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professional should be sougfihe material has been authorized for hoisting on the’baok supporti ng website
www.satellitesandyou.com kifae publishers of the book, JoWiley and SonsLtd.

CHAPTER 1

1) What are the main components of a mobile satellite service? Outline the role of each component.

The main components of a mobile satellite systemillugtratedin figure 1 below (Sketcha schematic
including all major components

Figure 1 A sketch of igure 1.9

Telecommunication serviceEhe system offers communication services to a variety of mobile users within

a predefinedservice area Services include paging, telephgnglata exchange etc The capacityand
capability of an MSS is governed by the power and bandwidth constraints & thé e Isdriice lek. s
Service area can span a country, a region consisting of a number of countries or continents, or the entire
world.

Gateways Users andserviceapplicationsembedded withirthe fixed network are accessed through large
fixed statiors called gatewayswhich carry aggregated volumes of traffiwer the requisiteterrestrial
interfaces. The fixed statiorsre capable ohigh EIRP transmissionscomprisesensitive receiverand
operate ovestable radio links

Radio frequency linkdRadio links provide @nnectivity between a gatewaydthe mobile user population.
The gatewaysatellite radio link is calledeeder linkand the satellitenobile user is known aservice link.
The gateways are sitedd ensureunobstructed view of operatial satellite(s)and thus feeder links are
stable

Userterminals The user populationoommunicate with each otheandwith usersin the fixed networlover

the servicingsatelliteon small portable units capable of supporting tesireddata rate.Usert er mi nal s
range from personalnits servicing individualgo units mounted on ships, aircrafts and trucks capable of
supporting severatommunicationchannels simultaneouslaignalsreceived at mobiles fluctuatwidely

due t o var i agpatbprdileendmultepatimreceptidne ’

Space segmenDepending on the servicg/pe and targearea, thespace segmermonsists of one or more
geostationary or nogeostationary satelliteslnter-satellite links can bypass the need of terrestrial
connetivity either and can be applied to geostationaryargeostationary constellation§elemetry and
control gound stations, used for monitoring and controlling satellites, constitute a part of the space segment.

To reducemobile terminalsize and sensvity and improve spatiafrequency reusaylSS satellites transmit
high powerin the service linkand generata large numbepnf narrowspot beams. For examplexisting L-
bandgeostationary satellitesangenerateup to 12 kW DC powenyith effective isotropic radiated power in
excess of 67 dBVWommunicating viaz300 spot beams.

A geostationary satellite remains almost fixed with respect to the Earth illuminating the service area with a
staticfootprint that enables a simple network topologhereasfor a non-geostationargarth orbit (NGEO)

space segmenhetwork topologybecomescomplex due tononstationary satellites and propagation
conditions become harsher (except for a higgiliptical orbit system), but because of a reduction irn pat
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length the propagation time reduces and handsets are able to transmit lower power in comparison to
geostationary satellite

A satellite control center(SCC)manages the functioning and maintenance of the satellite(s).

A network controlcenter (NCC) controls the functioning of theetwork which includes provisiof

services to users, monitoring and control of traffic floadio resource allocatioetc In a centralizedadio

resource managemesystem,the network controlcenter(NCC) manages the call sep and release, radio
resources and signaling. On receiving a call request, the radio resource manager assigns the desired radio
resource for the duration of the cafi.a distributedsystem the tasis distributedto gateways.

The Mobility management systeis responsible tananage the mobility of the user population. The home
location register (HLR) and visitor location register (VLR) are responsible for mobility managément
ensure that usersan travel anywhere within theerwice areawith seamless connectivityThe mobile
switching center(MSC) manages call switching between the fixed network and the mobile network. A
business managemerenter(BMC) is responsible for billing, activations, customer support, etc.

A call in progress must be-reuted to maintain connectivity as the connected satellite or spot beam moves
out of visibility necessitatinpandover(s}o a rising satellite or spot beam.

A call may be routed to the final destinatidghrough intersatellite links, groundsatellite hops, or
terrestrially. Figures2(a) and2(b) belowrespectively illustrate souratestination connectivity i non
geostationary satellite system deploying a terrestrial backbone aneataéite links.For example, the
Iridium system deploys intezatellite links whereas the ICO system uses ground routing.

Figure2(a) and 2(b)$ketchof figures1.3(a) and 1. 3(bherqd

A business management ocensuppors commercial aspectthat include billing, customer relations and
management, traffic data analyssategic planninggtc.

An operation managememntity overseeghe operatiorof the entire network to ensudesired quality of
service compliance to network reliability goalgrovide data for network planninfgrecastingetc.

2) Table 1.2 gives a comparison of various technical parameters of several MSS systems. Explain the
reason for different sensitivity requirement of the gateways (specified as G/T; a higher value
implies a more sensitive receiver) in view of the similarity in G/T of the user terminal; Compare
the total space segment capacity of each system assuming that 3 regional geostationary systems
are required for world-wide coverage. Comment on your results.

Reasons for different sensitivity requirement of gateways

This question can best be answered by comparing the link budget of the each system, a topic dealt in chapter
3. Here we provide a subjective analysis.

We observe thathe gateway G/T range between 24 dB/K for a LEO system (Iridiant)37 dB/K for a

GEO systemThe parameteG/T isthe ratioolir e c ei ver ' s a nitd sgstem aoisgtamperatufeG) t
(T) and hencerepresents the capability of raceiver toenhancethe wanted signalover andabove the
inherent noisef the receiver the receivesensitivitytherefore jncreasessits G/T increases

The user terminals are small in stzansmittinglow powes and hence the signalsceivedat the gateway
are low, necestating a sensitivgatewayreceiverand hence théarge G/T of the gateway&iven a user
terminal EIRP, the parameters influencing tbeeivedsignalquality at a gatewagre:

1 Path loss in uplinkEarthspace i.e., mobilesatellit§ and downlink(space-Earth i.e., satellite
gateway

Spacecraft receiver G/T

Spacecraft EIRP towards gateway
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1 Gateway G/T
1 Link margirs in both parts of the radio link
1 Interferencdevels in both parts of the radio link
1 Miscellaneous loses
In the absence ahdiolink parameters we highlight possible reasons for the G/T differences.

Considering the satellitgateway path, @ observe that the range and hence the path loss for a geostationary
satellite is the highest compare ~80 km altitude of Iridium satelliteahich operate in low earth orbit
(LEO) with 35786 kmof a GEO satellitehat equates to aneway difference of about 33.2B (20 log
35786/780) in path losa the suksatellite point (taken for simplicityAssuming similar order of EIRP from
satellite thesignal levelfrom a GEO satellite would be 33dB lower, necessitating a 33@B more
sensitive receiveior the same order of signal qualitya LEO gateway

We note that thelifferencein G/T of a GEO systerandIridium systemis (37-24.5) dB or 125 dB rather
than33.2 dB. Theemaining differencef 20.7 dBcould be attributed to differences in link paramesarsh
as link margirandsatellite EIRP

Comparing the ICO system at ambital altitude of 10000 with Iridium system we note thmith loss
difference is about 22.dB, whereas thgatewayG/T difference is 2.1 dBi.€.,26.624.5). It is assumed that
the remaininglifference of 2QdB is attributed talifferences in parameters suchliak margin and satellite
EIRP.

Comparing the ICO system anh orbital altitude of 10000 with a GEO system we note that path loss
difference is about1.0dB, whereas the gateway G/T differensel0.5dB (i.e., 37.626.6). The remaining
differenceof 0.5dB is attributed talifferences idink parameters.

Note: The high G/T difference of Iridium system with ICO and GEO systems appears to be due to the large
link margin built into Iridium system.

A comparison of total space segment capacity of each system

A comparison of the global space segment capacity is listda table below. It is assumed that the quoted
values in table 1.2 are specified for power limited satellites i.e. the capacity per satellite ieripsad
available power on each satellites. spectrum is not limiting the capacity)

Global capacit = N*C

Where
N = Total number of satellites
C = Number of channels per satellite

No of Capacity per | Theoretical global | Capacity relative to
System satellites satellite capacity Globalstar
(RF channels) (RF channels) %
Iridium 66 1100 72600 63.0
Globalstar| 48 2400 115200 100.0
ICO 10 4500 45000 39.1
GEO 3 16000 48000 41.7

Assumption:Power limited system

Comments:
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1. LEO systemsoffer the largesttheoretical globakapacity with Globalstar system providing the
highest The capacity ofliridium, ICO and GEO systems respectivedyative to Globalstar i§3%,
39.1%and41.7%

2. In a powetlimited satellite, thecapacity is bound by thevailableeffective isotropic radiated power
(EIRP)in the forward directionThe capacityin dB) is givenas

(EsarEcn) dB

Where

Esa= available satellite EIRRIBW) in the forward direction
Ech = EIRP per channe{dBW).

Esat is conditioned by the prevalent spacecraft tetbgy and system goal (e.g. cosbroughput
anticipated traffic floy.

Ech is conditioned mainly by link margin, modulation/coding scheme and receiver sensitivity (G/T)

Therequiredreceiveenergy per bit to noise power spectral density (EbdNgdends ohe modulation
and codingscheme The magnitudedepends on theeceiverG/T and availableforward link satellite
EIRP and user terminal EIRP in the return direction in conjunction with respegttte and
miscellaneoudosses and link margin The link margin is based on the desired link reliabitiat
depends orfading characteistics of the channglinterference, andiscellaneousystem impairments
These parametemdependon system goalfeaturesand assumptions used in the respective radio link
design

3. We note that all the systems have utilized variants of QPSK schem@iaecencoder in the range
2.4-4.8 kbps.

4. All the systers utilize FDM and three of thiour systemautilize TDMA. Globalstar system utilizes
a CDMA scheme.

5. The details in the table are insufficient to make a &&sessment dhe spectral efficiency. For
examplethe number ofoice channels per RF chanmehot available in the table

3) Explain the difference between architectures of non-geostationary satellite system which provide
non-real-time communication service and real-time communication service.

In anongeostationargarthorbit (NGEO) satellite system that providesttime communication service

call in progress must be-reuted to maintain connectivity when the connected satellite or spot beam moves
out of visibility necessitatin(pandove(s) to a rising satellite or spot beaithe coverage must therefore be
seamless.

A call may be routed to the final destinatiower inter-satellite links, or vieone or moregroundsatellite
hops, or terrestrially. Figure3(a) and3(b) below illustrate sourcedestination connectivity deploying a
terrestrial backbone and inteatellite linksrespectively For example, the Iridium system deploys inter
satellite links whereas the ICO system useeestrialrouting.

Figure 3 (a) and 3(I§ketch a schemiatcapturing the main elements of figures 1.3(a) and 1.3(b))

For norrinteractive or store and forward services discontinuousatellite coverage is acceptable. The
message is stored in a satellite or ground station buffer and delivered to the destimetisimgle or
multiple satellite hops within a specified time limit. Figudfa) and4(b) belowrepresenthe main entities
of store ad forward system with satellite and groubased buffers, respectively. In figut), the message
M received at a satellite at t=0, is transmitted to the destination at:;tilnefigure 4(b), transmissions from




Mobile Satellite Communications: Principles and Trends, 2™ edition 5
Author: M.Richharia

Example solutions and hints to Revision questions

Issue 1, April 27,2014

This version supersedes all previous issues

a mobile van, receivedtar eadd fainxedrsainseni tAed when a
destination N becomes available.

Figures 4(a) and 4(lfpketch a schematic capturing the main elements of figures 1.4(a) and 1.4(b))

Although ®nstellation of such a system need naivide a seamlesonnectivity in the service area, the
designmustensure that messagaredelivered within the stipulated time delay.

4) What is the rationale for using low or medium earth orbit in preference to the geostationary orbit
for the provision of hand-held service?

The argumerstin favor of low and medium earth orbit are
1 Low and medium earth orbit systems offewltransmission delay that ammparable to terrestrial
system
1 Since @th losds lowerin comparison t@ geosationary orbitsystem it reducethe transmission power
needs of user terminals which facilitates hdwetd servicesas these terminalmust operatewith
restrictedtransmit powelin compliance to safe radiation limits and lower power reguser terminal
costand increases time between battery recharge
LEO systems have the lowest transmission delay, provide true global coverage but the space segment and
the network is complex. MEO systems have intermediate transmidsiay; provide true global coverage
with a moderately complex space segment and network. GEO systems exhibit the highest transmission delay
with coverage limited to 76 latitude;butthe networkand space segment arrangementsargple and th
system is supported by matueshnology

5) The architecture of a satellite system is influenced by a number of technical considerations in
addition to the service requirements. State these considerations. Briefly explain the role of each in
system design.

Service requirements form the baefsthe MSS networkarchitecture There may be several solutions and
alternatives but the outcome is influenced by-weatld constraints that includechnical andchontechnical
matters such as regional priorities and business goals. Kewjihig confines ofthe question, technical
considerationin formulating system architecture atigbir respective roles aseimmarizeds follows.

Radio frequency linbudget

The comstraints imposed by the serviliek link budgetimpose the most significant limitations the
system capacityuser throughpuand user terminal size and capability

Forward link

Satellite EIRP and user O0Tbe permissible effective saasmited poweriotay | i mi
satellite and the low sensitivity of user terminal(UT) bound theuserthroughput. The highest available

satellite EIRP cannot fully offset the radio link impairments and thed@vgensitivity. Countermeasuras

mitigatethe probleminclude— use ofrobusttransmissiorformatthat minimize the impactfampaimments

such as fading, increagereceiver sensitivity tradedff with terminal weight, size and cosind terrestrial
retransmissions in severely disadvantaged locations likeeitiersand tunnels.

Return link

UT EIRP and satellite receivaensitivity restrictionsUT EIRP and satellite receiver sensitiviityit return

link throughput.An UT" &IRP islimited due to smallantennagain for mountingspace, weight and cost
considerationsparticularly when dealing witportable or mobile UTsfor handheld units EIRP idurther

limited in orderto maintaincompliance to radiation safety standards. Satellite receiver sensitivity is limited

by the receive antenna gainofasateite d Eart h’' s t her%al temperature of

Interference

In aninterference limited radio environment, the available throughput is further constrained as useful power
is lost to overcome interference.
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Spectrum
In a spectrum limited system the throughput is limited by available bandwidth.

Propagation impairmentand ptysical environment

In a mobile satellite system, the physical mediamunda mobi |l e ter mi nal and the
characteristics set a boundary on throughput. An area surrounded by obstructiorsthediezeived signal

power by shadowingand hence the throughputhile a reduction in antenna gaincreases pickip of

multipath noise andeducethereceiver sensitivity b ot h f eat ur ethroughptbuce a recei

The size and hence gain of the mobile antennas depend on the mountigf@pagample, a hardeld
terminal use a lowgain omnidirectional antenna whereas a 4fome terminal depl®/a high gain(e.g.80
cm parabolic dishresulting in a more sensitive terminaith a capabilityfor a significantly higher
throughput

Impairments for narroviband communicatioat bandwidths up to ~100 kHz inlkandare relatively benign
in maritime and aeronautical channeds midthigh elevation anglesAeronautical channels become
dispersive beyond ~100 kHz when traversing over a quiet sea

Impairmentsare significantly high in land mobile channels, tending to get worse in shadowed aress and
antenna gaiiis reduced Intermittent deep signal fadéend tobreak radio link causing discontinuity to real
time serviceswhile multipath maniésts as extraneous noise. Countermeasures include provisioning higher
link margin robust modulation and codirand ARQ scheme#\s an example, measurements demonstrate
that L-band signals received by a hameld unit can undergo pegleak fluctuations irexcess of 10 dB in

ten second segments, with a gradual variation of the mean level, while for the -webicieed system the
fluctuations are of a similar level with stable but gradual change in the mean value in between5 Figure
below illustrates a typa sample of received signals for hand held and on a stationary vehicle.

Figure 5 A sketch here showing variations on hdmdd and vehiclenounted antennagSketch
approximations of figures 1.5(a) and (b))

Doppler is introduced by relative motidretween satellite and mobile; it affects aeronautical channels and
NGEO satellite systems in particular. Countermeasure includes open and close loop frequency correction
arrangements.

Orbit
The visibility statistics from the service area is determinethbyrbital characteristics.

Orbits are categorized by altitude, inclination and eccentrigityt i t ude deter mines a sate
(coverage)- the areaincreases with altitudeinclination influences the minimwmaximum latitudesof

coveragethe two extremes of orbital inclination arequatorial (inclination=0) and polar(inclination=

90). An equatorial orbit satellite would cover a belt around the equator, whereas a polar satellite would

cover a belt orthogonal to the equator thusecimg the full Earth over a periddepending on the orbital

period)d ue t o t h eeadf etatiorh Eceentricityiétermines the shape of an orbit. Satellites in a

circular orbit travel at uniform velocity to provide an unbiased temporal coverage, whereas satellites in an
elliptical orbit travel at variable velocities and hence dwell lormyer regions where orbital velocity is low

Tolerable delay in data delivery

Tolerable @lay in a system is applicatiolependentWhereasa delay of more than ~400 ntsauses
annoyancen a conversation, delays of minutes and hours are acceptablarail delivery. A noareal

time service can tolerate a break in communication link by data recovemjigeelsuch as store and
forward in an interactive servican uninterrupteagonnection must be maintained. The dedpgcification
influencesvariousfeatures of a mobile satellite communication system. For example, in atdigent
system an NGEO sdlige system can scale down the constellation size such that visibility statistics is
restricted to the tolerable delay.
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Handover

Satellite location is staticof a geostationargrbit (GEO)system. The boundaries of spot beama GEO

are fuzzyextending several tens of kilometevhich promotesa graceful degradation in signal quality for
slow-moving vehicles. Thus, sleomwoving mobiles need not handover a call to the next beam or satellite, as
users spend a considerable period in this fuzzy adrere signals degrade gradudlat allowsthe user to
adjust Neverthelessdndover is necessary for fast moving mobiles such as airord#ist trains

In nongeostationary satellite systems on the other hand, satellites astationary and henca user is
likely to communicate through different beaarsdbr satellites during a call, making handover a necessity.

Moreover, when intesatellite links are used, handover between satellites becomes eshentiadlynamic
path geometry.

Handover is @omponenbf mobility management, described next.

Mobility management

The function of mobility management is to locate a called mobile, rigteall and once established
maintan it, meeting the qualitpf-service criteria.

In derivatives of the GSMystem, each mobile is registered in a database, called home location register
(HLR); if the mobile migrates outside the home territory, the mobile registers itself with the visiting
system’'s visitor l ocation regi st each (skWok ®)its HLR.he VLR
Whenever a call is addressed to a mobile, the mobile switchinggcenf MSC) i nterrogates th
to obtain the mobroutesthe gall Figueé(d belmwporaagsda rautimg stheme in a

NGEO system witlsatelliteground hops, while Figuré(b) represents acheme over aimter-satellite link

Various alternativearefeasibleand hence the routing strategy musbpémizedcarefully.

Figures6(a) andé(b) (sketch of figures 1.3(a) and @hematik.

In an IP enabled network prior to a connection handover at the.&Ftliephysical layer) the IP address
must migrate to a new attachment. The Internet engineerindgaiask (IETF) hagecommended mobility
management schemes such as Mobile Interngb&bversion 6 (MIPv6) which have been adapted for
satellite IP networks.

Satellite access

In an MSS environment thousands of users share satellite resources and therefore high satellite access
efficiency is paramount. Demafasigned single channel pearrier (SCPC) freqgncy division multiple
accesskDMA) or FDM/time division multiple acceg3 DMA) schemes, where a pool of channels is shared

by all userdn time or packet(s) basignd code division multiple access (CDMA) offeffective solution.
Thechannel pool can be managed by either a central or a distlilarchitecture. In a centaichitecture, a

pool is managed centrally, whereas in a distributed architecture, separate pools are assigned to each
participating fixed station for sethanagemet.

In a code division multiple access (CDMA) scheme an RF channel is shared by all the users each using a
unique codeThis scheme offers advantage in terms of interferemad multipath mitigation, arfdcilitates
soft handover.

Data traffic exhibi¢ a variety of behavior- ranging from sporadic bursts to continuous streams and
dedicated channels waste resources when the traffic flow is intermittent; consedbentigcessing
schemes are matched ttee anticipatedraffic characteristics. Common accegsschemes used for data
communications include Aloha, slotted Aloha, Reservation Aldirae Division Multiple Access, etc.
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Spectrum management

Frequencies are allocated by the Radio Regulations (RR) and managed by the local/regional regulatory
regi me taking into consideration engineering, com
perspective, spectrum management includes selectiam &aropriate frequency band, obtaining clearance

from the regulatory authorities, and managing its usage efficiently.

At present, a majority of MSS systems operate in L (~1.5 GHz) and S (2 GHz) bands; a few,itvaine K
and abeginningtowards use of K, band. L and S bands are suitable for communicaiiethe-move
because of relatively benign propagation attributes and mature techmokbgge bandsSince hese bands
have very limited allocation (~40 MHz) shared by several operators, afeycongsted and hence
unsuitable for broadband communication (> ~tdd). Therefore eme operators have preferrediyand for
broadband on portable terminals with directive antenna.

Due to heavy usage of the MSS spectrum, interference management is an impoidatgration in the
planning and operation of mobile satellite systems. A certain level of interference is budgeted in the radio
link design to enable inter and intra system frequency sharing. To minimize the probability of unwarranted
interference, operats follow a strict spectrum monitoringegime and procedures to manage harmful
interference. Techniques to maximize spectrum efficiency include spatial frequency reuse by spot beams,
efficient radio transmission formats and judicioadio resource managent

Radio link reliability

Techniques for improving radio link reliability include use of robust modulation and forward error
correcting codes (which govern link margin), fade countermeasures, store and forward technique to support
communication in deep fades and adaptive poweode cate control.

6) Compare the characteristics of satellite and terrestrial mobile systems. Explain the reasons for a
growing convergence between these systems.

Mobile satellite systems are used extensively on thin routesimngbntingencyon disruptionto the
terrestrial infrastructure.
The characteristics cltellite and terrestriaystems are compared in the table below.

Satellite Terrestrial

Wide area coverage typically thousands o
kilometers

Relatively lower coverage - typicdly hundreds of
kilometers; coveragecan become disjointedver large
regions

Seamlessaaming over wide areas a hatura
system feature

Roaming over wide are@ncompassing several countri
involvesseverabperatos and possibly disparaggstens.

Handsets resnble cellphones; Large
terminals (0.3l m parabolic antenngprovide
broadband services up to several tens o
Mbps.

Terminals are small and attractively packaged wit
variety of applications including broadband.

Terminal costs are relatively high

Terminal costs are loyeonsistent with consumer marke

Usagecostsis high

Usagecostis relativelylow

Suited for wide area coverage and thin roy
(e.g. traffic density <0.Erlangsg. km).

Suited for urban and suburban environment; unecon
on thin routes (e.g. Traffic density <1 Erlang/sq. km).

Ideally suited in aeronautical/land/maritim

environmentsto provide coverageover vast

Generally operate in land environmelitjited coverage
is possible in aeronautical (over land) and marit
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geographical span. environments (close to shore)

Service include voice and data with
throughput up to ~ 500 kbps in L band and
to 50 Mbps in Kband

Services include voice and data up to several M
Higher throughput of several tens of Mbps availablg
first releasesf 4" generation systems

Serve consumer market feocial and business needs
populated areas; coverage limited to coastal areg
maritime environments; air coverage over land
available in certain parts of the developed world,;
coverageon thin routes is available vlSS links

Serve niche market ships, aircrafts, truckg
international travelers and businessm
cellular extension, tourism, media, etc.

Frequency is reusespatially at distances o
hundreds of kilometers.

Frequency is reused at distances10 m—tens of km.

Handover between spot beams or satellites
not always essential for geostationary o
systems but essential for ngaostabnary
systems.

Handover is frequent and necessary in all cell
systems.

7) What are the strengths and limitations of a mobile satellite service?

The strengths of a mobile satellite services are:

Wide area coverage that can span continentsraleddthe entireworld, including the poles
Unbiased coverage service regions

Broadbandspeedsip to 50 Mbpss available(year 2014

Serviceis available over vast expanses as soon as a sasghitenmis commissioned for operation
Ideal forthin routesand adjunct applicatios such addistress signalingsearch and rescuéirst
responders, ete.g., when the terrestrial infrastructure has fajleileo streaming from remote
locations

= =4 4 —a -2

The limitations of the service are summariasdollows

Limitations Comments

Expensive infrastructure, call ar
terminal costs

Terminal and call costs continue to redug#rastructure cost
reduce for systermserived fromterrestrialmobile network

Terminals are large compared
terrestrial systems

Handheld units resemble celphones; A significant siz
reduction in recent years; Terminal size is not crucial anyn
MSS applications (e.g. shiporne, railway and aeronautical)

User interface is complex

The limitation applies to specialist equipment such asistripe,
aeronauticabnd largdandterminals;neverthelessndusers seq
a simple interface similar to terrestrial systems

A general lack of awareness
technology.

Heightened awareness in recent years

Systems  susceptible to loc
interference.

Resolutia of local terrestrial interference arduous

Routing arrangements can |
complex and time consuming.

Concern about unauthorized bype
of a country’s

Practical solutions feasible

Service limited to thin route

Terrestrial retransmissions using an ancillary terres
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component (ATChallow extension to populated areas

Service unreliable in  arec An ATC improves reliability
susceptible to shadowing e.g. urb
and suburban locations

8) Briefly outline the factors likely to influence the evolution of mobile satellite systems.

There are numerous technical and commercial factors which are likely to influence the evolution of mobile
satellite systems

User needs

The urge of people to remain in contact undircircumstances has been instrumental in the success of
mobile communication technology. Trends in tieerestrial mobile and fixedervices are likely to be a
precursor to those in the mob#atellite systemsEscalatingdatademands for both personahd business
applications is likely to fuel demand for broadband systems. Example usafiede internet access to
database on the move or at remote locations, remote teleworking, remote accesailsy) and image

transfer from mobiles such as ships, etc.

MSS data rates have increased from a few kbps in thegéretration to 50 Mbps in the current generation
numbers of successful commercial MSS ventures have incrigasegent years; and a number of MSS
applications are identical to those of terrestrial mobile systems.

Locationbased applicatiorsre an example of value added MSS service
Low user terminal cost angsagecharge are vitdor service penetration.
Explatation of untapped market

Vast, sparsely populated areas throughout the world remain unserved by fixed or cellular systems, either
because the service is uneconomichese regionsr a lack of infrastructure. Satellite systems are ideally
suited to fill such gaps.

User awareness

Recentgrowth trend isdue toheightening awareness & S S ‘patentialin niche areas such as remote
reporting, first responder, loAgaul aeronautical, manitieandrailway, environments, etc

Impact of competing technologies

The growth of competing technologies such as mobile FSS, interactive broadcast technologies and
expansionn coverage of terrestriahobile systemcanadversely affect the growth ra®ynergistic solutions
and system architecture are therefore a way forward in the evolution of MSS.

Advances in network architecture

Reuse of terrestrial mobile systerchnologiesallows economies of scaléor the MSS andacilitatesa
tighter integrationwith terrestial mobile systems permitting a largeshare ofuser base. yhergistic
solutions arehereforea primary theme of modern MSS networks.

A mobile satellite system comprising an ancillary transmission component (ATC)eatahét promises a
seamless extension of the system to heavily disadvantaged locations such as city centers and within

buildings.

Alleviation of spectrum shortage
Additional spectrunin L andS bandsffers an unconstrainegrowth potentialin the handheld and land
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mobile onthe-move sectors whereas frequency bands including and ahgvandoffers growth potential
for next generation broddand servicegshundreds of Mbps) olarge terminalsinstalledon ships aircrafts
andused for portabléand applications.

Sandardiation

While gandardizatiorallows economies of scala large number of MSStandarddead to unwarranted
market fragmentatianExamples ofprevalentstandardsnclude GMR, GMR 2 (an evolved versiomf
GMR), GMR-1 3G, DVB RCS+M etc.

Advancesn technology

1 Satellites with regenerative transponders anebaard computing Regenerative transpondei®wver
mobile terminal EIRRequirementsallow size and costeductionand mitigate effects of interference. The
ability of regenerative transponders to decouple up and down links enables optimizatpramd down
links separately Software reconfigurableegenerativetransponders can minimize risk téchnology
obsolescence.

1 Onboard processing can incorporate advanced dpased features such aslividual callrouting,
variousnetwork functionssophisticated beafflorming techniques, etc

1 Inter-satellite linkssimplify groundconnectivity
1 Improvemenin satdlite launchtechniques lead® cost reduction

1 Improved satelliteproduction technique Long production cycle of satellitesesuls in technology
obsolescencand cost overrun particularly for large constellation$here are benefitsr applying mass
production techniques similar to thosiethe adomotive industryto satellite manufacturing

1 Advancenens in user terminatechnology Low-cost, cellulafintegrated satellite phones affordable by
individualsarevital to uptake ofMISS. Phenomenal advances in VLSI, packaging, battery technology, etc.
enableaffordable dualand multtmode haneheld and portabl®SS terminals

1 Technology improvements iareas of modulation, channel coding, vedoeling, compression, access
technology, sstem architecturayetworkmanagementtc.are vitalfor MSS.

1 Since mobile satellite services provide lower throughput than wired systems, evolution in robust
spectrallyefficient transmission technology is essential as demonstiatedrestrial mobiléechnology.

1 Increase in the service link effective isotropic radiated power (EIRP) retheesize and cost of user
terminals and increasébroadband speed in the forward directiavhile improvement in spacecraft
receiver sensitivity (G/Tincreaseshereturn link transmission ratémprovements in spacecraft antenna
and powetamplifier are enablingechnologiesn this respect
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CHAPTER 2

1) Define and explain the significance of orbital parameters in an MSS context.

Satellites orbit the Earth on walkfined paths specified precisely by a set of six orbital parameters. The
parameters are used to fgho i nt a satellite’s location in space.
geometry is necessary to track a satelihd estimate radio link parametersdesign Hence he parameters
determinghe characteristic of space segmdfiguresl(a) and1(b) show the parameters

Figurel(a) [figure 2.3 (b])
Figure(1b) [figure 2.3 (a)].

1. The Semimajor axis, adescribes the size of an elliptical or a circular offigure 1(a)). Semimajor
axisis used in definingn elliptical orbit. In a circular orbit iteverts toorbital radius. It relates to a
satellites altitude.

2. Eccentricity, e,represents the shape afh orbit. Eccentricity of a circular orbit is Bn orbit s
elongation increases with an increase in its eccentricity

3. Inclination, i, describes the orientation of an orbit with respect to the equatorial (figues 1(b)). It is
the angle between th@ane of the orbit and the equatorial plane. The orbit crosses the equatorial plane
at two points calledascending andlescending node#t the ascending node satellite crosses the
equator from the southern hemisphere to the northermithd descendig nodea satellite crosses the
equator when moving from the northern hemisphere to the southern.

4. Right ascensionWV, shows the orientation of an orbit with respect to thax}¢ of the coordinate
systemlt is the angle between the-akis and thdine of rodeswhich refers to a line joining ascending
and descending nodes.

5. Theargument of perigew, describes the orientation of an elli
line of nodes measured as the angle between the line of nodes and the perigee.

6. Time 1, is the time elapsed since a satellite has passed a reference point in an orbit, usually the perigee;
where the reference time is known as Epoch.

The eccentricity determines the shape of the orbit. Inclination determines the latitude limits afetage
area. Altitude (semimajor axis) determines the propagation delay and relates to transmit and receive signal
powers in radio link design.

The reliability of MSS radio link improves with an increase in the elevation angle and therefore praivision o
services at high elevation angles is desirable. At an inclination of &8.dccentric, elliptical orbit provides
a quasistationary, higkelevation coverage at high latitudes.

Low altitude orbits reduce propagation delay and the power requiremesédeaiiite and user terminals but
satellites in such orbits are ngtationary leading to a relatively complex space segment coupled with large
variations in signal poweand complexnetwork architectureGeostationary satellites provide stable radio
link with a relatively simple network ana coverage extending nearly ¥®f the Earth below ~76
latitude. Whereasl0-80 are necessary for low or medium altitude satellites only 3 geostationary satellites
can cover the Earth.

