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1 Introduction

NetSim satellite library models end-to-end, full stack, packet level communication between
terrestrial nodes and Geostationary satellites. Geo satellites have the unique property of
remaining permanently fixed in exactly the same position in the sky as viewed from any fixed
location on Earth. This means ground-based antennas do not need to track them but can
remain fixed in one direction. These satellites have orbital periodthati s t he same as

rotation period and are the most common type of communications satellites.

The Satellite MAC layer protocol supported in NetSim is TDMA for forward link and MF-TDMA
for return link (based on the DVB S2 standards). The forward link is in the Ku band (127 18
GHz) while the return link is in the Ka band (26 1 40 GHz)

The satellite can be thought of as a relay station. It operates on the bent-pipe (transparent
star) principle, sending back to Earth what comes in, with only amplification and a shift from

uplink to downlink frequency.

In NetSim, the satellite communication network library interfaces with Internetworks library.
This means users can connect Satellite gateway and User Terminals to devices such as

Routers, Switches Wired nodes, Access point and Wireless nodes etc.

& Create Scenario T2 Set Traffic [E}: Configure Reports [ Show/Hide Info

By seve Y ] e & (] Wired Node — 32 Router L 3 Devices ] Links
g &5 o

q ® I P DN . =) — :

| Close a & ° Wireless Node — & U7 Router (i a Applications

File Run Simulation User Termina Sateliite Gateway Satellite Wired/Wirgless Links Node L2 Switch L3 Devices Access Point Rapid Configurator

0 5 10 15 20 25 30 35 40 45 50 35 60
L L L s L L 1 L I L I

Satellite

User Terminal Router

User Terminal Node
7

2 @ )3 R 2
o € 3 Coe
EY A \q ;
;r"’/z Tjajl-erj\ S3t.G: ‘m,,a s;:_s;jm, 2
/ \ h 1 6 8
0 ] AN | =" P A
wraesnss /- | Py | #%)——— Remote Server
1 \ Nire: 14 P —
Q 'g 13 Wirsdode- ,/,'://7 Router & /‘,/9 Router T
0 4 Wired_Node_12 Q Q
‘Wired_Node_13
Wired_Hode_10 Wired_Node_9
End-User Node

Figure 1-1: NetSim GUI showing Satellite User Terminals connected to a server via satellite links.
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Figure 1-2: The Result dashboard and Plot window shown in NetSim after completion of simulation

The PHY layer models include:

a. Channel model: Friis free space path loss with Loo Markov fading model.
b. Modulation: QPSK, 8PSK, 16APSK, 16QAM, 32APSK with appropriate coding rates.
c. Tx, Rx Antenna gains.

d. Antenna gain to noise temperature.
All the choices of transport protocols, and all types of applications in unicast mode can be run.

Ne t S ipmtdcsl source C code shipped along with (standard / pro versions) is modular and

customizable to help researchers to design and test their own sat-com protocols.
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2 Simulation GUI

Open NetSim, Go to New Simulation A Satellite Comm. Networks

[ NetSim Home

NetSim Professional

Network Simulation/Emulation Platform

Version 14.0.27 (64 Bit)

New Simulation CtieN
Your Work Ctrl«0
Examples

Experiments

License Settings

Bat Alt+F4

Support

2.1 Create Scenario

Choose a Network

€1 Internetworks (Base)

€& Intemet of Things

Features WSN, RPL and 6LOWPAN with MANET
routing. loT interfaces with Intemetworks and
MANETs libraries

icensed

Gl 5GNR

Based on 3GPP 38 series standards. 5G NR
interfaces with Internetworks library

€3 Advanced Routing

Features VLAN, Multicast Routing: IGMP and PIM,
13 Switch, ACL and NAT, Access these features
within the properties of Switches and Routers
available in C1

€ Legacy Networks

€ Cognitive Radio Networks
Based on 80222 standard and interfaces with
Internetworks library

ail Satellite C works

Features Geo satellite, TOMA in Ku
Bar Band per DVB S,
Interfaces with Internetworks library

[l Software Defined Networks

Based on Openfiow protocol. Access this feature.
within the properties of all L3 devices. SON
interfaces with all components except C2 and
(o)}

€& Mobile Adhoc Network

tures DSR AODV, OLSR and ZRP routing
ot and multiple MANETs with bridge
nodes. MANET: inteface with Intemetworks

) LTE/LTEA
Based on 3GPP 36 series standards. LTE/LTE-A
interfaces with Interetworis library

€2 Underwater Acoustic Networks

Interfaces with legacy networks for running
slotted aloha in MAC layer.

