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1 NetSim 5G NTN Satellite Networks: Overview

The 5G NTN library supports end-to-end, full-stack, packet-level simulation of 5G NTN based
LEO/MEO satellite networks. The features supported include:

e LEO satellite orbits
o Altitude: User configurable between 160 to 2000 kms.
o Standard options: LEO 600, LEO 1200
e MEO satellite orbits
o Altitude: User configurable between 2000 to 35876 kms.
o Standard options: MEO 10000, MEO 20000

e Bands
o S-band and L-band: n254, n255, n256 (FR1 bands released in 3GPP
standards)
o Ka Band, Ku Band: n510, n511, n512 (FR2 bands proposed in 3GPP
standards)

o Earth satellite link and satellite earth link
o Channel model and path losses (per TR 38.811)
o Propagation delay based on slant distance
e Devices
o UEs
= VSAT with directive antennas
= Handhelds (or informally mobiles)
o Ground stations, gNBs
o 5G core and remote servers
¢ Downlink transmissions (Remote server > gNB > Satellite > UE)
o Uplink transmissions are currently not supported and is under development
¢ Antenna models
o Omni directional antenna for Handheld HEs
o Circular aperture antenna for VSATs and Satellites
o Satellite spot beams with earth fixed cells (explained later)
e Architecture

o Transparent satellite (also termed “bent pipe” operation)

Similar to the NetSim (terrestrial) 5G library, the NTN satellite library would allow users to
simulate the transmission of data, voice, video, etc., over a LEO/MEO satellite network. After

simulation, users can assess key output metrics such as delay, latency, and errors. These
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results can be viewed in both tabular and graphical formats, from a network-wide overview
down to individual links and devices. For in-depth studies, the NetSim can log detailed radio
measurements and resource allocations as well as trace individual packet flow and individual

event execution.
Single transparent satellite fixed in a LEO orbit with terrestrial UEs and gNB

e Single satellite simulation per 3GPP TR 38.821

e The satellite remains fixed in orbit; users can configure the orbital height.

e UE elevation angle is determined based on the UE's position.

e Fixed-earth spot beams. UEs will connect to the beam with the highest PDSCH SNR.

¢ Ground station and gNB located at an arbitrary point outside the service beams, and
communicates to the satellite via a feeder link.

e UEs ftransmit/receive data from remote servers. Connectivity is UE <> Satellite
<>Gateway <> gNB <> 5G Core <> Remote servers.

e UEs can be mobile and inter beam handovers can occur

o UEs are handheld devices (e.g., Power Class 3) operating in FR1, in particular S or L
band. VSAT terminals can connect in FR1 or FR2 bands.

e The UE terminal are assumed to be equipped with a GNSS receiver, thus able to

estimate its location.

RAN Architecture with a transparent satellite (NTN A1 mode)

The diagrams below show a satellite NTN typical scenario based on transparent payload

architecture

.\w.

Satellite .
- Consteliation .. . Satellite

Footprint

@D _ Data
s Network Network
User

Euipments Base Station

Field of view of the satellite

Figure 1-1: Architecture of 5G Non terrestrial network with LEO/MEO satellites. The satellite
communication with the ground station is over a feeder link having 1-spot beam and communication
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with the UEs is over a service link having multiple spot beams. UEs can be placed within these beams
(or cells). The telemetry and telecommand (TTC) link is out of scope of 3GPP realm. (source TR
38.821)

NTN payload

'/

Uu

N

Gateway UE

Feeder link Service link

-

Figure 1-2: A simplified illustration of the transparent payload architecture. In Phase-1 the satellite is
assumed fixed in the LEO/MEO orbit, and the UE is assumed to be stationary on earth.

o A feeder link is a radio communication link between a gateway and the satellite. It is a
single beam of full bandwidth.
e A service link is a radio communication link between the user equipment and the

satellite. Multiple spot beams to cover a given area. The bandwidth of the beams
depends on the frequency reuse factor.

Figure 1-3: Top view of four tessellated spot beams on the service link. In NetSim, UEs will associate

to the beam which provides the highest signal strength. Per 3GPP standards, the mapping of satellite

beams to terrestrial cells is one-to-one. Each beam is one physical cell. Thus, we will refer to cells and
spotbeams interchangeably.

o A satellite, which implements a transparent payload performs radio frequency filtering,
frequency conversion and amplification; hence, the waveform signal repeated by the

payload is un-changed except for frequency translation and transmit power.
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Figure 1-4: 5G NTN User plane and control plane protocol stacks. Source TR 38.821.

1.1 Earth fixed spot beams and cells

Ver 14.4

The satellite beams point towards the ground in a hexagonal manner similar to the canonical

evaluation setup with hexagonal tessellation used for terrestrial cellular networks. NetSim

supports earth fixed beams

In earth-fixed beams, the satellite beams are steered such that they always point to the

same location on earth.

The ability to adjust these beams is constrained by the satellite's elevation angle. It

must stay above a specified minimum value on either side of the horizon for

uninterrupted connectivity. Practically, when the elevation hits its limit, the beams shift

to another Earth location. The beams stay fixed on that location for a set duration

before moving to another, and this cycle repeats.

The adjustment of these beams is limited by the satellite's beam radius and the number

of beams configured by the user.

© TETCOS LLP. All rights reserved
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e The fixed-beam scenario yields the maximum time a UE may remain under the
coverage area of the same satellite. This time is the time the satellite remains above
the horizon relative to the UE location. This usually of the order of 7 to 10 minutes.

e As against fixed beams, “Moving beams” move over the Earth’s surface that follow the
motion of the satellite. This is not currently supported in NetSim.

e Mapping of satellite beams to terrestrial cells is one-to-one. Each beam is one physical
cell.

e Number of spot beams.

o NetSim can presently support configurations of 1, 7, or 19 spot beams.

o The 7-cell setup consists of a central hexagonal cell surrounded by 6 adjacent
cells.

o The 19-cell configuration has two layers of surrounding cells around a central
hexagonal cell

¢ NetSim will automatically compute the tessellated beams (cells) based on number of
spot beams.

¢ NetSim supports the NR-Uu radio interface on the service link between the satellite
and the UE.

Cell/Beam Layouts

NetSim will support 1 cell, 7 cell and 19 cell layouts. The beam diameter which is also the
inter-beam distance on earth is a user input. The beams would be circular, but the tessellation

would be hexagonal. The centre of all the cells can be calculated from basic trigonometry.
Beam diameter to inter-cell distance

Let the beam diameter be D, which is a user input. Then the distance between the centre of

two adjacent hexagons whose circumcircle has a diameter D can be obtained from basic

ISD

trigonometry. Since % = cos(30), we obtain ISD =
2

\V3xD
>

Feeder Link

The feeder link is used for communication between the satellite and the terrestrial gNB. The
frequency reuse options discussed are pertinent to the service link. For the feeder link, NetSim
models a single spot beam of full bandwidth pointed towards the terrestrial gNB. NetSim
supports Satellite Radio Interface (SRI) on the feeder link between the NTN gateway and the
satellite. The SRI transports the F1 protocol.

© TETCOS LLP. All rights reserved Page 9 of 45
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Per TR 38821, Table 6.1.1.1-5, NOTE 1, “Typical impairment values (additional frequency
error, SNR loss) due to the feeder link except for delay can be considered to be negligible”.
Therefore, in NetSim, we assume the feeder link to have NIL SNR losses. The only factor we

consider and model over this link is latency.
Bent pipe operation

Bent pipe satellites are typically used to relay information. Data received by the satellite on its
reception interface is simply transmitted by the satellite on its transmission interface without
modifying the data. Given that we model NIL SNR loss on the feeder link the link budget

computations are only carried out on the service link.
Angle between the antenna boresight to the line joining the UE and the satellite

The cell diameter D is a user-defined parameter. The beam positions are based on the cell
diameter and the number of beams configured. 6 is defined as the angle subtended between

the selected beam and the UE from the satellite. It is computed by forming vectors:

o Satellite-to-Beam (centre) vector p.
o Satellite-to-UE vector p,,

The angle 6 is determined using the dot product formula:

o P Pu
6 = cos 1<ﬁ>
locllpl

where:
De * Py is the dot product of the vectors, and

llecl, llpw ]| are the magnitude of the respective vectors.

