“WD 20041075419 PCT/ US2004/ 003901 1 FREQUENCY HOP SEQUENCES FOR MULTI - BAND
COVMUNI CATI ON SYSTEMS BACKGROUND L Field [0001] The present invention

rel at es geA@PEIF3#% 0 communi cation, and nore specifi Cé'p[rglszqoiyoqsgghm gues for
generating and using frequency hop (FHy sequences in nulti-band

comuni cation systems. |l. Background [0002] In a frequency. hopping spread

spect rum ( FHSS) comrunl catl on_s data is ansmi tted Qn d| fferent
frequency bands iREYE %gﬁ@m Eﬂi&% referred to

as "slots"). These frequerﬁ;‘(j)mﬂ@l\b HEM By orthogonal f requency
division nmultiplexing (OFDM, other nmulti-carrier nodul ation techni ques, or

sone other constructs. Wth FHSS, . ansm ssi on hops from frequency
band to frequency band in a pseuﬁé&#ﬁbﬁ?ﬁgnner. This allows the data

transmssign toggyter wthstand deleterious path effects such as
narrow band interference, jamming, fading and so on. %0003] For a given
data tO8HEni ssi die preet Spyeriay @I%qsmﬂbytoﬁawaﬂ%amap megcivedfienllyi s

|
LY Bnom soi aneEn B P ESRFGR A ERSRUSIEENG, (ORFRonti MEPEUERER. o

These FH semnmnmaﬁhm@stemypl cally selected to have excell ent
auto-correlation and cross-correl ation properties (described below). These
properties ensure mninmuminterference anong the nultiple data

transm ssi ggs dlmckg}omdre shifts and frequency offsets in these '-
transm ssions. [sl [0004]. FH sequences Wi t&@gel | ent correl ati gﬁn properties :
mbe 08%48 ai ned BadEaPBAY hamms tRETRASBEHERE SHRRUBCARM Y8RPttt Bnal '

ods. HayaMBlited dn GETIRME BoqSBRy 6ihds Y difRfent B GRLARG]S/hich Rl Heedi Ous
. and tinme consum ng. Mreover, sone of these other conventional nethods

provi de norreGped ol asFislagducAbess ﬁ@ﬁﬁeﬁ@’ bauds wayrPeermaidednhy ogbegosilat i on
, t t
properties.g, é{[é%%?%% 1&5&?&31&;:%&{@2@32%& £o a ﬂ1 éa?nér@x‘? Ea%o]ﬁ?l_{c g&égndrques 0

efficiently e goo {0 Usée these uehces in
mul ti - band sooemiher catsiross. s‘}\&ﬂaeEESS,(ﬂE dptg tr@mﬁﬂswshbpmﬁym A0 baBiie19
PCT/ U82004/f9 0131691}.06]}? band in a psendo-random manner. This allows the data transrmsqmn to better
withstand deleterious path effects such as narrow-band interference, jamming, fading,
and so on.

[6003] For a given data transmission, the specific frequency band to use in each slot is
typically determined based on an FH sequence or code. Multiple data fransmissions
may be sent simultaneously using different FH sequences. These FH sequences are
typically selected to have excellent anto—éqrrelaﬁon and cross-correlation properties |

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

[0004] - FH sequencés with exéeﬂent correlation propertié’s 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—optlmal FH sequences having less than excellent
correlation properties.

' [0005] There is therefore a need in the art for techmiques té efficiently generate good

FH sequences and to use these FI sequences in multl -band communication systems

{(e.g., OFDM systems).



2 SUMVARY [0006] Techni ques are provided herein to generate FH sequences
havi ng excellent correlation properties and to use these FH segﬁences for
various APrREAIHYNs. In one aspect, FH sequences nayc?i@sﬂ)gf{%(? ted based on
an al gebraic expression y(k) = loge bhk (nod p), where k is an index for
the elenents in an FH sequence, p is an odd prine nunber, ais a primtive
root of p, bis an integer selected such that 1 <b 5 (p -1) , and (nod p)
denot es nodul-o -p operation. Di ffewgequences may - be generated with
di ffergpk; val uegeftpfoubs afeOpRRE RreiR %o dRRGHE AT Leleplts LARKD kxdelle@not her
aspect, data may be transmtted in various manners i-n a nulti-band

comuni cat icomelgtyant prpartissrepd Rl uge fiveh EH scgremessaiivr datws edplamtionse JTaxqueessi on»
y(k) = logq._bhlk- . In first, . SShkon. sche t . be
transm tte&sl)é;’ﬁ%f ?ﬁg%\?‘?& uar MY afbl‘B i é’aﬁ%ﬁg@lméﬁ%g& g%c%po%jg‘%iggh&r%%% %’g

associ at ed i} 4 ik, ek Feel py swikk ksegipieciot rtcldRings iNianaF] sdaBepOLisl | C
subband to use in each slot. Na subbands available to transmt data may be
used to fommadf grimel Zlabery afif iacprothsine ebat . of g dhist anafntdger selbeheichraat be
assigned- a static channel .1D_but dynam cally. mapped to _different subbands
in differ erhséﬁ&?g—lba@@ﬁmaﬁpﬁgma?g%@ﬁ-@amf i %gfﬁ'@& FCRCREE HRY

transm ssi gn _sch . ) tr 1 SS{ i : n, subbands det er m ned
based on recria pf Al TP B BUD, WP paBea®R T 1S B
sequernfo@7ney bepassieg aspedt, datalthdy b Radshiiticicig Rfibss mangreAachmiti-segnent nay
be assigned to a different data__{ransm ssion. .quﬁ?h data transm ssi on may’j)e
sent on t hEOSHRBRAUR FEHER iR FB@ HMIESs BEHEdetHasdy Bnfhe BOTESIBG]
various aspgagy s 18nG/2TROdiTEM S bt fhemiavatian aks irdpelittel opur t her
dorail bol e Bkl DE%CRFE% ON'OF THE DRAW NGS [ 0008] P The pinittel eofé‘ nature, .

and advant ageeided ‘thficPlcRsesls, tRUerTtwiEch Waly|bebasiRsdRitR 2 RPRAHRNFHI rom t he
det ai |l ed descripti.on set forth-bel gw %\‘hégn taken in conjunction with the

drawi ngs i FeYRsReen thet ideteraipey BivcepecHisr srobEds 1o 3 i £3Fhe 8Pt e Mo iibARfsy

t hr oughout a@ﬂﬁb}e"m%aﬁ&ﬂﬁ't.dﬁtg%agr]bé: U5 td PRSI AN PHARE SRa®ls. 38REHAH-NY an FH
sequence based on an al gebrai ¢ . expression y(k) =1logo I'k (nmod p) ; WO

2004/ 075419bPOV Be0B425EBeD2 staic] domg 1P tit dmaminsils migpeddppiiffgentf an FH
sequence, fQinRas if et Eloé’béggci Qalits associated FH sequence. In a second

transmission scheme, each data transmission is sent on subbands determined based on

all or a portion of an FH sequeﬁce. For this scheme, the FH sequence may be patsed

into muitiple FH segments, and? each FH segment nﬁy be assigned to a different data

transmission. Each data transm;ission may be sent on the subbands determined by the

aséigned FH segnicl_lt. _ o | j
[0008] Various aspects and embodiments of the invention are described in further detail

below.

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

expression y(k) =log Uk (mod p);



t wo- di nensi onal array; [0012] FIG 2B illustrates two-dinensional
auto-correlation of the FH sequence showmn in FIG 2A; [0013] FIG  2C shows
t he genemvem p@wowhiodi fferent FH sequences by vertical BRIPEIAHAN0014] FIG
3A shows a subband structure for an OFPM comuni cation systeny ~ [0015] FI G
3B shows a subband structure that. nay be used for pilot and data : '
transm ssion in_the OFDM system_ [0016] FI G 4A shows a mapping of traffic
channdP@1t o subBEhJIA Breysdhomappiae pian SHgisavRee.showT 7 ranf| &= A0t [ 00171
FI G 4B shows .an a.ssigdlnrrrent of different FR segnents to different users;
[0018] FIG %d’%‘he&}eé‘s’“% W'tel ess nul ti-band. conmuni cat i on system [00191 FI GS.
- 6A ando@B; show BIG B dinaegitatwoaimeshasieansd-adrtetutioand (i HIE kdfuaie, shown
respectively. DETAILED DESCRI PTI ON [[0020] The word "exenplary" is used
herein to HEET-28ervi ng as an exanple, instance, or illustration.” Any

enbodifgpAl or deri 9w MEWE HeREbrRARNRIF RifftPent BNABRIAEN by ivérti'aﬁtshifﬂ@gtE essarily to
‘be construed. as preferred or advantageous over other enbodi nents or .

desi gri€014] 0021] Fite Sinihgere 8 sehbendstopivgelir mePEP conguriertian eyfes equenc_eé
havi nggxcel | enﬁlé.‘gﬁe’% %gﬁg\%s 'sﬁ’d}%d %Hﬁﬁﬂ‘éo{hﬁﬁ L3 A ,and Bogtr ﬁi@?dﬁ]@g pghation

properties (descri _ These sequences may e rvarious
appl i cat i otranswisdiorais tha OFDMogsidmcontruni cati on  systens, radar, sonar, and so

on. | I n ap, aspec FH sequences be generate ased op t

fol l 28&8%} al gebfg'?c&? éi!?)‘?’se%&@%?ngy‘(cfﬁﬁggéme%%&ﬁgééﬂg? F‘ﬁegk"_ﬂ( B’Pf%f, Eq( 1)

where K i s safehdrGBawh @ FIGI@AEl enents in an FH sequence; p is an odd prinme

‘nunber; ais a_primtive root of p; (nod denot es nodul o -p -operation;
i B

and’ y(IR§17} epr esEﬁiélBa‘-ilimWHa%%fﬁ@EW@ét ahdtiferqnb P speragnisietiiderenpgs 04/ 075419
PCTI USgRf 00390d; sAndie a XIS hahaal eimbicadHaldan (1) may be eval uat ed

based on al gebraic properties of finite fields, as described bel ow. -
- [00191 FIGS. 6A and 6B show block diagrams of a base station and a terminal,

respectively.

DETAILED DESCRIFTION
[0020] The word “exemplary” is used herein to mean ‘;senring as an example, instance,
or illustration.” Amny 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 sequencés having excellent two-
) - dimensional auto-correlation and cross-correlation properties (described below). These
FH sequences may be used for various applications such as mulli-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(ky=1log, T (modp) , 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

p(k) represents an FH sequence with (p—1) elements.



