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WEBAOKOGRAUND |. Field [0001] The present i nvenP¢DOS2004/003901

[0001]

[0002]

[0003]

[0004]

[0005]

rel ates generally to comruni cation, and nore
specifically to techniques for generating and using
frequency hop (FH) sequences in nulti-band

coMuUNiFREQUENECYHOP SEGEENCES HORNMALTI-BAND
frequency hoppi n@t R@W@%@E@& ni catl on
system data is ra requency
bands in different time intervals (which may al so be
referred to as "slots") .gAORIEROUAIENCY bands may be

prOV|ded by orthogonal frequency division
kul t i p¥&&i ng (OFDV), ot her nulti-carrier nDduIation

t echni ther constructs t he

ot o t0aRRse Dol ORE pAOF RerePE gh i umialiSpgtid thore Secificatly
to eglieinags hanenerating RAEUdRE" BARRAYTBONEFH) Fouendds! iBWaulti-band
the data.transm ssion to better w thstand del eterious
FATAUBIcAEQn YStemSh as narr ow band i nterf er ence,

jamm ng, fading, and so on. [0003] For a given data
transm ssion, the specific frequency band to use in

éhch Buaotgrvmgndtypically determ ned based on an FH

sequence .or cod Nultiple data transm ssions . be

sent I ieeusics foppngspived sneeiruncRHSR) comguaiaien System, data is
thesditbd b aiReas Teqléiy ki ﬁ?&lkﬂreﬁ?hﬁ%ﬁﬁt@ t i@ﬁ]‘fc‘ﬁ may also be

excel | ent aut o- correla ion and cross-corre
prierpet €0 @ “SQQié”éc r iThest eshueucy Hinds empy dmeptdvdmedehﬁ withogonal

PP U RSB T, o e @g,at@pftg@pgques or

bomé bsecdnkansal BEIOPESS] B0A4th tﬁh'srﬁﬁ%ﬁ ml6§§ ! ﬂ?e band to
excel l ent correlation properties may t ai ned ey

BRAueasyPidan aqsardonmadern nesmmer. ol allqymshe daﬁadmbmlsswn to better
er [ H s eq uence
PR BHRAChu, BgEATRALEL A ond S LFAVERERS e

aftk®eorot her  conventi onal net hods provi de non optl mal

FH seguences gaw ng | ess than excellent correlation
pr opet ¥% %&Ve} 688 SjansRispian, the spesifas Bequeacy) bantl forise fie each slot is

BlcallPldeleRAMRY BHESI E)I‘Ptaﬁfﬁﬂ g%ﬁéﬂéey oJEQH! aﬂ/ﬁlltﬁﬁ? ‘aa t.rjln missions

sequences and to use ese sequences I n
weynbgricetatintfasyesslynesing diffprent CEDM@ieateamsThese FH sequences are

typically selected to have excellent auto-correlation and cross-correlation properties

(described below). These properties ensure minimum interference among the multiple
data transmissions due to time shifts and frequency offsets in these transmissions.

FH sequences with excellent correlation properties may be obtained based on
computer searches or some other conventional methods. However, a computer search
for FH sequences is often tedious and time consuming. Moreover, some of these other
conventional methods provide non-optimal FH sequences having less than excellent
correlation properties.

There is therefore a need in the art for techniques to efficiently generate good
FH sequences and to use these FH sequences in multi-band communication systems
(e.g., OFDM systems).



WD 2004/ 075419 PCT/ US2004/ 003901 2 SUMVARY [0006]
Techni ques are provided herein to generate FH
wGemyeraes havi ng excellent correlation propePCT/8S20841603901
to use these FH sequences for various applications. In
one aspect, FH sequences may2be generated based on an
al gebrai c expression y(k) =1log,, b/ k (nod p),
where k is an index for tRkenhegRgts in an FH
sequence, p is an odd prime nunber, a is a primtive
[0006] ; oot  dfechyriquesi age asovided dierein dd easnerdtes HEhsadnences Taving excellent

2 e es«mdul 0 -p operation. .
P e pRR e AL R s R RnR e PGB eblcations. 1 one
difecer €t segheness f may bbe a geale®r biked a9ndQBC Rl Bic expression
bel ow. [00072 I n anot her aspect, data may be
DHENSAS04E mrpdu), vdhete Frisrameindex for shenelementdamah FH sequence, p is
co ni cati on_system usjing FH se(%uences gener at ed
B3 RHg Héméirpr%éssﬁ GEMIYE yoot qfgy, b ipad ikegarpglepled such that

12 A5 LGS AL G AFL IR et i pquegees ey
BB bedbratBY whtf diBE o hahed izl B, G EIPSE @ésxgbmel quence

that determnes the specific su 0 use in each
[0007] s| ot . INancsheytespebs, datey aialy el teanksmittodainSwirious atanérB¥n Benulti-band

used to form gtg to Nd ;éhaffi c channels. Each traffic )

ERERMRICAR, syYems UsRHH sequeneqsc cenparipd| basesl pan the expression
g)'mq_' Izl d +0, ¢di.&f . ds.j i f£ferent.

gal( ot s dt;ggsb é)cﬁ (gﬁﬁ%é gls% gg;lt g?lfelgﬂéﬁog g%g‘%c g?ﬂalql_ﬁgya{)% g'%sﬁl&med on

iridavigl SHa Ty ShBeiEls, BarBr dafich fhdhetssstifby withoF 2spBlive FH

subbands determ ned based on all”or a portion o ah

fequeRcguthat dleteprpines Hhe spediiersibhand oHusequende slowy Ne subbands

: [ L1 FH_s nts, .and each FH segngen
BERRE (o BTl B 1 SF TR S8, EREH BB B e
Eamheldaihg Her anRBitsS SthtidRfakel SD%utO@riaﬁﬁcoa%lggt]lﬁ _to different

arl ous

determ ned . by the assigned FH segnent.

%Pi%é%‘{?s 1%rﬁ’rﬂff%rﬁﬁo§]i°ﬁehﬁ%3%oﬂnt¢ﬁe apsegetndi BH aequedess crinbedsecond
j : i | (= | P THE
trﬁhsfrvr\%ﬁstlcﬁlef%lgl%%aéa% élla etg%ﬁgp?g!oﬁnlg ?5’?265 %éé%ﬁ&%ﬁ%&gg based on
all ot hopioasefitn Fiicenichon Woi thidehene, MO seppReSRby be parsed

fromth ai |l ed description set forth bel ow when
Pl EpHe %@f%@{ﬁiﬂ“’oﬁi _ h Iﬁ RESTBFAWRAYGRe AstignRd éh a|different data
rafalianse ERA e fhSnlideM hh b% %éliit%&f’%@%hﬂ@i 5 determiélg% by the

t hroughout and wherein: [0010 OWS a proc
¢S©kgn9fgﬁﬂrsamlﬁ§~ an FH sequence based on an al gebraic

