1 MULTI PLE ACCESS TRANSM SSI ON SCHEME FOR A W RELESS SYSTEM FI ELD OF THE
| NVENTI ON This invention relates to a nmultiple access transm ssion
schenme f owoaowwameisess 5system such as the return |ink eCTareinesactive
satellite conmunication systemand to apparatus for inplenmenting the
schenme. BACKGROUND TO THE | NVENTI ON A rangle of interactive satellite
communi cati on systens have been proposed. In 10 this type of system
termnals receive data froma hub on a forward link and can also transmt
data to the hub via a return link (return channel). Both the forward |ink
and return | IMULANEPLE ACCRESS ERANSMESSON SCHIEEMEA'ORsA AMIRELESS S YSTIEM: s
standardi sed as Digital Video Broadcasting-Return Channel via Satellite
(DVB-RCS) ETSI EN 301 790. 15DVB-RCS uses a nediumwhich is nultiplexed on

a tinme-sharegrgnd OFIMEMBWENRTRORD basis between term nals. The schene is
called Multiple-Frequency Tinme-Division Miltiple Access (M- TDWVR). M- TDVA

al l ows a group of They miverfion rebatesotonainiud@ile agiash tangaissaaapchpmatpra waeless
carrier frequencies,  each of ich is divided in time-slots. A schedul er
o1 ocat es) o Soueh SispGaR: Bt ilbR s el EATSF sufhfs toRuR Gt TR K
defi ned by aabﬁgﬁgmgﬁmimpammmg\&mgaherae_start time and a duration. Figure 1
shows one of the M~ TDMA schenes, called fixed M—TDVA. A grid of tine
slots 10 is shown. The slots have the same duration and the same bandw dt h.

The arrows i%{tﬁﬁl&)ﬂlﬁﬂ'ﬁ‘@?iﬁﬁ\lﬁﬁﬁﬁﬁ of slots 11, 12, 13 assigned by
r

t he schedul e 0 one termnal 1h the system 25Another formof M--TDMA is
Dynam c- Sl ot M- TRMAngd ot $nteractiessatdiiéte kamiwinddaioangstelus ativeoecafprepusedshi ve
slots allocated to a termnal. |n addi t%}gﬁn to changi ng. carrier frequency

and bur stV durBif e, ol Helefe HALS fRey1VaI G ERENYBUR PAHsiNY&ddily Atdecarmyso
coding rate REhYRRMRUEARS B SiPH IS LD AAM BRLAGS. Bodh . MRUE HiXhh] e

termnal is nore efficient adaptation to the wi dely varying transm ssion 30
requi r enent s re¢typi bak aof tapdnittn@diaa fEiddlitce 2 ghiows of tlee dureh cestafidasdietds asl 5,

10, 2oL ongty by, (e Shgl e e e enalaal, | R Lhe cougtem b rcoe,
16 are | ongerEtdhiadN sd0tool7.

15 DVB-RCS uses a medium which is multiplexed on a time-shared and frequency-
shared basis between terminals. The scheme is called Multiple-Frequency Time-
Division Multiple Access (MF-TDMA). MF-TDMA allows a group of terminals to
communicate with a gateway using a set of carrier frequencies, each of which is divided
into time-slots. A scheduler allocates to each active terminal a series of slots, each slot

20  being defined by a frequency, a bandwidth, a start time and a duration. Figure 1 shows
one of the ME-TDMA schemes, called fixed MF-TDMA. A grid of time slots 10 is
shown. The slots have the same duration and the same bandwidth. The arrows in Figure
1 indicate a sequence of slots 11, 12, 13 assigned by the scheduler to one terminal in the
system.

25 Another form of MF-TDMA is Dynamic-Slot MF-TDMA. This varies the
bandwidth and duration of successive slots allocated to a terminal. In addition to
changing carrier frequency and burst duration, the terminal may also change
transmission rate and coding rate between successive bursts. The advantage of the more
flexible terminal is more efficient adaptation to the widely varying transmission

30  requirements typical of multimedia. Figure 2 shows a sequence of slots 15, 16, 17
assigned by the scheduler to one terminal in the system. It can be seen that slot 16 has a

wider bandwidth than slots 15 and 17. Slots 15 and 16 are longer than slot 17.



2 The types of M- TDMA described in ETSI EN 301 790 have limtations
internms of bandw dth efficiency. SUMVARY OF THE | NVENTI ON 5An aspect of

t he presewbD 20revs838Don provi des a net hod of operating a PETMPAEI/06623A
wireless nmultiple access comruni cati on system conprising a forward link to
the termnal and a return link fromthe termnal, wherein the return |link
uses a medi um which is shared between terminals on the basis of time and
frequency, the nethod conprising: 10transmitting a return link signal from
the term nal across a sequence of transm ssion slots, each transm ssion

sl ot being defi nedhastypest phME{TaIMandescabed er HIiSd didedely /90 hevelimivtons e
frequency an? {%%% dﬁ} ﬁn change bet ween transm ssion slots, and
wherein the & 63 8% transnmitted continuously across the
sequence of transm ssion slots. 15The term"transnmitted continuously”
conprises: continuous transm ssion wth zero guard time; continuous

t ransmi ssi on SUMMARYQF THYANYENFIONr 0- ener gy, or reduced ener gy,

transm ssgon syrrbA at t?elT begi n lngl?tand/or end o{ g tfransm ss{on.slot

n-aspect o € present m 1on provides a operati 4 terminal m 4
Advant ageously, the et ke gna PHEVERSTt P se conti nuous

nmanner acr ossyitdiés SRqUGRC acaks tcoaMaumiGsioa Nsysicat Somphbiag rw&aﬁwtr@aink &V &l
when the transm tted 20 signal contains zero- energa/ (nuted) transm ssion
synbol s, the 0galiHA dbretpmeipePadthe Jptmaina fdexdr f‘eFF‘é‘r‘I@yhftkr Bifs il Bsfliym

synbol s i's an it @8 BB ceR el i NS %S%Eoéﬁhﬁygﬁ)f?\glepﬁrd' 2 tenc the method

Transmitting 1n a contlnuous nmanner avoi e need for 'ver to
re-acquire thempesingnal signal each tine the si gnal noves to a new

frequency carrier and/or synbol rate, recei ver can retain "l ock"
on a si gi% Thi sthaenlé%nga&véﬁtl@gilnlsf SR q}%é@fﬁ%@a f3pssad S?EGH?FF‘%CC%

anmount  of OVQfaHQIﬁgsﬁﬁ-tﬁ@tss%ﬂ @SnsthidRA0 sRE %%{H%' e 1cQVAA8AihO slot and carrier
SynChl’ oni sati on pur poses. Conventional transm ssion schenes transmt bursts

with a signi fliegaencygwhendint ¢ameertietqmesry dndrsytnbohrate caqehange betwegnirfisoassion
anount of nonlﬂrl)a Ingm%l ove head dat i

ch as a |ong preanble, i
Cransmi tted b gt Fi oo i ST nBudr BhPRTeator Brdiichy
receiver Syn(bmlﬁﬂdrﬁ@ilb@ﬂotb.

15 The term “transmitted continuously” comprises: continuous transmission with
zero guard time; continuous transmission with a small number of zero-energy, or
reduced energy, transmission symbols at the beginning and/or end of a transmission
slot. Advantageously, the return link signal is transmitted in a phase continuous manner
across the sequence of transmission slots. This means that, even when the transmitted

20  signal contains zero-energy (muted) transmission symbols, the duration of the period
containing zero-energy transmission symbols is an integer number of transmission
symbol periods.

Transmitting in a continuous manner avoids the need for a receiver to re-acquire
the terminal signal each time the signal moves to a new frequency carrier and/or symbol

25  rate, as the receiver can retain “lock” on a signal. This has an advantage of avoiding the
need for a significant amount of overhead data, such as a long preamble provided for
synchronisation purposes. Conventional transmission schemes transmit bursts with a
significant guard time between bursts and require a significant amount of non-payload
overhead data, such as a long preamble, in every transmitted burst, which is provided

30 for the sole purpose of enabling receiver synchronisation.

The term “wherein carrier frequency and symbol rate can change between

transmission slots” means that the carrier frequency and symbol rate can change



The term "wherein carrier frequency and synbol rate can change between
transm ssion slots" neans that the carrier frequency and synbol rate can
change 3wbebmassssa conti guous pair of transm ssion sl oPsT/Exed1iobeB9 t he
termnal is capable of operating in this way. It will be appreciated that

t he met hod does not have to do change both carrier frequency and synbol
rate between every pair of transm ssion sl“ots. Depending on the particul ar
pair of transm ssion slots, and the particul ar enbodi nrent of 5 the

transm ssion schene, the termnal may either: maintain carrier frequency
and synbol r&tevesh & hentrgebuy pair ioikKrapsigsalonaglots hends tauéls: esmehat oy cafuble of
previous transm ssion slot; ch e just. t rrier frequen of the return
Pl oK ot gnal - CBmaared ©5 vhe §ADAS aboietiabr B A JoEumh hhyr o dpahah e
previous tramsiH &P fdq@bncyCRANGOmbYB tath NRS¥HOVerl abfr OF thdMEmiBIoHr olsi Nk
signal conpared to the value of synbol rate used for the previous 10

t ransm ssi on Depending hathgeparticulayapricd trapsraigeien elptsaae theeagicntse embadiencat of he
return 1ink $honahoSOORReho He AP ALY Welind [CAERe Y Andh Sy The!
rate used for theée previous Franshvi SS0R 16t ' AdVan ageouélfly, Tt HiE
met hod conpr isg@soll RELbY thegret@f linR&sidral ward Vdlids, ustdffor matgroviohdentsniiyisiy a
subsequent transm ssion slot. The information allows the 15 termnal to
determ ne a nlRdRNET just BRSHINSE fTeaucgHipbihs reErpEnk pigAglRoptratrddarths yalug el
subsequent tr kSSi I (Welol j

From ani ch ¢ 0 TLyenadly S o P LAY PR B Goflor PR Yo SRy SR LSt o,
t he i nf or mat iton raam Eplesighyl aompaiérioahe tvabrsof sgnbel syaraeddsfor the previous
Advant ageousl y, the nmethod conprises transmtti at one of et of .

di f foronf0 20 ¢ ﬂ%ﬁl@?éi%&a@ﬁ% tacegarggr é&‘/‘iﬂﬁ’&?y pnd D anig e iodetBe redihat
each of the %thnapcfonﬁ%il&f)ﬂo tﬁ@%aﬁﬁesﬂﬁ%aﬁ[&rﬁ%ﬁ@&%& aﬁ&'gﬁ%ol%te%%éﬁ)ﬂy‘r%he%ébiﬂﬁls a
sl ot period, and wherein the term nal changes”synbol rate at a start of a
new transm sgiapsmiskion slot. Advant ageousl y, the nethod conprises
acquiring frequency, synchronisation with the forward |ink d transm tting
23 symbol | rate ahtyeRARIER P RHR SniecoatRuTinEn N MRS bietRi o e
acqui red fregu@RaMichy HEMIQMSatduBbquent transMMATA ABCOUDL YinfdrRGL SR LNSHs the
conpri ses_acquiring synchronisation with a hub of the system by: receiving,
from t helhub tergnnglrsg t%tfélﬁlif@na nembenel transgnssian sYpkpls dehe ithhyaiticd sluspeitst s
on the retur ink: tr 1tting, the r rn i i tifli on ..
aymbols and catishns' CRBAT L 1% PR AREABbLEM Sy o SEMLHET g haen
recei ving an thdkhial candéermstb agiumBedr anshintrhishign ayuhers, daiha ipaymaash ki a

first transm ssion slot after a specified nunber of transmtted
i denti fi cati oRCGEBITber SRHARYHAEPR PRS- in the first transnission

Advantageously, the method comprises transmitting at one of a set of different

20  symbol rates, the set of symbol rates being related such that each of the set of symbol
rates has an integer number of symbols during a slot period, and wherein the terminal
changes symbol rate at a start of a new transmission slot.