[ 0023] An FH sequence generated based on equation (1) includes (p-1)

el ements or chips, each of which has a value that falls wwthin a finite
field deMonwas4®he Galois field GE(p). In particul BrTVUEREPR%e of each
el.enment of the FH sequence falls withip a range of values [I. ... (p -1)]
This is ensured by the (nod p) operatlon in equation (1). [0024] FH
sequences of different lengths ener at g by sel ecting the proper
values forT P%@Pmsﬁﬁ%sm%ﬁql&m%% Ay e FYAlugtg 5 @%Pﬂ pleckiae parpeHise @f FH -

sequences JRY. fid, dEN8EH-88:1845€d on one or nore primtive roots of p. A
primitive root a of a prime nunber p has the property that it can be used to

gener #083Jal | (pAn FH m@@p%@eeat@dﬁemé opfeqpationt(hlemchides éP*f-i)ebldmgﬁG oy . This
can be achi eved isin m L ve apt y, di ffer aowers from
o o) b B otEip it heinn 45 Hols Whis peb i B Htae R slidne | ated
resul ts. FaEdaGripY e yatisRarOtheRalub b€ eidh diénkdny 6f he BiBseqfienle 818 WithRi £l 1y - °
-known or can be ascertained. [0025] FIG 1 shows a flow diagram of a process

100 for germsgatiwnipeafl EHpscijucTiseis echaweatbiohe (ined p) gphmntiincn eqyties $1)on shown
in equation (1). Intlally, a suitable prime nunber p that is larger than

the d&¥4led | erﬂ&ﬁ [Fegrenes Fﬁlﬂaff%réah@ﬁsfés |f%aysléq geieEded by éﬁleqﬁpz)the Wft he

exanpl e de ked r [ffexol=Y] a
primtive ?%{é%s or g?hﬂggu%?i&r% Ir?lﬁfrab%r p |]lsé0§§g}£§}(fﬁ%sﬁ{p&ﬁﬁ%es e pr| nme
nunber p n’ag/geﬂ&aim bresddt anpdre q:nmmepnm\reaoos of padhpritivk iredt cnelia prémeised to

o ¢ ve PEBYEP ag@ae@%?sﬁ?ﬁg*‘ e U BB roR Th T DIRHIPAGEEeE P pt.tf)‘ﬁ
the eval ”aﬁ%‘al&ﬁ gl &ﬁg%ﬁb& (aéﬁﬁgx?%)sn%‘ th?az i Gl lhkzémo%‘?zb{éoga :

and [oge 1 IS per Tron. |s ensures that the

resul ts fogifRbdat }JB@&@ ﬁ%asmee&squaw andl(k) Pértdinihgl 6 (@ah%soﬂetaeibﬂ dahthe) - [ 0027]

A sequence of (p-1) elenents for the expression i's first obtained
(step 1l6yxpvassdtedrresviie fFob laogivagvynopeps e pnnnhve (rcmmjob})v arel typichlly 1<-. k <_

(p -1) , anot her representatlon for 1 / k. Equation (2)
i ndi cat es%éw?rcmﬁ?%sﬁﬁ% e%' k and its inverse, k-1, is equal to one.

TABLEfdb25ihows t ks, I".Eesimiwt& ﬂﬂw ﬂﬁgrad:eof ¥ gidcesn 100 for gelmeraang) e FH @huente/ kK "
based on egu él on and for 7. WO 2004/ 0@34;ng / US20 41003901 5
[0028] A sBf ﬁ’Eéh‘?) setyaig) exgres hERowT, i Eqation Yak BUHADIRIPE bt ai ned

(step 118humieBlifutds BFperat e d'éﬂﬁdd'lér@ﬂ%fth@ﬁﬂ@ et8d & QRledt@l (steBa 18X Pr essi on
"ak " for g E and a=3. TABLE 1 TABLE 2 . (feb %X‘
or the example described below, the prime nmnber is selected as p=7. Next, a

primitive root & of the prime number p is se}ected (step 114). The prime number p may
Jhave multiple pmmtwe Toots, each of which may be uvsed to generate a different FH
sequence. For the example described below, the primitive root is selected as o = 3. )

[0026} In the following description, the evaluation of various algebraic expressions
such as 1/ k, a*, log k, and log,1/k is performed with the (mod p) operation. This
ensures that the resulis for all these expressions fall within the Galois field GF(p). |

- [0027] A sequence of ( p-— 1) elements for the expressiﬁn *“1/%” is first obtained (step
116) based on the following property: . o
| kb (mod p)=1 , for 1Sk<(p-1) , - Eq(2)
where &' is another representation for 1/% .b Equation (2) indicates that the product of

 kendits inverse, k™, is equal to one. TABLE 1 shows the Tesults of the derivation for

the expression “1/k ” based on_equatioﬁ (2)andfor p=7.



k k-' k k4 (nbd ) k ax ak (nod ) 111(rmd7) 11333(rmd7) 3 2 4 8(nod
7)=1 2 2 3=9(mod7)=2 3 5 15(nod 7)=1 3 6 3 =27(nod7) =6 nd 7) =14
4 3= 81 (W@WOFY5H%4 5 3 15(nod 7)=1 5 5 3 =243(nod 75"%”%”’600 M (nod 7) =1
6 1 3 =729 (nod 7) =1 [00291 A sequenge oOf (p-1) elenents for the
expression "log, k" is next obtained (step 120). This sequence nay be

obt ai ned based on the foll ow ng1 observation: 7r ->a' Eq (3a) is equivalent
to | od¥2Rk] - * | of,sequenye ef kPEQ ?%?HTS £ dbe P?@ﬁ%SSIPBé‘)a ”n%lmé?@@}ﬁam@dl(@tGQe t hat
the mapping fromlc to ak s sa mappi ng 0g, k to k.

Thus, the pi HPHE & shevs e F‘?ﬁ@lts t%ﬁlerﬁ’é‘n%foélt%ﬁ@ﬁ?sm%mﬂppfcﬁgPﬁ17e nmappi ng
_-fromlcto ak to thaln a mappl ng fromax to A which may then be used as

t he mappi ngq‘romk to | og, [0030] TABLE 3 shows the results of the
derivation for the expressmn "log, k " based on the k to a k mappi ng shown
in TABLE 1 for = 7.. The two |l eftnost colums in_ TABLE 3 are obtained from
t he second and f| rst Wﬁﬁ'ﬂs in TABLE 2,. and the {IABL: ]f:rzght nost colums in.

TABLE 3 arg optajngd Dy onder ne p- [ eatriegrIT The Fuly g hertnpst
colums in aacrcl'l frll ﬁ)yﬁrL‘el hﬂ&i})lﬂbFE S—kt 5:, &90 ‘H ak k 31
‘) 2 E \I\d\1 ﬁ 7ijlllll’lﬁ =T, ] (g r/Jlgl!'\ ’J !'\’I 3’\@ Qtjfj E
1 6 22 2 3 H-V oh Yj%va‘rl, 5555
1663,Step-i2 lrra\' EOJQ'M t toredina
tabl e, and the & nilen 15\@1‘?4\& L hy '6hp By~ %Mﬁ% Y)Vﬁﬁn exi ng
this table.| 4 8 (mod 7)=1 4 4 | 3*=81(mod 7)=4 .
5 3 15 (mod 7) =1 5 5 | 3°=243 (mod 7)=5
} 6 6 36 (mod 7) =1 6 1 [3°=729(mod 7)=1
[0029] A sequence of (p—1) elements for the expression “log, & is next obtained

(step 120). This sequence may be obtained based on the following observation:
F—=a* Eq (3a)

18 equivalent to _ |
| log, k—log (c") =k . Eq (3b)

Equations (3a) and (3b) indicate that the mapping from % to a* is the same as. the
mapping from log, & to k. Thus, the mapping from & to log_k may be obtaned by
swapping the mappmg from kto ¢* to obtain a mappmcr from &* to &, which may then
be used as the mapping from & to Io

J [0030] TABLE 3 shows the results of the derivation for the expression “log, & ” based
on the R te e mapping shown in TABLE 1 for p=7. Thetwo lefimost columns m

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

leftimost columms in ascending order for £.

TABLE 3
k- log, % k log. K
" k a® k
3 1 1. 6
2 2| 2 2
6 3 | [ 3 1




[ 0031] A sequence of (p-1) elenents for the expression "log,|/k" is then
obt ai ned _ (st 22) by performng the followi ng step al ue of Kk,
for 15 k¥ %%Vé%ﬂi deternmine 1/k (e.g., based on TAEEEgﬁ?ﬁ % det er m ne
| ogol /k (e.g., based on TABLE 3). For 5he exanpl e above with p = 7 and a =
3, for the first el enent k 1, the inverse is D I/ k =1 from TABLE 1, and
log,1 / k =log, 1=6 f et o 4||gItIUbL4bU|unu i“LTABLE 3. For the
second elenent k = 2, verset+s— | k=2—FremFABLE 1, and log, | / k =
log, 4 = 4 fron1TABLE E——Eu h-lof—Phe erainﬁng e!eéean of the sequence for
‘the expression |og," nh§a|n=d i Qinilar3nnnner TABLE 4 shows the
sequence of elenents for Iog | /k for = 7 and a = 3 (second colunn) TABLE

4 al so shgws uence, aof enent s = 7 _
(third col g’ifm)lw Xt RdFIBif’ Fﬁeq"le%chyf ¥ Ié" ‘?‘311"’%)“"(‘35‘[“15“)“"1? %{3@“ 242 3 )
S 1 44 ggheme iRt 18gK E&%%]obﬁﬁfeds%rﬁp?h ¥ indexihP Bidlage description assunes
t hat the ent| re sequéhce of el enen each rnternedi ate expression (1/
k, a' jooand | 0g, AkqueSiceobtt e NBdelbREntsISh the explessione 16416/ B ERBE 8b@aineg! ement s
for the expression |og, 1/k. The sequence for | ogo 11 k may al so be obtai ned
pi ece- neal (step.1§2) by mrfoeninl thwafollewinf skeps fomeaditvaketafwpfor t s (pk): t o k= p- 1.
WO 2004/ 075419 PCTI LUS20041003901 %0033] It can be shown that FH
sequences geﬁer@!@@ﬂlﬁals’éc{ecgnbéﬁfd@pl IHY). mebe  excel | ent two- di-nensi onal
(2-D) auto-carr atLo properties The excellent -

e PF gé%%?son1$%ﬁé

aut.o- correl at'i on that, for an FH sequence y(

gener at ed pasfd .o, éR&h( L7 4fee cqvwe%&&maa ﬁ&ﬁatktﬁq MaQHB si gnal.
u(t, y(k)) generatped using this FH sequence with e Si gna ,

- y(k) +Af) Providefont TREAE TTRXE Tyg) Valtlg( 1 =6. fm@thwtfbﬁgaiﬁbstas‘omﬁfsqnfrequency
-offset (1sf = 0) and zero tine shift (r = 0) and (b) a mnimm val ue at

ot her freqlidBiy of Fadbssaont! demtntre=2hithd mvénse &. 1/ka=4 from TABLE 1, and

al

oy C)

'l
o
\ >3

=)

O

log,. k=10 g, 4=4 from TABLE 3. Each of the remaining elements of the sequence'
for the expression log,1/k may be eb;caineé 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 columm).