[0008] EXPr eGSR aglgekc%s a?ldle(lgrg)’odirﬁ'énl%s cgtqtﬁg iIPV)ent;ion are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The features, nature, and advantages of the present invention will become more
apparent from the detailed description set forth below when taken in conjunction with
the drawings in which like reference characters identify correspondingly throughout and
wherein:
[0010] FIG. 1 shows a process for generating an FH sequence based on an algebraic

expression y(k) = log, l/k (mod p);



WD 2004/ 075419 PCT/ US2004/ 003901 3 [0011] FIG 2A
shows the mappi ng of an FH sequence, for p = 7 and a =
w@2008n0t318 two-di nensional array; [0012] FI G PCBUS2004/003901

illustrates two-di nensional auto-correlation of the FH
sequence shown in FIG 2A [éOlS] FIG 2C shows the
generation of different FH sequences by verti cal

[0011] shi f t FIG, 2A [sG6Wd theneppidfos BO WS Seqabiiiea st F?H’P%Hr@=3 onto a
for an OFDM conmuni cati on system q‘[%0015] G 3B shows
we-dbbensipngt arteyt ure t hat may be used for pilot and

dat a m. ssion_in . the OF stem .[0016] FIG 4A

10012} (5 FIG 8 BB vy o dhpime oo R QB L B A8t spavenpe shown
enFicheAFH sequence shown in FIG 2A; [0017] FIG 4B
shows _an assignnment of different FH segnments to

[0013] g f f e FEAt2Cushemes;the peyguagion pf diffesens FEsquences by ewtical shifting;

mul ti ' ' syst 1. FIGS. GA an
oot 741 | ERRE SRR B SR b ERRAE Bl 1 B
[0015] t er mi REG., 3Br sisywachi sidbynd Blrdoide ERaDESGROETUEN {9020t and data
The word " exerr%I ary" is used herein to nean "serving
gansgHssignindhe OFDN syst@®,  or illustration.” Any
enmbodyiren j [ ' s_"exe ary"
L0ote] is noFI@njé%ce%gg’?ﬁ gﬁP %ﬁ%gﬁc%ﬁg :&gérg{eggs?op?uebi’g? rsei&‘aS «{on the FH

savenesgewnsn Bler2Agt her enbodi nents or desi gns.
[ 0021 herein to generate FH

Te i gues ar.e provid |

0017] o quehib T o gh axuentan ot SiSrenaF ussgmemaro ditoron users
[0018] aut o- BI.I5eshdtvk @Ryiadlshs %{L@@-%E&%Jn%hﬁﬁib%bnﬁgg@ tties

(descri bed below). These FH sequences y bé used for
[0019] vari of3Sapphi andt OB nshosubleck sdiagritis - difan cbase rsation caidi @ nterminal,

%gﬁécﬁ% radar, sonar, and so on. [0022] In an aspect,

sequ@'nces may be generated based on the foll ow ng

al gebraic expression: y(k) =loges ! (nod p) , for 1<

k:5 (p -1) , Eq (1) where k is an index for the

elements in an FH sB§USHEED BPESCRIFTIGHN pri me nunber;

00207 @ 1S Phdvbfl tdXfnlaPot; ek denotes modul o -p .
[0020] oper a’?fll ALt aneg’ plafPis %fsecpher&mg gr}ean SETVIAg as an examplg, instance,
or illustration.” Any embodiment or design described herein as “exemplary” is not

necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[0021] Techniques are provided herein to generate FH sequences having excellent two-
dimensional auto-correlation and cross-correlation properties (described below). These
FH sequences may be used for various applications such as multi-band communication

systems, radar, sonar, and so on.

[0022] In an aspect, FH sequences may be generated based on the following algebraic
expression:
1
y(k)=loga—I; (mod p) , for1<k<(p-1) , Eq (1)

where kis an index for the elements in an FH sequence;
p is an odd prime number;
«is a primitive root of p;
(mod p) denotes modulo-p operation; and

y(k) represents an FH sequence with (p-1) elements.
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[0023]

[0024]

[0025]

[0026]

[0027]

al gebraic properties of finite fields, as described
bel ow. [[0023] An FH sequence 6enerated based on
equation (1) includes (p-1) elenents or chips, each
The ekpredsidnashoan vabypeitiohal) thay bsevalldabddbaged éﬁlhl*g@br&ic%ﬁperﬁes of
efined by the qglois field GF(p). In particular, 'the
tﬁge - 3 4eeriBPERRIAY. of the FH sequence falls within
a ra f - . This _i;S;ensured b
t he (%% Hg)se"é%é?i ?‘{c?#t.e%bae%gé’t‘ﬁl%‘ﬂ%‘a?% &)[lﬁﬁlc}ﬂqﬁ‘s B D" elethents or

skigisledacle of efhich hdses Ohlue HRAGHINS withih D Enfie HARHSEheR %y the Galois
sel ecting the proper values for the prine nunber B/

Bsld GF gy elp pastiqudarothe pyaluged cagh etementrol the B snquencerfyls within a

be geper at based,.on_one or npre primtive roots of
&ng%OEY?IPﬁSte[?v-e Pagi]- Igs s gngiedry the (Emndhp)poneaationtie equation (1).

oo Eftlsdafiloct bor Gifere, HAER: 5B Seiitied By Gk cap, proper
baluecior eheqdinyndberrzai Edrngeiv&evaid fo,io‘:‘lé ok 9Rjre BHWquences may

ifferent powers from1l to (p-1) and (2) performng
haeneryed pased pB 0ae o mase Primetivestopisadmt | Atpeithities tot $ of a prime
' f..p,. the primtive roots of p.are
380 i O, Bn Sl R o B e bt (s Eposbide Sgments of
LRgr for ner.at.j.n
O e8I SRR B, i, B RERERET ) s B BE B oot by
gilfifeydnt ipBwed URdrh aN ~1) Bhgi SHiea i :
nlurrberg ?hat is | gol(r S)ér 1jt ﬁg% (?,hg%goggﬁn?%gfel @ﬁg‘% Ej g?@rta T the
Sifopetfiatdcesilts. SEéree tgben(wilepofl p2jhe primitive 1808 XA PR typically
géaoscrl bed. bel o&/,._tqtlje prime number is selected as p =
loWggrcan e asgertainedye oot a of the prime nunber p is
sel ec . di i vV,
mul t i%lmg' {)?i{ﬁﬁt%\i}@r%g s,lp%ﬂac Og%gmpcfﬁr g%%/é ra[‘}gl%uagﬁel? fguence
pspéoattbe alggbfriceemessiel slwequianematiéo 1)t hinikaBial @itable prime
ri .bel ow,, t rimtive root 1 s selected as a =
38 1 b tbon e BeRt nelertBt Flveiimes bsvaleaied Cerp 12).