Advantageously, the method comprises acquiring frequency synchronisation
with the forward link and transmitting at a symbol rate and carrier frequency on the

25  return link based on the acquired frequency synchronisation.

Advantageously, the method comprises acquiring synchronisation with a hub of
the system by: receiving, from the hub, an instruction to start transmitting identification
symbols on the return link; transmitting, on the return link, identification symbols and
counting the number of transmitted identification symbols; receiving an instruction to

30  begin transmitting a user data payload in a first transmission slot after a specified

number of transmitted identification symbols; and transmitting, in the first transmission



4 slot, a user data payload after transmtting the specified nunber of
identification synbols. Advant ageousl y, the nethod conprises receiving
an i nstruwoi2ore/a3s3sadj ust the synmbol rate on the return PCmEP20ih®cd289 m nal
can receive an instruction to increase, or 5 decrease, the synbol rate.
This ensures that the termnal remains in synchronismwth the hub, w thout
the need for the terminal to maintain a ti‘e reference. A further
aspect of the invention provides a nmethod of operating a hub of a wireless
mul ti pl e access commruni cati on system conprising a forward link fromthe hub
to term nal s slal, aheesystae pudndl afteetansmitiing the opecafitde nmnbel of ode¢rtidichiudy
wherein return ﬁo links fromtermnals share a transm ssion nedi um whi ch

i s divided ofYPR&Sbasis of tine and frequency, the nmethod conprising, at

the hub: al | Qﬁﬁfhhﬂﬁ%e(ﬁsty,erﬂﬁ@: ARkhddNcd 's%b’?ré&ﬁﬂiﬁ% SBAHAAEE0R o adjust the
transm ssion slots, each transm ssion slot being defined as a tinme sl ot

and, carrier symbgluetcyn thehetei tinkarlhicdernfingdcgaameseivnen gypibesions tatiacreans. or
change between transm ssi 0 | ot.s;. 15al | gcat.i a return l.ink receive .
Funct  on 1 or CERGLPaRBpS TR o nat 2 fien B M Grdpaetblln b X FER R

the network; dadub, withouQBélsédidot MR E@aeive maimaighangerdietesar ri er frequency
substantially in synchronismw th a change in the carrier frequency of the
si gnal received frofitlke asegchiohdhe inysaHQT Rravides reeed pinRpesityigar bk of a

transmtted qﬁ%t] I - P bR 408

Convent i onal - éf%bﬁﬁ&elé G ?%éésjéﬁltrl\lgglg gﬁ%ﬁ?l&ﬁlg%nggéﬁfg;ﬂﬁh&p >1/ pi cg[ﬁltt?/e hub

i npl yi ng usage ta@fisiomt thbyyets,andhi ehurn Mpkifesn bhatmisdiao tthehalorwipreih ectuion
codewords_shoul d be used to fit in these short bursts, For a given _ .

avai | abl & si &a& frogL (5B Dals el ST AR Py ¢ Jigdaden g B ime
efficient codgg fﬁéhﬁéhrcrz,ﬂﬁé Eneﬁ%%&ﬂ{pgi%intghﬁﬂhé%ﬁﬂ?_ l'ong 25 codewords. _
Advant ageously, in enbodi nents of the present invention there is continuous
transm ssion (i.eallpoutingus deripgl 8o theodwion d [senghdss of drnbmisd@nesinisnedcloy a

(radeol T betyec RLLQUARE B OSERTLAG, oLkl St Slshect el HisbereY
litt] e hi ndenramytune MindH caReh gt beiliies irsRRdomemis of the present
I nventi on | nprove overa |
15 allocating a return link receive function for the reception of the return link signal
from each terminal in the network; and,

causing the receiver to change in carrier frequency substantially in synchronism
with a change in the carrier frequency of the signal received from the terminal, wherein
the return link signal is transmitted continuously across the sequence of transmission

20 slots.

Conventional MF-TDMA requires fine scheduling granularity, typically
implying usage of short bursts, which implies that short error protection codewords
should be used to fit in these short bursts. For a given available signal-to-noise ratio it
is more difficult to design spectral efficient codes with short codewords than with long

25  codewords. Advantageously, in embodiments of the present invention there is
continuous transmission (i.e. no 'bursts’), so codeword lengths can be determined by a
tradeoff between allowable processing delay and desired spectral efficiency versus
signal-to-noise ratio, as is known in the art, without or with very little hinder from the
MEF-TDMA context. Thus, embodiments of the present invention improve overall

30  spectral efficiency due to: more efficient codes (longer codewords) and less overhead

since there is no guard time between slots and moreover for a given amount of

transported payload data, less preamble is needed for synchronisation purposes. A



30 spectral efficiency due to: nore efficient codes (longer codewords) and
| ess overhead since there is no guard tinme between slots and noreover for a
gi ven anowot2ofo3sisansport ed payl oad data, |ess preanbl e PCI/Rre@dact2Bor
synchroni sati on purposes. A 5 further advantage of the substanti al
continuous transmssion is that a signal can be nonitored easily with
respect to the term nal outdoor unit saturation. Saturation nonitoring
enabl es saturation prevention, which in turn allows using an outdoor unit
power anplifier very close to saturation instead of taking unduly |arge
power backof flurtlstr dyagthgows thes swigtaanalocerdwopuy ibsmiesign éf thatisemghal. can be

Saturation nmonitoring i.s very difficult for. the short burst duratdons,.
Cyplcal |y st Sesdy eSS th e ing SuaROL UpE EEHIOR pe PRI i on
provi de appamndii@rih@lenPEd Mtifanen ReRfiod, Renie € hirkedlo®k &l AfeButdBshads -

In particular, an aspect of the invention provides a wireless conmunication

term nal for pawer pmphfie yeay elose hubatinglien astead of ddangnp@ay lage powgsbaskoft,

conpri si ng: recei ver .arranged to receive.a.f bvvar | ink signal.. and
ot ranam Tt ey Fgoh e A Sanvt oBT ER E RS R R Bo AL Yoo oy

link uses a mMedictlifoMih€ khorsbisfiauedionetypeany ueddinnddssicaMFhEDMasi s of tine
and frequency, and wherein the transmtter is arranged to transmt a return
link signal from tiseherepsppefslof 1he dbiepHPR iPRYyide apRividHE doToperfqrByRGRRY; 0hkhe

slots, each t4.ansm S5 Ghnieh Hhe@E4NI 192’%%“@%%? QshelcTBr %ljleoh}]vgﬂt%n g?c{v'i&e‘ira

frequency, wherein carrier frequency rate can change between

t ransm ssi on vateddss comntinihaepeitdrntiing foetiterin d videless gnidtiple acdesaosmnihedtion
conti nuoiﬁl y across the sequence of transm ssion slot. Another aspect of
the invehti ofYPFBVPHEESAEwi r el ess conmuni cati on apparatus 20for use at a

hub of a wirel ess RldidRhfARRRS S CRRUBHEAL AR sSYSE gRA comprising: a
transmtter arranged to transmt a forward link to termnals in the system

a transmitter arranged to transmit a return link signal, wherein the return link
uses a medium which is shared between terminals on the basis of time and frequency,
and wherein the transmitter is arranged to transmit a return link signal from the terminal

15  comprising a sequence of transmission slots, each transmission slot being defined as a
time slot and, carrier frequency, wherein carrier frequency and symbol rate can change
between transmission slots, and wherein the return link signal is transmitted
continuously across the sequence of transmission slot.

Another aspect of the invention provides a wireless communication apparatus

20  for use at a hub of a wireless multiple access communication system comprising:

a transmitter arranged to transmit a forward link to terminals in the system;

a receiver arranged to receive a return link signal from each one of the terminals,
wherein return link signals from terminals share a transmission medium which is
divided on the basis of time and frequency;

25 a scheduling function arranged to schedule a sequence of transmission slots for
the return link of each terminal, each transmission slot being defined as a time slot and,
carrier {requency, wherein carrier frequency and symbol rate can change between
transmission slots;

causing the receiver to change in frequency substantially in synchronism with a

30  change in the frequency of the return link signal received from the terminal, wherein the

return link signal is transmitted continuously across the sequence of transmission slots.



a receiver arranged to receive a return link signal fromeach one of the
termnals, wherein return link signals fromterm nals share a transm ssion
medi um whworr0i238isoi ded on the basis of tine and frequelrcy/EP2Ha/0seBedul i ng
function arranged to schedul e a sequence of transm ssion slots for the
return |ink of each term nal, each transm ssion slot being defined as a
tinme slot and, carrier frequency, wher ei n &arrier frequency and synbol rate
can change between transm ssion slots; causing the receiver to
change in frequency substantially in synchronismw th a 30change in the
frequency of the rlékuysichicak hgvgmal onead éhy &dlofmmgriophlegiest stimalulti-phaepeitly t he
return link sigpal is transmtted continuously across the sequence of .
{ransi o1 on BTG st gebroTE WigrE tefRRAP A el BEUR e SRR HERRG et

t opol ogi es:  $iRE canhid bagtididihpartly meshed star network where
term nal -to-hub and termnal-to-term nal conmmuni cation |inks can share

bandwi dt h. The furddeivnelianalityddescribesbdicigesan barimpéemantide e hegdvain s98tvavear e,

sof t war e executed by a processing apparatus.. Qr by..a_ conbi nati.on of
nar dwar o dna Sortaarer PrE-EgRavaRac Rl R lon AR EARCAIE BT The &

processor, a psé@tEndraglirit@s can ko@bsal lcdhpaier, 2 YPrévckidr, € yiateallahipg,oC BSd Ng
apparatus. The processi ng apparatus can be a general - purpose processor
whi ch execut d§2¥OF (i rdhar ugtakle Preqessip® ABPER U U rIHE SEOHSHES SBBFT S BRPEGT m

the required ;Eﬁéﬁﬁ%udﬂésgt ?F‘oc@és%? e\iﬁiicﬂge)égﬁ@g alHs trﬂ% ggﬁugj@d{h& ?%?%Qrai-gglfpgaes

performthe requir nctions. Another aspect o nvention pr
machi ne- r eadabdcesdonsd perédrioths réqiidet! waske )orwhd plocesshngrappx@aid teed bbyedicated to
processor perforn1ﬁ2y of the described methods.. The machi ne-readabl e

i nstruct Fons PREYB NG Fesuugd dHNAIONS| et PREnYr (edBysion payideyngghine-
optical di sk 0f4,0N&{rREMN (BraRY e, SHRhagB B bYW prifi&JRphida: htadabl e
P
instructions can be downl oaded to the storage nedi um 15via a network
connecti on. the described methods. The machine-readable instructions may be stored on an
electronic memory device, hard disk, optical disk or other machine-readable storage
medium. The machine-readable instructions can be downloaded to the storage medium