Sunsynchronous orbit maintaim constant relationship with the Sun and hencediygappropriate orbital
parameters sun eclipse on a satelid® be eliminated a useful attributd or s at e |-generatiers
subsystem as the need of a secondary power is eliminated

powe

Figure 2.7 (c) represents contour plots of azimuth angle as a function of latitude and longitude relative
to the sub-satellite point of a geostationary satellite. Estimate the azimuth of a geostationary satellite
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located at 15 E when the user is located at: (i) 55 E/20°N; (ii) 75 E/80°S; (iii) 35 W/40™N; (iv)
55 W/40°S.

An accurate estimatsanbe made using equation A.4 (see Appendix). The results are:
User (i): 247.8; User (ii): Satellite is below horizon; User (iii): 118, ®Jser (iv): 76.8

What are the various types of perturbations on satellites in Earth orbits? How do such extraneous
forces affect satellite motion?

Perturbations arenainly caused by:

1 non-uniform gravitation of the Earth;

1 gravitational effects of the Sun attte Moon;
1 atmospheric draat low orbital altitudes);

1 to alesser degresolar radiation pressure.

Nonuniform gravitation of the Earth

The gravitational force around the Earth varies due to theunori f or m di stri buti on of
further more t he hElipsdidal'asthepdian r@adus is s21 larl shogdr than the equatorial
radius. A crossection of the Earth shows a semmjor axis approximately along the line 165°E and 345°E
(15°W) and a semininor axis approximately along the line 75°E and 255°E {)5 Therefore,
gravitational force is no longer directed towards the geocentre, but towards the centre of the ellipsoid. Non
uniform gravitational fields cause the following effects to an Earth orbit:

1 Precession of perigee in orbital plane;

i Precessionodr bi t al pl ane arsouthaxds; t he Earth’s north
1 Perturbing force in a direction along the orbit.

The first two effects are most noticeable in low Earth orbit (LEO) and medium Earth orbit (MEQO) satellites
whereas the last mentionaffects GEO satellitesoticeably

Gravitational effects of the Sun and Moon

Gravitational effects of the Sun and the Moon are
effects for satellites in low and medium altitude orbits, thatse forces affect satellites geostationary

orbit. The main effect of the gravitational pull by the Moon is a change in the inclination of the orbit
between ~0.48year and ~0.6year with a period of about 18.6 yedfsr example, aninimum occurred in

the year 1997. The change mused by variation in the inclination of the Moon itself. The yearly change in
inclination due to the Sun is ~0QWhichis steady for practical purposes. The net effect of these two forces
causedghe inclination of a geostationary satellfte vary between ~0.75and ~0.94 each year. These two

forces act in the same direction on an average and hencestiieant change in inclination is tkem of

these.

A component of the force due to the Ear tchofsheel | i ps
Sun and the Moon. These forces cancel each other at an inclination of alfouonhsequently if the

inclination of a geostationary satellite is left uncorrected then the inclination of the satellite oscillates around

an inclination of 7.%5with a maximum of 15and a period of 53 years. In practice, inclination is corrected

regularly by firing thrusters on satellites in an orbital manoeuvre catlgti-south station keeping.

Solar radiation pressure

Solar radiation pressure affect large spstcectures such as large geostationary satellites often deployed for
MSSs. The net effect is an increase in the eccentricity together with disturbance along treoutbrtaxis

of the satellite that necessitates periodic corrections.

Atmospheric drag

At mospheric drag is caused by friction to a satel!/l
Therefore, satellites in low earth orbits suffer the largest atmospheric drag. Below ~180 km, the friction
causes excessive heat on a $atelt eface such thasatellites burn out. From this perspective this altitude

is considered as the lower limit of space. Atmospheric drag is directly related to the surface area and mass of
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a satellite and it becomes noticeable below ~750 km.

Miscellaneous distrbances

A number of miscellaneous forces act on a satellite, which must be compensated to maintain the desired
orientation of a satellite. Such disturbances are
meteorites, selfienerated tomg, etc.

Outline the principle, characteristics and advantages of a sun-synchronous orbit.

The disturbance caused tumform gravietiohal fieleé caubes @ rotatmon ofthee E ar
orbital plane around nortbouth axis. The rate ofgcessionyy, is given as:

W= 9.95 [R/a}>(cos (i) / ( 26?)?) ~/day

Where, R = the mean equatorial radius (~6378 km), a = thersajor axis, i = the inclination and e = the
eccentricity

If Wis made equal to the rate at which the Earth rotates around the Sun i.e. 0.986° per day, the relationship
of the orbit with respect to the sun remains constant and the orbit becormsehronous.

Satellites in this orbit rise at the same time overlaogtion on the Earth a feature that benefits acquisition
and tracking of satellites. When used for Earth resource survey the satellite views the Earth at the same level
of ilumination each day, which makes detection of changes easier.

By orienting theorbit suitably it is possible to eliminate eclipse on a satellite. This simplifies the power
supply subsystem of a spacecraft and reduces the weight of satellite by eliminating the need of secondary
power source for eclipse operation.

Determine the inclination of a sun-synchronous circular orbit of 750 km altitude (Earth radius = 6378
km).

The rate of change/of the orbital plane is given by equation (2.5) as
W=9.95 [R/a}*® (cos (i) / ( :€?)?) TIday

Where, R = the mean equatorial radius (6378 larg,the semmajor axis, i = the inclination and e = the
eccentricity

¥ . . W —

For a sursynchronous orbitwW= 0.986°/day
Given, a = 750 km, e =[&xx check]

Substituting values in the equation for estimating the inclinatio
. ¥ , , 8
i= wéi— 3

Then, inclination = 89.99

How are the parameters of an eccentric orbit adjusted to provide service to high latitude region above
81" N? Suggest limitations of this approach.

Theperigee of an orbit rotatesintber bi t al pl ane dunifermygravitatiamad field.dmet h’ s no
rotation ceases at an inclination of 63(dr 116.6) and moreover fieldf-view of satellites in such an orbit

extends above 81 N, beyond which geostationary satellites iargsible (below horizon) Inclination of

either63.4 or 116.6 can be selected as appropriate forgbevice regionA highly eccentricorbit with a

large semimajor axisandapogee over the service areaults in a largewell time of satellitesover the

servcearea recallingthat satellite velocity reduces with altitude. Examples ofdlasiss oforbit are Tundra

orbit that has a period of 24 hours and Molniya attit hasa period of 12 hours.

c

t

n
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The limitation ofsatellite systems using highly eccentitit arises due toon-stationarynature of satellites

and therefore for seamless coverage a number of satellites are required, necessitating satellite handover. For
example, for a 24 hour orbital period, 3 satellites can cover the service area each8skovirg

Furthermore, &cause of thie high inclination, true global coverage is not feasible fsaohorbits

What is the rate of change of argument of perigee of an elliptical orbit with the following
characteristics:

Eccentricity = 0.15; Semi-major axis = 10000 km; Inclination = 45 ? (Earth radius = 6378 km)

Plot a graph of (rate of change of) argument of perigee versus inclination ranging between 5~ and 90"
Comment on the results.

The rate of change of argument of perigeeof an elliptical orbit igyiven as,
w=4.97 [R/al*® (5 cog (i) - 1)/ (1- €)? " /day

Where R = the mean equatorial radius (~6378 km), a = thersajor axis, i = the inclination and e = the
eccentricity.

Substituting
w = 4.97 [6378/10000}° (5 cos (45) - 1)/ (1—(0.15))? /day (xxx calculate)
Or,w=1.617 /day

A plot of rate of change of argument of perigee versus inclination ranging betward 90 is listed in the
figure below.

Inclination vsw

5.0

40 &=

B

30 |

" AN
0.0 | N

-1.0 —
20 |

w deg/day

5|15 25| 3 |45 | 5 | 65| 75| 85 | 90

Rate of change of argumentiofy 5 | , 0| 33| 55| 16| 0.7 |-0.1| 07| -1.0| -1.1
perigee

Inclination (deg)

Comments:
1 Asexpectedw=0 ati=63.4 deg (see zero crossing)
1 wis positve below inclination of 63.4 deg and negative above.

1 Variations rangbetweent4.3 deg/day anel.1 deg/day
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Outline the concept of sun eclipse at the geostationary orbit? What is the impact of such eclipses on a
spacecraft? Suggest an orbital configuration in which sun eclipses can be eliminated,

Figure 1(a) below shows the apparent motion of the ecliptic p\aiet h r espect to the Ea
plane.

Figurela : [ Sketch figure 2.16 (a)] Apparent motion of
plane over a year

At spring and autumn equinox the equatorial and ecliptic planes coincideesafbté the Earth lies in the

same |ine as the Sun and the geostationary arc. The
altitude of the geostationary orbit (GEO) and the Sun is eclipsed on days when the shadow intercepts the
GEO during inérvals when a GEO satellite lies behind the Earth.

Figurel(b) belows hows t he Earth’s shadow on the geostationa
eclipse when the shadow begins to graze the GEO to the last day \grerefpast the orbit.

Figure 1(b) [Sketch figure 2.16 (b)]Eclipse duration in minutes on a geostationary satellite fidé of the
figure) and the Earth’'s shadow on geostati osidemafthe arc on
figure)

The duration of eclipsentreases progressively, maximizing on equinox, then subsides & ahet h' s
shadow moves away from the geostationary arc. On the day of the equinox, the Earth and the GEO are on
the same line and hence the eclipse duration is the highest, reaching édoumdirtutes, the time foa

satellite to traverse 17.4°. Sun is shown moving relative to a fixed Earth and directions represent the
apparent motion of the sun relative to the equator around the spring and autumn equinox.

The pealof theeclipsecoincides vith thes a t e ImidnightesHesthe satellite is directly behind the Earth.

Therefore, by selecting the satellite to the west of the coverage region, the onset of the eclipse can be
del ayed past the region’s midneig bsuallywdweand hénbeethet r a f f i
spacecraft battery’'s capacity requi r etonthennestwosld r educ e
set back the eclipse to 01:00 am.

Impact of eclipse on satellite

Satellites generate power for their functioningm solar cells. In absence of digit the satellites rely on
rechargeable batteries. Such batteries increase the weight and hence launch cost of satellites. Regular
charge/discharge cycles reduce the lifetime of batteries. There is thus also a deletoahe mission.

Besides, satellites undergo a thermal shock as they move in and out of eclipse where temperatures variation
can range fromm180 C in eclipsed condition to +6Q on exiting an eclipsaecessitating a stringent thermal
controlsub-system

9) What are the types of constellations used for mobile satellite services? Outline the benefits and
limitations of each.

Depending on the service area and communication requirements, MSS utilise low, medium, highly elliptical,
geosationary orhybrid orbit

Taking atmospheric drag as the lower limit and the first Van Albfiation belt as the upper limithe
approximate altitude dbw Earth orbit LEO) is between-750 and ~1,500 km. The altitude @fmedium
Earth orbit MEO) lies in the ange ~10,000 to ~12,000 km, a span of low radiatetween the first and
second Van Allen belts.

Benefits and limitations of each orbit is summarised in the table below
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Orbit Advantages Limitations

Geostationary Orbit | Well  developed and  provel Coverage unreliable betweé@6 to
technobgy; °81 latitude, and unavailabl
Insignificant range related ignal | Peyond® 81 latitudes;

Highly elliptical orbit
(HEO)

MEO

strength variation due to negligible
groundsatellite  range variation
during calls;

Interference  calculations are
straightforward due tostable and
simple geometric relationships;

Low Doppler;

Supports handheld andbroadband
service;

Coverage is available to mo|
populated areas of world (but see {
limitations);

Only three satellites can provide ng
world-wide coverage;

A single satellite isadequate fo
regional coverage.

Reliable service links possible
mid-to-high latitudes;

Lower launch cost thaGEOQO;

Distributed space segme
architecture allows partial service
case of a satellite failure; 1:1 satell
redundancy is not required.

Offers
capability;

tue global coverags

Lower path loss than GEO;

Medium propagation delay (~580
ms transmitter to receiver;

Enabes efficient use of spectrum;

Distributed space segme
architecture allows partial service
case of a satellite failure; 1:1 satell
redundancy is not required;

Poor service link reliability at mitb-
high latitudes, particularly for lan
mobile satellite services;

Large propagation delay (~240 n
oneway) - affects voice and time|
sensitive data protocols;

Largepath loss;

Spectrum efficiency lower than LE
and MEO;

High launch cost;

In-orbit backup satellite increass
system cost disproportionately.

Inefficient for global coverage;

Propagéion delay can be higher thg
GEO system;

Doppler effect quite significant;
Handver is essential,

Satellites pass Van Allen radiatiq
belts regularly to the detriment
electronic components.

Large number of satellites necess
(10-12);

Receive signal strength is variaQ
due b variability in range and
elevation angle;

Doppler effect significant;

Complex network architecture: e.d

handover, intersatellite links
dynamic satellite resourg
management, routing etc.;

Tends to increase orbital deb

because of need of large number
satellites per system;

Relatively long time necessary f
constellation deployment;

Space segment maintenance
complex due to large number
satellites and distributed netwo

17
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architecture — higher number o
satellite replacement than GEO H
less than LEO

Low Earth Orbit| Offers tue global coveragq Large humber of satellites necessa

(LEO) capability Signal strength is variable due
Lowest path loss; variability in range and elevatio

Lowest propagation delay (~ 3.5 angle;

15 ms oneway from transmitter tq Doppler frequency shifis significant
receiver) comparable to opticibre | (highest);

system time delay; Complex space segment andtwork

Efficient use of spectrum; architecture due to: higlhandover
Distributed space seqme rate inter-satellite links, need of &
P 9 dynamic satellite resourg

architecture allows partial service
case of a satellite failure; 1:1 satell
redundancy is not required;; Possibility of very large number (
eclipsesresulting ina large numbe
of charge/discharge cycles;

management, complex routing, etc.

Possibility of including positior]
determination as a valwsded
service. Rate of depositing orbital debris
the highest but it iselatively easyto
remove debris from LEO;

A busy pace segment maintenancg
involved - satellite replacement ra
is more than in GEO or MEO.

Hybrid orbit Utilises the best combination ¢ Suited for unusual coverage
orbits for the required servicl requirements, e.g. to cover equato
requirements. region with parts of high latitud

region.

10) Which constellations would you select to provide mobile satellite service for: (i) a seamless global
coverage; (ii) an equatorial coverage within 307 latitude; (iii) a regional coverage to serve equatorial
and mid-latitude regions? Justify your choice.

0] Seamless global coverage

Geostationary and highly elliptical orbits are discarded since they cannot provide a searalgksbal
coverage. That leaveke option to use either a low or medium earth orbit. The choice between these would
depend on factors such as costmianufacturing andleploying the constellation, the target propagation
delay, and type of service. Other factors which influence thecehoiclude frequency availability,
constellation maintenance and launch cost, etc.

(i) Equatorial coverage within +30atitude

This type of coverage can be covered by an equatorial constellation where satellites follow each other to
provide seamless or inteittent connectivity, as necessary. The altitude of the orbit may be either low or
medium earth orbit and will be determined by the field of view which should ensure coverage within +30
latitude.

A geostationary being an equatorial orbit is also suitaleough its coverage camly extendreliably up
to ~° 76 latitude.

(iii) Regional coverage to serve equatorial andaiitude regions

Regional coverage can be provided by a geostationary orbit wighels good coverage up to the mid
latitude. A geostaticary satellite system has the advantage of a simple network topatafgtatic radio
link which is more robust than those of ngeostationary satellite systems. Ngeostationary satellite
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systems may be unnecessarily complicated and wasteful as sateiliteemain switched off in those parts

of orbit which are outside the regioNevertheless, if the service requirements warrant the use of low or
medium earth orhjtthe constellation can be designactording toservice needs.g.,interactive or non
interactive.Walker and Beste provide methods for optimising medium/low earth orbit constellation for
regional coveragésee book for reference)

11) What are the differences in the radio link design of geostationary and non-geostationary satellite
from an orbital perspective? Suggest a technique to improve reliability of non-geostationary
radio links.

[Note: These topics are dealt in detail later inkkbek (e.g., see chapter 3 foadto linkanalysi$.]

In a geostationary satellite systdon practical purposéhe path lagth and elevation angle remanvariant
for the duration of a user session. For a-genstationary satellite on the contrary trethplength and
elevation angle varyapidly due to motion of satellite relative to the udbat mayaffect a call s
performanceMaximum variatios in these parameters ocdara LEO satellitesystem Sincethe extent of
shadowingis influenced by elevain angle depending onuser location and orbital parametenon
geostationary satellite systemxperience variable propagation impairmersich variations are in addition
to those caused by motion of a mobile and thus radio link design is more degnfordiorrgeostationary
satellite systems.

Doppler frequency shift is of the order of a few hundreds of Hertz for geostationary satellite, whereas for
nongeostationary satellites thariations areof the order of tens of kHz. Managing the Doppler shrift i
geostationary satellite stems is relatively straightforward. For slow moving vehicles the compensation can be
done by the fixed network and with receiver involvement limited to aeronautical environment; however for
nontgeostationary satellite systems quemsation at the receiver is also necessary.

In addition to the use of robust modulation and codialighility of radio link of norgeostationary satellite
systems carimprove by pathand timediversity. In path diversitythe signals are received from dw
satellites. It has been experimentally verifibat probability of both pathfading simultaneously reduces
when satellites are sufficiently apamd the signalérom both pathsan be combined to provide a more
reliable radio link.Time diversity is lased on the premises that if signals are separated in time e.g. by
repetition then probability of simultaneousfading reducesprovided time separation is adequate. In
interleaving the adjacent bits of a message are separated in.¢inmgdrleaved) to rimimise corruption of a
message by short error bursts.

Another approaciks to increase the elevation angfethe service aretb minimise corruption from ground
clutter. For example, ighly elliptical orbits inclined at 63.4can coverhigh latitudelocationsat high
elevation angleNote that the coverage area shrinks as the minimum elevation angle is increased for circular
orbits.
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CHAPTER 3

1) Demonstrate with an example, the principle of co-channel frequency reuse by multiple spot beam
satellites.

Figure 1 fketch figure 3.2(&) A model for estimating interference

Figure 1 shows a model for estimating interference caused to a mobile or received on a satellite. The offset
angle 6 between t he wanotherespot beamdhinithe presenfcentekttin g s our c e
determines the discrimination between the wanted and the interfering slgpalsdentn the receiver

antenna gain at this offset; for a feeder link, the mobile station is replaced by a fixed earthTtation.

geometry is reversewhen considering interferenceasgatellite receiver.

Figure 2 gketch figure 3.2(B)A model for estimating the interference between spot beams of the same
satellite

Figure 2 illustrates a model for estimating the interference between spot beams of the sameheatthite;
isolation between the wanted and interfering carrier is provided by the spacecraft antenna pattern. For
example, a carrier transmitted at an EIRf P dBW towards theenterof coverage of spot beam 2 is
received as interferenc&8 dB lower athelocation M at the edge of spot beam 1. For &ltannel reuse

and assuming that the same a@rtype is reused in both bearttse carrier to interferece ratio (C/l) is:

(P-3) - (P-18) dBW
i.e., 15dB

More generally, interfering carrier power level in fbeward link (space to Earth) is the sum of interference
from all the interfering sources (i.e.-channel frequency rasers)

)y B 'O —0 03 O YA (1)
Wherelex(®) = wanted ground s thanteifedny soarcePye natekite tppasimitter t o wa r d

output of K" interfering carrier)sk (@ )  M=nteering satellite antenna gain towards wanted grounadstati
lok = path loss of the'ki nt er f ering carrier t p=fradiontofektintefarimgund st a
carrier power <captured within wanted receiver’'s ban

For thereturnlink the interference occurs at the satellite and hence the total interference | is estimated at the
want ed s at €Eherhobileiaterfering soysca may operate from anywhere wittsrservice area

be it a spot beam on the same satellite otrercsatellite For planning purposes it is usual to position the
interfering sourceat the worst interfering locatiokquation (1) isappliedfor the interference at the satellite
receiver.

)y OB 'O —0 03 'O YA 2)
Wherglex(®) = wanted sat el | {intaferiagnsbuecePp atrampmiitenoutpuboffkilr d s k
interfering sourcelsc (9 )  "=nteering source antenna gain towards wanted satejlite,dath loss of the

k" interfering carrier to wanted safelt e  a=fohctigh of K" interfering carrier power captured within
wanted receiver’'s bandwidt h.

2) Estimate the spectrum required for a 350 spot beam satellite system capable of supporting seven-
beam clusters when,
M Traffic is distributed uniformly such that each spot beam requires ten, 200 kHz
channels.
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(i) Three clusters require 20 channels each, with traffic in other clusters uniformly
distributed as stated in (i). State assumptions.
(Hint: Frequencies cannot be reused within a cluster)

(@ Number of clusters 350/7 = 50

Spectrum required in each spot beam = 10x200 = 2 MHz

Spectrum required in each cluster = 7x2 = 14 MHz

Since spectrum in each cluster is reusable in others, total spectrum required = 14 MHz

(i) Spectrum required in ed&dHz ‘" hot' spot beam = 20Xx:
Spectrum required in a hot cluster = 7x4 = 28 MHz

Spectrum required in nominally loaded clusters =14 MHz, shared with hot clusters

Spectrum required by the system is then bound by the requirements of the hot clusters = 28 MHz

Comment If the system &s negotiated a total of 28 MHz of MSS spectrum, 14 MHz would remain
unutilised in 47 out of 50 clusters. A more efficient approach would be to negotiate separately the additional
spectrum for the hot spot beams, allowing other systems to utilise tup &pectrum on a neinterfering

basis.

3) State the difference between forward and return link interference analysis of a mobile satellite
system. Demonstrate the difference algorithmically.

We will assume here that the interference analyisterest hee pertains to theervice linkas it is more
problematic of the twdinks because of the wide beamdth of the user antennas that make them more
susceptible to interferenc@/e will address geostationary satellite systems. The conceftecaxtended to
nontgeostationary satellite systems by repeating the exercise tahe-stepsto coverone constellation
repetitioncycle.

In the forwardservice link thanterfering source resides in the space segmeet, spot beams on the same
satellite when condering intrasatellite (spot beam) reuse or different satellite(s) when considering inter
satellite reuse. In either case the position of the interfering source remains fixed. The interference
estimated using equation (1) above in answer to questidmel iseinterference contours are, therefore,
clearly defined and remain unchanged.

In the return direction the i nt exhamel gamsmesionscfronur s at
interfering mobiles, as given by equation (2) abovie answer @ question 1 The offending mobile, can

reside at any location within the offending beam, resultiregtémporal uncertainty in interference estimate.

A probability distribution can thus be associated to interference based on the probability of preseace of
interferingmobile at each location. For example, when considering arfaizile system, the probdity of

interference from seeovered areas is negligibdand hence portions of the interfering beam in such regions

can be discarded from the analyssémilarly the wanted mobile can also be located probabilistically at any
location within the wanteddam and the net interference can be expressed probabilistically using the joint
probability of presence of wanted and interfering mobiles.

The algorithmic statements for tHerward direction intersatellite interferencecan be summarized as
follows:

l.Calcul ate the offset angle 6 between wanted and ec¢
2. Estimate wanted ground station antenna gain towards interfering satellite(s).
3. Estimate satellite antenna gain towards the wanted ground station for each interfetag sour

4. Calculate power (1) of each interfering carrier received within thedptection bandwidth of wanted
receiver.

5. Calculate wanted carrier power (C).
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6. Calculate CH where {is the sum of the interfering power from all the sources. As an approximate rul
20% of the total noise is budgeted for interference, which includes inter andysteam interference.

The algorithm for thdorward direction interspot beam (i.e., intrgatellite)interference can be summarized
as follows:

1. Obtain the offsetangleé f r om each interfering bZaguestonbwards wan
2. Estimate antenna gain towards wanted mobile from each interfering beam.

3. Calculate powerif) of each interfering carrier received within the -piegection bandwidth of wanted
receiver taking into consideration antenna gain towards wanted mobile.

4. Calculate wanted carrier power (C).

5. Calculate C4 where {is the sum of the interfering power from all the sources. As an approximate rule.
20% of the total noise is budgeted for interfere which includes inter and intsgstem interference.

The algorithmic statements for theturn direction intersatellite interferencaresummarized as follows:
l.Calcul ate the offset angl e 06 bEduw2questowhnt ed and ec¢

2. Estimate antenna gain of interfering mobile at various judiciously chosen locations in its service area
towards wanted satellite.

3. Estimate mobile antenna gain towards the wanted satellisafitr location selected in step 2

4. Calculate powerif) of each interfering carrier received at wanted satellite within thedgtection
bandwidth of wanted receiver.

5. Calculate wanted carrier power (C).

6. Calculate CH at each location where ik the sum of the interfering power from all the interfering
carriers

7. Obtain C/] statistics

The algorithm for the return directiontra-satelliteinterferences asfollows:
1.Obt ai n t h e fronh dashéotatioa of gdcteinteéfering beam.
2. Estimate gain of wantebeam towards each point seledtedtep 1.

3. Calculate powerif) of each interfering carrier from each beam and each location received within the
pre-detection bandwidth of wanted receiver taking into consideration antenna gain towards wanted
mobile.

4. Calculate wanted carrier power (C).

5. Calculate C#l where {is the sum of the interfering power from all the sources.

4) Describe the differences in interference analysis of geostationary and non-geostationary satellite
systems. Outline the salient features of interference model in each case.

For a geetationary satellite the path profile vareslyd ue t o a mobil e’ s moti on. T h
angle remains invariant for practical purposes. For a static mobile, the path profile remains unchanged.

Figure 1, above shows the geometry of the interfee model. The mobile, pointed at the wanted satellite,
picks up interference from adjacent satellite offs
summing interference power from all the interferers using standard link equations. Eg({&ji@and (2)

above quantify the interference calculations.

The interference calculations for ngeostationary satellite must additionally take into consideration the
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motion of the satellite itself, which results in temporal variations in elevatiorofiset angles, path loss
variations, and more dynamic propagation and interference environsnast satellites rise and set.
Moreover, handover between satellites or beams causes discontinuity in interference levels, due to abrupt
changes in path profile drtransmission frequency. Interferencahiereforemore involved than those of
geostationary systems and is often calculated through computer simulations. Figure 3 below depicts a
representation of a simulation model.

Figure 3: Entities of a simulationadel for estimating interference in the service link of a-geostationary
satellite system (A sketch of figure 3.4)

The simulation model for interference analysis in the service link of an NGSO system comprises the
following components:

9 Constellation, comprising orbital parameters of each satellite with appropriate phase
relationship between satellites

9 Each satellite’s antenna pattern including side-lobe performance where necessary
1 Service region

9 communication traffic model

9 mobile Earth station antenna pattern mask including its siddobe performance

9 carrier parameters (frequency, EIRP, voice activity, modulation scheme,-getection
bandwidth and C/I tolerance, power control);

9 propagation model
9 simulation granularity in terms of time increments andmber of Earth points
1 statistical data processing (e.g., cumulative distribution of Cdlersusgeographical location)

9 numerical and graphical representation of results

5) Suggest a methodology for long term spectrum forecast of a regional mobile satellite system. State
its limitations.

Figure 4 below illustrates a flow chart of a generic methodology, wtéctbe usedo derivelong-term
MSS spectrum forecasts a chosen servictr a country, region or the world. The model can be modified
on the basisfoavailable or estimated data.

Figure 4 (Sketch figure 3.7)
A schematic of methodology for estimating long term spectrum forecast in a given region.

Spectrum requirements are categorized bydperationalenvironment because of differences in traffic
requirements and propagation conditions. For each environment and service, the target population is
estimated; traffic penetration within the population gives an estimate of market size, which is weighed for
loss to competition, other service offeringstsas VSAT or terrestrial mobile systems, etc. The extent of
penetration is influenced by the existing infrastructure, affordability of the target population, their attitude
towards acceptance of new technology, exposure/experience with similar technatabsesial trends such

as the way people communicate during work or during leisure, internet penetration, etc. It is then necessary
to estimate traffic generated by each terminal in the busiest hour, the holding time of each call fer circuit
mode serviceand the average message length for pagicte services. The busiest hour may be staggered

if the service carries a mix of social and business traffic due to differences in their usage characteristics. The
methodology is useful for early planning of avieg, but its accuracy is sensitive to assumptions.
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The total traffic carried for the circuihode traffic is
E = TaN Erlangs

WhereT, = average traffic per terminal during busy hour and N = number of terminals. The total traffic for
the packet mode is

P =[M+ d N Kbytes
WhereM = average message length per user (Kbyte) during busy hour and C = coding overheads (Kbyte).

The total spectrum for each service is estimated individually and summed, taking into consideration the
modulation efficiency, codingverheads, grade of service (for circuit mode) and permissible delay with
packet retransmissions (packet mode), including network overheads, such as signaling, network test and
support channels.

6) What are the propagation impairments common to all types of satellite communication systems?
Discuss the implications of each on system design.

Satellite linksare affected by the intervening medium causing changes to signal level, polarization, phase
and noise contamination. Tée frequencydependenteffects arecaused by the troposphere and the
ionosphere. The troposphere consists of the first few tens of kilometers of the atma$hacterized by
clouds, rain and fogsonosphere ignionized region which extends between ~ 80 and 1,000 km around the
Earth.

The main sources of degradation in the troposphere are gaseous absorption in the atmosphere, absorption
and scattering due to fog, cloud and rain, signal fluctuations due to atmospheric turbulence and
depolarization due to rain. Tropospheric effects fdB3/systems operating at theband are negligible
compared to the shadowing and multipath loss.

In the ionosphere, signals undergo a variety of impairments including changes in polarization and rapid
signal fluctuations known as scintillatio8cintillation causes rapid change in amplitude, phase angle and
angle of arrival of signals and modifications to its time coherence properties.

In addition to these impairments, the received signals become contaminated by noise from extraterrestrial
manmade sourceand water particles

Tropospheric impairments

Gaseous absorptiancreases with frequency and peaks around 22.2 GHz due to water vapor absorption and
near60 GHz due to oxygen (see ITRI Rec. 39¢4). The absorption depends on temperature, pressure and
humidity of the atmosphere as well as the elevation angle of the satellite. Absorption reduces with a
reduction in the humidity and an increase in elevatiagiear-or example, in the frequency range 618

GHz, one way gaseous absorption for 10@%mnidity at the zenith varies approximately in the range ~0.03

0.5 dB, which increases to ~0-Z&7 dB at an elevation of 5°. These values become critical when
propagtion margins are low, as in MSS links and at higher frequencies.

Attenuation by hydrometer®fers to attenuation caused by water particles existing in the atmosphere, such
as fog, cloud, rain and ice, out of which rain produces the most significamiatitnthroughscattering and
absorptionmechanismsRepresentative link margins for 99-8@.95% link reliability are respectively of

the order of 320 dB at 20 GHz and-80 dB at 30 GHz for the continental climate region of the USA;
margins for 99.95 fik reliability are too demanding for MSS links and therefore a reliability target of 99.5%
is a realistic target particularly so in MSS radio links because of the additional losses incurred due to
shadowing and multipath.

To meet the specified link relidity throughout a year, it is essential to convert the annual p% rain
attenuation statistics to the worst month of the year, as certain months are the wettédst (gogsoon
season in the Indian subcontinent). Techniques for this type of scalingeirdosumented, for example,
ITU-R Recommendation 581 provides a method of converting the-mansthstatistics to annual statistics.
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However, it has been observed that there is a noyaaldy difference in statistics; variations in excess of
20% rms ag possible.

Site diversity offers a solutiomo mitigate the effect of heavy attenuation ahigher frequenciedi.e.
generally,Ka band and aboyelt has been observed that intense rain cells have dimensitres afder of a

few kilometers. Thus, if fix@ sites are spaced several kilometers apart, tnligely that severe fading
occuss simultaneoushat both sites. By selecting or combining signals from two sites, it is therefore possible
to reduce demands on spacecraft power and improvediialbility.

Although considerableneasuredrain attenuation data exist for geostationary satellite systems for fixed
locations, much less statistics is available for-genstationary satellites where elevation angle varies
dynamically. Moreover only d@rhited work has been conducted to establish the sftdotehicular motion

on rain fade statistics.

When a duapolarized radio wave travels through rain or isemmepower from one polarization gets
coupled to the orthogonal component as noise dueet@tisotropic behavior of theaversingmedium
causing impairments to the orthogonal component. Degradation is measured g®letodsscrimination
(XPD) or crosspolar isolation (XPI). It can be shown that XPD degrades with decrease in frequency at a
given copolar attenuation; and increase inpaar attenuation at a given frequency.