Rr Halox@MBleAl BRI bel6W PHRSHAD k7

log,, Kk, gr?d log,, Ik i|Ds, perfo?lr?en%el\?\nﬁbt %%‘#edlg?‘m@ g)° Next, a

mpeitiat ran .o dthspriepsundsr p hadeldohd (5tes Yl 4)S TiRMprdhd number p may

t hese expressions fall within the Galois fiel'd G-(p).

haye 2 ltiple JEwyKe &os. q@ph of yhighemeritbe vsed te Igenerate a different FE
Si . tad i .ned (step 116

e E S e Syite drisEord Sb Bl BRRG < 3568 55605 a5 = 3.

1Sk<(Ip-thy folldEeing 2Aeswiyetion), khel evauaivat Hevark @Rl A86HMiatdxBessions

for 1/ k. Equation SZ) i ndi cates that the product o

Keay 1 & s nlpg e and lag, 17 k ieperfdrmed vithethe (aBKE ) lopehuion. This

t he r%su ts o{ he_derivation for
ensures that the results for all these expressions fall within the Galois field GF(p).

A sequence of (p—1) elements for the expression “1/k ” is first obtained (step
116) based on the following property:

k-k7 (modp)=1 , for I<k<(p-1) , Eq (2)
where &~ is another representation for 1/% . Equation (2) indicates that the product of

k and its inverse, k™, is equal to one. TABLE 1 shows the results of the derivation for

the expression “1/k ” based on equation (2) and for p=7.
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p =7 . WD 2004/ 075419 PCT/ US2004/ 003901 5 [0028] A
wGeguerae of (p -1) elenents for the expressi oPCT/EK2004/603901

next obtained (step 118). TABLE 2 shows the results

of the derivation for the exp|5essi on "ak " for p =7

and a=3. TABLE 1 TABLE 2 k k -)F1 (nod ) k ak ak (nod

00281 P) 1 A 36%1)%}?!:@0?1(;1—}3 AeRbATR Yor/ths %X%I%%S%OIg( gm;l {9 :élx.}%b?ai%ed (step

32=9( nod (mod 7) =1

gl% ?ffg%]%E(@ n%lgﬁ'?;’rhezregﬂ-lts( mﬁe @:ﬂéatloﬁ fg‘r ﬂ'é e&ﬂi%gsﬂﬂ «“74» Por p=7
3m¥ 29€ 8nd7) =1 [0029] A sequence of (p 1) el enents for

the expression "log,, k " is next obtained (step

120). This sequence naybe obtained based on the

foll ow ng olﬁqg |on | C ak Eq (3a) .is %#&)\Eagent to

log.. k-+ 10 . _Eq(3b) Equations

3b7c i fdi £t & th}atklt(lﬁﬁ)mppl ho[fremk g al 7s dMGnod p)
gang ag the [mapp(hgdyyom ! 09,7 KyLO[K.3 |an,311__‘ mod 7)=3
mpgl ng .Tﬁom K [Q,(ﬁl @7) IT ey e EUL B Jigz? AJOI .I.'ﬁ=2

trres ey ||un""‘| o1 obtarr—a—n RE—ron
A (S A I S T e R N P Y N T (T
|ng,4, I }znn' TARPETR=dhows {hedresul #s of3 thel (mod 7)=4
erpvatioB for tiidmedid edsi oh 11 o8], , | k"5 babdd=24A (hé 7) =5
k t6 ak mépping 38Hmad 7 ITABLE|1 6or | p £ 7| 3Thg20\W@od 7) =1
| eftnbst colums in TABLE 3 are obtained fromthe

second and first colums in TABLE 2, and the two
[0029] rj ght Arospquense &y +h FlaBiemEsontle cmrmsmd“bgabr’demlemtgobtamed

é 1entr|e3|nthetvvo | ef t nbst colums in

g méﬁ%f&en?f‘dpa}kbe q@ned Based op the fellpwing abskrvatita: k

1
ak k k3 k ’6 Eq (3a)

UL

—

is equivalent to

log, k —log, (") =k . Eq (3b)
Equations (3a) and (3b) indicate that the mapping from % to & is the same as the
mapping from log, & to k. Thus, the mapping from k to log, % may be obtained by

swapping the mapping from & to ¢* to obtain a mapping from o to k, which may then

be used as the mapping from £ to log, & .
[0030] TABLE 3 shows the results of the derivation for the expression « log, &k based

on the &k to a* mapping shown in TABLE 1 for p="T7. The two leftmost columns in

TABLE 3 are obtained from the second and first columns in TABLE 2, and the two
rightmost columns in TABLE 3 are obtained by ordering the p—1 entries in the two

leftmost columns in ascending order for .

TABLE 3
k log, k k log, k
a* k a® k
3 1 1 6
2 2 2 2
6 3 3 1
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444 5555 1663 Step 120 may be omtted since
wo b@4peguence for ak may be stored in a tabl e, PErtiS10b£003901

sequence for log,, k naybe obtained by properly

i ndexing this table. [0031] Aﬁsequence of (p -1)

el ements for the expression "log,, 1/k" is then

obtai ned (stiep 122) |by merfcrn1ng4the foljow hg steps

for each val ye ofs K, |TOr sT°5 | k9 (F - ; 5d ter m ne

1/k (e. . based—on -iFBtE 1 & o u' ernyHe— 09, ,

1/ k ge.g., b sedlon FABEE—3)- or he—exanple—above

with p =7 and a = 3, for the f| el enent k = 1, t he

Ffégeer%qnéf binitfed er t‘ﬂ@sg—c@%bge for c?n%na%o& f.tﬂred.ﬂ\gl_tg)lg and the

¥romt nost Co
Fauetidecfos &pQNdmey BHBBﬁaldédE roﬁei‘l? 1ﬂdé§(ﬁfg&§1s't§olé“ k =4
from TABLE 1, and | og, , 4 = 4 from
[0031] TABLEAZeqiarh off(A-h0 d’l&ﬁait@ !fdirghe bﬁ;ﬁf@m& ofogt hﬁc ” is then obtained

sequence for the expression log,, |/ k may be

(iteped 23 Uy perfeiming tie fofiowing steph\Bireach edtoysf i e 1<k <(p-1):

sequence of elenents for log,, 1/k for p =7 and a = 3

(se’coﬁﬁjelmin@ﬂrm (e EAB&.SEdAmTa’LETaE $honé the sequence of

el ements f.or 9/k 5 8 %?— 7 and a =5 (third

col®u Ejterm“f%&l_gé 4 l&e Bo§2scd pnTARIES)-1/ k  a= 3) (a— 5)
003

%?Iﬁ%? a%il%/e %]t)% ‘5’&516\% ae rcf’|o=t?f1 oﬁ H@s@ﬁe@gr{lﬂﬁt T&ethe inverse is
T i e s SR -
TABIgey.i I/ P6r hBReSRAERRE Ckf 9' B Srsl N 1140 4CXBLOERBPE 1, and

| oge 1 . The sequence f
log 1/k= logw 4 =4 from TABLE 3. Each of the remaining elements of the sequence

""""O\

for the expression log,1/k may be obtained in similar manner. TABLE 4 shows the
sequence of elements for log,1/k for p=7 and & =3 (second column). TABLE 4

also shows the sequence of elements for log 1/k for p=7 and ¢ =5 (third column).

