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NETWORK  FW® 98/51023 CONTROLLI NG STEERABLE BEAMBCT/US98/09167
Field of the Invention 5 The present invention relates to
conmuni catjon networks. More specifically, the present invention
relates to the efficient sharing of access links within a

- conmuni cati on networKk. Backgr-ound of the Invention
10 - .. In tel econmunication net woNESWORKROResirable to send
various types of data in ad@dONTROLLING STEERABDE BEAMSS bet ween
subscriber units. The various types of data may or may not require
real -time constraints and they may have uni que data rate requirenents.

The transceiving of a variety of Rigltkofothdalravekitioncreates a need for nore
efficient sharing.of network.r: [Cces a ate.a |ar uantity
and vari5ety of t?rg)qi;&re@rp&ngg\?ér?ﬁoﬁ \Kﬁ’ﬁtq%cftgagﬁ%ﬁﬁﬁﬁﬂc 'ﬁa y"gi‘!’{&' 3
bandwi dt h r ejviorespecifieally, theopresent dnyentiors relatesi tsithe effiesenénd
Wi th increaging: | L1 of,pata o t 1, SS1 legments, the
exi sting 20 %%{%d%f \aé?c'rede(t:stnésw kg'blf“gﬂ@;e"caaus%&ﬁmrﬁgfhgaﬂoh%%ﬁghsi ve enough
to user requests. Some communi cati on net wor ks have

attenpted to accommdatgaékgfgljm an@éwﬂmnent |y dedicating
|y to, handl i [

one or nor e channel s excl yusiy i ng. varioys .types of data, 25
Lrafficlovhile tNs PLEFAMBNIRAtORGUBBWAEKS ni 1t i { [dsirdller fa send; g
access chanRgirfousisitypesdedf cdatal inhaaddition PeoMeveite Y commurticaitRsns

t hose channel.s froma‘étg%? " of usabl ﬁ. and _at her

| se atval | abl e
channel's. THeNEeN,:S rbeE M., gesvpgoglss\ﬁlpes of\ data: MavOfs PRY al
Ir esclzu; ﬁes. viote poquiret neab-tispet ecmnsrainiso an@gbteyynmdihweedrﬁ:d;m ndata

ac e ca ca r Qk,, A e
traffic | ogg’&%?[@s‘%ﬁ{%%g‘g% i cz:['tr?aéd tran_sfsﬁggﬁ]e(ﬁs% 9%\"?9(: k& ggﬁkg ofdata
r esponsisienegyeates prcneed faranmekeitafficient shatinge pf metwaerkdsesourcesctei ng

excess net wor. f a § Cd i 1 ANOT
cﬁ]&gmﬁdét% & large quanlityaPRhd CPareRs ot TRAffic\0 ?éfrg@ﬁ%.

condi ti ons. ocatjon 3 ractices ., reveal /a,gertain, in I
and ineffici & increasing n@f‘ﬂo)"{ige ur FRNQING itﬁ‘”ﬁg‘@!‘ft requirements at

contemporary data transmission rates and with increasing
varieties of data transmission requirements, the existing

20 methods are unsuitable because they are not responsive enough to
“user requests. '

Some communication networks have attempted to
accommodate traffic demands by permanently dedicating one or
more channels exclusively to handling various types of data

25 traffic. While this technique may reduce the initial time required
to access channels, using dedicated channels permanently
removes those channels from a “pool” of usable and otherwise
available channels. The use of dedicated channels is also
wasteful of spectral resources. Moreover, those systems that

30 employ dedicated channels lack the capacity to dynamically
redistribute or allocate the traffic load across the dedicated
channels. A lack of responsiveness to specific bandwidth
requirements leads to allocating excess network resources for
many applications to meet worst case conditions. Such allocation

35 practices reveal a certain inflexibility and inefficiency in
networks currently in use.
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- 2- St eerabl e antennas in existing satellite networks have been
used in YOR¥S51®3works in an attenpt to acconmodate wi dely PCTUSAYET seg
user traffie. The use of .steerable antennas in sone systens has_been

limted to relatively pre-determined (i.e., 5 fi xed) patterns. However, - ~
such, systens are unable to respond to user requests for increased

bandw dt h and/.or an increased variety of data calls.