TARLE 4
log, 11k leg, /& ’ '
k = P
- (@=3) (@=5 D
i 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/%, a*, and log, &) 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.




smal | sidel obe of maxi mum height 1/N, where Nis the length of the FH
sequence, for r # 0 and 1sf # 0). The excellent cross-correl at 'Oon property -
comes froYRews0T54¥ that, D for certain values ofp, t ReVUEHVEI% on of the
frequency hop signal u(t, y(k)) generayed using the FH sequence y(k) wth
other frequency hop signals u;(t, yv.(k)) generated wusing other FH
sequences. y; (k) _al so provi des i ni mum val ue, ere the other FH sequences
ya(k) 9Pl al so Boted ‘FFea:“)B‘a’sgﬁt Wéﬁqyﬁﬁeﬁr‘ge‘f@j@%%sﬁ PR cgrshior ddilt®dBl e val ues
forp and/ oexgiledtQR84imdnkionalA THNRYS cdrRgaridh RRA a@s‘saémfemioﬁ?%ﬁahﬁ&y Thél
sequence, generated based on equation (1) with p =7 and a = 3, onto a.
squar e t woSHicHarsureerchipmproperty Ferassiramn the fact-that, Sor @p FH yequerhiydkhappi ng i s
achi eved by narkj n "x" .in the box rrespandin to the valug.of y(k),
for each vartiel oed v edvating Gy g PR ion S38 Tuy P St EEok®) col umm’ i n
TABLE 4 agapnst iSEH iddude® Vit file FQlal [ \ | gnt
t wo- di nensi%%%zlte&aﬂtﬁgg%r?g ae'?}lon and cros%acm+eﬁ’£8?gﬁhjgr %g"éﬁ%?g? gmay be

gr aphi cal | ynaxinnus vilaé @€., dighgpeakieat tzeo-figi@nsg odBa l( AR Byand The texcals ent aut o-

correlation property comes fromthe fact that an FH sequence generated based
on equati 6A=01)mdi(b) 2 paiimudealng atrpther Zrepuentsiy foffsels vad/st tme shifis iise.same FH

sequence i e. wer. : | r ng : o f to of yy).. For the
hi'fted FroEahsigRlone bERELRERiRnC B if e 8, BFlne meRbeo BB o e <
and y denotes(tdne Afuaber Thi exshildnt srossicdrivdation prdpedy comles fomithnfacydher, e t he
shifted sequence can wap around' : The one or:fewer coincidence for all

possi bl e 219y csHpinvalupsofipgigicomichtionof tedroguensihep seral u(h e (Edizeeirdfedices for
SO 2-D shi ftﬂ? t he seqﬁgncg n EIT sequence that sa.},jgifi es this
t wo- di mensi*ofat At FEUEBG &gt VY hoﬁ}% AEICY LOF SR def’1 QL 208  as array.
00361 The_excel,l ent. t wo- di mensi gnal _cross-corriel ation_propert s from
'Ehe fact tnﬁ%lltg Og]r?r Eﬁ Sseglﬁeﬂlgeﬁ‘cg?@e%é? {og’ldﬁggs%%lﬁnga#&g’t g 6%0 'rlclﬁ‘?goi nci de
with a 2-D_shi , 0020 2 5 Lan-of another FH
sequence (_gsg ee%“%a‘iﬂtg gd&ggge e%%%%é%ﬁ??géﬁ@%ééﬁ&o%t% ﬁ%}thggl}é fgﬁtagﬁ 1‘@?’;ﬂeges for p
and/or cC @yubhandta- | / @, ) in at nost two locations, for any shift of (x,

y). [00371 FI G 2B illustrates the two-dinmensional auto-correlation of the

- exenple3] FH se§lentfe shofigwie napimai thaexdmplary GH e@enchacyentsibaed at i s
shifted by - (i to_ .t ri | Jup) is indicated by the

synbol " o" o 0ip g e o= 34 Bl ke A MG oy LPRRERLES, O L

one |ocati qp_abxk, =13 ﬁﬁgimxﬁﬂ(i% 75 aPhietd B3 HharRg R FOP8 b cofisbpoatiHences

gener ated based Oon equation is that 'the frrst elenment is always y(l) =
p -1. Thus to fiervalie of Bk derenacke vafe behgteh nmppingdenededsetiown in the second

 colump in TABLE 4 against the values in the first column).
[0035] _ Tﬁe_: excellent two-dimensional auto—correlation; and cross-correlation properties
) may be graphically illustrated using the two—dimensiénial array. The excellent anio-
correlation property comes ﬁ'bm the fact that an FH E:sen:iuenc::e generated based on
equation (1) wilt coincide with a 2-D shifted version of the same FH sequence in one or
fewer location or box, for any shift of (x, ¥). Por the shlfted FH sequence, x denotes the
number of shifts in the horizontal axis and ¥ denotes the IZI_}HIIbGI of shifts in the vertical
direction, where the shifted sequence can wrap around, The one or fewer coincidence
for all possible 2.D shifis is ideal since clearly there mustbe coincidences for some 2-D
shifts of the sequence. An FH sequence that satisiie%;; this two-dimensional auto-
correlation property is referred to as a Costas érray. |
[0036] 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



based on equation (1), a shorter FH sequence of length p-2 nmay be obtai ned
by truncating the first element in the original FH seguence, of cI'éength p-1.
For the VEXeMHPHEY FH sequence y(k) = 6, 4, 5 2, 1, SCIHSHPHBIG 24 a
shorter FH sequence y(k) =4, 5, 2, 1,33 may be obtained by truncating the
first el ement in the original FH sequence. The shorter FH sequence

6
woul d al so have excell e t wo- di nensj onal .auto-correlation and.
Cross- corré{Fré’toPdﬁx aBP%*B%?‘%Ii Sggqenﬁ%kgeggﬁ%gg GeFLeHrEe (H()lwléh otheisuitehlte val ues
of p and a) r\raﬁessféﬂﬁ_%ﬁcﬁbr\/&,'ey%sdﬂzoéﬁ ﬁ&,')lﬁﬁatwmmmonh%ﬂ&i}sﬁjﬁ&b@%}?. nmay be

obtained by (1) shifting the elenents of a longer FIT séquence of length
p- 2, t{00371 he | eFEGURB iillustrbies flier tsto-dinemsiontal hstotchaelatien vi the ckbeplar PEst val we,

orapr Ly PSSO LB e o IR A, BB BSEAERE R 6P, ™
vertical |y gahiifk add \vat shPRSin@kattd 8y Fid Saeer6e FhaoniRve G s es

t wo- di nensi ona auto-correl ation and cross-correlation properties, just
| i ke the ungthithe eghified yersigeatenc lochlen ¢iek Eidcatd y(A3K X.t ed versi ons of the FH

sequence may be expressed. as: k) =l og. : b .(nod . for 1.5 k<(p- . Eq(4)
. whgre (038} o)r/ | ,QHBI_?DBOP@%Y -O_fL)‘qﬁ, Seé‘éﬁﬂ%?se%ﬁg?rﬁ@dﬁ?@m& Tualeqd @5 & that Eé%?er-ti gf(al) '

di rection. efignedis AVSRER) 2fp 1heThhs] f&eﬁupﬂ%@qﬁeice%mehgﬂ ﬂer}t%eﬁéﬂa{e& it
wraps around fromthe top ofpthe ~array to the bottomdue to the (nod p)
oper at i on. bp&d4 eduation PIJ, 8vbugert Fi® seqengd af JenEtH pegliemgyebes hitained byFl G 2A
and - two other FH sequences generated by vertically shifting the exenpl apjr)

'FH sequencdéungiag dhe g iy dife pHgiBd [t spapenee »f(Jength  pohe Eon the

rtically) is .showg by th | "o d, the .F ted with -
beL aCh | DipdoHl RS SUIZS 6, 2. 7.0 2 o R RS WS R EAL g "
2004/ 075419 REHUS804/ 3039913 12 -?&gg&]ﬁn&wwsﬁﬁ@%h&ﬁﬁ%@hﬁﬂr@é”giﬁbr aically

based on equation ) fay be use various applications.. One such
appl i cati onhd erifimal Hif egmemey Tiepghorigr ¥ seaplenie band alsohanenixealenbtwsyst ens,

which enplay nmultiple frequency.bands for. data transm ssio These nultiple
f requency %ﬂﬂ?mﬁ@yﬂ%’ém&e&%’ioﬂ yd Bvsiﬁﬁ\??%’ron%??’é’”bef'h%g} E%%?ﬁ&&‘i‘%ﬁmf&w

ef fecti vel y; Dawt idubPRSuck BEp BYERRL buc¥SHver daAsiliduint of Mnaht fogonal
subbands, which are also referred to as tones, frequency bins, and so on.
For OFDM esntbeobtatded by K sshiftienis clemeals 96 e iaigadFiksdguescerod ettt pva. todi gi tal )
carrier upon which data may be nodul at ed. [0042]l FIG 3A shows an exenpl ary

subband st iheclefi patigbe firsh elemgnidr thgone with the largest value, and (2) deleting this first

element from the sequence. , '

[0039] Another property of an FH sequence generated based on equation (1) is that |
vertically shifted versions of the FH sequence also have excellent two-dimensional .
autd—cqrrelalion and cross-correlation properties, just like the unshifted FH sequence. ) j)

The vertically shifted versions of the FH sequence may be expressed as:
wy=log, = Gmod p) , for 1<k<(p-1) Bq (4)

where b, for 1<b<(p —1)‘ , denotes the mumber of shifis 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. ’

[0040] F1G. 2C shows the exemplary FH sequence shown in FIG. 2A and two other FEH
sequences generated by vertically shifiing 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 ghéwn by the

 symbol “A”.




comuni cati on system The system has an overall system bandw dth of W Mz,
which 1is partitioned into N orthogonal subbands using OFDM In a typi cal
~ OFDM systvedpoo40r#4yp M of the N total subbands are used PFHUSEMYP*%nd dat a
transm ssion, where M< N.  The renainigng N - M subbands are not used and
serve as guard subbands to allow the Systemto neet spectral mask
~requirenents. The M usable subbands i.ncl ude subbands F through F+M 1, where.