Depolarization caused by ice occurs without accompanyingotar attenuation; however, its magnitude is
about 25 dB and therefore not very significant.

Attenuation dueo clouds up tdrequencies 080 GHz is relatively insignificant for fixed links, but at higher
frequencies, attenuation from clouds of high water confent cumulonimbuspbecomes significant, for
example, at 100 GHz the attenuation can+&dB, ingeasing up to 8 dB at 150 GHz.

Smallscale refractive ingl variations of troposphere (amhosphere) cause signals to arrive at the receiver

via different paths causing rapid signal variations, called scintillation, due to random ahdsasplitudes

of the multipath signal components. Tropospheric scintillation depends on the season, the local climate, and
frequency and elevation angle. Its magnitude increases with frequency and a reduction in elevation angle.
Degradation caused by tropospheric scittiitin becomes noticeable above 10 GHz and is signifadafs

band and above. Scintillation can be accompanied with rain. Typical values of scintillatigibémdKare
reported for a midatitude location to be of the order of 83 dB peako-peak leel in winter, 1 dB in

clear conditions of summer ang®dB in some types of cloud while fade rates range from 0.5 to over 10
Hz.

A large number of propagation measurements have been conducted since 1970, mostly applicable to fixed
geostationary satelliteystems. Due to continuous changes in elevation angle ejemstationary satellites,

these results are not directly applicable to systems deployingewstationary satellite constellations but

can be utilized by appropriate transformation. For radik tlesign it is necessary to combine attenuation

due to path loss, rain, scintillation, gaseous absorption, shadowing and multipath as a function of elevation
angle (when considering nageostationary satellite). Feeder links use large antennas andedrésivoid
blockage, so shadowing loss and multipath variations are minimal. Figure 5 illustrates a hypothetical
example of elevation angle variation for a LEO and a MEO satellite pass conmpdanedstatic elevation of

a GEO satellite.The path loss innongeostationary systems cases decreases as the satellite rises until the
satellite is closest to the ground station, increasing again as the satellite sets and since link margin is a
function of elevation angle the available link margin should increase system designed with a fixed
worstcase margin (typically, the | owest el evati on
reliability depends on the minimum operational elevation angle; this rather obvious conclusion has
considerable influerecon the size and cost of a rRg@ostationary satellite constellation.

Figure 5 [Sketch Figure 3.10 (a)] A hypothetical example of elevation angle variation for LEQ, GHO
satellites

lonospheic effects
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The ionosphere causes rotation of radio wave polarization, propagation delay, refraction, variations in angle
of arrival of signals, absorption, dispersion and scintillation. These effecisfacéed bythe total electron
content of the ionospheric patif signal and small scale irregularities (localized random patches) in the
ionosphere.

For mobile satellite communications operating #2 IGHz band, polarization rotation, also known as the

Faraday Effect and scintillation are dominant. The Faraday Effextcaused by the interaction of

el ectromagnetic waves with Earth's magnetic field
consequently unaffected by Faraday Effect and therefore MSS service links use circularly polarized waves,

as this eliminategshe need for polarization tracking, whereas feeder links can use linear (or circular)
polarization as they can incorporate polarization tracking without significant cost impact. The effect is
generally predictable and hence can be compensated by rotagiqplarization of transmitted waves (or

receiver antenna) in an opposite sense.

Peakto-peak signalevel fluctuations of up to 20 dB can occur at ~1.5 GHz. Hence, it is not surprising that
scintillation cause outage to L and S band MSS links for seletat in a year, but fortunately, the onset of
severe scintillation events is late in the evening, wdadallite usage iquite low. Personal communication
systems, which often operate close to threshold, are particularly susceptdmekeder earthtations in the
equatorial regions can suffer occasional outage due to scintillation.

lonosphere irregularities occur due to certain solar, geomagnetic and upper atmospheric conditions. Hence
scintillation is affected by sunspot activity, position of the selative to location and hence time of day,
latitude of location, season and magnetic activity.

The severity of scintillation is defined in a number of ways. A commonly used measure is known as the S
scintillation index, defined as the standard deetabf received power divided by the mean value of the
received signal power

S=s/m

The fading period is variable ranginglDs in the GHz frequency range of MSS interest.

Due to large regional variability, the best estimate of scintillation is obtained from measured local data. In
the absence of measurementsappropriatemodel can be used (for example, see ITU, 1992). Some useful
conclusions of ITUR recommendations asemmarized as follows:

1 Measurements taken at frequency f can be scaled to another frequency according to the dependence,
15,

1 Instantaneous fluctuation of a scintillation event can be approximated by the Nakagami probability
density function, for eshating cumulative fade distribution.

1 Power spectral density of scintillation events varies widely due to variations in drift velocity of
refractive index irregularities; power spectra density slopes'f have been reported; a value of f
can be usg as an approximation in absence of real data.

1 Scintillation index & varies as 1/cos(i) up to i ~ Y@here i is the zenith angle, and for lower values of
i, variation is between cos(i) and (cos(p)

 Seasonal and longitudinal dependence caapipeoximated as,

S exp ¢b/W)
Where b is seasonal and longitudinal dependent parameter and W is a location and day of year
dependent constant.

T Measurements demonstrate that in an equatorial region {Kong) 1 dB peak to peak variation can
occur for up to 5% of time in periods of high sun actiatylGHz

1 The probability of simultaneous occurrence of ionospheric scintillation and rain fading in equatorial
regions is relatively high especially in years of high sun spot activity resultiliffenences to statistics.
The occurrence probability of such evemtgstbe considered in the design of high reliability radio
links, such as essential for critical safety applications.
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7) The signal received on a mobile comprises a number of components, the magnitude of each
depending on the local environment and mobile category — i.e., land, maritime and aeronautical.
What are the factors that affect the magnitude of the components in each category?

Signals received on a mobile comprise various componteis, presencelepending on the surrounding

medium:

- adirect or shadowegbath

- diffracted componats

- specular components caused by reflections from metallic or smooth objects such as the baaty of a ¢
or a smooth sea surface

- diffused componats cause by reflection and scattering of objectsarourd a mobile.

The resultant signal r(t) at a receiver can be represented as
M) = o(x)a(t) + s(t) + d(t) )

The magnitude of each component is strongfiuenced by the local environment around a mobile. Since
such components vary randomly they are characterized statistically for practical purposes.

Factors that affect the magnitude of the components
The magnitude and behavior of each component depeachamber of factors:

- User terminal antenna characteristics: Extraneous components are picked up from the antkn
therefore wider the beamidth larger is the piclup from multiple paths.

- Speed of travel: The rate at which the signals fluctuate depmmdke velocity of the vehicle. In
addition frequencies are also affected by Doppler due to relative vehicular and satellite motion.

- User cooperation: In a eaperative environment the use attempts to get the best view of satellite and
hence the probabiii of obtaining a direct unshadowed path is high.

- Elevation angle: In general higher elevation angel has lower probability ofrmade or natural
obstructions on the communication path.

- Environment dependeneethere is a strong dependency on the physinalronment around a mobile;
the effect depends on the type of object (e.g. building, tree, sea surface, etc.,) their RF absorption and
reflection properties and geometry with respect to a mobile.

- RF bandwidth- certain types of environments cause dispersif radio signals

Depending on the interpretation of the propagation mechanism, a number of variants of statistical models
have been proposed..

Land mobile channels

In an urban erivonment, the direct path remaistadowed for a considerable period Hyildings and
therefore the diffracted or scattered components dominate. The obstructions reduce for suburban areas and
open areas such as rural and motorviégwever shadowing by trees begins to dominate in suburban and

rural areasThere are vast diffences in topography between geographically separate regions, countries,
cities, etc. and therefosegeneratharacterizatiof land mobile channel isroblematic. Anchencevarious
interpretations to characterize the signal components have been proposed.

Maritime channel

The consolidated conclusions from investigations on maritime channels are that signal fades depend on
elevation angle, sea conditions including wave height, slope and wind, receiver antenna characteristics
(beamwidth, side lobe and aai ratio), height of antenna above the sea and the structure of the ship. Other
influencing factors include antenna pointing accuracy and polarization mismatch.

The magnitude of the specular component reduces with an increase in wave height andta<kesiation
angle and the transmission frequency increase; diffuse components dominate under rough conditions; fade
depth depends on amplitude and phase difference between the direct and indirect waves.

The diffused component of the signal depends orslihige distribution of the sesurface facets, the effects
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of which are RF dependent. Sea slopes range between 0.04 and 0.07 for rough sea conditions.

When specular reflection coefficient of the sea, haight of the sea waves, RF, elevation angle and antenna
gain pattern are known, it is possible to estimate the magnitude of specular components theoretically.

Similarly, with the knowledge of average scattering cigmstion per unit area of sea surface, scattering
angles, receiver antenna pattern and height of antenna above sea level, the magnitude of diffused
components can be estimated.

Fade caused by speaulcomponents Fs reduces with an increase in wave height until the magnitude
becomes negligible beyond a wave height of 2 m, while fade caused by diffused components increases
linearly until saturation occurfade depth reduces at a given elevation witinarease in antenna gain due

to the progressive rejection of the multipath by high gain antennas. A similar effect is seegiven
antennaype, as the satellite elevation is increaseith this case multipath rejection increases with antenna
elevaton (i.e. as the antenmaintingsteers away from the sea surface).

Aeronautical channel

The magnitude and characteristics of specular and diffused components depend on type and characteristics

of the reflecting or scattering medium below the aircraft. 8leaments demonstrate that thagnitude of

multipath components islevation anglalependentand fading is frequency selective, due to path delay
associated with multipath components.

When the direct signal received at time td$)sthe reflected congment can be represented ds5) wher e

T is the time delay of the reflected (or scattered]
the path, the reflection coefficient of the Earth’
coefficient depends on characteristics of the Earth below the airdfdfie surface is sea, then the state of

the sea and when land, whether the terrain comprises forestypaiteas, desert, etc. Signal measurements

on aircraft show that reflectiorand scattering from land is significantly lower than from the sea surface;
furthermore, signals hawaevationangle dependence over sea but not over land; as already mentioned, most
studies have therefore concentrated on propagation behavior in fltbtqeer sea.

8) Explain the significance of each component of the received signal on system design differentiating
between mobile terminal types where necessary.

Depending on the environmestirroundinga mobilesignals arriving at its antennzomprise diect and

indirect components. The indirect signals contaminate the wanted signal causing random amplitude and
phasefluctuations The fluctuationsknown as multipath fadingare usually flat but in an aeronautical
mobile the indirect signals can be delayed resulting in frequselegtive fading. In a system using diversity

more than one direct signal is received and combined constructively.

Shadowing and multipath influensystem design in a number of ways:
1 blockage affects link reliability;
1 multipath causes errors in digital transmission;

1 frequencyselective fading causes inteymbol interference when signal bandwidth exceeds the
coherence bandwiditf fading

1 Doppler frequencyshift andjitter appealas noise causing detection errors;

The minimum elevation angle and the number of satellites simultaneously visible from user terminals set a
bound on the radio link reliability o& system. The minimum elevation angle isedity related to the
available link margin; the number of satellites simultaneously visible from a location and their relative
separation provide an estimate of the diversity gain.

In a majority of MSS systems a margin is built in the radio link design to contend shadowing. The margin
depends on the desired link reliability. Time and/or spatial diversity provide effective countermeasures.
Unlike terrestrial systems where receivera operate in absence of a direct signal (i.e. with indirect signals
only), MSS receivers cannot do so, as the indirect signal level is too low.

The indirect signal may be specular when the signal is reflected off a smooth surface or diffused when
receivedby scattering from objects such as trees in a land environment or sea surface in a maritime or
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aeronautical environment.

To select a MSS transmission schemis itecessary to characterize the propagation channel for quantitative
tradeoff analysis Various models have been developed, characterized as statistical, empirical and
deterministic depending otfnie data generation and modelling approach. Teélevantparameters include
amplitude and phase characteristics of the specular and diffuse compolevasore angle dependence;

and timedelay characteristics. Since the reception of extraneous signals depends on antenna radiation
pattern, it is includeit in the channelmodelling process.

Consider the land mobile channel as an example. A number atamf statistical models have been
proposed, depending on the physical interpratatif the propagation mechanisifastrated in the examples
below.

9 Whena direct line of sight is available, the probability distribution of the signal amplitude is
Ricean with the assumption that the component a(t) is constafghase and quadrature
components of the diffused signals are independent of each other and normally distributed with
zero mean. In the absence of a direct component, the signal is assumechRasteuted with
a lognormal mean; scattered signals are also assumed as shadowed.

1 In a variationto theapproach, only the direct path is assumed shadowed.

1 In another variation scattered signals ispecified as a composite of clear and shadowed
comporents.

1 In the environmentependent approach, the probability distribution is a composite of a number
of probability distribution. A Ricean distribution is assumed for the fraction of time when a
signal is unshadowed and a Rayleigh distribution withrlogmally distributed mean for the
period when the signal is shadowed. The inclusion of environment dependence provides a
powerful technique for quantifying system performance in a mixed environment.

1 A further refinement of the environmedépendent approach io represent channel behavior as
a combination of a Markov process and a statistical model, where the state of a channel is
described by a Markovian process and the signal variations within each state are modeled by a
statistical model appropriate forethenvironment. The Markov process allows the signal to
assume one of the M states with a probability, which only depends on its previous state. A
number of authors have used this approach; their solutions differ in the number of states of M
and the choseprobability distribution of signal within each state.

In a diversity scheme multiple direct signal paths are available. In a time diversity system, the information is
dispersed in time with the assumption that the signal quality would improve aftealalysspaced time. In

a spatial diversity system the signals are transmitted from sepsatgilites with the assumptiothat
probability of simultaneous fading of both signals is lower than a single transmiBsitrthe schemes can

be combined to provide more robustndssboth schemes the signal are combined to improve the signal
quality.

9) Develop the transmission equation and explain its role in radio link design.

Transmission equaticfiorms the basis of radilink design and optimizatioft encapsulatethe relationship
betweentransmitted power, path loss, propagation loss, interference effects, modulation, coding, multiple
acess,receivedsignal diversity improvement and signal quality requirementswatig simpletradeoffs.

More generally it relates the received RF power at the destination to the RF power transmitted by the source
taking into consideration the intervening distance, frequency and link margin to recover propagation losses.
Consideran isotropic radiator transmitting ®atts. Since power from the radiator emanates equally in all
directions, the received power flux density (PFD) at a distance d is given as,

0 —Wim?
For adirectional antenna of gain; e PFD is given as,

0 —— W/m?
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The quantity & is known as effective isotropic radiated power (githerefore

0 — W/m (1)
Expressing the equation logarithmically,

0 0 O pué&r™Q ¢ i@ dBW/n?
Power received at the receiver inputisithen,

0 006 W (2)

For a circular apertures&he effective aperture area of the receiver antenna,
5 T 3)

Where,

D = antenna diametel; = RF collection efficiency

Substituting,

0 —HO W (4)

Sincein practiceantenna gain is availablgather than its aredpt us express equation (2) in terms of
genericantenna gain,

. T“ ho

O

g —m? (5)

Substituting for P (seeequation 1) and A(seeequation 5) in equation (2) and including a margintd
contend losses reduces tieeeived power by

0 ———W (6)

Expressing logarithmically,

0 QQ fO ¢l e & dBW (7)

Im represents a link margin to contend propagation and other impairments.

10) Explain the significance of various components of the transmission equation in a system context.

The significance of various components of transmission equation appliedstertiee link is summarised
in the table below. In the forward link, satellite is the transmitting source and in the return direction it is the
user terminal.

Transmission Parameter Description Context
Equation
P=Ps+Gs+G- | P Received power - Fundamentag¢quation thatetermines viability
20 log (4D/1 ) = Im level (dBW) and capability of a radio link

- Depends on transmitt&iRP, link losses and
receive antenna gain
- Determines signal qualityl/No)

Ps Transmitter power | User terminal

(dBW) - RFradiation effects on human health set
upper bound on handheld user terminal

- Permissible size, cost, battery power set
bound on directional user terminal

Gs Transmitter antenng Satellite:
gain (dB) High gain with multispot beams is necessary to
sustain MSS service link and enhance frequency
reuse

User terminal:
- Omnidirectional/low gain antennas are
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necessary for handheld and small mobile
terminals

- High gain antennas are necessary for
portable, boadband systems

- High gain tracking antennas are necessg
for broadband fixed and emove user
terminals such as those installed on ship
and aircrafts

EIRP =R+ Gs

EIRP Effective Isotropic
Radiated Power

(dBW)

A measure of effective power transmitte
Satellite EIRP

Determines the throughput capability of forward
radio linkand permissible link margin

Maximum limited bytechnical and commercial
constraints

User terminal EIRP

Determines the throughput capabilityrefurnradio
link and permissible link margin

Maximum limited by safe radiation limit, cost, sizq
and DC power source constraints

Receiver antenna
gain (dB)

Satellite
- Antenna gain must be high enough to
receive low power transmissions of user
terminals
User termink
- Antenna gain of user terminals govern th
receiver sensitivity and hence user data

20 log
(4pD/1)

Free space loss (dB,

| = Wavelength; D = distance between transmitte
and receiver in same ur@ . This loss is attributed
to spreading ofransmitted signal in free space.

A margin included
to counter various

link losses dB)

Loss are caused by numerous factors e.g.
shadowing, multipath, interference, modem
imperfections, etc.;
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CHAPTER 4

(a) What are the channel degradations in a mobile satellite link which affect the performance of the
modulation sub-system?

The main sources of degradation affecting the performance of modulatierysteims in mobile
communication links are:

1 signal fades caused by environment and velocity degrgndultipath, characterized by slow (< ~ 1 Hz) and

rapid (~ tens of Hz) signal fluctuatiomsmd amplitude fluctuations (fraction of a dB to several dB peak to
peak)

1 signal fades caused by tropospheric effects, applicable at frequencies > ~10 GHz;

1 signalphase fluctuations caused by local oscillators, multipath and Doppler jitter;

1 very low carrier to thermal noise ratio dueréalio link constraints

1 nontlinearity arising in various system components suckhasecaused in mobile earth stations that use

classC amplifiers feeder earth station and sateltiteneramplifiers, etc.

1 large frequency changes attributed to Doppler associated with MEO and LEO that have to be adequately

compensated.

(b) Outline the problems in a coherent demodulator associated to such degradations.

In coherent demodulation schemes, the carrier is recovered prior to demodulation. Carrier recovery circuits
are susceptible to thermal noise, fading, and other impairments outlined above and therefore care has to be
exercised in mobile earth stations. ermore, carrier recovery becomes more difficult as radio frequency

or data rate increase in thermal noise limited, fading links.

Demodulation also requires symbol clock recovery for extracting the transmitted bit stream. The
requirement becomes more sgéent for higher level modulation schemes where it is essential to
synchronize time, phase and amplitude of both | and Q channels. Again, the problem worsens as radio
frequency and symbol rate increase in presence of channel impairments. From this vjesgbeimes

which have less stringent synchronization requirements are preferred when robust performance is important
such as for signaling, although this advantage has to be todfdadainst the lower spectral efficiency in
comparison.

Q2

(a) Which modulation schemes are generally preferred in mobile satellite systems?

Modulation schemes which have less stringent synchronization requirements are preferred when robust
performance is important such as for signaling, although this advantage has to beffradmihst the
lower spectral efficiency in comparistm spectrallyefficient high level modulation schemes

In general, constant envelope modulation schemes are preferred, as they offer a more robust performance. Of
the constant envelope modulatiahemes, FSK schemes are suitable for low bit rate transmissions, due to
demodulator hardware simplicitlesirable for applications like pagintpey have a lower spectral efficiency

than other schemes and are thereforsuitablefor higher bit rate transissions. PSK modulation schemes

have a near constant envelope, but exhibit discontinuity in phase, whereas constant phase modulation (CPM)
schemes have a constant envelope with a gradual change in phase, which results in béttee side
performance. Nowonstant envelope modulation schemes were not used for MSS previously, but due to the
pressing need of better spectral efficiency, multilevel schemes such as quadrature amplitude modulation
(QAM) together with powerful convolution codes were introduced idebvand MSS systems in recent
systems.
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Common digital modulation schemes used in MSS are:
T binary phase shift keying (BPSK) and its variants such as awWB#8K (or symmetric BPSK);

T quadrature phase shift keying (QPSK) and its variants such as@f&t (O-QPSK), aviatiorQPSK,
minimum shift keying schemes e.g. Gaussian minimum shift keying (GMSK);

multi-level frequency shift keying and its variants.
spread spectrum modulation in conjunction with CDMA,;

coded orthogonal frequency division multiplexif@OFDM) modulation scheme (used in radio
broadcast systems);

1 16-QAM, 16-APSK and 32APSK modulation represents the current preference for broadband
communication on basis of standardization work in progress and evidenced by the techniques used in
advancedperational MSS systeml6-APSK and 32APSK are new entrants, yet to be established in
MSS.

(b) Briefly outline the principle of each modulation scheme with the help of constellation diagrams.

Figure 1(a)1(d) below shows constellation diagrams of BPSK, QP®RSK and 16QAM schemes. In a
BPSK scheme, two states spaced liB(phase are permitted; in a QPSK scheme the separation between the
closestpointsis 90; and inan8-PSK scheme the separation reduces to #6a 16QAM scheme a state is
decided by a combination of amplitude and phase.

In an amplitude phase shift keying (APSK) scheme the permissible phases are arranged in concentric
circular rings at discrete angular distances to each other.

As the distane between the permissible states reduces, the signal becomes more susceptible to noise and
hence although higher level schemes are more spectrally efficient, their power efficiency reduces.

Figure 1 (Draw a sketch of figure 4.7)

Figure 2 shows a simpigd block schematic of a typical QPSK modulator, as an example of a hardware
implementation. The input digital stream is divided into | and Q components. Each stream is fed into a
multiplier, the other input of which is an | or Q carrier as necessary. Bimel Q components are then
summed to accomplish a QPSK signal; at the same time, undesired components produced in multiplication
are cancelled out.

Figure 2 [A sketch of figure 4.5(a)] Hardware implementation of a QPSK modulator
(c) State the reasons to prefer these modulation schemes over others.

The modulation scheme should be such that channel impairments have minimal implaetreceived
signal;the scheme ispectal and power efficient; and demodulation of the sigmai®bustin presence of
noise and channel impairments.

In general, constant envelope digital modulation schemes are preferred, as theyrefively robust
performance in MSS channels. Of the constant envelope modulation schemes, FSK schemes afersuitable
low bit rate transmissionsheredemodulator simplicitys paramount to minimize cobtitthey havdower
spectral efficiencyxompared to other$SK modulation schemes have a near constant envelope, but exhibit
discontinuity in phase, whereas constantgghaodulation (CPM) schemes have a constant envelope with a
gradual change in phase, which results in better spectral efficieecydge tolow spectral side lobes).
Traditionally nonconstant envelope modulation schemes were not used for MSS, but theepiessing

need ofhigher spectral efficiency, multilevel schemes such as quadrature amplitude modulation (QAM)
supportedvith powerful convolution codes were introduced in wideband MSS systems.
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The chosen modulation schemes are thus based on eoffdmweenrobust demodulator performance in
presence ofhannel impairments, spectral efficiency and constrains imposed by power limited service links.

Q3

(a) Differentiate between coherent and non-coherent demodulation.

In coherent demodulation schemes ttarrier is recovered prior to demodulation. Carrier recovery circuits
are utilized for recovering the amplitude and phase of the received carrier and utilized for demodulation.
However such circuits are susceptible to thermal noise and fading therafereas to be exercised in their
design at the mobile earth stations. Furthermore, carrier recovery becomes difficult as radio frequency or
data rate increase in thermal noise limited, fading links. More generally, carrier recovery can be problematic
in the presence of multipath, low carri&rnoise ratio and Doppler variations. Noise introduces phase error

in the recovered carrier and timing jitters in the recovered bit stream.

Non-coherent demodulation schemes process the received signal without iatjetopecover the carrier

and as suchresimpler, capable of rapid synchronization and are potentially robust in presence of channel
impairments. Nevertheless, coherent detection of PSK signals gives a better power efficiency than non
coherent detectioschemes in thermal noise limited conditions.

Additional information

As to which of these schemes are superior in a fading, interfepeane, Doppler affected environment
depends on impairment factors such as fading, Doppler shift, bit duration, interference, amongst others.
However, in many operational systems desigteedperate in lowDoppler, Ricean faded, geostationary
environment, coherent demodulation schemes is common (e.gekeeKamilo, “A comparison between

coherentandnen o her ent mobile systems in | arge DaoBlpl er shi
Proceedings of the Third International Mobile Satellite Carfee (IMSC 1993) p485490 (N94-22735

06-32).

Liu, Jian; Kim,Junghwan; Kwatra$.C.; StevensGradyH . , ‘Comparative study on

power and bandwidth efficient modulaton i n L MSS under fading alHE i nter f
Military Communications Conference, McLean, VA, Nov741991, Conference Record. Vol. 1, Institute

of Electrical and Electronics Engineers, Inc., 1998w York p. 257261 (A92-54751 2332).

Feher (1993)compares performance and implementation complexity of coherent ancbherent QPSK

and GMSK modulation/demodulation techniques in a mobile satellite system environment, including large
Doppler shift, delay spread, and low C/I, and demonstrihiats for large §T, products, whereqfis the

Doppler shift and ¥is the bit duration, ncroherent systems exhibit lower BER floor than their coherent
counterparts. For significant delay spreads, e.g.tgré@an 0.4, and low C/I, coherent systemstperform
nontcoherent systems. The synchronization time of coherent systems was found to be longer than that of
non-coherent systems.

Liu, Jian, et al, 1991 investigate error performance of various power and bandwidth efficient modulations for
land mobile satellite systems under multipath fading and interferences. Computer simulations show that the
performance of 1AM with differential detection was as good as that ofA8K with coherent detection

and 3 dB better than that of -B&K with differential detection, although it degraded by about 4.5 dB as
compared to 1AM with coherent detection under an additive white Gaussian noise (§\Veannel.

(b) Suggest at least two techniques of carrier recovery in a coherent demodulator.

Examples of carrier recovery techniques include:

1 (C)™ method, where C is the carrier signal and M denotes number of symbols

1 Costas loop [or, Decision feedback loop]

In the (CY method, carrier is recovered by passing the received cagrigmdugh a circuit which raises the
carrier level to the pmer of M to give a carrier at a frequency ofJdfollowed by a divide by Mircuit.

The Costas loop, named after its inventor, consists of gphase lock loop (PLL) which uses a common

loop filter and voltage control oscillator (VCO). The VCO frequency is kept synchronized to the carrier
frequency through a feedback loop cormsimg a multiplier, whose two inputs are outputs of aphiase (1)

and a quadrature phase (Q) comparators. The multiplier output provides a corrective voltage to maintain the
VCO synchronized to the carrier (see Figure 3).

Figure 3 (Sketch Figure 4f&re) Schematic of Costas Loop method of carrier recovery.
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(c) With the help of block schematics describe the functioning of QPSK modulator and demodulator.

Figures 4 and 5 respectively show block schematic of a typical QPSK modulator and demodulator,
respectively.

At the transmitter, the input digital stream is divided into | and Q components. Each stream is fed into a
multiplier, the other input of which is | or Q carrier as necessary. The | and Q components are then summed
to accomplish a QPSK sighaat the same time, undesired components produced in multiplication are
cancelled

The signal is divided into two paths at the receiver, each of which is fed into the respective | or Q channel
multiplier, the other input of which consists of the recovered carrier. The output of each multifdier is

pass filtered and fed in to an analegto digital converter synchronised to the incoming bit stream through
the timing recovery circuitesulting in the recovered bit streaBPSK modems operate in the same manner

as QPSK but only with one arm.

Figure 4 [Figure 4.5 (a)] Schematic of a QP®Kdulator
Figure 5 [Figure 4.5 (b)] Schematic of a QPSK demodulator

Q4
a) What are the strengths and limitations of OFDM applied to a broad-band mobile satellite system?

Digital modulation schemes suffer quality in a mobile environment. For brehdndsystems the fading

can be frequency selective causing irggmbol interference. The qualityorsens as transmission bit rate is
increasedo a level where the bandwidth approaches and exceeds the coherence bandwidth.

The OFDM modulation system overcomt® problem of frequencgelective fadeby partitioning the
incoming data in to segments, which are each coded, modulated and frequency division multiplexed with
carrier frequencies orthogonal to each other. The segmentation results in transmissioactiba &f
information in each RF carrier. The consequent reductidranuwidth drops the bandwidth to less than the
coherence bandwidth and hence eliminatgsr-symbol interference. The system is used primarily for
mobile broadcast system.

The main linitation in the use of OFDM arises in L and S band systientiie tothe limited available
bandwidth of (shared) ~40 MHz in these bands, making it difficult to transmit widebandvidatathe
frequencyselective fades become noticeakéxcept fo aeronautal channels see answer to the next
question). The techniquecan be applied at highdrequency bands where tleeis adequatesignal
bandwidthfor transmissions of true brodmhnd (tens of Mbpsyvhen frequencyselective fades can set a
bound on achievde BER.

b) What are the limitations in the use of the scheme in MSS systems, noting that the scheme has been
widely proposed for mobile satellite broadcast systems?

There is no fundamental limitation in using the technique for MSS system except theilityaifabnough
bandwidth where OFDM can provide an advantdgee OFDM does not offer noticeable advantage to the L

and S band satellite systems because the available bandwidth is limited due to congestion in the band. The
coherencebandwidth of MSS chams is generally more than the bandwidth of the signals in use in a
majority of cases.

Aeronautical MSS channels are an exception where the fregqsefentive fades begin to impact
transmission in excess of ~100 kHz bandwidth. An OFDM scheme is an option in this environment when
transmissions requiring bandwidths in excess of 100 kHz ap@ireel with medium gain antenna which

exhibit relatively low discrimination from ground.

c) Explain the process of OFDM generation and reception.

Generation
Figure 6 showsheconceptual building units of a COFDM transmitter. Serial input data are cedveto a
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parallel stream each of which modulates a carrier from an orthogonal set which are finally summed to
constitute a composite COFDM signal.

Figure 6 (Sketch of Figure 4.15) Conceptual building units of a Coded OFDM transmitter

In practice, théoxed part is implemented in software by fast Fourier transform digital signal processing
(DSP) chips. Mathematically, the composite signal can be expressed as

N-1
S =— a Adbel A+Eno! @)
N n=0
where A(t) and f 4(t) are the amplitude and phase of tHecarrier anda, = wo + nDw, Wy being the angular

frequency of carrier 1.
The digital equivalent of the signal instant kTcan be represented as,

N-1

S(KT) = N a AeF,elNDW« @
n=0

For Df = 1/NT =t, equation (2) becomes equivalent to an inverse Fourier transform where s(kT) is the time
domain representation of the signal. A DSP chip performs an inverse transfdha imcoming signal to

give sampled time domain signals which are converted to an analogue signal for transmission. To facilitate
Fast Fourier Transform (FFT), the number of carriers N is made equal to 2

Reception

A reverse process is applied at tlezeiver. The received signal is synchronized,tidigdl and Fourier
transformed to the frequency domain to provide individual carriers with the desired amplitude and phase. A
practical difficulty is that of carrier synchronization. One solution is to aseoarsesynchronization,
followed by a precisesynchronization. A coarse synchronization can be achieved by switching off all
carriers regularly for a short duration; an amplitude detector can be used to provide a synchronization pulse
when carriers arswitched on. Fine synchronization can be achieved by transmitting a reference signal
which can be correlated at the receiver with a replica to achieve an accurate synchronization in time and
frequency. Synchronization can be made robust at the expensavef pfficiency by introducing guard
intervals around each symbol, during which trivial or redundant data is transmitted. Guard intervals offer an
additional advantage of reducing the effects of echo -@hemnel interference, when the delay of interfgrin
signals is small compared to the symbol period. A guard band of the order of 25% of the symbol period has
been observed to be a reasonable compromise for terrestrial environments in the UK.

d) Outline the transmission and reception methods of direct-sequence and frequency-hopped spread
spectrum systems.