Brief Descripti e 1-0gS; : o4 ol S | ayout iér-am.
of an envi rogrre%}e\%}?é@n am@Wh\%ﬁi gﬁ%a('§téago {*gl(!]'ﬁgc?’%t@oikﬁnm%gﬁeghs _
net wor k enplusgidnin asome natmarks sinatannattempt sto eaccommiodatet aeidelye
beans opera b AW AL O ef,& I LEen e t
"mvent | on. _ drepersed et Halfic, | TRE Suco " 6f BRAELIE Thofonhif, I 6
communi cat i §¥siems uhag beepndlipitest atoonrelativelyubpretdetermmined (i.e.,
FIG 3 sshovgixad)i pattbriisa0riagneliet, SURAP sysTBms" &6 ghable to resporid Fo ¢
shows a flow di aq_ram oft ta*sks i(tg_'eprfor d E t he c&&rol stat'i on;

FIG 5 showdSgrf [TeUesiS,qiom Beregsed Rrndwidth #n 2@n  hwreased:;
and variete of datavcallssanpl e listing of an exenplary steerabl e beam
.schedul e. Detail ed Description of the Draw ngs 25

FIG 1 shows a |layout di a&e}m of an environnment within whi ph radio
frequency tel ecommuni cat i dhdehddeserplionopdr thesDrawingsiet wor k 10 i ncl udes

preferghl y severa, Spt shoivs®sa JayBaC tabrdm of &f' %’gy@ﬁ@b@m&giw@ e

stationary orhi Es aro e earth, For arity,

n
of satell11dhichoa Eadie Jreavency telecommunications weetwerddeemploying a
colr)mruni cat es:qu'ttt& 8étta|ti©fnst aﬁdeagﬁatéﬂlig@ntmh . steoRdidlel OB_eBﬁLs Wperaigd i pl e
subscri ber uni ar stat| y . a . W ot her ne ori.n
satellites %GPOQW%QBhéséf%?ﬁé %?)oghment ﬂillqhﬁppi@???{ SPVGBHﬁ'ghi cation
links with subsElGhe? sihows a2blonkediagramnodft apsataltité odrt bommiurdcatiod € -
satel ljd e I sred ' t .the invention, satellite
20 hasista nuﬁ@teq %&%Bf @;t?fééﬁagﬁg gn.t%g#né%@ f"ﬁ;tf proj ect a correspondi ng
nurmber of FIG. 3 shows a timing diagram of a frame time interval;
FIG. 4 shows a flow diagram of tasks performed by the
control station; '
FIG. 5 shows a flow diagram of tasks performed by the
20 satellite; and
FIG. 6 shows a sample listing of an exemplary steerable beam
-schedule.

i Detailed Description of the Drawings
25 FIG. 1 shows a layout diagram of an environment within
‘which radio frequency telecommunications network 10 bperates.
Network 10 includes preferably several satellites 20 placed in
relatively low or stationary orbits around the earth. For clarity,
FIG. 1 shows only one of satellites 20. Each satellite 20 is a
30 network node that communicates with at least one earth control
station 22, with multiple subscriber unit earth stations 24, and
with other neighboring satellites 20. For each satellite 20, a
multiplicity of communication links with subscriber units 24 are
multiplexed together at a single satellite 20. In the preferred
35 embodiment of the invention, satellite 20 has a number of
steerable antennas 26 that project a corresponding number of
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- 3- wowimendent | y steerabl e beams 28 over a nunmber of PCFIUS9S/09MGDseE -
skilled in the art recogni ze a steerable beam is sonetines referred
to as a "hoppi ng" beam and the two terms are used - i nt er changeably
herein. 5 - Network 10 has any nunber of subscriber units 24 grouped
together in relatively small geographi cal -3areas call ed nicrocells 30.