1.2 Bands

Release 17 has two new bands for LEO NTN

1. n256 (S-Band): UL 1980 — 2010 MHz, DL: 2170 — 2200 MHz. FDD
2. n255 (L-Band): UL 1626.5 — 1660.5 MHz, DL: 1525 — 1559 MHz. FDD
3. n254: UL 1610 — 1626.5 MHz, DL: 2483.5-2500 MHz. FDD

Release 18 NTN bands in FR2

4. n512: UL 27.5-30.0 GHz; DL 17.3-20.2 GHz FDD
5. n511: UL 28.35-30.0 GHz; DL17.3-20.2 GHz FDD
6. n510: UL 27.5-28.35 GHz; DL 17.3-20.2 GHz FDD

© TETCOS LLP. All rights reserved Page 10 of 45
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With 3GPP Rel- 18 additional spectrum in Ka band offers much higher speed — to the order of
hundreds of Mbps - to non-handheld devices using small dish antennas, similar to that offered
by SpaceX’s Starlink service (need to check the standard for the exact frequency and
bandwidths)

Note that:

e UEs can connect only on FR1 bands

e VSAT terminals can connect on FR1 and FR2 bands
Sub carrier spacing

1. Rel 17 allows for SCS of UL signals lower than 60 KHz (in FR1)
GUI parameters

o Grid size:
o Min: 50km * 50 km
o Max: 150 km * 150 km
o Square or rectangular configurations
o Satellite type:
o Options: LEO, MEO
o Altitude (per Table 4.5.1, 38.811)
= LEO: 160 km to 2000 km. Standard options: 600 km, 1200 km.
= MEO: 2000 km to 35876 km. Standard options: 10000 km, 20000km.
e Service link
o Number of beams on the service link
= Options: 1,7, 19
o Frequency reuse factor
= Options: 1, 3
o Beam diameter // Reference Tabel 4.6.1, 38.811
= LEO: 5km to 200 km. Default: 50 km
= MEO: 100 km to 500 km. Default: 200 km.

o EIRP is the effective isotropic radiated power in dBW
%
T
o kis the Boltzmann constant with the value of -228.6 dBW/K/Hz. Fixed.

o Channel

is the antenna-gain-to-noise temperature in dB/K of the receiver

= Pathloss model. Fixed to Free Space. Using this model we obtain,
PLgs the free space path loss (FSPL) in dB.

© TETCOS LLP. All rights reserved Page 11 of 45
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= Shadow Margin, PLg, in dB. Enable and disable options in the GUI. If
enabled then the log normal shadowing model is applied; the standard
deviation of the distribution is obtained from tables available at section
6.6.2 of 3GPP 38.811, based on the LOS probability, elevation angle,

and scenario type (urban, rural, or dense urban).
= Scintillation loss, PLg; in dB. Range [0.0, 10.0]. Default [1.1]
= Additional loss, PL,, in dB. Range [0.0, 10.0]. Default [8]

= Interference. Enable and disable options in the GUI. If enabled then
Carrier to Interference Ratio, CIR in dB. Range [-30, +50]. Default [5]

o Channel bandwidth, BW in Hz from which we obtain B,is the channel
bandwidth in dBHz (i.e., 10log,, BW, where BW is bandwidth in Hz). Options

= FR1-5,10, 15, 20, 30 (MHz)
= FR2-150, 100, 200, 400 (MHz)

o Antenna
= Satellite Max Receive Gain

= Note that transmit gain is assumed to be included in the EIRP

o UE Transmit power: 23 dBm
e Terrestrial environment: Dense urban, urban, rural
e Frequency Reuse

o Inthe NETSIM GUI, users can configure the number of beams and select the
frequency reuse factor accordingly. This selection determines the channel ID
assignment for all beams.

o Once configured, the NetSim GUI generates a csv file containing the beam ID,
beam centre coordinates, and assigned channel ID. This file is then passed to
the NTN simulation engine. An option is available for the user to directly modify
this csv file through the GUI.

1.3 Band Frequency Information

NR operating Uplink (UL) operating Downlink (DL) operating Duplex

band band band Mode
BS receive / UE transmit BS transmit / UE receive
FuL low — FuL_nign FoL iow — FbL high

n256 1980 MHz — 2010 MHz 2170 MHz - 2200 MHz FDD
n255 1626.5 MHz — 1660.5 MHz 1525 MHz — 1559 MHz FDD
n254 1610 MHz — 1626.5 MHz 2483.5 MHz — 2500 MHz FDD
n512 27500 MHz - 30000 MHz 17300 MHz — 20200 MHz FDD
n511 28350 MHz — 30000 MHz 17300 MHz — 20200 MHz FDD

© TETCOS LLP. All rights reserved Page 12 of 45
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27500 MHz — 28350 MHz \

17300 MHz — 20200 MHz

FDD

Table 1-1: Frequency Bands with Uplink/Downlink Allocations

Maximum transmission bandwidth configuration

The maximum transmission bandwidth configuration Nrs for each UE channel bandwidth and

subcarrier spacing is specified below.

SCS (kHz) 5 MHz 10 MHz 15 MHz 20 MHz 30 MHz
Nrs NrBs NRrs NrB Nrs
15 25 52 79 106 160
30 11 24 38 51 78
Table 1-2: Maximum transmission bandwidth configuration for FR1
SCS 50 MHz 100 MHz | 200 MHz | 400 MHz
(kHz) Nre Nre Nre Nre
60 66 132 264 N/A
120 32 66 132 264

Table 1-3: Maximum transmission bandwidth configuration for FR2

Minimum guard band and transmission bandwidth configuration

SCS 5 10 15 20 30

(kHz) MHz MHz MHz MHz MHz
15 242.5 312.5 382.5 | 4525 592.5
30 505 665 645 805 945
60 N/A 1010 990 1330 1290

Table 1-4:Minimum guard band for each UE channel bandwidth and SCS (KHz)

SCS 50 100 200 400

(kHz) MHz MHz MHz MHz
60 1210 2450 4930 945
120 1900 2420 4900 9860

Table 1-5: Minimum guard band for each UE channel bandwidth and SCS (KHz)

2 Link budget

The carrier-to-noise radio, CNR in dB, is calculated per the equation described in TR 38.821
Section 6.1.3.1, given by
G
CNR = EIRP + Rx= — k = PLps = PLy = PLsy — PLs, = Pp,,, = B

where:

CNR is the carrier to noise ratio (also sometimes termed as SNR or signal to noise
ratio) in dB

© TETCOS LLP. All rights reserved Page 13 of 45
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EIRP is the effective isotropic radiated power in dBW

Rx% is the antenna-gain-to-noise temperature in dB/K of the receiver

k is the Boltzmann constant with the value of -228.6 dBW/K/Hz

PLs is the free space path loss (FSPL) in dB

PL, is the atmospheric path loss due to gases

PLg), is the shadowing margin in dB

PLg, is the scintillation loss in dB

PL,p is the additional loss in dB

B is the channel bandwidth in dBHz (i.e., 10log,o, BW, where BW is bandwidth in Hz)

Rx% is obtained using the expression

G
Rx = = Grx = Ny =10 logyo(To + (T, — Tp) x 107%2xNr)

where:
G, is the receive antenna gain in dBi.
Ny is the noise figure in dB
T, is the ambient temperature in degrees Kelvin, set to 290 by default
T, is the antenna temperature in degrees Kelvin.

The CNR expression is used in both directions i.e., terrestrial to satellite and satellite to
terrestrial. The expressions below provide the formula for EIRP if the input is provided as
EIRPDensity [dBW /MHz]

EIRP[dBW] = EIRPDensity [dBW /MHz] + 10log,(BW [MHz))

Link Budget Calculations: Two examples for 2GHz S Band.

