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ABSTRACT of the advanced control software. Finally, the #ution,
In this paper, an advanced Real-time Dynamic Spaceperformance, limitations and possible improvemetus
Segment Emulator (RDSSE), capable of emulating manyRDSSE are described.
satellite system characteristics is presented. Paper Il. REQUIREMENTS

address the requirements for any such emulatorraepdrt
on the result of the work carried out on develophuf the The real-time emulation of propagation charactessin
the land-mobile satellite systems exploiting dynami

most comprehensive space segment emulation system.

| INTRODUCTION satellite constellations initiated this developmeﬂmWever.,

the developed emulator has come a long way sinegst

initially specified and is now much more capablarttany
commercially available system. As shownHigure 1, the
developed system is capable of real-time emuladiothe
propagation characteristics, payload non-lineaiitie
antenna pattern, user mobility and many other syste
characteristics.

Design and development of any satellite system iregu
regressive testing and optimisation of the sagepiyload,
User Terminal (UT), and the Land Earth Station $).Hn
practice, most of the UT and the LES developmerd an
testing would have to take place in parallel withe t
development of the satellites under laboratory dm .
This implies that the impact of constellation dyresn
propagation effects, user mobility and many other
characteristics of the eventual system on the padace of
various system components cannot be fully invetyand
measured until the system is in place. Furthermease,
various terminal manufactures around the world ddog
designing UT and LES units or components, it iitdl
importance to be able to type-approve, test andmige
performance under realistic conditions through tise of
Real-time Dynamic Space Segment Emulator (RDSS
platforms.
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Figure 1: functional model of a single emulatonkKi
Dynamic satellite constellations are capable ofviging
gymultiple  satellite visibility (satellite diversity) It is
therefore important to emulate several links siamgusly.
Different configurations of the emulator links cprovide

Design of any such unit is constrained by severalemulation of a wide range of scenarios. Amongssehe
requirements, namely the real-time emulation of the configurations, the spotbeam and satellite handaret
propagation channel,  dynamics of the constellation combined/switched diversity are the main configiorat of

(changing delay and Doppler, etc.) and various rothe

interest.

system characteristics demanding a fast yet aeturat
implementation at a designated IF/RF. The presente

Operational
environment

Open/highway, lightly wooded, heavily wooded, sbaarand urban

RDSSE mainly consists of a hardware and a software

Frequency band

L, S, X, Ka Ku and EHF

Constellation

LEO66, LEO48, MEO10, GEO or other user defined tallasions

module. The research and development work has bee
partly carried out within SINUS (Satellite Integmat into

"Initial orbital phase

Allowing user the choice of the constellation sitagtphase to enablg
the trials at worst case and best case elevatiogiem etc.

UMTS) and SUMO (Satellite-UMTS Multimedia
Demonstrations), two European ACTS project deditad

Satellite spotbeam
configuration

A complete set of satellite spotbeam configuratiass well as
antenna patterns in addition to possibility of hayi user defined
configurations

development and demonstration of a W-CDMA based

FES antenna and
tracking error model

A configurable feeder link tracking error model

satellite UMTS system. What makes the develope8 &b

UT and FES co-
ordinates

Longitude and latitude

unigue is the advanced controller software. Coneetly

UT speed

Stationary to 300km/h

the major part of the presented work here is deslicéo

UT route, direction

Direction of the mobile movement and provisions farssible
operational environment changes during a run.

describing various software modules.

Satellite payload
characteristics

Payload characteristics such as the amplifier fioearities

The paper is organised as follows, the emulator
requirements are identified in section-2. This tedd

Traffic distribution

User defined traffic distributions enabling reaiist realtime
interference emulation

selection of the appropriate hardware configuratian

Forward-link
Doppler and delay

section-3. Section-4 provides a comprehensivetnresat

pre-compensation

Doppler and residual delay between two diversitkdi can be pre-
compensated by the FES in the forward-link




Table-1:Configuribility Requirements
Through the use of a graphic user interface (Gig,user
can define a set of parameters some of which ase&ed|
above in Table-1.