A gr.oupi ng of a number of mcrocells 30 forns macrocel | 32. Macrocel | s

32 are | ogi candepasdentlyi gheerbley heamsc28i oves a numhenof calises Ehose
borders are gKmédNtiny HEAndH"Irécbgnize- 4! @teérame bébﬁtugateégbengmes -

macrocel s 32 as be| n a cont, uous rqu m crocel

this is not Je? S 2| AIQRRING g %’Bd and the ¥R niekmss ang sused
I nvention onqngérehr e’:al’.d ahgrem/l ces one macrocell 32. A gr oup| ng of
mul tipl e macrocel | Lch represents the :
entire r3di o cover‘gégﬂéﬁﬁ P(f)giﬁaﬁgnyohgl?\i@%lgﬂfi?@b%‘ﬁb&r unfts f@ogrouped
conveni ence, tégethdr iihl relatively rémalic gedographicalsameas calledsmiarecalis
rect angl es wigdo [ 3
However , thos#ed]skl Ié%glbhﬁmoé rﬁ?ﬂﬁefeo? H‘l ers an% 30 fo{rﬁ'ga%ﬁg J%%%%I .32'
practice, eqiMpcrecelint B2 i ars jpgicatt e@pmstsnptlons s&fel dynamiat antidiesy
have a shape \gas é"éﬁ&éﬁtaﬁd‘%ﬂéﬂ & cBhstantly r&%@ag in tthgg arﬁ@nﬁ

si de | obes rrai/Hdl stort some m cover

att
| arger M eas IIH8Hal€Ber 'T??EPQ)%% asS@Q'BQd g rﬁﬁ"%ﬂ@“ﬁeggwmﬂgov@f | ap
bet ween adj aqaidrotetisoc8l| sbut thns30isrrmotba wqammlentZS In the kefertedO

b
2a. Subscr | bemEaipesl ot b’ dpkBrbldh.cobe' & éra%%vaﬁanangé%ﬁgébé‘ﬁé ’
radi o communimacrocekqu2nenA. groupingeof mulwpieflsmautmell$er32mlfbsrﬁé
be b
TRy be batt CrboRgHRE @?1 I TeisFEsents, ¥ el ¥l 6VEla0d WelYor,

i ncl ude rel at Y ant enna Scri ber uni
conf i gulied td)l'teaa@'tﬁ litear20 recei ve Vvoi ce data, video, and/or other

types of comuni CF’(E Q!b'?wemenc@lJbFlG ﬂ’eilh}’éﬁrbﬁeg“ r'i‘%’ro’&éﬁs b%d'éé’dsﬂfé’lll'”d

term nal s. SCri er uni.t's % ave man other differen
confi gur at i or¥duares g rectangles, Iw'ﬂ'h% pyerl ﬁ@§e UkigaRst 'Pﬁ'qlﬁg awdthin
macrocells 32. However, those skilled in the art will understand

that in actual practice, equal strength lines projected from

20 satellite antennas may have a shape far different than a square or
‘rectangle, that antenna side lobes 'may distort the pattern, that
some microcells 30 may cover larger areas than other microcells
30, and that some degree of overlap between adjacent microcells
30 may be expected.

25 © Network 10 includes any number, potentially in the millions,
of subscriber units 24. Subscriber units 24 may be configured as
conventional portable radioc communication equipment. In other
‘words, subscriber units 24 may be battery powered, may consume
relatively low power, and may include relatively small antennas

30 -36. Subscriber units 24 may also be configured to transmit and
receive voice, data, video, and/or other types of communications.
Subscriber units 24 may also be fixed ground terminals.
Subscriber units 24 may have many other different configurations
which are well known to those skilled in the art.

35 Satellite 20 communicates through network 10 with
subscriber units 24 using a relatively limited amount of the



35 * Satellite 20 cormunlcates'through network 10 wth

ssubscri ber un| ts 24 using a relatively limted anmount of th WO
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- 4- electromagnetic . spectrum The precise paranmeters of this _
spectrumare uninportant to the present invention, and nmay vary from-
system to system The present inventiop. divides this spectruminto
di screte portions or channel sets. For exanple, the 5 spectrum may be

di vided int cé!gbfﬁrﬁggnfertﬁ;q“ q.hécrﬁ't&'sﬁongé%%%'p rﬂ-,\fd rete

codi ng techni ques verse_p ar| or a The
preci ge mﬁﬂﬁcwnﬁlﬂfﬁdﬂﬂyﬂm&t tO the cprasent; m\eemnonmmmbrmaytvawt he
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“orthogonal "_to al ot her,. 10 channel sets wor ds eous

conmuni cat | GREGHNM into digcrete &nsaoé'oﬁhﬁﬂnﬁb&&Won Forcexample, cthenel
set wi tHiout spectrangrmé chotdivided:rihes ediserete Thequeticy/ r%d@”’ﬂ‘i’@bf@f& of