F i's df%ht eger Flyfraeares eeraist @aetS‘_EiE"ﬂlYt‘?‘Fé‘id Pheqwtign 4b) may bampuhts are
centered i %{—)i&% ;gilpﬁgalr%né?f iR ehplidaBon 9o B rd ORI h%ﬁnﬁﬁ ﬁtﬂg nd"
subban an

exenpl ary d structure 350 that may be used for ata
t ransm ssi commmichgorGyBkms,ywhichemplyy nhiltple Foogherebands fr dealibandssiar.e used

for pilot transm ssio, r l.eCt sed _on various

consi der at irlgl NS %‘ﬁ%@e %é@u%%g b%@#%?qgéf’ g’g‘ﬂé‘%ﬁ e‘%r@%%%ﬁ%?"é%ﬁ %ﬁé?ri C\?F%Ctof t he
communi cat i@FDMhfifocddely phingtidip thei dvetall systlxb dantbvifhiihiol N ofthelenstsabbanys, shaded
boxes wth the letfer "Y' in FIG 3B) may.be _unifor i.stribufed across
the M usablvgnéhﬁﬁﬁi?%‘.’fe”f‘ﬁemﬁ?It?}}es=s“%ﬁﬁ%i3ﬁail%§ndb§8%%%F??ﬁe‘?af’ﬁﬁ ®changi ng
over tine) hkahiRdis GadocditcdN@iig @ despebrin@e@mital) cafrRe upSl VhidhOtLhalide and the

specific subbands to use for pilot transm ssion are such that the receivers
in the sydeetaigde able to (1) obtain good estinates of the channel

respo whi ch y o] e tigon, . apfong)
reli agq%%z&et ect F?ﬁ'e ?gcééi?’\?gd aic|c])i F}éeﬁl%i i gl%bb%%asbnggﬁgégg fgér?lnsayl/]st em
acqui si t i orcommumeatioresyktiemg , The sedgne hasantavaek ispgdem hadivedthof W WiE, whidh= M - Np

remgi ni ng usabl.e subbands b ed, for transm ssj I, € ,
t rafhsni ssi dh p%qlg?)l%/eérlﬁg’gg Oﬁ?%cmgﬁﬂl%%%qs-@ﬁgm‘ Y ypm%@?’@%ﬁy Sbbands are
referred toahasl dataNsotblxabinde B wekiod pliataad divk Hanéhiesibgiere MXNI.N FI G

3B. [0044] Data may he transmtted in various manners using FH sequences
generat ed Tedegaginsodfiyhbamdy aremgt used ppd perys ax @& eibhends el thgat a may

be transm td ety @ mebigionaPMadk reddirfdehs. TROBNNGHS sultasll REnstniBy be
associated With a respective FH WO 2004/075419 PCTI US2004/003901 10 - :
sequence t Hhtovglether Minleswhdie Fsisean inteses bibaly selecied sudhothatitieait wsablsmi ssi on
in each sl I - ransm ssi on schene, data may

be transm %%B}gng’i%rgg&géﬁé@%%g%&&g%%ﬂg???pgﬁa%%ggglﬁi FH sequence, as al so -
~ descr i [pe4s] bel owFIG088 Showoan tdeenplary stbbendistawivss Bihtiet meybe utddcfoiNpiledat a

subbands ma ge sed to for o E‘%ét %%f ic.,C anneﬁr\;g ach traffic
channel rmyPodss deFgrsten,PeP BRpOL Rl s RbSARRR oh s aratat, Bty
hoppi ng, eaehpild: afhhimiseiinmnele Npnaboe diloasi Ratd ¥n FRRRE Gohiderdiohd alcant
subbands in diff g}ent (gl ofs. The durati 3?}901‘ a slot determnes the hop rate
and may besd EEYSHTR %’e%eqd}ﬁn‘*”&)’af'? EFHELY0d i BT BHER ehfepeladhe NoPldxanpl e,
the poher €NuBbands (which is denoted by shaded boxes with the letter “P* in FIG. 3B) may be
:> uniformly distributed across the M usable subbands. The pilot subbands may be fixed
- (i.e., not changing over time) or dynamically changed. In general, the selection of N,

and the specific subbands to use for pilot transmission are such that the receivers in the

system are able to (1) obtain good estimates of the channel response, which may be used

for coherent data demodulation, and (2) reliably detect the received pilot, which may be

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

N, =.M—Np remaining usable subbands may be wsed for data transmission (i.e.,

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 eQuétion (1); In a first transmission scheme, data may be transmitted on

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



time of the comuni cation channel (which is the time over which the channel
is essentially constant), whether the systemis oper i nously or
asynchroﬁ&u%‘l(’i/%'/””and so on. In general, a slot may spgéﬁg%iwgo;%@r?gl ti pl e OFDM
synbol periods (defined below). [0046]p The mapping of a given traffic
channel to subbands maybe expressed as: | = y(s,Ir) , EqQ (5 where s is

the channel ID f the traffic channgl : is an.index for slots; );(s, k) is
a functi ons?%%ce%ﬁﬁm% %egaﬁé:.ﬁﬁgahgg? ogear fpta S(t,mﬁsﬁ‘?i]rfﬁé?gh ﬂ%’f‘d j is an
index for gh&saihbasdwt dn HS&ofi@ratddssionathidnge, aitamnglbeitinghiabd Kased H947] The

al gebrai c expression shown in equatjon (l% may be used for the FH function.
in equat i oAll Py portrpRokandit feguengeAsalse dpscybekd i gned different FH sequences
in vagdgass MRNAKTHE. HRCHRsRssibisehof Bed@ Sl RB8Fakas bRl bel ] first
enbod;[r?gtlhts, each o et he Nd tsrsaf fSi o char‘tlsnedl%él I S assi gngqegg&éﬁﬂggg%ence

obt ai ned wia Na trhificshemnelsr | Faeh fadficeehapned mepyphe asbighedea stotie chenbeltiDa 8¢ f f er ent

val ue for b. .The c ne for _eac | el ma e to b
(e_g., s :Irﬁgl?menfhige%lg?—?cg eﬂ(ﬂ) 53%%@83@01?@%?1%&?% @gr}%h%%nrﬁ %aﬂ?ﬂd]&?f’% B(?ﬁ%n be
verti cal | ydifhidnt stbbueisdn oifferent slats. "IhaderatibitbSesoedutemien ictiopdataiahdy b = 1.
[0049] FIG 4A shows Sn xerr/pl.ar ‘mappi ng of rafitic channel s to subbands '
based on . ¥ DESEIRFPA PYSCRIRSREIRH ESURBRADS Frokpgy, 10 gxammie, e, Fhegspsfipl e, Nd =
6, and thetjgieXof BRRNIMPRANES cAiBeP&FhiEN ¢ tleNfing SveP wHichtht: chémnel is 6. These
data subbands nay not be contiguous because of the pilot subbands, which

are not shewentially cpastagawhefher the gystang istoperatpd syrghrenoyely ve esypelrerasbe bas egd;gn |
tio ' 7 3 | F ' s us
Co map.t netd S B gkt Clofmay Spanldng e miti) QFDRY il pehdy (dotmdd 1 U

PCT/ OS2004b€i08901 11 4A, the traffic channels are assigned different FH.

L 4A L ¢ channel's are assigned different f
oor LoE 30 PR PR gt ns R A B R ob sl 827071 TP

exanple, traffig=cp@myel | is associated with b =1, traffiBg(®hannel 2 is
associated with b = 2, and soon. [0050] The subbands used for traffic
_channel 1 atereshisihe thpmchlD Endkrcipffolessnéln FIG  4A. In particular, the
subband with in 6 1S el .for traffic channel | in slot 1, the subband
‘wWith index 4 isg%)éggn#eﬁfési‘l%g%%’z and so on. Since this FH sequence has a
length of 6, tHekFksshgusmdbareindeniéeqtade frdietrdlistionse]; ahde subbands

used for traffic | : _ i
_ j is an index for the subband to use for the traffic channel in slot £.

[0047] The algebraic expression shown in equation (1) may be used for the FH function.
in equation (6). The traffic channels may be assigned different FH sequences in various
manners, some of which are described below. o » |
[0048] In a first embddiment, each‘ of the Ny traffic channels is assigned an FH j
sequence obtained with the same prime number p and primitive root o but a. different
value for b. The channel ID for each traffic channel may be mapped to b (e.g., s =b).
- The FH setluences for the traffic channels would then be vertically shifted versions of a -
“base” FH sequence generated‘with b=1.
[00491 FIG. 4A shows an exémplary mapping of traffic channels to subbands based on
the exemplary FH sequence shown in FIG. 2A. For this ex:ample, N, =6, and the six
data subbands are assigned indices of j=1,2,..,6. Thes¢ data subbands may not be
contignous ‘because of the pilot subbands, which are not shown in FIG. 4A fo_f
sﬁnpl_icity. The FH sequence generated based on equation (1) with p=7 and ¢ =3
G.e., y(k)=6, 4, 5, 2, 1, 3) is used to map the traffic channels to subbands. In FIG.




. sequences  obtained with different prinme-nunbers p.

channel 3 are shown by the hashed boxes in FIG 4A [0051] In a second
enbodinment, different traffic channels are assigned F [ obt ai ned
with dif P95 Nitive roots (i.e., different val uegcﬁgﬁg(g?ﬁ%?mt he same

~prinme nunber p. The nunber of trafficjighannels (N.) used for data

transmi ssion may be selected to be less than the nunber of data subbands

(i.e.,” N <Nd),.such.that no two . traf.fic nel s use t he .same, subband in
any slot (i .Ehe%ﬁgﬁcc aleésiT’ 85?‘3581@‘79? éslf%lg ]éegﬁ?ﬁgseﬂ'ﬁem?se % Ia:eﬁgl??sﬁ'ho’% ands

bei ng used faR e agder { PE 7daha plimENeTb&Y(00A 3 ) Putedthdifberkt, veRtical i t i on
~which is often referred to as "partial |oading”". This enbodi mrent nmay provide

i.nproved petiot.nhine®)ovierthishexamples traffieheluinned ntt isf seocamiedawythchredndasicsyst em

since orthqgonality anong the vertically shifted versions of an FH sequence |
‘may be corf%%ﬁ?ﬁ?géﬁgsﬁvlﬂtﬁgw%gﬁcﬁra&ﬂéﬁgnti nming of the transnmission sources.