15 via a network connection.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be described, by way of example only, with
reference to the accompanying drawings in which:
20 Figure 1 shows a conventional MF-TDMA scheme;
Figure 2 shows another conventional ME-TDMA scheme;
Figure 3 shows an interactive satellite communication system according to an
embodiment of the present invention;
Figure 4A shows a transmission scheme according to an embodiment of the
25  present invention;
Figure 4B shows a transmission scheme according to another embodiment of the
present invention, with fixed slot duration;
Figure 4C shows a transmission scheme according to another embodiment of the
present invention, with fixed slot duration and frequency grid;
30 Figure 5A shows operation of a terminal according to a conventional MF-

TDMA transmission scheme;



BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the invention wll be
descri bed, by way of exanple only, with reference to the acconpanying

dr awi ngs W0 2042/038380 20Fi gure 1 shows a conventi onal M- TPUlVEPeHI@mwG23%i gure 2
shows anot her conventi onal M- TDVA schene; Fi gure 3 shows an
interactive satellite comuni cation system according to an enbodi nent of
the present invention; Fi gure 4A shows a transnission scheme
according to an enbodi ment of the 25present invention; Figure 4B
shows a transm ssion schene according to anot her enbodi nent of the present
i nvention, with fibgde §Bothodsoatinm of a termirfl geing a4@nshowsn achanenswbsiion
schene accorg' enbodi nent .of the present invention, with fixed

t t
sl ot duratio (I’nﬁﬁmg?‘gg%ﬂ{:@hﬁpﬁrea?mé‘bvﬁflﬂ%;e 5A shows operation of a terninal

according to a comyant 6QAGws Mrate R ah ARSI HAION (HRGYSER; of Flgure 3;  Figure
5B shows operation of a termnal using a transm ssion schene according to

an enbodi nent of tHgurer éBews opanatennt afdhe hub and Feguinel B thhewstennokkiguee i agr am
of a terminal in the syspem of FLON Gt ELBHLE, . Shgusroper ation of the
hub and a terninal 1 the syslf em IS—Ilrgure * PEF guré’ 8'8hows an exanpl e
structure of a physhneab shéyes bideBi®] signal generated by a terminal,

Figure 10 shows apparatus at a terminal of the system of Figure 3;

Figure 11 shows apparatus at a hub of the system of Figure 3.



Figure 9 shows a baseband signal generated by a termnal; Figure 10 shows
apparatus at a termnal of the systemof Figure 3; Figure 11 shows

appar at usweator/disisoof the system of Figure 3. 8 DESCRI PTIrER2@F/ 0RREF-ERRED
EMBODI MENTS The present invention will be described with respect to
particul ar enbodi mrents and with reference to certain draw ngs but the
invention is not limted thereto but onIy85 by the clainms. The draw ngs
described are only schematic and are non-limting. In the draw ngs, the
size of sone of the elenents may be exaggerated and not drawn on scale for
illustrative purposes. Wiere the term"conprising” is used in the present

description i i t | ements or steps.

Fur t her nor e, %&@ﬁ%@%?ﬁﬁﬁ%ﬁﬁxﬁwd@ﬁﬁﬁ like in the description
and in the clai ms,TharReddsCivé@ionlPildhs idsoa S Hith FedpBEMB§IArtRiullr ledfbol] eRNt S
and not necessarily for describing a sequential or chronol ogical order. It
is to be undendmadiorefdiencetip gertaip Wavsiogy Beldhe iy enhiere scivd higateld| thergiediaut only
appropriage girgumstanges And.Lhat. e, enbodl mmat st 0e |AvERIIEN 1y (e
descri bed herein” are capabl e of” oper arT on I other “sequences ]tlrhlang'descrl bed
or illustrat@évwiapgiths silit gUSENSoSIe WRndtd fhebaekdgeerasal 8ldl idt @rawn on scale
communi cation system 5 according to an 15 enbodi nent of the present

i nvention. THe WEFFAYAPHEACES. SYhorh dedgimmnmatsingn Isysddmis REEnadHGEPODl a
satel lite 80 ,Aadihilm Mbs xR il A0nEATREI RS PudiRiBrdl chd Rl RRSM ¢
function 21 and a set of receivers for receiving signals fromtermnals
40 on returnskdands tBi2d dmd wse likehen ftlke védescrigtionk atd ainsthet clfaingt men uRdd for
transmts a forward link (FW . signal 31 to satellite 30, and the satelljte
30 retr afem (s tnawshigg RaFen iSHRIE] %ﬁ?ﬂt%&n%ottrm%%w gt %esﬁf}?lnéé‘éﬁq‘éf‘d’t“?{/e
termnal 40 taRSAblogical HREMTNis!ib BE ubflrliosd 8Rthe3 i Oso5@edlatd fnferddngaek t he
satellite 30 retransmts the return link signal 32 to receivers 22 at the
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20  to terminals 40. Each active terminal 40 transmits a return link (RL) signal 32 to

satellite 30, and the satellite 30 retransmits the return link signal 32 to receivers 22 at
the hub. Advantageously, there is a receiver allocated to receive the return link signal 32
from each active terminal 40. The hub also comprises a network time reference 25. A
return link scheduler 26 allocates transmission slots to terminals 40 based on traffic
25  requests received from terminals 40 and based on perceived return link quality (e.g.
signal to noise ratio) on every terminal to hub link.. Scheduler 26 transmits information
to terminals, via the forward link 31, identifying which transmission slots a terminal 40
should use to transmit their data. The system 5 is effectively a star network, servicing N
users (N=3 in Figure 3) through the hub 20. A terminal 40 can be an indoor unit or an
30  outdoor unit. The forward link (FW) 31 from the hub 20 to terminals 40 is typically a
single broadband carrier carrying information to all users by means of a time-sharing

mechanism such as Time-Division Multiple Access (TDMA).



9 I n enbodi nents of the present invention, the access nediumis
shared between all return links 32 by neans of Miltipl e-Frequency

Ti me- Di viwpDan1243B380pl e Access (M- TDMR). At every singl eCriEpeolitnss2ant t he
transmtted signals of all terminals (users) 40 are separated in frequency
and the frequency and w dth of spectrum occupied 5 by each termnal is
subj ect to change over time. Accordingly, %t can be seen that the

transm ssion schene is a conbination of Frequency Division Miltiple Access
(FDMA) and Time Division Multiple Access (TDVA). However, in contrast to
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transmission slots. The slots vary in duration. The slots also vary in bandwidth,
allowing the terminal to transmit at different symbol rates. There is no rigid allocation
20  of frequency carriers to transmission slots of a particular symbol rate. Terminal A
transmits across a sequence of transmission slots 51, 52, 53.

In the scheme of Figure 4B, a terminal transmits across a sequence of
transmission slots of equal, fixed, duration. The slots do not vary in duration. The slots
vary in bandwidth, allowing the terminal to transmit at different symbol rates. There is

25  no rigid allocation of frequency carriers to transmission slots of a particular symbol rate.

In the scheme of Figure 4C, a terminal transmits across a sequence of
transmission slots of equal, fixed, duration. The slots do not vary in duration. The slots
vary in bandwidth, allowing the terminal to transmit at different symbol rates.
However, frequencies are assigned to slots of a particular bandwidth.

30 Although, advantageously, transmission slots are fully separated in both
frequency and time, it is possible for there to be some controlled frequency overlap

between transmission slots. This will incur some loss in error performance (e.g.



bet ween transm ssion slots. This will incur sone loss in error performance
(e.g. 10 increased bit error rate or packet loss). There can be sone

f r equencywowverdmgsshet ween transm ssion slots to the extent/EPhat/064289 err or
the overlap causes is acceptable to the network operator. Figures 5A and 5B
show the return Iink signal transmtted b?{ an individual 5 termnal over a
period of time. Figure 5A shows a convent i%nal MF- TDMA ter mi nal, and Figure
5B shows a terminal which operates according to an enbodi ment of the
present invention. Figure 5A shows a graph of frequency against tinme for a
return |ink @URIgased bltiestor atte g padkaniiss)s sTlome shrobs sahe &egiangy e@vedapv/lertvieonal
dynam c-slot M--TDVA term nal. Figure 5A al sq, sho a graph of si bl e
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peri od. nef@KbBera®@rshows a graph of frequency against tinme for a
reverse link (RL), 1llustrating a sequence of transm ssion slots 51, 52, 53
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vary between slots, alt it can be advant ageous. for ease of operation
to choosé’a §Pﬁ@%°?§%€”%ﬁsﬁ@§?@¥e§&Gtsa’a‘ﬁrt‘g‘ﬁR?ﬁl_ogal ue. Terminals 40 do
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prior know edge of the hub 20. I'n an enbodi nent, the return |
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Term nal s change frequencg‘ and/ or synmbol rate at instants synchronised to
1

the transdt skyrdoshasirokFiguies) phbcaprveer devoh gagiremaine@nptantadVbmh ansiyon he
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signal transmitted by a terminal 40 can vary between slots. Bandwidth of slot 52 is
greater than the bandwidth during slots 51, 53. Figure 5B also shows that the duration
20  of a transmission slot can vary between slots, although it can be advantageous for ease
of operation to choose a single fixed transmission slot duration value. Terminals 40 do
not change transmit frequency or symbol rate (occupied spectrum) without prior
knowledge of the hub 20. In an embodiment, the return link time-and-frequency plan is
periodically revised by the scheduler 26 at the hub 20 and communicated via the
25  forward link 31 to each terminal 40.

A hub in the system 5 knows in advance, and to a sufficient accuracy, when to
expect frequency changes and/or symbol rate changes in a return link. Terminals
change frequency and/or symbol rate at instants synchronised to the transmit symbol
clock, these instants being dictated in advance by the hub. This allows the hub to

30  anticipate and counteract frequency changes such that the hub stays synchronised to the

return link signal, without the need to re-acquire lock onto the terminal signal after a



11 carrier frequency or synbol rate transition, as would normally occur in
M- TDMA bur st receivers. Advant ages of a transm ssion schene with
cont i nuousOopEnsS8dsssi on i ncl ude: optimum usage of sat el PCTEPeHANNEEI
capacity (in terns of achievable bits/s/Hz); 5 mninumreceiver hardware
conplexity, and thus cost, for a given total return |link bandwi dth to be
processed. The process of synchroni% ng termnals will now be
described in detail. System synchronisation ensures continuous

comuni cati on between the hub 20 and every individual termnal, as well as
m ni mum i nt echeredogubeywsesyritve e sargraing a82vald mpendly dtad ibhyMEerivdal s
40 in the system It also prevents transm ssion regulation violations. The
system synch?)BF?f§e§F]iV8]f‘?' mechani sm supports variable RL synbol rate and RL

carrier frequency AdiARagHkSbEM SHRERRIH SdehRNwWIRCdANhSMsi ®arRhBRion include:
sufficiently robust to cope with typical channel parameter statistics
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satellite.

