TN: Building a 5G Network

Technical Note: Building a 5G Network
In Visualyse Professional

Abstract: Recently a number of new features have been added to Visualyse Professional to support the modelling of 5G / IMT-2020
systems, in particular the beamforming antennas, wanted signal path loss models, clutter loss models, UE deployment models and

a TDD traffic model. This Technical Note (TN) describes step by step how to use these new features to build an example simulation
with a single sector BS and 3 UEs, including comparing the results with other example implementations. In addition, this TN looks at

ways to test and check simulations are behaving as expected.

Overview

Transfinite has been working on a series of upgrades to
Visualyse Professional to include the features needed
to model 5G / IMT-2020 systems.

There has also been increasing agreement at
international groups as to the parameters and reference
scenarios, together with example implementations.

This TN shows step by step how to use Visualyse
Professional to build a single sector 5G system for urban
environments in the 26 GHz band, including comparison
of the results with other implementations.

Source Documents
The source documents used for this TN were:

e Recommendation ITU-R M.2101: Modelling
and simulation of IMT networks and systems for
use in sharing and compatibility studies

e Working Party 5D Attachment 2 on Spectrum
Needs to a liaison statement to TG 5/1:
Characteristics of terrestrial IMT systems for
frequency sharing / interference analysis in the
frequency range between 24.25 GHz and 86
GHz

e Annex 1 to Document 5-1/92-E Task Group 5/1
Chairman’s Report: System parameters and
propagation models to be used in sharing and
compatibility studies

e Section 4.17 of Document 5D/666 Chairman’s
Report: Example  implementation of the
methodology in Recommendation ITU-R
M.2101

Key Modelling Parameters

The scenario to be modelled was assumed to be a 26
GHz urban micro hot-spot, starting with a single base
station. The parameters were therefore as described in
the following sections:

Antenna Parameters

Antenna pattern from Rec. ITU-R M.2101 using
parameters in 5D Attachment 2. This is the

beamforming antenna with multiple peaks and nulls that
can be steered at the UE, with pattern similar to this:

Series45

Series34
Series23
n Series12
-40 - F ™ Saaserjes!

®-100--80 m-80--60 -60--40 -40-20 ®W-20-0 ®0-20 m20-40

At 26 GHz the BS gain pattern is determined by the
following parameters:

e 5 dBi element gain
e 8x8 elements
e Maximum scan angle 120°
UE gain pattern has the following parameters:
e 5 dBi element gain

e 4x4 elements
Station Parameters

The scenario involved a single BS at a height of 6m and
with a single antenna, fixed physical downtilt = 10°.
Initially it is assumed that the antenna is pointing due
east i.e. azimuth = 90°.

The UE is located within the sector defined by the BS
antenna azimuth pointing direction with non-uniform
density as per ITU documentation.

The ITU documentation also gives a density of 30
BS/km? and 100 UEs/km?. This averages 3.33 UES/BS,
here rounded down to 3.

The UE physical pointing is towards the BS but with
random offsets from that line of:

e Elevation random offset [-90°,+90°]

)
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e Azimuth random offset [-60°,+60°]
Carrier Parameters

The total bandwidth is assumed to be 180 MHz
(occupied) within 200 MHz (channel or allocated). With
3 UEs this equates to 60 MHz each, assuming each has
the same number of resource blocks.

Propagation Parameters

The model for the propagation loss of the wanted signal
was assumed to be the ABG model with parameters:

a=34 B=19.2

¥ =2.3 c=6.5
The scenario also assumes body loss of 4 dB.
Link Parameters

This analysis is assumed to be in the 26 GHz band. The
BS transmit power was constant calculated as follows:

Pty = Pey + 10l0g10Ner — Lonmic
P, = 10dBm + 10log,,64 — 3
Py, = —4.9 dBW

where Pe denotes the conducted power (before ohmic
loss) per antenna element (dBm/200 MHz), Nel is the
number of antenna elements and Lonmic iS the antenna
array ohmic loss . With this power averaged over 3 UEs
this works out as -9.7 dBW/UE.

The UE uplink was assumed to use power control with
the following parameters:

Target RSL = -95 dBm/180 kHz
=-99.8 dBW/60 MHz

The power control range was assumed to be 63 dB with
maximum UE transmit power 22 dBm = -8 dBW. Hence
the minimum UE transmit power = -71 dBW.