[ 0052] fdogpra t hi reheanbRAiaBal fodidtietenhelt 1 atkhenthpneehfi-ahexassiraned FH
Agai n, the nunber of

traffic chahhellspatigulpre thegubland withamdehe inhusepder ofilie ghaandbiasielsl.the . | N~
<Nd) such t -lml\ﬁ LS nel AWy LN sl ot .
[0053] In g%%{é?{glovflt g&,{ggﬂsg% C %n“ﬁgﬁgs‘ﬁrjrg]g @g%sm gng‘%ﬁg‘ﬁgg{éa%ﬁé% es in
various maofh@ribe FHcleqbdnat naylHei rspaated every Qv €theandibords hiegbfoaltiaffic | S

achi eved. These.EH sequence be abtgined with different verti cal
shifts, pri %W‘?}ga?eo%?%?%ﬁﬁ?%@g%ﬁﬂ?%‘?&ﬁ%‘r Mny combi nation thereof. [0054]
For. th@sgecond Thragssadahbylital edifferefRaiid ahanntlsans BsEaEOFH sqb@Rbs ON
subbands deternm ned based on all- or a portion of an FE sequence. For this
schiene, t heolpneh wih diffaeipynpiivesapsdye Afraat valngs for phok Byremedringhd each
FH segment paw, Si L 0% i LE at '@g] Q ltiple
FH segnents rrayépﬁ)évgﬁt %ﬁg‘%rre aﬁgﬁé:{l%ﬁ V\/nnﬁﬁ\]éﬂ rf‘cgyftoglaﬁr]r%ﬁ y tﬂgng'!r:hgfcﬂeg;si ng at
t he transm geleetedao de less dthanahe midobwe o€ dataistbbamdy (ilee o8N DisecH ihatssetvreH

~segnents of different |engths. WO 2004/ 075419 PCT/ US20041003901 12 [0055]

FI G 4B shotaashuwekprathy samsisgibrehin o1y 9ot (e ontcdlisigdynEhisgesulis & f f er ent
users. For j r £ 8554 : S of- the
xorpi ary T L O Bl R MR On RO P AL B H o BUTERL S e
first FH se¢méiiion véuehps c8eadretsired temeipadial loadidg’2 This ¢rhlsodiEhts egyeneade user - 2
bei ng assigned the glecondelgHe %g nt ‘?C?éﬁﬁénit d 101; el.enents %Elﬁnd 4, and
user 3 bei ng ASY gied THE® A d° FR '8y OBt PRBTEFOS S t 826° and 6.
User 1 may bifigigohdlian ifichg Ot aveptivaly bibdfirds versiang of mOFH et@emiet sak bend 2,

user 2 nmay transmt ga a on ﬁrubban.ds 5 tarﬁd 2 faqr_elenents 3 and 4,
compromsed by the asynchronous timing of the transmission sources.

-[0052] In a third embodiment, different traffic chamnels are aszigned FH sequences
obtained with different prime numbers p. Again, the number of traffic channels may be

- :) less than the number of data subbands (i.e., N_ <N,) such that no two traffic channels

uss the same subband in any slot. . _
(00531 In general, the traffic channels may be assigned FH sequences in various
- manners such that collisions are avoidéd and orthogonality is achieved.. These FH
sequences may. be obtained with different vertical shifis, primitive .roots, prime
nurabers, or any combination thereof. o
[0054] | - For the second transmission scheme, each data transmission is sént on subbands
determined based on all or a portion of an FH sequence. For this scheme, the FH
sequence may be p.arsed nto multfiple FH ségments, and each FH segment.may be
assigned to a different data transmission. The muitiple FH segments may have the same
length, Which may simplify the processing at 'the transmitter and receiver. However, 1t

may be possible to use FH segments of different lengths.




and user 3 may transnmit data on subbands 3 and 1 for elenents 5 and 6. The
three users may_simnultaneously transmt data on the s indjcated by
their ass‘fvaﬁg‘b" ﬁlgsegmants, as shown in FIG 4B. Mor g’@ﬁfﬁ&’é{"h@gthe FH
segnments have lengths of 2, the FH segpents maybe repeated every 2 slots.
[0056] For a third transm ssion schene, each data transm ssion is assigned

FH b bhand 1 ned based [ f
the PHOPE quencd CraP Yareat Sy SRPEIEL of BURl R e dReR v 0BeR heta

transni ssi aReRBWob ehis BRAMPEY tiires Bserd araffsighed hidaa 8H, segmerith of erRenpEgscri bed
above for FIL G 4A. However,_each data trg s ssi.on iﬁuﬁn t sent in all slots
for that trdf FPRUcRRami TR secT iR &5€) bibsimporsigeed e Fetegmned by

the speci fi&aeiEditeldfait:aned 2if tid e dafunde! ARSTb&RE SRionMiHEsRlo8d Feiat a
transm ssions may be assigned to different portions of the same FH sequence.

[0057] O heegmenitempysideh cloaring snédyand|user Deeingnssignadrithedird dibiseghiest | s
within the > | [ [ . - el e
mul ti - band C o&?%g%dl %fﬁl%ngegltsls%é%erg m @%(5 ltr%g’tﬁﬁ%:naﬁén%n H%&?‘{b %\éﬁﬁ%r?gserg a’gﬁﬁﬁgrer S.

Syst em 500 dlemdnirde sndi2 msab® nmap firabagie dstt abisobisn8d § aad 2 forpilandnmke3 hnd 4,

comuni cation for, a nunber of termnals 5 base st gt | is a fixed
station us ea&ngug?r 3 ‘EWE&IPF@‘ s\‘zﬁaﬂgﬁ i@ncfgr%%}?ﬁ}egtsérfﬁgﬁa&%ﬁlt%e B ef erred
to as an aGges simiaidousis tNRERIt Blat:d bn SBEBuHNGY iddRafd Ny} ey akRA&PFrHVar i ous
termnals 520 may be_ di spersed throughout. the system and each termnal may -
be fixed (iscementsiagisheia /il ABroMpreaverasings e Al sogmpnts have lagthe pEer ed tojas .
a nobil e stgt&an gﬁex{tﬁﬁﬂ%@ﬁe ahdaQly 4ser equipment (UE), an access - ‘
. termnal, ot? gfgmea ot her ter_%rrtlol Oarf? Each term nal may communicate with one
or posERily nul thopleethydseanswissioh onbkeron aable ddipwndnsmicsiands ssippidi ak Félt  any

g! ven er rrenste'u In@e 5119 magr’ bf% génmcfrﬁaﬁ{aér&igadeietn%n%a% esdz 919 C or}tigr? %%Itl\l/ﬁ? Fﬁ | ot,
signaling, & dauser-sp clfre data transm ssions 17 om se stations 5 10a

t hr ough 510gquad€e. 2B&AHE 848, (REFH12GRA0A40QRASDD eadBdftDHHGMiSstean 00 may be -

an OFDM system or. sone of her, type of wirel.es co Lcagtion system System
500 mmy al SBURE A FOHEUTE HTCRERET Ao PRE ok Akt s (ARG &

desi gns f or d&DMhsmiseivh s @ Senk DML 51610 @6 bhat Bacds dhasRl. ST dpedifibdBtsit®uide system
_provides coverage for a _particular geographic area 502. The coverage area

of each basiaxsbateiamined by earifi serspah astancd i the dite fagsmisdensy Multiplyy |
terrain, Obghy 6l QBRns ANFLSRsRNId B et hotiodPhe Bl Lahe 1% sQLLGR, Tepresented

by an ideal hexagon. A base station and/of its coverage area are also often
[0057] Ciher transmission schemes may also be implemenied, and this is within the

scope of the invention. |

[0058]  KIG.5showsa wireless multi-band commumication systsm 500 that can support
a number of users. System 500 mcludes a number of base stations 510 that provide )

| éommunication fof a number gof terminals 52 0. A base station is a fixed station used for

connnunicating with the terqﬁiﬁals and niay also be referred to as an access point, a
Node B, or some other terminology. ' _ |

[0059] Various terminals 520 may. be disi)ersed thronghout the system, and each
terminal may be ﬁxed. (e, st:ationary) or mobile. A terminal may also be referred o as
a mobile station, a remote stétion, a user equipment (UE), an access terminal, or some
other terminology. Each tenﬁinal may communicate with one or possibly multiple base
stations on the downhnk and/é_or uplink at any giiren- moment. In FIG. 5, terﬁlinals 520a
through 5200 can receive piiot, signaling, and usef—speciﬁc data transmissions from

base stations 510a through 510g.




referred to as a "cell", depending on the context.in which the termis used.
[0062] To increase capacity, the coverage area of eac statlon may be
partiti on®@ 2 S hultiple sectors. If each cell is p%ﬁ@?ogzlbe‘%gélnt o three
sectors, then each sector of a sectorijzed cell is often represented by an
-ideal 120 wedge that is 1/3 of the cell. Each sector may be served by a
corres ing base tr cei.ver su trem ( BTS). For sectorized cell, the
base s@gﬁﬂon fo?ssyftr‘?réjt %Q(lepayoﬁfse%ni nc ud%}ésgeghc}rﬁor?%gﬂﬁ.égpc[ ﬁ)gtwlrg Ye the
sectors of dofaturdekibn syten.t Symeths@otany alss baldesigaddt terninpieent any ef @fc t 0 a BTS
and/or its  coverage . area, .dependi the c ext in which the termis
used. [006:a‘l‘jm’l"-"ES‘rStE‘é‘gi‘:r s & Sﬁyﬁﬁﬁgﬁ’%m for the traffic channels
in thafgpsgCt or MmN hfe SehBRt S $ahe tHabtmt PRvidkalbiGaghaiNg! SurBéflar :
ort hogonal to one another. This orthg%onal Ity is-achieved by having
different tscagmphic erpardiel Jhe severice PeRahradhase sisimbia tynically dependpntginot .

