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[004] A communication system may employ a hopping scheme to improve
interference. There is therefore a need in the art for techniques to efficiently design

random hopping patterns in a communication network.

SUMMARY
[005] Techniques for efficiently designing random hopping patterns in a

communications system are disclosed. The disclosed embodiments provide for methods
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DETAILED DESCRIPTION
[014] The word “exemplary” is used herein to mean ‘“‘serving as an example, instance,
or illustration.” Any embodiment or design described herein is “exemplary” and is not
necessarily to be construed as preferred or advantageous over other embodiments or
designs.
[015] FIG. 1 shows a wireless communication system 100 with multiple base stations
110 and multiple terminals 120. A base station is a station that communicates with the
terminals. A base station may also be called, and may contain some or all of the
functionality of, an access point, a Node B, and/or some other network entity. Each
base station 110 provides communication coverage for a particular geographic area 102.
The term “cell” can refer to a base station and/or its coverage area depending on the
context in which the term is used. To improve system capacity, a base station coverage

area may be partitioned into multiple smaller areas, e.g., three smaller areas 104a, 104b,
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[019] For forward link data transmission, at access point 110x, a buffer 212 receives
and stores data packets from higher layer applications. An FL TX LP entity 220
performs processing on the data packets in buffer 212 and provides a frame sequence
containing frames. A MAC/PHY TX processor 224 performs forward link MAC and
physical layer processing (e.g., multiplexing, encoding, modulation, scrambling,
channelization, and so on) on the frame sequence from entity 220 and provides a stream

of data samples. A transmitter unit (TMTR) 226 processes (e.g., converts to analog,
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ge(ce:gl(\elizc\l/ seampl(rasa rrE MAC/PHY RX processor 234 performs reverse link MAC and
physical layer processing on the received samples and provides received frame
sequence. An RL RX LP entity 240 performs receiver processing on the received frame
sequence and provides decoded data to a re-assembly buffer 242. FL RX LP entity 240
may also generate NACKs for data detected to be missing and may also generate ACKs
for data correctly decoded. The NACKSs and ACKSs are sent via the forward link to
access terminal 150x and provided to RL TX LP entity 280, which performs

retransmission of the missing data if any. The FL and RL are described in detail below.
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all but the set of guard sub-carriers. [025] Let
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[026] HijGLOBAL(.) is a permutation that may not depend on
SECTOR_PN_OFFSET, while Hi)SECTORC(.) is a permutation that may depend on
SECTOR_PN_OFFSET. HijGLOBAL may be the same for two sectors with the
same values of FLSectorHopSeed. HijSECTOR may be different for different sectors
unless the variable FLIntraCellCommonHopping is set. Furthermore, HijSECTOR(.)
maps hop ports within a portset to hop ports within that portset. The number of portsets
and their sizes are determined from the channel tree, which may be determined by the

FTC MAC protocol.
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281 | é.cwdmra tp smwwlent s elgment inghg generayjon_qfjthe hqpping
dedruénée %@%s&:ﬁs GNP Okléhl%gtst IW%teﬁhé&%ﬁI&?‘erz}tﬁ pseudo-random

a total |nr ort set pernutations
P&inutatjons Bf sig€S)which are prékielrs pf{2. )A HeG28 hethacbticht peneraies a

one enbodi ne ne el ene t he generation of th
RefBpIL3 @"é@&f&r{@e% 5@ %é g?&l'[]}n g*kas tj1ri‘{ﬂ’t?1”ff'ee st agg
Fei st ¢l nethaor it Gpuek & it %@H’G’&pz[r%rt@q{')‘ Wik %E}Jah%ﬁtammg

of sizes which are powers of 2. A Feistel network that
gener savgblyahp sameinemberrof pits.) Ifofis £@en, 1, may be the n/QMSIﬁ of x, and
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mod deelds may be éenl:rated baged on system time, sector_ID, Cell_ID, and/or sector
PN-offset.
3. The output  1(x) is fed to the next stage of the Feistel network, which
may be identical to the first stage except the seed used is S2. The output © 2(n
1(x)) of the second stage is fed to the third stage, which may be identical to the
first two stages, except that the seed used is S3. The output n 3(n 2(n 1(x))) of
the third stage is the final output n(x).

[029] FIG. 4 shows a three-stage Feistel network. FIG. 5 shows a single Feistel stage

for the case n=9. According to one embodiment, the global permutation Hijglobal(.) to



nunber of bits in L, Sl is a |L|-bit seed and Dis a
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b| t - r ver seSit $akabe ok [I'LIBs of 38206 be tterseaﬁﬁﬂLpLSBmof S, and S3
5. Set Sl to be Lhe | L* LSBs of S, S2 to beg%ge second

| L| Lisge the third I& LSBgot 8 Iotheravorgs, 54 5 modSial - 8 =5(S-S1)/2|L|
In ot IQPS3S|S 1%2‘%&9/3 d§ = (S-S1)/2|L| nod

2| L| a%%ﬁs%ﬂ_ (8 S8 %HT") g“|2| L|. 6.
Initiélizelhtindizedwniceusens xaamd ytotlo 0. 7. Find the

out pu p(x f the Feistel n k seeded w

and 53 " 1 Fistye PEoREHE) Shiaf Fekiebnerh SR Saaeg) Mo 528na 53

Hi gl obal ( YIf 7tx i Xdss A (WWUA\RIW sek- nglé%l%ﬁ)&nkﬁt) Bfd
counter x by 1. If x < NFFT, repeat steps 4 through 6,

el se Bcement 939]L. ﬂheregenethappwerof byHl j IEEGTIRY hargpése steps 4
descr kh?&gghS&%%{e"’s‘ o%[ y for different val ues

[030] The generation of Hi)SECTOR may be described separately for different values
of “FLIntraCellCommonHopping.” If FLIntraCellCommonHopping is Off, the K intra-
portset permutations Pkij(.) that make up Hij]SECTOR(.) may be generated from initial
permutations Pki(.) according to the following procedure Pkij(x) = Pki(aj + Pki (Bj +x)),
where both the additions are performed modulo Nk. aj and Bj are 9-bit random numbers
generated using a PN-register with generator polynomial h(D) = D18 + D11 +1. The
numbers oj and Bj are generated as follows:

1. The SECTOR_PN_OFFSET is XORed with the 12 LSBs of the superframe
index i to obtain a 12-bit number [b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0] denoted as
Boff.

2. The PN-register is initialized to [111111 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2
bl b0] at the beginning of the superframe.