The noise figure was 10 dB i.e. T = 2900 K.
Approach

To go from these parameters to the completed
simulation, the following steps will be undertaken:

e Configure a view to show the stations

e Add the antenna types with the ability to model
the beamforming antennas

e Create the BS and the three UEs with the
relevant antenna types and pointing methods

e Randomise the locations of the UEs using a
define variable

e Create the carrier and configure the
propagation environment

e Create the three links between the BS and the
UEs wusing the carrier and propagation
environment, and using power control for the
uplink

e Identify which results and statistics to gather.

These steps are described in the following section.

Building the Simulation

The process starts by opening Visualyse Professional
so there is a new, blank simulation open.

Configuring Mercator Map View

The first step is to configure the map view. For short
range applications the best projection to use is
Mercator, so open up a new Mercator view and close
the default Plate Carree window.

Select the view properties and change the overlays to
have the following two grids enabled and all others
disabled, as follows:

Map View Properties X
Scheme: dick here for schemes v | | Save as... Delete
Features | Adornments Overlays | PathProfiles | Countries

The following overlays have been defined in Visualyse. Select which ones you wish to see in
this view:

- [M]User Defined Overlays A
—-[MGrids

[1200 km square grid at 51N OE E
[A0.2 km square grid at 51N 0E
[]20 km square grid at 51N OE
2 km square grid at 51N OE

[J30 Map

[Ccapital Cities of the World

[Omelbourne Area

[CIMercator Earth High

[(IMercator Earth Medium

[os Tile 5586

[CJuk Crown Dependencies Borders

[CJuk Crown Dependencies

Mlwe. ' '

Background: -

[JRivers and lakes

Zoom the view to the area around (51°N, 0°E) to see
these grid overlays. These give spacing every 10m or
100m which helps get a sense of scale of the simulation.

Antenna Types

The next step is to create the antenna types, one for the
BS and one for the UE. First up is the UE, for which the
key steps are:

1) Create a single beam antenna type and give it a
name such as “UE Urban”

2) Select the pattern to be “IMT-MODEL UE Urban
Outdoor”: this selects the relevant parameters

3) Ensure that the field “Electronically steerable” is
enabled, as this allows it to point at the BS

The resulting dialog should look like this:
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Antenna Properties X

UE urban

® (O cradar O ¢7 dliptcal O £ shaped O Contour

Roll-off: Slice angle: I 0.0 deg

IMT-MODEL UE Urban Outdoor *  Change

Antenna parameters:

<Determined by the pattern>

Beamwidth: deg ‘
Peakgain: | 17.0411 dgi
[ Gain fioor: dB

Electronically steerable Polar | Cartesian

Advanced...

Cance

The BS is very similar, except it must be able to point at
the UEs. The best way to model it as a multiple identical
beam antenna type, with 3 beams, one per UE, each
beam having the following characteristics:

Antenna Properties X

BS 5G three beams ~ Delete | Duplicate

Arrangement  All beams

(O] O Ciradar O 0 Eliptical O C_‘,’ Shaped O Contour

Roll-off: Slice angle: I' 0.0 deg
IMT-MODEL BS Urban Outdoor ~ |Change

Antenna parameters:
<Determined by the pattern>
Beamwidth: deg )‘

Peak gain: | 23.0617 dgj

[ Gain fioor: dB

Electronically steerable Polar | Cartesian

Advanced...

OK Cancel

With each beam electronically steerable there is no
need to set the arrangement as that will be done
automatically when the link activates the beams.

Stations

The next step is to create the stations, in particular one
BS and three UEs.

To create the BS make a new terrestrial station and then
give it a name, such as “BS single sector”, and change
the icon to something like a BS.

Then set its position to be at the centre of the grids,
namely (51°N, 0°E) with height = 6m as in the following
figure:

Terrestrial Fixed Station X
!’ BS 1 sector Add antennas | *
=
Positon | Antenna | Traffic | Advanced
Latitude: | 5L.0 deq Height above Terrain = |6.0 m
Longitude: |0.0 deg Terrain height (above sea): 0.0 m
oK Cancel Apply

Then add an antenna and select the BS antenna type
with pointing in the fixed pointing direction of (azimuth,
elevation) = (90°, -10°).

All other parameters can be left unchanged.