Ad80n Network Emulator

Connect real systems running live applications to
NetSim. Interfaces with all components except
C2. Access this feature inside Application
properties.

Documentation

Figure 2-1: NetSim Home Screen

€8 Wireless Sensor Networks
ed on 802154 MAC/PHY interfaces with
MANETs library

censed

€8 Vehicular Adhoc Networks
Based on IEEE1609 Wave and IEEES0211p with
MANET routing. VANETs interface  with
Interetworks library and SUMO

K07 TOMA Radio Networks

Features TDMA link 16, Dynamic TDMA, HF/VHF/
UHF Bands, Frequency a e
TOMA interfaces with MANETs and Internetworks
libraries

g7 Advanced 5G

Features advanced 56 features including DL and
UL Interference, Block error rate (BLER) and Outer
loop link adaptation (OLLA). Access these
features within the 5G NR and LTE components.

Contact Us

Email - sales@tetcos.com
Phone - +91 767 605 4321
Website
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Satellite Communication Networks palette features various devices like Wired Nodes, L2

Switch, Access Point, Wireless node, UT Router (User Terminal Router), Router, UT Node

(User Terminal Node), Satellite Gateway, and Satellite.

2.2 Devices specific to NetSim Satellite Comm. Library

a. UT - User Terminal. The user terminals are part of the same communication network as

the Satellite Gateway. The User Terminals in NetSim are UT_Node and UT_Router

b. UT Router - User Terminal Router. A UT_Router is used when a separate

communication network is required. The typical use case is where there are multiple

devices downstream who seek to utilize the sat-com link. The UT Router cannot be a

source of any traffic.

c. Satellite Gateway: Each gateway has two interfaces, a satellite interface and multiple

wired interfaces. The satellite interface connects via the forward link to the satellite. The

wired interface allows for connection to routers via the wired interface. When connected

to a satellite, the user terminals mapped to the gateway are part of the same network.

Multiple gateways can be configured per satellite, and round-robin scheduling is run (at

the Network control center (NCC) which is not displayed in NetSim GUI)

© TETCOS LLP. All rights reserved
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Satellite: Since the satellite model is a bent pipe the satellite does not have an IP. Each
satellite can be connected to multiple gateways and to multiple User_Terminals. The
satellite node cannot be the source of any traffic. The default altitude of the Satellite is
35,768,000 meters, which represents the circular geosynchronous orbit. Multiple
satellites can be configured per scenario. However, no interference is modeled when

multiple satellite communication occurs simultaneously.

. Coordinate System: NetSim uses a Geodetic co-ordinate system. The altitude is from

Mean Seal level. The geocentric co-ordinate system uses distance from the centre of
the earth.

\l-'i'

R o " // . l;. Wired Node Iow }( Router l i
_y \?\/} O\D= » | "::] OO0

= Wireless Node — '.:’; UT Router

Run Simulation User Termina Satellite Gateway Satellite Wired/Mireless Links Node L2 Switch L3 Devices Access Point

Figure 2-2: The devices present in the ribbon in NetSimé s G U |

2.3 Placement of devices on the grid environment

a.

Add a User Terminal (UT) i Click the User_Terminal > UT_Node icon on the toolbar
and place the device in the grid. UT_Node must be connected to Satellite.

Add a UT Router 1 Click the User_Terminal > UT_Router icon on the toolbar and place
the device in the grid. UT_Router must be connected to a Node or to a L2_Switch or to

a Router or to an Access_Point or Satellite.

. Add a Satellite T Click the Satellite icon on the toolbar and place the Satellite in the grid.

Satellite must be connected to a Satellite_Gateway or to a UT_Node or to a UT_Router.

. Add a Satellite_Gateway 1 Click the Satellite_Gateway icon on the toolbar and place

the Satellite_Gateway in the grid. Satellite_Gateway must be connected to a Satellite or
to a Router.

Add a Router i Click the Router icon on the toolbar and place the Router in the grid.
Add a Wired Node 7 Click the Wired_Node icon on the toolbar and place the device in
the grid.

. Add a L2_Switch T Click the L2_Switch icon on the toolbar and place the device in the

grid.

. Add an Access_Point i Click the Access_Point icon on the toolbar and place the

Access_Point in the grid.
Add a Wireless Node i Click the Wireless Node icon on the toolbar and place the device

in the grid.