Figures 7 and 8 illustrate the principle of the direct sequence spread spectrum scheme. The message is
modulated using aominal modulatiorscheme such as QP SK; the modulated signal is spread by a sgreadin
function (code); the spread signa up-converted, amplified and transmitted. At the receiver, the down
converted signal is correlated with a replica of the transmitted code. A correlation peak is obtained when
codes match; the resultant signal is bamads filtered and demodulated to obtain the data stream. The
transmitted signals are channel coded to improve performance.

Figure 7 (Sketch of figure 4.17a): Principle of direct sequence spread spectrum transmitter.
Figure 8 (Sketch of figure 4.17rinciple of direct sequence spread spectrum receiver.

In a frequencyhopped spread spectrum system, digmal is modulated channel coded and transmitted such
that the transmissiofrequency is altered in a pseutindom sequence. A pseudimdom chip geerator
changes the frequency of a synthesird for ugconversionAt the receiver,te signal is dowatonverted

by a synthesizersynchronized to the transmitted signal frequency and demodulated/decodecamising
appropriate technique. Thensmissiorand reception methods aheistrated in Figure8 and 9.
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Figure 8 [Figure 4.18(a)] Principle of frequeregpped spread spectrum scheme transmitter
Figure 9 [Figure 4.18(b)] Principle of frequerbgpped spread spectrum scheme receiver

Q5

a) Differentiate between convolutional and block codes. Which of the two methods should be
preferred for a narrowband mobile satellite system for applications such as messaging, machine-
machine communication, etc.?

Block codes operate on groups of bits oigad as blocks, i.e. information bits are assembled as blocks
before coding (see Figure 10).

Figure 10: A block coder schematic (skefigure 4.19(a)).

Convolution codeare formed by convolving information bits with the impulse response of a shitaeg
encoder (see figure 11, next question).

The narrowband systems of the type mentioned should require only a few kilobytes of intermittent data
transfer. A block coder with an ARQ scheme providesliable solution. Convolution coders require the

shift registers to be cleared at the end of each message by feeding a string of zero, since this incurs
overheads convolution coders are inefficient for coding short messages.

b) Outline the principle of a typical convolution coder.

Convolution codegsre fomed by convolving information bits with the impulse response of a shift register
encoder (see figure 11).

Impulse response of the encoder is defined as the encoder response when a single 1 followed by Os are
entered in the encoder. Figure 11 depicts aeptual diagram of a nemecursive convolution coder. An

input bit progressively moves down a shift register on arrival of each subsequent bit and dropped at the end
of the final stage. The output of certain stages of shift register are combined (deoongemory) in v
exclusive OR adders such that v output bits are produced for each incoming bit.

Figure 11: A norfrecursive convolution coder (sketch figure 4.19(b)).

c) Outline the principle of interleaving and state at least two scenarios where such a scheme can be
applied advantageously.

Interleaving is an effective countermeasure for correcting errors caused by noise bursts. Information bits are
dispersed in time such that consecutive bits of a messaghifieglapart such that an error burst can cause
an error only to one or a few bits which can be error corrected by an underlying coding.detoded

that the separation, calleédterleaving depthis greater tan the duration of a noise burgte technique
mitigates the impact of the error bur3thus the technique requires an accurate characterization of the
propagation channel for an effective implementation.

It is implemented by arranging shift registersaasnatrix of x rows and y column¥he ncoming data
stream fills the register by rowhile transmitting itcolumnwise after codingeach column. fie separation
between adjacent bits ia column is y bitsthus contendingioise burstof at least ¥-1) bit duration
increasing to (md) bits if n error correctin code is applied to the columfige process introduces a delay

in data transfer since transmission and reception can only occur after the interleaver has filled up

The performance of conventional coding techniques degrades in presence of noisadiingtbhger than

the error correcting ability of the code. In MSS links signals fluctuate widely due to muliqadspheric

and tropospheric scintillation, fading due to rain, etc. An interleaver with sufficient depth (chosen on basis of
channel behaawr) provides an effective countermeasure
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d) Suggest at least two scenarios where code concatenation can be used advantageously.

In addition to error bursts MSS linlsiffer random errors due to low carrier to noise raRicean fading

etc Their performance can be improved by cascading two or more cedes for correcting random errors
and the otheto contenderror bursts. This coding arrangement, calbemcatenation can provide high
coding gain with moderate complexity; typically, a blockeadich as the RS code (outer code) is cascaded
with a convolution code (inner code).

Consider a motorway route. The majority aftypical route is likely to exhibit a Ricean probability
distribution where a convolution code would suffice. Howeiregertan sections of the motorway such as
junctions tree-lined areas etc. signab may fluctuate, causing error burst®\ concatenated scheme
comprising a convolution codéor contending Ricean fading on clear parts of the rauitle an interleaver

to accounfor othersectionsshould provide meffectivecountermeasure

Another scenario where concatenation could be applfifstttively would be a railway channel where the
channel is weltbehaved witta periodic dip in the signal due to cable trellises.

Q6
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a) Explain the functioning of turbo coder and decoder.
The answer is available on pages-20Q of the book

b) Compare the main attributes of turbo and LDPC codes.

Turbo code (TC) andlow Density Parity Check (LDPC3ode provide near optimum performance when

block size is large (e.g., thousands of bits) and can be implemented on DSP chips at a reasonable cost. Both

the codes utilise simple encoders which can produce long code words with good distance properties. While

turbo coder uses a combination of an interleaver and convolution encoders, LDPC coder generates a parity

check matrix that has a low density of ones in relation to the block size. Both the schemes utilise low

complexity iterative decoding to produce neatimum performance. The choice therefore depends on the

requirements while addressing issues such as channel characteristics, target code rate and permissible

encoding complexity; some general observations for thermal noise limited links are as follows:

1 LPDC can lower the error floor compared to TC when block size is large. However TC offers a lower
complexity at very low coding rate; TC was therefore preferred in the 3GPP2 standard as wellas DVB
SH and SES SDR satellite multimedia broadcast standards.

1 LDPC perform better than punctured TC at higher coding rates.

i TC can be generally encoded faster than LDPC codes, but there are exceptions.

1 LPDC can achieve higher throughputs than TC with parallel decoding architectures.
Q7

a) Which accessing schemes are best suited for transmission of: (i) continuous streams such as voice
(ii) Bursty traffic such as a bank transaction. State reasons for your choice.

The following accessing sches@re well suited for transmission of continuous streams
0] Frequency division multiple access with single channel per carrier, TDMA and reservation

protocols aresuitable for continuous streams. Such schemes provide a dedicated or virtually
dedicated circuit for the duration of transmissibat is essential foroice communication.

(i) Aloha and slotted Aloha are suited for bursty traffic. Such schemes do not hold up resources in
absence of data transmissiand are thus suited for communication needing sporadic bursts of
activity.

b) Explain, with reasons, the factors that influence efficiency of multiple accessing schemes for MSS.

The following factors influencthe efficiency of multiple accessing schesne

1 RF interference: A certain amount of interferencep&mitted in radio link design(termed
“i nt ent iroennatbdddiltate specfrum reuse. In this context, schemes which offer higher
interference rejectionapability are advantageaus

1 Voice and data activity: The average occupancy of transmission is about 40%. Similarly, certain
types of tataoerhibit mausesu Eherefore average interference power reduces when
carrier suppression is used during speech and data pauses.

1 Variations in traffic mix: MSS systems provide wideea coverage which cover areas with
different types of communications, rfexample, datausagemay be prevalent in developed
countries of the service arelloreover the mix can change and evolve over tifiteerefore, a
multiple access scheme ttedliows fortraffic mix andadaptability increases net system throughput.

1 Propagatin effects: The MSS propagation environment is characterized by multipath and
shadowing. Accessing schemes which offer resistance to multigath fading (including
frequencyselective fading) impairmentsan increase utilization of radio resources.

Howeer, it is observed that spectrum efficiency has to be considered in conjunction with exther
modulation, coding, inter/intraystem interference allowance.
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Q8

a) Outline the principles of accessing schemes used in MSS.

All three basic multiple access schemedrequency division multiple access (FDMA), time division
multiple access (TDMA) and code division multiple access (CDMAje used in MSS foeircuit-mode
transmissions. A variety of accessing schemedten cale d * p r e &re gsed ferpacketmode
transmissions, which are often characterized by bursty ti@#ic sporadic traffic burstgo that dedicated
channels are wasteful of resources.

MSS systems combine a number of multiple accessing schemescto coaflicting requirements caused

by differenttransmissiongharacteristiceoupled withpractical considerations. For example, a request for
a channel assignment is sent effectively through a short data burst, whereas voice communication requires
a dedicated connection. Thas) effective solution would toombine a data access protocol sashAloha

for the request channelith a demand assigned scheme such as FDMA or CDMA that allocates a
dedicated circuit for each call.

Frequency Division Multiple Access (FDMA),

In the FDMA scheme, thavailable spectrunis partitioned into a number of gments. Each station is
allowed to transmit in one or more segments according to communication needs. The concept is illustrated in
Figure 12.

Figure 12 [A sketch of Figure 4.24] A DA/SCPC/FDMA frequency assignment scheme, portraying channels
of varioustypes and their occupancy with time

When spectrum blocks are passigned, the scheme is knowrfiged assignedFA) andwhen thechannels

are allocated dyamically in response to requestie scheme is demand assigne(DA) FDMA. In the

latter case, Wwen each segment consists only of a single channel, the FDMA scheme is known as a DA
single channel per carrier (SCPEPMA scheme(or DA/SCPC/FDMA in shorthand) DA schemes are

better suited when traffic requirement per user is low typical of MSS IFiked assignment is suitable

when communication demand is highfor continuous broadcasfe.g. transmission of bulletin bodrdn

an MSS environment, fixed assignments are used for communication between gateways, network broadcasts
and signaling, suchs call initiation.

Time Division Multiple Access (TDMA)

In a TDMA scheme, users access the satellite inavanlapping time bursts, as illustrated in Figure 13. The
reference burst consists of a carrier bit recovery (CBR) field for carrier and timing recovery, a unique word
(UW) field for burst synchronisation and a control (C) field for station identification. The reference burst is
followed by noroverlapped time lrsts that carry traffic. The sequence is repetitive; where the reference
burst synchronises each frame. Each station transmits within its designated time slot.

Figure 13 [A sketch of figure 4.25] A TDMA scheme, comprising a reference burst, traffic burst
encapsulated in repetitive frames

The time slots may either be fixed assigned or demand assigned. Demand assigned TDMA is better suited
than fixed assigned TDMA for MSS. TDMA network management is complex due to the need to maintain
the earth stations itime synchronization. Synchronization of mobile terminals in fading conditions and
Doppler coupled with a low carri¢o-noise environment requires care.

Time division duplex (TDD) is a variant of TDMA. In a TDD scheme, a time slot is used for both
transnission and reception, in effect doublitite slotcapacity.Time delay in each direction must be low to

make the scheme effective. This is achievable in LEO systems where time delays are of the order of a few
tens of milliseconds.

Code Division Multiple Acess (CDMA)

In CDMA, all users access the satellite without restriction within the full band. All users eaxisto
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simultaneously when spread spectrum modulation is used, since each user is assigned a unique code, which
has low crosgorrelation with odes used by othershe user is able to extract transmissions destined for it

by correlating the received signal with a replica of the code used at the transmitter. The correlation function
peaks when the codes match, whereas all other transmissioegeated.

The direct sequence CDMA scheme is affected by theaBed neaii far problem, which occurs when
interfering transmissions are received at a higher level than the wanted transmissions, resulting in excessive
BER or even a loss of signal. The etfehowever, tends to be lower in frequeihmpped schemes, as the
probability of cechannel interference is low. The mechanism of-iseéfrference in these two schemes
differs. In the direct sequence scherag,any instaninterference fromall the actiw users is present and
noiselike, whereas in the frequentywpped system interference power spectral derssityomentarilyhigh
(coherentwhenthe frequency of the interferer falls within the band of the wacaéeder. When the hopping

rate is much sniier than the information rate, the interference is coherent, but intermittent; on the other
hand, when the hopping ratehigh, the interferencéends to becomeoiselike. One of thdssues that needs

carein afrequencyhopped system is threecessity omaintairing the carrier phase noise within tolerance.

Data Access Protocols

Several types dfiata traffictendto be intermittent and therefore dedicated channel assignment is inefficient.
They are characterized by high activibut sporadidoursts which would be wasteful if a dedicated circuit

were assignedSatellite resource efficiency can be improved if channel assignments are made on per
message or packet basiaking into consideration the permissible tideday Schemes range from rando

access on one end of the scale to reservation TDMA on the other. Random access schemes do not require
network coordination and are therefore simple; typical applications are registration of a mobile to the
network or a channel assignment request. Thet cm®smonly used random schemes in MSS are Aloha,
Slotted Aloha and to a lesser extent Reservation Slotted Aloha. In the Aloha scheme, the user transmits a
data packet whenever necessary; in Slotted Aloha the packet transmission is constrained withsfog time

this requires network time synchronization; in Reservation Aloha, a user continues transfoisasolong

asit has reserved the channasnegotiatedwith the network at the end of transmission, the slot is open to
contention. Reservation TDMK useful when large amats of data must be transferred

b) Compare the efficiencies of the classical multiple accessing schemes as applied to MSS for power
and bandwidth limited links, taking advantage of voice activity and spatial reusability. State
assumptions in the quantitative analysis.

Spectral efficiency is defined as the bits/s per RF cycle, i.e. bits/s/Hz.
The spectral efficienclis of a spread spectrum system is given as:
hs=[C/(NoWs)]/ (Eb/No)[1 + (C/NoWs)(M - 1)/M] (1)

Where C = Totateceived carrier power from M earth stations, M = number of participating earth stations,
No = Total thermal noise power density,s\W RF bandwidth = 1/J where T = chip duration, E =
Received energy per bit of information= G/Where T = informationbit duration, N' = No+l, where N =

User noise power density,2 interference power spectral density

When interference from other systems exists, the total carrier power C in the above equation must be
increased to (1+K)C, where K represents interfezdnem other system.

Consider some refinements:

1 Voice activity in each directiorin a typical telephone conversation is about 40% of call duration. By
using voiceactivated transmission, therefore, the interference level is reduced by a factor of 2.5,
increasinghe CDMA capacity by about the same factor.

T In a system deployingpst beams, the isolation between beams where frequencies are reusable is
significantly lower in the CDMA than in the FDMA scheme. It is feasible to reuse the same frequencies
in adjacent beams. This is possible because contributions fooM users in adjaceispot beams can
readily be absorbed in a spread spectrum system and interference from spot beams further away
becomes progressively lower.

1 In FDMA or TDMA systemsfrequency reuse by polarization discrimination is difficult due to the
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poor polarization dirimination possible in mobile antennas and polarization reversal caused in a
multipath. The CDMA system offers the potential of frequency reuse in an opposite polarization. An
increase in capacity of about 60% is possible with a modest antenna isoldidB.o

Introducing the improvements made possible by the factors above, the total noise received can be modified
as follows:

No+ lo= No+ ar v (N-1) (EoRo)/Ws )

Where a = 1/number of spot beams (uniformly distributed traffic distributions, polarisation isolation
factor, v = voice activity factor, N= number of users,afd R are information energy per bit and bit rate
respectively and e occupied RF bandwidth

The efficiencyhsis given as,
hs= (C/NoWs) / VIEW/(No + 1g)](1 + & C/NoWs) 3)

An improved CDMA technique called bafichited-quasisynchronous CDMA (BLQSCDMA) tackles the
problem of self-noise to offer the advantages of CDMA with efficiencies comparabl@rthogonal
accessingschemes, i.e TDMA and CDMA. The scheme requires chip clock and carrier frequency
synchronization using the information embedded in the CDMA signal structure in the form of a master code
and Nyquist pulse shaping of signature chips, giving spectral compactness wvagtmptomising on
detection performance. The spectral efficiency of QEBVA is r bits/chip, where r = coding rate.

In a thermal noiselominated link, equatio(B) also applieso FDMA and TDMA. For these schemes, C is
the total EIRP of the satellite and Bettotal RF bandwidth.

(a) Power limited case

hp = (C/NoBy)/(Ex/Ng), when MR/B: < Gir logy (m) (4)
(b) Bandwidth limited case
hy, = Grlog (m), when MR/B:> G logz (m) (5)

WhereG, = guard band loss for FDMA and guard time/preamble loss for TDMA, r = code rate, m = PSK
constellation dimension,,R user information ratéyl=number of participating users.

Again, extending the formulation to a spot beam MSS environment and inchmloegactivity advantage,
the efficiency for each case is given as

(a) Power limited case

hp = a (C/NoBy)/V(Ex/No), when NR/B: < G rlogz (M) (6)
(b) Bandwidth limited case

hp=a Gir log. (m), when NR/B;> G r log, (m) )
Where

a = frequencyreuse factor
V = voice activity factor

Given the applicable system parameters, it is possible to make a like for like comparison. An example has
been cited in the book it has been demonstrated that given the following parameters,

c¢) Compare the applicability of CDMA and TDMA for a medium bit rate mobile satellite system
and suggest your own preference. State the assumptions in making the comparison and in your
assessment.

Selection of a multiple access scheme for MSS requiresimagous considerationsaccording to the
emphasis placed by the system designers. For example, the TDMA scheme was chosen in preference to the
CDMA scheme for the proposed ICO, whereas Globalstar designers predebi@MA system. Another

study conducted intdly comparing CDMA and TDMA concluded that neither was distinctly superior to the
other (Priscoli and Muratore, 1996, see book for reference). The authors took two specific systems, the
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mobile satellite business network (MSBN) and a satellite extensiotheofglobal system for mobile
communications (GSM), and compared radio and network aspects of the network.

We assume a mobile system for communication on the move. L and S bands are suitable for this type of
service We presenthe rationalaused by ICCfor selection of TDMAIn favor of CDMA

1 Wideband measurements show that frequency selective fades affects bandwidth beyond 5 MHz and
hence the fade resistance advantage in favor of CDMA is not realizable within the narrowband
available(This assumption ibased on the limited spectrum allocation in L and S bands):

1 On the basis of an earlier investigation, TDMA was considered more efficient (Meidan, 1994, see
book for reference).

1 TDMA can benefit from satellite diversity and soft handover, as much as CDMA.

Satellite links are power limited, and saiterference in CDMA links reduces link margins as the
system approaches full capacity; the use of orthogonal CDMA increases capacitiyebtd
differential path delaychieving signal orthogonality is diffituwhen satellite diversity is used

1 In TDMA, use of diplexer can be avoided if transmit and receive bursts are arranged to occur in
different time slots, whereas diXers cannot be avoided in CDMHle to the need for continuous
transmission and receptioDiplexers tend to add losses in the front end, thereby reducing a
receiver’'s sensitivity.

I The inaccuracy introduced in power control loop due to propagation delay is likely to affect
significantly the capacity of an asynchronous CDMA.

1 Large interferencento a CDMA signal can cause outage to all users when such interference occurs.

Due to wideband characteristics of CDMA, the probability of interference outage in CDMA is
higher than in narrowband TDMA, where interference can be counteracted by reassigning
affected call to an interferendeee channel.

1 TDMA can manage neaniform traffic distribution in a spot beam environment better, as it allows
the peak capacity in a beam to be increased and switched between spot beams.

1 TDMA disadvantage vig-vis CDMA in terms of return link power can be reduced by using non
linear amplifiers at the mobile whereas CDMA requires linear amplifiers.

1 Spectrum sharing between CDMA systems can be problematic, as wideband transmissions from
one system will affect the cagity of the other, whereas in TDMA the band segmentation
traditionally used has minimal impact on the capacity of other operators.
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CHAPTER 5

Briefly describe the hardware entities and functions of a gateway.
Please see section 5.2 of the book.

Outline the characteristics of various types of antennas used in MSS user terminals and assess their
suitability for various types of mobile platforms and environment.

Antennas used in-band mobile terminals, together with their characteristics, foald are summarized in

table 1 below. The use ofjkand Ksband enabl es smallgai ahtemanagorirn. t
operational MSS, the antenna gain and idbe performance can be specifiggnerically allowing
manufacturers to optimize their terminal in the manner best suited to them. Thus antenna gain is specified in
terms of EIRP(transmit)and G/T (receive),while antenna sidobe performance is defined as a generic

mask.

Category Antenna Gain GIT Antenna type Suitability
tracking (dBi) (dB/K)
High gain Step 1521 -10 to- Parabolic dish on High data ratg
track 4 ships or micrestrip service for shipg
array for land and land portableg
portables with
mechanical of
electronic steering.
Medium Fixed or 4-15 -23 to- Short backfire, Voice and
gain tracking 10 phased array| medium speeq
helical, micrestrip data for land
portables, aircraft
and ships.
Low gain Fixed 04 -30 to- Dipole (drooping), Handheld voice
23 quadrifilar, service, low datg
microstrip rate applicationg
on ships, aircrafts
etc.

Table 1: Front-end characteristics of L-band user terminals

Common mobile antennas include crossed dipole antennas, helical antennas of various types, microstrip
patch antennas, phased arrapsl parabolic dishes. Parabolic dishes are generally used where space is not a
major consideration, such as on large ships. Phased array antennas are usedinifaie&erodynamic

drag, reliabilityandhigh tracking speed isecessaryThey aresuitablefor aeronautical and higbpeed land

vehicle and railway installation€rossed dipole, helical and patch antennas are used for land mobile and
maritime communications.

The crossed dipolés made of two haifvavelength antennas placed at right angles th egher and fed

with equal ampl i tude si g meckssitatingwgower divider anel a 90F hasa p ar t
shifter for feeding the two dipoles. The antenna transmits in circular polarization with a near omni
directional pattern in the azinmtuplane and an elevation angle pattern which has a maximum inakis @r

90° elevation. By bending the dipoles and adjusting their distance from the ground plane, it is possible to tilt
the boresight angle in any desired direction for optimizing theleifp operate at any specific elevation.

Figure 1 is a diagram of such a dipole. The bandwidth of this type of antenna is relatively narrow.
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Figure 1 [sketch of Figure 5.3]: A crossdipole antenna.

The helicd antenra consiss of a numbe of turns of wire wrappel arourd a dielectric materid or in air,
mounted over a grourd plane asshown in Figure 2

Figure 2 [A sketch of figure 5.4]: A helical antenna.

The antenna operates with circularly polarized waves in thgiZ direction &t right angles to the ground

plang and exhibits a wide bandwidth of about 200% and a medium gain. The gain and beam width of the
antenna are proportional to the number of turns of the helix. A quadrifilar antenna comprises four helical
antennas spaced w@ly around a cylinder. Typically, the ground plane has three times the diameter of the
cylinder. The antenna exhibits a much wider bandwidth than a single helical antenna. The four helixes are
fed with equal amplitude signal with phase shifts of 0, &) &nd 270°, which make the arrangement
relatively complex.

Antennas etched on microstrip, knownpagch antennasare useful when a low profile essential, e.g. for
vehicle mounting. Figure 3 depicts a single circular patch antenna for producing circular polarization.

Figure 3 [A sketch of Figure 5.5] A circular patch antenna

The patch can be excited in basic or higher order mode from twlopf@iats. The resonance frequency of

the patch varies inversely with the radius of the circular patch and the relative dielectric constant of the
substrate. For a substrate of dielectric constant 3, the patch diameter is 5 and 10 cms at 1 and 2 GHz,
respetively. Higher order excitation can be used to maximize gain at any given elevation angle. Microstrip
technology is suitable for mass production and offers a potentiallycdstv solution for personal
communications.

Phased arrays comprise an anteanarray in which the amplitude and phases of exciting signals are
varied electronically to steer the main lobe. The boresight of a far field pattern depends on the amplitude and
phases of excitation, which may be changed in response to a tracking emebrt@igffect an enormously

agile and reliable tracking system.

The design ofand mobile antennas the most challenging as they must be compact, low profile and low
cost. In general, antenna gain, multipath, blockage, polarization characteristics t@nthaamoise
temperature of low profile antennas degrade as the elevation angle is reduced. Therefore, antenna gains are
overdesigned at higher elevation angles, or alternatively, their gain is maximized in the elevation angle
range where the operationatsllite is likely to appear within the service area, a condition which suits a
regional geostationary system well.

The gain of a lowprofile antenna in the direction of the satellite depends on the effective projected area in

the direction of the satelit and t herefore varies as sin(n), where
commonly used in mediuAgain terminals, electrical boundary conditions do not support transmission of
circularly polarized waves close to the horizon. Furthermore, tlemiaataxial ratio and gain degrade at low
elevation angles. For example, a lpvofile antenna of two wavelengths in size has a maximum gain limit

of 7 dBi and an axial ratio of 11 dB at an elevation of. 15°

Antenna performance is sensitive to vehicledtrre and the height of the antenna above the ground plane.
Reflection and diffraction, which depend on the curvature and effective area of the ground plane on the
vehicle roof, cause ripples in the elevation antenna pattern. The magnitude of the rippésete as the
elevation angle is increased and is more pronounced for large beam width antennas.

The antenna noise temperature of prefile antennas depends on the elevation angle and environment
around the antenndleasured antenna temperaturelgivation angles of 3®0° range between 30 and 50°

K whenthere is a clear linef-sight, which increaseso 50-85K in the presence of the wooded skyline

(Milne, 1995, see the referenceinbodklhe system noi se temperat UNAe i s =
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units are mounted close to the antenna or made an integral part of the antenna assembly.

Portable antennagquire maximum gain in the broadside direction without necessarily needing to have a
low profile, whereas vehiclmounted antennas must be low profile, compact and preferably tracking.
Microstrip radiators offer a loyprofile solution. It is possible to achieve near omimectional patterns and
gains of 26 dBi from a single microstrip radiator, while medium gaim d@ achieved by an array of
radiators.

Handheld terminals require an omudiirectional pattern in the azimuth within the elevation angle range of
interest, e.g. 890° for geostationary satellites and—80° for a norgeostationary satellite system and
typical gains of 61 dB with an axial ratio < 5 dB. Quadrifilar helix and patch antennas can meet such
requirements.

The interaction betweermeadand antenna is an important considéon in antennas used in haheld
terminals. Studies demonstrat® dB or more attenuation due to obstruction from the head and so the
antennas are designed to operate above head.

3) Discuss the tracking options for mobile platforms installed on ships and passenger aircrafts.

Ships are characterized by slow motion and large ainenable to \BAT size antennas and, as such,
tracking systems can be simple with slow response when operating with geostationary systems. Aircrafts are
fastmoving, the mounting space is more restrictive than ships and need of a low profile to minimize
aerodynamic friction. The tracking systems should therefore be agile.

Either mechanical or electronic steering with phased array isiosaidcrafts Phased arrays offer a lew

profile solution giving high steering speed, adaptability to different enwiems, reliability and lower

power consumption than their mechanical counterparts. Phase shifters used in phased arrays are lossy and
therefore increase the antenna noise temperature which has to be compensated by increasing their size. An
increase in theaumber of phase shifters such as PIN diodes tends to increagesah#on loss andost.

Low-loss mechanically steered antennas hold an advantage in respect of cost. Typically such antennas
comprise a planar microstrip array which is mechanically steéaradimuth by lowprofile stepper motors.

For regional geostationary satellite systems, the elevation pattern can be shaped to the desired elevation
angle range.

Steptrack is a simple method where the tracking receiver maximizes the received signallsteghping
towards it using small exploratory steps. The technique is unreliable in the presence of signal fluctuations
and is characterize by a low response time and hence suitalsleigeand can operate with geostationary
satellite systemand MEO atellite systems

Openloop techniguesre not susceptible to signal fluctuations as they derive error signals from external
sensors such as a fakat e compass and gyrocompass oranda vehic
mathematically predicted satédliposition from the given locatioifhe error signals are derived by taking

the difference between the current and previous estimated position of the satellite coupled with knowledge

of the current vehicle positiotn a moving vehicle the tracking systemmpensates for the vehicle motion

in addition to the satellite motion.

Openloop tracking systems generally require some form of ckimag tracking for initial acquisition.
Combining both tracking methods provides a higher level of accuracy andlitgliabi

The operoop technique is established in aeronautical systems, as inertial sensors onboard aircraft are
available, except in some smaller planes and helicopters where they are difficult to interface. In such cases,
(low-cos) threedimensional sensors are necessary.

4) With the help of block schematic describe the main features of : (a) handheld UT (b) large ship
earth station (c) aeronautical earth station

(a)Handheld UTs ardescribedn subsection 5.3.2

(b)Features of large ship earth statame discusseih subsection 5.3.3.1, with an example in part (ajhef
subsection

(c)Features of aeronautical earth stations are covered in subsections 5.3.3.3
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5) Discuss the trade-offs in designing a portable multimedia UT of the type described in this chapter

We will consider an thand portable UT of the type suitable for the BGAN network. The UT antenna size
and amplifiers of such a portable multimedia UT are chosen so that the EIRP, G/T, and linearity
requirements othe system are satisfied within the cost target that has to be constrained by the limited
production volumenticipated for the servic&he UT includes capabilities to decode dynamically changing
modulationcoding schemes; manage the associated radianesonanagement functions; and support
power saving features.g. sleep mode. Furthermore, the UT should incorposta@dard interfaces like
Bluetooth, USB, LAN and WLAN; position location functions using GPS and/or other navigations systems;
efficient vdce processing algorithm; and robust synchronization and acquisition techniques to counteract
channel impairments.

The antenna size is limited to-1@ cmsfor consistency withthe targetUT sizewith a need to support both
transmit and receive bands. A single patch antenna provides about 7.7dBi gain and results in a G/T of
approximately—18.5dB/K. Thisis adequate to suppoB G A N ‘adaptable air interface thaupports
dynamic power variation ohe order of 15 dB (Satellite EIRP ranges -426dBW towards the mobile for

the BGAN systen). The EIRP of the terminal is estimated as 10 dBWupportthe targetthroughput of a

few hundred kbps so that the high power amplifier can be sized at arounts2 wa

Since the production volumes are low in comparison to cellular phone, development of neet cip not
economically viable and hence the design has to be based on commercially available chip with a provision
for systemon-chip or ASIC design. Thuthe hardware would comprise an (analogue) RF part with a digital
baseband. To enable indoor operation there should be a provision to attach an externalAG&séor
equivalent) receiver is integrated in the receit@rsupport various network funotis additionally the
location feature is necessary to support the legal requirement imposed in many countries and the system
includes provision for opeloop timing and location information. Accurate location information also
facilitates locatiorbased Hling arrangement. However, it is recognised that due to the limited link budget

of GPS in comparison to the communication per se (BGAN in this example) and possible obstructions
around a user, the location accuracy may be comprormsaadfavourablecondtions and this may impact

initial acquisition of the receiver when a mobile is switched on.

To comply the linearity requirements, efficiency of power amplifiers has to be compromised resulting in
higher heat dissipation. Since cooling surface is limigfticient heat dissipation is, therefore, essential.
Features to minimise power drainage in the UT includeoiding unnecessary transmission and reception
when there is nothing to receive and to use sleep mode wherein all but the bare minimum subsgstems
switched off. With typical battery capacity of the order of a few Ah the average drainage should be expected
to be of the order of a few tens of mA and hence the digritne would be 2418 hours.

The software should be able to take into consideratienpropagation delay of the order of 250 ms and
include features to legn with minimum exchangesto support IP suite including the internet and
applications such as VolP and multicast, performance enhancement proxies and quality of service settings
theUT must also include an efficient application software platform. Since the system is compatible with 3G
core network, the terminal supports USIM card so as to support roaming between terrestrial and satellite
networks.
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CHAPTER 6

1) Outline the generic system requirements of an MSS satellite. How do these translate into payload
specifications?

Major system requirements that drive the payload architecture are listed below.

Operational frequencyAt present, L and S bands are prevalent;blind secondary allocations is used
sparingly for MSS and for a majority of FSS mobile very small aperture terminal (MVSAT) systams; K
band MSSMVSAT systems are a recent introduction;

Deployment ofenhanced spot beam technoldgymandatory to facilitatefficient use of radio resources,
provide desiredorward link EIRP andreturn link G/T with on-boardcapabilities to alter beam shape, size
and positiorby telecommandh response to neea$ the mission

Spacecraftervice linkEIRP and G/Tdetermineuser capability;

Efficient spectrum utilizatioms mandatory to mitigate congestion;

Dynamic distribution of spacecraft resources., EIRP and spectrum across the service area is essential to
respond to changes in traffic pattern;

Full eclipse operatiois desirable for LEO, MEO and international GEO satellite systems where traffic load
extends past midnight; regional GEO system may not operate at full power during an eclipse as traffic tends
to subsides by the timeneclipseoccurs

Propagation delayFor low-delay terrestrialike services or a faulblerant/survivable space segment
architecture|ow range and spaesegment redundancy is necessakfO or MEO systems are preferrad
this respect.