Simulation Parameters LEO 600Km LEO 1200Km
Terrestrial environment Rural Rural
(User Input)

LOS probability 1 1
(User Input)

Antenna Aperture Radius(m) 1 1
(User Input)

Beam Radius (Km) 5513 110.24
(User input) ) '
EIRP density (dBW/MHz) 34 40
(User Input)

Bandwidth B

(User Input) 30 30

© TETCOS LLP. All rights reserved Page 14 of 45
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EIRP (dBW)

= EIRP[dBW /MHz] + 10log,, B[MHz]
Note that EIRP is the sum of transmit antenna power 48.77 54.77
output plus max antenna Tx gain in dB scale, per TR
38821 section 6.1.3.1-5

Elevation angle

(Calculation provided below) 8058 o520
Slant range d (Km)

(Calculation provided below) 00748 120349
Free space pathloss (dB), PLgs

(Calculation provided below) 15491 1608
Shadow loss (dB), PLgy

(Calculation provided below) 099 0%
Additional Loss(dB), PL,j, 2 2

(User Input)

Total Pathloss, L(dB) 157.3 163.81

= PlLgg+ PLgy + PLyp
Rx Antenna Gain 0 0
(User Input)

Noise figure Ny

(User Input) ’ ’

Rx Antenna Temp Ta (K)

(User Input. Default based on Table 6.1.1.1-3 of 290 290

38821)

RX equivalent antenna Temp, T [dBK]

(Calculation provided below) 31.62 31.62

Receiver G/T

(Calculation provided below) -31.62 -31.62

Boltzmann constant k [dBTW] -228.6 -228.6
Tz

CNR 13.68 13.17

(Calculation provided below)

Table 2-1: Simulation Parameters and Link Budget Calculation for LEO Satellite Communication at
600 km and 1200 km Altitudes.

2.1 Case 1: Calculations

We consider the satellite co-ordinates as (0,0,600) km, and the UE co-ordinates as
(77.05,63.0,0) km. The elevation angle is calculated as arctan of the ratio of the satellite

altitude to the distance between the satellite and the UE in the XY place.

6 =tan~! ( Zsat ) = tan~! (i;)) = 80.58°
\/(XUE — Xsat)? + Yyg — Ysar)? 99.53

The slant height used in NetSim is per 38.811, equation 6.6-3, i.e.

d= \/Rﬁ sin?(a) + hZ + 2h,Rg — R sin(a)

For a link between a ground station and a LEO satellite operating at 600 km with elevation

angle a = 80.58°.

© TETCOS LLP. All rights reserved Page 15 of 45
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d =+/(6.371-10°)2 - sin2(80.58°) + (6 - 105)2 + 2 - (6 - 105)(6.371 - 106) — 6.371
- 10° sin(80.58°)

d =607.47 km

The free space pathloss PLggfor a channel with f.=2GHz, or 1= % =0.15m,and d =

607.47 km is
PLys = 201 (4nd) —20log, . [AT(607:48 X 102X 10\ _ ., . o
FS = 0810 1)= 0810 %108 _ .
The receiver antenna G /T is given by the expression
. —0.1XN
RxT = Gy — Ny — 1010g3o(To + (T, — Tp) X 1070¥Nr),

We know T, = 290, and when we apply T, = 290, we obtain
Gryx _
RxT =0—-7 — 10log,((290) = —31.62dB/K

We know that bandwidth B [dBHz] = 10 X log,,(B[Hz]) = 10 X log,,(30 x 10°) = 74.77 dBHz

The shadow margin PLg,, is calculated is calculated per the tables available in section 6.6.2
of 38.811. The given example is based on the Rural scenario, with a LOS probability of 1 and
an elevation angle of 80.58°. The standard deviation chosen from the table is 0.72. We then
generate a zero-mean Gaussian random variable with input standard deviation of 0.72. In this

case, the random shadow loss drawn is -0.43 dB

And finally we obtain CNR as
G
CNR = EIRP + Rx = — k = PLps — PLsy — PLap — B
Substituting we get
CNR = 48.77 + (=31.62) — (—228.6) — 154.91 — (0.39) — 2 — 74.77 = 13.68dB
2.2 Case 2: calculations

We consider the satellite co-ordinates as (0,0,1200) Km, and the UE co-ordinates as

(77.05,63.0,0) Km. The elevation angle is calculated in NetSim as follows

Z 1200
o= tafl( - ) = tan"! (—) = 85.26°
\/(XUE - Sat)2 + (YUE - YSat)z 9953

The slant height used in NetSim is per 38.811, equation 6.6-3, i.e.

© TETCOS LLP. All rights reserved Page 16 of 45



Ver 14.4

d= \/Rﬁ sin?(a) + h% + 2h,Rg — Rg sin(a)

For a link between a ground station and a LEO satellite operating at 1200 km with elevation
angle a = 85.26°.

d =+/(6.371-10°)2 - sin2(85.26 °) + (12 - 105)2 + 2 - (12 - 105)(6.371 - 10°¢) — 6.371
- 10°sin(85.26 °)

d =1203.46 km

The free space pathloss PLggfor a channel with f.=2GHz, or 1= % =0.15m,and d =
1203.46 km is

41(1203.46 x 103)(2 x 107)
3x 108

= 160. B
7 > 60.85 d

47d
PLFS = 20 loglo (_> = 20 loglo

The receiver antenna G /T is given by the expression

G
Rx % = Grx = Ny = 10 logyo(To + (T, — Tp) X 10701%Nr),

We know T, = 290, and when we apply T, = 290, we obtain

G
Rx% =0—7 — 10log,((290) = —31.62 dB/K

We know that bandwidth B [dBHz] = 10 X log,,(B[Hz]) = 10 X log,,(30 X 10°) = 74.77 dBHz

The shadow margin PLg,, is calculated is calculated per the tables available in section 6.6.2
of 38.811. The given example is based on the Rural scenario, with a LOS probability of 1 and
an elevation angle of 85.25°. The standard deviation chosen from the table is 0.72. We then
generate a zero-mean Gaussian random variable with input standard deviation of 0.72. In this

case, the random shadow loss that we draw is -1.43 dB.

And finally we obtain CNR as
G
CNR = EIRP + Rx = = k = PLgs = PLsy — PLap — B

Substituting we get

CNR = 54.77 4+ (—31.62) — (—228.6) — 160.85 — (0.96) — 2 — 74.77 = 13.17dB
3 Satellite Antenna Pattern

In the section above the link budgets were calculated assuming the max transmit antenna
gain. However, per section 6.4.1 of TR 38.811, we know that the normalized antenna gain

pattern, corresponding to a typical reflector antenna with a circular aperture, is considered
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1 foro =20

J1(kasin®) 2
kasin®

for0< |0] <90°

where J1(x) is the Bessel function of the first kind and first order with argument x, ¢ is the
radius of the antenna's circular aperture, k = ? is the wave number, f is the frequency of

operation, c is the speed of light in a vacuum and 6 is the angle measured from the bore sight
of the antenna's main beam. Note that ka equals the number of wavelengths on the
circumference of the aperture and is independent of the operating frequency. The above

expression provides the gain in linear scale and it needs to be converted to dB scale. The

normalized gain pattern for a = 10% (aperture radius of 10 wavelengths) is shown below

aperture radius =10\

Relative antenna gain (dB)
N S &b A b N 4
o o o o o o o o

o
<]

©
s}

-80 -60 -40 -20 0 20 40 60 80
0 (degree)

Figure 3-1: Antenna gain pattern for aperture radius 10 wavelengths, a = 10;

For the same two examples, shown earlier, if we compute the angular antenna gain based

on the UE and satellite positions

Case 1:

2nf  2x3.14x218x10°
B 3x108

f=218GHz;a=1m; k = = 45.76

The UE associates with beam 3, and the angle between the antenna boresight to the line
joining the UE and the satellite is 8 = 3.33°. This computation is carried out within NetSim.
Substituting

2

. 2
J,(45.76 x 1 x sin(3.33)) 7,(2.656)
= 4222020 — 0117 mW = —9.31 dB
4576 x 1 x sin(3.33) 2.656 m m
Case 2:
6 = 6.15°
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1, (45.76 X 1 X sin(6.15))
45.76 X 1 X sin(6.15)

2

7,(4.900)

4.900

Ver 14.4

2
= 0.0165mW = —17.82dBm

Since EIRP includes the antenna gains, the angular gain values obtained above needs to be

added in the CNR calculations. The final link budget calculations are shown below. The

changes as compared to the earlier table are shown in blue.