© TETCOS LLP. All rights reserved Page 7 of 35



2.4 GUI Configuration Parameters
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The SATELLITE parameters can be accessed by right clicking on a Satellite, Satellite
Gateway, UT Router or UT and selecting Interface (SATELLITE) Properties A Datalink and

Physical Layers.

Satellite Properties
Interface (Satellite) T Physical Layer
| Parameter _ Type | Range | Description

GIT (dBk)

Tx Power

Access Protocol

Base Frequency (GHz)

Band

Rolloff Factor

© TETCOS LLP. All rights reserved

Local

Local

Fixed

Fixed

Local

Fixed

Fixed

Local

0-100000dBk

0-10000dBW

TDMA

MF-TDMA

Ku-band: 12-
18GHz

Ka-band: 26-
40GHz

KA

Antenna gain-to-noise-
temperature is (G/T) where G is
the antenna gain in decibels at the
receive frequency, and T is the
equivalent noise temperature of
the receiving system in kelvins.

It is the signal intensity of the
transmitter. The higher the power
radiated by the transmitter's
antenna the greater the reliability
of the communications system.
TDMA allows a number of clients
to access a single radio-frequency
channel without interference by
allocating unique time slots to
each user within each channel,
reducing the loss of packets and
improving the data rate thereby
delivering QoS to the clients.
Multi-frequency time-division
multiple access is a technology for
dynamically sharing bandwidth
resources in an over-the-air two-
way communications network.
The fAbando in wu
radio frequencies used to and
from the satellite:

Ku-band services uses the 12 - 18
GHz, and

Ka-band services uses the 26- 40
GHz segment of the
electromagnetic spectrum
Microwave frequency band used
for satellite communication and
broadcasting, using frequencies
in the range of 12 -18 GHz
Microwave frequency band used
for satellite communication and
broadcasting, using frequencies
in the range of 26 - 40 GHz

In NetSim,

Symbol Rate = BW / (1+Roll of
factor) and

Bit Rate = Symbol rate *
Modulation order * CodeRate

Page 8 of 35



Spacing Factor

Carrier Bandwidth (Hz)
Framecount in Superframe
Frame Bandwidth (Hz)

Frame Usage Mode

Modulation

Coding Rate

Slot Count in Frame

Symbol Rate

Symbol per Slot

Pilot Block Size (Symbols)
Pilot Block Interval (Slots)

Pilot Header (Slots)

Frame Header Length
(Bytes)

BER Model

© TETCOS LLP. All rights reserved

Local

Local
Local
Local

Local

Local

Local

Local

Local

Local

Local

Local

Local

Local

Local

0-1

0-1000000 Hz
0-1000000

0-1000000 Hz
NORMAL
SHORT
QPSK

8PSK
16APSK
16QAM
32APSK

1/3,1/2, 3/5, 2/3,
3/4, 4/5, 5/6, 8/9,
9/10

Short Frame:
QPSK-90, 8PSK-
60,
16APSK/16QAM-
45,

32APSK-36
Normal Frame:
QPSK-360,
8PSK-240,
16APSK/16QAM-
180,
32APSK-144

0-1000000
0-1000000

0-1000000
symbols

0-1000000 slots
0-1000000 slots

0-1000000 bytes

Fixed

FILE BASED

Ver 14.0

In  NetSim EffectiveBandwidth
(Hz) = AllocatedBandwidth (Hz) /
((RollOffFactor + 1.0) *
(SpacingFactor + 1.0));

Spacing factor should be in the
range of [0,1]

Bandwidth of the carrier in Hz
Number of frames present in a
superframe.

Bandwidth of the frame in Hz.

Baseband frame usage modes.

Modulation is the process of
varying one waveform in relation
to another waveform. It is used to
transfer data over an analog
channel.

It states what portion of the total
amount of information that is
useful(non-redundant). This code
rate typically a fractional number.

The number of slots per frame.
The number of slots per frame is
based on modulation and frame
type chosen.

It is ratio of total bandwidth and
(1+ Roll of Factor)

The number of TDMA symbols
within a slot, the default value of
symbol per slot is 90.

Size of pilot block in symbols

Interval (in symbols) between
Pilot blocks

The pilot block header size in
slots.

Baseband frame header length in
bytes

BER value is based on the user
input and is independent of the
received SINR.

File Based is a feature in NetSim
with which users can define the
BER. Users will have to provide a
BER_FILE.txt file as input to
NetSim by clicking on the Open
file link the Physical Layer-
Properties of the device.