These generic needs translate to the following payleadirements
Transponder

1 Available spacecraft EIRP must be high enough to serve present and futureupaffiche end of
spacecraft life; this necessitates efficient high power amplifiers witundancy, narrow
reconfigurable/steerable spot beantennagsnd a power generation system to comply

1 Flexible realtime power and bandwidth allocation between spot beams to permit allocation of space
segment resources dynamically (i.e. traffic driven).

1 Benefits of onboard processing technology shouldssessed.
1 Suitability of intersatellite links to enhance network connectivity should be assessed
Antenna system

1 Spot beam technology is essential in the service links to enhance frequency reuse, reduce mobile EIRP
by enhancing spacecraft GAhd make effective use of spacecraft transmitter power

1 Only a few large fixed Earth stations are necessary in the feeder links and therefore a single or a few
spot beams are enough to meet capacity and frequency coordination requirements in the feeder rad
link.

General

1 Technology amenable to mass production is essential for supporting largeostationary earth orbit
(NGEO) constellations.

1 Higher integration of payload components such as output combiner with antennas, band pass filters with
LNA, solid state power amplifier stacks, ets.essential to reduce weight and power drainage, facilitate
mass production, improve reliability, etc.

1 High DC power to meet the large power requirements of the payload, necessitating large and efficient
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solar arraysand power system.

Eclipse operation is a bus requirement but is included here as it is critical to LEO and MEO MSS systems.
The number of eclipses is large for LEO and MEO satellites due to their orbital geometry, unless the orbital
geometry minimizes oreliminates eclipses. Spacecraft batteries undergo a considerable number of
charge/discharge cycles due to eclipse, which reduces the lifetime of the batteries and hence useful life of
satellite.

Compare the advantage and disadvantage of a transparent and regenerative transponder. Develop the
relationship between the uplink and downlink carrier to noise ratio and demonstrate the trade-offs
between the two parts of the link stating assumptions.

Advantages of regenerative
transponder compared to
transparent transponder

Disadvantages of regenerative
transponder compared to
transparent transponder

Comments

Better interference resistance
Higher capacity

Flexible and dynamic routing a
message level

Better network interconnectivity

Increases payload complexity
Heavier payload
Larger power drainage

Difficult to change signal
format, accessing schemes,

Extentof disadvantages
anticipated taeduce as
technology matures.

Reconfigurable payloaallows
flexibility in changing

Reducegerminalsize

Permits optimisation afip and
down linksindependently

Provides better access security

modem/codec etc. with current

waveform
technology

Further observations:

In a regenerative transponder, the received signal is regenerated to baseband at the satellite thereby
decouplingthe noise components in the up and down links; the total @eRved in a lter paragraphis

the sum of biterror probability of up and down link resulting irsggnalquality improvementcompared to

the transparent transpondér a conventioal transpondeithe uplink and downlinkoisepower getadded

at the user terminal (consider forward link) and therefore the bit error probability is multiplicative

When the ugdink (i.e., feeder link) and dowtlink (service link) carrier to noise rati@ase of the same order

of magnitude, a regenerative transponder shows a clear advantage. This is the case for MSS return link
where mobile terminals transmit very low EIRP levels. The advantage is relatively less significant in the
forward link but nevertbless between 2 and 5 dB improvements are feasible. The advantage of regenerative
transponder increases significantly when Hiaparity of the satellite channel is includetthe resulting
advantage in the link margin can be traded off against interfemtehence regenerative transponders
increase system capacity in an interference dominated environment.

The decoupling property of regenerative transpondeparates the impact of fading in up and down links

Links can beoptimised separately to give several decibels p@adgantagand hence an increase in system
capacity.

It has been estimated that, under average operating conditions, improvements of the order of 8 dB are

possible by regenerative transponders over cdiomal transponders in the presence of severe uplink rain
fading. Under realistic fading conditions, improvements of the order-2.6B have been demonstrated.

A regenerative transponder with baseband processing permits reformatting of data andettieraiplink
and downlink multiple access schemes can be different and optimized to sugaebéfor example, in a
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TDMA system operating through a conventional transponder, the forward link burst rate is limited by the
mobil e earth st eulatoo perfemar@d. A regenedativel teansponder eliminates such a
limitation by allowing the downlink accessing scheme to be better matched to mobile Earth station
capability, e.g. by grouping channels into a manageable set of TDM streams at a ratesumaimevith

the mobile earth station’'s capability, while [ eavin

A regenerative transponder offers the possibility of traffic routing, switching and onboard processing. Note
that a satellite with amn-boardprocessing satelliteeednot be regenerative. For example anboard
processor can operate an RF or IF switch in a TDMA systems to provide coarse interconnectivity. In a
regenerative satellite the switching is instead peréat at message andgket level. Mssages/packets from
destined for a given beam, can be combined and routed to the appropriate beam to improve resource
utilization and network connectivity.

Radio resource management can be transferredoard, allowing a dynamic anfiexible sharing of
resources to improve resource productivity.

Relationship between uplink and downlink carrier to noise ratio

Transparent transponder

The system comprises an uplink Earth station, u, transmitting signals to an Earth station, d through a
transparent transponder T. The following noise components are received at the destination Earth station, d:

Nu = uplink noise power at satellite receiver input
Nui = uplink interference noise power at satellite receiver input
Nsim = satellite intermodul&in noise power referred to satellite receiver input
Ng = downlink interference noise power at Earth station d receiver input
Ng= Earth station d’'s system noise power at receiver
N: = Total noise poweatEarth station d receiver input
C, = carrier power received at satellite receiver input
Cq = carrier power received at Earth station d receiver input
G = gain from satellite receiver input up to Earth station u receiver input
G = g(1/ly).0q
Where
gs= gain of transponder from satelliteceiver input up to satellite antenna output
|4 = downlink loss
0d = Earth station d gain up to its receiver input
N¢=Ng+ Ngi + G (Nut Nuit Nsim)
Co/Nt= Cof {(Na+ Nai) + G (Nu+ Nui+ Nsim)}
Or,
N/Ca= {(Ng+ Ng) + G (Nu+ Nui+ Nsim}/ Cq
Nt/Ca = No/ Ca + Nai/ Ca + GNW/Cyt GNui/ Ca+ GNein/ Ca)
Noting that, G/ G= Cs
09 69 09 09 09 69
Regenerative transponder

In a regenerative transponder the concept of total noise at Earth station d receiver input cn be replaced by
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probability of error. The demodulation at the satellite receiver decouples the noise in the uplink. The
demodulated steam with errors (probabil®y) associated to the demodulation ismedulated and

transmitted. There is thus a probabiliyPPt hat wupl ink error is ‘corrected’
station, d. The net probability of errori®therefore,

Pi=P,+ Py- PPy
The term RPq is negligible in practice and therefore,

Pt @Py + Py
Since bit error rate is an estimate of probability,

BER @BER, + BERy
Tradeoff between the up and down link

The tradeoff refers to transparent and regenerative transponders. Figuwendares bhaviour of uplink
and downlink carrier to noise ratios for these two classes of transponder for the same link quality assuming a
linear channel without coding.

Figure 1 (Figure 6.3(a) sketch here)

Relationship between uplink and downlink carrier toseaiatio for conventional and regenerative
transponders

Figure 2 (Figure 6.3(b) sketch here)
Relationship between BER an@/H, for conventional and regenerative transponders

When the ugink and downlink carrier to noise ratios are of the same order of magnitude, a regenerative
transponder shows a clear advantage. This is generally the case for MSS return link when mobile terminals
can transmit very low EIRP levels. Note thia¢ advantage is reduced as uplink carrier to noise is increased
which would imply that the advantage is not notably significant in the forward link. The advantage of
regenerative transponder is significantly increased wheHdinearity of the satellitechannel is included;
nortlinearity is introduced primarily at the power amplification stages of earth station and satellite. Between
2 and 5 dB gains are possible even in the presence of high up link carrier to noise ratio density (see figure
6.3(b) of tke book). The advantage in the link margin can be traded off against interference, in an
interference limited situation to increase system capacity (see figure 6.4 of the book).

To reiterate thelecoupling property of regenerative transponders gives aesestto uplink and downlink
signal fading. Further, up and down links can be matched separately giving an advantage of several decibels
in power resulting in an increase in overall system capacity.

3) llustrate with a block schematic, the core protocols of the RSM-A architecture and its
relationship with other functional components of an MSS system.

Figure3 below presents an implementation of R@Marchitecture- showing the distribution of IP network,
packet control protocol, and packet lower layer fiord across satellite, Network Operations and Control
Center (NOCC), and terminal segments with respect to the core-/R3Mctions. The core RSM
functions relate to physical and link packet networking; the ground based NOCC provides addressing, QoS
signalling, and multicast support for making network level decisions which are communicated over IP
protocols to the end user networks designated as subnet 1 and subnet 2.

Figure 3:(Sketch of figure 6. 9) RSM core functions and a system instance

The regnerative transponder of the satellite SPACEWAY is based othe RSMA standard for Kband.
Thesatellite includes features suchaasspot beam forming, dynamic beam mapping, and adaptive resource
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control. The regenerative payload using-lmrard packe processing provides futhesh, singléhop
connectivity between two or more terminals without a terrestrial support. Fheard processor routes IP
packets to their destination and provides advanced broadband IP networking services including support for
quality of service needed for voice and video applications aftbard bandwidtton-demand for IP traffic.

4) Plot a graph to illustrate the variation in the antenna diameter as a function of altitude in the
range 700-1500 km and 10 000 and 14 000 k m, given:
Antenna efficiency = 60%
En/No =5 dB-Hz and 10 dB-Hz

We make the following assumptions:
User terminat handheld omnidectional
EIRP, . =0.5W (3 dBW)

Suoported data rate, r = 9.6 kbps
Satellite receiver noise temperature, T =300

Alttudleand satellite antenna patt &igueddepdsehe geonmey. a sat el |
Figure 4(A sketch of Figure 6.13): Geometry for estimating spacecraft antenna.

The carrier to noise power density ratigC/N) received at the edge of coveragedbyser terminal utiling an
omnidirectional antenrig obtained using equation (6.2) of the book, derived as follows

Referring to figured, power flux density (PFD) at satellite altitude H from hdnedd terminal using omni
directional antenna and positioned at beam centre is,

PFD=E/ 4 At H (1)

The signal power received on satellite by an aperture antenna of diameter D is,

C = PFD A (29)
Aeii = hA (Zb)
Where,

h = antenna efficiency at the given frequency
A = Antenna aperture area
= #fD

Substitutingin (2),

C=(&/ 4 HH( ™! 3

For a user terminal placed at the edge of coverage, where gain = %2 gain at beam centre
C = (h/32)E,(D/H)?

Or,

D = H sqrt [(32C/Enh)] 4

WhenEy/No, No,and transmission bit rate, r, are known, C canlitainedas follows:
C =rEp, No=kT

Since C/N, = r(Eo/No)

Or C = KT (rEs/No) ©)

Substituting (5) in (%
D =H sqrt32kT (rEx/No)/Enh)]
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Returning to the numerical problem, the given values are:
H = 7061500 kmand1000014000 km

h=0.6

Ew/No =5 dB-Hz and10 dB-Hz

C = B.r, where r=bit rate

Typical value of r for handheld is 2.49.6 kbps, we will assume 9.6 kbps [The student can iez values,
consistent with hantield user terminal capability]

C/Ng (dB-H2) is, therefore, EN, + 10log(9600), i.e.,

C/Np = 44.8 dBand49.8 dB

Typical value of kfor handheld 0.5 W (- 3dBW)

Substituting, the following plot&ere produced in spreadsheet.
0.180

C/N = 44.8 dBHz, 7061500 km /.

0.160 /I/
0.140 /./

0.120
/., == Diameter

0.100 y
0.080 -

0.060

Antenna diameter (m)

Oribital altitude {(km)

700 | 800 | 900 | 1000| 1100| 1200| 1300| 1400| 1500
|Diameter 0.081/0.092 0.104, 0.115/0.127/0.138/0.150 0.162/0.173
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0.350 CIN =498 dBHz, 7061500 km
< 0.300 R
0
© 0.250 //
% A
2 ]
S 0.200 A ,
c ] —4—Diameter
o /
c
< 0.150 r‘
0.100
700 800 900 | 1000 | 1100 | 1200 | 1300 | 1400 | 1500
Diameter 0.144| 0.164| 0.185| 0.205| 0.226| 0.246| 0.267| 0.287| 0.308
Orbital altitude (km)
C/N = 44.8 dBHz, 1000614000 km
1.700
£ 1.600 —*
5 1500 /
(0]
7
£ 1400 —r
©
1300 /1 |
s =¢-=Diameter
o 1.200
£ -~
< 1.100
1.000
10000 11000 12000 13000 14000
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C/N = 49.8 dB4z, 1000614000 km
3.100
E 2.900 o
o -
o 2.700
= /
S 2500 ]
-c .
o /
c ™
£ 2.300 .
2 P / =4—Diameter
<< 2.100 r~
1.900
10000 11000 12000 13000 14000
4= Diameter 2.051 2.257 2.462 2.667 2.872
Orbital altitude (km)

5) Compare (i) the launch sequence of Iridium and Globalstar systems and (ii) their manufacturing
methodology for mass production satellites

Launch sequence comparisaith data available in the book.

[Requires further researcto fill in the missing information, e.gGlobalstar2, 2013]

Iridium Globalstar
[seewebsite referenced below for Globalstar sec
generation mission profiléSlobalstar2,2013])
Launch vehicle| Delta Il Three launchrehicles- First two launches on Delt

II; next three on Zenit;ifal three on Soyuz

Number of| Groups of three Delta II: Grouys of four
satellites  pe .
launch Zenit: Groug of 12
Soyuz: Group of four
Jettisoning 638 Delta II: 1250
altitude (km) - .
first satellite Zenit: 920
Soyuz: 920
Time to| 3130 (remaining follow at 200 | Not available (N/A)
jettison first| interval)
satellite  after
launch (s)
First radio| ~1 h40 m N/A
contact
Number of| Four Hawaii, Yellowknife and Iqualit N/A
tracking in the Northwest territory of Canad
stations and Snjoholt in Iceland)
Drift time for | Several days N/A

satellite
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separation

Deployment
sequence an\
time

Solar array t avoid battery
exhaustion), followed by
communication antennas (ground al
inter-satellie  communication); 3
hours into mission secondary antent
deployed; switch from secondary

main antennas in fifth orbit

Delta 2: First four satellitesheld in a canisterare
placed in the same orbital plane. The initial f
maneuvers are initiated by @ch satellite
autonomously using onboard computarganeuvers
include extension of magnetometer bog
acquisition ofthe Sun and the Earth, stabilization
avoid tumbling, and deployment of solar arrays
avoid battery depletion.

Zenit: Satellitesare held in canisters (as with th
Delta launch), and ejected within 4 s in raj
succession. Initial maneuvers are identical to D
launch. Satellites are at a lower orbthan Delta
launch travel fasterto give only 10-12 minutes of
visibility from ground stations. Only six satellite
can be placed in each plane, the satellites
grouped and injected in three separate pla
Satellites experience different radiation and thert
conditions at 920 km to those petienced at 1,40
km, for which they are optimized. Hence, satelli
must be moved to the higher altitude as soor
possible.

Soyuz:N/A

Initial  check

out

First t wo days:
antennas and modemare checked
out, batteries recharged, ftsware
upgraded if required, and feeder i
and intersatellite link performance
checked out

Delta 2: A preliminary health checkout of ea
spacecraft is made to ensure that the vital sate
functions, such as attitude control and propuls
behave nomally.

Zenitand SoyuzN/A

Manoeuver for
final orbit

About 48 hours into the missiof
satellites begin ascending to the fin
altitude (780 km); lowthrust electre
thermal hydrazine thrusteasefired.

Delta 2: Within a few hours, each satellite
commanded to fire thrusters to jettison itself to
final altitude of 1,400 km. The satellite injected |
is boosted first to minimize the risk of collision.

Zenit: Satellite altitude (from the initial) is altered
groups of two or three to minimizée workload on
ground controllers. Satellites are allowed to o
until they reach their respective orbital plane, wi
they are jettisoned to their final altitude of 1,400 k

Soyuz:N/A

Arrival at final
orbit

About two weeks

Delta 2: A few hours
Zenitand SoyuzN/A

Tests at final
location

L-band communication link
activation and tests includin
subscriber call handling, call handov
between beams and satellites, pagi
call-forwarding followed by betq
testing by average users.

Assumption: Similato Iridium

The information on constellation launch and deployment as outlined in the book demonstrates the launch

strategies applied for these two systems. A detailed mission analysis fgeostationary satellite systems
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additionally involveshealthmonitoring, orbital maintenance, replacement , andafifle management
strategies (e.g., Cornia, et al, 1999)

Manufacturing methodology comparison

Satellites of boththe systems were magsoducedusing a production line Iridium satellitesfollowed
production technique similar to those used in automobile assembjytHaproduction aspeavaskept in
mind from the outset of spacecraft design. Globalstar satellite followed a producti@ndibked through
standardized interfacesdby deggnatingpersonnel to follow through the production right.

Iridium satelliteswere assembled by Motorasaich that satellitewasproduced every five days at the peak

of activity in 1998, with up to 10 satellites being assembled in a day. The product@nfteach satellite

was about 35 days. The production aspectineladedfrom the design phase with thssumptiorthat 86-

90% of cost, quality and production time would be influenced by satellite design. The production was
managed in entirety i.e. fromomponent construction through to spacecraft delivery and on to the launch

site. Components were produced in quantities needed only for the current asséntbly s ‘| ean pr odu
is used by Japanese car manufacturers. The technique allows contirfitneumsenat of the assembly process.

Other techniques involvedvere - use of offtheshelf components, use of easily pluggable and
interchangeable circuit boards, and rigorous-level tests to minimize systehavel problems.

Before the start of productioextensive electrical, software, acoustic and vibration tests were performed on
two full-scale satellite models to minimize the tests on production runs. Experience gained through assembly
of the first batch of satellites was used for refining further petidn runs. The production line operated

with about 50 engineers working in three shifts continuously at 15 different stations. Each satellite required
about 160 printed boards which were assembled in one factory, sent to the next one where they were
assenbled and tested as subsystems, and then sent to the final assembly line where they were integrated as
satellite units.

The first generationGlobalstar constellation of 48 satellites was manufactured by Loral Space and
Communication. The company desigrht#esign engineers to remain assigned to a product through to its

full production run. Mechanical and electrical interfaces were standardized to allow quick changes of failed
subsystems. Each module of the modular design was tested thoroughly beforeadminmbled as a

spacecraft. In the production line, satellites were moved from one assembly point to another and tested at
each *“functional island’”. The satellites were al way
removed from the practtion line, and therefore did not affect the production flow.

References

Stefania Cornara, Theresa W. Beech, Miguel Bkltira, Antonio Martinez de Araggn (1 Safelit¢
constellation launch, deployment, replacement and-adlifie strategies , 13th Annual AIAA/USU
Conference on Small Satellites, SS©04, 19 pages.

(AccessedMarch, 2014)

Globalstar2 (2013) Globalstar second generation mission profile and Soyuz launch sequence is available
here (accessed March, 2014):

http://www.russianspaceweb.com/globalstar2.html
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CHAPTER 7

1) With the help of a block schematic, discuss various network functions and components of an MSS
system, including the interaction between the functional entities.

Air interface

Consider an MSS network as an extension of the terrestrially available services. In this role, the satellite
net work transports terrestrial ngerternve g@notkcol sarchitesturee  f u n c |
comprises aetwork independenayer that deals with radio frequency transmission which pertains to the
satellite network dealing with parameters such as coding, modulation, multiple access and encapsulation of
the incoming stream, etc. for transport in the satefiggvork and anetwork dependenayer which deals

with transport of the terrestrial services. Since a majority of MSS systems reuse terrestrial core network, it
is usual to deal primarily with the network dependent layers when defining the sateltiteréace.

Theair interfacecomprises optimized feeder and service radio links and associated transport functionalities
to connect the land earth stations and the user community via a transparent or regenerative transponder. A
number of radio transmissiomesigns have evolved and a number of these have been standardized and
recognized by the ITU.

Figure 1 illustrates the connectivity architecture of an MSS system.

Figure 1 [A sketch of Figure 7.1]

Service link (SL) provides radio connection betweba uses and the satellite constellation; mobite

mobile communication is routed through a mokil®bile service link (MMSL); intersatellite links (ISL) are

used for routing calls in space in preference to terrestrial routing; feeder links (FL) cortegetygto the

satellite constellation; intrgateway links (GLN), integateway links (GGL) and network management links
(NML) are essential for exchanging information between system entities to support network management;
and terrestrial links (TL) conneein MSS system to terrestrial network(s). Feeder and service radio links
carry usesservicesand provide the desirednobility; whereas other communication links transport
supporting network functions independgntand hence utilize ry suitable coseffective and reliable
transport facility such as a private transport network, PSTN lines, leased circuits, spare space segment
capacityof the networketc.

Network components, functions and interaction
Figure 2 depicts the primary functial entities of a commercial MSS, segmented broadly by their physical
association.

Figure 2 [A sketch of Figure 7.12]

Functional entities of a commercial MSS segmented broadly by their physical association.

Functions that are essential to establish communication include call handling, switching, routing, mobility
management , and us e Nwnerougassaciatedunetions ara aegessarg fort successful
management of the network. Thetwork manageent (NM) functions deals with the management of the
network to ensure proper functioning of the netwditkey involvemanagement of radio resource, quality of
service, network traffic flow, collection of cadlata records and dispatch of data tolihsiness management

(BM) system andmobility manager(MM), traffic trend analysis for radio resource management, fault
finding/diagnosis, fraud detection and secure privacy management. The NM also oversees the management
of the space segmenhNM also deals withmonitoring radio spectrum , dispatch of call data records to the
business management system, interaction with the mobility management system forugaleset network

traffic trend analysis to assist radio resource management, fault finding/diagnd$iaud detectiorNotice

that many management functions have commonality with terrestrial mobile system and thus benefit by
adaptation from terrestrial system.

Mobile servicesrepresent various user services on offer including suppothefssociatedorotocols.
Current portfolio include, voice, data, facsimile, paging, ssage delivery, emergency calland
supplementary services such as call transfer, call forwarding, call waiting, call hold, conference calls, etc.
Thespace segmebmprising one omore satellites provides connectivity between the fixed and the mobile
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segments. Some of the functions shown as terrestrial can be either wholly or partially perfospace
whenregenerative transponders are usegl call routing. Constellation mangementinvolves Telemetry
Tracking and Telecommand (TT&C) functions of satellite health monitoring, ephemeris generation,
spacecraft orbit raising, orbital adjustment in case of a spacecraft failure, launch support during initial
deployment or replacememtf failed spacecraft, etc. Thieusiness management systeonstitutesthe
company's business hub responsible for customer billiigrfacing with the gateways arlde network
management system to obtain call records, updating profile of existing sebsaiimintroduction ofnew
subscribers. Thenobility managemerMM) system maintains user location in its database and interacts
with the NM and gateways for call connectiaaythenticationetc. In a GSM based network the MM
consists ofVisitor Locatin Register (VLR) and Home Location Register (HLR) with associated protocols
for data exchangdn a packet switched network, a route is established for each paokbtas by pre
calculated routing table. In an IP network, mobility management involedderiP functionality.

Gatewaysof a networkcan either belong to the network provider such as in ICO system or owned by
different operators as in Globalstar system. Tibevork planning centreversees network management,
capacity and business trend, specific events of interest and develops strategies for changes to the network
such as expansion of capacity, introduction of new services, redeployment of satellites, etc.

2) Suggest the desirable features of an MSS service link to support: (a) hand-held services (b)
broadband services on nomadic user terminals

Handheld service

To counteract low G/T of haHrdeld receivers, typically abot24 dB/K, and severe channel impairments,

high power sateille transmissions are essential. This is achieved by using narrow spot beams and an array of
high power amplifiers whose outputs are combined before transmission.

In the return link, terminal sizeeight battery capacity and health risks from radiationité the user
terminal EIRP and consequently the throughput. Low power transmission from hand held terminals results
in extremely low received signal levels at satellites. The prolgemitigated by improving satellite G/T
and/orby path loss reduction bgleploying low altitude satellites. Hence, invarialggostationarysystems

use high G/T spot beanand the other approach is to use high G/T spot bearwwviror medium Earth

orbits toadditionallyreduce path loss.

The service transmission format musepowerful coding and robust modulation scheme such as QPSK in
conjunction with high link margin and a complementary multiple access scheme.

Broadband services on nomadic user terminals

Nomadic terminals are fixed and hence in most instances the usbetie=medom to install it with

unrestricted view of the satellite. Furthermore, the impact of multipath is reduced at high elevation angles
due to a static environment and to some extent the relatively high directivity of user afitenBeppler
associad is absent which simplifies the demand on acquisition and carrier recovery circuits.

In the forward direction high EIRP is necessary to support broadband services with sufficient link margin,
although lower than that for a haheld system. It is necesgao deploy narrow spot beam to achieve the
desired EIRP and additionally improve spatial reuse. Transmission format should be spectrally efficient such
asby usinghigh level PSK scheme backed up with powerful codes.

In the return direction, theerminal EIRP isconstrainedy thelimits onantenna and power amplifier,

battery capacity and spurious/intermodulation generatiggh G/T satellite receives essential leading

the necessity of narrow spot beams. &hénterfaceshould be robust and magxd to the channel
characteristics.

3) A prospective MSS operator intends to provide a seamless service aiming to address the mass-
market that covers a wide region encompassing large uninhabited open areas, motorways, a large
railway network and several densely populated metropolitan cities. Suggest an efficient network
architecture, stating the rationale for the selection of each element of the network.

Systenrequirements of the MS&e summarised as follows:
CoverageThe system is operated by a singlegtor and requires a wide area coverage rather than a
global system
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Service arealJudging by the given market, i.e., large uninhabited open areas, motorways, a large railway
network and several densely populated metropolitan cities, it is assumedthatahregion is excluded.
The service area may therefore comprise either: primarily high latitude region (e.y) @B@quatorial
region (e.g. <5(N) or a mix.

ServicesThe serices may be narrowand(e.g.voice) or/and broadban(k.g.Internet,including
streaming.

User communityt andbased

User TerminalsA variety of user terminals are envisagdthndheld; nomadic; vehicular; aritain-
mounted

Inter-network connectivityConnectivity isrequiredto terrestrial Mobile service core netwokkd. 3G)
includingthe Internet

Intra-system mobilityA seamless coverage with handover is necessary.

Proposed network architecture

Referring to figure 1 of the previous question, service link (SL) provides radio connection between the user
and the atellite constellation. The related issues are addressedNaibile-to-mobile communicatioms not
necessary Intersatellite links (ISL) can be uséda nongeostationary constellatias chosen if selected
based ora techeeconomic trad®ff. The feeder links (FL) will depend on the chosen air interface and this
aspect is discussed below. Other links include igateway links (GLN), integateway links (GGL) and
network management links (NML) for exchanging informationaeein system entities to support network
management. Terrestrial links (TL) are used to connect an MSS system to terrestrial network(s).

Referring to figure 2 of the previous question, the functional entities of the network shall itlctude
following sysems- constellation management, business management, netwanager(NM), mobility
management (MManda network planning centre.

In view of the mobility requirementhe MM system will maintain user location in its database and interact
with the NM and gteways for call connection and user authentication, user profile, etc. Assuming a GSM
based system, the MM will utilize the Visitor Location Register (VLR) and Home Location Register (HLR)
with associated protocols for data exchanger the packet switdd part of the network, a route is
established for each packet, for example, using ecalilated routing table. Assuming an IP network,
mobility management involves mobile IP functionglithe operator can choose from various available
protocols to ensre a smooth handover between spot beams.

SPACE SEGMENT

The service area and service type determine the space segment architecture.

Primary service region <56(N

A geostationary earth orbiGEO) space segmeistsuitable for regions <58 due to numerous advantages
such as simple network architecture, stable radio links, robust angneeéin technology.

LEO and MEO systems are discardedhe first instancéor the following reasons:

1 LEO or MEO systems could be inefficient for regional systems due to utilisation of only a part of
an orbit while needing several satellites to ensure continuous covileagathelessa detailed
techneeconomic tradeff is required before a final decisi@anbe taken.

1 LEO and MEO systems tend to have expensive and complex network architecture.

1 Terrestriallike propagation delais not necessary.

1 Coverage over polar region is not necessary

Primary service region >5(N

A HEO system provides high eketion coverage over high latitude regidosa reliable radio link. In
contrastsatellites in GEO system appear at low elevation angle which necessitates unrealistic link margins.
LEO and MEO systems can be designed to provide robust links with higitiefeangle and diversitAs
mentioned above detailed tradeff analysis is recommended.

Frequency band

An important consideration is the operational frequency band. In this respect L band is preferred because it
can support oimove communications asonably well and technology is mature; a second choickan.

A detailed investigation regarding availability of bandwidth in L band is necessary; this includes a
regulatory review in addition tensuringthatthe desiredandwidth is available in psence of incumbent
operators. A preliminary estimate of the required bandwidth is mandatory.
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USER SEGMENT

User communitys land-based using a variety of terminals: hdrald, nomadic, vehiculdcars, buses,

trucks, etc.) and terminals mounted on railway trains.

The air interface design including link budget for each mobile class provides an estimate of satellite EIRP
and bandwidthSelection of a suitable air interface is necessary. It caeleeted from the various designs
recommended by the IT{$ee below).

Detailed specification for each terminal type becomes esseatidle drawn up as the requirements are
crystallised

FEEDER LINK and TERRESTRIAL INTERFACE

The feeder link frequency bdrand skection of an appropriatair interface is essential. Various air interface

standards have been recommended by the ITU and the operator can select an appropriate one taking into
consideration propriety, applicable patent and intellectual riflatae standards also specify the space

segment.

Interfacewith the terrestrial networkisovera@ cor e net wor k of the operator’
maximum reuse of terrestrial technology. The interface includes circuit and packet mode transmissions.

4) In comparison to a technology driven, a market-led approach in developing the requirements of
an MSS reduces the financial risks to the system. Describe the process in evolving a market-led
system development process including the influences and constraints which must be taken into
consideration.

Due to the large number of inter and irsysstem dependencies, MSS system development can be visualized
as a structured tegown multilayered iterative optimization, wherein system synthesis cascades down
progressiely to lower layers iteratively, as design implications are better understood andoriehl
constraints applied. The concept of such a matkeen systemdevelopments illustrated in Figure 1
below.

Figure 1 [A sketch of Figure 7. foncept of anarket driven design methodology

Research targeted at the addressable cliental provides a set of telecommunication requirements, terminal
characteristics and service area, which are then synthesized for a top level system architecture to estimate
approximae costs, technology and schedule. Iteratiarsnecessary before a realistic solution can be
achieved. The preliminary design is evolved into a detailed design taking into consideration the state of
technology, costs, schedule, etc. If the detailed delgigds to unrealistic specificatgrthe requirements

are modified until an acceptable solution is found; the detailed design specifications are used for developing
each system element. The system elements are integrated and tested and the spadawsedradrieading

to the operational phasknally, operational experiena@ndmarket trends aretilized to evolve the system.

Due to large variability in constraints and assumptions, the architecture is not bound by rigid rules, nor does
a given set ofequirements have a unique solution.

Influences

Communication service, the size of the market, the service area and the costmatithe basis of a
preliminary design. Consider each in turn.

1. Communication service

Services rang&om interactive tanon-interactiveservices witha range opermissible delajrom a few tens
of ms to tens or hundreds of secoadsl throughputs needs of a few bps to tens of Mbps

The orbital characteristics of a constellatzan be influenced bthe choserservice. For example, neneal
time applications can be served through intermitt&® or MEOcoverage; whereas a seamless coverage is
desirable for delagensitive interactive services.