TABLE 4
L log, 1/k log, 1/k
(x=3) (a=5)
1 6 6
2 4 2
3 5 1
4 2 4
5 1 5
6 3 3
[0032] " For simplicity, the above description assumes that the entire sequence of

elements for each intermediate expression (1/k, a*, and log, k) is obtained for use to
derive the sequence of elements for the expression log,1/k. The sequence for

log,1/k may also be obtained piece-meal, e.g., for each value of k, one at a time, from

k=1tok=p-1.
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[0033]

[0034]

[0035]

[0036]

shown that FH sequences genergted based on equation
(1) have excellent two-di nensional (2-D)

auto-correlation and cross-correl ation properties. The

excel Iteedn botshowarthel FE @mtﬁﬁ@u@e%dn)érawm&eﬁr@{neh{gﬁion %1) have

facyFthat,,for.an FHﬁsequence y(K) _generated based o

EXF mdwo(cﬁsn’ensth)f@l&% &u&gqgwlquongmﬂrcw@@ﬁgylahg@ properties. The

. seq ce

S ER S ponkcfloh ey B i bl Bl TP BN uence 5t
pencratedTbasell We dgbation (13, e SBnRAdioh a &

of fset (4f = oe!)q g G o e on, ¢ (%&25%58%%3@65(” y(8)
generatedrusmny dhiseFftseqidnes wWithethaesigyal of(F $ef $(DRION pldvilRs (a) a
shifts (i.e., a small sidel obe of maxi mum hei ght 1/N,
sty valye (e, 3 kighrhalofat zére fraquensyudfsee( Affe0) aad #erd time shift
@ng jf ﬁ ﬁi. The exce]lent cross-correl ation property
Hrad 2nf B ¢ manrE vakigeat othes dregupncy offstsl apdéor gime shilie (ie., a
GAAY Slablob® Bf Bfaxtnkifn 1 t

gener at ed ﬂg%ﬁg th%ﬁ r#§@§§§%%£“§%3§§%Pgﬁ‘gFﬁéf%P“ﬂ““mefbf
Fricquedcy HOp Jhgeatalent crpss-correldtion)proemsr @ind frons kdfact that,
t her FH sequences y, (k) also provides a m ni num

g‘ép%}m YpgpLofim gheponzelutien obthg fiequensy yop kignalr e(zay€0) generated
obtaingggbased on gquation (1) but with other suitable
Vang, 8 TH Spayenge i(bY vath piderspaueney hom sigmalisu (e, (k) generated

(P ol i dEr TS o ok  Manim Uarhebica wdiguscbe other P

-dimrensional. array qf dinension -1) x (p -1) .
SRR E R R s bhRihsd bt Srpigp 6 ok v thercsulfgile vatues
%9 raﬁalgpg[di ng to the value of y(k), for each val ue of

%i.e., mappi ng the val ues shown in the second
col unFIG. AT AR the RGBHIAE bof ey ' i
col urmb.r) [.0035] T?ﬁe gglcgl | ent Xt ﬁm%%bgiﬁ?reﬂrqlsg%ﬁlg%’ ée%rated based on
ek d réthaprion add erbswie asqeiratodinemsipart dresy ofrdiyiension
gl?e ra hiéal Ly illustrated using the two-dinmensional

Fg)y‘. - eXBEIRRNRS i achieved by alagtingan Pr bipghe hox coresponding
fromthe fact that an FH uence generated based on
tS&ﬁ%Y?IB% OE i’?’g)\mfﬁ’rl ea&@i"’ﬂ@? &2%&4-?-hmépwaﬂéqq‘wl@%ﬁhvwsnéhe second

e L. fewer | ocation or

b PAREE AR RE BB oo kBT {ed
s equertpegxcellabe hot-dimdmsnahatbesrrebtishidd sroblcdriation properties

horizontal axi.s and y dengtes the nunber of shifts in
PHe 'b?/ @F%H%é% y 1@?%“@% HEE Hhsebio-dimensinngliaseeys e oo aeeellent auto-

oRRIAVIbAR Prap 2 NEbmEN B0 cOfact B anCRING] €ronbQled®h)
possi bl g) 2-D’shifts U's 1deal since gie%ﬁ é;tﬁt%h%erngl%greﬁls{’ased on
cgBatiasi (A Wilk peineidé pithechD Bifdd whdid of the stthe FHe@ye#Re in one or

fg\g?lgl[c_)lca?tﬁg%? %8}%, ttop g&y s%fi‘igt of Exl, ?})S lt*' ohrI tISle gh\gﬁééj #ﬁ%@gﬁeggglx denotes the

number of shifts in the horizontal axis and y denotes the number of shifts in the vertical

direction, where the shifted sequence can wrap around. The one or fewer coincidence
for all possible 2-D shifts is ideal since clearly there must be coincidences for some 2-D
shifts of the sequence. An FH sequence that satisfies this two-dimensional auto-
correlation property is referred to as a Costas array.

The excellent two-dimensional cross-correlation property comes from the fact

that an FH sequence generated based on equation (1) will coincide with a 2-D shifted



correlation property is referred to as a Costas array.
[ 0036] The excell ent two-di nensional cross-correlation

wWee@peruy cones fromthe fact that an FH sequeCiES2004/003901

[0037]

[0038]

[0039]

[0040]

gener ated based on equation (1) will coincide with a
2-D shifted WD 2004/ 075419 PCP/ US2004/ 003901 8
versi on of another FH sequence (generated based on

@rqtd:iiinl eharfoter WH Beqriehes (gebibrb@bl Rsed/ 8h WgSatiod (1P vAhd4tREr suitable
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t wo- digensional autQ-c FH
seque ﬂg § o\}\]HStir'ﬂeSF&‘S Wgﬁlmpwlw}a@au@gzoqei@ogé}fgh@ gxemplary FH
"s&flfenéessh%anﬂl??GbYA( frb @' tife: Vﬂﬁ?&ffh%?ls.?h%d "thr,t lggng, one to

one up) 1s Indicated esnbo 'S shi
Yer sglirandoirnecip) as 1ndma:tdsd bj}’l ﬂlwmﬂmoﬂ tol. VEHIS sldfte@be®id@ coincides

| k =.3 d 0038] On t f
bt Hehated Voasioh e tsabematoh ~chand YR %‘f rf’i’etr h§t°

the fi

F so SR praSeh i sfa e Sudblel tast pheaimign (@) Rl the first

elpuht f*”al% s ) Shprier TAl, §GaHePRCscRierc6 39t
be obt ai ned}by )t rﬁncatl ng the fi rsteqee ement Ig@h tzg'fr%\énerated