Each terminal 40 acquires frequency synchronisation with a stable common

reference in the system. This has two purposes. Firstly, once a hub demodulator has

20 acquired the signal of one terminal 40 on a transponder (and thus has established the

satellite LO frequency offset which can amount to order of some 100 kHz), the

frequency uncertainty on the other terminals transmitting in this transponder will be

limited to the order of some kHz. This fact helps reducing the network boot time.

Secondly, this guarantees that the terminal carrier frequency respects transmit

25  regulations over time. In an embodiment of the invention, a GEO satellite is used and

the forward link (FW) symbol clock is treated as the reference in the system. Every

terminal receives the FW link 32, and thus automatically tracks and 'knows' the

effective FW symbol clock. Thus a terminal can synthesize any other frequency by

considering the received symbol clock as a reference. The expected doppler and

30  doppler rate effect on the symbol rate results from periodic variations in hub-satellite-

terminal distances. For GEO satellites, this amounts to a negligible periodic excursion

from the nominal symbol rate.



A termnal 40 has four operating nodes or states 101-104, shown in the
state diagramof Figure 6. Figure 7 shows a tineline of comunication

bet ween tWe 2hen328Boand a terminal 40. At tine 110, the ROD/EPQII06628%
transmtting a forward link signal. The terminal 40 starts in the 'IDLE
state 101 and remains in that state until it is 5 frequency slaved to the
tracked forward |Iink synbol clock. The telfinal receives the FWIink at
time 111 and acquires frequency synchronisation at tinme 112. \Wen the
termnal is synchronised it receives RL Look-Up Tables in the FWIink
signal . These t ablfescromamt adiOrhas ibar opdratorg @bdest ot $iates i161{1§4,sﬂ10mfinp1h€ iFlatd ed

RL frame str ctures cou he finite set .of nomn transm ssion
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al ready transggidetgst IPRBR SVNRORE wHptiNG RlaSAi®E point it either receives a
<RL SYNC> nessage or a <RL STOP> nessage fromthe hub 20. The hub sends the
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first synbol will be called the Start of Franme (SCF) synbol. Upon reception
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conpletely define the first me are containedi.n < SYNC> sage.
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required to change synbol rate and/or carrier frequency at the first synbo

of the oper atr¢wnab af¢RInd YNGE> deewgt hi 8 <Rh. STQRagecssagatiironu theshifba(hi B hub
sends the <RL SYNC> message at time 117. The <RL SYNC> message indicates that

25  the hub 20 was able to sync to the signal sent by the terminal, and identifies how many
PRBS symbols the terminal must have transmitted in total, before it may send the very
first symbol of the first operational frame. This first symbol will be called the Start of
Frame (SOF) symbol. Upon reception of the <RL SYNC> message, the terminal enters
the 'RL LOGGED ON' state 104.

30 At any time the hub 20 may decide to send a <RL STOP> message, which
causes the terminal to mute its transmitter and brings it back into the <RL WAITING>

state. The hub 20 could, for example, send a <RL STOP> message while the terminal



10synchroni sed to the SOF synbol . The term nal | eaves the 'RL LOGGED
ON state 104 for the "RL WAITING state 102 if it receives a <RL STOP>
nmessage fwormtaissisab (this can be the consequence of a pemdreatiocsranagenent
decision fromthe hub scheduler, or sinply because the hub can no | onger
synchronise to the termnal's signal and nts it to shut 15down for safety
reasons) . Wile in'RL LOGGED ON state 104, the term nal nust
recei ve an <UPDATE> nessage fromthe hub prior to having sent all required
synbols of the current frame. At 119 the hub sends an <UPDATE> nessage

whi ch i nstrudss sihgin geRhAIOGONG Y’ sitghad bpamsneedi$Btlailbie lodet the Ry om
the next SCOF s nﬁgl. Th araneters include: carrier 20 frequency, synbol
rate, nndcodf*%ﬁ ‘Wpﬂ¥ﬁ§“ ATE> nmessage is received at the termnal at

120. At 121, the YRy DAIGGEBTNIstSe 1B (hd efhingVAPRinstdHks Bt fhdge
operational frame. The hub 20 receives this SOF S\I;nbol at 121. The <UPDATE>

message al soredperpad aiter heingeseni talreqiized nubeh ab PRBSstymbolsalsi apgnmyrficat¢re RL

denod fungtion_.n e shoul d f ai unexpect ed| it w send n [
LoPoarea 55 ML ks het . T A pHAEERRCIERING. 1 Sodtbllel PR B TREC

102. Regar dl ggsncotird Rentaiitdain tRr RRDASYNGE @neds@fs Ofhds@Ciliclate tyembbWrhicnk
3l is a cause to switch imedi ately back to 'IDLE state 101. . To
sunmari se t hé'gshubdiessidecrding sehegisolas, thy Rayloafl nigplladomogdeqdyi £qugier yrequency,

synchroni sed fr : r , e -y,
ot i ni ng. £eash kel (T cRhinlERIeARR o Shad ML ET Bup aRYSE BB requency,
this count, anchetfiet symtenl méithcoopatr@tmbl famé . riodoeshdishinin Pifthseé Ro@ineSYNGzhion,

nmessage, . to ti the start the first synbol of an operational frane.
Subsequehély,sylf Ortlﬁﬁdrff’?l%ﬂs@%ﬁyrfl@%lei ve an instruction to apply a 14

correction to the gynpohinkafcEvest @c BREUIGGERY ONY TR $04 TOMHNRL RrAVIIRG:
arrive at the hub 20 at a required tine. It can be seen that the tine

of fset 6t betstaerndO2hd iti reeciacs whkBh SHOPrubcsegei res SCFhely ftbod c8OFYe ithe and
the actual tine of SOF".,i, is.already shorter.than for d thi.s tine
of st 6t shotrudbanoar gerreiifhe Sbetamdiid BaraBo nt st erniifaly nas
been | ogged @RcAuQE tiR b da@. ndHBgdralyaMirekiEe to the terMifalRUbingl ML tvaks Qf tot dhile
will be called tH W can e.g. assune that tH has the interpretation of

seconds, 1ZoultoWndor yagety heases)i nfinity to plus infinity. A common hub 10
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requi red for ngestgemionkhet ub@iciti@hiviag 8@l ial Redfircisg@bols bf Cndurast fridtnt hAt
comon practice in net wor ks. Dynam ¢ RL paraneter adjustnents are
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20  frequency, symbol rate, modcod, power. The <UPDATE> message is received at the
terminal at 120. At 121, the terminal transmits the first symbol (SOF) of the second
operational frame. The hub 20 receives this SOF symbol at 121. The <UPDATE>
message also conveys to the terminal that the hub is still alive. If the RL demod
function in the hub should fail unexpectedly, it will send no more <UPDATE>
25  messages and the terminal returns to the <RL WAITING> state 102. Regardless of the
actual terminal state, loss of lock on the FW link 31 is a cause to switch immediately
back to 'IDLE' state 101.
To summarise the process described above, a terminal 40 is initially
synchronised to the frame, or heartbeat, of the overall system by maintaining a count of
30  the number of transmitted PRBS symbols and uses this count, and the information
received from the hub 20 in a <SYNC> message, to time the start of the first symbol of

an operational frame. Subsequently, the terminal can receive an instruction to apply a



15 receivers 22 know the sequence of values tH=SOF"_i; SOF, n; SOF",i,....
that correspond to frame boundaries. Wien the systemis properly

synchr oniweay12d3g3s8O- synbol s sent by all term nals 40 &cCmippeoiated2Be hub
receive antenna nore or less at a tinme known to the hub as a frane
boundary. This is possible, despite the fact that all term nals may
transmt at different synbol rates, becaus only a finite set of nomnal 20
synbol rates is supported in the RL. Mdyreover, the exact frane duration is
chosen such that an integer nunber of synbols fits in the franme duration
for all per mcbtrediomdnitinasynsyohiae, tp@hsse that symbds fidesdeitdredna bove, attthehiiub

activates th of an .individual term.nnal by sendi it a <RL .START>.
Tessage. . The 2R dE8TES e I heraaen 1 it Py st Syt dhr B8 3 0 st Fw
link, and thyge My tecBVOPOEXyMBACSOEQ,, L 4@ BE héMAt RN oNBOBAYEis afi®idydshorter
termnal to send its first real frame at tH = SOF"" the hub is required to

send the act itheat oo Oing ard (heRIMSPARISOtzhodB sanverep tovaois' subs@pfallyntrse @ngAT
is the round-trip transni ssion del (hub to satellite to termnal to

satel li teyt o! eu%&lnﬂﬂieaﬁrgﬁ%?iﬁ) £ ?(ﬁeﬂﬂble'can activate a correspondi ng
denodul ati on process at a receiver to start signal 30acquisition attenpts
as soon as tH SOFm.i .. Wien a denodul ation process at a receiver 22 is
properly syndh¢BMeBadoup the signal enmitted by a terninal, it is at sone
poi nt able to idenrtlf i recai S I J -th
synbol of the PRB hgeﬁcglt?gnng@?h%gm?eegg% yg?alg@qﬁho\&g C?%g{%ﬁﬁ%ﬁ?}eﬁhgtg’s}%g?%{ed
to this nth sSynipedtatiohhe seearlyenunfdg fosomknesiidityaolplls infiney.oA doensrekib due
SCF event (in Figure 7 . this is SOF n).. The receiver 22 calculates the tine
di ffereni%_ bé?%_gﬁe tifvs iheitribatsd (Al mrshyer e sl Mets Y 1t Binot FANITRRISS
symbol . Thi s g fihie ol AftLlRRGSE (FARRGAlS 2851l ?Q]uﬁx%@%ldﬁ@émﬁ&l% mdtERE
nunmber of synbols (say x synbols). By neans of a <SYNC> nessage, the

recei ver nownphsi pligts, miventrast mithabmnwngeadica it MERITDMA patwork PRBS1ayinid) s
prior to sendin he first real SOF s ol of an aperational fr carrying
B eyl oad of PAGT e uishEtnt §8ranpOrd Phdeteor Pert RN G FOPRiTaS) - Besigha
and now assumBsnd didhtidn@afl ive HenSiel a8 YQlanle bfa6r bf hatniR@Y! PactondP ARRIYI NG
frame will be found x synbols later than the synbol identified as the nth
PRBS synbdl . regsiveuc 22 iknow| dee laanesce colswiatueh inE8OFani n¥PF.¢abiFer.-andthat
synbol clock f | i S |.n n . n | es
27 ter havi ng PEERIGEE TipecBufo ARt WHCE YRR, IRy RhRFRAE R
mechani sm ensyimeslstsbatbyt dieefrhingls 486Gk S/ aint hi tdeeive aheegi meek sraughit ¥ tatie hub
time SOFm The error 6t. is Iargelé due to the 15roundi ng operation

i nvol ved wheN8¥fPniAi G the freeg deundapy. e gdris yapawible, despite tig, faet ghat all
termnal is -0N, 1 i I -4 hi ific
t erm nal andQ%rﬁrgﬁﬂ%J%ﬁagggiglg tadsledéff%%mf: unt |1 259%535 r?%%{gg ?’%ie’?'?ﬁ@%&? Fgﬂiﬁl&ﬁnfg%j
synbol s 20 r egabvledtes yibppsitedBmtthe Riie Mofzoanrdihichaadtdramendirativavie cheeessclt 0 a

static Look-Up Tahle (LUT). which ecifies, for every (nodcod, .s ol .rate)

conbi nat i on, ﬂﬁ%\ﬁnﬁﬁ‘iﬁﬁefz@‘%‘?ﬁr%ély@%g]ﬁéﬁw B ey Hliafl%gor(%fp?rge@c{:gmmﬁﬁ a

frame 10. Thygn,Botfeter m nal 40 and receiver 22 know when to inject/expect
I

t he next SOF Synbol.
As described above, the hub activates the RL of an individual terminal by

sending it a <RL START> message. The hub assumes the terminal is properly
25  synchronised to the FW link, and thus will promptly react to the activation message.
For a terminal to send its first real frame at ty = SOFy,, the hub is required to send the
activation signal <RL START> at about ty = SOF,, 1-2AT, where 2AT is the round-trip
transmission delay (hub to satellite to terminal to satellite to hub). When doing so, the
hub can activate a corresponding demodulation process at a receiver to start signal