Simulation Parameters LEO 600Km LEO 1200Km
Antenna Aperture (m) 1 1
Beam Radius (Km) 55.13 110.24
EIRP density (dBW/MHz) 34 40
Bandwidth B 30 30
EIRP (dBW) 48.77 54.77
Elevation angle 80.58 85.26
(Calouaton provided above) °31 1782
Slant range d (Km) 607.48 1203.46
Free space pathloss (dB), PLyg 154.91 160.85
Shadow loss (dB), PLgy, 0.39 0.96
Additional Loss(dB), PLy, 2 2
Total Pathloss, L(dB) 157.3 163.81
Rx Antenna Gain 0 0
Noise figure f 7 7
Rx Antenna Temp Ta (K) 290 290
RX equivalent antenna Temp, T [dBK] 31.62 31.62
Receiver G/T -31.62 -31.62
Boltzmann constant k [‘wﬁw] -228.6 -228.6
Hz
(CCI\;iulation provided below) 4.36 -4.66

Table 3-1: Simulation Parameters and Link Budget Calculation for LEO Satellite Communication at
600 km and 1200 km Altitudes

Case 1:

G
CNR = EIRP + G(8) + Rxz — k = PLys = PLgy — PLyp = B

Substituting we get

CNR = 48.77 + (—9.87) + (—31.62) — (—228.6) — 154.14 — 0.57 — 8 — 74.77 = —1.6 dB

Case 2:

© TETCOS LLP. All rights reserved
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G
CNR = EIRP + G(8) + Rx7: = k — PLps = PLgy — PLyp — B

Substituting we get
CNR = 54.77 + (=12.95) + (—31.62) — (—228.6) — 160.08 — 0.57 — 8 — 74.77 = —4.62 dB

4 Interference Models

4.1 CIR based Interference

Per TR 38.821 section 6.1.3.1 the Carrier-to-noise-and-interference ratio (CNIR) of
transmission link between satellite and UE can be derived by carrier-to-noise ratio (CNR) and

carrier-to-interference ratio (CIR) as follows
CNIR [dB] = —10log,o(107O*¢NR[4B] 1 1=0-1CIR [aB])
Case 1:
Assuming a CIR of 5 dB, and using the CNR obtained from the earlier section we get

CNR [dB] = —101log;((10701%(=16) 4 10-01%5) = —2.46 dB

Case 2:

Assuming a CIR of 5 dB, and using the CNR obtained from the earlier section we get
CNIR [dB] = —10log,o(1071CNR [4B] 4 10-01CIR [d5])

= —10log;(10701*(-462) 4 10701%5) = —507 dB

Simulation Parameters LEO 600Km LEO 1200Km
CNR 4.36 -4.66

CIR 5 5

CNIR 1.66 -5.11

Table 4-1: NR, CIR, and CNIR Comparison for LEO 600 km and 1200 km
Interference power calculations for CIR based Interference

Interference [mW] = Noise[mW] x (CNR [mW] ~ )

CNIR [mW]
Interference [dB] = 10 X log,o(Interference [mW])

Case 1:

Assuming a CNR of 4.36 dB, and using the CNIR of 1.66 dB obtained from the earlier
section we get
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100.1 X 4.36
Interference [mW] = 1001 % ~9905 x < 1)

1001 x1.66

Interference [mW] = 1.073 x 10710

Interference [dB] = 10 X log,(1.073 x 1071°) = —99.69 dB

Case 2:

Assuming a CNR of -4.62 dB, and using the CNIR of -5.07 dB obtained from the earlier
section we get

1001x 511

100.1 X —4.66
Interference [mW] = 1001 %9905 x < 1>

Interference [mW] = 1.3439 x 10~ !
Interference [dB] = 10 X log;,(1.3439 x 10711) = —108.71 dB

Exact geometric interference: In NTN systems, geometric interference arises when multiple
beams sharing the same channel ID overlap, leading to co-channel interference at user
terminals. The level of interference is influenced by the number of beams and the configured
frequency reuse factor. In FR1, interference occurs from all available beams, whereas in FR3,

it is limited to beams using the same channel ID.

5 Radio Measurements Log

NTN's radio measurement log records signal data for all available beams and UEs. Each entry
contains the measurements simulation time, UE id, UE position, Beam id, UE elevation angle,
theta (angle subtended by the current beam), slant height, EIRP density, Tx Angular antenna
gain, Rx Gain, Shadow Fading Standard Deviation, Pathloss, Shadowloss, Additional loss,
Total-loss, and thermal noise. CIR (carrier to interference ratio) is calculated at receiver when
CIR interference is enabled, as well as SNR and SINR. These logs are useful for analysing

NTN performance across beams and UEs.

6 Frequency Reuse

NetSim supports FR1 (Nyeyse = 1) and FR3 (N,.eyse = 3) configurations.
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system frequency bandwidth system frequency bandwidth
I

_ I ' e .

frequency frequency

Beam #1 Beam #1

Beam #6 Beam #2 Beam #6 Beam #2

Beam #0

Beam #5 Beam 43

Beam #4 Beam #4

$ -

FRF = 1 FRF =3

Figure 6-1: The 7-cell and 19-cell cases for FR1 and FR3
With NetSim GUI, users can configure the number of beams (1, 7, and 19) and select the

frequency reuse factor (FRF) accordingly. When N,..,s. > 1, NetSim assigns virtual “channel
IDs” (colors in the figure above) to the beams. The available resources and bandwidth are
then equally divided among the channels, considering the guard band for accurate resource

allocation per beam. The bandwidth per channel is calculated per the following expression

BW _ BWrotar — (Nchannels B 1) X BWguarapana
channel —

N channels

In NetSim, the centre frequencies of all channels remain the same, even though, in real-world

deployments, each channel would have a different centre frequency.
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Example: Consider an S-band system with a 2 GHz carrier frequency and 30 MHz bandwidth,
using a frequency reuse factor (FRF) of 3. Each channel is allocated bandwidth while
maintaining a 500 KHz

guard band. BW,panner = >0 = 20 = 10 MHz.

Based on the number of beams and the FRF, the NetSim automatically configures the beam

IDs, beam center coordinates, and assigned channel IDs.

7 Link Budget with Interference

Simulation Parameters FR1 FR3
Satellite Altitude LEO1200 LEO1200
Terrestrial environment Rural Rural
LOS probability 1 1
Antenna Aperture (m) 1 1
Beam Radius (Km) 110.26 110.26
EIRP density (dBW/MHz) 40 40
Guard Band (KHz) 0 0
Channel Bandwidth B (MHz) 30 10
EIRP (dBW) 54.77 50
Elevation angle 85.26 85.26
Slant range d (Km) 1203.46 1203.46
Free space pathloss (dB), PLgg 160.85 160.85
Shadow loss (dB), PLgy, 0.42 0.96
Additional Loss(dB), PLyj, 2 2
Total Pathloss, L(dB) 163.27 168.069
Tx Angular Antenna Gain (dBm) -17.82 -17.82
Rx Antenna Gain 0 0
Noise figure N¢ 7 7
Rx Antenna Temp Ta (K) 290 290
RX equivalent antenna Temp, T [dBK] 31.62 31.62
Receiver G/T -31.62 -31.62
Boltzmann constant k [dBTW] -228.6 -228.6
Hz
CNR (dB) -4.12 -4.66
Noise (dBm) -99.06 -103.83
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Received Power (dBm) -103.18 -108.49
Interference Power (dBm)

(based on geometric interference model) 106.37 116.51
CINR (dB) -4.86 -4.89
Throughput (Mbps) 6.57 2.15

Table 7-1: Simulation Parameters and Performance comparison for FR1 and FR3 bands.

7.1 Calculations for FRF 1

We consider the satellite co-ordinates as (0,0,1200) km, and the UE co-ordinates as
(77.05,63.0,0) km. The elevation angle is calculated as arctan of the ratio of the satellite

altitude to the distance between the satellite and the UE in the XY place.