1. HARDWARE EMULATION PLATFORM

There are a few hardware platforms capable of seah
time emulation, but their capability is largely strained

IV.DYNAMIC EMULATION SOFTWARE
a. Software Architecture

The RDSSE software consists of three main sectitres,
dynamic satellite constellation generator, the \édel
channel model for all the environments and the
elevation/azimuth angles followed by the interfeeen
generator module. Through the use of a graphic use

by the absence of a comprehensive software whichinterface (GUI), the user can define the desired dfe

generates the emulation sample points for any giesired
real life scenario. The available hardware platforran be
categorised into two main families,

» Real-time DSP-based emulatiogenerates fast phase,

amplitude, frequency changes internally based on a

pre-defined set of statistical distributions.
* Real-time play-back emulationcreate the desired

impairments by pre-loading the fading sample points

and FIR filtering of the input signal.

The former is the preferred platform as pre-loadthg
sample points would require large amounts of orrdoa
memory which imposes limited run-time. On that nitie
NoiseCom emulation platform was selected, sinchai$
combined characteristic of both families.

The selected hardware consists of one NoiseConlligate
Link Emulator (SLE-250) capable of emulating 2 {ull
duplex paths and two multipath fading emulators {MP
2700) each capable of emulating one full-duplex las
shown inFigure 2 The SLE-250 is capable of generating
varying Doppler shift, propagation delay, path Joaad
slow fading. Each half-duplex MP-2700 link emulates
direct path component and two echoes with Riceash an
Rayleigh fading statistic respectively. The complRDSSE
unit is hence capable of emulating two full duptéannels
which  represent the radio link between two
satellites/spotbeams and the UT.

Emulator
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\\‘ S

Ethernet Link - %

to testbed control <€ I MP-2700
TCP/IP¢

MP-2700
Figure 2: RDSSE Hardware Configuration

In order to be able to realistically emulate théatiee
characteristics of the two link within a given ctelktion,

all the hardware units have been externally syniked by
the emulator controller unit. The two precision C/N
generator units ifrigure 2 enable introduction of dynamic
interference and thermal noise during a run acogrdo
the configured scenario. The considered configonais
currently capable of coping with a maximum 10MHpuh
bandwidth.
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The interaction between different software moduiss
depicted inFigure 3
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Figure 3: Software configuration

The dynamic constellation generator provides aesedf
relevant information such as the elevation angleheftwo
highest satellites/spotbeams, the azimuth separatigles,
Doppler and delay (compensated or uncompensatett),
to other software modules of the RDSSE controlldre
RDSSE controller would then produce the necesddeg
for a given set of parameters. This file also idels other
relevant information required by various hardwalagfprm
units to reflect the dynamic nature of consteliatio
dependant changes in real-time.
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Figure 4: Sample point generation process



Figure 4 shows the logical input/output to and from the orbit. Orbits with inclination angles greater tha@® are

controller software unit more clearly. The formdt the retro-grade orbits. When a satellite is inclined at°9 is

environment dependent parameters is that of amlyna said to be in gpolar orbit. Each orbital plane is defined

link library (DLL). By selecting the appropriate D& (via separately in terms of the following parameters

the GUI), different operational environments can be

emulated. This ensures complete flexibility forrudefined « Altitude - this parameter specifies the height bé t

environmental DLLs to be simply plugged into thé&ware orbital plane above the earth’s surface.

if deemed necessary. « Inclination angle - This inclination angle of thebial
plane as described above.

* Number of satellites - The number of satellitesttie

Within elliptical and circular orbits, only circularbits are orbital plane. The satellites are distributed eyevithin

considered here. At present, there are two common the 360 of the plane.

methods, street of coverage method and spherieaigle * Number of planes

method, for arranging satellites in a circular brbi « RAAN - Right Ascension of the Ascending Node. This

b. Constellation Generator

constellation that result in efficient satelliteveoage. Each angle is equivalent t@ above. It is measured from the
method divides the satellites up into separatearpianes Vernal Equinox to the ascending node. The ascending
containing equal numbers of satellitBggure 5 shows the node is the point where the satellite passes thrdhg
input parameters required to described a circular equatorial plane moving from south to north. Right
constellation. Additional parameters are requiredi¢fine ascension is measured as a right-handed notatiout ab
elliptical orbits, however these are not fully dissed in the pole.

this paper.  Mean Anomaly - represents the fraction of an orbit

period which has elapsed since perigee. For alaircu
orbit the mean anomaly equals the true anomaly.