The three UEs can be created by making one and then
duplicating it twice. To create the first one add a new
mobile station and then set its name and height to be
1.5m: it won’t be necessary to set the (lat, long) as that
will be specified by the define variable for the random
position within the sector.

However it is necessary to create the antenna and
select the UE antenna type. Then the pointing must be
at the UE with the random offset as per the following
dialog:

Mobile Station X

h UE-1 Add antennas | * | | Delete | Duplicate
<]

Positon  Antenna | Traffic | Advanced

Antenna type:
UE urban ~ | Select... Feeder Loss: 0.0 dB

Pointing options:

(O Fixed pointing direction (O Point at another station
(O Scan between two azimuths O allow the link to set the pointing

(O Rotating in the azimuth plane (O Point at another station OR the common volume

(O Track a station with fixed elevation (®) Point at another station using random offsets

romtat stason: [Jpoint at antenna:
BS 1sector -
Min Max
Azimuth offset: | -60.0 60.0 deg
Elevation offset: |-90.0 90.0 deg More Options...
OK Cancel Apply

This UE can then be duplicated twice to make the three
UEs in this simulation.
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Station Groups

These three UEs should then be put in a station group
or container: this will allow them to be randomised
together more easily. It is also good practice to use
groups to logically collect similar station types together.

The UE station group should look like this:

Station Group X
UEs
In the Simulation: In the Group:
BS 1 sector > UE-1
UE-1 UE-2
UE-2 »|  |UE-3
UE-3
<
<<
[+]
7
X
Apply Now Cancel Help

Define Variables

Having put all the UEs in the station group, they can then
be positioned using a single define variable. In this case
create a “service area Monte Carlo mobile” define
variable and configuring so that:

e The relevant BS has been selected

e The group containing the three UEs has been
selected

e The deployment model is selected to be the
non-uniform  density model for urban
environments

e The orientation of the deployment is made to be
consistent with the BS antenna, in this case
pointing due east.

The final dialog should look like the dialog below.

Note that the example implementation used an
alternative deployment model, namely uniform within a
sector 120° wide and radius 0.1 km.

Monte Carlo:All in group: UEs X

Randomise:
(O Just this station:

(®) Al the stations in this group: | UEs v |

Using reference station:
(®) Just this station: BS 1sector v |

(O Al the stations in this group:

With deployment model:
Service Area Shape: Non-Uniform v |
Environment: Urban/Suburban v |

Service area azimuth to reference station:

O

() Random service area and reference station azimuth angle

T

The result is that the 3 UEs are deployed at random in
a sector to the east of the BS as per this screen shot:

(®) Fixed azimuth angle of

'!: . . . U

BS 1 sector h
UE-1 . 4

Ug-2

Note that the positions of UEs could be different from
those in the screenshot above due to alternative random
number seeds.
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Carrier

The key parameter for the carrier is the occupied
bandwidth as in the following dialog:

. Carrier X
Wideband
Bandwidth
Occupied Bandwidth
50.0 JVE:
200.0 MHz

Allocated Bandwidth

[} same as occupied

Polarisation

(® Linear horizontal (O Left-hand circular

(U Linear vertical (ORight-hand circular

Masks
[Juse Tx Mask
[Juse Rx Mask
Modulation Radar
@ Digital [J1s radar carrier
O Analogue Continuous e

Traffic... |I] Cancel

Propagation Environment

A key part of the model is the propagation model and
this is defined by the propagation environment. The
terrestrial mobile propagation environment should be
configured to have the following models enabled for the
propagation when wanted:

e |MT Path Loss Models
e Extra Models

The extra models should be set to a fixed loss of 4 dB
to cover the body loss.

There are a number of options within the IMT Path Loss
Models and the ABG model was selected to be
consistent with the ITU document with an example
implementation.

The various parameters can be entered as in the figure
below:

IMT Path Loss Models X

Modei: | B

ABG

Alpha: 34 Beta: 19.2 Gamma: 2.3 Sigma: | 6.5 d8
[Joual Siope Break Point: M m  Alpha:

cijcIF

BreakPoint: Mot available m Ni:  Notavailable Sigma: Mot avaiable d8

Reference Frequency: ot GHz b1
NZ: bz:

3GPP

Environment:

Width of Street: m  Buiding Height: m

[

Visualyse Professional includes a range of different
types of links and a key decision for those building
simulations is which to select.