basedi e kqutios dd) ensleortet AEEseguen¢e of ledgtil A-he may be obtained by

exenpl ary FH sequence y(k) =6, 4, 5, 2, 1, 3 shown in

fuegating the fgﬁfoﬁhementm theeppigindleFH( sequence, of5length 1~ B For the

ned b atipg.the first elenment "6"
Brig Ho peRen st i éiﬁgz,sw bR fis ElfgeRe a shorter FI
hav c I t Sl Q Ggn

g&g only f@l a?l %nfghg %nea sbse \c/:%g?‘lp%# ge %F’@p%‘? dfrgfcclerpgt “6” in

ﬁﬁ%éﬂrblsﬁg Weh\feBse. (The %hortefrqu %@ﬁ@e ?l\x}é‘ﬁﬁi Ql%o ﬁﬁa@@%&%ilent two-

| engt

a successively shorter FH sequence
faengienalaude-nemel bjor an)d csrhssfqomgatnoh @repeetipsn tRor (sﬁma FH sequences

ger FHs ue | engt Xto_the left until
(ke 151 st Tdmone and i ﬁeés&ﬁlwht»ﬂ%r T rgeercan el -1
fi f
B85 ne st Bl ale S henSr Fy e ﬁ?‘ﬂ‘?&%ﬁ}éﬂ%@h p=to
ﬂl%ﬂ@ﬂi: BhEIALD F3Q 1P AUBL bR Wit knd Br eée@l?\;alu Qﬁ& @3?1' e¥ing this first

shifted versions of the FH sequenc
elgment] feomn themsquéngensi onal auto-correl ation and

Cr 0SS4Col rel ati ties ust e unshifte
FH seque cepmp‘?ﬁ% d@ pﬁﬁgpgvng W’F?@legzﬁaﬁ%oﬂ% egyationdl) is that
Fémsemg;ugﬁﬁed Wepsidie EXDE aYS QeqiRaice W) hivel Q@6Fer? t(vfmﬂmenswnal

for 1 <- V5 (p -1) ., Eq (4) where b, for 1 < b:
%‘BO courelations gad €E0ss-Rerrelafignepropertist ibstslitenthe mshifed |F&h Isequence

t gouence
Bhe Fati At P@%@?ﬁ“ﬂs% WFaI’Sée@r i P PERieEed By o
t he ay, tobt t due to the (nod p) operation.
[0040]”(@5*@0&2 r bedriplarl) BFH sequence shd(d)
in FIG 2A and two other FH
where b, for 1<b <(p—1), denotes the number of shifts in the vertical direction. As an

element of the FH sequence is shifted vertically, it wraps around from the top of the
array to the bottom due to the (mod p) operation.

FIG. 2C shows the exemplary FH sequence shown in FIG. 2A and two other FH
sequences generated by vertically shifting the exemplary FH sequence. The FH
sequence generated with b =2 (i.e., one shift vertically) is shown by the symbol “0”,
and the FH sequence generated with b = 4 (i.e., three shifts vertically) is shown by the
symbol “A”.



sequences generated by vertically shifting the
exenpl ary FH sequence. The FH sequence generated with
wWh260487412 €., one shift vertically) is shown bRCT/82004/003901
synbol "o0", and the FH sequence generated with b =
(i.e., three shifts verticallﬁ) is shown by the
symbol "A". WO 2004/075419 PCT/ US2004/003901 9 [0041]
[0041] FH sediesz@en@enenatrd AgdelcalyCiidstd oBagetid (BAHA bOMised for
& na e used for various appllcatlons One “suc
P‘i‘sc ﬁthn§ f ORe fspely GBMESALP® pp i ?Fgfl‘ﬁ%uqm}’thoppmgdln multi-band
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Efalnn%:tsmnhmldaﬁrecprenvy bmmﬂshnaﬁBMmdesldﬂgeO@UM for GO Ldthki teonstruct.
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R 4r8 dish YeRfred %‘ﬁss‘aongé' ?ﬂ:ﬁﬁésh%y bsN8nd &6n S OIO?ﬁDg)Ereach of the

OFDM  each of the N sub s adsoci at €d” w

MNespberds s gssnaptedimjithcarespestivepdigital)i @irictaimnmalyichelata may be
o%i ted [0042] FIG 3A shows an exenpl ary subband

struc ure 300 for an OFDM comuni cati on system The

[0042] syst eFIGAS3 AN sEeY add éidéﬁ%ﬁz?}t banswhdt GriturdV B fo‘Ph'aﬁhOFDM

partitioned into N orthogonal subbands using OF
pmBunicatiesysorpM ks sysiem hasem |oyer|v11 opstemdantiwidtladt W MHz, which

QM%dqh&) NT(ﬁ'ﬂw glrliﬁ.% %H#lgn)and Sin @%aﬁg méﬁgcl: g?FDM system,
aslyManfithesKrtotal adbahdare ﬁwdtfdﬂﬂ%ttaﬁd AblaOinkMessiofy Wh&EM < N .

grg nmeet, spectral mask requirenments. The M usabl e
B BaRHRnE Y i esubbimmisra net used perdiggiverasrgward subbahds o alow the

by?ste'i‘ﬁ‘ td IBE@LQ; écnleHiagﬂégélréﬁelﬁf t 'If%e %ableggﬁban S 1I{Nh.1ge subbands F

usabl e are nt ered
tpeugt iFHgMb-a]ndwh@r@(Eﬁ aﬁllﬁeg&&ypitc@ﬂ\ﬁ selacted &ER @i the M usable

band str re 35Q y be used for pilot and
6'%{%31“? raz]:i?lg B%thp anl‘is‘i %ﬁ’@lﬁpg%?%hﬂndl nthis
[0043] enbodFrENiB smﬁv§h'1p@§é?ﬂ§l?§f; S%Bgeﬁlglgﬁtrufcﬁﬁe @%(5 Bat may be used for pilot

transm ssi on, where ect ed based
ot daty agsonsiicieinghe OFDM systemadn thie enibbdiynean MNpatibbnds are used

seI ecti,vity of the ni cati on, channel
Ean z)%ﬁf{%%ﬁ/ S gsion, LYH’EB%%% i a‘)“hecsrechgeﬂgnéxﬁef oy VW@ @aggeratlons such
bvm@e ﬁe Epredcher fr&ideﬁ%r sefectilfty bf e c&@mﬂﬂ%ﬂgﬁ channe]. The N, pilot

un| )indl stri buted across the M usabl e subba

Gthidyisisnated thyyshaded bovesd WL(h the. letterot ”cima]ﬁfg} &) may be

F‘Lﬂél? R AlePAADEOM Yoo BUPRag, RS R! Ryoandi Ty be fixed

(nel bt themgiy et amean roe dgnehicilbathanbed. I BE 8éneedlStheReleB®on of N,
1hen1a{F %@% obtai n good_estimates of the

%‘%’; h &pECHYs 'S tsw?% forpelpt E@SH%@‘&PH gre suddothat tha recgivers in the

ﬂ@i@ﬁﬂéﬂ'e @B]e%‘ (1)%@211& gdod &hihBRk Y HRIEGAne Pe%p&f?s%e\gvﬂ%ﬂ may be used

E)r coherent data demodulatlon and (2) reliably detect the received pilot, which may be

used for system acquisition, time tracking, frequency tracking, and so on. The

Ny =M-N, remaining usable subbands may be used for data transmission (ie.,

transmission of overhead data and user-specific data). These Ny subbands are referred
to as data subbands and are denoted with the letter “D” in FIG. 3B.