7 1200
0 = tan‘1< sat ) = tan~! (—5> = 85.26°
\/(XUE - sat)2 + (YUE - YSat)2 99.53

The slant height used in NetSim is per 38.811, equation 6.6-3, i.e.

d= \/R% sin?(a) + h% + 2h,Rg — Rg sin(a)

For a link between a ground station and a LEO satellite operating at 1200 km with elevation
angle a = 86.59°.

d = /(6371 -106)2 - sin2(85.26°) + (12 - 105)2 + 2 - (12 - 105)(6.371 - 106) — 6.371
- 106 sin(85.26°)

d =1203.46 km

The free space pathloss PLy¢ for a channel with f. =2 GHz, or A = jfc =0.15m,and d =
1203.46 km is

4md 41(1203.46 x 103)(2 x 107)

The receiver antenna G /T is given by the expression

G
Rx = = Gy — Ny = 101ogy0(Ty + (T — Tp) X 10701XNr),

We know T, = 290, and when we apply T, = 290, we obtain

G
Rx% =0—7 — 10log;,(290) = —31.62 dB/K

We know that bandwidth B [dBHz] = 10 X log,,(B[Hz]) = 10 X log;,(30 x 10°) =
74.77 dBHz
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And finally, we obtain CNR as
G
CNR = EIRP +G(0) + Rx?— k —PLpg— PLgpyy — PLyp — B

= 54.77 + (—=17.82) + (—31.62) — (—228.6) — 160.85 — 0.42 — 2 — 74.77 = —4.12 dB
Rx Power(dBm) = CNR + Noise = — —4.12 + (—99.06) = —103.18dBm

Interference power, I, obtained based on the geometric interference model is —101.95 dBm

—103.18
Rx Power 10 10

. = —99.06 —106.37
Noise + Interference Power 10 1 + 10 10

CINR (Linear) =

B 482 x 1011 _ 482x 107
T 1.24%x10710 4+ 231 x 10711 1.471 % 10-10

= 0.327

CINR (dBm) = 10 X log,,(0.327) = —4.86 dB

CINR calculated is —2.77 dB
7.2 Calculations for FRF 3

We consider the satellite co-ordinates as (0,0,1200) km, and the UE co-ordinates as
(77.05,63.0,0) km. The elevation angle is calculated as arctan of the ratio of the satellite

altitude to the distance between the satellite and the UE in the XY place.

Z 1200
o= ta“_1< = ) = tan"! (—> = 85.26°
\/(XUE - Sat)2 + (YUE — YSat)z 9953

The slant height used in NetSim is per 38.811, equation 6.6-3, i.e.

d= \/REZ; sin?(a) + hZ + 2h,Rg — Ry sin(a)

For a link between a ground station and a LEO satellite operating at 1200 km with elevation
angle a = 86.59°.

d = /(6371 - 105)Z - sin2(85.26°) + (12 - 105)2 + 2 - (12 - 105)(6.371 - 106) — 6.371
- 10° sin(85.26°)
d =1203.46 km

The free space pathloss PLy for a channel with f, = 2 GHz, or A =5=0.15m,and d =

i
1203.46 km is

d 41(1203.46 x 103)(2 x 107)
) =201log

4
PLFS = 2010g10 (_ 3 < 108

= 160. B
7 > 60.85d

The receiver antenna G /T is given by the expression
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G
Rx = = Gy — Ny — 10 logyo(To + (T, — Tp) X 10702XNr),

We know T, = 290, and when we apply T, = 290, we obtain

G

R"% =0-7 — 10log;o(290) = —31.62dB/K
- —0.1XN
RXT = Gpy — Nf —-10 loglO(TO + (Ta — TO) x 1079 f)'

We know that bandwidth B [dBHz] = 10 x log,,(B[Hz]) = 10 x log;,(10 x 10%) = 70 dBHz

And finally, we obtain CNR as
G
CNR =EIRP +G(0) + Rx?— k —PLpg— PLgpyy — PLyp — B

= 50 + (—17.82) + (—31.62) — (—228.6) — 160.85 — 0.96 — 2 — 70 = —4.66 dB
Rx Power(dBm) = CNR + Noise = —4.66 + (—103.83) = —108.49 dBm

Interference power, I, obtained based on the geometric interference model is —116.51 dBm

—108.49
Rx Power 10 10

CINR (Linear) =

- = ~103.83 -116.51
Noise + Interference Power 10" 10 + 10 10

1.41x 10711 1.41

= = = 0.324
413 x 10711 + 233 x 10712 4.353

CINR (dBm) = 10 X log,,(0.324) = —4.89 dB

CINR calculated is —4.89 dB

8 Beam Radius Calculations

The half-power point occurs when the power drops to half of its maximum value.

Mathematically, this is when

/1 (kasin(Oyppw))
ka - sin(@uppw)

S|

2

G(Ouppw) = 4 X

Taking square root

‘2']1(ka5in(9HPBW)) _1
ka - sin(6yppw) V2

Solving numerically for J;(x) = 2% we get

© TETCOS LLP. All rights reserved Page 26 of 45



Ver 14.4

kaSin(erBw) ~ 1.616

Substituting k = 2r/1and a = g

2 D
7 . Esin(GHpBw) ~ 1.616

Using the fact that for small angles sin(6) = 6, and on converting to degrees, we get

701
Onpawldegrees] = N

For aperture, a and wavelength A, since 2a = d and substituting 1 = % we get

p d ] 35Xc
egrees| =
Hppw Ldeg axf
Parameters Values
Configuration LEO 1200 MEO 10000 GEO35786
Altitude (km) 1200 10000 35786
Band S band S band S band
Antenna Aperture Radius (m) 1 5 11
Channel Frequency (GHz) 2 2 2
83ap (OF Oyppw)
(Calculation provided below) 525 1.05 0.476
Beam Radius (km) 110.26 183.28 297.31

Table 8-1: Antenna and Beam Parameters for LEO, MEO, and GEO Satellite Configurations

P _35xA1  35xc
HPBW =~ 7 = f
LEO 1200 6 —35X3 ><108—525°
HPBW ™ 1x2x109 ~
MEO 10000 6 —3SXB ><108—105o
HPBW ™ §x2x10° ~
GEO 35786 0 = 353 x 100 = 0.476°
HPBW ™ 11 x 2 x10° ~
Parameters Values
Configuration LEO 1200 MEO 10000 GEO35786
Altitude (km) 1200 10000 35786
Band K band K band K band
Antenna Aperture Radius (m) 0.25 1 2.5
Channel Frequency (GHz) 20 20 20
83ap (OF Oypaw)
(Calculation provided below) 21 0.525 0.21
Beam Radius (km) 44 91.63 131.16

Table 8-2: Antenna and Beam Parameters for LEO, MEO, and GEO Satellite Configurations
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35x 3 x 108 .
LEO 1200 QHPBW = 0.25 X 20 X 109 =21
35x3 x 10°
MEO 10000 QHPBW = m = 0.525°
35x 3 x 10°
GEO 35786 QHPBW = m = 0.21°

8.1 Hexagonal tessellation based on beam radius

In a hexagonal tessellation:

e [Each beam is represented by a hexagon.

Ver 14.4

e The beams are arranged in a honeycomb pattern to maximize coverage and minimize

overlap.

e The beam radius, R is the distance from the centre of the beam to its edge, where the

power drops to a specified level (e.g., half-power or -3 dB).

e In a hexagonal grid, the distance between beam centers (beam spacing) is V3 - R

© TETCOS LLP. All rights reserved
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9 Featured Examples

9.1 Example 1: Impact of LEO Altitude Variation on SNR
and Path Loss

The experiment examines how altitude affects signal in each frequency band. The scenario is
set to rural. The experiment is run for two frequency bands of interest (S and K), with the
channel set to DL. The altitude range spans from 300km to 2100km. Transmitting and

receiving antenna powers and characteristics are the equal for each altitude.