One way to select the appropriate one is to consider the
features being modelled: in this case two key aspects
are:

e The use of beamforming antennas at the BS
and UEs

e The use of power control for the uplink from UE
to BS

Both of these require use of a link with both a start and
end station, and hence either a fixed or dynamic link. In
this scenario it is expected there won’t be any handover
and hence it is preferable to use a fixed link.

With multiple UEs there are two main ways to create N
links without having to manually create each one by one:

1. Create one link then duplicate it N-1 times and
then edit them as required

2. Use the link to station group wizard and then (if
required) edit the links afterwards

In this case there are only three links and manual editing
would be required if using the wizard anyhow, so it is
suggested that the first approach would be easiest.

There are to be three links having:
e Start station = BS, selecting beam N for link N
e End station = UE-N for link N

Hence each UE will be served by a different beam at the
BS.

The first tab below shows the first beam being selected.
Note the link has been given a name and the
propagation environment selected.
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Fixed Link

Link to UE-1

Start | End | Start->End | End->Start

Type: Terrestrial Mobile 2

Traffic | Advanced

Station:

BS 1 sector \
E] different receive antenna

Transmit antenna: Receive antenna:

Antenna L Antenna

Transmit beam: Receive beam:

Beam1 v Beam1

EI Cancel Apply

The end station shows the first UE being selected — as
being associated with the first beam at the BS:

Fixed Link X

Link to UE-1 Type:

Start End | Start-»End | End->Start | Traffic | Advanced

Station:
UE-1 =

E] different transmit antenna
Transmit antenna: Receive antenna:

Antenna Antenna v

The start to end direction is the BS transmit case and
the power is fixed at -9.7 dBW within the 60 MHz
bandwidth coming from the carrier.

The noise temperature of the receiver, in this, the
downlink case of the UE, is 2900 K.

The end to start direction is the UE transmit case and
hence power control is used with:

Target RSL =-99.8 dBW
Minimum Pw,ue = -71 dBW
Maximum Pi,ue = -8 dBW

The noise temperature of the receiver, in this, the uplink
case of the BS, is 2900 K.

In both cases and directions the frequency is set to 26
GHz and the dialogs should be as in the figures below:

Fixed Link X

Link to UE-1 Type: |T

Start | End Start->End | End->Start | Traffic | Advanced

enable link from Start to End station

Carrier: Frequency:
Wideband v 26.0 GHz
= 60.0 MHz
Transmitter Receiver
Power: \ Receiver
: \ Feeder

Fixed power level v \+

Power: | -7 dBw f

/

System Noise: |2900.0 K

[ calaulate system noise

[[] Add rain noise

Fixed Link X

Link to UE-1 Type: | Terrestrial Mobile ~

Start | End | Start->End  End->Start | Traffic | Advanced
enable link from End to Start station
Carrier: Frequency:
Wideband 60 MHz b 26.0 GHz
= 60.0 MHz
Transmitter Receiver

Power: Receiver
Feeder
Adaptive power control w

Receive level: | 99.8 dBwW

Min: | -71.0 dBW System MNoise: |2900.0 K

Max: |-8.0 dBw [ calculate system noise

[ Add rain noise

e | el

The other parameters can be left unchanged.

Having created one link then it can be duplicated to
make three and the following changes made:

e Link 2: start station use beam 2 and end station
be UE 2, possibly also f = 25.94 GHz

e Link 3: start station use beam 3 and end station
be UE 3, possibly also f = 26.06 GHz

Link Groups
The three links can then be placed into a link group.
Statistics

The statistics that are to be collected will depend upon
the requirements of the study. In this case the outputs
are intended to be similar to those in the example
implementation, namely CDFs of:

e C/N of the downlink
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e Gain at the BS towards the UE
e Transmit power at the UE

This can be done by opening the statistics collection
option and selecting to collect C/N stats and to create a
distribution of with 0.1 dB resolution, as in the following
dialog:

Statistics Collection Options X
Interference Statistics | Advanced

Statistics and Thresholds ——

W} Len
On Memn 25.0 dB
) Ocn+n
O
[Jero
[Jeprp

Calculation Options

Statistical Distributions

[ create distributions Resolution: 0.1 -3 g4g

Collection Options

Collect statistics for:
(O Only wanted links and link groups
(®) All links and link groups

Note that the thresholds (e.g. C/N threshold) are not
used in this simulation.