[0044] Data may be transmitted in various manners using FH sequences generated
based on equation (1). In a first transmission scheme, data may be transmitted on

individual “traffic” channels, each of which may be associated with a respective FH



used for systemacquisition, time tracking, frequency
tracking, and so on. The Nd = M- NP remaini ng usabl e

WG barndsd may be used for data transm ssion (iP@I/PS2004/003901

[0045]

[0046]

[0047]

[0048]

[0049]

transm ssion of overhead data and user-specific data).
These Nd subbands are referrelf to as data subbands
and are denoted with the letter "D' in FIG 3B. [0044]

@ailﬁncfﬁa&ath&‘térfrﬁhﬁes rthé Edificsubbanidond uso R BESiratisliligidtin each slot,
guences enerated based on equat| on.(1). In a first
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gssentillyrpongangh arfipther theisystear smpesdtet synchionoukly at aaynchrbnously,
det t
B LR 80 DA 3R coed

bélewpoherence tinme of the communication channel
(whi CE is the tinme over which the channel is
essent N&MRDPIEG ALR givey raffjreshampel taibbgudsansy ke @W@?Saﬁde@

synch 4y or asynchronously, and so on.
gener Qg.ss?ym may span one or nultiple OFDM synb%(i(s)

Wﬁéﬂeoﬂﬁ thelefann€ldD foeiheWaffid éHihdl; The mapping of a
gi ven traffic channel to subbands may be expressed as:

i =y aeindexefgr lgts; where s is the channel ID for the

2L 520k a8k A L 0E LAY i Y Bl
channgik an #x fbr the s%ahd[‘ﬂ)eﬁ%eff&r tflé HSfr?%@m i ! eg uge for

the traffic channel in slot 0047 he a raic
expr eEksg @ﬁelgﬁempnessmq&lwnan eque)tlom(j() ﬂney bs eskdf for thetRE func‘uon

LB Py SRR 6811 A8t A BRERRSL 2T s

aines, Soms 0Nwhizh avhdezbrivddebetiegcri bed bel ow. [0048] In
a flrst enbodi nent, each of the Nd traffic channels is

assi gied fast Fﬂb(’@l@mbn%ho?ﬁ Bienbld twiffin qhh@ne;}mn@ agrigned an FH
&HH&%E o@ta%q \pﬁlll 'Eﬂ éaﬁle 15r? QL nfim grt P Ind" pnmltlve root o but a different

value for . The channel ID for each traffic channel may be mapped to b (e.g., s = b).

The FH sequences for the traffic channels would then be vertically shifted versions of a

“base” FH sequence generated with b =1,

FIG. 4A shows an exemplary mapping of traffic channels to subbands based on
the exemplary FH sequence shown in FIG. 2A. For this example, N, =6, and the six
data subbands are assigned indices of j=1, 2,...,6. These data subbands may not be
contiguous because of the pilot subbands, which are not shown in FIG. 4A for
simplicity. The FH sequence generated based on equation (1) with p=7 and ¢ =3

(e, y(k)=6, 4, 5, 2, 1, 3) is used to map the traffic channels to subbands. In FIG.



value for b. The channel 1D for each traffic channel
may be mapped to b (e.g., s = b). The FH sequences
wo oro4ptg14 raf fi ¢ channel S woul d then be verti ce€T/¥S2004/003901
shifted versions of a "base" FH sequence generated
with b = 1. [0049] FIG 4A shéhs an exenpl ary mappi ng
of traffic channels to subbands based on the

eneg IRk afa¥fid-th-maely @RE assshiRwniiffbrefl BH Querdcs gbk¥rSied based on the
exanpl e, Nd = 6, and the six data subbands are

SS8E PHE nuades 68 —o?) imdcmmlzwe root (g.= Fhbutevidadudferent vertical shifts
Lorbrkss. B Brhis Sxantitent %HEI%? A e aRogHod with 5 =1, traffic
$h e!l Ellst ‘}(Si‘}"mg‘? ﬁhlhsbggéegﬁgsogener ated based on

W p =

equa and"a = 3 (i.e., y(k) =6, 4,
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d’ha L? age 51%3 é’é’é’&?l ]ia(sggf%%egn& Wf’A and so on. [0050]
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nunber of data subbands (i.e., N. < Nd) such that rio
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[0052] | n eadi asthitd, erﬂbodtmm‘t dif6enwhirattic | hamide arer ﬁs@hé@(}“ﬂ @equences
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mﬁ%f f‘]? {quﬁbﬁﬁlg §1 =3 aoglgpi?gﬁctl%hﬁ%%ot&hgﬁc channels

vertica Ift ver sl on sequence

gm@gmlgglgobgﬁdi%y@wnchr onous timng of the
transm ssion sourcés. [0052] In a third enbodi nent,

[0053] di f f edergenemphfthe drafhia lllmlsamyabsmgmgnbdFFleecmuem@ssm various
arﬁ%ﬁ}sl{;] esgl{;h tltP gfcro %ﬁoﬁ{giaﬁ% &val d%gfnagbrﬁmgogaht 9@ a&levet&. These FH

sequences may be obtained with different vertical shifts, primitive roots, prime

numbers, or any combination thereof.

[0054] For the second transmission scheme, each data transmission is sent on subbands
determined based on all or a portion of an FH sequence. For this scheme, the FH
sequence may be parsed into multiple FH segments, and each FH segment may be
assigned to a different data transmission. The multiple FH segments may have the same
length, which may simplify the processing at the transmitter and receiver. However, it

may be possible to use FH segments of different lengths.