Mecuency, JBB B ﬁ%ﬁﬁeéﬂﬁﬁﬁﬁfq@% hrjalRS . dverSe s polarites, 1o a
prevents i ntm)mbnmhenbethmmfnacra'hel Ipréiﬂsewmnnemcabcelnlndmgl Cﬂilso n'
n
e iaﬁﬁi‘?"‘*?“ﬁ“? B Uniifportantt 16'rel iteSerlt Thvenriont » Depirtiyen
ot her by tiRach o thase glisereteachannel sets is “csthogonall to all &tieerl
shows m@twdhalrméldéets ongyl bméﬂ%éa'fﬂ@gs%ﬁn%é&{se com&ﬁﬁfb'a{tﬂiq F‘W’zz

residin near, the surface of, the eart

com‘rum cate %%ﬁé?tl Pt%%mwalﬁ&%% over %Vl ehapnet nset WlihOUt
t el ecomuni @gnmmant wointetfsahbes. Thiougeferred SBrAbodRBNE0. o Off i)

ts 24 irected
Cowar d 'subsdfVBHRoR; Esaihs, “hafheL sete 10" higtocalls | 3a°t belidsmy 24
and conver sdrequengycrspatial, coding,t anﬂﬂomgolalmpl shversity | scheme oth®6TN
f nc I ng
cai | Ooﬁgeaﬁ'e!j’%’ﬂg ﬁﬁe"e’?.“%? (Bofiocn MhadiBeelis; 220 Wi, Madtliasil
certain cal 3% m |$\@or i §Hbssribarel units 284t ohapeodastividuahnd
setting up comnﬁmicmmri OI’hRQ ol |saﬁ@l‘l"¥éﬁ | 2S thay 0595' B‘Pé%i@ﬁfe&ofrom

FIG 2 Sho“ﬁteﬁenﬂl O(fmth eggﬁaother by StlmeI Idlversny or spread spectrum
coding.

20 : FIG. 1 shows network 10 additionally including one or more
control stations 22, residing on or near the surface of the earth.
Control station 22 communicates with satellites 20 and with
public switched telecommunication network (PSTN) 34. Through
satellites 20, control station 22 communicates with subscriber

25 units 24. Calls directed toward subscriber units 24 in network
10 may be received from PSTN 34 and conversely, subscriber
units 24 may also send calls through PSTN 34. Control station 22
performs the general functions of gathering call request
information from subscriber units 24, transmitting certain call

30 request information to satellite 20 for processing, and setting up
and monitoring call connections through network 10.

FIG. 2 shows a block diagram of satellite 20 in
communication with control station 22 and two subscriber units
24. Each subscriber unit 24 contains digital controller 38

35 coupled bidirectionally . to an input and an output of transceiver

40. Controller 38 is desirably configured as one or more



conmnmuni cation with control station 22 and two subscriber units 24.
Each subsevob®:sioedhit 24 contains digital controller 38 35PCHGSASI08L57

bidirectionally to an input and an output of transceiver 40. )
Controller.38 is desirably  configured as one or nore WO 98/51023
PCT/ US98/ 09167 - 5- conventi onal
m croprocessor circuits with rel ated perl‘ﬁheral S, - nmenory, and