There is the ability in Visualyse Professional to gather
statistics on any of the parameters in the object /
variable tree with the user defined statistics. These are
available under advanced and in this case are the
following parameters:

e UE link 1.(start-end).Link Calculation.Transmit
Power

e UE link 1.(end-start).Link Calculation.Transmit
Peak Gain

Each of the three links have been configured with the
same parameters so should give the same results.
These could be checked by collecting further statistics if
required.

With a bin size of 0.1 dB the dialogs are as below.

Collect statistics for: UEs links.Link to UE-1.(start-end).Link Calculation.Tran... X

Simulation variable —

+ WorstI )
+ Frequency
+ Carrier
+ Frequency Source
+ Bandwidth
+ Transmit Power
Bl Transmit Peak Gain
+ Transmit Relative Gain
#- + PathLoss
+ Receive Peak Gain

« Rersive Relative Rain

Statistics Options —
Register an event when the value goes above 25.0 dBi
Create distributions Resolution: (0.1 -2 dBi

Collect statistics for: UEs links.Link to UE-1.(end-start).Link Calculation.Tran... X

Simulation variable —

+ Carrier ~

+ Frequency Source

- Bandwidth

:

+ Transmit Peak Gain

+ Transmit Relative Gain
#- + PathLoss

+ Receive Peak Gain

+ Receive Relative Gain

+ Receive Feeder Loss

€ fcinnal etranath)

Statistics Options
Register an event when the value goes above 25.0 dBw
Create distributions Resolution: (0.1 & dBw

Checking the Simulation

An important part of building a simulation is the ability to
check it has been configured correctly and the various
components are working as expected.

The first step in this process is typically to look at the link
budgets to make sure that all the parameters are as
expected. If there are just one or two links then the best
way to do this is via the watch window. If there are more
links than this it is better to use a table view.

Hence open a table view, select the link group with the
three 3 UE links and then the following variables:
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Object Variables X

Select the variables that you wish to view:

----|:|Worst Interferer Carrier ~
----|:|Worst Interferer Frequency
[ Jworst Interferer 1
1-[_]DefinePowers
—]--Wanted Signal Power Calc
I:l Name
|:| Description
TX power
TX peak gain
[ TX relative gain
-|v|Path loss
RX peak gain
RX relative gain
~[Z]RX feed loss
-|v/|Signal strength
[=-|v]Loss detail
----DName
----DDesc'iption
----Exira
----IMT Path Loss Models
w1 lInterferina Sianal Power Calc i

[oc ] | conce

Other parameters can be selected, such as link length,
frequency, bandwidth and the link budget for the return
direction. The resulting table view shows these link
budget parameters for the three links:

7, 56 sim stage 1 with 3 UEs.SIM:2 E=2EcR ==
Group to use:  LEs links v | EditVariables...  []Variables in rows Ea
Group ltem Link to UE-1 | Link to UE-2 | Link to UE-3
Length 00465334  0.0307555 | 0.0459997
ForwardPath Frequency 260 25.94 26.06
.Receive 2900.0 2900.0 2900.0
ForwardPath.Wanted bandwidth 60.0 60.0 60.0
ForwardPath.Wanted Signal Power Calc.TX power -97 -9.7 -9.7
ForwardPath.Wanted Signal Power Calc.TX peak gain 158873146  23.0172577 | 17.0383563
ForwardPath.Wanted Signal Power Calc.TX relative gain 00 0.0 00
ForwardPath.Wanted Signal Power Calc.Path loss 114.5840415 | 103.2247069 | 115.7667372
ForwardPath.Wanted Signal Power Calc.RX peak gain 153379679  8.7776491  7.8725099
ForwardPath.Wanted Signal Power Calc.RX relative gain 00 0.0 0.0
ForwardPath.Wanted Signal Power Calc.RX feed loss 0.0 0.0 00
ForwardPath.Wanted Signal Power Calc.Signal strength -93.0687591 | -81.1298001 | -100.55567...
ForwardPath.Wanted Signal Power Calc.Loss detail.Extra 40 40 40
ForwardPath.Wanted Signal Power Calc.Loss detail.IMT Path Loss Models | 110.5940415  99.2247069  111.7667372
ReturnPath.Frequency 260 25.94 26.06
.Receive 2900.0 29000 2900.0
ReturnPath.Wanted bandwidth 60.0 60.0 60.0
ReturnPath.Wanted Signal Power Calc.TX power -24.2488131  -34.9015605 -8.0
ReturnPath.Wanted Signal Power Calc.TX peak gain 153379679  8.7776491 | 7.8725099
ReturnPath.Wanted Signal Power Calc.TX relative gain 0.0 0.0 0.0
ReturnPath.Wanted Signal Power Calc.Path loss 1019764694 91.8933462  115.8915025
ReturnPath.Wanted Signal Power Calc.RX peak gain 158873146  23.0172577 | 17.0383563
ReturnPath.Wanted Signal Power Calc.RX relative qain 0.0 0.0 0.0
ReturnPath.Wanted Signal Power Calc.RX feed loss 00 0.0 00
ReturnPath.Wanted Signal Power Calc Signal strength -950 -950 -98.9804363
ReturnPath.Wanted Signal Power Calc.Loss detail.Extra 40 40 40
ReturnPath.Wanted Signal Power Calc.Loss detail.IMT Path Loss Models |97.9764694  87.8933462  111.8915025