| ess than the nunber of data subbands (i.e., NC <Nd)
such that no two traffic channels use the sane

wGeambarndi19 n any slot. [0053] In general, the tPerF/DU5104/003901
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channel s may be assigned FH segquences in various
manners such that collisions ®¥e avoi ded and
orthogonal ity is achieved. These FH sequences may be
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m@éﬁ,l@ﬁ ckoven awhIG.B-| Bforgoyer,inde the FH seghwentschave lengths of 2,
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Secon@‘oi:ld thé@ ORRi KOIPEIheRE, ehcte HareinSmisRAdisdassB@éd an FH
user 3 being assigned the third FH segnent conpri sed
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Moi eover, sincé the FH segnents have engt
tlbie hﬁnsrslegmnsy bagssigned epdiiferdt putoys o the mrma FH 6é&fighce.
For a{hird transm ssion schene,. each data e e
{1 ano e R PEORE S Rores S Ao WEBiRREE s nagpinis within the
S&pk oBtheShii@bAS determ ned based on a portion of the
FH sequence. For this schene, the FH sequence

assi gikd- $ shevschwireless mplineand somarinialion eystana 5@ that oarasupport

el [ Ve
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CUTRIATCating ghgtgg fimy Wis aad 2y e ke geferd tovas @psiceess point, a
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portlons of the sane sequence.
Various terminals 520 may be dispersed throughout the system, and each

terminal may be fixed (i.e., stationary) or mobile. A terminal may also be referred to as
a mobile station, a remote station, a user equipment (UE), an access terminal, or some
other terminology. Each terminal may communicate with one or possibly multiple base
stations on the downlink and/or uplink at any given moment. In FIG. 5, terminals 520a
through 5200 can receive pilot, signaling, and user-specific data transmissions from

base stations 510a through 510g.
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pabagonplifiiets a¢hevednhby thaying diffwrontsiraffic camhelsetde idifferent data

I i nto ree ctor t hen. each sect or a
S8 R0 R LY ol 7S Fihim ot avence
(rdosbtiihat wiith difdreaf vhlnes 6€lph folraFeren QFlQ cABMeRE as described
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therepnd pgwiyin e #8).i zed cel |, the base station for
t hat f [ TSs that .serve
o bl ey, i g9 e
dfseered bydde traffic ehametswfa i sao@t Giie fottBaffi€ ON:RINEE S other sectors

are de ing on t context in which the termis
RetonigBE Ao e Tadet wriom MY bt 100 geaiesss of Sisgpame length
brgchéiareli hasdd ¢h SiPRANEh ARl B8Es. $8CIOther example, different sectors

may use FH sequences of different lengths generated based on different prime numbers.

If the sectors are partially loaded, then the FH sequences used by each sector may be
selected such that the probability of collision with the FH sequences used by other
sectors is minimized.

FIG. 6A shows a block diagram of an embodiment of a base station 510x in
multi-band communication system 500. For simplicity, only the transmitter portion of
base station 510x is shown in FIG. 6A. Also for simplicity, data transmission for only

one traffic channel is described below.



may be sel ected such that the traffic channels are
orthogonal to one another. This orthogonality is

w@edievaw by having different traffic channel SP€EES2004/003901
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different data subbands for g ch slot. Othogonality
can be obtained by using different FH sequences
(i.e., obtained with different values of b) for
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$€8UB &R s@bbanigiot ﬁ?é‘dffoPﬁﬂ&Qﬂ@%{a ek, %} @a ach OFDM symbol
transm ssi on. Encoder 614 formats, enco

peried: Feicke8ld hr@vrd@s;@swd‘I\Hmtguttswnwpwmapln@d@épﬂdmymbms data

I t.he dul ates (i.e., synbol
W@gtaﬁé%growz}]a%% @)g‘ﬁ one or nore nodul ation
schemgs itgergy favi Mﬁﬁ@asl@ﬁﬂ([ﬁﬂﬁﬁkuﬁ@i%b&v&s%nd&fﬁ@foﬁns the N
data . synbol S%D 0067] A switch 618 receives the dat

SRS Lrgach O Ssgyl?ﬁi ergodiedhaiimeidomsimusingasimverse fast Fourier
&Xﬁ@&%ﬂ odﬂtﬁntah‘?raqgfgt%gerd”qgﬁﬁ%lztggt c%h*p?{sesils n,%?nc‘ijm{l%n samples. To

particular, swt
porhlot istgbsgmils, 1nt(erfenetw&)(1$1)dﬁt1@dst}5nﬂail&néﬁ) séledivafalding, a portion
trol, . channel , .and t[affl c) data

d.f
o B BonsdorG il sathe! S BIoRE] B cylin ProGXussaRtsGI, 2Pt form a
Erdshbitding OANG| o O R | aE %J!nﬁn%gpﬁ i %‘,é %Bfé@ a‘&fﬂer‘éoc denotes the

subband 1 nh a manner deter
number of samples being repeated. The repeated portion is often referred to as a cyclic

prefix. An OFDM symbol period corresponds to the duration of one OFDM symbol,
which is N+C, sample periods. Cyclic prefix generator 622 provides a stream of
OFDM symbols. A transmitter unit (TMTR) 624 then processes the OFDM symbol

stream to provide a downlink signal, which is then transmitted from an antenna 626 to

the terminals.



sequence assigned for the traffic channel (e.g., as
shown in FIG 4A). The particular subband to use for

wao b@4nraid i c channel for each slot is determnm nedI/og20041603901

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

val ue of the corresponding e|enment in the FH

sequence. Switch 618 al so prowi des a signal val ue of

zero for each subband not used for pilot or data
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is often referred to as a cyclic prefix.
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proyivesithd ﬂzrcemrad syriBOlE Ryr 62 Hilohaidbpdice sSgifot tp?&e%%ot shown),
eam to provide a downlink signal, which

?%‘g%fqvﬂdﬁ trF%edIqur Drmboks &1t s rongreb chasmel ped traffic channel to a
0

e oS (DMRCEID Skt InC el ridRAdh A9y Rons 4 bubband

teesuliband, SAGh 660 npdrates nbau,m*onomlulwaelt 608 6 ietemaBo 510x to

B3t P bl s Bo Hog e Fo oA P B4 dbvihe (RS Bg. The FH
bdqRBso¥i grb|le Pt AR PR 66D iPthd SnlcCS Y& 1§¥d aa switch 618

antenna 652, and the Treceived signal is provi
ainthehase statien. hyheaFHesrghemses ahithe pRe\VARtion( @ﬁﬂ)ermmal are further

n%!ﬂ% anples Each set of sanples for one OFDM
gél 0 perlod represents one received OFDM synbol . A

CyCI | Depodiilator GEZTEMLRAl deltididllafh §i.6.CERMIRT deh@pdWEd tekeived symbols
pended to each OFDM synbol to obtain a

rtfl%gf Wo‘?h%@m‘rl de Frpade @@Waﬁ%@@ra Sy pestder Aprt BT decodes the
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nbol to th requency dormn btain recm
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f l%‘ dqranngr, o QF‘?Pélag&yn%Fail%iu%%qr qﬁt‘%@nﬂu deé(?der 664 is

&iﬂhé{ﬂgr&aﬁyqo Bhal? PSR BG 8RR atb WHl6 HAUWBIder 614, respectively.

Controllers 630 and 670 direct the operation at the base station and terminal,

respectively. Memory units 632 and 672 provide storage for program codes and data
used by controllers 630 and 670, respectively. Controllers 630 and 670 may be used to
derive FH sequences used for data transmission and reception, if necessary. Memory
units 632 and 672 may be used to store the FH sequences.