30 acquisition attempts as soon as ty = SOFy,. ;.
When a demodulation process at a receiver 22 is properly synchronised to the

signal emitted by a terminal, it is at some point able to identify a certain received PRBS



For as long as a termnal is |logged on, the hub signals during the current
frame period which RL paraneters (nodcod, synbol rate, carrier frequency,
power) shwol2di2ssiseed as fromthe next SOF synmbol onwar @#CT/EPR&11i0662a€hi eved
by neans of <UPDATE> 25 nmessages shown in Figure 7. Associated with every
<UPDATE> nessage i s the know edge how manm synbol s shoul d be
transmitted/received in the next frame. The hub sends an <UPDATE> nmessage
nore than 2AT + ¢ in advance of the next upcom ng frane boundary, where c
is a suitable margin. If a term nal has not received a new <UPDATE> nessage
when al | synbpmhbolofs Hehrg thenrike nymboelantehd\BRBS be@rensenthe icteiag22nmew30hdimtb t he

HUB RL process is in error.angd rever to the,: | TING, K state 2 out of
pr ecaut Lon. -t sssodtug o i TOnETEE" The sRialviEP2 pbo NBgYR I EHEOhlS mext

\ Y (ih" B U771 @M SO R ¢t réde aleda he time
receiver 22 GAPSOESvERE (ih! BigkRA7t @IsMNSDFCA! I TR rédeBAHENC YalbWlateha
nom nal 'y expected value. Thi's information is only used for system health

moni t ori ng. differencefehdsndeeraeiy SEE wd hybdiesasseqrppd i this 1t r BRRS spwbely This
i ndi vi du t erm 's signal 5 in,c]osed rrier.]oo thus nati,vel y copes
wthir cqtiensyentier g Jhi Forfhe, AR ialiinbPRloy b RRR, bef

Advant ageouslsymbbiRe BRBEZag€6UERSYN(SEthebyol B URBTBYr NGV GhIRUISI (HE ter @it fal s
during the |l og-on process use different PRBS polynomals. So far, it has

been descri bégnhawahof Wy iPRBN syRibodp pHet (RewndigdtBe dirtirgal 1RO sympala¢l #hd
the HUB can b L.S: { all L : -ei r
Si'de of tne PR OyfuPRAf RALTRE £RIA0N B iy G RHQR SHERRLS uflifk WA
term nal s canerbénatadegitad aclange asaintds ethaf theqfisn SORRIMbYITOO kher fitse pagload-or

| ess si taneously, so as to mnimse interference a st the tepm S
40. AL aff ¢ FABENS s ¥ R%@_Pd &0 P%é?@%@a%%ﬁyp@cffpp}f{%g@{l‘?% B¢ BRI e
SCF synbol t QykhBg1. t A I&hDE aldoMBndwy ASTshuier Y nbRghad WrricF N E}Hﬂ%‘ol clock

difference canh vary for several possible reasons. In order for 1t
di ff erence t drequencersgm ¢ phvae dentmrions maheer, wetht ngyrvables rierchawed 1gecived aik

<UPDATE> nessage ri nom nal . val bel onging to a kn erm tted
Finite sety SRUEh bR VerRpSHEbp Ry By RGP ehs MR AR Dele)
Thi's means t Rambsven wheRelivie rbuihly ahReHifE SORENTRE blryr StQQ?zargélty dueqyesd

for a nom nal synbol rate 20 change, the hub receiver 22 may have observed

a tinme skedw trewsinseneratvguesalyed/vhen drserofiniggthef nearedt ingegsyvedet xr at e
ot erent ] dectener, g RTRAPRLFty!KESULAR bk ATHELS B
the satellit @erhfindlGndpE BB 20hie b26dd @b caiBatsyafbod, leith@ iandalitfedos@ibald e,
as well as ?ec%(ijvrfr}()lesgrsnabgles. fB%rth lth%ril%iotaﬁzl rtrllle terminal have access to a static Look-Up Table
(LUT) which specifies, for every (modcod, symbol rate) combination, how many
20  symbols should be transmitted (or received) in a frame 10. Thus both terminal 40 and
receiver 22 know when to inject/expect the next SOF symbol.

For as long as a terminal is logged on, the hub signals during the current frame
period which RL parameters (modcod, symbol rate, carrier frequency, power) should be
used as from the next SOF symbol onward. This is achieved by means of <UPDATE>

25  messages shown in Figure 7. Associated with every <UPDATE> message is the
knowledge how many symbols should be transmitted/received in the next frame. The
hub sends an <UPDATE> message more than 2AT + ¢ in advance of the next upcoming
frame boundary, where € is a suitable margin. If a terminal has not received a new
<UPDATE> message when all symbols of the current frame have been sent, it assumes

30  that the HUB RL process is in error and reverts to the 'RL WAITING' state 102 out of

precaution.



25 synbol clock drift. Initially, the SOF time error with respect to target
wll be large due to the rounding operation to a nearest integer nunber of
synbol s iwothe/a383sm nal | og-on phase. After a while, theCTiEPROICO6G628Tt i ON

| oop will have reduced the offset to expected variations due to satellite
nmovenent. Post | og-on, term nal SOF deviation with respect to hub SCF is
assuned to be statistically uncorrel ated between terminals. After a whi | e,
30 the I og-on rounding error towards nearest integer number of synbols x no
| onger determ nes the deviation. The prine causes of deviation are then the
time variabl e traf®onaskingras detayndATs &npged he, the hhlerecervdug2 doparththeopeket i on

of the SOF-alignnment .17 | oop. The peak-to-pea evi atign over the term nal
popul at - on Wit femied fisapeRn bty Roar b eRoe o rulen T MRENGRghnD
around SOF evg#d &r S;l;(@erﬁihgglgﬁhgniwﬂ,% it is advantageous for the SOF synbol
and | ast synbol of an operational franme to be zero-energy synbols. This

way, the RL frequeénbyb gemnadulatiorepiogess| tepicolhy (rackshyenl indsyidnagteravnads jsigpal

nmut ed. Thg muti s perf rmaﬂ}in . ¢l ean spectral way, .because ti.
occur s bet or &1 BT SaaSRRg T R EtyRehes P Fog e iy Sy gharitRu e

can al so be aglyamitckd cxitabehpreiy.zer o- energy synbols to nmaintain a given
power spectral density despite potential synbol rate changes. )
Advant ageousl y, t Helvajlageaysly. BrFRBS sequeped e badreqyengyepdighborring (pailency

pLer 10 and SEAE L5 ROLTELLON LR GOSN AL er o) 10 ol

tween revisions iIs a heartbeat period and
can take a val ue &b fadneitolidebeenf destobede kawpdre indddAud RL13B dewvedn a specific

Advant ageously, .the heart t is (exactly) equal to an integer nunber of
channel i@_rrbé‘%/m’ﬁ’_éagi _st,%e r@@%r%ﬂne@gla&ﬁ SYWér%lS%Ey??B%“aﬁétbé( ?w%ag%.sygﬂgpé,oq n
turn, requireghdd fad dMle BURI TBLKAIJERY BB CLbBKhSY HRORL KALSR Jf All3erhlifthib BarS €t
of 15 discrete supported synbol rates,; such that the heartbeat period is

expressabl e &s nadeitotkgere cauieh &eqaincg und oysbdlantcenar pr psbotultant@isiynse he

finite set. 'c[he S stempa% a dynam ¢ &P}h? wher | ti Iel termnals share the
same frequency BAMHBUtTHEIVE WA CHafge e -s_;ﬁgcﬂé’lm‘f‘ép% t {GRYCT
(centre frequenpiredtlé Ricadeed MuBdiR@ndw Ghdked OUGF synbBl tof it SSOF &ime
controlled such that changes in spectral occupation by all termnals 20

occur at l3ubsletined by thy huhe Tirtang flifkerence camyay feiggvera ibjasrepgoms it order
denodul ati on ver [ ve i.gn il 1. be ri oys Lnder .
(frequency-) ifﬁl{ (tal}e Zi%f%leﬁgdcg i g)ngi %\;efr ge o%ﬁg%&ﬂéerzei)oér%gng?}%s{. g’éﬁ)lv&g& '?V %h}a%génu rt}ée
syst em synchr<BRBATES dssaghothefibddi angpnainglonmmen bbieagihpeah khewn pédmitted Ghire
links 32. This heartbeat is the frane rate 1/ TF. Term nals are only all owed

to change théfy a8partatbrt wewpapically atey mpnsehihe rmigalnelpqr ahis sy thabs
Thus, once everywhE, %Cﬁl{bd&he(?_lngr ﬁ%@%ﬁfﬂiﬁ%‘&#&%‘? &éﬁ%ét%r ?'n%{ih&ﬂl bol rate
uration to no I

descri bed above require this frane m nally equal an
i nt eger dUnbehargde, gy riubl rep@vdirdismay dgar cisessd af tihéekesy rbod anditegued, vigehe

Stated nore formally: let I RL1 be the set of perm.ssible RL synbgl rates.
Then, TF R O?éeti #lég%ﬁxm‘?ﬁl 13§ ARgreRy %err%ﬁné thag %ﬁrcr?ﬁgvgmteeaé@ql%a thas j ¢

is a rationalggubt il €88 R¥efhy ot her perm ssible synbol rate.