Ort hogonal i ¢y ai b ' dj f - (lgl.,

obt ai ned ‘w {%ogéla??erse ?%\’/6)1[ ues %%SH%% %rﬁéll ﬁg@ekgﬁt@gglﬁgﬁ% alﬁngéi?egl, as
descri bed mpesatariy mhideuhhévagil. Gh bag) statjopCGad/lor B Edveragn tires et discsoftay use
different sets of FH.sequences. so that the interference bserved by the
traffic cha’ﬁ%féﬁegt%?saa Cg?vﬁ??%@%%%ﬁ@?%I?F@fc?‘iﬂf&et&%}‘?ﬁjé?fg of. other sectors
i s rangosijzed. Foy inxaddtapacitdli thé ed@Rige SeRtPlesciBite BSBorHidap 86 yameesedof t he
sanme | ength but generated based on different primtive roots.. As anot her
exanpl e, di oePRiipleseetsr 4 e goll s@amtionetipinbes seriom thnsashseatenffihs
ge‘gzrat ed basgd Qi bR ARbreR ARy MRS $20° dddst NB: RC0% BF B bR RARI I AllY
| oaded, then the FH sequences used :;%nea(:h sector may be selected such that -
t he probabifebtey ngly keosdriedi ha worespelang-Passcrppsrrtiss susgrelelyy(BdherForgect ors i's
m ni m zed. ' ] gﬁgq ' ! a base -
station 510£[>'<‘39t|(3§%ldrrdﬁ:3 P&h? gggr?gﬁggﬁn%ﬁ %@é%r%ﬁé@g‘?@‘g@ﬁ%@é’g% or g‘ﬁn%%%ﬁey, only

t he transm detters pohtti eell. dfhe thas Escstbht is gitso5kEr tsel ®hefn to a FIISGande. itsAl so for -

sinplicity, data transm ssion_for r;;. -O;eht affic channel is described
bel ow. ~']j W@ﬁﬁﬂfﬁ%ﬁémﬁﬁﬂﬁéﬁgﬁ %0’5‘5 t.e%ﬂm[lftﬁég] W thin base station
510x, g@egnNCcoderrd kdcH eerivis FiY sdhéRedated bf @p wafflatRansely i €hat Gdctorand
control data and ot her data from %%‘gtf): troller 630. The traffic data is

~ desj gnat ed MfHPesFlsrietsuy Bat By R oRgE gre prhgsepdl tersraptherrndWisont r ol

data may i nghisdendiBe is GORBRG! b) Diaong/ Gffctdne talthc eaMRPE CudORiftRG: tdadf Ti C
channel used for data transm ssion. Encoder 614 formats, encodes, and
i nt er | eavessubbads &g cidtedold Ardogenapboiands ehiagwd &y dgipg different FH sequences

(i.e., obtained with different values of D) for different traffic channels, as described

above and shown in FIG. 4A).

~“) [0064] Different sectors may use different sets of FH sequences so that the interference
’ observed by the traffic channels of a given sector due to traffic channels of other sectors
is randomized. For example, different sectors may use FH sequences of the same length
bui generated based on d_ifferent primitive roots. As another example, different sectors
may use FH sequences of different lengths generated based on different prime numbers.
Tf 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. o _
~ [0065] FIG. 6A shows a block diagram of an embodiment of a base station 510x in
multi-bagd communication system 500. For simplicity, only the transmitter portion of
base station 510x is shown in FIG. GA. Also for simplicity, dz_ita transmission for only

one traffic channel is described below.



A nmodul ator (MOD) 616 then nodul ates (i.e., synbol maps) the coded data
based on one or_ nore nodul ati on schenes to provide dat ! i on synbol s
(or simplWO 20T 4% ynbol s). [0067] A switch 618 recelsggﬂgﬁaﬂéa%gFsynbols
and pilot synbols and nmultipl exes thesgq synbols onto the proper data and
pil ot subbands. In particular, switch 618 provides pilot synbols to pilot

bb tr t t h I,
el SIS e e e R T
traffic channad cehtRddiic ahd ythéraham ﬁcrrm mcsmhbnﬁd:m OT iUl dhta 13 camgmaier

determ ned by the FH sequencge a55| { t he traff| ¢ channe] , as
" shown in Fiief tamymission: op 4 pargqiay, trafl ﬁlﬁ %ﬂ?& t & e soniey act‘f'lénatyrléffﬂiuli‘é ﬂé‘%annel

for each sl éﬂanﬂeﬁnﬂ%%mua@fh ByubAe MAtdarhc LifneICREd ESRRRMREmaLREENt N

the FH sequence. Switch 618 al'so provides a signal value of zero for each
subband notEngedat 64 4 forpiatsoencedesgandanterleayssibs s¢csived Rer tapromidai-tned dataol

period, swjc pi | ot
Symbol 5, - ddt S AMUBLES Ba? Eoaliel R Siibe SRS o bERIRENGlsaan R, |
i nverse fasdneﬁomaremoﬂn]an&f aheméd PR videaiista Exﬂﬂuraéolesytﬂsol_:a(ml st sdaty rrs the N

. synbol s forsémjg g)rCFDIVI symbol pe’ri od to the tine domain using an inverse fast
Fouri er P8tmto obtain a "transforned" symbol that conprises N

ti me- dpogn Sanp 8iichlel s reseMRa thel dalaymBYIRAH pilod SEbekARE truftpRhks efébbsed by
frequency sel ective fading, a portion of each transforned synbol

r epeat ed bySYElbéIicqﬂFftﬂ%S’rEﬁ?@( d@@rﬁ?ﬁeﬂﬂ@F sghbandse WW@MCW@S@&MPWSGSOZDI\A &
symbol 't hatyi0 UREGILR MEsut ARl Ronrdfi 8L (vl Cused WLy Sampr
e en re er re

bei ng repe eat poftion is of to as a cyclic

prefix. An OEDM,sydiiviifipetdogmbolsite spdnnds used fdréhaliwatéic chamelf Thedra@izDMV

synbol , e prefi X, ggner.at or 2 rovi des,
a stream of® h%ﬁfbﬁﬁ'nm%%a@%%‘ggﬁ?@as%bn% ft%%%%gﬁcf gg 24t edgb pt?oé’;gs)ses t he
OFDM synbol seqstnte asxigned fercthé deffe diamel (e, sd gimmnlnMGchA) S Théeatitilansm t t ed

from an ante a.626 t 04/ 071419 PCT/ US2004/ 003901 15
[0069] FIGS “QHBW&EEO"&%‘%@%&@ ‘3@?‘?":?%\2%‘.2'@% terapReddyy e vabriofidhe 520x in
nul ti - bandcaeitkding ald:Rht tsd BMsdiincd- Ofvwisdhlgi Adot ew@é‘:' Vsife viIgE 6f ver
portion of termnal 520x is shown in FIG 613 [0070] The downl i nk si gnal

transni t t edrery/fopgach sybband ot wed b nilot prdats Fansnssican FeneedhfFDlg52mbahd t he
received S'&ﬁag, qﬁtcﬂts@a“gg@ﬁeé £sABENRY %eemxpgeoﬁl L& %s@% 1s(BVR)

(654) to provide sanple set of "sanpl es Tor one peri od
r epresent s symbols, and zeros) for the N total subbands.

[0068] An inverse fast Fourier transform (IFFT) unit 620 receives aﬁd transforms the N
- symbols for each OFDM symbol period to the time domain using an inverse fast Fourier
transform to obtain a “transformed” symbol that comprises N tirne-domain sa:mples. To j
combat inter-symbel interference (IST) caused by ﬁequenejr selective fading, a portion ” |
of each transformed symbol is repeated by a cyclic prefix ge_ﬁerator 622 to form a -
corresponding OFDM symbol that comprises N+C, samples, where G, denotes fhe
mumber 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.




one recei ved OFDM symbol .. A cyclic prefix removal unit 656 renpves the
cyclic prefix appended to each OFDM synbol to obtain : di ng
recei ved YPaMEP4ed synbol . An FFT. unit 658 thentrar];g}r@rg%dégz(g%ﬁ recei ved
transforned synbol to the frequency dpsmain to obtain N received synbols for
‘the N total subbands. 9 [0071] A switch 660 obtains the N received synbols

for e DM s ol.period Lovi de e.receive nbal s, .for the pilot
subbaﬁ@![}s169 0 a pi tk%rsg% Ss%t(’)lf) d?%%? atsnhf)o%vian}ﬁl;%],nboglrrln(f nf)‘rﬁga{/fi%é%‘ggts?gx et Ved
synbol s f orbahdheoramnihicsioncsemel00afdr simalifiiyc onlyahaedceiva mriighasfaculigi or

(DEMOD) 662, _Si n%e t he ?%fi ¢ channel dynamically hops from subband to
subband, sv20E 5 gﬁngb%ﬁcg s in unison with switch 618 in base station 510x

tﬁ | prq@wge t he The @shM®Bck Sybeofificimy e REARES105UPRRAGYd B af RRedubaf fic
channel .

he FH sequence provided to and used by switch 660 is the sane as
the one use¥?2f and Beirecsived sgnalgs provaded 4 and peaceesad bYarersives agitdREYR)at t he

base stati ol r t { IPSHQQ ator 662 -
t hen denod P%‘t%ggpl%?{dgs, lﬁﬁb%?cggéﬁggé?plt‘g%@i:p]éégdg?%ggsy%/b%ggﬁg d or F‘Iﬁe traffic
channel t o queavéaiiedddfDMusiattell dateclicArdec ooervab 64dit thé nedecs dis cydie 9
denodul at ed ta to, provi ode ata for the traffic. channel. ich may
o or ovt aedreiet el et WRT QR R St Re e et o Tene i ont r o
channel mayybiol. PARTTIIMRE: 658 GiefittaBsfoandeh recEh@d Rr286BmSdNgndy] themadul at or
664 and decoder 664 is conplenmentary to. that ggtre{ gr nmed by nodul ator 616 and
a,

encoder 614?%“%@8@%?9‘?"_31“6@)179&?1"%%8}”10@?@3 ﬂ’&b@ﬁ@ direct the

openat E)Qﬂ} at they basé &5AdHiaRs ARIN t&ERD &mbolé EIRAEE DYBY syl Pkdodini ts 632
and” 672 provi de storage for prog;am codes and data used by control'lers 630
and 670, 'r aspedss thersgeivebeimbly or shegaivt aibasisgo wesilobprogesser ot shger).ve FI T
sequences d SI. 851 d [.QDy .. nory
units 632 g%g%é%merfa@%gg&lﬁﬁg togjss’?%f g{ét %%ﬁéﬁ%%%%e%ﬂigﬁf%gﬁe}’%%d arity,
FI GS. 6A antn®Bulnies (JREMOIB|662 s Romee thrarafficacismed siyomnieaily hope &ptisobbandf a

downl i nk data iransni ssi wi th frequency..hoppin si ng_an FH quence r
WD 2004/ 0799 RIOHER CRIROAROPSHE L PR GL an BRsatienars SRECE) - These
t echni ques prayidaihs eededred SRHLELO Froflath@ propérasaBang Soothe G fiic®antel.| The FIT0075] The