» Argument of Perigee (elliptical orbits)- The an@lem
the ascending node to the eccentricity vector nredsu
in the direction of the satellite motion. The edciity
vector points from the centre of the Earth to pegig
with a magnitude equal to the eccentricity of thigito

» Eccentricity (elliptical orbits)- Defines the steapf the
ellipse.

c. Spotbeam Antenna Models

Figure 5: Satellite constellation structure

A
&

Q = SG%A for inclined org = 18%/I for polar orbit (@ (b)
Figure 6: Antenna spotbeam arrangement

The angleW represents the earth centred angle between
satellites in the same plane. For a constellatitemep
containing N satellite¥ is given by:

l-|J:369KI

The angleQ represents the difference in the Right Angle of
the Ascending Node (RAAN) between two adjacent gdan
For a constellation containing M orbital plar@gan either
be:

The angled represents the phase angle difference between i i . .
satellites adjacent planes. Consider plane 1 shdteund TYVO mainly |dent|f|_ed _spotbeam models are shown In
so that it lies on plane 2, the angbeis the earth centred Figure _6and the projection of the spotbeams on the earth i
angle between satellites 1-a and 2-a. Finally tleéiriation shown inFigure 7.

anglei determines how high in latitude the orbital planes

travel i.e. the maximum latitude reached by sdeellh an

orbital plane corresponds directly to the inclioatangle of

the plane. With inclined orbits, the inclinationgh® can be

optimised to provide better coverage over regiorsene

traffic is expected to be very high. When the ination

angle of an orbit is less than 90 is called apro-grade



model.Figure 9 shows how the space and ground segment
propagation effects can be treated separately.

Space segment
propagation

Ground segment
propagation

L, +L, exp(j27f,t)
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Figure 7: Projection of spotbeams on the earth

But, for the second case, with equal beam width, th
distortion in the outer ring is high. This can be
compensated as shown in the first case by varyiadpéam
width of the spotbeam. These phenomena is incatpdr
with the software. Detail about the beam width akltton
can be found [6].

Output
Figure 9: Complete Propagation Model

Note that as far as the path loss implementation is
concerned, only the variation between the centréhe
footprint and the terminal position are emulateé ¢ the
limited dynamic range of the attenuators of thediare
platform. However, external attenuators can be eyeol to
When a mobile user moves through the communicationincrease the dynamic range if necessary. The ground
environment, the signal received by the user iskgd time segment propagation part represents the multiptiict e
to time due to LOS obstructions around the user.and fading due to shadowing. The above widebandeio
Furthermore, in non-geostationary satellite cofetiehs can be used for both shadowed and non-shadowes byase
the relative position of the satellite also changassing  just changing the parametes& o of each tapes. The
similar shadowing impairments. This leads to adalgop  wideband satellite channel model of the ground sEgm
in the signal strength commonly referred to asdehéng.  has been developed based on actual recordingsy#saf
Signal variation during shadowing is modelled usim@’s  the results generally show delay spreads of 100tess. At
model [2] In the proceeding sections of this pagle  higher elevation angles and open environments theze
shadowed and the non-shadowed cases are referr@sl t0 not many multipath components. As far as multipith
bad and good state, respectively. The bad and ga@tion  concerned, low elevation angles of the urban envirent
are measured in terms of distance for a requiredhave been found as the most hostile environméfigsire
environment and the measured values are incorgbrate 0, shows the power-delay profile of one such urban
within a two state Markov model for a single usatefiite  environment at 45at L-band. It can be observed that even
link. Within any given states, there are signaksgth  in the urban environment, all the resolvable echaeive
variation due to the multipath effeétigure 8 shows the  very close to the LOS signakigure 11, shows the time

narrowband representation of a typical receiveghali,  aligned version of the above figure used in develent of
highlighting various fading elements and parameterstap-delay-line models.

considered in the RDSSE software.

Fast fading
Ricean

d. The Propagation Channel Model
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Figure 10: Power Delay Profile, L-band, 45

As shown inFigure 11, no more than 2 major reflections
. are encountered in this particular case. Furthezmtire
The narrowband propagation parameters such as th@yerage power in the reflected components are glyer

shadowing statistics for various operational eminents  apout 15-30 dB below the average power of the LOS
have been extracted from large experimental da¢sbas  component.

University of Surrey[ 5] and combined with thattbé DLR
[4] results in order to provide a harmonised Euampe

Distance or Time

Figure 8: Received signal (narrowband representatio
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Figure 11:Time-aligned Power Delay Profile, L-bard

But nevertheless, at lower elevation angles the L®S
significantly attenuated resulting in much higheflacted
powers (relative to the LOS). A comprehensive $dap-
delay-line models for all the elevation angles and
environments has been developed, enabling widgerah
channel emulator operation. The LOS has been fooite
generally have a Rician fading and the reflecte
components a Rayleigh distribution. It is importémpoint
out that the relative delay of each tap variesinire as the
distance between the mobile user and the reflettanges.
Assuming conventional fixed tap-delay models onenca
hence test many system algorithms such as therpafce
of the RAKE receiver tracking algorithm.