The purpose of this slow time correction loop over the satellite is to improve the

SOF alignment of all terminals over time, as well as to compensate for long-term

25  symbol clock drift. Initially, the SOF time error with respect to target will be large due

to the rounding operation to a nearest integer number of symbols in the terminal log-on

phase. After a while, the time correction loop will have reduced the offset to expected

variations due to satellite movement. Post log-on, terminal SOF deviation with respect

to hub SOF is assumed to be statistically uncorrelated between terminals. After a while,

30  the log-on rounding error towards nearest integer number of symbols x no longer

determines the deviation. The prime causes of deviation are then the time variable

transmission delay AT and the jitter induced by the operation of the SOF-alignment



18 Figure 8 shows an exanple structure of a physical |ayer frame 120.
The frame is designed to carry as large a payload as possible, with a

m ni mal awount2/i38380ver head, to maxi m se bandw dt h ef fi cipem@mp2afi/064289 r et ur n
link. It is possible for an enbodi nent of the frame to contain payl oad data
Wi th no overhead at all. However, it is advantageous 5 to include a snall
anount of overhead. A configurable nunber T6f nul'| (zero energy) synbols 121
can be included at the beginning and, optionally, at the end of the frame
120. During a null synbol, no carrier is transmtted. The null synmbols help
to mtigate dogssThepmlnatpdaktderviagpencer thedetmonginpdpulanosmaiictrase simort-lingdhg
alignment with respect to franme boundaries. T reanbl e 122 .consists of a
Conf T gur abl e EHERCe POy EaTER P FRinds SOF Rie. + b HUERCLBoads bt
carrier phasedidiedebROfRNAe SOF YRR A 143y ii]1 oF aR OPBFatidBNStHdle RNbd R&o-
link. A codeword has a particular Iea&th (nunmber of bItS% and a synbol of a
particul ar msdengstsyookchdiis mas, ghef Rbi frequeagradilay i beshultledr whik RL For
some conbj nat i ons, of, SXILP! T ak e, Bl Y, mpdul-atl on and. codi ng, Sehene an,
anmount of” st Ui 1] ng s ol's rraynbe %éq ired becduse tRe payl oad §e¢t T on fof
the frame (expeesdeldrd 8 pliscsyingog Sltet.S Wih Rguitddl @glinaldlghhlple@clofanti&® be
codeword length (also expressed 1 n synbols). Advantageously, these stuffing
synbol s 123 afisicddBhebyccar 4eEp-cogiay pyehnls| te maintain atghum Po4H WECHH deahily of
the franme, b f not carry useful data, and can be
used to 'abs?%%{éiﬁi&ﬁglmoﬁé@%%ggﬁm carrier sync effects which may
occur i mmedi at el y Aafvhemgéduelyptheaybbm 3 gRiodkdatialrewisesttheranendinkifreguaytplaf
the franme contains 20. an_integer nunber of codewords 124. Each codeword
consi st 818 &nﬁl&%&r&&r InforaiLHp é@ﬁeoﬁqu%dvérm%urte %1 feEmnats Hk awhe tgne
scal e. Typi cgblween3ciitidh®isNAsicd a IRAGEA BlriddErPELEEKOL vAIBRFARI oRRH of, 16y
nul | synbols occupy a period of a few yis. Figure 9 shows an exanpl e
BPSK synbol skampln S60mds catsecend. plakentagajuelyt drey h§tbpat ifwexaahyplegud tor ames

131, 132 are.shown | on it h par f athird fra 3 25 Each new frane
begi ns wi ¢ b PR ey o s B b Charttdse Rl o L Subel i R,
frame has thensane W, abdfres Tmitdng 4 Ai1gb1eXemPh Sinkt {8atol 3ARs td 3L finitSZet 383
each have a different synbol rate. Frame 132 has a 'l ower synbol rate than

frame 1313 aniscfataurepppaRd Hasmbal mitghewuck yhes ghe hgedbaah aaried anrexpressabladist #ane
132. 1t wll tggelquql%{bseh%ggyélgg]% o Q%rgﬁm%?g}gﬁe &rg%ebf%%%g&?d THe ”%ét'{: Z Oz{sgaf‘m

and the synbol s®in eac ranes can be trans
di fferent cardvhgéhicfRIEquERE n@8tiplkfterndhalé Bgarb e Sintefr@fuehdebdndrtat ihdieidSOky
synbol s are received exactly at hub-tinme instants associated with a frame

boundary, théRaRaSethEErREAE qCSUREPR dEENUF SHHHERFY APYEH oFe it barstidv poer
heart beat, \Mﬂn?é" Tl %%%r(gl?etd?su%ﬁ\lﬁfa?cﬁgﬂg%s dﬂl&?ﬁ(gfag %{;(ﬁ{pﬂ&&?ﬁf af? Qctr)ninalsl_he

follows a continuous trajectory with connec I ne segnents.
sl ope of 2@ he csagnenubstfitialis théreamatinieer IffthBqueunicop)ent $s adtl wwe detoddh@egef

exactly at SOF synbols 134-136. Figur 0 sc ically shows a termnal 40
for use in t/ECYREN 1?% élgtl?law@rhessggaw?f{sﬁ@ggffgﬁyn%rﬁ@ep&-ﬁpwﬁevﬁe& SPHS 89N
antenna 72 f Qfinds GGRiNITY Gy OIMRE thel dyenTy e h@RbiicH iR aL fARE W dbligy t he

return link RF signal 32, a receiver 80 anda transmitter” 90. Antenna 72
typi cal | y dovwmartheay &rtadl tehen flokwd2d Thinkearbesi igrlad frame trate T FThamdala g

T SRR R T TN R SR T
recei ved2si grlus, dRE @vér§ T seconds. The system synchronisation algorithms described above
require this frame duration Tr to nominally equal an integer number of symbol periods,
regardless of the symbol rate in use. Stated more formally: let {R;} be the set of
permissible RL symbol rates. Then,
7. -R; is integer, Vi
30 Any symbol rate is permissible as long as it is a rational multiple of every other

permissible symbol rate.



10 out put 81. Receiver 80 extracts, fromthe forward |ink signal,

i nformati on about the sequence of transm ssion slots that has been

al | ocat edwoaotdssiser mi nal on the return link 32. This | rComPAMI1OM628B i S
recei ved in <UPDATE> nessages and forwarded to the controller 92. Receiver
80 also extracts, fromthe forward link signal, information 84 which
instructs a change in transm ssion rate. i s |nfornat|on 84 is received as
an 15 offset field of <UPDATE> nmessages and forwarded to the controller 92.
Receiver 80 also extracts, fromthe forward |ink signal, informtion about
the FWIink transhigse Bmhc\mmkexaamée sthurhwe wht ipbysi&d Jay8b{ramnd2@nThafrput itof a

| ocal oscillatar 8 IS a |ed tg a frequ c reference unit

mmi ntaine & SESERE BicoRr oF BeS pr el ur Bl gali Sirinat nOB eg ittt ©
reference Whm%&nhﬁkmﬁmMQdﬁﬂaﬁkﬁmE?@fﬂkh@uﬁ@hﬂkHQJméﬁmﬁ@&ﬁﬁﬁhﬁe@@b&ﬁﬂﬁﬂbf
regul ations Advant ageousl y, each term nal enerates a reverse
link (RL) sidiralraie ¢ eoniainprpload datageth nonovdarhend asullg Mvg@ﬁeﬁaﬂé@tfgeous
nodulated signal ¢ r| n n synb | ed baseb
Sgnar 1t ndb B R inah dhehAOCPIRES XORIRTabE AUPRRL Y AR ATe dRERR T
to RF. Stage s§hbbls 121waf@eaneubddmsit ﬂ)b@hmﬁi@ a\ﬁrﬁJ SptioaRllp et @ed bvBby thierfadmsam t s
the transm ssion synbols on one (or nore) of a set of frequency carriers

used by the tiP8ndhiggiagnllsydeb noSagts ioansyrtsed. chig Julk: shelpéo Bigater

frequency andSuARal HErkipd ARASCHEAMLAIRHS. FAMHE N e BT ffect 0

frequency can vary wthin a fFequenc d requency-c gn es are

synchroni sed ftamdtroan&mets an‘pcelanﬂailemngconlmemeif aa:dpﬂgﬁrmﬂars@qmncmfck@mbbn It

naintainyg gi.ven target ower sgectral enS|t¥> CrQgss nbol frequency
e

j unps at 8% ﬁ%r‘ ol defbt9 ASHS{ATTERA Phajelipckyg rFéP%lF@s%‘f’%%iS% PR
synbols at a d'éﬁ‘sqéﬁ/' Se@e ke A Thesford }‘15@9 Srie ARk ?én@t}ﬁ&q%ef@ﬁ&tﬁ%@ 2 symbol
Advant ageously, the RF stage 95 is not dynanlca y adjusted and
progranmed t of 20patiatiiccabliiylatiorapdwine hastaolinie cipabandbits peuendpl.) eforospmdat
will result in the.correct outdooy un X fr uency range after
o Conver i ofOTRIGHER HESmtgE A Rl el o APTRE Se A G BhOh o suftine
Control I er 92ymapd &Sﬂl&nf‘e@luhm QebRist AR FAylod@tLEMINSS thd EradTRexpRdsed in
frequenc¥%band of each transmi ssion slot. Controller 92, and sequence 5

i nformat 19on 83mbalssis r@éﬂ@ﬁwgﬁésmlﬁ@lewmodm@@l Ieogthdalge exprassed Hys yeieehs).
transm ssi on o] I R es
and the corré%%%%%?éﬁghhﬁgygguﬁﬁ %g%¥%g$%%%g?%g§¢Eﬂ&$ﬁg%ﬁﬁ?ﬁﬁ% ugég%?%
convert the sydboalihd aideof the Gale] Betaiise dilfEing YARBIEIomes sageusch dtd)undedn of
synbols that the termnal nust transmt during the next frane, 10F|gure 11
schemat i cal | YesHEhs0 aRsHBr anydeRpIning PRyt (Srifrowingedffogts Mhichnh oy 2ercus
the satellit ) e 2 RF
signal 31 angn%gie@%}egﬁ%rﬁge e‘?aur n Illi-%k FE@% %ﬁ gﬁgg ;‘ ﬂ{g(%%étt gi‘éthg gfa% Sorkdifl
transnis%@onaanm&@ecemhm@n(ﬁfukhﬁ@ﬁhsﬂghalEadmcamammdenmammayfecnmmb@noﬁ

ground station whjch is ] ocated r not el romthe_hub 20. Hub conprises._a
transmitter érfn%lrSSl@%m@P%?l? nélgfl %Sd}%#vaw (PrikalSi GvRiFalys 2 fnedig adenetigf v er

22 for recei \EOGdbhe I &k&idDarld BK ngil Qﬂﬁto@%ecuﬁ?%ﬂﬁﬁb&%ﬁ g ecei ves data
for transm ssion and perforns codi ng and ation of the S|gnal as well
as nul ti pl exi ng ofFigie 9sshgwalfm aesiplanB8S Koyynihiof ‘smaelmtanﬂeqammaﬂ@semajectory