3. The register is then clocked 18 times every symbol. The contents of the

register before symbol j determine oj and Bj, with aj being set to the 9 MSBs of the



of "FLIntraCel | CoormonHoppi ng. " |f
FLI ntraCel | CommonHopping is Of, the Kintraportset

w@aemoi ons Pkij(.) that make up Hi j SECTOR( . PCTrE§20b&046743

generated frominitial permutations Pki(.) according
to the follow ng procedure PKi§ (x) = Pki(aj + Pki (Dbj
+Xx)), where both the additions are perforned nodul o

Meist@iana Bfibéihg 8¢teo Brd® L.SBRBOMBTERISBE (FhuBInes plthqll psl 10 b9]
a PN-register with generator polynom al h(D) D18

ord A0 +1b8 hE6 hakES2d)l Hd- bj are generated as
follows: 1. The SECTOR PN OFFSET is XORed with the 12
LSBs of the superfrane index i to obtain a 12-bit

[oB1ipeRefepling ol KRGO, 1h8 ififaljribtatidndBkibParelgehethted @b&ritlg to the
as Boff. 2. The PN-register is initialized to [111111
fllovingriegediBe:n7 b6 b5 b4 b3 b2 bl bg] at the

begi nglc;ng RindthesAMRSE fn'i%n stich tﬁ%ﬁﬁﬂiééﬁ r S%t?%%ﬁ@r]f nis even

cl ock 18 tines every s e contéents o
regi ster berﬁcb(nel)@ﬁbnlso;iddeterm ne aj and bj , with aj

bei t d bj bei
sglt ”?@f eS8 el e 8l i1 S S 5ieacs [ 111101
I%O bindand: [HeFf. 085443 5061 1hRodZB D Se b tdbd thEBlt-rkversed

[031 eferring to FIG 6, the initial permutations
Pki (. )/ala¢ ef§;e1n<@r39a~@@rm@sgnt@nwg to the follow ng

oo sy o I U, S s, n

i's odd. (2}33 Sebe thbeth@llf#LSBs@ESdBn Jther vardg rsd =“>Snﬁt812|L| ,S2=
fol |l ows: [95) [ Bof f . *265443 7614 nmod %ﬁ
Set S to bE-Sh¥2 H ’tnofl@{lé? v 8 aé-SERLd 23 mod3Lh; ¢

repreggnt aidl@ ize @ ountdr ?? 410 bey]§ 8o tzg&fc]) din'rthal#z@%@otﬂé%counter X

S, S2'to be t e second S,
thlrdtque|roLSBs of S. In other wor ds, = S nod 2| L]

o 2(D) - P o P SO RRE Bl e §x1s ghed sl %Z%&d 3

to ze | Wik PO eSp GRS KAIR hofs BOHTrEthe Xt Bor? 8t Pi.c. (BNO+ N1+..+
‘Find t(Fﬁe outﬁrgu)tad (x) of theoii—gl st el enet%ork gleeedled

wi t h Bk;1 SECarrdN§3 N1+7.). Nk-1pMK) tkﬁn’responds to a hop
Por S SIORPR! gl G, RAT - N

9 Increment yk by 1.

(10) Increment the counter x by 1. If x < NFFT, repeat steps 4 through 6, else

stop.

[032] When the FLIntraCellCommonHopping is On, the K intra-portset permutations
Pkij(.) that make up HijSECTOR(.) may be generated from initial permutations Pki(.)
according to the procedure Pkij(x) = Pki(oj + Pki (Bj +x)), where both the additions are
performed modulo Nk. o and Bj are 9-bit random numbers generated using a PN-
register with generator polynomial h(D) = D18 + D11 +1. The numbers oj and Bj are
generated as follows:

1. The SECTOR_PN_OFFSET is XORed bitwise with the 12 LSBs of the
superframe index 1 to obtain a 12-bit number [b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0]
denoted as Boff.

2. The PN-register is initialized to [111111 b11 b10 b9 b8 17 i6 i5 b4 b3 b2 bl

b0] at the beginning of the superframe where 17 i6 i5 are the 7th, 6th and 5th bits of the



(8) Set Pki(yk) = p(x) - (NO+ NL+... + Nk-1) and (9)
I ncrement yk by 1. (10) Increnent the counter x by 1.

WO 2008/06930MFFT, repeat steps 4 through 6, el se SROPUS2005/046743
[032] When the FLIntraCell ConmonHopping is On, the K
intra-portset pernmutations Pki9j (.) that nmake up
H j SECTOR(.) may be generated frominitial

RebeRafel iAdx iPiFhé 12-bRGRATHRL 19 11K10H9SSAY 96 BBY B3 FXbl 68) is
= Pki(aj + Pki (bj +x)), where both the additions are

penpedeedonodul o Nk. aj and bj are 9-bit random

nunbe ener cedi 1 r

pol yngsl“l%] regl(s%,r ?sg[h%igl%gk% Pgﬁlhﬁ% éﬁﬁfﬁéoﬁ@% (se)%ﬁgoel aIthg &ogtents of
ahe rapasia @ d CFDNIGYbobj delennTﬁbEa]%Q-mlﬂi\hﬁ%Eﬁt tcSthe 9
XORed hitwse with the 12 LSBs of the superfranme ind

i MSBs ebthgi ragigten sndBitbepngniseto the PILSHsof ghy IBSISE?? (B"d;%so 541 11111

P01 ooy B PO-{[Q%?%GEB biehibe A poffre PN register is

initiall 11 bl b8 i7 16 i5 b4 b3
p33b| Wigh thd FLIneraGeldCommogHoppinpes sy pnanﬁlrwmumhenstﬂ[) for all

i6 15 are the 7th, 6 5thb|ts heuer rame. ..
PiviReis SRCEatiE Ttsg) WRRAMBAD b EerrtiRePst 08 HOP. Mo Bregaitial
dniitatin Bfiportsst HABOD §lgcderaBQbaséd o BSffr 'FQ k€ prdper use of this
hen cl ocked 18 tines every OFDM synbol. The contents

ofode.fihe SE@T%PMQF&?S@T@DM@ saebs of the serae aelhmax|difierdn three

Eﬂtl 06% n%lnelg lllen@ S\?ﬁh El‘gl({fégsg ow ﬁ[—é@r?el;dl 1S E)? 8' ?#ﬁ{yonds to
&@?»/ISBlﬂlﬁIkalt intéx bl €reSpoatsdo HLSW8 17 16 |5 b4 b3 b2
[033] Wien the FLIntraCel |l CommonHop

EW]. Hl% P%ﬂcecbg? FRItESDFIgHRE thgjipitipl pegmutgtipngigy @ﬁ@p sets except the
Sﬁ@@{}%ﬁ({g 5gﬁ)qzltowth i ndex 0 are generated based on
Bon et