2. Market

Market size scopeand service aregovernthe space segent capaity, size and cost of terminals atide
service cost.



Mobile Satellite Communications: Principles and Trends, 2™ edition 62
Author: M.Richharia

Example solutions and hints to Revision questions

Issue 1, April 27,2014

This version supersedes all previous issues

U s e abdity to pay and type of usebusiness, pleasure, distress or remote area communicatimern

the service portfolio, system cost, complexity and service cost. For examplegma $ygeted for personal
communications must be capable of low cost Hagld terminal in conjunction with an attractive tariff at

the expense of a complex space segment. On the other hand, a system targeting the transport industry, where
size and cost dkrminals or services are less critical, can deploy a simpler space segment.

Space segment capacity, cost and anticipated revenue must be matched to break even as quickly as possible.
3. Service area

The system mhitecture depends on the service areafitr distribution and the need of features such as
geographic calbarring facility. These inputs determine the type of constellation, orbital inclination and
eccentricity for norgeostationary constellations, spot beam distribution and identifyde@®adent system
features.

4. Cost model

A preliminary business plan is adequate to investigate the sensitivities of the business case to system
attributes such as spacecraft cost, schedule, traffic growth, service cost, etc. Empirical cost models are
available in the literature for estimating spacecraft and launch costs from slestemrequirements.
Established companies possess extensive database-tmdatp market information for accurate treafé

analysis.

Constraints and considerations

System enties and their relationships must be synthesized applyingwadd constraints and
considerations. Such constraints may result in solutions, which are, at besptisudl in an academic sense
but acceptable ipractice

1. Business

Financial viabilityis fundamental to a commercial venture. Examples of relevant business issues are as
follows.

 Financial risk

A number of assumptions impacting on profitability would have been made initially. These would include
traffic forecast, geographical di stribution of traf
to pay, impact of competition, etch& applicability of such assumptions can deviate substantially for a

variety of reasons such as delay in the introduction of the service, unexpected competition, poor service
quality due to technical problems, delay in availability of user terminals, Ughe costs, etc. Such risks

can be detrimental in raising initial capitalafterimplementation.

1 Capitalfor an MSS venture is raised from a number of sources and financial instruments; success in this
respect depends on the state of economy, performance of the satellite industry in general and MSS in
particular, the credibility of the proposers and the sioess of the business plan

1 A clear understanding of commercial issisentral to commercial success. These include cost per call
or Kbyte, operational and maintenance expenditure and obligations, segmentation of revenue between
participating entities-i.e. infrastructure pvider, service provider, etc.

2. Regulatory considerations

Regulatory issues deal with spectrum allocation, operating license(s) and local rules. For ,eaample
regulatory authority may impose technical and/or financial condifiengranting a license. The authority

may require an operator to prove its financial position, modify the proposed design, accept a tentative license
to prove the viability of the proposed design, etc.

3. Orbital characteristics

Orbital characteristics ardetermined by coverage and service requirements. The impact of the space
environment, transmission delay, constellation cost, size and maintenance together with network complexity
and coverage area play a crucial role in determiningtbiéal charactestics

4. Call routing, connectivity and mobility management
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Network connectivity requires consideration on the location and management of gateways. Intersatellite
links increase flexibility in siting gateways but increase space segment compWkignan intesatellite

link is used numerous routing alternative® feasibleand therefore a suitable routing scheme must be
established. Terrestrial routing requires dealing with numerous authorities while adding costs te the end
users butvithoutimpact onthe space segment complexity.

To establish a call, the mobile user must be located, paged and a route established; wheestatditblied

the connection must be retained. This task is achieved by a mobility management subsystem. In case of an
IP connetion, thetask is to maintain IP connectivity. After a call has been established, the radio connection
can be broken when the visibility of the user to the satellite is lost due to the movement of the user or the in
a NGSO by the satellite itself. Thushiecomes necessary to handover a call to a radio bearer which can
retain the connectivity. Various types of handover can be envisaged:

The handover schentkepends ospacecraft design, constellation architecture anthtdrface design.

When considering emectivity of intersatellite links, regular handovers are necessary due to constellation
dynamics. Numerous algorithms have been proposed based on a various optimization criteria. Since routing
algorithms require ofboard processing; a more complex altori imposes a greater burden on satellite
processors but can be more efficient.

5. Network interface

The network must have provisions to interconnect mobile and fixed users with each other. This connectivity

is achieved through appropriate inter and imgavork interfaces. The interface with the terrestrial network
dependsontheinterper abi |l ity arrangements. For instance | nm
connectivity with the terrestrial 3G core network. Similarly, Iridium and Thuraya sgstene provisions to

interconnect with the GSM system.

6. Hardware realization

First generation LEO and MEO systems were based on a number of novel technologies, such as integrated
handset design, multiple satellite launches, advanced spot beam technoidmpard processing,
intersatellite links, etc. Depending on factors such as familiarity with technology and risk attitude, a number
of constellation architectures have emergedperators have usually combined mature technologies with
novel ones, althougtne extent of combination differs widely.

5) Suggest the main elements and processes of a simulation scheme meant to derive system
parameters such as system capacity, propagation delay, link utilisation statistics and the length of
the PSTN lines, given the subscriber distribution, the traffic statistics, the space segment
configuration and a gateway distribution.

Due to the inherent nelimearity and complexity and a need for repetitive analysis with flexibility, computer
simulation is commonly used in performance evaluation of an MSS. Figure \ tiektrates a flow chart

of a simulation program for estimating capacity, utilization, propagation delay statistics and length of PSTN
lines of LEO or MEO constellations. The simulation can be conducted for a given a subscriber distribution
and calculatns can be performed for successive instants of time until the statistics can be esfiroates. |
readerA brief description of the figure is desirable]

Figure 1 [A sketch of Figure 7.7]

Flow chart of a simulation program for estimating capaaitjljsation, propagation delagtatistics and
length of PSTN lines of LEO or MEO constellations.

6) Inevaluating LEO and MEO satellite systems, orbital altitude has a profound effect on a number
of system parameters; list such parameters and outline with reasoning the impact of altitude on
these parameters. Suggest a favourable range of altitudes to support a hand-held voice-medium
bit rate communication service

System parameters affected by orbital altitude are:
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transmission delay;

spectrum efficiency;

spaceraft power;

user terminal EIRP

Constellation size

In the following explanation we will assume that the frequency band, number aodf flispot beams are
identical at each altitude.

=8 =4 =4 =4 =4

Transmission delay increases as satellite altitude increases due to a corresponding increase in satellite range.
Thus low earth orbiting satellites are used to provide near zero delay performance.

Spatial spectrum efficiency reduces as the altitude ¢se@sed. With an increase in orbital altitude a
sat el | i-of-wve sncrelases dndl thus the geographical area covered by each spot beam increases
resulting in spreading of frequey band over a wider area, thiat effect reduces the spatial spectral
efficiency.

The satellite power per channel must increase as altitude increases to compensate the additional spreading
loss due to an increase in Eastftellite range

A study directed to assess the influence of satellite altitude in rangg S km on these parameters,
produced numerous interesting conclusions. It was demonstrated that lower altitudes increase frequency
reusability, capacity and power. However, resypertaining to estimated transmission delays were not
intuitive. Ground routing exhibited a shorter delay with an increase in altitude. When using intersatellite
links, however, medium altitude proved to have the shortest delay because the numbehifgsmaides in

low Earth orbit increaseth comparisonincreasng the switching delays. It was observed that the delay
depended on type of traffic, i.e. local or long distance and that with evolution in technology, switching time
would reduce. Furthermoréwas noted that that frequency reuse increased as altitude is reduced; however,
the capacity limit in this case may ocalueto the power capacity of the spacecraft. As expected, handset
power increased with orbital altitude, impacting the size, weigthtle available throughput.

It was observed that the mass of the power system increases with altitude, even though capacity and eclipse
period reduce; this occurs because capacity increases linearly but power increases as the square of the
altitude.

Numbe of satellites in a constellation increase as orbital altitude is decreased due to a reduction in field of
view of each satellite. Based on space segment radiation environment the favored orbital altitude of low and
medium earth orbit lies respectivelytiveen 7061500 km and 100602000 km. Both the orbital altitude
ranges can provide haietld service. If transmission delay is crucial then lower altitudes are preferred.
However, a techneconomic analysis is necessary as the evaluation criteria can lmiffgeen operators.

For example, ICO preferred MEO whereas Globalstar and Iridium preferred a LEO.
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CHAPTER 8

1) Describe a generic protocol architecture which can be used in standardisation of MSS radio
interface. What are the advantages in using such an approach?

A generic protocol architecture used in the European Telecommunication Standard Institute (ETSI)
standards (and others) is presented in figure 1 below. It comprisetsvark independerayer that deals

with radio frequency transmission conging synchronisation within the satellite network, coding,
modulation radio frequency conversion/filtering/amplification, multiple access and encapsulation of the
incoming stream for transport in the satellite network andetvork dependeniayer that dals with
transport protocols related to the core network and applications. The figure also lists critical parameters of
the lower physical layers addressed in many standards.

Since a majority of the standards and recommendations use the same gendeictanehihere an inherent
similarity across these systems; the differences lie in the solutions applied in achieving their respective
goals.

Figure 1 [A sketch of Figure 8.1]
A generic protocol architecture applicable to the satellite radio interface standardsl(2@B2)a ETSI

2) Describe the evolution of the GMR standard, mentioning the incremental advances in radio
interface technology at each stage.

GMR radio interface specifications are prepared by ETSI Technical Comi8dtedite Earth Stations and
Systems (TESES). The evolution of these specifications have continually tracked those of the GSM system,
as illustrated in figure 1 below

Figure 1 A sketch of Figure 8.2]
Evolution of the GMR system

GMR-1 (ETSI TS 101 376), released in 2001, supports ciswitched voice and data up to 9.6 kbps, short
messaging service (SMS), cblloadcast and locatidmased services over GSM core network iteefA.

GMR-1 Release 2 known as global mobile packet radio services (GMPRS) comprising threkeasds

over the period 2003008, incorporates general packet radio service (GPRS) capabilities to1GMItR
progressively new terminal classes. GMR Rele2de (2003) incorporates packet switched GHIRS

services up to 144 kbps based on GPRS release 97 (r97) to provide mobile services up to 144 kbps over
GPRS core network interface, Gb. GMPRS release 2.2 (2005) extends servicesheldaedminals at a
throughput of 64 kbps in the forward direction and 28.8 kbps in the return direction. Release 2.3 (2008)
extends the data rates to 444 kbps units in the forward direction and up to 400 kbps in the return direction.
GMR Release 3, known as GMRThird Genesition (GMR1 3G), a satellite adaptation of Enhanced Data

Rate for GSM Evolution (EDGE), enhances the throughput to 512 kbps via the core network interface, lu.
EDGE, standardized by Third Generation Paatiohaher ship
Mobile Telecommunicatioi2000 (IMT-2000) recommendations. It is based on 3G release 6 protocols
interfacing with the core network on-RS interface laterface between base station system and core
network- Packet Switchedto provide voice and bealband services including IP multimedia services up to

592 kbps depending on terminal types which range from small handheld terminals to large high gain fixed or
transportable terminals.

3) Compare the lower layer technologies of the three GMR releases.
The question has asked for a comparison. The text below outlines main features of the air interface of each
release. The student should collate loVester features of each release and tabulate them in a table with

comments

GMR-1
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Features of lower layer ih@de modulation/coding, power control and multiple access. Physical channels are
a part of this layer. Each physical channel contains one or more logical channels. A logical channel contains
data related to a specific function whereas a physical chameskisnsible for physical transport.

Coding and Modulation

The applied channel coding rate applied on per call basis depends on factors such as the channel
impairments, information block size and the desired protection level. It comprises an inner coding scheme in
tandem to an outer code. The outer code comp@gelc Redundancy Check (CRC) (8 bits, 12 bits, or 16

bits parity, depending on the channel) whereas the inner code comprises convolutional coding with a typical
constraint length of 5 and rates of 1/2, 1/3, 1/4, and 1/5, as required.

The power control nssages use the (24, 12) systematic Golay encoder with-desidion Golay decoder.
ReedSolomon code is used for a number of channels. For example, the basic alerting channel (BACH) uses
a systematic (1,9) ReedSolomon code.

Various puncture masksear used to fit the coded bit sdepemdeno t he
interleaving is used and can be applied Hbimast or intesburst and is based on block interleaving methods

with pseudorandom permutations. A scrambler adds a binary pgeis#n sequence to randomize the
incoming bit stream. Certain channels such as the traffic channel include data encryption to prevent
eavesdropping.

The modulating symbol rate is fixed at 23.4 ksps. A majority of traffic and control channg@g8GePSK
(coherent quadrature phase shift keying) modulation shaped by a root raised cosine filter of 0.35 roll off
factor; p/4-CBPSK (coherent binary phase shift keying) modulation with identical filter shape and roll off
factor is also used. A keeglive burst is tansmitted during periods of speech inactivity to save the battery
life, satellite power, reduce athannel interference, agebmfort noise, and maintain the power control and
timing/frequency synchronization. The bursts yssDBPSK (differential binaryphase shift keying), with

the same (i.e. 0.35) retiff root-raised cosine filter. The BACH uses pulse shapdtSK (Phase Shift
Keying) modulation and the frequency correction channel (FCCH) burst is-ehigakignal spanning three

slots.

Power contol

Power control is exercised in both the directions to minimize interference, conserve power at satellite and
MES, and maintain signal quality. The clodedp control utilizes a feedback from the remote receiver for
power adjustment; in the opdémop mehod the transmitter adjusts power based on the behaviour of the
received power, with the premise that receive and transmit channel behaviours are correlated. The open loop
system has a faster response as it avoids the delay incurred in a feedback lothe fdistant transmitter

and hence suits events of rapid fading.

In the idle mode, the MES is required to lock to the broadcast control channel (BCCH) to extract the system
information in readiness for communication.

Multiple access

A TDM/TDMA accessingscheme is used in the service link. The forward channel consists of a continuous
time division multiplexed (TDM) channel and the return link consists of time division multiple access
(TDMA) bursts, synchronized in time and frequency to avoid interferdiessage synchronization is also
necessary to ensure that the start of each message sequence is identifiable. Procedures for these types of
synchronization have been specified.

Physical and logical channels

Frequencies are allocated in steps of 31.25ikHmirs separated by 101.5 MHz. There are 1087 pairs in the

34 MHz MSS allocation. The minimum allocation of channels per spot beam is five.

The physical channels can be used to carry traffic or to support various control functions to ensure proper
functioning of the network. The features and uses of these physical and logical channels are summarized in
Table 1 below
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Table 1 [Excerpts of Table 8.4]
Example features and uses of various traffic and control logical channels.

GMPRS-1

The GMPRSL is release 2 of the GMR specifications, appending to release 1, packet data service based

on the GPRS. These specifications enable packet data services at data rates ranging from 64 kbps up to 444
kbps in the forward link, depending on theahility of mobile terminals.

Version 2.1.1 (2003) enables bidirectional packet data rates up to 144 kbps supporting QoS differentiation
across users with dynamic link adaptation.

Version 2.2.1 (2005) specifies packet data services to handheld teratingdsto 64 kbps on the forward
link and 28.8 kbps on the return link.

Version 2.3.1 (2008) supports broadband packet services at data rates up to 444 kbps on the forward link and
202 kbps on the return link on A5 size transportable terminals with aspyouwo support data rates up to

400 kbps on the return link through an external antenna. Version 2.3.1 utilizes advanced techniques such as
low density parity code (LDPC) and -3npltude phase shift keying (APSK) modulation to enhance spectral
efficiencyand provides bdirectional streaming services.

Differences in radio transmission and reception characteristics with respect to-1GMRase 1
specifications include:

Support of unpaired frequencies

Differences in test conditions due to different Energy gymbol to noise power density ratio/{k)
requirement in packet mode

Maodifications in the switching time requirements

Addition of four power classes of user terminals (C, A and tlo types) and associated specifications
such as radiation pattermgceiver G/T, frame error rate at receiver

1 A few modifications applicable to all classes of user termin&gy. transmit requirements (burst ramp
up and ramgown time, unwanted emissions)

Updates to packet burst data structure and modulation scheme

Rado link failure detection, capability to identify BCCH type [Tempor&@CH (T-BCCH) related to
a temporary spot beam or Anchored BCCHEE&CH)] in idle mode and idle mode loss ofBCCH
when camped on it

1 Link adaptation procedures

1 Some clarifications wit regards to the reporting by MESs of link quality.

f
f

= =

=a =4

GMR-1 3GPP

GMR-1 3GPP air interface is an evolution of the GMPRSystem using new developments in the satellite
physical layer air interface technology. The air interface is applicable in L and S MSS bands and connects
with the core network over an interface knoaml-PS.

Key features of the air interface include:

Up to ~592 kbps mobileser throughput

Spectrally efficient multrate Voice over IP (VolP) with zero byte header compression
IP Multimedia Services

IPv6 compatibility

Differentiated QoS across userglaapplications.

Robust waveforms to improve link closure reliability

Dynamic link adaptation

Multiple carrier bandwidth operation

=8 =8 =4 =4 =4 =4 =4 =4
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T Multiple terminal types Handheld terminals, Personal Digital Assistant (PDA), vehicular, portable and
fixed

1 TerrestrialSaellite handovers

T Unmodified NorAccess Stratum (NAS) protocols and core network

A variety of mobile earth stations (MES) are suppordthndheld, fixed, transportable and nomadic. In
addition to provide IP data traffic at data rates commensurate vith dapability, MESs support voice at
2.45 kbps and 4 kbps using zdrgte header compression.

The L-band terminal receive and transmit frequencies are respectivelyl5585MHz and 1626:3660.5
MHz and the $and frequency bands are respectively 22700 MHz and 1982020 MHz, with tuning
steps of 31.25 kHz in each band. Thus there are 1087 paired canndbsiil land 960/1280 in-isand—

note the asymmetric allocation oftand. The tband duplex channels are paired with a separation of 101.5
MHz.

The system uses frequency division multiplexed TDM/TDMA scheme forward/returr livith the same
frame structure in each part. The TDMA frame consists of 24 slots; 16 TDMA frames constitute-a multi
frame and 4 muliframes make a supétame.

Two categaes of channels are usedraffic and control channels. Circuit mode traffic channelsy{@de)

use convolutionally coded/4 CQPSK to provide encoded voice and data rates up to 9.6 kbps. Packet data
traffic channels (PDTCH) carry packet mode traffic in @blu mode at data rates between 8.8 kbps and
587.2 kbps using/2 BPSK,p/4 QPSK, 16APSK, or 32APSK modulation, the modulation selection being
dependent on the chosen data rate (Note: Ihterface between base station system and core netvidrk)

RF bandwidths range from 31.25 kHz to 312.5 kHz. The modulated signals are filtered by a €085 roll
root raised cosine filter. In addition to traffic and control channels, a constant envelope freaoeiutgted

(called duaichirp) channel is transmittefdr initial time and frequency acquisition at the user terminals.
Depending on the transmission bit rate a variety of coding schemes are agablution code, LDPC and
Turbo code. Table 2 below lists examples of the forward error correction codestedgpoGMR1 3G.

Table 2 [Excerpts of Table.6]
Code rates used in GMR3G.

The return PDTCHs are defined as PDTHC (m, n) where m denotes the bandwidth as a multiple of 31.25
kHz, and n the number of TDMA slots assigned to it. For example, PDTHCd&n8}es a physical channel
occupying a bandwidth of 31.25 kHz comprising 3 slots in its TDMA frame. A dedicated PDTCH channel
can be assigned for carrying voice traffic. The bearer service ranges from 1.2 kbps to 592 kbps.

The transmission rate dependsacombination of the modulation scheme and the coding rate. For example,
the peak rate of 590.4 kbps for PDTCH3 (10, 3) can be achieved-AR3K at a code rate of 2/3 or, pi4
QPSK at a coded rate 5/6.

4) What are the similarities and differences between a terrestrial cellular system such as the GSM
system and a geostationary satellite system, which can be used to assist in optimising the air
interface of a satellite system, retaining features of the terrestrial system as far as possible?

The questia is answered in Table 8.8 of the book:
5) Compare the lower layer features of GMR-1 release 1 and GMR-2 systems.
Lower layer attributes of GMR releasel are described in answer to question 3. These attributes of MR

system are described below. T8tadent should prepare a comparative table combining the details given in
question 3 and those outlined below to complete the answer.
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Frequency bands

Service link
SpaceEarth: 1525.6 1 559.0 MHz, Right Hand Circular Polarization (RHCP)
Earthspacel626.5- 1660.5 MHz, RHCP

Feeder link
Earthspace: 6425.06 725.0 MHz, Linear Horizontal Polarization
Spaceearth: 3 400.0 3 700.0 MHz, Linear Vertical Polarization

Channel types
There are two categories of physical chanrgtsffic and control charel, each sulzategorized into logical
channels consistent with their respective function.

There are four types of physical traffic channels to carry voice or user &athrate traffic channel (24
kbps), half rate traffic channel (12 kbps), quartee &tannel (6 kbps) and one eighth rate traffic channel (3
kbps).

Signalling channels are categorized as: Satellite Broadcast Control Channel, Satellite Common Control
Channel, and Satellite Dedicated Control Channel.

Multiple Access
The FDM/TDMA schemes used with 200 kHz carrier spacing in the forward link comprising eight slots
and 50 kHz in the return link comprising two slots.

The forward timeslot lasts 15/26 ms (~ 0.58 ms) at a bueasé of about 270.833 kbps. The return tishet
lasts 60/26 ms~+2.3 ms) at a burstate of ~67.708 (1 625/24 kbps).

The TDMA frame structure hierarchy comprises hyperframe of 3h 28 min 53 sec 760 ms duration, chosen to
support GMR2 " s cryptographic mechani sm. Each hyperfr ame
which is further subdivided into multiframes. There are two types of multiframes, partitioned to carry
specific logical channels 120 ms multiframe of 26 frames and ~235.4 ms multiframe of 51 frames.
Twenty-four multiframes of the 2&rame multiframe araused for traffic and two are used for in band
signalling. The 5fframe multiframe is used for control channels.

Six types of TDMA bursts are used, depending on the functidoscarry traffic, access the network, MES
time synchronization, frequency and time correction, etc.

Coding and modulation

Various block and convolution codes are used with interleavihg selection depending on the function of
the given logical channel. For example, the basic voice channel uses a rate -&f&@e 6dunctured
convolutional code; the associated and dedicated signalling channels uses a ratstat2, @hvolutional
code abng with a Fire Code. The information bits in some control channels utilize a rate i3t 6
Convolutional code and a Fire Code. Yet another coding scheme utilizes rate -${8{e6donvolutional
code. Interleaving dimensions for the communicatior@nokls vary from 3 bursts to 81 burst depending on
the required protection.

The forward link uses OQPSK modulation followed by a 0.35 roll off square root raised cosine filter. The
return link modulation (including the single hop MBS link) for the tréfic and inband signalling
utilizes Gaussian Minimum Shift Keying (GMSK)pre-coded in the same manner as specified in the
standard GSM.
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Other physical layer functions in GMRare- management of dynamic power control mechanisms of the
MES and the gateay; synchronisation of time and frequency at the MES receivers and measurement
procedures for the selection and reselection of spot beam.

Bit error rates are specified for various types of channels under quantifiable measurement condition. For
example, nder nominal conditions defined as a channel without interference and an input level ranging
from 10 dB to 20 dB above the reference sensitivity level in an additive white noise Gaussian channel
(AWGN) — the bit error rate prior to error correction iesffied as < 10 (for voice) and the that of data

traffic as < 10.

6) With the help of a schematic describe the functional entities and the interaction of a typical MSS
system such as GMR-1 and GMR-2.

Figure 1 below show&MR-2 system elements. It compes a geostationary satellite, Network Control
Centre (NCC), Satellite Control Facility (SCF), Customer Management Information Centre (CMIS),
Gateways, and a population of Mobile Earth Stations (MEES types include handsets, vehictounted
terminals,and fixed terminals. The Gateways have external interfaces to existing fixed telecommunications
infrastructure, namely PSTN, PN and PLMN.

Figure 1 [A sketch of Figure 8.8]
GMR-2 system element

The gateways implement the radio modem functions of thesteial BTS, the radio resource/traffic channel
management, call setup functions of (terrestrial) base station controller (BSC) and switching functions of
mobile switching centre (MSC), along withaintainingdatabases for subscriber data. An exampleadfi¢

and signalling channel radio connectivity between gateways, network and satellite control station, and user
terminals is presented in figure 2 below. Broadcast and Common control signalling channels, provided by
the NCC, are used during the initiell set up. Note that single hop usetuser traffic link through the
satellite uses dband links. Call control for uséo-user circuits are performed by the NCC, Gateways, and

by switching on the satellite, to achieve sinbg connectivity.

Figure 2[Figure 8.9 (b)]
Example of traffic and signalling channel connectivity

The mobile earth station comprise mobile equipment consisting of a mobile termination (MiRatimhay
include an interfacéor terminal adapters (TA) and terminal equipment (TA&)xubscriber identity module
(SIM) provides a unique user identity and profile. The MT is the main unit of the MES responsible for all
major ralio and communication functions.

Functions performed by the network management centre include system resonacemant, congestion
control and network synchronization; diyday operations and maintenance; irgition signalling
management; user terminal and gateway commissioning support, common channel signalling; defining and
managing payload configurations.

The Gateway subystem (GWS) comprises transceivers, controllers and other units interfaced to the MSC
through a single Anterface The Gateway subsystem controller (GSC) controls the functioning of Gateway
Transceiver Subsystem (GTS). Each GTS is resptan&ir call management in a given spot beam.

Gateway functions include management of dedicated signalling and traffic channels; connectivity to external
fixed networks; mobility management; interoperability functions related with partner land mobileksgtwo
authentication and encryption services; radio resource management, support for user terminal
commissioning, etc.

The SCF is responsible for spacecraft monitoring, managing payload configuration, generation and
distribution of satellite ephemeris, tedetry and commands processing for spacecraft management, real
time range and range rate measurement for satellite ephemeris generatibmerpalyload switching, etc.
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The customer management information system (CMIS) manages gateway configuratian doidin
accounting and processing of call records.

The network control centre functions include call management that includes network parameters broadcast,
payload configuration through the SCF for mobilebile connections, traffic monitoring, radio resaurc
management and network timing synchronization.

Network functions to support basic services operation involve: call handling, subscriber identity
authentication, support of emergency calls, supplementary services swgmbghortmessaging service
support. Network support for satellite operations entails location registration to keep track of mobile
locations, intraspot beam handover, high penetration alerting, centralized call management from the NCC.

7) With the help of a generic IMT-2000 satellite network schematic identify various interfaces
including those which are excluded from the IMT-2000 radio interface specifications. List ITU
recommendations pertaining to the integration of satellite systems with terrestrial IMT-2000
systems.

Figure 1 below shows a generic IMDOO satellite network demonstrating various interfaces including
those interfaces excluded from the INMUO0O radio interface specifications since their implementation
depends on oper at orosa criterihe Bx¢lugatd inerfacks aregatelliteféedea link,
satellitesatellite link, internal interface between terrestrial and satellite elements within a mobile earth
station and the interface between satellite and the core network. It is recomnibatiede satellite
component should interface with the terrestrial core network in a similar manner as the terrestrial system,
incorporating satellitespecific alterations such that all the key INT00 service requirements applicable to

the given technidaand marketing considerations can be implemented. In a dual mode, steaiéstrial,

user terminal, it should be possible for the terminal to select the appropriate mode either automatically or
under user control. The user terminal should provideebesarvices in both terrestrial and satellite modes
with a roaming facility and be aligned to IMA000 service management and provisioning.

Figure 1 [A sketch of Figure 8.10]
Generic IMT-2000 satellite networ& ITU-1, 2010

The ITU recognizes eight IMFRO00 compatible radio interfacesermed, Satellite Radio Interface (SRI) A,
B,C,D.E,FGandH.

These interfaces deal with the radio parthef service link®nly. Architectural and system description are
included wherappropriate due to their strong relationship with the radio interface.

8) Several types of handovers are used in MSS. Hand-over algorithms are system-specific but
broadly follow a similar sequence. List various handover types and outline the algorithm used in
any one of the ITU-recommended satellite radio interface, mentioning the air interface.

Typical handversused in MSS include beambeam satellitesatellite LES-LES and frequency.
An outline of the algorithms used in Satellite air interface A arfelkmswvs.

Beam handver— MESs regularly report pilot signal power to noise ratio (C/N) of adjacent beams to the
communicating LES; the LES initiates a beam haffdorocedure at a set threshold by transmitting the
signals to the operating and the candida¢ams and instructs MES to start demodulating both the signals.
When the LES receives reports of successful reception of the candidate signal at the MES, it drops
transmissions to theperatingoeam

Intersatellite handver— The MES measures the pilotNCand scrambling code of candidate beams. When a
new scrambling code is detected, the measurements are reported to the LES, which may exploit satellite
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diversity through maximal ratio combining by transmitting the same signal through both satellites and
invoking a hanebff at an appropriate time following further network protocol exchanges.

Inter-LES handver — Inter-LES handovelis achieved by negotiations between the present and the new
LES. The new LES starts transmitting a carrier towards the affentdule which is simultaneously
instructed by the current LES to search for the carrier of the new LES. When the MES confirms to the
current LES, satisfactory reception of the new carrier, the current LES stops transmission thus handing over
the communicatin to the new LESInter-frequency hanaff — This is a hard handff and is either intra
gateway or integateway.

9) Compare the following characteristics of all the satellite radio interfaces recommended by the
ITU:

Orbit

Frequency band

Mobile terminal types and throughput

Modulation and coding scheme

Multiple access scheme

Diversity

Power control

= =4 -4 4 _a_a_19

This question requires a compilationtbé parametergas used in each standard. Please see section 8.2.2 of
the book This work is for the student.

10) What are the constraints in incorporating mobility to the DVBS2/RCS standard? What are the
techniques used in the DVBS2/RCS+M standard to circumvent these constraints?
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A mobile environment entails RF propagation impairments which adversely impacts the coralddtiB-

S2 (and DVBS) forward and RCS return signal quality. Since DVBS2/RCS targets broadband and the L and
S MSS frequency bands are congested, it is necessary to utilize Ku or Ka frequency bands for broadband
communication where adequate spectrumviilable. MSS allocations in the Ku band have a secondary
status whereas 1200 MHz of primary allocation is available worldwide-@203GHz) in the Ka band.

Regulatory compliance necessitates adherence to transmission power spectral density limits; and
interference tolerancat the receivefrom the transmissions of the primary and shared satellite services.
Antenna size and profile of mobile/nomadic user teats are restricted in order to promote mobility
resulting in side lobe levels higher than the conventional VSAT user terminals and consequently- high off
axis transmissions levels. Thus specific provisions are necessary to ensure regulatory compliance,
paticularly for the Ku band.

Furthermore, considering the inherent shadowing and multipath effects on mobiles, the conventional
DVB/RCS radio link design necessitates enhancements to meet the quality of service. For example, the user
should not be loggedfiowhen the terminal gets shadowed nor suffer unacceptable quality duringpaathiti

events. Moreover, the probability of causing interference to the adjacent region increases without any
modification to the conventional DVB/RCS systein the forward diection due to the requirement of high

power per bit to counter the mobile environment, while in the return direction due -&xi®fEIRP
transmissions due to inferior side lobe discrimination. Thus, the radio link design and user terminal antenna
performance exert a strong influence on DVB/RCS+M performance.

Forward link power spectral density

Studies conducted in the DVB technical forum estimate that the minimum antenna aperture for service
provision in the regional and global beams respectively woul@bems and 50 cms with an unmodified
DVB-RCS user terminal and such antenna sizes would restrict mobility. It is further estimated that a
spreading of the DVB carriers by a factor of 4 provides the necessary reduction in the transmit power density
in the forward direction, whereas the spreading factor should be at least 16 in the return direction to
accommodate user terminal antenna diameters of 30 cms for the global beam (Morlet, et2008)0¥he
increased bandwidth would, therefore, have to beettandf with the user data rate.

The RCS+M standard utilizes channel spreading as a countermeasure towards interference mitigation in both
forward and return directions.