FH sequences used for, transmtiing.a ecei ving data may be static or
dynani c. |rﬁeaw@°~°errﬁwéﬁ<§r@rﬂn§ %Wéomg*afﬁ?gé‘g tSHBmIREIcss (g PmsaiseieT ki &lfatic FH

sequences, 5ap¢ phdeesttnl | o BH FhheRQUANGS the Sifod IdRRRAGERE @And-he
particular traffic channel : ' _
synchronized. _ '
[0672] - Demodulator 662 then demodulates (i.e., symbol demaps) the received symbols
for the fraffic channel to prcvidei demodulated data. A decoder 664 then decodes the
—) demodulated data to provide décoded data for the traffic channel, which may be
' ~ provided to a data sink 666 for stérage. The processing for the control channel may be
performed in similar manner. Th:e processing by .demadu]ator 664 and decoder 664 is
complementary to that lﬁerformed by modulator 616 and encoder 614, respectively.
[0073] | Controllers 630 and 670 c;lirect the operation- at the base station and terminal,
respectively. Memory units 632 and 672 prbvide storage for pfogram codes and data
used by controllers 630 and 670, respectively. Controllers 630 and 670 may be used to
derive FH sequences used .fo'r datia transmission and reception, if necessary. Memory
units 632 and 672 may be used to istore the FH sequences.
[0074] For clarity, FIGS. 6A and 6B respectively show the transmission and reception

of a downhink data transmission with frequency hopping using an FH se@uence



selected for- use. For this enbodi nent, the FH sequences for all traffic
channel s _ma stored in nmenory, and t he FH sequenc hees9&l ect ed
traffic é)ﬁﬁﬁ??é"lm?? retrieved from nermory and used to%gfé@res‘rz&r?l/ﬁe t he subbands
to use for data transmission. In anothg enbodinent, the traffic channels
may be assi gned FH sequences on the fly. For this enbodi ment, the

part ! oul 2 sehbESHR0GC oh Gt O, | ABeSelREhARL LA A ShAnE B0

. gener at ed s needed. sedquences mmy be géenera e nore easily
based on tt:}aasrmbsgmbmmﬂleupk'rﬂmessi on shown in equation (1). [0076] FH

seque enerate ased on_eguation (.1) m s0. be. used I her

apgl i &gﬁ%l)gs su?h %&PS?"BP S g’ ﬂé@ngs%ﬁawc‘ﬂé"rﬁ Gl By ﬁswgﬁl ¥p" signal
u(t) may bet Fﬁﬂﬂﬂtﬁéﬁi&nﬁb@&ﬂﬁh@ﬁhﬂﬁfﬂ‘bﬁaﬁﬂ&l@ﬂﬁ?b& béeigned@saf OV H Odendds, P u(t)
_g(t-1cTINP)eit(,P, + PE. )’ ) Eq (6) ra where w, is the carrier
frequency, 4o tlilf‘qurﬁeﬂﬁr%%@éw&y%for st s fdepeRdentnen Eﬁrwmﬂarr'@é%ﬁwmﬂor the
kK-th slot; se]l?;ctbéfo&tase dFU'r@IEk BRbRfimbANGE @}pg‘eqﬁéﬁ%escﬂa} hiP d he

nunber of pul'ses in the chirp signal; Is a puls |s defined _
as: 1 t < TFioked infegmady.eind dwhidl ecquive f@lrtbq sﬁémqﬂ tedffig channdl is @ﬂylvvéﬁoms

wk=y(k)N , fort k<N Wi s a i dt h, 0 The chirp
signal u( t) %‘3}? Bﬁgagedcfo\lg%%g & rﬂr’ﬁ3 %ﬂtg% ﬁlﬁg}‘og ﬁfa‘é\fﬁ%ng Ble iﬂéﬁ tﬁ? o
target and dﬂb@dh&h@ﬁh& yaiﬁerchsmﬁadilasoﬁe hd@%nbc&Fﬁ&ﬁequélﬁbﬁbn e 150 Bor @fser ence
poi nt. The ran tothe ﬁ:g_i be det ?53 gqon roynd trip del ay,
which is tk?é‘ﬂ'lo mf, ¢ q%ﬂ’(’% FHa* S If"fj"%?lﬁn Se é“a&é?eerence) x
point to ”'g%nér%ﬁﬁi it30feAE KFH § eﬁ&ls%?dg eﬂafé@ muchmoré easily based o
---------------- WD 2004/ 075419 PCTI US2004/003901 17 target may be

det er ni ned thededrain exmessisnishevn it eaption(bguency of the chirp signal due to
Dopp! e@oﬁﬁlused B GEfubiRe! gRRerfba oRRACEH ERutibANY) nldyOld BE TY H0odhar 0Ct . The

excel |

. applications such as, for example, radar, sonar, and so on. A “chirp” mg,na} u(l) may be

generated based on an FH sequence y(£), as follows:
N, ' '
u(t) = 3 q(t —KI/N,)e/ 0wl - Eq (6)
L=t .

where w, is the carrier frequency; |
W, is the frequency offset from the carrier frequency for the -th sIdt;
~ T is the duration or length of the chirp signal; '
N, is the number of pulse_s in the chirp signal; and ' ’)
q(z‘) 1s a pulse, which is defined as:

o]l ST,
1 0 e]sewhere )

The ﬂequenéy offset w;, is given as:

| 'wk=y(zc)NE for 1<k<N, ,

)y
where W 1s the system bandwidth,

[0077j The chirp signal u(t) 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 .{relocity of the




t wo- di nensi onal correlation properties of the FH sequence generated based on
~equation q&l nmay be used to accurately determine both the tinme shift and
the frequ¥ é‘}ﬂ“@i“f@et of the received chirp signal. TREVYERHHEMEd time
shift may then be used to conpute the jfange to the target. The deternm ned
~frequency offset may be used to corrpute the velocity of the target. [0078]

The techni gues descri bed _herein for %_}I ng and usi ng_ FH sequences nmaybe
i npl enent ed@B§ W heotdermingd dased go tE?( erfFreuency of fha Gire sioraldusdo ‘
i.npl ement edhdpBler Bﬁfsé’d\ﬁgf %ﬂe&fbfntd@%eeahi@rmg%apﬁ%'tﬁ%bﬁﬁg Hﬁgete%c cffle hardvare
i npl ement at | on t he enents used to inplenent any he techni ques -

descri bed Hepdimensiopalnentietoropreperties ofithe ﬁem@cmnmteé b@g@élon@a@atmn specific

d | :
o anal pr odHRhE Sl Pallgphdbinie SN upP RS U bl 2 ¢ )
progr ammablike gaeﬁleedacr}n@mgn@FPm\:sdatermmmdemsmﬂ nmgnhemdid wed fo compute the

m cro-controllers, mcro Sor.s t her el ronic units designed to
per f or m t h&2ge adhs 5?¥§etd2{§12: g%%rgmﬁeé]rgiaﬁen‘fyr = SRS PRabsegnior 9981, &3[0079]

. For a soft\f\@;ro@ﬂymhgf@g&atl on t he techni ques descri bed herein nmay be

i npl emented w th nodul es Er ocedures, functions, and so on) that

per f or§Pt8he fudée FQ?F\@Q%%?WB@‘B sreindpeenerating wd YaneeF é@ﬂ'ﬂéﬂ%ylaﬁé'es tored in
a nmenory u r [ 3) and _
execut ed bghgle{]%?%g ggg %r%{% ]ﬂeaﬂﬁ? Fogggt r %]1%1%4‘3@%& ugcf%%fﬁl msrmr y unit

may be i rrplhanhwrfedomm ar Bh@n}bnm@eismeoforl?@xa bandwhret mﬁlélﬁnpﬁhon,eﬁlsor in
which case Lt can b catl ou pro €SS0 vari ous
moahs ae SlERsREeiRERC A ot Bife SR ot ol P AR B R et

di scl osed e;mmﬁﬁildﬁerﬁxsm& ﬂipm\mtﬂbadsﬁeaﬁenm&lgat@lnwrcuher(mmgkﬂigiteldmgm}t he art
to make or use the |nven ion. Various ications to these
enbodi ment &r%eﬁﬁor%@%%id& SHCeI Hodes g@?’b&h proeriREablelogigng the
generic prdeped tm)gefﬁemegmmdm&gmebﬁr@@ mhpe@s} QorBédIRss, alvhasiident s

- Wi thout departing from the spirit or scope of the invention. Thus, the
present i n\}@ﬁfﬁi'@ﬁtm}%ﬂﬁoﬁnqﬁf%qﬁé@»t@l%eeieqqoﬁ%ﬁt weits; designsd crbpsafoments shown

herei n but 45 élbﬂs&%q%ﬁ‘ﬁ&@ﬁpoﬁi‘@on‘!&%h consistent with the

principles an ovel featurés di sclosed erel n. 18 CLAIMS Wat is clained
i's: 1.[007%et hod Fof alsofivare ngudethentdigandle Hopbnighed) dsegibehdeyeic angyr ibsi ng:

OB M1 19 Qe bl RS SRS B! (S PRI AL ARRX BP0 bl fardich K 15 20
fimctions dPscnbed herein. The software codes may be stored i a memory unit (e.g.,
memory wnits 632 and 672 in FIGS. 6A and 6B) and executed by a processor (e.g.,
controllers 630 and 670). ’['hs'ms:rnory umit may be implemented within the pfocessor
—) or external to the processor, in which case it can be commumicatively coupled fo 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 re_adﬂy apparent to those skilled in the art, and the generic
principles defined herein mayi bé applied to other embédjments without departing ﬁ'orﬁ
the spirit or scope of the ilflvé;ntion. 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.



obtai ning a second sequence of elenents for an expression |og, 1/k based on
the first sequence, wherein the expression 1/k and |log, 1/k are eval uated
Wi th nodul o-p operation, where pis a prinme nunber and a is a primtive
root of p, and wherein the FH sequence is derived based on the second .
sequence. 2. The nethod of claim1, further conprising: obtaining a third
sequence of elenents for an expression ak, wherein the second sequence is
further obtained based on the third sequence. 3. The nmethod of claim1,
wherein the FH sequence is equal to the second sequence, 4. The nethod of
claim1l, wherein the FH sequence is a vertically shifted version of the
second sequence. 5. The nethod of cEhAMSL. further conprising: selecting
the prime nunber p based on a desired |ength for the second sequence. 6,
The net hod"5f SEREIEAHSL, wherein the FH sequence is used to deternine a
particul ar frequency band fromanong a plurality of frequency bands to use

for data 4r RRRFLS 8f PBiridd RG] hdd (Pl Hefldnbd/ coffrishy:™e i ntervals. 7, A nethod
of processi ng data for transmssion in a nulti-band comuni cation syst em