, e|n|t|al pernmutation for portset index O
i s geher at Echdobes sdaltest Bedger n FachnthteNI D re2n uSes [IgEnRhf 8 is even
node, ﬂ%{)(e BE{C&O? PdN OFFSET for two sectors of the sane
cel | | M ¥R hree bit |ocations, nanely the

bits with sadh&esiste] sdRPY, 2 arldeyEas lel(t)wé ndex 0
corresponds to the MSB whi le bit index 11 corresponds

to thd. LSBFindd84 [BWe*Zﬁﬁ%ﬁaéHemw)%%JéﬁtéSm bethetbfifereversed
|n|t|al t 1,00 I ortsets except the one
with PHABSF § 3 420p e Ratiof :

Find the smal | est
integer n Sasl tblbatthé\EETLFLSBB of SSSL t¢ b #e/secdrid |D| LSBs of S, and

even S3 to be the third [L| LSBs of S. In other words, S1 = S mod 2|L|, S2 = (S-
S1)/2|L] mod 2|L|and S3 = (S-S1-S22|L|)/22|L| mod 2|L.
5. Initialize K counters yO0, y1, ..., yK-1 to zero. Initialize another counter x
to zero.
6. Find the output n(x) of the Feistel network seeded with S1, S2 and S3.
7. If n(x) corresponds to a hop port in the kth port set (i.e., if NO+ N1+...+
Nk-1 <7t(x) < NO+ N1+... Nk-1+ Nk) for k>0, then:
8. Set Pki(yk) = n(x) — (NO+ N1+...+ Nk-1) and
9. Increment yk by 1.
10.  Increment the counter x by 1. If x < NFFT, repeat steps 4 through 6, else
stop.

11.  The initial permutation for portset index 0 is generated as follows:



and (n-1)/2 if nis odd. 2. Set the Feistel seeds SI,

S2 and S3 as follows: 3. Find S = [Bon *2654435761]
worze/B@301 Set S to be the bit-reversed val ue OFCTBUSIONS/@46743

32-bit representation. 4. Set Sl to be the the |L]|

LSBs of S, S2 to be the seconth|L| LSBs of S, and S3

to be the third |L| LSBs of S. In other words, SI =S

nmod 2j3| , Fad the {nSsles m?el%binﬁkﬂxtﬂht'-(m -SRGUARD) < 2n . Set
(S-S1-S22 tJ)/22|L nod Initialize K counters

yqg, ylL=n/2 if n isgrenand(nzBf lfnllhpﬂql al i ze anot her count er

et wolt seSa GP LaP SRRy asgbng € ) <1

cor r espondBind®’ & [Bof FRHS5H433761 hemok B2 Wt S t6 @k tifd bireversed
if NO+ N+, . .+ Nk-1 < p(x) < NO+ Nl +. . . Nk-1+ NKk)
for kxgue ph¥rin ag2- ls&fepmépw gn.= p(x) - (NO+ NI+ +

Nk-1) jand g? éfﬁs{bgwﬁélgemg ,_LtTg»leofslgz td B&m%rs@&; EL%BS of S, and

counter X repéat steps 4 th
el se §3 apbe th thifthje LABS b&S. Inerthmrtvatrdn$ 108 rrpmlr2|1s|etsz (S-

i ndex n e snal | est

i nt egﬁf)/ﬂfgﬂe‘ﬂsm%@ f—gl'g S%&R@Ll %ﬂzILPSet | L| =n/ 2
i f n 16 evemiand thfrbididsixfand yit ze@d. 13. Set the
Feistel seeds SI, S2 and S3 as follows: 14. Find S =

L'BOf f 1% 265E141§517E‘6Q1}tpwdx)2®°2he BeistebBngtyopjeseeded with S1, S2 and S3.
15 sB s BB EaBnaRio § Bo pdBiyp oFRAESFR Gt Bty < o

second9.| L| S&tIBH(yPE nfx) add S3 to be the th| rd | L] LSBs

of S. In other words, SI = S nod 2|L| , (SS1)/
olL| A®d 2lncrement gy (s s1-522| L))/ 22 L| mod 2| L] .

16. 1pjti aidcfégéng%e%ﬂﬂtte?ﬁ%%/)i N0 WHFT, gez)[gﬁ’t stepb:4 tﬁfdi‘lgh 6, else

the out put p(x the Fels net work’ ded wt
S2 anstop3. 18. If p(x) corresponds to a hop port in

I_O%S q)l'ﬁeaﬁa el;ﬂr? F@ﬁ%r}ﬁl (l%/ (%éégil) may o)ccupy an evetg]ylzgac(e%)bet of
sub-carriers in every modulation symbol of every PHY Frame. Let Np be the nominal
number of pilot sub-carriers in each OFDM symbol. Np is given by the “Number of
Pilots” field of the “SystemInfo” block, which is public data of the Overhead Messages
Protocol. The spacing between neighboring pilot sub-carriers may then be equal to Dp
= NFFT/Np.

[036] For each symbol in a PHY Frame, a variable Offsetp taking values between 0
and Dp-1 may be determined using the following procedure: Let i be the superframe
index and let j be the index of the OFDM symbol within the superframe (starting with
index 0). The variable Offsetp is not defined if j <=4, i.e., if the symbol is in the
superframe preamble.

[037] Ifjis odd, Offsetp may be determined using a 13-bit PN-register with generator
polynomial h(D) = D13 + D12 + D11 + D8 +1. The shift-register may be initialized to
the state [1 p11 p10 p9 p8 p7 p6 p5 p4 p3 p2 pl p0] before the beginning of the
superframe, where p11, p10, p9, ..., pO are the 12 bits of the SECTOR_PN_PHASE,
with p11 being the MSB and p0 being the LSB. The shift-register maybe clocked 13

times every symbol. Offsetp may be chosen to be the value of the register modulo Dp.