I nput / out put deV| ces. Accordl ngly, controller 38 operates in

accor dance wiaap 'Qﬁa homécr §§°ﬁr Fjrewids withjerelatadoypesipherals,

sof tware. Conphepidig, aﬁdcmpuvb&t;mpeld@:@é@l 5 Actordingly, Paontrslfes Jgh

?irféﬁﬁiii‘f%apqmtegzm "REEGIBEES Wy  one "Rl mpbiit Rrootame
tr ?ngglt vlelrI ‘ofinied doyptemputer softward.eniGortgolier 38\mamols)w&glali\g?t%ga |
\#aw ng fi rtstfa'%gmlt nB&EaH}?éggé %‘Pé‘ﬁ e%%?ﬁcjﬂmc@)gl éﬁl‘)ﬁ] sé‘%%%@nzﬁq 1['8

transcei ver 4ading, palatities, eor 4hei dikeefor asupscubrergmmu 24. oe sncamie

convent i onal rﬁ?rgéééﬁﬂr ;SGP' bf Wéﬁhééﬁ\/@ ed4éerfir3heé&%;§l ed EfQ"Y
and |npu?Po evl ces cco ngl contr Q| Ier 4 oper es 1 n
accor dance waﬂfe@ﬁ@ niste t W&Tﬂ?fyerc%?ﬁwrﬁﬁﬁt@@f iwith sateliite 20mput er

EOL t Warte Tlr ?HS(satGTIhgéM ZWS?Qnﬁéiﬁéncblgﬂwt éoitraller EGWWhQUTaOlﬂirst
Idirectl oha e Q,antenna ererre

embodi ntht oflh EH? rﬁlsérp Me%'ipl?ﬁ?tbéa%@“°"a"%oﬁ?aﬁﬁ§' %Y%Fm&‘;
beanf or mer r@bmtrbllder 42t is dﬁs&rablyncoaflgured as sorerab hroreh cxtirentional

art o Dosi rafproRtPERsBr o STEAE "Wty Ee'gﬁﬁ‘%@ﬁnéiﬁ"%apiﬁkbﬁ& &hd"®

gener ati ng aroputtagipadendeyices. sAe@m wl aconknqllefar 42y ppecatesbebns
t t
%?Ilces \ﬁithon0§% QﬁSIlﬁamygﬁ I rect I gg "é S@%ﬁhégl e?lg| S

through dedi cat upl 1 nks and o]
are excﬂéngecp%%%h 8@ t@ﬂarfﬁte a&'ﬁ&eé‘(ﬁftr 44 §19§(|%r$e&°n NPty

antenna 48 angpcdiffli cﬂﬁ pet bififedtionafiyt eaaapl%fa itos antenné' 8ysisthi agl | Vn
coupled to a I rst ut and &S{i ceiver 50. A

st
second i nput ‘BfqPe BF’d b tpg @E%l {Ryention, 56"%@%0§$$@d"t&§
first input ashtaifsrsantermat bdaméormet | eneblorld® @itk r oblectidhically

desirably coni,ayhpb 35ha86dUrraY" EntéhWES 26 Wnfigured in a manner well

20 known to those skilled in the art. Desirably, antennas 26 are

"high-gain antennas capable of generating and independently
steering relatively narrow pencil beams 28.

Control station 22 desirably communicates with satellite 20

through dedicated uplinks and downlinks.  Bidirectional radio

25 signals are exchanged between satellite 20 and control station 22

through antenna 48 and dedicated beam 29. Antenna 48 is

bidirectionally coupled to a first input and a first output of

transceiver 50. A second input and a second output of transceiver

50 are coupled to a first input and a first output of controller 52.

30 Controller 52 is desirably configured as one or more conventional

microprdcessor circuits with related peripherals, memory, and

input/output devices. Accordingly, controlier 52 operates in

accordance with one or more computer programs defined by

computer software. A second input and a second output of

35 controller 52 are coupled to a first input and output of interface



m croprocessor circuits with related peripherals, nenory, and
s nput/output deyices. Accordingly, controller 52 operates n
accor dan®@ W M%bne or nore conputer prograns defined by PCTUSSHPUEE,