Config file settings for S band

Simulation Properties Values
EIRP Density (dBW/MHz) 34

Antenna Aperture Radius (m) 1

Pathloss (dBm) Free Space
Additional Loss (dB) 0

Noise Figure 7

Carrier Configuration S Band n256
Central Frequency (GHz) 2.185
Bandwidth (MHz) 20

Shadow Fading None
Outdoor Model Rural

UE Handheld
Altitude (km) 300, 600, 1200, 1500, 1800, 2100

Table 9-1: Input Parameters for Link Budget Simulation Across Multiple Satellite Altitudes
Pathloss and SINR calculation for 600km

We consider the satellite co-ordinates as (0, 0,600) km, and the UE co-ordinates as (0, 0) km.
The elevation angle is calculated as arctan of the ratio of the satellite altitude to the distance

between the satellite and the UE in the XY place.

a =tan~! ( Zsat > =tan~! (ﬂ) = 90°
\/(XUE — Xsar)? + (Yyg — Ysq¢)? 0

The slant height used in NetSim is per 38.811, equation 6.6-3, i.e.

d= \/R% sin?(a) + hZ + 2h,Rg — R sin(a)

For a link between a ground station and a LEO satellite operating at 600 km with elevation
angle a = 86.59°.

d = /(6371 106)2 - sin?(90°) + (6 - 105)2 + 2 - (6 - 105)(6.371 - 106) — 6.371 - 10 sin(90°)
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d =600 km

c

The free space pathloss PLgg for a channel with f. = 2.185 GHz, or A = 7= 0.15m,and d =

600 km is

41(600 x 103)(2.185 x 10°)
3 x 108

4md
PLFS =20 10g10 (T) =20 10g10 = 154..8 dB
G
CNR = EIRP + Gy + Rz =k = PLgs = PLsy — PLup — B

CNR =48.01+ 0+ (—31.62) — (—228.6) — (154.8) — 2 — 73.01

= 15.18dBm
SNR & Pathloss vs Satellite Altitude -@- SNR [dB]
q“ F165.0
20.0 A S,
A
S 167 5
17.5 k¥ 1625
\\
\'\. - A ) Y —
15.0 - | N 160.0 £
— Y o
m oy =
_c \“ R e
e e - 157.5 v
o 12.5 1 A
= s e
w ~ 4_:
. L 155.0
10.0 A a
.
-152.5
7.5 1 “‘-."
50 H‘.““*-m‘ - 150.0
®
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Satellite Altitude [km]

Figure 9-1: Impact of Satellite Altitude on Signal-to-Noise Ratio (SNR) and Pathloss in a Rural
Outdoor Scenario.

Config file settings for K band

Simulation Properties Values
EIRP Density (dBW/MHz) 4

Antenna Aperture Radius (m) 0.25
Pathloss Model Free Space
Additional Loss (dB) 0

Noise Figure 1.2

Carrier Configuration K Band n510
Channel Frequency (GHz) 18.75
Bandwidth (MHz) 200

Shadow Fading None
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Outdoor Model Rural

UE VSAT

Rx Antenna Gain (dB) 35

Altitude 300, 600, 1200, 1500, 1800, 2100

Table 9-2: Simulation settings
Pathloss and SINR calculation for 600km

We consider the satellite co-ordinates as (0, 0,600) km, and the UE co-ordinates as (0, 0) km.
The elevation angle is calculated as arctan of the ratio of the satellite altitude to the distance

between the satellite and the UE in the XY place.

a =tan~! ( Zsat ) =tan~! (ﬂ) =90°
\/(XUE — Xsae)? + (Yyg — Ysqr)? 0

The slant height used in NetSim is per 38.811, equation 6.6-3, i.e.

d= \/Rﬁ sin2(a) + h% + 2h,R; — Rg sin(a)

For a link between a ground station and a LEO satellite operating at 600 km with elevation
angle a = 86.59°.

d =/(6.371-106)2 - sin2(90°) + (6 - 105)% + 2 - (6 - 105)(6.371 - 106) — 6.371 - 10° sin(90°)
d = 600 km

The free space pathloss PLgg for a channel with f. = 18.75 GHz, or A = % =0.15m,and d =
600 km is

41(600 x 103)(20 x 107)
3x 108

=173.47 dB
7 > 73.47d

47nd
PLFS = 20 loglo (_> = 20 loglo
G
CNR = EIRP + Gry + Rx7— k = PLys = PLgy = PLyp — B

CNR =27.01+ 0+ 9.17 — (—=228.6) — (173.47) — 2 — 83.01

=8.3dBm
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SNR & Pathloss vs Satellite Altitude -@- SNR [dB]
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Figure 9-2: Impact of Satellite Altitude on Signal-to-Noise Ratio (SNR) and Pathloss in a Rural

Outdoor Scenario.

The Ka band, which operates at higher frequencies, experiences greater path loss as can be

seen from the example numerical calculation provided. In downlink transmissions, the SNR

values for the S-band and K-band cases are comparable. However, in downlink transmissions,

the SNR values are comparable between the S-band and K-band cases. Although the K-band

scenario has higher path loss and lower IERP input, the use of V-SAT antennas with a receiver

gain of 35 dBi compensates for these effects, whereas the S-band scenario uses simulated

handheld UEs with NIL receiver gain.
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9.2 Example 2: SNR Variation Across Outdoor Scenarios with

Varying Transmit Power

Simulation Properties Values
Antenna Aperture Radius (m) | 1.5
Pathloss Model Free Space
Noise Figure 1.2
Carrier Configuration K Band n510
Channel Frequency (GHz) 18.75
Bandwidth (MHz) 400
Shadow Fading Log Normal
Additional Loss(dB) 0
Clutter Loss Enabled
LOS probability 0 (NLOS)
UE VSAT
Rx Antenna Gain (dB) 35
: 33.63, 36.64, 38.40, 39.65, 40.61,
EIRP Density (dBW/MHZ) | 4141, 42.08, 42.66. 43.17, 43.63
Tx Power (dBm) 40.00, 43.01, 44.77, 46.02, 46.98,
47.78, 48.45, 49.03, 49.54, 50.00

Table 9-3: Simulation settings
Clutter loss enabled and NLOS

SNR vs EIRP

2001 _g— Dense Urban

—a— Rural

17.5 4

15.0 +

12.5 +

10.0 4

SNR [dB]

7.5 A

5.0 A

2.5 1

0.0

60 62 64 66 68 70
EIRP [dBW]

Figure 9-5: Effect of EIRP Density on Signal-to-Noise Ratio (SNR) in Rural and Dense Urban
If we consider 49.65 as Tx antenna gain, and calculate the Tx power based on that,

EIRP [dBW] = Py.[dBm] — 30 + Gy, [dBi]

59.65 = P, [dBm] — 30 + 49.65
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P, [dBm] = 40

SNR vs TX Power

—e— Dense Urban
—a— Rural

10.0

7.5 1

5.0 A

2.5 1

SNR [dB]

0.0 1

—2.5

_50 -

7.5 4

T
10 20 30 40 50 60 70 80 90 100
TX Power [Watts]

Figure 9-6: Effect of Transmit Power on Signal-to-Noise Ratio (SNR) in Rural and Dense Urban
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9.3 Example 3: SNR and Pathloss variation with varying elevation

angles

In this experiment, a satellite at an altitude of 600km is deployed to measure pathloss and
SNR values for different elevation angles. Changing the UE position, but keeping its altitude
from ground fixed, aims at simulating how the signal might be affected as a UE moves towards
the beam center. The test is performed in DL on the S band. The simulations are performed
for every scenario. The results show how dramatically the elevation angle affects the signal,
with SNR values that experience an immediate degradation when going from communicating
with a satellite that is perfectly positioned to one that is slightly shifted. Elevation angle
however, is not the only factor that changes, since the altitude from ground of the satellite is
kept the same throughout the test, the distance between the communicating nodes is

increasing with the diminishing of the elevation angle.

Elevation Angle | 90 80 70 60 50 40 30 20 10
Slant height km | 600 | 608.73 | 634.63 | 685.51 | 758.0 | 884.05 | 1072.8 | 1401.9 | 1995.58

Table 9-4: Slant Height vs. Elevation Angle in Satellite Geometry
SNR & Pathloss vs Elevation Angle
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Figure 9-3: Impact of Elevation Angle on Signal-to-Noise Ratio (SNR) and Pathloss in a Satellite Link
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9.4 Example 4: 3GPP 38.821 Set 1 system level simulation

9.4.1 Introduction

This simulation is based on the Set 1 Reference Scenario from 3GPP TR 38.821, which
provides guidelines for evaluating the performance of Non-Terrestrial Networks (NTN) with
Low Earth Orbit (LEO) satellites. In this setup, the satellite uses a transparent payload,
meaning it acts as a relay, passing signals between the ground gateway and the User
Equipment (UE).