21. Increment the counter x by 1. If x < NFFT, repeat

steps 4 through 6, else stop. [035] The Common Pil ot
wamnned3o F- CPI CH) nay occupy an evenly spacedPGBUSDN5/046743

sub-carriers in every nodul ati on synbol of every PHY

Franme. Let Np be the nom nal hunber of pil ot

sub-carriers in each OFDM synbol. Np is given by the
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e e T
irglex msctifipotsupard subearier.eanbl e. [037] If jJ is odd,
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b gL 5 SAREE AT R EREER R e b v
PCorhmdaPi@Pbiwer Nt afuthe 39 stemilifg blduk, WwhRh nidebe public data of the

shlft-re i ster_maybe clocked 13 tinmes every synbol.
2pePOHS8kn to be the val ue of the register

Lm@y' gcwﬁﬁgﬁs ond E‘ﬁb&ﬂh}éﬁ% QJveHaqmﬁ(%wngﬂeméntbﬁmmbyﬁg, ie.,

fore Sy | e val ue register
tietsetr ofi opkpasts bedividet mruibebbbqks S BBLIOGEE hop@@ﬂii wHich miag be in a

even, the val ug of O‘ addi ng
EanErRya Bt o B oRs 0pE-fre ML ik SR iy 3D P
NB2\OCKISNREOKSyITHO) ZN'I@IJ@UK PrornfBlocRaCc S YHRAIcuii Ve Rop-ports in
PHY Frame, the subcarrier with index isc may be

ablogh |awnbgpedrbef the Ismpirg patterhe dopbdcyiivhepbeamsiers, i.e., if hop-port 0
fsﬁ@%é&% ?J‘?ub%.[n%e? F‘E}h %fﬂoggpori Pl I{Igp%eﬁ"t:f Jub- ca%%r &4 pho%”;?on 21is

carrier

Mappal tois@bcarfiét392, eﬁame%mwf INBIIOOK Ghig lﬁﬂS byt tlﬁehEong Data
F- CPI CH rm¥ be nodul ated with the conpl ex val ue "

weEpent png IBDKor therFhorgpata |$égra6%erh%b<§m%ﬁeqa@w§umv Rgrdescribed
E %aFe1§PAr§E%FQ?%5}?d PONEDSRE &Eﬁtk density of the

cond” sy the F-A IS ratio is given by
[046] ' Themum Bérl of tgPardesat riefrs HGdebRDtmay I8y®t i@regaf mubipbeocdd,
%‘Lgblgayﬂ tentl grkl)flzd lg:re\(/jl%Ls Y, t‘le Bop -ports indexed from NFFT-NGUARD to
NFFT-1 may be mapped to the set of guard carriers by the hop permutation. The
individual elements of this mapping are not specified since these carriers are not
modulated. The hopping sequence may be described as a mapping from the set of hop-
ports numbered 0 to NFFT-NGUARD-1 to the set of usable subcarriers (i.e., all but the
set of guard subcarriers).
[042] The basic element in the generation of the hopping sequence may be a Feistel
network. A three-stage Feistel network generates pseudo-random permutations of sizes

which are powers of 2. A Feistel network which generates a permutation n(x) of {0, 1,

2,...,2n -2, 2n -1} operates as follows:



Over head Messages Protocol. [040] According to one
enbodi nent, reverse |link may inplenent bl ock hopping,

WO 2006/06%30e set of hop-ports is divided into blBCksSw05/046743
NBLOCK hop-ports, which may be in a contiguous manner.
Hop-ports O, 1, ..., NBLOCK-I1Xorm Bl ock 0, hop-ports
NBLOCK, NBLOCK+1, . . ., 2NBLOCK-1 formBlock 1, etc.
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is a bit-b¥ bit XOR operation put p l(x) is
fed toDt he heﬁ@nsgﬁlalg@@ﬁ mqe/éaee‘w&%foﬂﬁmwwlrwrﬁh is

denti cal 50 e Ghi B} a5LA9%, ¥GRRLIN Rfaeed used 15

b. The sub-graph comprising of the constraint nodes and their ancestors
may be a binary tree.
(2) Any base node may have one and only one constraint node as an ancestor.
(3) All nodes in a port-set may have a common ancestor, and the port-set may be
the set of all descendants of this ancestor.

[045] A port-set that may have more than constraint node as descendant may be split
into sub-portsets with each constraint node defining the sub-portset. The sub-portsets
may be numbered {0, 1, ..., K-1} in ascending order i.e., sub-portset 0 may contain the
lowest numbered hop ports and sub-portset K-1 may contain the highest numbered hop

ports.



the second stage is fed to the third stage, which is

identical to the first two stages, except that the
weaedoesed i s S3. The output p 3(p 2(p | (x))) BET/U$®05/046743

third stage is the final output p(x). [043] FIG 4

shows a three-stage Feistel nEwork and FIG 5 shows a

single Feistel stage for the case n=9. The Long Data
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RS Ce B RpoRpid) Tt et s a A ilmmpatopping i
8ffd IiNfisTcase, WSURREY @e totd) nuitsér bf sdmp/or@@ts@ﬂﬂm}(t ®he number of

accor di ng t'o the fol | ow ngi equat i on:

haapmpblpcks (epelodinghoptgridl et Kieguard n@seegmélg)ktl) sup-portset.
Q‘He nﬁ'B&r%@H‘l%@)ﬂ blocks is the number of hop ports divided by NBLOCK. The

SECTOR_PN_OFFSET of the sector of interest is XORed bitwise with the 12 LSBs of
the superframe index i to obtain a 12-bit number [b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bl
b0] denoted as Boff. This may be used to generate the permutations HijkSECTOR(.)
according to the following procedure:

(1)  Find the smallest integer n such that NFFT < 2n. Set [L]=n/2 if n is even
and (n-1)/2 if n is odd.

(2) Set the Feistel seeds S1, S2 and S3 as follows:

(30  Find S’ = [(Boff*32+j) *2654435761] mod 232. Set S to be the bit-
reversed value of S’ in a 32-bit representation. Set S1 to be the the [L| LSBs of S, S2 to
be the second |L| LSBs of S, and S3 to be the third [L| LSBs of S. In other words, S1 =S
mod 2|L|, S2 = (S-S1)/2|L| mod 2|Ljand S3 = (S-S1-S22|L|)/22|L| mod 2[L).



[047] Here ~ L BLOCK J denotes the hop-port bl ock

whi ch contains hop port p', k denotes the sub-portset
wonniogheosa@nt ai ns t he hop-port p\ and | denot es REEUS2005/046743

hop-interval index within the superframe correspondi ng

to synbol j'. The hop-interval4index is counted

sequentially within a superfranme while ignoring the

09 I Biti L8 Buntet x @0 ONMRIAMNEEKVusiteds P0G 11yHel g1 &®0, NO,

the first frame in the superframe, hop-intervals 2 and

Bi%év brh\g)ﬁlalth@ 2ndNG+ Bk . mNER2 r@@p@r\ﬂyaﬁ’éhesemtlal values
kSEr%T t%ﬁé% owes ﬁ%rﬁgerégﬁgﬁdﬁ(ﬁr?ﬁ%?ﬁg int Cshb g)og%e[% <ot