Page 9 of 35
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BER is computed using the SINR-
BER formula for the chosen
MODEL_BASED  Modulation and coding. The
pathloss and fading models are
used in the SINR calculation.

This parameter is shown is the
Fixed option is chosen for the

BER Local 0.00000001-1 BER model parameter. Users can
set the Bit Error Rate (BER) in the
range shown.

UT Properties
Interface (Satellite) i Physical Layer
A relative measure of an
antennads abili
Tx Antenna Gain (dB) Local 0-1000000dB concentrate  radio  frequency
energy in a particular direction or
pattern at the transmitter side.
A relative measure of an
antennads abilit
Rx Antenna Gain (dB) Local 0-1000000dB frequency energy in a particular
direction or pattern at the receiver
side.
Table 2-1: Satellite, Satellite Gateway, UT Router or UT and selecting Interface (SATELLITE)
Properties A Datalink and Physical Layers Description
Propagation Model

Link Properties

Propagation Medium Link Air Medium of propagation in NetSim

would be Air for RF waves.

Path loss and fading and
shadowing: In pathloss models,
for a fixed distance between
source and destination, path loss
is same. We get varied path loss
for some distance between
source and destination in
shadowing and fading is variation
of the attenuation of a signal with
various variables. These variables
include time, geographical
position, and radio frequency.

Pathloss and
Channel Characteristics Fixed Fading and
Shadowing

Shadowing Model Fixed NONE

It Used to model the LOS path
loss incurred in the channel. the
Friis Free space model is
restricted to unobstructed clear
path between the transmitter and
the receiver.

Path loss exponent indicates the
rate at which the path loss
Pat hl oss Ex pon Fixed 2 increases with distance. The
value depends on the specific
propagation environment.

Each state of the three-state
Markov channel models obeys the
Loo distribution with different
parameters; while the state

Pathloss Model Link Friis Free Space

Fading Model Fixed Markov Loo

© TETCOS LLP. All rights reserved Page 10 of 35



Direct Signal Mean (dB) Link

Direct Signal Standard Dev

(dB) Link

RMS Multipath Power (dB) | Link

Number of Direct Signal

Oscillators Link

Number of Multipath

Oscillators Link

Direct Signal Doppler (Hz) Link

Multipath Doppler (Hz) Link

Initial Probability Link

Oto1l

Ver 14.0

transition is modeled as a first-
order Markov random process.
Mean value of the direct signal,
value can be differentiated
according to the state.

Standard Deviation of the direct
signal value can be differentiated
according to the state.

RMS squared multipath power in
dB

Number of direct signal oscillator
is used for frequency conversion
process in  superheterodyne
receiver.

Number of multipath oscillators is
used to generate higher
oscillation frequencies.

The normalized PSD (its integral
in the whole frequency range
equals to one) constitutes the
PDF for the Doppler frequencies,
arising from the different angles of
arrival the multipath components
have with respec
motion.

An initial probability distribution,
defined on S, specifies the starting
state. Usually this is done by
specifying a particular state as the
starting state.

Table 2-2: Propagation Model/Wireless Link Properties Description

2.4.1 Mapping of User_Terminal (UT_Node /UT_Router) to Satellite_Gateway

Each satellite can be connected to multiple Satellite Gateways and to Multiple

User_Terminals. The following screen shot shows how to map the User_Terminal to

Satellite_Gateway as shown Figure 2-3.

© TETCOS LLP. All rights reserved
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Figure 2-3: Mapping of User_Terminal (UT_Note / UT_Router) to Satellite_Gateway
In order to Map User_Terminal (UT_Node / UT_Router) to Satellite_Gateway right click go to
the  properties of UT_Node/UT_Router A INTERFACEL1_(SATELLITE) A
DATALINK_LAYER A Gateway user can map the Satellite Gateway with UT_Node /
UT_Router accordingly.

Additionally, in the UT_Router/UT_Node -> Interface_Satellite the default gateway IP should
be set as the IP of the connected Satellite_Gateway.

Incorrect mapping of the Satellite_Gateway and/or the default_Gateway IP address, in the
properties of the UT_Node / UT_Router could lead application crash or NIL application

throughputs.
2.4.2 Configuring Static Routes

After mapping the UT_Router/UT_Node to a Satellite_Gateway, static routes need to be
configured in the devices to forward traffic. Let us consider the following network scenario as

shown Figure 2-4.