9.4.2 Objective
The goal is to measure the distributions and percentiles of SINR and throughput across

multiple spot beams, with each beam containing multiple UEs.

9.4.3 Part1: Network Scenario
The following network diagram illustrates what the NetSim Ul displays when you open the

example configuration file.

kilometers
-400 -350 -300 -250 -200 -150 -100 -50 &0 50 100 150 200 250 300 350 400 450
L 1 ! ! 1 1 1 L 1 1 L L L L L

kilometers

Figure 9-4: 19 beams arranged in a hexagonal layout; S-band, LEO orbit; total 190 UEs (10 UEs per
beam) connected via a transparent satellite relay with full buffer DL traffic

9.4.4 Simulation Setup

To create this scenario, we have:

o Set the Grid length to 450 x 200

e Dropped 19 beams in a hexagonal grid layout.

e Randomly placed 10 UEs in each beam (total of 190).

e Set the Band to S-band and Frequency reuse to FR1.

e Selected LEO 600 from the orbit options to configure a Low Earth Orbit at 600 km

altitude.
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9.4.5 Parameter configuration

Evaluation parameters

Satellite Orbit
Satellite altitude
EIRP (dBW/MHz)
Noise Figure (dB)
Antenna aperture (m)

Band

Frequency
Bandwidth (MHz)
Scheduling Type
Traffic

RU%

Elevation angle

Antenna pattern

Additional loss(dB)
Clutter loss (dB)

UE density

UE mobility

Antenna temperature (k)
UE TX power (dBm)

UE RX Antenna Gain (dB)

LEO 600
600 km
34

7

1

S

2 GHz (S Band)
30 per beam
Round robin
Full buffer DL

100%

Beam centres are at elevation
angle 90°. The UE’s elevation
angle would depend on its
location within the beam.

Bessel function per section 6.4.1
of TR 38.811. All UEs are not at
the Nadir point and hence
antenna gains need to be
computed.

0

0

10 UEs per spot beam
No mobility

290

23

0

Table 9-5: System simulation parameters

Application properties

Ver 14.4

o Created a CBR application between Wired Node 9 to all UEs from the set traffic tab in

the ribbon on top. Click on the created application, and in the right-side property panel,

set the packet size to 1460B and Interarrival time to 584 us, keeping the other

application properties as default. This creates a generation rate of 20 Mbps ensuring

full buffer at each UE.

Application settings
1460
584

20

Packet size(B)
Inter arrival time (us)
Generation rate (Mbps)

Table 9-6: Application properties
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e The NTN Radio measurement log, NTN Resource allocation log and Application

packet flow log files must be enabled from the design window.

e Log files can be enabled by clicking on the icon in Configure Reports > Plots >

Network Logs option as shown below

K Creste Scensrio T2, Set Traffic [} Configure Reports g, Showsiide Info
] Device IP ] Device ID [/ Show Wired Link (] Show Wired Link Information ] Show Application Flow oah
£l
(] DeviceName (] Interfoce 1D L] Show Wireless Link =/
Deice Properties ks appications tean st
»
kilometers . c =
400 350 300 250 200 150 100 50 0 30 100 30 200 250 300 50 400 450 z2
P28 Utization vs Tme
% - ;
4 Networ =
a0 YR “ s
AR Select Al
5
| NTN Radie Mezsurements Log B
NTN UE Beam ciation
-1 =
| NN Resource Alocation Log 3
NIN Hendover Log
=z
g
N NTN Cade Biock Log £
2 3 8
i NIN GLLA Lag
(S A—{56CY Ty -
\es ) Agwe] v Acslceton pagees o g
\ 7
0 \ / Agplication Generation Log
a CEVAl
N Link Packet Fiow
. 6oy
§ D) .
H b
S el
-
»
305487 202777 6 St W. 1538 . 688 ¢ € (O AuoComnect n @) - ————— +  100%

Figure 9-5: Enabling the Log files
¢ Run simulation for 30s, after the simulation completes ,go to results window click on
logs options and open NTN Radio Measurement Log.csv, note down the SINR, and
from the Application packet flow log note down the Throughput for each application.

[ simutation Resules - 8 X

L]

View Network Export Results
=7 Application Metrics Pkts. T, Pkts. Errd. Pkts. Collided ; ;
Link ID BytesTxd. B~  Payload Txd. B~ Overhead TXd. B ~
= Data Control Data Control Data Control
= Link Metrics
0 2760278 10 0 0 0 0 5628365510 5490005880 138359620
[ Piots 1 0 2 0 0 0 0 32 0 328
2 0 2 0 ° 0 0 328 0 328
3 o 3 o 0 0 0 570 0 570
G Traces 4 ane o o o 0 o 636788398 616004660 2m3ns
2 s 0 3 0 0 0 0 s70 o 570
3 packet Capture
6 a1 o o 0 0 o 636768304 616004660 213138
5 saved Plots 7 0 0 ° o 0 o 0 0 0
8 2488353 0 0 o 0 0 3702669264 3632005380 69673884
Additional Metrics
9 428083 0 0 ° 0 0 648117662 625001180 23116482
&5 Custom Plots 10 ) 0 0 0 0 0 0 0
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Plots

No Data Available.

Logs

Traces
Packer T
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Figure 9-6: Results window

9.4.6 Results and Discussion
The results of the simulation are shown using CDF plots for SINR, UE Throughput and Beam
throughput.
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e To generate CDF of throughput plot, the Throughput column from the Application

packet flow log file was considered, and the CDF of throughput was plotted.

CDF of throughput; LEO; S-Band; 10 UEs per beam; 19 beams; 5 MHz BW per beam;

1.0 4 — CDF of Throughput (per App)

Throughput percentile
metrics

5t percentile 1.62 Mbps

50t percentile 6.49 Mbps

95" percentile 10.85 Mbps

Table 9-7: Throughput percentile metrics.

00 25 5.0 75 10.0 125 15.0 175 20.0
Throughput (Mbps)

Figure 9-7: CDF of downlink throughput per UE; LEO satellite network using S-Band with 19 beams
and 10 UEs per beam
To generate CDF of SINR plot, the SINR column from the radio measurement log file was

considered, and the CDF of SINR was plotted

CDF of SINR; LEO; S-Band; 10UEs per beam; 19 beams.

—— CDF of SINR

1.0 4

SINR percentile metrics

5t percentile -0.40 dB

0.6 1

CDF

50t percentile 9.50 dB

0.4+

95t percentile 14.66 dB

0.21

Table 9-8: SINR percentile metrics

0.04

0 5 10 15
SINR (dB)

Figure 9-8:CDF of SINR ; LEO; S-Band; 10UEs per beam; 19 beams
To generate CDF of per beam throughput plot, the throughput for each application was taken
from the results window. The number of UEs associated with each beam was obtained from

the resource allocation log file, and the CDF of throughput per beam was then plotted.
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CDF of Per-Beam Throughput

10
Per-Beam Throughput
percentile metrics

5t percentile 45.39 Mbps

0.8

0.6

50t percentile 57.27 Mbps

CDF

0.4

95t percentile 69.97 Mbps

0.2

Table 9-9: Per-Beam Throughput
percentile metrics.

45 50 55 60 65 70 75 80 85
Sum Throughput per Beam (Mbkps)

Figure 9-9: CDF of Per-Beam Throughput
The SINR CDF shows how the signal quality changes based on the user’s location within a

beam. UEs at the center usually have better SINR, while edge UEs see lower values due to

reduced antenna gain.

The throughput CDF shows how throughput are distributed among UEs. Since Round Robin
scheduling is used and all UEs have full buffer traffic, throughput is fairly distributed. However,

UEs with higher SINR achieve slightly better throughput.

The per-beam throughput CDF shows how sum throughput varies across beams. Each beam
has the same bandwidth and number of UEs, but performance depends on UE location and

signal strength.