- software. A-second input .and a second output o f 35 controller 52.are

coupled to a first input and output of interface WO 98/51023

PCT/ US98/ 09167 . - 6- 54. A second
i nput and a second output of interface 54 are coupl ed to PSTN 34.6 R
FIG 3 sho a tiym ' of, ey ' i al Fr 56 1S
the time i\rll\?ér'va dw@f&h?@‘ﬁ s?‘lnfn('{gl e s%déiﬁdab @éarﬁéqnt%aggr vsg‘;?rﬁ_ ngl e
macr ocel | 390!195%‘& to| RS N B34.General ly, call requests for connections

f b ib it STibhi a t ' e '
control st L'P- on "2’% ﬁ,tﬁf%‘”“‘n?t IRhif, SUfagram GR figd Hind -oheenBl Fe.
request 58 FoRME r'ﬁqh&ttWPs'ntewaldWir% which single: glgerablgrdpeam The
di vi si g | _n}as rﬁmimrrsmgielﬁnachsc@l biga.afsee aﬂgg?wea Ggﬁ@éﬁ)(,ogcéan

t [ , . rrn eacn con )
cegment . carpaliBst, 3o Ernections Hm:Subsehher ciblS 128106 ESHE 3k ane 30
of macrocel igathered inseeai-tidebyabecont?dl dstation f 22 ewibhin _ network  f0G 3

expanded to 1ot % ot HOWReHER . CERTREAIGH" rodioft 188 18K TRRN . euReis 3% up
to Nerr]) wivided idennine esuall segments. Kheadmgsgpmﬁntngmineeﬁegmenfsor
CSnnecio on, 19 ARMY, L dhd other MuBbelerbfSHGHONY Win SN 40 well. o
a video ter i?'-HHPQ ma@/a‘gg congagtion an@qtﬁﬁ%esﬁaa Sagment| y callgh negquestdt h
real -time | imfornsation isr gatihered from vbﬂe%@zdgﬁg ggnﬂgtignn%'wgloi °82
\?\Ad'(tjlht :io\r/\i égggp\?icedt 8}’%554 ?@lﬁﬁﬁiﬂo@{fﬁ'ﬁ&%r enents, a typical ' VoI (r:n(:a)
connection's' FlGbhaddaish hshews r connestiane refjuastve58 Isegmenit afm_eqt'aﬁst
ron B 2 nurlbgPARCIRIIEM | 36 Wekpdiied A SrBhtdE b shab sHBREC A1
gat hered f ernElPdEcrﬁ'-ﬁb?Cfl!?ﬁ'?s“@ES né &P F%p’gM@@ Within; ceach emicrocedl ¢ o
control staggon A2vafldty’ dfy el Ote§ABSREC! fo E6NNEEHSN ™Y netwdrkIUEY non
real-time lcbw\(/%y gfw%ﬁaer y\'léﬁetybagg V%gltwg\ﬁlidtw r%%tu?rements. For example,
requesting subscriber unit 24 configured as a video terminal may
20 - require and request a relatively high bandwidth real-time link to
transceive the video portion of the connection in addition to the
normal voice portion of such a connection. Compared with a video
terminal’s bandwidth requirements, a typical voice connection’s
bandwidth requirements are relatively low and a request for such
25 a connection may request only a relatively low bandwidth real-
time link. During connection request 58, connection 'requests
gathered from subscriber units 24 may be repeated by satellite
20 to control station 22. Other types of connection requests may
request non real-time links of varying bandwidths or data
30 transmission capabilities. Nothing requires bandwidth for
uplinks to equal corresponding downlink bandwidths.
After call request information has been gathered at control
station 22 for each microcell 30 within macrocell 32, the
information may be correlated then transmitted to satellite 20
35 where it can be acted upon in next frame 656. Satellite 20 uses

the information to assign time slots to each subscriber unit 24



30« transm ssion capabilities. Not hing. requires bandw dth for

upl i nks t weegslo2zxor r espondi ng downl i nk bandw dt hs. PCTAIS98/09162 | |
request infornmation has been gathered at control station 22 for each
mcrocell .30 within macrocell 32, the i nformat'i on may be correl ated-
then transmtted to satellite 20 35 where it can be acted upon in next
frame 56. Satellite 20 uses the info’mation to assi gn tine slots to
each subscriber unit WO 98/ 51023