CoNpr i Si NGpialnfg @ikt SGuERE Bf dihonts BINRESELRA 1R NWRErPk Wi iddbY roPihe CleBEMENCY
bands; detieihatiil Saguaacdand i cul ar one of the plurality of frequency bands to
use in each of a plurality of dine intervals based on a frequency hop (FH)
sequence, opfaRhgaBeddne s&kidesRPEEBGEN Br epesdicilod) 3% B8sed @R tAMTrd baRbiaI C

expr essi owhgeh)thedxpgsdidrki/K amaidogn )i /k avdenieatpd with racdulo-paeratio) @hered is & a
primtive priognumiss apd a i ajpgmitive liopidé k. #nd wherkie therfttsseafiencis dBiived bepedioce, and
(mod p) débforedEBENe- p operation; and processing the data for
transm ssi on on freguency bands determ ned by the FH sequence. 8. The nethod
of clai m 7 TReHesUAdef eiE TyurtBericempiisiigessed for transmi ssion on frequency
bands corresponding to a portion of the FH sequence. 19 9. The nethod of
claim?7, \@QFW@F?W“@% P?ﬁqu r'?ﬁ'antéf?ﬁﬁ‘ij?ﬁpﬁeéf‘?'b% P PRARNEIAIHTTSE St t hogonal
f requency "8G B1BIEY RETSE OB BT NF(SEBW) , and wherein the plurality of
frequency ,bands .correspond, to. suybpands provided by OFDM 10. The nethod of
ol im0, iR a RBR e RV PR ERoLk SHEE e st symbo

period.  LlvheMetRRRAEIGIUS whileiR tHEEH degRABs @ QERIRHIN Sk QBrsRY BFtR&ecGRYTPr | Si NG:
means for se@@epdevi Ng data for transm ssion on a plurality of frequency bands;
means for determning a particular one of the plurality of frequency bands

t 0o use i n Selwmalifiodaf claim 1. further comprising: selecting the prime number p based con 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;

determining a particular one of the plurality of frequency bands to use in each of a plurality of dine
intervals based on a frequency hop (FH) sequence, wherein the FH sequence is generated based
on an algebraic expression y(k) =log,1/k {mod p), where p is a prime number, a is a primitive root
of p, k is an index for elements of the FH sequence, and (mod p) denotes modulo-p operation;
and :

processing the data for transmission on frequency bands determined by the FH sequence.

8. The method of claim 7, wherein the data is processed for transmission on frequency bands
_corresponding to a portion of the FH sequence.



plurality of time intervals based on a frequency hop (FH) sequence, wherein
the FH sequence is generated based on an al gebraic expression y(k)=logall/k
(mod p), where pis a prine nunber, a is a primtive root of p, k is an

i ndex for elements of the FH sequence, and (nod p) denotes nodul o-p
operation; and neans for processing the data for transm ssion on frequency
bands determ ned by the FH sequence. 12. The apparatus of claim 11, wherein
the data transmission is for a downlink in the multi-band comrunication
system 13. The apparatus of claim 11,1anherein the data transmi ssion is for
an uplink in the multi-band communication systen1 14. A transmtter unit in
a nulti-band communi cati_on syste conpr Si ng a nD dul at or operative to
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expression y(k)=logal /k (mod p), where pis a prine nunber, ais a
primtive 1M ootappdraps inla mgti-bamd icordexnidation eybtemesvngriofg: t he FH sequence, and (nod
p) denotes inodul o-p operation; and a signal processor operative to process
t he nodul ateecs idaeeeiirgrdatarfart@nirgissirena@rpluraliyopdisermgndydacss; det ermi ned by the FH
sequence. 15. The transnitter unit of claim 14, wherein the nulti-band
comuni catmegns fo @rmnm Ipertieutarone ofthendygalitiadt freque aeyehands tdiuse is eash ofral t i pl exi ng
(OFDV , m@raéim ‘ﬁ"f‘ﬁa‘“ gpqep "fofeﬁlfeé A 45 )@8%509 worreia fisdhiceeaeenseidbands
provi ded Q? ﬂ' Qﬁ%Li dvhEE ‘L% Hg“?ﬁﬁ@?é@ Fouri er
transformn% 55”5‘ PLIor Sgneniso %eﬂ%e&*’%fa“% e g?rﬁﬁsdata f or
transm ssion. | nultl-band conmuni cation system conprising: receiving
data for 1 particul ar
one of a t'TLg ﬁédeg%g?rn%gadéeﬁgié ansg&]: 6@re32§e?§%ngg§%ﬁﬁgd{5 &zna% fF?lc channel in
each of a pIurallty of time intervals based on a first frequency hop (FH)
sequence, wherein the first FH sequence is assigned to the first traffic
channel and TeRerRdtetofRRBE, Gherain th2l dgrlianintissiod XOBES Sdwdlinkyg the Flutigahd k (mod
p), wher e cpmmgnictipr sysemnunber, a is a primtive root of p, k is an index
for elenments of the first FH sequence, and (nod P denot es nodul o-p
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transm ssicBAMHRCA! PYa€Rcy bands determined by the first FH sequence.

14, A transmitter unit in a mutti-band communication system, comprising:
a modulator operative to modulate data for transmission on a plurality of frequency bands;

a switch operative to determine a particular one of the plurality of frequency bands to use in each
of a plurality of lime intervals based on a frequency hop (FH) sequence, wherein the FH
sequence is generated based on an algebraic expression y(k)=log.1/k {(mod p}, where pis a
prime number, o is a primitive root of p, k is an index for elements of the FH sequence, and (mod
p} denotes inodulo-p operation; and

a signal processor operative to process the modulated data for transmission on frequency bands
determined by the FH sequence.

15. The transmitter unit of claim 14, wherein the multi-band communication system implements
orthogonal frequency division multiplexing (OFDM), wherein the plurality of frequency bands
correspond to subbands provided by OFDM, and wherein the signal processor performs inverse
Fourier transform on the modulated data.



17. The method of claim 16, further conprising: receiving data for

transm ssion on a second traffic channel; determ ning 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 second FH
sequence is assigned to the second traffic channel and generated based on

t he al gebraic expression y(k)=logal/k (nmod p); and processing the data for
the second traffic channel for transm ssion on frequency bands determ ned
by the second FH sequence. 18. The nmethgd of claim 17, wherein the second FH
sequence is a vertically shifted version of the first FH sequence. 19. The
met hod of claim 17, wherein the first and second FH sequences are generated
based on *@rM@H@ﬁpfqmciepﬁ"tgﬂﬁtefPrd@ﬂ%ml@ﬁﬁontIm@my@wenctﬂom‘emmmbevstenzo The net hod
of claim I°PMPI#¥rein the first and second FH sequences are generated based

on different prine nunbers. 21. The met hod of claim 16, wherein the
nul ti- band'e?,etﬁ’r‘ﬂgl?ﬁiaé%{ttra%"'%toér?lﬁif%?f@pr@ﬁ'ﬂ'? ort hogonal frequency di vi sion
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transm ssion in each of a plurallty of tinme intervals based on a frequency
hop (FH) sgetHsdieehe ddielhriha filshieafiicidharbeqsranasanidsion as SegUead) Handd dterdintd
t ransm ssigynheding Fyergueateed based on an al gebrai c expression y(k)=Ilogol/k
(mod p) where pis a prime nunber, ais a primtive root of p, k is an index
for el eneift Sheohethdief BEimsi@giveine epmm@iaidg:( nod p) denot es nodul o-p operati on;
and 21 processing received synbols for frequency bands determ ned by the FH
sequence trecavigaatarforttiaesmighicnantarsaerrtrafdé danne3. An apparatus in a nulti-band
connunication systen1 conprising: means for obtaining received synbols for

a plurali t%ﬁtecﬂ‘ﬁlnme Ob%wfdlse plyralied frequencydandsiip néafyr the grsend teafficar one of
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18. The method of claim 17, wherein the second FH sequence is a vertically shifted version of the
first FH sequence.

19. The method of claim 17, wherein the first and second FH sequences are generated based on
different primitive roots of the same prime number.

20. The method of claim 17, wherein the first and second FH sequences are generated based on
different prime numbers.

21. The method of claim 16, wherein the multi-band communication system implements
orthogonal frequency division multiplexing (OFDM), and wherein the plurality of frequency bands
correspond to subbands provided by OFDM.

22. A method of recovering a data transmission in a multi-band communication system,
comprising:

obtaining received symbols for a plurality of frequency hands;

determining a particular one of the plurality of frequency bands used for the data 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)=logq1/k (mod p) where p is a prime number, a is a primitive root of p, k is an index for
eiements of the FH sequence, and (mod p) denctes modulo-p operation; and



is an index for elenents of the FH sequence, and (nod p) denotes nodul o-p
operation; and neans for processing received synbols for frequency bands
determ ned by the FH sequence to recover the data transm ssion. 24. A

met hod of obtaining a frequency hop sequence, conprising: generating a
first sequence of elenents that are indexed; obtaining a second sequence of
elements utilizing a logarithmc function and a nodul o operation fromthe
el enents of the first sequence, and generating a frequency hop sequence
based upon the second sequence, whereiz¥ the | ogarithm c function conprises

| ogal / k and the nodul o operation conprises nod(p), where pis a prine
nunber androgesaing ssceivasirsymbadls foefrequerdcy bénds det2imineliivg thertHhseduanke @l radoterdds f urt her
conpri si ngataksersiniisiay a t hi rd sequence of elenents for an expression a",
wherein the second sequence is further obtained based on the third sequence.
26. The nedHodredrates iniamultiyband goramenicatienrgystemi qegpdsiigect i ng t he prime nunber p
based on a desired length for the second sequence. 27. A transmtter

conpr i si ngreans ferktaingio|reqeivehatmbgle i eptusalityfof Bepuetsy Parttsppi ng sequence utili zi ng
a logarithmc function and a nodul o op eratlon a nodul ator that nodul at es
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transmtter of claim 27, wherein the contro ler sel ects e prlne nunber p
based on gheaflas Hr@c@sélr%rigéeﬂeé{ mbbolRGor HEGRAL HRRGURRFRined by the FH sequence to

recover the data transmission.
24. A method of obtaining a frequency hop sequence, comprising:
generating a first sequence of elements that are indexed;

obtaining a second sequence of elements utilizing a legarithmic function and a module operation
from the elements of the first sequence, and

generating a frequency hop sequence based upon the second sequence,

wherein the logarithmic function comprises log,1/k and the modulo operation comprises mod(p),
where p is a prime number and a a is a primitive root of p.

25. The method of claim 24, further comprising obtaining a third sequence of elements for an
expression of, wherein the second sequence is further obtained based on the third sequence.

26. The metheod of claim 24, further comprising selecting the prime number p based on a desired
length for the second sequence.

27. A transmitter comprising:

a controller that generates frequency hopping sequence utilizing a logarithmic function and a
modulo operation;

a modulator that modulates data; and

a switch that assigns a frequency of a plurality of frequencies to the data according to the
frequency hopping sequence,

wherein the logarithmic function comprises log,1/k and the modulo operation comprises mod(p),
where p is a prime number and a is a primitive root of p.

28. The transmitter of claim 27, wherein the controller selects the prime number p based on a
desired length for the second sequence.