It is worth checking these numbers, for example:

e That the relative gain at the BS is zero i.e. that
the beam is pointing directly at a UE

e That the path loss values look reasonable (see
further analysis below)

e That the resulting C/Ns are in the expected
range

e That if the simulation is stepped forward, these
values update and continue to be reasonable

The propagation model will have a significant impact on
the results and so it is useful to get a feel for the sort of
values it is generating. One way to do this is to plot the
path loss vs. path length using the XY graph in
Visualyse Professional.

This can be done by configuring the data selection
dialog to show the path loss vs. the link length for the
last 1,000 steps as follows:

Data vs Data Graph X
Graph Options
Show | 1000 timesteps Set Markers ...
Plot Options ———F —————
X Data Y Data
Link List.Link to UE-1.Length Link List.Link to UE-

@1 | SetPlot1... 1.ForwardPath.Wanted Signal Power

Oz

O <

[Aset the X axis scale automatically Set the Y axis scale automatically
X axis from |Not available Y axis from | Not available

to |Not available to |Not available

The resulting plot is as follows:

180——

12—

Path loss ( dB )

100—

000 005 010 015

Length ( km )
A Link to UE-1 Length vs Wanted Signal Power Calc Path loss:

Note this chart has been changed to a scatter plot from
the default of a line drawing.
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It can be seen that there are multiple values of the path
loss for any given distance: this is as expected given the
random variation o factor.

Results
The required outputs of this analysis were the CDFs of:
e Gain at the BS towards the UE

e Transmit power at the UE (single UE and 3 UE
per sector cases)

e C/N of the downlink

The outputs from Visualyse Professional are shown in
the figures below using the non-uniform and also a
uniform deployment model.

0o - - ~Uniform density deployment

08 —— Non-uniform density deployment

Liklihood (p)
o
&

0 5 10 15 20 25
BS gain towards UE (dBi)

0.9 - - =Uniform density deployment

0.8 —— Non-uniform density deployment

Liklihood (p)
o

UE TX Power (dBm)

Likelihood (p)

—— Non-uniform density deployment

- - ~Uniform density deployment

20 -10 0 10 20 30 40 50 60 70 80
Downlink C/N (dB)

It can be seen that there is good agreement of the
uniform deployment results with those shown in the
document:  “Example  implementation of the
methodology in Recommendation ITU-R M.2101".

However as noted previously, the non-uniform
deployment has been agreed within TG 5/1 and so
these results are also provided

This simulation files are available on request.

Next Steps

We are planning to produce additional TNs, such as
how to create simulations involving aggregate
interference from large numbers of 5G / IMT-202 cells
via use of reference systems as in the screenshot
below.

LY EELLEET]

We would appreciate any feedback or suggestions you
might have as to ideas or priorities.

About Transfinite

We are one of the leading consultancy and simulation
software companies in the field of radio
communications. We develop and market the market
leading Visualyse products:

e Visualyse Professional
e Visualyse GSO

e Visualyse Coordinate
e Visualyse EPFD

We also provide training courses in use of our products
including advanced training that can cover modelling of
specific systems and scenarios.

More information about these products and services is
available at our web site:

http://www.transfinite.com

Alternatively email us at:

info@transfinite.com
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