For clarity, FIGS. 6A and 6B respectively show the transmission and reception

of a downlink data transmission with frequency hopping using an FH seéluence



and provides the received synbols for the control
channel and traffic channel to a denodul ator (DEMOD)
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subband to subband, switch 660 operates in unison
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The frequency offset w, is given as:

wk=y(k)T\IV\i yfor1<k<N,,

P

where W is the system bandwidth.
The chirp signal u(f) may be used to determine both the distance (or range) to a
target and the velocity (or speed) of the target, relative to a reference point. The range

to the target may be determined based on round trip delay, which is the time it takes the
chirp signal to travel from the reference point to the target and back. The velocity of the



generated as it is needed. FH sequences nmay be

generated nuch nore easily based on the al gebraic
wexpression shown in equation (1). [0076] FH sSPOUEsmes003901

gener ated based on equation (1) may al so be used for

other applications such as, }bor exanple, radar,

sonar, and so on. A "chirp" signal u(t) nmay be
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LB PSR SFIFO By SR onoties

anctotd@ﬁtrbﬂ@@,ummapmbéﬁﬁis ©fhertélﬁ:t1foﬁﬁ>elunﬁsﬂ debichidll to perform the
The (gﬁgerm ned time shift nmay then be used to
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[0079] f requepcy, Qb H:% e téc% % & L6 nbéﬁl B&Jefny may be

of the target. ni ques &scrib herei
froplegpented aritin glcduu:s L(SJgr; orédddemguametsnsyayd 30 on) that perform the

functions described herein. The software codes may be stored in a memory unit (e.g.,

memory units 632 and 672 in FIGS. 6A and 6B) and executed by a processor (e.g.,
controllers 630 and 670). The memory unit may be implemented within the processor
or external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.

[0080] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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techni ques nay be inplenented in hardware, software,
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i npl enentation, the elenents used to inplenment any of

the techni ques described herel®h may be inpl enent ed

Wi thin one or nore application specific integrated

circuits (ASICs), digital @S processors (DSPs),

di gital signal processing devices (DSPDs),

programmabl e [ ogic devices (PLDs), field progranmmbl e
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units designed to performthe functions descri bed

herein, or a conbination thereof. [0079] For a
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person skilled in the art to make or use the present

i nvention. Various nodifications to these enbodi nents
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and the generic prlnC|pIes defined herein may be

appl i ebtamingn thend seqivods nbelements fdrentexpepsion iorig wherein the second

the spi.ri.t -or 0 of th ntion. Thus, the
SrBER S Pk pFGRET Ltedontng BREGHobe 1 m ted to
t he enbodi nents shown herein but is to be accorded the
W dest sco% consistent with the principles and novel
f eat uPes dilbemsthad ¢feqlaiim!, wiprgogly BH5#qeence is equal to the second
g&ﬁ#&§2004/003901 18 CLAIMS WHAT IS CLAIMED IS: 1. A
od of obtaining a frequency hop (FH) sequence,
conpri si ng: obtaining a first sequence of el ements
for an expression is an index for the

el emefits i ANE H@ﬂfqdr%ftd%l@h be‘ﬁ%"éeméh@i Fébteapenasgs & vseiseHy shifted
%%féﬁ%@ﬁle%fe Ms.for an expression logo 1/ k
based e fi st sequence where p is a prine

nunber and a is aprimtive root of p, wherein the

expr essi on / .k ad lo / are evaluated with
nodul g EB%PE{]WOS qw\ﬂ@}l@ﬁ ¢pmprising:

selectmg the prime number p based on a desired length for the second sequence.

6. The method of claim 1, wherein the FH sequence is used to determine a
particular frequency band from among a plurality of frequency bands to use for data

transmission in each of a plurality of time intervals.

7. A method of processing data for transmission in a multi-band
communication system, comprising:

receiving data for transmission on a plurality of frequency bands;



the FH sequence is derived based on the second
sequence. 2. The nethod of claim1, further
w@owpnTRINg: obtaining a third sequence of el er&nUS20040003901
an expression ak , wherein the second sequence is
further obtained based on thel%hird sequence. 3. The
nmet hod of claim 1, wherein the FH sequence is equal to
the s :
T o e e o e ol o uso in cach of
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transm ssion in each of a plurality of time intervals.

7. A pechwstheothe geticios Slangnigsiem of drequensySrnds dgarmiinedby the FH
g&t&ﬁcband comuni cation system conprising:

receiving data for transm ssion on a plurality of

frequency bands; WO 2004/ 075419 PCT/ US2004/ 003901 19
deternining a partlcular one of the lurality of

frequéncy %Bﬁa@ﬂwé Qi staimy, whewinsthe dgtags nmpsswfq;ftrapsm@smn on

Ry o e S IR I SR on o
al gebraic expreSS|on y(k) =log,, 1/ k (nod p), mhere

'S r| s.a primtive r.oot of p,
o0 | ndex %?%3 ?h@ﬁerﬂr} derdltichend &HH]H(HW&B?H system
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for transm ssion on freqguency andg dete
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data is processed for transm ssion on frequency bands
corresponding to a portion of the FH sequence. 9. The

net hod0.of Thahi¥thod oM@l 9) wihlesiieddhl ti@Rflerval has a duration of one
comuni cation system |nplenents orthogonal frequency

QM sgrbehpetipgl exi ng (OFDM), and wherein the

plurality of frequency bands correspond to subbands

provi ded by OFDM 10. The nethod of claim9, wherein

each tl.me Antappatatus bvas nalttbsal doameficaion sySERM Systholg:

per i

r%eans for receiving data for transmission on a plurality of frequency bands;

means for determining a particular one of the plurality of frequency bands to use
in each of a plurality of time intervals based on a frequency hop (FH) sequence, wherein
the FH sequence 1is generated based on an algebraic expression

y(k)=log, 1/k (mod p), where p is a prime number, « is a primitive root of p, k is an

index for elements of the FH sequence, and (mod p) denotes modulo-p operation; and
means for processing the data for transmission on frequency bands determined

by the FH sequence.

12.  The apparatus of claim 11, wherein the data transmission is for a

downlink in the multi-band communication system.

13. The apparatus of claim 11, wherein the data transmission is for an uplink

in the multi-band communication system.



11. An apparatus in a multi-band conmuni cati on system
conprising: neans for receiving data for transm ssion
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bands determined by the first FH sequence.

17.  The method of claim 16, further comprising:
receiving data for transmission on a second traffic channel;
determining a particular one of the plurality of frequency bands to use for the

second traffic channel in each time interval based on a second FH sequence, wherein the
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determining a particular one of the plurality of frequency bands used for the data
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transmission in each of a plurality of time intervals based on a frequency hop (FH)
sequence, wherein the FH sequence is assigned to the data transmission and generated
based on an algebraic expression y(k)=log, 1/k (mod p), where p is a prime number,
@ 1s a primitive root of p, k is an index for elements of the FH sequence, and (mod p)
denotes modulo-p operation; and

processing received symbols for frequency bands determined by the FH

sequence to recover the data transmission.

23.  Anapparatus in a multi-band communication system, comprising:

means for obtaining received symbols for a plurality of frequency bands;
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