Transmtter aI 0 inclu h rd |i k SI nf or mat.i,gn
About t he sedUbnda oot el K dpoft eite! e Sulnil Pha Bl PR 1SS
schedul ep5 26 Hagh aa® Trdny B@%\@d whR aQBsgeb@yd ShHIOF Fﬂaﬂﬂé (§©F) Bﬁnbeﬁ suabi® 136.
frequency reference (e.g ocal oscillator) is applied to the transnmitter

21 and used Hpch amerhpadhg saneq dl@r@tlglzaﬁerém&n% EXHBPIE sOF drempy gl 53231133 each
controlled r i 1 v a

0" et vor s o5y ER U GSRNEL AL PRog AT YR R BT 06
in the systemfanidetdd tas 2Aighenpyindes raa thaputanicon 3t emdi ftamg B2. RAt svignisd

(typically down-converted to an IF). A tuner 223 tunes to the 25

particul ar fregueey ﬂ%ﬁéng%v@howth@é?aé@@ad tsignahgreagy apch i symbsfs iagaph of
Instant g t'f&‘ﬁles%'ifb%z 4850 ha il Qim fida G 'dﬁfkr@ﬁ%aﬂ% %ﬂh e 't1¥eeH'ub
transm ssion synmbols at a reqU|re§'rate Thi's also 1nc eco

recei ved dataumcﬁnhemhkemeZZB?sﬁnmﬂveszﬁhev&qu&ﬁgaxmnbmmmahmmnmﬁmmnmmed

schedul er 26 and uses the nce . i nformati.on to ontr t he tuner 223 to
S rat et Re Pk At e R &5 Py SO ieRaptia b BE s,RR



30 slot of the particular termnal 40, at a tine which is known to be the
start tinme of the transm ssion slot. Controller 221 also controls the
synbol dewoadoi2ai3sisn function 224 to vary the synbol rat@CaEpesidiong3to the
sequence information. Schedul er 26 receives 21 requests from active

term nals which specify the transm ssion needs of the term nals. Schedul er
26 al l ocates a sequence of transm ssion sldts to each active terninal based
on their transm ssion needs, and may use various prioritisation criteriato
fairly distribute resources anong the terminals. Various scheduling

al gorit hns amheaikmatrwhich tshbe frine réic AlRcdnthagde wsiner pahde Gledollowd & cdinohange
carrier frequency and/or synbol r. .in a phase_conti nuoys fashio or, wth
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hub receiyer design.and 10allows return |i fficiencies very,.clgse.to
Carel |1 te’ ohanign’ aupaemoR OB ka8 B GO ERABE riB U B it
schedul er at Banpidsri@matih@akd ecte@chinit RFNdigall 32, hrraasarss) ol §liehsmhice Dol s
mat ched to the bandw dth demands of the termnal at that tinme. Different

portions of tHéTALFuREHINdownsoBYytsofe dpryasd dink Fargarldtinto e § band mdyur e
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not have 15 any data to transmt, i1t can either ocate
transm ssi on liskoignal 3 haal pafirnaldehaddiatidt bnd decoling)ofl thg gedived kignalet Dataiing

the terminpal to state 102. tion (i) has an advantage jn that it allows
the termtal PPt %ﬁfﬁéﬁrr%ﬁgm% ﬁé{mzlaﬁc%rt”ﬁ%q ﬁfﬂ_f Sbgaﬁf; aogpatinggboyt the
request for Q@@Q%@Bﬂmrﬁﬂﬂss‘icﬁpﬁb%Qhai‘rl‘laéb«l:é?lp%ﬁfo'cﬁ’t_@d‘66 e (Enhaedn @ehéYm link
w thout the need to | og-on. Whether a termnal is operated using option (i)

or (ii) will 3@epEhd inforRefiarBdrs regokdas <UD AlFbemcohgdsrad foraasnd $sitlen
| ot s. Th di t d i bed i tail i '
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never updated. In this alternative enbodiment, there is no need for all
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term nal 30 espegnaldgnlitions.he system al so supports

Advantageously, each terminal 40 generates a reverse link (RL) signal 32 in
multiple stages. A first stage 94 generates a modulated signal comprising transmission
symbols (commonly called baseband signal in the art) and a second stage 95 up-
converts this generated signal to RF. Stage 94 is a wideband transmitter 95 which

25  selectively transmits the transmission symbols on one (or more) of a set of frequency
carriers used by the transmission scheme. Stage 94 dynamically adjusts the carrier
frequency and symbol rate in a phase continuous fashion. The carrier frequency can
vary within a frequency band. Frequency changes are synchronised to transmit symbol
timing. Level adjustments in order to maintain a given target power spectral density

30  across symbol frequency jumps' are also performed by stage 94. Stage 94 generates
transmission symbols at a required rate. These symbols contain coded user data.

Advantageously, the RF stage 95 is not dynamically adjusted and is programmed to



22 the dynam c schene. Therefore, the systemcan SOF-align all termnals
even in a static RL plan scenario, for the sake of a unified approach and
reduced tweROBBEISH The system can have any one ofCrhP2dialobexas ng
topol ogi es: star; multi-star; partly nmeshed star network where

termnal -to-hub and term nal -to-term nal gonnunication 5 links can share
bandwi dt h. The partly neshed star network fas a 'master' hub and a
plurality of slaving hubs/terminals with "renote RL receivers. Al of the
renote receivers synchronise to one common virtual tine reference. The tine
ref erence cantapeald ohasmiPasiot ihenlrign&yiseqmyGRG)ont ithme. wilenotk inedei aerest
obey commands &@nt bﬁégﬁﬁcheduler in the master .hub. 10The i@yention i S not
limted to t 8" €hbsl t EIYENR 1Y 2HET BPHOIVRTIRh naf BulHody FrRgrE an
varied W t hoyfpflepast leBlving @atat M8 ©AREIDfand B&yueRMERTdrRAtion 83 dekdhiites tle A
met hod of operatlng atermnal in a wreless nultiple access conmuni cation

syst em conpr itsingnd frespugagyd brichloft ¢ich hsansanssigialsloanoatreliaruPh fuidhiBedquenen t he

term nal,.5wherein.thg, return li.nk Hses i n1mhic€ i s shared bet.ween
tor m nal & on RETRY £ Pt HpESuBalTHL LI shing AR yghitest

transm tting sitr e Wioie b Rlorsd gnadk-liy amid T esMEyhatbol aREOShd heSEFHSPERIIDT
transm ssion slots, each transm ssion sl ot being)defined as a tinme slot and

carrier freqieRéyr ohfseisioaaymbels. fiheddeheysahip wpwes the wmbot et ciraatd
bet ween tr a”%ﬁﬂtﬁék%%@{%ohéssa & OWﬁﬁIglb& %ﬂésynﬁlf‘oﬁymat M AN Hust Fansmit

transmtted continuo acr os e sequen
during the next frame.

10 Figure 11 schematically shows, in more detail, apparatus provided at the hub 20
of the satellite transmission system. The hub 20 generates the forward link RF signal 31
and receives the return link RF signal 32. The actual transmission and reception of
these signals at an antenna may occur at a ground station which is located remotely
from the hub 20. Hub comprises a transmitter 21 for generating the forward link signal

15 31 and a receiver 22 for receiving the return link signal 32. Transmitter 21 receives data
for transmission and performs coding and modulation of the signal, as well as
multiplexing of the signals destined for different terminals 40. Transmitter 21 also
includes, in the forward link signal 31, information about the sequence of transmission
slots that has been allocated by scheduler 26 to each terminal 40 on the return link 32.

20 A stable frequency reference (e.g. local oscillator) is applied to the transmitter 21 and
used by the transmitter to generate transmission symbols at a controlled rate on the
forward link 31. Advantageously, there is a bank of RL receivers, with one RL receiver
22 dedicated to each active terminal 40 in the system. Receiver 22 comprises an input
for receiving an RF signal (typically down-converted to an IF). A tuner 223 tunes to the

25  particular frequency band known to be used by the terminal 40 at each instant in time.
Symbol demodulation function 224 demodulates received transmission symbols at a
required rate. This also includes decoding received data. Controller 221 receives the
sequence information from scheduler 26 and uses the sequence information to control
the tuner 223 to adjust to the frequency band known to be used by each transmission

30 slot of the particular terminal 40, at a time which is known to be the start time of the
transmission slot. Controller 221 also controls the symbol demodulation function 224

to vary the symbol rate according to the sequence information. Scheduler 26 receives



of transm ssion slots. 2. A nethod according to claim11 further conprising
receiving, on the forward link, information identifying a subsequent

t ransm ssworrosl3s3soand wherein the 15i nformati on al | ows PCinEPR@nm662a9 t 0
determ ne a nunber of transmi ssion synbols to be transmtted during the
subsequent transm ssion slot. 3. A nethog according to claim1 or 2
wherein the return link signal is transm ledin a phase conti nuous manner
across the sequence of transm ssion slots. 20 4. A nethod according to any
one of the preceding clains wherein the termnal can transmt at one of a
set of differentstsymmlachat esmiralewbieh spécifyytodlansmiss®nbeicdgof @leateadinglsch

t hat each of _t et. of synbol rates has an . nber of s
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the preceding clains further conpr|5|ng ach|r|ngpfrequency synchroni sati on

with the for \mﬁourqes; Akorg thetteranisath t Vangpsachedudipablgorithansears hgowa iy theart.
ir equencys on the (}Vgﬁtggflé;ugf& %%ﬁﬁm&lals i(p Cfl%%glé” I %g f f(au% g)g Qr(l:(?//?rhsgmbol rate in_.

30synchroni sati on. accor roconprising
acqui ring synghagnés@inhow fastibn,arRuth @f)refdhﬁaweysﬁcﬁmnhyd phase disco@@@iityl Nhis

fromthe hub, an instruction to start transmtting identification synbols
on the retur ﬁnqkphp(t easier to fulfil transmit regulation requirements, because there are no abrupt
changes in signal value, which would generate spurious (high energy) frequency
components. This requirement allows further simplifications to hub receiver design and
10 allows return link efficiencies very close to satellite channel capacity.

In the system described above, a scheduler attempts to allocate each terminal a
transmission slot which is matched to the bandwidth demands of the terminal at that
time. Different portions of the frequency have slots of different bandwidth (e.g. in
Figure 5B slot 52 has a larger bandwidth than slots 51, 53.) If a terminal does not have

15  any data to transmit, it can either be (i) allocated a transmission slot with a nominal
bandwidth, or (ii) logged off, returning the terminal to state 102. Option (i) has an
advantage in that it allows the terminal to continue transmitting, such that it can later
make a request for bandwidth, and receive an allocation with minimal delay, without the
need to log-on. Whether a terminal is operated using option (i) or (ii) will depend on

20 factors such as the number of free transmission slots.