Satellite capacity:
e Satellite capacity = 1127.54 Mbps (Sum throughput of all 190 UEs)
Area Traffic capacity:

e Number of beams =19

e Beam radius, R =55.13 km

e Area per beam (A)= %3_ R? = ¥(55.13)2 = 7887.1 km?
e Total coverage area = 7887.1 km? x 19 = 149854.9 km?*
e Area Traffic Capacity

1127.54 Mbps

124985490 kmZ 0.007526 x 1000 kbps/km? = 7.526 kbps/km? .

Average Spectral efficiency:

e Channel Bandwidth = 30 MHz
e Number of TRxPs =19

e Average spectral Efficiency
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Aggregate Throughput(bps) _ 1127.54x10°
Bandwidth (Hz)xNumber of TRxPs  30-106x19

= 1.98 bits/s/Hz/TRxP.

Part-2: Peak Throughput and Spectral Efficiency Evaluation

In this simulation scenario, 1 UE is placed at the nadir point, and the full system bandwidth of

30 MHz is allocated to that single user. The maximum number of Physical Resource Blocks
(PRBs) supported by 30 MHz at numerology p = 0 is 160 PRBs. A full buffer downlink traffic

model is used, with a generation rate of 125 Mbps.

9.4.7.1 Network Scenario

The following network diagram illustrates what the NetSim Ul displays when you open the

example configuration file.

60 -

a0

20 4

20

40 A

kilometers

satelfiz 10

-80 -60 -40 -20 0 10 20 40 &0 a0 100 120
1 1 I | & | I 1 | 1 |

M

Figure 9-10: Network Scenario

9.4.7.2 Simulation Setup

To create this scenario, we have:

Set the Grid length to 120 x 40 km

Dropped a single beam in a hexagonal grid layout.
Placed the UE at the center of the beam footprint.
Set the Band to S-band and Frequency reuse to FR1.

Selected LEO 600 from the orbit options to configure a Low Earth Orbit at 600 km

altitude.

9.4.7.3 Parameter configuration

Evaluation parameters

Satellite Orbit LEO 600
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Satellite altitude
Slant height

EIRP (dBW/MHz)
Noise Figure (dB)
Antenna aperture (m)

Band

Frequency
Bandwidth (MHz)
Scheduling Type
Traffic

RU%

Elevation angle(®)

Antenna pattern

Pathloss( dB)

Additional loss( dB)
Clutter loss (dB)

UE density

UE mobility

Antenna temperature (k)
UE TX power (dBm)

UE RX Antenna Gain (dB)

Ver 14.4

600 km
600 km
34

7

1

S

2 GHz (S Band)
30 per beam
Round robin
Full buffer DL
100%

90

Bessel function per section
6.4.1 of TR 38.811.

154

0

0

1 UE

No mobility
290

23

0

Table 9-10: Simulation parameters.

Application Properties

o Created a CBR application between Wired Node 9 to all UE 11 from the set traffic tab

in the ribbon on top. Click on the created application, and in the right-side property

panel, set the packet size to 1460B and Interarrival time to 116.8 us, keeping the other

application properties as default. This creates a generation rate of 100 Mbps ensuring

full buffer at each UE.

. Application settings |

Packet size(B)
Inter arrival time (us)

Generation rate (Mbps)

1460
116.8
100

9.4.7.4 Theoretical Spectral Efficiency Computation

As per Annex 1 of the ITU-2020-NTN framework, the theoretical peak spectral efficiency is

given by:

BW,u

PRB *12
vLayers-Qm-f-Rmax (1-0H)

SE, =

g

p
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The NTN code block log file must be enabled from the design window. MCS value

can be observed from the code block log file.

Log file can be enabled by clicking on the icon in Configure Reports > Plots >

Network Logs option as shown below

INf fie  options  Help | Network Bent_Pipe | Workspace: 14-4-12 | Experiment: Part2-Peak Throughput and Spectral Efficiency Evaluation
X Create Scenario R Set Traffic ) Configure Reports  [ip Show/Hide Info
LR swe @ [ B Macocengnsommian, [ v 3 Wired Node N % CoreDevice [2) oevices ) unes
& ciose (G & vsat ok o (= Wik Device v [R) appications
un Smuiston E fase S DstaNetwork | Wired ne L2l feam center Rapid Confgurstor
»
Kilometers " C =
) ) & © 100 120 2
. 10 d seean
D ?
R i
\ NTN Radio Messurements Log
) NTN U Beam =
Alocation Leg
NTN
2

NTN OU

Boymon | voaeddy

ss0m3

Rppr.cer

Kilometers

Figure 9-11: Enabling the NTN Code block log file.

Number of layer, v = 1
Modulation order (Q,,) = 6
Coding rate (R) = 0.852
Numerology (1) =0

Overhead, OH = 0.14

Bandwidth = 30 MHz.

BW,
N u

rrp 1S the maximum Resource Block (RB) allocation in UE supported maximum

bandwidth BW in a given band with numerology u.

T!is the average OFDM symbol during in a subframe for numerology p, i.e. T} =

1073
14x2#°
-3
T¥ = =222 = 0.00007143
BWu _
NPRBu 12 (1-OH)= 160x12X(1-0.18) _ 53 14 3 106
T 0.00007143

_ 1x6x0.852x23.11x10% _ 5.112x23.11
- 30x106 - 30

SE

. =3.94b/s/Hz
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9.4.7.5 Results and discussion

From the simulation results:

Achieved throughput = 105.92 Mbps
MCS Index = 19

Modulation = 64-QAM

Coding rate (R) = 0.852

Bandwidth = 30 MHz.

Achieved Throughput(bps) _ 105.92 x10°

Observed Spectral Efficiency (SE) = Bandiwdih(Hz) = s = 3.53 bits/
sec/Hz
Simulation Results
Throughput (Mbps) 105.92
MCS 19
Spectral efficiency (bits/s/Hz) 3.53

Table 9-11: Simulation results

Thus, the theoretical peak spectral efficiency as per the ITU-2020-NTN Annex 1 formula is

3.94 bits/sec/Hz, while the observed spectral efficiency from the simulation is 3.53 bits/sec/Hz.

This small gap reflects practical network conditions such as protocol overhead, scheduling

inefficiencies, and real-time radio impairments.

10

Limitations and assumptions

Antenna polarization not taken into account

NetSim does not model the DU, CU split in the gNB

No support for co-existence between NTN and TN

No support for RACH procedure. It is assumed to be ideal

Broadcast and multicast transmissions are not supported

UE/VSAT, satellite and gNBs are assumed to be perfectly synchronized in frequency
and time

No support for earth moving tracking area

Every UE has the appropriate Doppler compensation mechanisms.

Every UE calculates the propagation delay variation between UE and satellite and
perfectly estimates the full timing advance.

Telemetry, Tracking, Command and Monitoring unit (TTC) link is out of the scope of
the Study Item and of the 3GPP realm
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e Feeder link switchover is not modelled since NetSim currently only models a single
terrestrial gNB.

e The satellite is always positioned directly above the main beam, which is at the center
of the simulation area.

e Earth is assumed to be flat.

e Beam radius is much smaller than the radius of the earth.

o Both UEs and Satellite use X, Y, Z co-ordinates with X, Y plane on earth and with Z
represents the height above earth.

¢ |deal doppler compensation

e HARQ is disabled

e Handover between beams is assumed to be instantaneous without an control packet
exchange

o Perfect symbol-level timing advance

e Perfect channel state information at transmitter and receiver

e NTN scenarios run in RLC-UM mode without factoring in the following timers: t-
Reordering timer, t-Reassemble timer, T300, T301 and T311 timers.

e The NTN standards include a new SIB, i.e. SIB 19. This is currently not supported and
the SIB/MIB implementation is per terrestrial 5G.

o The satellite shifts the signal frequency, amplifies the signal, and transmits it. The
satellite receives signals on one of it's receive (Rx) interfaces. The antenna gain is
added to the received signal. The configured power sensitivity is used to accept the
signal. The signal is then amplified (this amplification is not applied to the noise) and
the signal frequency is up shifted or down shifted. Then this signal is forwarded to the
transmit (Tx) interface associated with the Rx interface on which the signal was

received.
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