Therefore in tapped-delay-line model Eifjure 9 the tap
delays and their relative power does not stay emidor a
duration of a run. Extensive analysis of the dats h
resulted in a definition of a new tap-delay-lineduals
enabling realistic wideband channel representdfipn

d

e. Azimuth Correlation

Satellite diversity can be employed as an effectda for
combating shadowing and hence achieving highericgerv
availability figures. However, in realistic divengi
scenarios, some correlation between the shadowirigeo
diversity satellite channel links exists dependiog the
azimuth separation angle, operational environments,
constellation and the elevation angle. In ordebe@ble to
represent this accurately, fish-eye pictures ofiousr
operational environments have been takEigure 12
shows one such picture taken in central London,
representing a typical European urban environment.

Elevation Angle

Azimuth Angle

Figure 12: Fish-eye picture of urban env., London

Through the use of edge detection algorithm, shadpw
profiles have been extracted as showhigure 13

The autocorrelation of the above shadowing profile
provides the all important azimuth correlation dogdnt
used to determine the shadowing likeliness of dineersity
channels. A complete set of azimuth correlatiorfficdents
for all the operational environmental categoriegenbeen
developed and utilised within the SCE softwaresforesent
realistic diversity scenarios. In order to incogtet the
azimuth correlation, the four state model propdsgdutz
[3] was utilised. Full detail of the Morkov modetan be
found in this reference-igure 14 shows the correlation
coefficient of two satellites at 45elevation angle with
variation in azimuth angle.

0 50 100 150 200 250 300 35

Azimuth Angle

Elevation Angle

0

Figure 13: Shadow profile of urban env., London
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Figure 14: Variation of correlation coefficient

The Interference Module

Interference within any single system is caused by

users distribution in the spot beam of interest
user distribution in the adjacent spot beams @fllitet
user distribution in the adjacent satellite spErhs

as shown irFigure 15

of system

System A Satellite
System A Satellite

.

interference

System A Satellite

Adjacent
spot beam
interference

Adjacent ~
satellite
interference

~

Adjacent
satellite
interference
~

Figure 15: Sources of multiple access interference

It is realisable from the above, that interferemcg only
comes from spot beams of the same satellite, Isot fabm
other satellites. Due to the dynamic nature ofcitresidered
constellations, the level of this interference earias
formation of spotbeam patterns with different oapding
move over the surface of earth.
importance to be able to test and evaluate themesance
The considerel
interference  module generates the real-time varying (&) RDSSE
interference based on a comprehensive set of input
parametersFigure 16 shows an example of the varying

under such conditions.

Cl/lI for a LEO-based system.

0.0 250 50.0 75.0 100.0 125.0

Figure 16: Real-time C/I variations in a typical CE

V. PERFORMANCE SUMMARY

We have developed an advanced Real-time DynamiceSpa
Segment Emulator (RDSSE), capable of emulating any
mobile satellite system in real time. The RDSSE
arrangement is shown ifrigure 174a). The controller
displays the channel state during run time for nowirig
purpose as shown irigure 14b). The software has a most
comprehensive wide band land mobile satellite ckhnn
which includes a varying tapped-delay-line modelr{ing
delay and power of echoes with time). The moded td&es

in to account the azimuth correlation between tateltte
channels, which can greatly improve satellite aaiity.
The RDSSE is capable of testing the performanae reéw
future mobile satellite system, User Terminal (UBnd the
Land Earth Station (LES) before operation, withoio
need to have the system in place. This will help th
terminal manufactures to test and optimise peréorce of
their UT and LES units under realistic conditiohsough
the use of RDSSE platforms. The RDSSE can alssbéé

to test the signaling, call set-up procedures, paweatrol
algorithms, dual satellite diversity and handovercpdures
(inter-spotbeam handover and inter-satellite haagov
This makes RDSSE one of the most advance mobile
satellite system testing tool for any constellation

Since, it has only two duplex channels, the handove
performance with diversity can be tested. In orideover
come this, one more duplex channel should be aditkd
this arrangement. Due to the limitation in minimupdate
interval( 0.1s), very smooth transition for goodtstto bad
state or vice versa can't be achieved.

It is thereforevivdl
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