PCT/ US98/ 091&ased on bandwndth requirements.  Satellite 20 usesd the

bandwi dt h rwrélaf@@teata tsabaldutafe st@erabies diénna 26°Aweéll HiRe gy t0
cal cul ate steerabl e, ant Inn\,?0 'Ea@ﬁ tinmes each mcrocell 30 in

each macr ocel@@Ckp microcell @@ tﬂcgf"aﬁgenna 26 projects its beam 28
over a 5 nulti tmmfsteecabhael lantéinai 26 npfasjem 56ts THygami 28 oekat iavel y

pef or o 3 U FPARGAES of PifeiRlel0 o8] YERInEEWRERE BB, L HETb L, 4foyapively

60, satellit brisd gapf 60min frame dntemval oﬁﬁtaf&ecmMmtmh deagueést 58 and der
Lo determ ne ydgFs Shit upfitk "dht apggarﬂ@rereﬁﬁan%lbgéf D Shittitel, 1ODun’r@ (gn;.geach

m crocell 30 for each
calls are i mfOsnsatel %S|3Qg petforms caleulatians | pasthe chrueiaa‘@ ndata i ifk

data ”anSfe'brdéI'QbV@leté&nﬁfe time fslatmdéﬁnmdfﬁé e §Héﬁ<§ﬂ§sﬁbéheumt

present | nve terva coor di nat ed
st eer abl® |Q5eagécmtqqueil5§@r | %ﬁQQ@' %@Bmﬁéﬁ?gaan upI i nk operati on.
However , t hddwe data | tedffic tpertions widealisaadet implarhentedcusirg ithe

0 ey AERTBTERbNE, UM ERARR e Fallby Sondrla, ﬁéée%er

units 24. 20frame 56 ceFall theepurpeseselofs the epresemti inventiosed data a
peri od %ﬁéf@) qng@@l ocghd IRel Otod ?diqefrsava'stéagéb%a“séam
an

according to the total re wrements
24 wit h#h ea@etiMitiescePrimay yrh@Cﬁngep ate Al roperatiaraquiHawener; or

a parti ﬂ“ ar tﬁbééloékllle&(l? tHhe énnuﬁdei'él%nlﬂeaﬁaeﬁhes@r’]\@dtn\ml@% f 66uld'¥e

rsntgre(r)ggl e beﬂﬁ%'ﬂ?gj e sorﬁnfl r&ﬁgﬁgenéperau% cr%‘ieh E)Otag §é?gel‘?{}ker20

nmoves in orbischemes may ds lusk®l ton communicate downlink information to
subscriber units 24.

20 Steerable beam 28 dwells (i.e., remains focused for a period
of time) on each microcell 30 for an interval that varies
according to the total bandwidth requirements of all subscriber
units 24 within each microcell- 30. The higher the bandwidth
requirement for a particular microcell 30, the longer the beam

25 dwell time for that microcell 30. Dwell time for a microcell 30
is the total time that steerable beam 28 projects onto a given
microcell 30 as satellite 20 moves in orbit over microcell 30. In
FIG. 3, the dwell time for an exemplary microcell 30 labeled T8 is
expanded to indicate that the total dwell time for microcell 30

30 equals the sum of the individual dwell times for each subscriber
unit 24 labeled SU(1) through SU(NMmAX) within the T8 microcell
30. The ability to adjust steerable beam 28 schedule and time
slot assignments to the user requests for bandwidth allows
network 10 to efficiently manage network resources.

35 FIG. 4 shows a flow diagram of tasks performed by control
station controller 52 as it works with satellite 20 to manage
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bandwidth is transmitted to satellite 20 using dedicated uplink
20 beam 29 in step 70. After completion of step 70, control station
22 loops back to step 64 and repeats steps 64, 66, 68, and 70 in
real-time. As control station 22 executes these steps, it updates
and tracks changes in bandwidth requirements and network status
as_current connections are terminated or handed off to other