© TETCOS LLP. All rights reserved Page 12 of 35



Ver 14.0

— %
A4 s
.
y ~
/ -~
\

ﬁaﬁ 2 Sat_Gatewsy_d L e :"\\ 3
Y Interface_1 (Satellite) : 192.174.0.8 GW: ;&
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Interface_1 (Satellite) : 192.174.0.2 GW: Interface_1 {Satellite) : 192.174.0.9 GW:

Figure 2-4: Network Topology in this experiment
In this network scenario, for UDP traffic to be sent from UT_Node 2 to UT_Node_3, static
routes need to be setin UT_Node_2 and in the Satellite_Gateway 4.

If TCP traffic needs to be sent from UT_Node 2 to UT_Node 3, then static routes need to be
set in UT_Node_ 3 as well. This is essential for connection establishment and sending

acknowledgements.

Refer the featured example on Configuring applications from UT Node to UT Node for detailed

information on static route configuration.

© TETCOS LLP. All rights reserved Page 13 of 35
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3 Model Features

3.1 TDMA Forward Link and MF TDMA Return Link

4(%5
— — — —  Forward Channel o
rd 7y % \\\
4 2700 YN
Return Channel P N
/// d / b N
7 /// 7 N
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iy : E Salelh(é_Galeuayﬁ Satellite_Gateway.
UT_Nod
NCC

Figure 3-1: Forward and Return links. The Network Control Centre (NCC) is not displayed in NetSim
and is assumed to be part of every satellite

In NetSim, a Forward link is defined as the direction from Satellite Gateway to Satellite to
UT_Node /UT_Router. A Return link is defined as the direction from the UT_Node / UT_Router
to Satellite to the Satellite Gateway.

The protocol operating in the Forward link is Time Division Multiple Access (TDMA). The
protocol operating in the Return link is Multi Frequency Time Devision Multiple Access (MF-
TDMA).

Both the Forward link and Return link transmissions in NetSim are modeled as Layer-2

transmissions. The framing is as explained in the subsequent paragraph.

Each Super Frame is composed of a number of Frames. This is taken as a user input, given
by the attribute Framecount_in_SuperFrame available in Satellite -> Interface_Satellite ->
Physical_Layer properties. The frames in turn are composed of carriers (in frequency) and

slots (in symbols). The number of carriers would be

L1 0@ DE QU

006OQBO | 0Q+—F——— =
0 Ml | 6 Q GO

The number of slots per frame is determined by the modulation scheme chosen by the user.

© TETCOS LLP. All rights reserved Page 14 of 35



3.2 Modulation and coding schemes supported

1. QPSK with coding rates 1/3, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9, 9/10
2. 8PSK with coding rates 3/5, 2/3, 3/4, 5/6, 8/9, 9/10

3. 16APSK with coding rates 2/3, 3/4, 4/5, 5/6, 8/9, 9/10
4

5

. 16QAM with coding rates 3/4, 5/6

. 32APSK with coding rates 3/4, 4/5, 5/6, 8/9

Ver 14.0

3.3 Physical layer framing for forward and return links

99.72 90
99.59 60
99.45 45
99.31 36

Table 3-1: S = number of SLOTs per FRAME (number of symbols per slot is 90)

FRAME
S slots
b 90 symbols
Slot-1 Slot-2 Slot-5
1 slot (/2BPS 16 slats (selected modulation) 3
5 K o
PLHEADER Slot-1 Slot-.._ .. Slot-16 e Slot-5
block .
4+—»
For modes unmodulated
SOF PLSCODE requiring pilots carriers
< >
PLFRAME before PL Scrambling 90(S+1)+P int{(5-1)16}  (P=36 pilots)
Figure3-22For mat of a APhysical Layer Frameo

The normal frame and short frame setting can be done using the Frame_Usage_Mode

parameter in the GUI as shown Figure 3-3.

Changing the Modulation scheme in Ul would change the value of S (Slot_count_in_frame)

© TETCOS LLP. All rights reserved
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Figure 3-3: Satellite > Physical layer properties window

Default NetSim GUI settings

A Symbols per slot: 90

Pilot Block size (symbols): 36

Pilot block interval (slots): 16

PL header size (slots): 1

Frame header size (In bytes): 10 (per ETSI EN 302 307 V1.3.1)
Frame Type: Normal (Options are normal or short)

> > > > >

3.4 Satellite PHY: Data Rate

Given below is the data rate calculation methodology for both forward and return links. The
parameter values used are the default values in NetSim GUI.
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