellite Ka band Downlink link budgets for fixed terminal

System performance target

Spectral efficiency bits/s/Hz 2
Information data rate (after decoding) Mb/s 370
Radio interface configuration Unit Value
Down-link Carrier Frequency GHz) 20,0
Channel bandwidth MHz 198
SCS kHz 60
Cyclic Prefix ys 1,2
Total Symbol duration (us) including CP us 17,84
Modulation Symbol rate Msymb/s 185,0
Terminal RF characteristics

G/T (figure of merit see Note above dB/K 15,7
Antenna polarization (Circular or Linear) C
System assumptions

Elevation angle to satellite as seen from the UE ° 30,0
Corresponding slant Range (distance between UE and satellite for the considered

elevation angle) km 38613,7
Clear sky conditions

Satellite RF characteristics

Satellite nominal altitude km 35788,0
Typical average C/I within a satellite beam dB 16,0
Satellite beam polarization C

Link budget




Free space propagation loss dB -210,2
Atmospheric loss (in clear sky conditions) dB 1
Required C/(N+I) for the targeted data rate dB 6,700
Required useful EIRP per channel ( dBW 57,7
Required useful satellite EIRP density dBW/MHz 37,5

The figure below provides the required useful satellite EIRP density for a range of targeted spectral
efficiency. This range of performances is typically supported by current and future satellites.
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Figure1: Spectral Efficiency versustherequired useful satellite EIRP density — GEO in Ka band

A.1.1 Uplink performance

An example of the uplink link budgets is presented here below, and the graph presents the spectral

efficiency versus the satellite G/T.

The return link can use CP-OFDM or DFT-SOFDM.The first table is the results with DFT-SOFDM, the

second with CP-OFDM.

Table 2: Example of GEO satellite Ka band Uplink Link budgetswith DFT-SOFDM

System performance target Fixed
Spectral efficiency bits/s/Hz 2,3750
Information data rate (after decoding) Mb/s 19,17
Radio interface configuration

Up-link carrier frequency GHz 30,00000
Channel Bandwidth Mhz 9,072




Cyclic Prefix ys 2,3
Total Symbol duration (us) us 35,68
Modulation symbol rate Msymb/s 81
Terminal RF characteristics
Max EIRP (corresponding to 2 W Transmission power) dBW 45
System assumptions
Elevation angle to satellite ° 30,0
Slant Range (distance between UE and satellite for the considered elevation angle) | km 38613,7
Clear sky conditions
Satellite RF characteristics
Nominal altitude km 35788,0
Typical average C/I in a beam dB 16,0
Link budget
Output back off in the terminal dB 1,0
Terminal useful EIRP per channel dBW 44,0
Free space propagation loss dB -213,7
Atmospheric propagation loss (in clear sky conditions) dB 1,0
Required C/(N+I) dB 8,488
Required C/N dB 8,2
Required satellite G/T (corresponding to Rx sensitivity) dB/K 22,0
Table 3: Example of GEO satellite Ka band Uplink Link budget with CP-OFDM
System performance target Fixed
Spectral efficiency bits/s/Hz 2,0
Information data rate (after decoding) Mb/s 16,4
Radio interface configuration
Up-link carrier frequency GHz 30,00000
Channel Bandwidth Mhz 9,072
(Cyclic Prefix bs 2.3
Total Symbol duration (us) Js 35,68
Modulation symbol rate Msymb/s 81
Terminal RF characteristics
Max EIRP (corresponding to 2 W Transmission power) dBW 45
System assumptions
Elevation angle to satellite ° 30,0
Slant Range (distance between UE and satellite for the considered elevation angle) | km 38613,7
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Clear sky conditions

Satellite RF characteristics

Nominal altitude km 35788,0
Typical average C/I in a beam dB 16,0
Link budget

Output back off in the terminal dB 2,5
Terminal useful EIRP per channel dBW 42,5
Free space propagation loss dB -213,7
Atmospheric propagation loss (in clear sky conditions) dB 1,0
Required C/(N+I) dB 7,228
Required C/N dB 6,7
Required satellite G/T (corresponding to Rx sensitivity) dB/K 22,0

The figure below provides the required satellite G/T for a range of targeted spectral efficiency. This range
of performances is typically supported by current and future satellites.
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Figure 2: Spectral Efficiency versustherequired satellite G/T — GEO in Ka band for DFTS-OFDM



A.2 Deployment scenario D2 : GEO satellite in S band

A.3 Deployment scenario D3 : LEO satellite at 600 km in S band

A.4 Scenario D4 : LEO at 600 km in Ka band

A.5 : Scenario D5: HAPS at 20 km in S band

A.6 : Performances assessment summary

A.6.1 Ka band deployment scenarios: D1 and D4

For the Ka band deployment scenarios (GEO and LEO at 600 km), we summarise here under the
minimum satellite payload performance requirements (EIRP density and figure of merit (G/T) for
a spectral efficiency of 2.

It assumes for UE, a terminal equiped with 60 cm equivalent aperture antenna (dish or phased
array antenna) and 45 dBW maximum EIRP corresponding to approximately 2 W transmit
power.

Table 413:Minimum Required Useful Satellite EIRP density (dBW/MHZ) for a Spectral Efficiency of 2
bit/s'Hz

GEO: 35786km LEO: 600 km

Minimum EIRP density 37 dBW/MHz TBD
(dBW/MHz)

Table 534:Minimum Required Useful Satellite G/T (dB/K) for a Spectral Efficiency of 2 bit/s/Hz



GEO: 35786km

LEO: 600 km

(dB/K)

Minimum G/T

22 dB/K

TBD

A.6.2 S band deployment scenarios: D2, D3 and D5

For the S band deployment scenarios (GEO, LEO at 600 km and HAPS), we summarise here
under the minimum space or airborne payload performance requirements (EIRP density and

figure of merit, G/T) for various targeted data rates on respectively down and uplink.

It assumes for UE, the 3GPP power class 3 performance.

Table 621: Minimum Required Useful Satellite EIRP (dBW) per 180 kHz carrier

Downlink Data GEO: 35786km LEO: 600 km HAPS: 20 km
rate per 180 KHz

channel

TBD kb/s TBD dBW TBD dBW TBD dBW

Table 742 :Minimum Required space and airborne G/T (in dB/K)

Uplink data rate per HAPS: 20 km LEO: 600 km GEO: 36000 km
UE
TBD kbps N/A TBD dB/K TBD dB/K

*** End of Changes * * * *