The embodiment described in detail is a dynamic scheme, where a terminal
changes symbol rate and/or carrier frequency as instructed by the hub. A static scheme
is also possible, where the RL frequency plan is never updated. In this alternative
embodiment, there is no need for all terminals to be SOF-symbol-aligned. In this

25  alternative, the terminal can switch to normal frame mode at a (static) operational
symbol rate after having transmitted a static default number of PRBS symbols also
known to the hub. The result of this is that all terminals keep sending SOF symbols at
some random time offset from the hub SOF. This does not harm individual
communication between a terminal and the hub since it is sufficient that a RL receiver

30  knows where to find the codewords in the received symbol stream. In practice, there is

little cost involved in SOF-aligning all terminals, especially if the system also supports



Stransm tting, on the return link, identification synbols and counting the
nunber of transmtted identification synbols; receiving an instruction to
begi n tramermntda3sdgoa user data payload in a first transmCIHiPen18b@Bo after a
speci fied nunber of transmitted identification synbols; and transmtting,
inthe first transm ssion slot, a user data payload after transmtting

10t he specified nunber of identification dymbols. 7. A method according to
claim5 or 6 wherein each termnal transmts a start of frame synmbol at the
start of each transm ssion slot, the nethod further conprising receiving an
i nstruction tle ddjanst sdchemes yibaifore athe spstern lven SEXFualrgnl allnkropinale reder int ostatiare
align 15the start of fra mbol sent.by the termnal wth start of franme
Symhol s sent Wy PR Renatie R TAaRd o % Haadoch Sad e eaeai oper at  ng
hub of a Mﬂre'ESSTmEk?h&h%aﬁ%ﬁ@§§nﬁﬂﬁﬂﬁﬂh&ﬁﬂkﬁﬂh WPbRZ S ONRF hivlltNGtagt fatiyrar d
link fromthe hub to terminals inthe systemand a return 20 link froma
termnal to tshedibtar waeyask whase terminglriRdiub raneh teaninihigHtsrainal eorgmunication
transm ssion gediumwhich s .divided on th asi.s of tinme and fr. ency.

the. met hotl coes MR B figfh, G Rt MORGPRRL Belonk WIF T ARG PR
system a sequphiekyodf bladingnhts/@misdlotwith aasbid MANSBicHwran Al aif el kenote
defined as a tinme slot and, carrier frequency, wherein carrier 25frequency
and synbol r &8EHEENSYERARBEC B PYeetnpRh N Hiak §ing fefgregee : The time rgfleredea mbe a
return link r i i I .rec i : i i

from each t ey A REPRE SBGRI(PST AERCRUNGR Bleibche ob W AmkhdL it 357
change i n carchegdolef iretoensier &ubhst antially in synchronismw th a change in

the carrier frequepcy of the signal received fromthe termnal, wherein
30the retlirn IinkeIn%]FQ‘ﬁ‘Qnth% Ty ot e e dhecRadi el ﬂ@scaﬁ?%gl%relph@fh%dﬁ@h% of

transm ssi on modified or varied without departing from the scope of the invention.



slots. 25 9. A nethod according to claim8 further conprising nonitoring
the timng of the termnal and transmtting an instruction to the term nal
t o nodi f ywORle12¢0384301 rate without substantial interrupt Pofi/EPR@1/064289 n | i nk
signal. 510. A nethod according to claim8 or 9 further conprising
transmtting information to the termnal identifying a subsequent

transm ssion slot, and wherein the informdfion allows the terninal to
determ ne a nunber of transnission synbols to be transmtted during the
subsequent transm ssion slot. 1011. A nmet hod according to claim 10 further
conpri sing pdflaimis cal |y determ ning transm ssion needs of termnals in the
systemand transmtting the information identifying the sequence of

transm ssion slots on the basis of the determ ned transm ssion needs and

return [ink quali tAymeﬂdidQﬁt@fesdtﬁ%cahteaﬁmm nakvideRs aiudeplé akdeds anmupichlinal
power anplifier saturation 2. A nmethod according to any one of clains

8 to 11 furt hﬁ?ter@m(?pmﬂsﬂnngga Eewaid hmigtcsgmcthlirmnﬂlsm oretwint linkafroeyr the hemivdl. t he
T ansm 11 ng et PR BAEESaahdbh PR bk Bl Pt M BRER At (e
return link, tindﬁnfdlfqu@aﬁdyome&yétb@i &ﬁp@gﬁﬁgﬂ tted by the term nal
transmitting a return link signal from the terminal across a sequence of
transmission slots, each transmission slot being defined as a time slot and carrier
frequency, wherein carrier frequency and symbol rate can change between transmission

10 slots, and wherein the return link signal is transmitted continuously across the sequence

of transmission slots.

2. A method according to claim 1 further comprising receiving, on the forward
link, information identifying a subsequent transmission slot, and wherein the
15  information allows the terminal to determine a number of transmission symbols to be

transmitted during the subsequent transmission slot.

3. A method according to claim 1 or 2 wherein the return link signal is transmitted
in a phase continuous manner across the sequence of transmission slots.

20
4. A method according to any one of the preceding claims wherein the terminal can
transmit at one of a set of different symbol rates, the set of symbol rates being related
such that each of the set of symbol rates has an integer number of symbols during a
frame period, and wherein the terminal changes symbol rate at a start of a new

25 transmission slot.

5. A method according to any one of the preceding claims further comprising
acquiring frequency synchronisation with the forward link and transmitting at a symbol
rate and carrier frequency on the return link based on the acquired frequency

30  synchronisation.



and counting the nunber of identification synbols received fromthe

term nal ; determning a start tinme for the termnal to transmt user
payl oad osDa0i2n3838hi r st transm ssion sl ot based on a numb@EPed1isE@asN tt ed
i dentification synbols; transmtting an instruction to the termnal to
begin transmtting user payload 25data in_the first transm ssion slot after
the determ ned nunber of identification s%wbol s. 13. Awreless

comuni cation termnal for use in a wireless nultiple access conmuni cation
system conprising: a receiver arranged to receive a forward |Iink signal;
and 30a tran$m tt & namth@hgadrdiog to ahsmi § fertheetapmprisingkasjugingl synshensimort he

return |ink us&‘rs]Eb brr%ﬂ' um E/ni ﬁh' I s shared between term nals on the basis of
time and fredll @’ CHRETRPY the transmitter is arranged to transnit a

return Iink signaledeivams,t 8t @idrinag! an2fisGRRN & Ner RASHRALE i@ntification
transm ssion slots, each transm ssion slot being defined as a tine slot

and, carrier symbglyendhc refinetiekn carrier frequency and symbol rate can
change between tr%nsm' §tsi on sdlot§ n(il( Vgﬁe{.fai n. the Lefurn | i qk Séh nal ,is
: . transmitting, onthe réturn 1ink, 1dentitication symbgls.and.county mber
transm tt§ed conti nUOUnSHI Y dCr 0SS et'llueqsequeence Olfo tyrélnsm §ISI Oll’ll SI}gO . Ilg
of transmitted identification symbols;
receiving an instruction to begin transmitting a user data payload in a first
transmission slot after a specified number of transmitted identification symbols; and

transmitting, in the first transmission slot, a user data payload after transmitting

10 the specified number of identification symbols.

7. A method according to claim 5 or 6 wherein each terminal transmits a start of
frame symbol at the start of each transmission slot, the method further comprising
receiving an instruction to adjust the symbol rate on the return link in order to time align
15  the start of frame symbol sent by the terminal with start of frame symbols sent by other

terminals in the system.

8. A method of operating a hub of a wireless multiple access communication
system comprising a forward link from the hub to terminals in the system and a return
20 link from a terminal to the hub, wherein return links from terminals share a transmission
medium which is divided on the basis of time and frequency, the method comprising, at
the hub:
allocating a terminal in the system a sequence of transmission slots, each
transmission slot being defined as a time slot and, carrier frequency, wherein carrier
25  frequency and symbol rate can change between transmission slots;
allocating a return link receive function for the reception of the return link signal
from each terminal in the network; and,
causing the receiver to change in carrier frequency substantially in synchronism
with a change in the carrier frequency of the signal received from the terminal, wherein
30  the return link signal is transmitted continuously across the sequence of transmission

slots.



14. A wirel ess communi cati on apparatus for use at a hub of a wireless
mul tiple access conmuni cati on system conprising: a transmtter arranged to
transmt wof2ormas3kol ink to terminals in the system a recCeipresiias2anged to
receive a return link signal fromone of the termnals, 10wherein return
link signals fromterm nals share a transpgission nedi umwhich is divided on
the basis of tinme and frequency; a $¢hedul | ng function arranged to
schedul e a sequence of transm ssion slots for the return |link of each
term nal, each transm ssion slot being defined as a tinme slot and, carrier
frequency, wderei i\ gethoderxccéndaguentaimath irgyenbahpnang meanochathgditheg we dine
15t ransm ssign slgts; ..causing the receil ver to chan in fre nc
subst ant i al | YRy PG 1 R oerlo & T Tl g daresy e pyEbeletd n
link signal ragRuy&bstah@MihbubEIiThdRturn WARSRLWAL t he return Iink signal is
transmtted continuously across the sequence of transm ssion slots.
2015. Sof tware conprising instructions which, when executed by a processor,
cause thes prqgessof iRl D STR'9%b REARF A0 AYnARS e ShrofhBisP
to the terminal identifying a subsequent transmission slot, and wherein the information

allows the terminal to determine a number of transmission symbols to be transmitted

during the subsequent transmission slot.

10 11. A method according to claim 10 further comprising periodically determining
transmission needs of terminals in the system and transmitting the information
identifying the sequence of transmission slots on the basis of the determined
transmission needs and return link quality indicators such as signal-to-noise ratio and

terminal power amplifier saturation.

15
12. A method according to any one of claims 8 to 11 further comprising acquiring
synchronisation with a terminal of the system by:
transmitting an instruction to the terminal to start transmitting identification
symbols on the return link;
20 receiving, on the return link, identification symbols transmitted by the terminal

and counting the number of identification symbols received from the terminal;
determining a start time for the terminal to transmit user payload data in a first
transmission slot based on a number of transmitted identification symbols;
transmitting an instruction to the terminal to begin transmitting user payload

25  data in the first transmission slot after the determined number of identification symbols.

13. A wireless communication terminal for use in a wireless multiple access
communication system comprising:
a receiver arranged to receive a forward link signal; and
30 a transmitter arranged to transmit a return link signal, wherein the return link
uses a medium which is shared between terminals on the basis of time and frequency,

and wherein the transmitter is arranged to transmit a return link signal from the terminal
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comprising a sequence of transmission slots, each transmission slot being defined as a
time slot and, carrier frequency, wherein carrier frequency and symbol rate can change
between transmission slots, and wherein the return link signal is transmitted

continuously across the sequence of transmission slot.

14. A wireless communication apparatus for use at a hub of a wireless multiple
access communication system comprising:

a transmitter arranged to transmit a forward link to terminals in the system;

a receiver arranged to receive a return link signal from one of the terminals,
wherein return link signals from terminals share a transmission medium which is
divided on the basis of time and frequency;

a scheduling function arranged to schedule a sequence of transmission slots for
the return link of each terminal, each transmission slot being defined as a time slot and,
carrier frequency, wherein carrier frequency and symbol rate can change between
transmission slots;

causing the receiver to change in frequency substantially in synchronism with a
change in the frequency of the return link signal received from the terminal, wherein the

return link signal is transmitted continuously across the sequence of transmission slots.

15. Software comprising instructions which, when executed by a processor, cause

the processor to perform the method according to any one of claims 1 to 12.