25 satellites 20 and new requests are gathered. |
. FIG. 5 shows a flow diagram of steps performed by satellite
controller 42 as it assists control station 22 in managing
network 10. Referring to FIGS. 2, 3, and 5, controller 42 extracts
bandwidth demands made by each subscriber unit 24 within each
30 microcell 30 using information transmitted through dedicated
uplink beam 29 from control station 22 to satellite 20, as shown
in step 72. Step 72 operates in conjunction with step 70
discussed above (see FIG. 4). Controlier 42 continues extracting
bandwidth demands for each microcell 30 until all microcells 30
35  within macrocells 32 have been tabulated. This process of
extracting bandwidth requirements for requesting callers occurs
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subscriber unit 24 in schedule 76. After step 74, a step 88
20 computes dwell times (i.e., duration) for each microcell 30 by
using time slot assignment durations 80 for each subscriber unit
24. The dwell time for each microcell 30 is no shorter in
duration than the sum of timeslots durations 80 allocated to all
subscriber units 24 within that given microcell 30. Step 88 can,
25 for example, simply add together the timeslot durations 80 of all
subscriber units 24 within each microcell 30. The calculations
performed in step 88 provide values that appear in microcell
duration column 84 of schedule 76.
In order to simplify the assignment of microcells 30 to
30 macrocells 32, step 90 next ranks microcells 30 in decreasing
order according to their dwell times as shown in column 84.
Those microcells 30 having the higher bandwidth requirements
will tend to be serviced first during transfer interval 62 by each
steerable beam 28. , '
35 After step 90, step 92 assigns microcells 30 to macrocells
32 in a manner responsive to user bandwidth requests. Microcells
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microcell 30 in each macrocell 32, step 96 assigns start times
78 to occur within microcell duration 84 following microcell
20 start time 82. At the completion of step 96, hopping beam
schedule 76 has been determined.

Next, step 98 broadcasts the hopping beam and time slot
assignment information contained in schedule 76 to individual
subscriber units 24. Step 98 notifies each requesting subscriber

25 unit 24 of its particular window of time in which to complete
data transfer portions 62 of their requested calls. After step 98
transmits schedule 76, step 100 is performed by satellite 20 to
execute schedule 76. In other words, step 100 controls antenna
system 46 in accordance with the timing, steering, and

30 trénsmit_/receive parameters set forth in schedule 76. The
identification of microcells 30 in schedule 76 defines steering
information relative to footprint 33. For each subscriber unit 24

- call progress is monitored and call bandwidth needs are updated
by control station 22 as calls progress and are completed.

35 " The present invention offers flexible and dynamic sharing of
network  resources. This is accomplished through a combination of
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-12- T T TCLAIMS What is clained is:

5 1. A network in mm)l i ion |inks between a net wor Kk -

node of wadnes/syoes work and 'J mm)'"%m]ﬂmut s are mulPCTpisss/esisr t he
e mban th .

conmmuni cations |inks having*di Veris requirenents, the..

net wor k cenpri si ng: the network node; 10 an antenna system °
coupled to the network node, the antenna system havi ng ant enna beans
each of which is individually steeraBfe; and - a controller,
coupled to the antenna system the controller bei ng configured to

gat her bandw dth requirenents of the 15CLAIMScri ber units, to deternine a
hoppi ng beam schedul e for each of the antenna beans, and to steer the
antenna beans in accor.dance with the hoppi ng beam schedul e.

2. A conmuni cat i thl%t\ﬁoPP@'HLe d8ited in claimi1, wherein 20 the network
node is a satellite in orbit around earth and the subscriber units

ol aim 1 Sunerein - A petwerknds o atorauBieafibEa RS, Stnden' 2
4. A communi qestworknet nodé asf r dhiet echétwarkai rand, suisscriber unitse are
2 bl ural ity JPOMRIEREE] the CalfiRUPRISRE IRISTHRVIfTdetse nafduidin,"2
hoppi ng beamreqgstitempenis.; shechetworlr oeemprising:to 30 define nicrocells
to be serviced withdi Hetwbhe R688! -

10 an antenna system coupled to the network node, the antenna
system having antenna beams each of which is individually
steerable; and

a controller, coupled to the antenna system, the controller
being configured to gather bandwidth requirements of the

15 subscriber units, to determine a hopping beam schedule for each
of the antenna beams, and to steer the antenna beams in
accordance with the hopping beam schedule.

2. A communication network as recited in claim 1, wherein
20 - the network node is a satellite in orbit around earth and the
subscriber units are earth stations.

3. A communication network as recited in claim 1, wherein
the antenna beams are electronically steerable.

4. A communication network as recited in claim 1, wherein
the controller is configured to cause the hopping beam schedule
to define a plurality of timeslots of each of the subscriber units,
to define a hopping beam dwell time for each microcell, and to

30 define microcelis to be serviced within a macrocell.