Countermeasures for ndme of sight propagation impairment
In Ku/Ka band mobile environment shadowing, multipath and channel dispersion cause severe degradation
to the received signals.

The situation is quite severe in a land mobile environment. For example, studies conducted in Italy for a
railway environment in Kbandindicate 23 dB periodic attenuation due to electrical cables ardQL8B

due to electrical trellises around the railway tracks, superimposed on environment dependent statistical
fluctuations. The coding at the physical layer alone is inadequate in $adimg@ environment. The concept

of upperlayer coding has been introduced in DVB/RCS+M as a fade countermeasure in such a way that the
DVB-RCS transmission structure remains intact. Moreover, although the standard does not support ARQ
schemes these can ineplemented above the standardized components with a provision of buffering at both
ends. A more robust solutiqoptionally supporteyis the use of terrestrial teansmitters which could take

over in conditions of known prolonged shadowing such adérsitunnel.

Demodulator synchronisation/resynchronization can be severely tested in presence of Doppler fluctuations; a
receiver can lose lock during a shadowing or multipath event and hence requires rapid synchronization
following an event. In the RCS+Blstem an interleaver is used to disperse bursty errors to counteract short
term blockages and multipath fades. Another countermeasure is a frame structure containing large numbers
of pilot symbols. Solutions to minimize Doppler effects include Doppleicpmpensation at the transmitter

and enhanced frequency acquisition algorithm and capture range.
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Link Layer Forward Error Correction (LEEC) allows the use of the DVRCS FEC while applying FEC

at an upper layer thus retaining the DYRES physical layerThe LL-FEC is only directed to those RCSTs
which have signalled ability to support the countermeasure in the common signal channel burst.

The technique can also be applied in the return direction by those terminals which opt for continuous return
link carrier transmissions.

Spectrum spreading in return direction

The return link MFTDMA transmission is spread in bandwidth for compliance to the power spectral density
regulatory limits, particularly when using the secondary allocations. The provisideoisazailable for
continuouscarrier return link transmissions, although the process is different to that of tHEDMRA

mode.

MF-TDMA

Two methods for transmission of the return link bursts are avalat?BPSK modulation, equivalent to
spreading a QPSK modulated signal by a factor 2, and burst repetition so that the effective bandwidth of the
signal corresponds to that of thi2-BPSK signal. Each burst is repeated F times which results in a symbol
rateF times the unrepeated burst.

Logging in presence of large timing uncertainty

The mobiles are spread over a wide coverage area causing time dispersion in the received bursts. The burst
timings of all the mobiles must be aligned for the bursts to awitleut overlaps. At the time of initial leg

on the system timing is unknown to an RCST. The RCST then searches the largest continuous number of
available slots and to minimize the probability of a collision, transmits at the centre of these slots if the
number is uneven and in either one of the two centre slots when the number of available channels is even.
Thereafter, the network advises the RCST of the reception time of the received signal in response so that the
mobile corrects its timing.

Mobility management

The standard supports a number of handover methods for mobility manag&matéway to gateway
handoverccurs when a mobile crosses the area covered by a gateway and moves to an area covered by
another gateway; satellite satellite handoveoccurs when a mobile crosses from the area covered by a
gateway operating via satellite 1 to an area covered by another gateway operating through sasglite 2; a
beam to spot beatrandover occurs when a mobile moves from one spot beam of a satellitgthier spot

beam of the same satellite;satellite to a gagfiller systemhandover occurs when the mobile moves into an
area where a prolonged shadowing is known to occur.

A number of interference avoidance mechanisms dealing with aeronautical, manitiand mobiles have

been standardised by ETSl inEnd kbands as a part of terminals cont
comply European Commission’s (EC’s) radio equi pment
TTE) conformity directive. fiese are useful in the DVBRCS+M) implementation context.

Continuous carrier operation in return link

The RCS+M standard addresses broadband services in a shared environment such as ships or aircrafts.
Simulations indicate that continuous transmissimtead of a demand assigned mode {MFMA) could be

more efficient from terminals which produce net traffiat appearas quasicontinuous. Thus, there is a

provision for this class of RCST to support a continuous transmission mode. The RCST sigdlltyite

support this mode in the common signalling burst. An RCST that supports continuous carrier operation can
operate either in a continuous carrier or an-MPMA signal, but not in both the modes simultaneously;
however enhanced continuous carripe@tion allows simultaneous transmissions of both carrier types. The
return continuous car r-BPSKmodwdatonbe transmitted using

Carrier spreading for return link continuous carrier

Continuous carriers are spread to mitigate interference diacent satellite systems. The baseline
transmission scheme is that of DM so that the carrier can use constant code modulation (CCM) or
adaptable code modulation (ACM) modes. The characteristics of the return carrier can be signalled by the
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RCST or maaged by the NCC. The corresponding forward carrier can be transmitted as a standard DVB
carrier with or without spreading.

The spreading factor is signalled in the time slot composition table transmitted in the forward link. In the
scrambling operationa scrambling code redistributes the bits to spread the spectral density and ensure
presence of sufficient number of transitions to facilitate synchronisation at the receiver. The scrambling code
can either be signalled by the RCST or a default code casdik
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CHAPTER 9

1) What are the entities of an MSS network management system and goals in respect of each?

An MSS network comprises numerous functional units which interact with each other to deliver the desired
services to the end user consistent with the requssiteicequality. Thenetwork managemerask is to
monitor the performance of each unit, appbyfiguration changes as and when needed, and take corrective
action to recover from anomalies.

Figure 1 represents a global view of a network management system depicting the entities that constitute the
operational MSS network lifecycle.

Figure 1 [A sketch of Figure 9.1
A Telecommunications Management Network structure of a MSS.

Constellation managemeirtvolves monitoring and controlling the performance of the constellation in its
entirety. The system monitordealth of each satellite and its orbital location adjustsoperational
parameters as necessaappliescontingency measures in case of a satellite failure, suplaanch and
introduction of new satellites.

Gateway managemeimvolves monitoring anananaging the performance and functioning of each gateway
subsystem. Thewitching systenresident within a gateway, performs switchingelation tocore network

on a callby-call basis. Thesecurity subsystemnsuregransmissiorsecurity as well as piical security of

vital elements of the network. Security measures are defined by each network operator accatsling to
operational philosophy. Example of security features include maintaining subscriber confidentiality,
subscriber or/and mobile authexgtiion and signalingnd datesecurity.

Maintenancenvolves regular checkut and calibration of equipmetitroughouthe network.

Operationsrefers to reatime monitoring of traffieflow, radio-frequency integrity (i.e. EIRP and radio
frequency) of each element of the network i.e. satellite, gateways and other feeder stations, mobile terminals
and interference, interfacing with other operatand quality of service monitoring.

Configuration managemernakes care of subystem/system reconfiguratienfor example, spacecraft on
board switching or system reconfiguration in case of a satellite failure. It involves configuring a number of
systemparameters depending on the network requiremenbnstellation reconfiguration in case of a
satellite failure or reconfiguration of spot beams.

Network management control systdemals with issues such as radio resource management in real time or
nonred time. It involves frequency planning and EIRP budgeting. Network control function also includes
mobility management to ensure connectivity during a call or when thenasess across to othepot beams

or satellites. It also involves network informatibroadcasts to mobile and gatewaysuch details include
frequency of signaling channels, gateway identification flag, space segment configuration, etc.

Information flow is managed so that information is available to the network manager ofotitiraely
corrective actions.

In addition there are numerous supporting tasks. ddmamercial support systegteals with customer

support on realime basis, this includes suppdtirectly or indirecty through service providers, billing,
provision of traffic treds for forward planning or revenue prediction, etc. Administrative and commercial
management functions (which include aspects of configuration management) include subscriber
management commissioning of new subscribers, modification of existing useicgeprofiles and billing;

user equipment identity database management; user terminal status list management for checking fraudulent
use; traffic statistics generation for network provisioning, planning, etc.; report generation, including
incident, fault ad network change reports.

Longterm planning tasksdeal with strategic planning in terms of procurement of new satellites,
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development of new products, and spectrum forecast. Interface with external bodies would involve liaising
with operators, service priers and regulatory bodies in support of issues such as interference
management, spectrum negotiations, kstgstem ceordination, collaborative endeavors, publications, etc.
The research and development management ensures participation in the Inthilstbarative efforts such

as standardization, development of ngeneration products, tracking recent development to remain
competitive.

The operationaltasks involves monitoring, interpretation and control of a vast number of parameters in
various domains for example, EIRP, carrier to noise ratio, BER in a-itlrenvironment and packet loss

and latency in an IP domain. Such data lie scattered througheunetwork. Thus data collection,
abstraction, analysis and presentation on powerful graphical user interface facilitate rapid and intuitive
interpretation.

2) What are the parameters which must be monitored to ensure a satisfactory quality of service in
an MSS network?

The network operator is able to comply with the promised quality of serviogabyaining the performance

of critical network parametessithin specificationsTheseparameters include satellite EIRP variations with
traffic load, frequeng of each radio carrier, carrier to noise ratio, network congestion, numbers of repeat
requests in an ARQ scheme, messadiwaty time, throughput statistic$ailed callstatistics holding time

trend, etc. The MSS network provider often has no contret the quality of service of another network
from where a call may originate tw which it is destined. Thus, it is necessary to monitorterehd call
quality ((periodically) and keep a vigil on user feedback to gain an insight into the network behavio

Measuring the wusers’ received signal qual ity duri ng
provides a realistic representation of the wusers’
loaded, resulting innicreased intemoduation noise anda possible degradation in sat@liEIRP due to

excessive loadinghereisan ncr eased probability of interference a

throughput in packet switched networks. Quality of service measadieesgrade-of-service, endo-end
connection time, bit error rate, packet loss and latency. The congestion observed by a user can be caused in
the terrestrial network, the gateway or the space segment. The system has to be provisioned to ensure that
congestion is mnaged at all the levels

3) Explain the process of spectrum management in an operational MSS, including the process of
generating frequency plans.

Section 9.4.1 deals with the process of spectrum management in an operational MSS, including the process
of generating frequency plans.

4) What are the similarities and differences in the frequency planning process of GEO and NGEO
satellite systems?

Similarities

Irrespective of orbital characteristics, the frequency assignment process generates a freqagptigdisie

to the given coverage areaspecting the constraints and complying with the desired quality/grade of
service. Figure 1 below presents the frequency assignment process. Raw data is converted to the number of
required RF channels mapping the riegments to a frequency plan, taking available spectrum, reuse
matrix, optimization rules and constraints as the basis. The mapping function creates a frequency plan
applicable at time t by taking into consideration the relative positions of satellitespahdbeams. The
constraints include practical considerations, such as receiver tuning range, signaling carriers and location
specific interference. The process can repeat for timé hecessary, as would be the case for a-non
geostationary satellite siem or in preparing a time of day frequency plan for a geostationary satellite
system.

Figure 1 [A sketch of Figure 9.3(b)]
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Figure 2 shows the retime frequency assignment process per call or session irrespective of orbital
characteristics. On reque®r a channel (in circuit mode) or capacity (in an IP system), the network control
station allocates a channel or capacity on basis of-agsmigned allocation rule. When dealing with packet
switched network where assignments are multiplexed in timeattie resource manager assigns slots on
basis of the quality of service negotiated by the user at the time of assignment. For example, a streaming
service would get an uninterrupted assignment whereas a delay tolerant service would be assigned slots
whenhigher priority assignments have been served.

Figure 2 [A sketch of Figure 9.3(c)

Differences

For geostationary satellite systems, antenna patterns remain static on the surface of the Earth and hence
interference geometry is stationary, whereas ingeostationary satellite systems interference geometry is
dynamic. Thus, frequency management is simpler for geostationary systems in comparison to non
geostationary satellite systems. In geostationary satellite systems, frequency plans are generalith static
adjustments required periodically in response to traffic variatiemsept when a time of day frequency plan

is in use. In norgeostationary satellite systems, frequency plans tend to begjatisiimplying that they

remain static over parts die orbit where the traffic and interference profiles are gsiasic.

5) Explain the methods used in short-term and medium term spectrum planning of an operational
mobile satellite system.

Frequency lists used by the resource manager should match the traffic needs of theinewabrimeto

comply with the specified quality/grade of service. In an MSS network, traffic varies in the short term over
minutes or hours, with an underlyingrickin the medium term, which manifests over weeks and months.
These variations are modeled in different ways due to differences in their mechanisms and characteristics.
The frequency plan is developed on basis of stewnh trend, while medium term trend used for
establishing that spectrum needs are met in the medium term. The factors influencing the trends are
summarized below.

Shortterm traffic trend

It is known that the traffic load carried over mobile satellite networks varies diurnally, withkedpeag

the business hours. When the service area encompasses several time zones, diurnal traffic profile of each
time zone is offset proportionally; hence, the peak traffic carried over the satellite migrates from the spot
beam covering the easterly tirmene towards the western spot beams.

A 24-hour traffic profile within a single time zone for typical weekday business would show that the traffic
rises rapidly at the start of the business; there is a trough Hafteichoon as people disperse for lunsier

an hour, followed by another surge in the traffic. The traffic subsides rapidly after the end of the business
day. Weekday traffic for social needs would be expected to rise gradually over the day, with an increase
between 6 and 10 p.m. and then tameioff. A weekend traffic profile would show a small bagiound
business traffic whereas the social traffic would be higher. A refinement to the model would be to segment
traffic by market sector, user terminal and traffic category.

Temporal and locatiodependence would depend on the environment, geography, traffic type and the time
of-day. Business traffic for land, maritime and aeronautical services would continue to peak in business
hours. Traffic for the aeronautical environment would, in additienjrifluenced by aircraft route, flight

time and duration; land traffic distribution would demonstrate a strong relationship to geography (cities,
motorway, railway routes, etc.) and the local telecommunications infrastructure; and spatial distribution of
maritime traffic would exhibit a strong correlation to sea routes. This type of segmentation can allow an
effective service/tim@f-day/spot beam/location dependent radio resource management.

In summary, traffic carried by a satellite is influenced by tilmWing factors and frequency plans must be
developed to comply with the tren@ne approach used in practice is to provision the frequency plan so that
the given grade of service is satisfied at the busiest hour of the day.
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Spatial distribution of use and their respective time zones;

Day of week (working day or not);

Temporal distribution of traffie- short (minutes) and long (hours) term;
User base i.e. business or social;

Service type i.e. voice, data (Internet);

Operational enviroment— aeronautical, land, maritime

N o o b~ wDbd P

Anomal ous events such as New Year's Eve, war , nat

Mediumterm traffic trend

For mediumterm planning extending months years, the underlying trend and external influences are of
primary interest. Tend analysis through curve fitting is a simple and effective technique under stable
conditions, i.e., periods without anomalous evefiise accuracy can be improved by superimposing
seasonal trends such as the effects of a holiday season, or a trafficsaalgon the New Year day,
knowledge of new commissioning, etc. Figure 1 below illustrates the trending approach using an exponential
(a), linear (b) and negative exponential (c) curve fitted to a set of hypothetical data. We note by inspection
that the eror resulting from estimates a and b can become significant whereas those from curve c are
accurate demonstrating that unless thethod is appliedudiciously the error in forecast can become
significant. Similarly, unexpected deviation in the usagedistort the weHbehaved trend causing errors in

this type of forecast.

Figure 1 (A sketch of Figure 9.12)

Trend analysis using curve fittingarious types of curves have been fitted to a hypothetical set of data and
extrapolated for forecast. Note the sensitivity of the results to type of curve (a = exponential fit, b = linear fit
and ¢ = negative exponential fit; X = historic data; O = agjt@ith).

The limitations of this approach and ways to improve the forecast are as follows.

Historic data are not always available. Data are@dstent when a new operator introduces a service or an
incumbent launches a new product. In such cases,etieadestimateshased on heuristics, logic, etre
used.

The impact of external influences is absent; the ststalg assumption may not apply for a number of
reasons for example, introduction of new and/or improved services, unexpected increasmpetition,
societal change, etc., Refinements to the model can be made by including the impact of external influences.

Product life cycles follow the weknown S curve whose tirrgcales are influenced by a number of factors
evidently, the accuracy ofifure projections depends on how well a product life cycle has been modeled. For
example, the trend in the decline of analogue systems was much slower than anticippégdtors of
analogue systems were able to retain customers by call cost reduatemhpgithe availability of loveost
handsets enabled by mature technology.

The accuracy of simple trend analysis should generally be adequate for periods of a few months, depending
on the stage of the product cycdad up to a yedf external influencesre factored in.

Forecast should have the necessary granularity for each beashbeam cluster. Spot beams in regions
within the same time zone would have identical time profiles but spatial distriftieserscan vary; the
largest timeoffset in the pofile will be experienced between beams which are longitudinally furthest apart.

Applicability of traffic forecast to negeostationary satellite systems
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The coverage pattern of satellites in a ‘g@ostationary satellite system is time variant and ilhates a
smaller areat a time(except satellite systems operating in high altitude elliptical orbits), implying lower
traffic per satellite and a composite diurnal and spatiarying traffic profile through each satellite. The
forecastapproach outliad has to be applietb include spatiatemporal and orbital characteristics.

6) Outline the methods used to monitor satellite transmissions and interference management in an
MSS network.

RF emissions are readily monitoreth epectrum analyzers atdiciously sited monitoring stations; a
computercontrolled spectruranalyzer measurement system offers operators the capability to measure
accurately numerous parametegsotely The remotemonitoring stationscan becontrolled centrally from

the netwok control centreover dedicatedcommunicationlinks. To maintain accuracy calibration is
performed regularly several times a day. A typisal of measurementsncluding alarmsfor anomalous
conditions,includes:

EIRP of a single modulated or unmodulak¥é carrier, a group of carriers or a satellite transponder;
Carrier centre frequency;

C/No and Eb/No

Periodic automatic monitoring of authorized carries

Detection of unauthorized transmissions.

=2 = =4 =4 =4 =4

Detection of interfering carrier

7) Various approaches are used in granting spectrum licenses. List the advantage and disadvantages
of those approaches that are applicable to MSS.

In most cases, the MSS services extend over a number of countries and therefore operating license has to be
obtained from various authtigs, making it a complexime-consuming task.

There are wide variations in the approach adopted for granting MSS spectrum license, althisugh it
generallybased on firstome, firstserved basisising established procedures recommended by the ITU.
With increasing commercial competition, some regulatory authorities use alternative meitidagheir
jurisdictionto encourage efficient use of spectrum. Sometimes a charge is leviedvterradministrative

costs. Costnay sometimes biacreased to encoage a more efficient use of spectrum with the rationale that

the operator wilthentry to increase the returns by increasing spectrum efficiency. When spectrum shortage
is acute, the licensing costs are sometimes increased to reduce the number ofarampethorities may

invite potential operators to participate in competitive bidding and select the licensee on the basis of criteria
such as technical excellence, funding arrangement, level of risk in the proposal, etc. A license may only be
granted orae conditional basis, such as proof of technical concept or funding. A major consideration when
developing a charging policy for MSS licenses is that if each country charges an operator a licensing fee, the
charges may become prohibitive, as satellite dpesausually provide services to a large number of
countries. An analysis for terrestrial UMTS indicated that priofitg and payback periods wouléhcrease

and beomedetrimental beyond a threshold.

Possible approaches with their merits and demegts@mmarized in Table 1 below.

Table 1 [Table 9.2 or nearest] Possible approaches for spectrum licensing with their merits and demerits
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CHAPTER 10

1) State the reasons for the financial failure of various NGSO mobile satellite system start-ups in the
first decade of the millennium. What lessons can be learnt from the downturn?

The reasons for failure of various NGSO mobile satellite system startups are attributed to
1 over-optimistic market projections;
1 stupendous growth in terrestrial mobile &yst bolstered with the advent of roaming which
virtually eliminated the anticipated market of the travelling businessman
1 high service and user terminal costs, large size, weight with low aesthetic appeal of the user
terminal in comparison to cell phones.
1 huge infrastructure cost
1 Costescalation
The number of subscribers at the end of 2011 was of the order of 2.2 million compared to the projection of
over 30 million. Similarly, the subscriber base for IHtIEO satellite systems was estimated as 168 anilli
units whereas subscribers of ORBCOMM (an incumbent LitH® operator with maximum share of
market) towards the end of 2012 totaled about 689 000.

During the early 1990s, when many O systems were conceived, cellular telephone sizes were bigger,
large areas of the world were not covered by cellular systems, and international roaming arrangements were
in their infancy. By the time the MSS systems were introduced cellular phones were smaller, multi
functional, lighter, attractive and fashionable; therestrial coverage had shrunk enormously, while data
rates increased, as the third generation systems rolled out. Users could travel large parts of the populated
world and communicate on the same phodee to interoperator global roaming arrangemersd
standardization in the cellular industry.

Lessons to be learnt

The spectacular failures highligtite need of sound business pldhat allows adjustments to account for
risks such as competition.

Thebusiness plan mugicludewell-balanced aspectd:

- funding that includes capital, operation, maintenance identifying an appropriate sowgge
stock market, bank loans, etc.);

- revenue and returns;

- most importantly in the context of the question, the risks i.e. competition, delays and long
gestation period of MSS projects with consequent increase in cost, regulatory hurdles,
political difficulties, fund scarcity, launch or satellite failure, slowked penetrationetc.

- Risk mitigation countermeasures

2) With the help of a diagram discuss the role of the system entities and their interaction at the
planning stage of (i) a new MSS venture and (ii) a new product of an incumbent MSS operator.

To be firancially viable, satellite system targeting the mass market must be market led rather than
technology drivenThere arebenefis in terms of schedule and cost, leading to healthier returns, by using a
systematic planning approach.

Figure 1 below shows theain entities and their interaction in an exercise of this nature.

Figure 1 [A sketch of Figure 10.3]
Main entities and their interaction in system planning
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The initiative of anew satelliteventureor of a product within an existing venture is initiated through

marketing studies and is based on telecommunication needs, preferred size and type of hardware, quality of
service expectations, geographical ar ewmise, markket n s U me r ¢
size and anticipated growth, etc. User requirements have to be converted to revenue and returns through a
business model which benefits by incorporating the entire life cycle of the product. A number of iterations

are necessary between systelmsigners, marketing and business strategists before a realistic set of
requirements, technology and schedule materializes. During the design process, there is a need to
incorporate regulatory issues, such as spectrum availability, licensing policytargbeservice areas, time

lag in completion of each requirement, possibility of obtaining the preferred orbital location and frequency
bands, etc. The initial modelwhi ch may be based on the operator
documents inthe public domain, government business initiatives, empirical models extracted from the
literature, etc— has to be refined by interaction with manufacturers and vendors. Furthermore, the system
design concepts require industrial validation by way dfitetogy, risks and schedule. At the end of such an
interactive design process, a business plan encapsulating system specifications, opphéltisoahy, a
detailed programschedule, capital and revenue, etc., is ready.

S C

3) What are the advantages of a systematic planning approach for the development of a commercial
mobile satellite system?

Commercial satellite systems are planned with the goal of achieving the maximum return. Using a system
approach, which includes the whole life of the ventidentifiesareas of potential savings and riskée
analysis provides a clearer view of the commercial ventuire/estors and shareholdelsallows returns to

be estimated and facilitasensitivity analysis of system parameters in terms of profanother figure of

merit. An example would be the profit/unit spacecraft EIRP ($/W) or profit/unit bandwidth ($/kHz) or profit

in terms of weighted combination of spectrum and satellite EIRP.

4) Discuss the concept and advantages of a lifecycle cost-benefit analysis with examples of inputs and
outputs into the process.

Commercial satellite systems are planned with the goal of achieving the maximum return. Using a system
approach, which includes the whole life of the venture, identifies areas of posawniias and risks. Such a
lifetime costbenefit analysis provides a clear profile to investors and shareholders

A preliminary cost analysis of the mission based on available information such as to provide a rough order
of magnitude (ROM) costs, can assesission viability and allows readjustments. Lifecycle program cost
estimation requires space segment cost, ground segment capital costs, operational and maintenance cost for
replenishing the space and ground segments, etc. Sensitivity analysis of pgsteneters is feasible in

terms of profit or another figure of merit. An example would be the profit/unit spacecraft EIRP ($/W) or
profit/unit bandwidth ($/kHz) or profit in terms of weighted combination of spectrum and satellite EIRP.

Figure 1 below shosv a toplevel model of a lifecycle cosbenefit analysis. The inputs to the model
comprise:

1 mission objectives and constrainfinancial objectives, lifetime of the mission based on operational
considerations, service environment (e.g. land, maritimeynaetical), service type (e.g. throughput
low, medium or broadband), product range and their lifetime,a@tdsystem constraints;

1 system characteristicsalternative network architectures and concepts, orbital and constellation
characteristics, spacecraft and terminal characteristics, system drivers (e.g. user expectations of terminal
size and throughput);

1 evaluation criteria:Baseline designs, figure ofarit (cost, financial returns quality of service, spectrum
efficiency), risk (technology, schedule, etc.), receiver complexity, system capacity and cost; penetration
rate and revenue; service cost and penetration rate, cost tradeoff between owned aszduspigce
segment;
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T knowledge cost models, spacecraft power/mass estimation model, user terminal cost model, risk
strategy, growth trend of similar services, inflation trend, traffic distribution;

T System datdink margin, operational frequencies, aahille spectrum, available finance, expected return,
historic data of similar products such as unit cost, call charge, etc.;

1 Other considerations and inputs as listed in figure 1.

The output from the model proviglethe requisite information for system optization. Example
performance evaluation criteria include: profit and revenue as a function of time; satellite EIRP and
bandwidth for profitability within acceptable time limits; service penetration rate to achieve profitability
within the target time frametc.

The feedback loops offer the planner opportunity to vary inputs and adjust the performance to achieve the
desired goal.

Engineering tradeff analysis is used by planners at the outset to cut costs with minimal risk and
expenditure. For example, &BA study estimated a cost reduction by a factor of two for production of 15
spacecraft when using economies of scale.

These studies benefit greatly through iterations as a better appreciation of requirements, conceptual design
and cost sensitivities is ged. For example, the perception that the lowest spacecraft cost is the best option
may not necessarily hold when the venture is viewed in its entirety. This study phase involves close
interaction between the business and engineering teams and is thiaktwentual success of a venture.

Figure 1 [A sketch of Figure 10.4]
A top level model of a lifecycle cost-benefit analysis (adapted from Sultan and Groepper 1999)

5) Identify the factors which contribute towards revenue improvement of an MSS operator. Explain
their individual and collective role.

Figure 1 below showthe factors likely to affect usage and hence revenue to the opefatanaximize
revenue an optimum balance between these is necessary.

Considerrevenueas the main driver. It depends system usagehich is influenced by user terminal cost,
extent of wusers’ sat i s f mwrnuépitfenagevby tompetitibneeffegtivemndss df y o f
the infrastructure; marketing issues such as equipment availability, promotiorsaéterservice; and of

course, the call and service cost. Call cost depends aménging policy Charging policy is governdoy a

number of independent consideratioesg, a minimum threshold for business viability, geographical
dependence (i.e. user affordability), telecommunications trend (reducing call charges, migration to IP data
services), competition from other operatar services, consumer feedback, investment return, operational

and fixed costs, etc. THrisiness strateggeals with the overall business direction which considers revenue
goals, market conditions, shareholders interest, etc. The revenue detailsiame fed t h e busimesspany ’ s
plan to assess the performance of each product to assist in making the strategic decisions. The revenue is
monitored by strategists who take corrective action to meet the sales target in compliance with expected
investment rettns. For instance, if the usage is not up to the desired level, strategists may apply a corrective
action depending on the circumstances, such as ensuring adequate availability of user equipment, altering
call charges to a more acceptable level.

Figure 1 [A sketch of Figure 10.10] Factors likely to affect the usage and the revenue of an operator.

6) Outline the similarities and differences between the satellite service-distribution schemes used in
practice.

Service distribution schemes are outlined irtisacl0.3. The student should analyze and collate.
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7)

Space segment usage and call charge impact the revenue of an MSS operator directly. The
operator attempts to maximize the usage of the available space segment radio resource namely
spectrum and EIRP. Estimate the revenue generating capability of a single-satellite regional
system specified below operating a circuit-mode voice service at call charge ranging 0.25% -2$ per
minute. State the assumptions and suggest whether the system is spectrum or power limited.

Spacecraft EIRP = 73 dBW; available bandwidth = 6 MHz; bandwidth per channel = 5 kHz;
spectrum utilization efficiency = 90%; average EIRP/channel = 25 dBW,; cluster size = 7;
spectrum re-use capability (reuse factor) =5

Thereuse factor fgrelatesthe total number of spot beamss(lnd cluster size {Fas follows(Equation
(10.1)of book) :

Fru = NJ/Cs

Given

Ns=7x5or, 35

Bandwidth/cluster = 6 MHz, hence
Bandwidth/spot = (6000/7) x 0.9, or 771 kHz
Number of channels/spot = 771/5X%4

Number of channels supported on satellite = 154,50N6390
Total EIRP consumed = 5390 x EIRP (W)/channel
=5390*316.227, or 62.316BW

It is concluded that this is a bandwidth limited system

Revenue earning capability per minute ranges from
$ 025 x 5390 tdb2 x 5390 or$1347.5to $10780
Minutes per year = 60 x 24 x 365 or 0.5256 Million

Revenue per yeaassuming a fully loaded satellite throughout the ytbareforeranges between,

1347.5 x0.5256 and.0780 x 0.5256 Million $
Or, $708.246m and $ 56682 m

For 50% average loadinthe revenue ranges between

$354.123m and$2832.98 m

8)

@0
(ii)

Outline the main features of the forecast methodology used by:
(i) The UMTS forum during the planning stage of the third generation mobile systems
(i) The ITU to forecast spectrum requirements up to the year 2020.

Compare the main features of these two methodologies.

The UMTS forecast methodology is covered in 10.6.1 under thehsula di ng,
met hodol ogy’

The ITU forecast methodology is covered 16.6.2 under the sdheadi ng ‘| TU
Spectrum forecast methodol ogy’

The student should select appropriate comparison criteria and tabulate.

“UMTS

traffi
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CHAPTER 12

1) System features of a mobile satellite broadcast service are conditioned by numerous practical
considerations and constraints such as small screen size, reception on a variety of receiver types,
uninterrupted and ubiquitous service, etc. Based on such issues, suggest a set of service
requirements of a mobile satellite broadcast system. Give an example of service features of an
advanced mobile broadcast system.

The requirements of a mobile satellite broadcast service are governed and conditioned by the operating
environment (i.e. fixed, nomadic, urban, rural, etc.), target receiver cost and form, service charge and the
anticipated usage dhe service. As suchhese requirements differ from the conventional broadcasts. For
example, the size of the viewing screen of a mobile receiver is considerably smaller which influences the
transmission format and radio bandwidth, while the user is interested ffeiemnl type of content than a

home user. Transmissions for display on small screens require a considerably lower bandwidth (e.g. 200
kHz) than those of conventional satellite broadcasts.

The broadcast system should be capable of the following service provisions

1 high-quality content delivery;

1 flexible configuration of each service i.e. audio, video, ancillary and auxiliary data;

1 access to contemaind services, possibly controlled through conditional access, protocols or other
content protection mechanisms;

1 seamlss access throughout the broadcast network;

i fast identification and selection of content and services;

1 mechanisms to minimize power consumption and physical size of the receivers;

i stable and reliable service coverag¢hia targete@nvironments;

1 interactvity, (e.g., interactive content)

T efficient and reliable delivery mechanisms;

1 technical aspects that enable interoperability between broadcast and telecommunication networks (e.g.
content format)

1 service quality comparable to fixed reception

1 countermeasess forshadowingmultipath, Doppler and vehicular motion

Examples

In practice, the requirements would be conditioned by commercial and technical factors. A basic system
would comprise an Electronic Service Guide (ESG) to announce the portfolio of vaibaitents with its
associated location (e.g. local, wideea) and a hamover mechanism to ensure seamless coverage in
situations when the user moves from a satedlitly coverage ta terrestrial retransmissiaone.