WSoﬁﬁﬁﬂhﬁabuﬂpat A} ofbit iFeistel hatwoplesdweces/lthisa S2 and S3.
sub- portsets around in frequency (either on
§QdY o M3y eastespends 4@ p dop po plogkdi edfth ﬁ%@%ﬁ&éﬁt, if NO+ N1+

ba-?Nﬁ)1<%&g§]N6|;hﬁ19en Nﬁtl on of Hij SECTOR nay be

describe eparately or "di fferent val ues of

320t SetddljkSECTORBIPpinig) arfd r st, there i s when

Egag aCel | Co Hopping IS off. In this case, Let K
Ct“B’f‘%ﬂty er of sub-portsets and Nk be the

05 € Inc P mR PhdPQuhte k AKX 1 £ X NFure, RepehiPfefror l‘hrch]gﬂ%k glse stop.
|ntheLgmard region) in the kth sub-portset. The
t

e R raﬁb@icpmorﬂi@@mus@rt he nunmber of hop ports

1360 8y B e Mo R P % b Rl S E-por

BLHRRS fl tAeRehi Sildqusett xchlting libl;apdrz blacks imuhb giiarfl bddiohThe
b9 b8 b7 b6 b5 b4 b3 b2 bl denoted as_ Boff. This
ﬁavbﬁ@f&@ewwl%ﬁ%éﬁrﬁl@@umér QpoRosts Brided Py REESKSR( . )

gféz r ‘i‘h@ N Sedeb6f the ls&&ﬁf 1? %(éﬁ(&ﬂﬁ%@@ w1t(1%ﬂe FZ FgBE BPthe

mal'l est 1 nteger n suc NFFT < 2n. =n/ 2
supesfraue imdax dto obthih /a2 2i-hit mumierdgttll b1®@HO ®b7 bbb5 FEé|b§tbé| b1 b0]

%ed‘%“ gs%grffzrheg%gss as%é{ctl)bgﬂﬁkgégg xj: lllﬁngb? 83 @g bt'lipé)] where i7 16

D3 ek QVET R S6ih VA 9@ s o‘fsthé BrfdénddintieX €1 ®96RHAL BOR.
Set SI to be the the ng of S, S2 to be the

H&&bn&vnemRMgBeCdfC@manHomng &5 dve Boh enayHieruged tq ganspée the

?’fgn%ﬂt}off ﬁukﬁggvigjflﬁs) u%goéseg%t%g%rgéﬁ ?ﬂ%‘?%ﬁet \afhlle Boff

Baly|be[u8dPio geneﬁateathe pemammms Eﬁﬂ(SECII@RX ) dfRuib-ipattserethlit are part

Corligqtﬁqgts X %@T q{hPN OEﬁWé f‘?féyﬁééftpvé?l}gge S(’élrllrrwe%e'\@ may differ in
kHHed bl@} thgr{éeﬁa 'Witljf ﬁ’ldfc'gf 5 éﬁf’f’ ﬁge)b@ Borresponds
port b t su - portset Fi nd t e out put

p(bh)e Mx‘BB whhéle I’éﬁllsdleed 1 Inextrsespdads GBdh@(LSB th SI, S2 and S3.
i(?ﬁ?ﬁ lljgr %%Eé%ggtg rtl?aet #qcti E)a%g@_frgﬁt? ?s_gt 0O i }I(S%lcc}%(l )nmetlyhge
generated according to the following procedure:

[060] Find the smallest integer n such that NFFT < 2n. Set [L|=n/2 if n is even and (n-
1)/2 if n is odd. ’

[061] Set the Feistel seeds S1, S2 and S3 as follows:

[062] Find S’ = [(Bon*32+j) *2654435761] mod 232. Set S to be the bit-reversed
value of S’ in a 32-bit representation.

[063] Set S1 to be the the [L| LSBs of S, S2 to be the second |L| LSBs of S, and S3 to
be the third |L| LSBs of S. In other words, S1 = S mod 2[L|, S2 = (S-S1)/2|L| mod
2|LJand S3 = (S-S1-S22|L})/22[L| mod 2|L|.



..o HNK-1T < p(x) < NO+ NN+ . .. +Nk , [052] Set
H j KSECTOR(yk) = p(x) and [053] Increnent yk by 1.
wd DBdpeodorcr ement the counter x by 1. If x < NART/US2005/046743
repeat steps 4 through 6, else stop. [055]
RLI ntraCel | CommonHopping is OhS[056] Let K be the
total nunber of sub-portsets and Nk be the nunber of

PeeH p ditialideqCdosinien x i1 6. Iittulisel B- @antese€y0, yax¢l, udlyfml to 0, NO,
hop- port bl ocks in theNauard regi on. The nunber of

I}Bbrl‘EO«‘bNétw b NOreNAab eNKo? rerppctpsht Thesevnigiabivalyes

e i hflo Ay Shodd Al it ool ARRIGRRBIETET |

00653 iFiral the etxiptit 2 jrbethe [Foistel nktiwOrb 9eeid8d bthisd, 55 abdlSB)B

I denot ed, as off 12-bi t nunber
g@‘@S“ib’%‘? %OWQBPWSkS%a op pprt Ec]‘:k My igh syb-pertse (h‘? elftl\ﬁ’e“l\l1+
7t b ftdr@nd l\"_’(j-thl'i”I—t S+Rk )taHStlﬁeqRE"suIS 5Bsek rl of oBtset 0,
denoted as Bon. [058] When RLI ntraCe I CommonHopping I's

0671 BSﬁtHﬂlySE@TQBé)d()For(g)am ate the pernutations
CRé ub portsets that are not part of
Ebst “ferpbcly By

Boff may be used to generate the

PO L Trithd AR thd ¢IuDEEX BY(1. Xf 0k NFHF, p dq_iehﬁﬁéﬁs 4 ihadugBleEelse stop.
E‘Ft of port-set 0. The SECTOR PN OFFSET for two

0d ofFer gib- Itq*i@efé abas arepart ofepprigiet PeHijkPECHPRE) piay be generated
}géc%?&lh% the“f‘@ i,n,% Biks with indices 5, 6 and 7.
re, It 1 ndex

orresponds to the MSB while bit
[0¥déx Findl the smﬂiﬁson@et 0 stdhethbtSBFFT G524. Seo[L|=n/2 if n is even and (n-
il?l}?ﬂépo” ts that are not part of port-set O,
) may be generated according to the

fMZEO%ﬂEe Fél@féfv‘%H@Sl [S%&deﬂ [ofihgs:smal | est integer n
such that NFFT < 2n. Set |L|=n/2 if nis even and