A more expansive set would attentp emulate features of an advanced terrestrial broadcast system such as
DVB-H that has a provision to support:

1 Mobile TV programme broadcasts, possibly with associatedliary data (e.g. links to the service
provider’'s web patgeksgamssjetgo cl i ps, sound

1 Enhanced mobile TV to provide interactivity to include features suchlaseol’V shopping, chat,
gaming and quiz plus voting, etc., where the interaction could be achieved through a mobile
communication system;

1 Scheduled downloathcility (announced in the ESG) farovide audiovisual content or executable
software;

1 Provision for (online) service purchase, service access and content protection, inchyddegview

purchase;

Roamingfacility that allows contents access when algghe home network;

High quality of service to ensure compatibility with conventional terrestrial and providefereor

downloads of data files in presencesbhdowingmulti-path,Dopplerand interference;

1 System and receiver architecture that facd#it@w power consumption at the receiver;

= =4
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1 Interaction in a mobile environmentan obvious solution would be to incorporate the interaction
through an available mobile system.

2) Compare the characteristics of alternative mobile satellite broadcast system architecture,
including an example of each. Suggest a configuration suited for broadcasts to subscribers
dispersed in a mix of rural and urban environment.

PleasauseTable 12.2 and Table 12amdassociated description.

3) State the considerations applied in the selection of the space segment to provide a reliable
broadcast service, including the countermeasures which can be used to increase the robustness of
the broadcast radio link.

One of the prime considerations in selection of the space segmerddtailde mobile broadcast service is
the earthspace geometry which has a profound impact on the link reliabditgusdading loss is inversely
proportion to the elevation angle.

Therefore geostationary satellite systems are suitabléofeer latitude regions where elevation angles
exceed ~20 At mid and high latitudes, where elevation angles are low, the propagation losses become
prohibitive.

Highly elliptical orbit(HEQO) canprovide quasstationary high elevation coverage at rhigh latitudes. For
example, arundra orbit vauld cover Europe at elevation angles of ~55 to 90°. An added advantage of the
configuration is that the satellite eclipseuld occumear the perigee whesatellites are not in service. At

least two satellites phased 180° apart would be necessary to provide continuous coverage (at >52° elevation)
in Europe Since theHEO configuration requires handover between satellites, the system architecture gets
more complex than an architecture using a geostationary arb&.HEOarchitecture is used in the Sirius

XM Radio Inc. which provides satellite radio services in the American contiitemtas proven that
improvement in link margin reduced the requirementghef number of the complementary terrestrial
transmitters when compared to an equivalent geostationary satellite system.

Approaches to mitigate the propagation impairments are spatial diversity by multiple satellite visibility and
time diversity by transmgion repetition sufficiently distanced in time. The premise for spatial diversity is
that the probability of at least one of the satellites being in a favorable direction of the user incredees; and
time diversitythe premises that the probability of fade lasting more thanspecificduration reduces.

4) Discuss the OSI model as applied to a satellite mobile broadcast system. Illustrate its applicability
to a practical system with the help of an example.

Please see section 12.7

5) State the salient features of each of the five ITU-R-recommended digital mobile satellite
broadcast system and highlight the differences between them; suggest the system(s) which could
be used to provide reliable broadcasts to a mid-latitude region such as Europe that harbors
diverse languages and culture.

Please see Table 12.5 and the associated text.
6) With the help of a block schematic discuss the functioning of a mobile receiver of a hybrid

satellite system that supports spatial, time and frequency diversity.

Here we outlinghe receiver architecture of Digital System, Dne of ITUR recommended systentig. 1
below presentsthe receiver architecture of a dudiversity (spacdime) spaceerrestrial hybrid system
configuration.

Figure 1 [A sketch of Figure 12.6]
A receiwer architecture applicable to a satelliggrestrial hybrid system with space and time diversity in
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the space segment.

System Dy broadcasts digital audio and data for reception by inexpensive vehicular, fixed and portable
receiverdn 14521492 MHz band incorporating spatial (dual satellite) and time diversity. It utilises coherent

QPSK modulation with block and convolutional error coding, and linear amplification. The audio
programmes arenultiplexedand transmitted as a TDM signdlhe cha n n e | of issaecteds i nt er
from the TDM data streams to recover the desired digital baseband.

The terrestrial delivery utilizes an orthogonal frequency division multiplex technique calledcarur

modulation (MCM) to contend frequensglective fades observed on terrestrial widad channels.

The satellites are fed with the same signal but transmission to one of the sdtelitdayed by 4.28
seconds. Theeceiver utilizesgarlylate time diversity in conjunction with maximum likeood combination
of diversity signals.

The satelliteonly receiver architecturiss enhanced to take advantage of the terrestrial component and the
diversity. Thus, it includes two additional receiver branchese to receive the second satellite sicarad

the other for the reception of the terrestrial component. A single antenna can be shared for the reception of
all the threesignals The diversity satellite signals are received by a receiver identical to the single satellite
receiver with an additiohg@rovision to combine the early satellite signal to achieve time and space diversity
gain. An additional branch is necessary to receive the terrestrial MCM signals with a provision to select the
best option between satellite and terrestrial components plissible to conceive of a scheme wherein all

the signals are combined synchronously.

In figure 1, all the receiver branches share the antenna system. One branch carries early broadcast channels
and the other the delayed broadcast channels. The thamthorreceives the terrestrial tirdevision-
multiplexed MCM transmissions derived from the terrestrial broadcast channels. Each satellite branch
comprises a satellite tuner that selects the desired TDM satellite carrier, a QPSK demodulator to recover the
TDM symbol stream and a TDM demultiplexer. The early and late versions of the TDM signals are fed into

a Viterbi maximum likelihood FEC trellis decoder to combine the two signals. The delay of the early signal

is implemented in the TDM demultiplexer. Vitérdecoder combining is accomplished by aligning the
preambles of the early and late broadcast channel frames. The terrestrial branch operates simultaneously and
independently of the satellite branches following the same sequence as in the satellite branch.
Synchronization for combination with satellite reception is achieved by aligning the preambles with the early
and late broadcast channel framaspostdetector logic can be used to select the component which has a
better signal quality to provide the dtesl broadcast channel.

7) Highlight the salient features of the DVB-SH system.
Please refer section 12.10

8) What are the main differences in requirements, characteristics and features between fixed and
mobile satellite broadcast systems.

The requirement®f a mobile satellite broadcast service are governed and constrained by the operating
environment (i.e. fixed, nomadic, urban, rural, etc.), receiver cost and form, service charge and the
anticipated usage of such a service. As such, these requirechemtteristics and featurd#fer from the
conventional broadcasts. The main differences are:

9 size of thereceiver andriewing screen is considerably smaller which influences the trarismiss

format and radio bandwidth;

user requirementsf contentare lkely todiffer;

transmission for display on small screens require a considerably lower bandwidth (e.g. 200 kHz)

than the conventional satellite broadcastg.6everal megahertz).

1 unlike the fixed broadcast satellite system transmission format for mbiwkedcasts has to be
designed to contend fading, multipath and Doppler

=a —a
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9) Discuss the feasibility of adapting a hand-held receiver for reception of Ky band direct broadcast
transmissions.

This option has not been discussed in the bliagk for the student to research and sugtfesteasibility. At
least theollowing technical considerations are essential

- Link budgets it at all possible to provide the desired signal quality on a-hafditerminal which has
a low G/T (say,-24 dB/K) when the link has been optimized for a considerably higher G/T (say, 7
dB/K). Canthe linkever close on a harteeld?

- Rain fadingand mobilityinduced impairments countermeasures

- Handheld atenna at Ku band

- Feasibility oflocal retransmission for hadteld receptiorin area of interest

- Regulatoryand commercialestrictions including retransmission frequency band
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CHAPTER 13

1) Highlight the salient features of Cospas-Sarsat system. State the limitations of the existing space
segment and the measures being undertaken to mitigate these.

Please see section 13.2.1 of the book

2) Outline the navigation principles used in systems such as GPS based on pseudo-range
measurements including the error mechanisms and method to mitigate these errors.

Figure 1 below represents the concept of a-dimeensional navigation solution including range errors.

When range between the observer’s | omméispossbletond sat ¢
estimate observer '’ s dmiltaretuequationdAs illstwated in thefigure, isitialt of
position of the observer is estimated within a zone of uncertainty marked by hatched portiongriisen
areeliminated the solution converges to a single point.

Figure 1 [A sketch of Figure 13.6] Concept of position fix and impact of errors in two dimensions

The range is estimated as the product of the time taken for a signal to travel from the satellite toarsteiver
velocity of electromagnetic wave in the intervening medidr estimate range precisely, each user clock
must be synchronized to the satelliteck. To simplify receiver architecture in the GPS system, the range
from a fourth satellite is estimated, whialiows resolution of user clock uncertainty.

The travel time of the signal is estimated by measuring the time shift between identical codes generated at
the satellite and the receiver. The code generated at the receiver is time shifted until a maxraiationor

is achieved beteen the transmitted and receivardes; the timehift provides an approximate range or
‘pseudo’ range which includes numerous errors. The
system. Since the received signalalsout22 dB below the receiver noise the (first generation) GPS

system code acquisition and eéipreading is necessary prior to clock recovery.

To fix a position on the Earth a terrestrial reference system is neceBsar¥axis coincides with the eér
rotation axis; the Xaxis is associated with the mean Greenwich meridian; and #dpasYis orthogonal to

the other two axes to complete the riglainded coordinate system. A number of earth reference systems are
used based on their approximation tdHi¢ shape of the Earth.

Pseuderange’Y is given as:

Y Y o AYo Yo 1(a)

Where,

'Y = Actual range

Re ® @ O O O 1(b)
¢ = velocity of electromagnetic wave

Where subscript s and r are respecyivedpresent the cartesian coordinates X, Y and Z of satellite and
receiver respectively.

Y6 = Propagation delay inclusive of various error components
Y0 = Satellite clockoffset with respect to GPS time
Y0 = Receiver clock offset with respeot GPS time

¢ = velocity of light
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The true range is estimated by solving a set of four simultaneous equations obtained by substituting 1(b) into
1(a). The matrix is populated by pseudmge measurements from four satellites.

The solution can be explainegialitatively by observing that the receiver lies on the intersection of three
sphere of radius RR,; and Rk where subscripts i, j and k represent psexadme distances from satellites i,
j and k respectively. The fourth measurement is used to redloldle accuracy of the receiver.

There are a number of sources of error in range estimation:

1 Satellite clock offset relative to GPS system time and ephemeris errors: GPS system time is
maintained by the GPS master control station (MCS) through a seghdy hiccurateesiumclocks; the
clock offset of satellites is measured daily and transmitted to each satellte by the MCS for
retransmission to receivers which apply the correction algorithmically; satellites themselves incorporate
highly stable atomic olcks onboardSince ertain components in ephemeris errors cannot be isolated
from satellite clock offset errotbey arecombined with the satellite clock error in the error budget.

T User clock offset from GPS system time: As mentioned in the preceding text, uskrck offset can be
removed by solving the range equation.

1 Error due to propagation delay: An error in range estimates is caused by delay introduced by ray
bending and velocity reduction while traversing the iohesp. The delay is approximately inversely
proportional to the square of the frequency amdhe GPS systerthe correction can be derived by
comparison at two frequencies, 1,227.6 and 1,575.42 NMHthe GPS system, it is derived at the MCS
and transmittd to users. Tropospheric delays are independent of frequency and can be estimated at the
receiver by applying an elevati@ngledependent correction.

9 Group delay error is caused by processing delay on a satellite; its value is estimated in grounudtests a
transmitted to users with other corrections.

1 Multipath errors are caused by signals arriving at the receiver from different paths. It is difficult to
remove them as such but multipath rejecting antenna systems can mitigate its impact.

9 Receiver noise and resolution degradation are caused by hardware and software limitatiohthe
receiver. Receiver motion can introduce additional errors. Use ofdesiined receivers and filtering
algorithms such as the Kalman filter reduces the impact of the error.

3) Explain the principle of differential GPS with an example application.

It has been observed that ephemeris and measurement errors are correlated in time and spatially. Spatial
correlation decreases with distance rather slewtprrelation is close evermif a distance of a few tens of
kilometers. Similarly temporal correlation decreases slowly with time. Propagation errors, and S/A errors
are quite well correlated in &80 s time span.

An accurate estimate of such errors can be obtained when the ctesdiha location are known precisely;

if these corrections are transferred to users in the vicinity of the measurement site, and the user applies such
corrections, the accuracy of the fix improves considerably. Application of this technique to the @RS sys

is known as differential GPS (DGPS), where errors in the navigation solution are derived at a reference site
and transmitted over a radio link to GPS receivers present in the neighboring areas.

Measurements and simulation demonstrate that errors fiammgeens ofcentimetersvhen the reference site
is a fewkilometers to about5 m for a distance of 1,000 km.

Example of a DGP®ased navigation solution is the Wide Area Augmentation System (WAAS). WAAS
provides GP$ased information for aeronautical eute, departure and approaches under conditions where
ceiling and visibility are 200 feet (60.96 m) and Y2 mile (804.67 m) respectively. The measured 95%
horizontal and vertical accuracy within CONUS (Grand Forks) during the interaally to 30 Septemer,

2012 is reported as 1.46 m horizontal and 1.7 m vertical respectively
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4) Describe the characteristics of the Galileo system and compare them to GPS and GLONASS
systems.

Please refer section 13.3.3 of the bodkleast ompare ownership, purposervices, navigation principle,
constellation characteristics, signal characteristics, user community

5) What are the issues affecting mobility of VSATS. Suggest solutions to mitigate such mobility-
associated problems.

Issues

1. VSAT systems belong to theSIS, which implies that regulatory matters pertain to fixed installations;

2. VSAT radio link performance, optimized for static links and rain fading inakd K, bands, is
unreliable in a mobile environment where #ighalsundergo shadowing and multipathpairments
VSAT antennas are fixed and relatively relaxed antenna mounting restrictions whereas MVSAT
antennas require satellite tracking, compliance to stringent mounting space andyreenic
considerations

3. MVSAT systems for high speed vehicles, irailway and aircrafts, must include Doppler counter
measures;

4. MVSAT transmitters should be highly efficient in order to reduce terminal size and minimize power
drain;

5. VSAT system coverage in C band is available globally hub#hd coverage is generallgilored for
fixed land applications on spot beams and therefore there may be gaps in connectivity -on inter
continental routes.

6. Due to the large size dIVSAT antennas they are better suited for shared and captive environments
such as on ships, railway,retafts, etc.; although mawack MVSATS are aukable for special
applications but. bandMSSuser terminals remain the primary choice for global personal and portable
usage.

7. MVSAT systems can provide a more efficient use of spectrum (i.e. the orbitadwedp the higher
directivity available from MVSAT antennas when compared tbahd MSS systems designed to
support a mix of user terminals including hameld and small terminals deploying ladirectivity
antennas.

8. Due to the size restrictions of MVSAThtennas, the side lobe levels are higher than those of fixed
VSATs and thus to comply to radio regulatory requirements the power spectral density of return links
should be reduced to remain within the specified mask while the forward link must be rolajstto
interference from other satellite systems received at MVSATS.

9. When FSS (rather than MSS) allocations are dsednobility, regulatory clearance is arduous due to
sharing constraints imposed in FSS bands. Toamder communication is not permittedlarge parts
of the world. In contrast, MSS bands have primary and exclusive allocations throughout the world and
the transborder risk is significantly lower.

10. MVSAT system architecture needs torhererobustthan at presemntith spares and baakp provisions
to achieve the reliability offered by-hand systems.

Solutions
The key enhancements to VSAT systems to incorporate mobility apply to antenna and the transmission
system.

Antenna systems should be efficient and compact with tracking anditobes to minimize harmful
interference into adjacent satellite systems. The small size of the antenna conflicts with low side lobe
requirements and hence in order to be compliant to the radio regulations the emitted power spectral density
is reduced Wich, therefore, affects the transmission design.

The antenna system requirements and capability depends on tigtioastimposed by the mobile, i.e.,
operating environment, mounting space, stability of the mobile and speed of travel. Mounting space
redrictions in medium/large ships is relatively relaxed but the pitch and roll movement require correction;
high speed of aircrafts requires tracking agiiiyh low drag; the restricted mounting space on road vehicles
restricts the size and profile of th@tenna; limited clearance space of tunnels and high speed require low
profile, agile antennas for railways. Phased arrays provide an agilgrddile solution; but their



Mobile Satellite Communications: Principles and Trends, 2™ edition 92
Author: M.Richharia

Example solutions and hints to Revision questions

Issue 1, April 27,2014

This version supersedes all previous issues

performance tends to degrade at low elevation angles. Hybrid solutions utilizéoanatom of mechanical
and electronic steering

An efficient scheme to minimize interference in to adjacent satellite systems is to reduce the power spectral
density (PSD) of signals by spreading the signal. Spreactrape with CDMA is thereforgreferredin

many systems; low order PSK schemies., BPSK/QPSK are preferred over high order schemes where
spectral spikes would exceed thewer spectral densityiask. In order to optimize radio links at connection

level, schemes based on adaptive modulatioivigoschemes offer advantadgehe impact of forward link
interference from adjacent satellites and fades can be negated on each link through modulation and code rate
adaptation.

MVSATSs operating on landuffer the heaviest shadowing and multipath degradatiRailways and road
vehicles exhibit differenfading characteristics. Aeronautical and maritime channels have stable links for a
majority of time barring instances of shadowing caused by mobile structure and when operating at low
elevation angle. However, the dispersive nature of channels may manifesspeciéic conditions.

The mechanisms impacting atmospheric propagation are ideiiealch environment bils manifestation

at the mobile receiver depends on the speed and direction of vehicular movement. Rain cells move with
wind and typically have aze of only a few kilometers for example, rain cell size ranges from less than 1

km to over 20 km in a tropical region with about 70.5% of the cells of 1 km and less. Therefore rain fades
get conditioned by the velocity of the mobile due to variatiorth@fainaffected portion of the radio path.

A prolonged blockage lasting tens of seconds or minutes such as while traversing a tunnel can break an IP
connection and result in a loss of receiver synchronization. The ATC scheme as proposed for the MSS and
satellite radio broadcasts is an effective solutioth@sedisadvantaged propagation environments.

Implementation issues include the selection of an appropriate space segment and frequency band compliant
to the radio andbcal regulations, network arclgicture, qualityof-service management at the physical layer

and at the user level, selection of a transmission format commensurate with the mobile environment. These
issues are identical to those applicable for MSS. Nevertheless the present MVSATs midetrgsilience

available from established-thand MSS systems which incorporate robust ground and space segment
redundancies, advanced network features such as handover, global technical and logistic support, multiple
service providers and equipment vers] connectivity with GMDSS system for search and rescue support,

etc.

Frequency bands where MSS has a primary status (e.g3Q@®9GHz earth to space/20.2 space to
earth) reduce the regulatory constraints in relation to mobility. For this reasoigeneration MSS systems
can provide MVSAT services on these frequencies without the regulatory burden.

6) Compare the architecture of a terrestrial cellular system with a MSS spot beam system stating
similarities and differences.

Figure 1 below portragya generic architecture of a terrestrial mobile system.
Figure 1 [A sketch of Figure 13.12] The architecture of a terrestrial cellular system.

The main entities of the system are

1 mobiles;

1 a network of cells each served by a base station; notice thiliecrontrary all the satellite cells are
served centrallpr a few earth stations

1 one or more mobile switchingenterstMSC), depending on the size of coverage area, interfaced with
base stations at one end and the public network at the other;

The radiolink between mobile units and a base station consists of two types of chaanetstrol channel

and traffic channels. The control channel transfers system messages and traffic channels carry traffic and
supervisory signals during a call. The reader shdu not i ce here the similarity
channel. A base station is connected, usually by land lines or backhaul satellite links, to an MSC with a
group of voice trunk and data links for exchange of information and to process calls. Thg aealeen a
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base station and MSS earth stations should be evident. The MSCs are connected to the public networks.

Typically, each mobile telephone is assigned a hor
(Home location register or HLR) in whidt keeps the most recent positionezfich mobileregistered with

the MSC. This information is used for routing calls to the appropriate section of the network. Each mobile
automatically registers its location with the visiting MSC whenever the mobileateggoutside its home

MSC. The visited MSC transfers the informationttdhh e mo bi | e’ s h oinnghinMSWBitom nd st o
location register (VLR). Whenever a mobile telephone is switched on, it scans all system control channels

and locks to the strgest channel. This operation is continuous, ensuring that the mobile always operates

with the strongest signal. The control channel is used for two types of messages: general system information,
which contains network identity, available channels, area,cother facilities/requirements; and mobile

control information, which consists of paging messages to notify a mobile and channel assignment messages
used to set up calls. If the mobile signal quality degrades during a call, the call is handed oveelio the

which can provide a better link quality. The handover involves signaling between the base stations involved

and the MSC and is transparent to a user.

Similarities with satellite systems

Conceptually GSM based satellite systems have a similar architecture. Spot beams can be viewed as spot
beams and earth stations as base station. The ground infrastructure in satellite systems can share the
terrestrialcore network Many satellite systemsakie used such an arrangement for mobiihd inter

network working.

Satellite systems usmntrol and a traffic channel much as cellular systems and handbearsimilarity
with terrestrial systems

Differences

Air interface of a vast majority of saliéd systems are different due to differenagegperatingenvironment

Spot beam sizes are hundreds of km wide whereas terrestrial cell size are 100 m to a few 10s of km at most.
The concept of cell splitting does not apply to satellite systems due dbitsaantenna technology
limitations and sparse traffic density, Frequency of operatimwhavailable spectrum diffeWhereas cellular

systems can operate in shadowed environment satellite systems can at best operate under lightly shadowed
conditions. Mdiles used in MSS systems are larger. Throughputs of differ vastly. Handsets of cellular
systems are cheaper and smatrter.

The concept and complexities of space segment managemeplaised by basstation and different genre
of network managementhe coerage area MSS are hugely larger than those of cellular systems.

The answecan besupplemented with extracts from table 8.8 (Similarities and differences between a
satellite and terrestrial system used as the basis in the development é2\GMR
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CHAPTER 14

1) State the assumptions used in the recent market projections outlining the risks associated with
each assumption.

In general the accuracy of a forecast is impacted by diverse external émdrearket variables

Differentiators include economaonditions, government policies arate of service penetration. Since
forecast far ahead into the future of a rapidly changing mobile communication ecosystem is fraught with
uncertainty due to the dynamics of the markaatpland the variable such forecasts are taken as an indicative
guideline and deviations are factored as the technology and markets évslaepractice to provide low,
baseline and high range in forecasts.

The following assumptions were uses in atiea® of the marketing studies.

1 MSS growth is driven by data applications

1 Availability of new generation MSS systems facilitates development of new application and a broader
user base

The emerging regions contribute to a healthy growth

Government and ifitary remain key markets

VSAT competition is likely to erode higand MSS market to an extent

Ka band MSS VSAT system is likely tofimence the impact of FSS MVSAT.

Prices are likely to reduce due to competition

Synergistic solutions of MSS withlwr technologies provide growth opportunity

2) Assume that the total number of in-service units globally at the end of the decade as 5 million
distributed between land mobile, maritime, handheld and aeronautical platforms respectively as
50%, 25%, 22% and 3%. Further, assume that the users are distributed uniformly and service is
provided globally by a three region geostationary satellite system with a single satellite covering
each region. Estimate the spectrum required in each region to provide a packet-mode service.
State each assumption qualifying the basis used.

[Hint: Assumption may include: Aggregate busy hour traffic per satellite, traffic symmetry in forward
and return direction, frequency band such as L band, number of spot beams per satellite and reuse
factor, spectral efficiency in bits/Hz, etc.]

Platform split (million) at end of decade:

Global | Each region
Land 2.5 0.833
Maritime 1.25 0.417
Handheld 1.1 0.367
Aeronautical| 0.15 0.05

The following stepsnay be usedout other solutionsre possible.

1) Assumea digital system with differergervice classes based on platform. For example, three classes
One each for hanteld, land, and maritime/aeronautical.

2) Assume throughput capability of each class (e.g. 64 kbps forteldd2 Mbps fotand and 10 Mbps
for maritime and aeronautical).

3) Estimate aggregatausyhourtraffic in each region (Assume that the aggregate can serve all quality
gradege.g. streaming, interactive ndnteractive, etc.)

4) Split traffic between sectars
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5) Assume totahumber of beams per satellite as, say, 350 (Typical of modern satellites)

6) Assume a tell reuse pattern (Typical value, although a value of 4 has also been used in practice)
7) Obtain traffic pebeam for each class (Total traffic/350)

8) Assume spectral affiency for each service class based on practice (e.g. 1.5 Hz/b/s fehéldnétc.)

9) Estimate bandwidth for each service in each bkaowingthe spectral densitgnd busyhour traffic.

10) Assume symmetrical traffic so that forward and return bandwidth&lantical

11) Obtain bandwidth per clustéBciuste)-

12) Since the same frequencies are reused in each the 50 clusters (of @aRé&As the required
bandwidth per region.

13) Since traffic is uniformly distributed the same bandwidth is necessary irbeaanand in eaategion.

14) Since oamove service is necessary, the preferred frequency bartamd.

3) Outline the concept of an iterative interference cancellation multi user detector.
Please see section 14.4.1

4) State the difference between frequency plan and cross-layer optimisation schemes? How are these
two interrelated in view of the fact that each strives to enhance spectrum utilisation.

Frequency plan optimisation is a physical layer scheme where radiefi®qearriers are arranged in a
transponder optimally taking into consideratiamdy physical layer issuesuch as intermodulation noise,
interference, grade of service, etc. The scheme does not take into consideration upper layer issues.

The vigorous growth in data communication bhaen driven by IP enabled solutions which are based on a
rigid hierarchical protocol architecture where each layer communicates with its immediate neighbours and
its peer on a prdefined fixed interface and rules, without créeger interaction. The rathale in the
emerging discipline of crodayer optimisation is that in wireless communications ctagsr protocol
interactions can lead to a more efficient performance of the transmission protocol stack. By sharing
information dynamically, each layerrcaeadjust performance in a-oodinated manner such that the overall
resource utilisation is used more effectively. This approach can potentially enhance the efficiency of radio
resource of wireless systems which are prone to propagatiosed impairmets typical of mobile satellite
systems.

The interrelationship exists indirectly through translation of various types of traffic to the desired throughput
say at the busiest hour. The frequency plan is developed on this optimised throughput.

5) Describe the principle of cognitive radio with an example of a potential application in MSS.

The existing methods of spectrum allocation are rigid, bureaucratic and time consuming. |SEvecdl
allocated spectrum remain undeilized; and even if such allocatioase in use, there are periods during a

day that the spectrum remains idle. Thus there is considerable interest in promoting dynamic use of vacant
spectrum on an akoc, opportunistic basis using agile reconfigurable transceivers. The technology involves
the terminalsto sense status of spectrum usage and reconfilyeireoperating frequencies to utilize vacant

parts and for the network to support such an ad hoc dynamic access. This type of dynamic spectrum access
can be implemented through cognitive rafiidR) systems.

A cognitive radio system (CRS) includes capabilities to:

1 acquire knowledge of its operational radio environment, applicable geographical environments and
policies, its internal state and usage

1 adjust dynamically its operational parametersluding the protocols

1 learn
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The operational radi o environment includes current
operational radio systems at the present location, interference levels in available parts of the frequency
bands, at . Geographical information typically <consists

coverage and radio characteristics of the radio sys
includes usage requirements, available frequency,fegglencies and protocols in uséhe policies refer

to the applicable terms and conditions for usage of the available primary spectrum such as interference
threshold and time restrictions. Usage <comnedi der ati
bandwidth, characteristic of the traffic, usagentls of the primary system

A cognitive radio system can acquire the knowledge to perform dynamic access tmdoghk sources and
means, i.e.spectrum sensing, assessment of its internal statuslaabase, access to a central database,
access to a CRS broadcast channel where available, trerfdinguired data, locatiefix from a satellite o
terrestrial navigation systeninterference measurement. The required knowledge depends on the design
methodology of the CRFor examplejn the interweavedor spectrum sensingpproach the secondary user
utilizes the available empty frequencies of the primary user as conceived initially;undedayapproach

the user utilizes the spectrum of the primary user such as not to cause harmful interference to the primary
user; in theoverlayappr oach the secondary wuser has and wutilis
transmission scheme such thia¢ {orimary user can tolerate the interference caused by the secondary user,
while the secondary user contends the interference of the primary user (e.g. by interference cancellation). In
a database drivempproach the CRS and the primary system shareamriénformation for example, the
secondary systeroan obtainthe status of the primary system relevant to its current location in order to
develop a suitable transssion technique or accessadio environment map containing réale profiles of

primary and secondary users.

In the learning mode, the CRS utilizes previous information to refine its performance.

Several CRS configurations are envisaged and are being standardized. A heterogeneous CRS network
comprises a number of radio access networks using either the same or different accessing schemes; some of
the radio access networks (RANs) would be the coimealttype operating within a fixed frequency regime
whereas others would be reconfigurable operating to reconfigurable terminals. In another configuration the
RAN population of reconfigurable capability shares a band servicing their respective recbidigura
terminals.

Potential MSS application

The busiest of MSS bands exhibit unfilled spectral gaps lasting several hours on a typical working day often
exceeding 12 hours and extending full day during the weekends. Thus there is considerable scapagin utili
off-peak hours for nomrgent communication on a CR basis either in a blind or cooperative spectrum
assessment mode. It is thus feasible to utilize the spare spectrum either in-aystetma cognitive mode or
inter-system cognitive arrangement thgbuccoperation between the systems. A censfareddatabase

could facilitate in identifying the available channel forlaat dynamic access.

6) Outline the principle and advantages of a software defined radio. State the advantage in using a
common development platform such as software communications architecture.

Wireless technologies continue to evolve at a phenomenal rate, making hardware platforms obsolete within a
very short span incurring heavy costs in the development of new platforms. Incorpofaiiagles to an

existing wireless technology incurs a similar development cycle. Software radio (SR) potentially provides a
costeffective, flexible and software upgradeable platform that can be reconfigured in software to suit the
changes andupgrades tooperating platforms. The technology can perform on all the layers of
communication architecture so as to enable a number of standards to be supportable on the same hardware
platform, allowing rapid changes from one communication standard or functionaligndther. User
terminals and infrastructure can be reconfigured in real time to select the appropriate medium at a fraction of
the cost of a total refurbishment.
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The SDR utilises hardware devices that support reprogrammable firmware and software gezhriolo
implement the desired functionalities. Such devices include field programmable gate arrays (FPGA), digital
signal processors (DSP), general purpose processors (GPP), programmable system on chip (lo€?) and
applicationspecific programmable pressors.

The SDR technology offers numerous benefits:

1 Reconfigurable platform architecture facilitates rapid and-efiettive development of new products
and service multiple markets;

1 It offers remote reprogramming capability, allowing software upgrades and addition of new features
while the unit is in service and remote;

1 The SDR platform futur@roofs network functionalities, services and products within limits of the
platform technadgy;

1 It reduces endiser costs and enhances user experience through ubiquitous communication availability
through reconfigurable user terminals.

1 The technology facilitates the evolution of cognitive radio architecture.

Figure 1 below shows conceptual gliam of a generic SDR transceiv&he main blocks of the unit atee
front end thebaseband processing unit ahé data processing. The functionality of the unit is controlled by
changing parameters through the control bus.

Figure 1 [A sketch of Figer14.18] A generic SDR transceiver

The use of a development platform likeftware communications architectu(8CA) ensures that the
industrial partners and developers may develop components of the system independently and maintain
interoperability andexchangeabilitylt providesfor portability of applications software between different

SCA implementations and thus reduces software development time through the ability to reuse design
modules while benefitting froravolving commercial frameworks and hitectures.

7) Comment on the assumptions and arguments presented in relation to the speculative vision of the
future MSS network as presented in the chapter.

This question offers an opportunity to present e ' s pigon whilencanhmenting on the assumptions
and arguments presented. The following aspeetain open for review and discussions:

1 Proposed ystem architecture latency issues and solution, ownership and management of sub
systems, standardization odhterfaces, converged architectusgpproach hybrid architecture
including ATC, applicability and role ofdehoc networks;

1 Spectrum-frequency band€Q, V, W bands, regulatory matteaedhurdles investment, radio link
reliability improvemensolutions

1 Enabling technologies- onboard architecture, micro angico spot beam, ultrhigh EIRP
satellites, advanced modulation azwtling methods, fade countermeasures, cognitive and software
defined radio

1 System performancelmprovements