(W3} / Findi§' ¢ ﬁ(BOffﬁ%{ZﬂI m}mwﬁu modR8R2sBasIS todedhe 8treveied
aa JF,‘g % I Find S = [(Bon*32+j)
3%24%5“?6"1%3J PSS 5 o be the bit-reversed

[&W'4§leS@thISto beﬁh@th% élLSfBgdﬁﬂ SQQ@béthe%eoddQﬁﬁﬂ.S]ﬁ%f Sland S3 to
to be the t s of S, S2 to be the seco

bssthe third I L&ﬁa 0§ Incptb% words.t5iF 8 mad 2[LisER oS- S,l)/ilh’ mod
g?‘L and S 'EI'FE?@P%@?‘E%%M L| 2m;d( §| E|l) f SLZ} mod

[0VS] | Elitidezea coontet ero 8. Thiiallze Kriouhtetd v yK ypunty&r B to/@,NO,
g N6 0+ NS oy YR afpsbedteiot (Thebeigii ghiues
correspond to the lowest numbered hop-port blocks in that sub-portset)

[076] Find the output n(x) of the Feistel network seeded with S1, S2 and S3.

[077] If n(x) corresponds to a hop port block in the kth sub-portset, (i.e., if NO+ N1+
...+Nk-1 < m(x) < NO+ N1+ ...+Nk ) and the kth sub-portset is a part of the 111-portset
[078] Set HijkSECTOR(yk) = n(x) and

[079] Increment yk by 1.

[080] Increment the counter x by 1. If x < NFFT, repeat steps 4 through 6, else stop.
[081] Generation of HijGLOBALC(.)

[082] The HijGLOBAL(k) may permute the K sub-portsets in a manner that increases
frequency diversity with little or no loss in interference diversity. This may be done
according to the following procedure:

[083] Generate a seed S according to the following rule:



correspond to the | owest nunbered hop port blocks in

that sub-portset. [065] Find the output p(x) of the
waEmnev@Boinet wor Kk seeded with SI, S2 and S3. [ G&E)US2005/046743

p(x) corresponds to a hop port block in the kth

sub-portset, (i.e., if NO+ NB...+Nk-1 < p(x) < NO+

Nl+ . ..+Nk ) and the kth sub-portset is a part of

UL S Btthére i{ A6 th@ebnd hork STEERERS VX | (RLSC0rHBpStH &b *32 + (i

I[ncrement yk by 1. [069] Increnent the counter x by 1.
modﬂo%)ﬁﬁitﬁ) "F?ééé‘ﬁ 61kiped 232 hr ough 6, el se stop.

8t B R0 B el 2L FRAEDA0A PR TR hoa 22

fos6l OEIim@emitOtféed‘déchalue[ &L ]in Ri32cbit fepresembti@st i nt eger
such th NFFT < 2n =n/2 if nis even

n
057 e 1ro domtsLades 67 hidseh of he reingee) ma bellabeled A and B,
2

st B iy bl the T BERF sl HorlerS 1 af% geSqril o A2 KB may be
thelruenbef ofSubk-poraeB@2hdyiate desprmdsmn DABL GOA H{KIF4]K)Set S

e.the the |L| LSBs, of to be.the second.
[ g8 e Bertnifplogh oF dBk. v nakaf o it St brcer and
REMBEredD6 @KASLI =wie@Rd deiduds the dacl I8k II- @| L2 forodly positive
2| Ll and S3 S— S1- S22|L|)/22] nod 2£7L(1% i)QﬁZ %
integer ki qu@xampk@uﬁi(é‘r % then the qrﬁmqgaus 02 le H¢hl8P.201g210 with
yl, y2, ..., yK-1 to O, NO NO+ N, NO+ N

hlé*nuNlbenn goiNEfrbnf ewscrhev;einnuta(ﬁm ﬂﬁﬁlbéﬂ&dt SQZZJWJ%S may be
correspond to the | owest nunbered hop-port blocks in

ehngen LUbR 18 p@%@{tythro%]of merﬁabm§8%wﬁmh 3¢ dgsceppdantseof A.
E@ﬁt glmﬂ‘zﬁf e%ﬁt‘gﬁ §% andﬂiﬁﬁ-gfﬁlay b listed in

corre pon s to a ort odk'int
sipbatpacilseder ahd nembeieti ONG{KII' +1). Fortéamiples iff A)= XamDKA = 2,

sk R VSRR i b

IncreweLE ¥ﬁ 4 [080] Increnent the counter x by 1.
hfimkered Ié r epé’atmaytlﬁpshoéert torbeulghpémuedtioe P8 affthe sub-portseis

k@ﬁéﬁfﬁﬁ%g%§ h%gﬁ er;L{SLEEQL& luLoggltlgfs in a

[0WONER JeidhitatiBs bR ARERt { AFUS A6KrHink@astIlows th Tittle
([)({91?olfl J?SS gvelnnthle%teglrlfltgtrlc?nnriiy gza \1{\% 1Sf ISt r¥10d 2hI (? anrrdEl At:fe S ?r?orgie2 =1.
[092] Ifjis odd, the permutation may be the opposite of the permutation chosen at
hop-interval j-1.

[093] The overall permutation on the sub-portsets may be PAPB or PBPA accordingly.
For example, if PA = 021 and PB =43, and AB was chosen, then the overall
permutation may be 02143. If BA was chosen, it would have been 43021.

[094] Once the permutation of sub-portsets is finalized, the function HijGLOBAL(k)
may be computed by subtracting the location for the lowest numbered hop-port block in
that sub-portset before permuting from the location of the same hop-port block after
permutation. For example, if the sub-portset permutation is 02143, then

[095] HijGLOBAL(O) = (0) - (0).

[096] HijGLOBAL(1)=(NO+N2) - (NO).

[097] HijGLOBAL(2) = (NO) - (NO+ N1).

[098] HijGLOBAL(3) = (NO+ N2+ N1+ N4) - (NO+ N1+ N2).



according to the follow ng procedure: [083] Generate a
seed S according to the following rule:[084] If there

WwWa Woerodva0it han one port set, then S = PCT/US2005/046743
[ (RLSect or HopSeed*4096*32 + (i nod 4096)*32 +j)
*2654435761] nDd 232 [085] Iflthere is only one port
set then S = [(Boff*32+j) *2654435761] nod 232 [086]

fogo3 HRGLOBALENS GRS N2L N2) OINGE NI? R 3R3pi t

represéntation. [087] The two depth-1 nodes (i.e.,
BHODH mbered¥k istthe nemberrnsdep paeplasks imtbe ketisuk-portieB,  and
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F088 The pernmutations on
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ering oin fromO o 5. The rut.at i nnu ere
O RG] CELDISH SRHIG S LBITEHFE o S RTHE oY RO AFer of hop
EH@S RAA tRehitd Wbl GsBedies gsnsiaptie F&%&élnei\g&ﬁ] as described above.

Imlarly, the pernmutations on {KA,
Khe-pedd maydg deterinined ddsddronad plstgpetiingad SeétodéD %m‘tll ID,ora

er ed (KB! -1). For exanple, if KA = 3 and KA
Cmggr?%%hg?ﬁ@fpernutatlons are 34 and 43, nunbered 0

p0102] 1 gnpae tmbetiment ke galerakdliiopopatletiiney del upddtedormaynged
be chosen to be the pernutation PB of the sub-p f’of,tﬁset S
Eaeantlyte em@%&m diyersiy. Thoopdate pay bebatedom factonef

f
S0yt O ol el FETARS AR G e At gy o
pbrt Sntiydy2 predeterriS&] arhunt evesy pchﬂetdrhmepjenmmpquon may

03|t f t he t at h
HEig5 e PR epbodimersapE Rembsanay S BORA: Biq whelish erapes of
ﬁpr&% "aﬁ@taé:ch uﬂ’f‘edpﬁfeﬁ pRitidHARf SO FeisRUhstwoRiQlthereby
exanpl e, 21 and PB = 43, and AB was chosen,

genematingent dnaetrqnel hOpemgmammcfnr ¢agl stellgoerawp of fopamrisadn this case,

have been 4302 4 h
B%c?lrﬁf?l%ﬁ? n}‘er%mr% rcpgr%s[pgng’ g 1|ffﬁ£Jl n? Jc Oo@fnnthg %IH% dlﬁferent
Ek11sChieBhk{ K))pdmﬁcebl%\a@ﬁmﬂéﬁdi&cby subt r aCt ing the
| ocation for the | owest nunbered hop-port block in

(Hé’f‘ subnpae eabedmmb radblpd (G2 cegtigyads efibe her BeTtHRaYPe
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portset per nmut atron’is 02
hoppmg pattern for the block of hop ports may comprise nearby frequency sub-carriers

and/or contiguous frequency sub-carriers.

[0105] In one embodiment, a plurality of blocks of the hop ports may be assigned to
a user. The corresponding hopping patterns for the blocks of hop ports may be placed at
desired proximity. To ensure frequency diversity and lower interference, for example,
the hopping patterns for the blocks of hop ports may be made apart from each other.
However, if the hopping patterns for the blocks of hop ports are too far from each other,
out of band spectral emission may increase.

[0106] In one embodiment, a method for generating random hopping patterns for a
plurality of hop ports includes ordering the hop port entities (hop port and/or blocks of

hop ports) in sequence at the first layer (leaves) of a tree, and swapping each pair of hop



[095] HijGLOBAL(O = (0) - (0). [096] H JALOBAL(I ) =

(NO+ N2 ) - (NO. [097] H jGOBAL(2) = (NO - (NO+
WONRO6/0¢98@B] Hi ] GLOBAL(3) = (NO+ N2+ N + N4) - KAOwSA5H046743

N2).[099] Hi jG.OBAL(4) = (NO+ N2+ NI') - (NO+ N + N2+

N3). [0100] where Nk is the nlBrber of hop port bl ocks

in the kth sub-portset [0101] In one enbodi nent, a

pyie bR RHa IRIR Ol el drat GRBES Bist E¢hditPstOio Md QHéFeBQ generating a
patterns includes determning a first nunber of
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feipbate@ (it I&5n8 reathés (hE OsESRhetye ah&@rdnﬂﬁinudxppd@tlﬁftaﬂnﬁb Béherated.
a third nunber of seeds as described above. The )
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updat ed or changed uently to ensur e frequency
s\ are byl pajr 2-Bhieayuyychp: eesnitipe ea brsherilayer hopfrect atities 0-1 and 3-2.
§I¥)Bv e?Iegtmg,eth? Egogzasgs,gglsth ogl‘[ea},zw‘ﬁéq' 38]1’ ({1f |ahl(?§ 2§ kkbasr%\giglagd fl';] second or
fhead@t eonditietlisah@u For mseunye plﬂeelﬁigh@ﬂﬁydn epdlrtmaye“p@r ted@lting in the
LOlOS] I n one enbodj nent ports na gr ouped
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hNn‘P ZnyPAIhbE? HQ%%OI@J mb{Be iRIR{qlin A %\‘B{;é‘ss ther eby

ene at’ing at one hoppli ng patter or each
[E(HﬂB] €he disdogedafmbvolomerss ey blerapplliﬁdstocaas ©ene encdmignatugms of the
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contiguous) of the ports may be assi ned to a
Backet A¢gese (HIBEPPAY "Iflmuﬂllvtsmé\’lghr@imécceé%( ) gysterng Frequency
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hgéOS In one enbodinent, a plurality of blocks of the
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software, or a combination thereof. For a hardware implementation, the processing
units used to process (e.g., compress and encode) signaling may be implemented within
one or more application specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), processors, controllers, micro-
controllers, microprocessors, other electronic units designed to perform the functions
described herein, or a combination thereof. The processing units used to decode and
decompress the signaling may also be implemented with one or more ASICs, DSPs, and
SO on.

[0110] For a software implementation, the signaling transmission techniques may be

implemented with modules (e.g., procedures, functions, and so on) that perform the



desired proximty. To ensure frequency diversity and
|l ower interference, for exanple, the hopping patterns

wd moe/bévaoibl ocks of hop ports nmay be nade apar tPdT/0$R005/046743
each other. However, if the hopping patterns for the
bl ocks of hop ports are too f#8 from each other, out
of band spectral em ssion may increase. [0106] In one
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coin for head, is net for a pair, the pair is swapped.
For instance, pair 0-1 may not swap, but pair 2-3 may
swap, resulting in a higher layer hop port entities
0-1 and 3-2. Now, repeating the process, the higher

| ayer pair (0-1 and 3-2) is swapped if a second or the
sane condition is net. For instance, the higher |ayer
pair may swap, resulting in the hopping pattern 3, 2,
0, and 1. It should be noted that any nunber of hop
ports entities having any nunber of hop ports may be
included in this process. [0108] The di scl osed

enbodi mrents may be applied to any one or conbinations
of the follow ng technol ogi es: Code Division Miltiple
Access (CDMA) systens, Multiple- Carrier CDVA
(MC-CDMA), W deband CDVA (W CDMA), Hi gh-Speed Downl i nk
Packet Access (HSDPA), Time Division Multiple Access
(TDVRA) systens, Frequency Division Miltiple Access
(FDVA) systens, and Othogonal Frequency Division

Mul tiple Access (OFDMA) systens. [0109] The signaling
transm ssion techni ques descri bed herein nay be

i mpl ement ed by vari ous neans. For exanple, these
techni ques may be inplenented in hardware, software,

or a conbination thereof. For a hardware

i npl enent ati on, the processing



units used to process (e.g., conpress and encode)

signaling may be inplenented within one or nore
wappbheati on specific integrated circuits (ASIKS)US2005/046743

di gital signal processors (DSPs), digital signa

processi ng devices (DSPDs), p2®granmmable |ogic devices

(PLDs), field progrannable(gﬁte arrays (FPGAs),

processors, controllers, m AIMSntrol | ers,

mcro AINIBTSE! ectronic units designed to

perfopﬁ??ﬁgﬁfgggglonslgéscribed herein, or a

conbi nation thereof. The processing units used to

decode and ,dec ress the signaling may also be ..

1l efiont ed FPORL GieEeBrTps BMASPAppaltes cobprising

[ 0110heteRhintheSOfi sVl Bbdr BPk@sIBAaEst On, the signaling

transm ssion techni ques may be i nplenented with

nmodul deteyreining a ygeocbriumbiess of hopipettvns, and so on) that

per f or hefunctigns described herein. The software

Codes Iy B bR REES B 7 e g “renory

uni t  génkraing2f Reaktonelioppia}; paniemobasslbretic BystaupibeL 6Bl carriers,

(e.g., controller 250 or_ 290). The nmenory unit may be

thepeesneftusebenrf hompartieanst e diishpumberofseddsal to the

processor. [0111] The previ ous description of the

di scl osed enbodi nents is provided to enabl e any person

ski |l | d i nThaeettrad df clamakle whereirs &t ledse ope efSthathird number of seeds

I nvention. Various nodifications to these enbodi nents

i qeqﬁyéiﬁﬁﬁqu FO¥ERt™% those skilled in the art,

and the generic principles defined herein may be

applied to other enbodi ments without departing from
t he spirit The methodeof gfaimHe wihareimati least omhefsthe thed number of seeds

r L 1NV ' I.§ynot intended to be limted to the
gﬁ%%%%%gﬁg?g%&%%%KﬁZPéin but is to be accorded the
wi dest scope consistent with the principles and novel
features disclosed herein. CLAIMS WHAT IS CLAIMED | S:

1. A flet hodhe siethpdind chaimdg whaicirbah leash pragf thathih pynber of seeds

L Si g g a first nunber of

§3§E%§§%¥S?§%ﬁ%§§§?ggﬂing a second nunber of hop

ports; determning a third nunber of seeds; and

gener ating. at | east .opne hoppin attern hased on the
PF et SnunsaPe etiior e loplerei B8 St Rt Ate sredhg pumber
pRIdifereand the third nunmber of seeds. 2. The nethod of

claim1l1l, wherein at |east one of the third nunber of
seeds is determ ned based on the systemtine.

6. The method of claim 1, further comprising changing the hopping pattern
frequently.
7. The method of claim 1, further comprising:

grouping the second number of hop ports into smaller groups of hop ports; and
generating at least one hopping pattern for each smaller group of hop ports, such

that the hopping pattern for the small groups are disjoint.

8. The method of claim 1, further comprising:

assigning a block of the second number of hop ports to a user; and



3. The nethod of claim1, wherein at |east one of the

third nunber of seeds is determ ned based a sector ED
wohoodh@3oet hod of claim 1, wherein at | east ormrCTOOSW052046743

third nunber of seeds is determ ned based on a cel

ID. 5. The nethod of claim1l,2mherein the first nunber

and the second nunber are different. . The met hod of

cl ai nEenerqtingah kast Qg HePRING 2 LA AR tﬁ? b%qﬂs of §pP PRS- such that the
B B RO el 3 H R TR Bl i .

into snmal | er groups of hop ports; and generating at

o p8r Lo, 166 BN clae b BhTeHL R 4EPBE PP SRS klgek of hop

PO oM SHsEs SrRighbiN frefendy@pi@EAGE of claim 1, further
conprising: assigning a bl ock of the second nunber of

hop ports to a user; andgenerating at |east one

h f | f h , h th
e B8 Poghebilort bt BBl BB REL 5, s P

conpr h&amineaplayality 60BIBEKYOT Shseeanid h@hber 09 hog Esnmbt @dr; and
of claim8, wherein the hopping pattern for t

k
of hoECTSEINgG 3 apirans HODRISE PRYRIB 8T Fack birskof hop ports, such that the

R R A R L A

second nunber of hop ports to a user; and generating

at least o hoppi.n at t grn for each hlock of _ho
por t s Tsuchne Feftodied el gy hesatn 1BF RepRipgfrtiask ek jaggt one
Bfo@ﬂ BERSY &%Q’o@rﬁfrfsé@éo%ﬂ ddus fidd@enBt f8tafiere! ai m 10,
wherein t% hoppi ng pat?ern for at |east one bl ock of
hop ports conprlses conti guous frequency sub-carriers.
?—gr ';‘ %F Lquadm ?o%%ﬁc?r%tm rang n_rélplﬁlgg Iap QmP ia(;rtaeplursallty of hop
F&&hc@ﬂpﬁmﬁg hop port entltles at a Iomer Iayer |f at
east a first condition is nmet, thereby generating
hi gheFWaRRjRs eash PRIGST PR POT& ARt tES @52 lowygappich éf ab deapt ap%iSF
| east a
géeng'(i}ﬁcga I(Q:%E] Itﬁlé]%ir)]} F@%ﬁag@g afl{?%‘l@ P SIRE of AYPport Lntifes:
swapping each pair of hop port entities at the higher layer if at least a second

condition is met; and

repeating the previous acts, thereby generating a random hopping pattern.

13.  The method of claim 12, wherein the hop port entities comprise at least

one block of contiguous hop ports.

14. At least one processor programmed to execute a method for generating
random hopping patterns, the method comprising:

determining a first number of sub-carriers;

determining a second number of hop ports;

determining a third number of seeds; and

generating at least one hopping pattern based on the first number of sub-carriers,

the second number of hop ports, and the third number of seeds.



repeating the previous acts, thereby generating a

random hoppi ng pattern. 13. The nethod of claim 12,
wWOoDe6/@é9301t he hop port entities conprise at | eatT/U$P005/046743

bl ock of contiguous hop ports. 14. At |east one

processor programred to execukz a nethod for

generati ng randonrhoqplng atterns, the nethod
conpr 13 ngT ¢l BEOSESSPTHP rf.‘dalgl 4, dhersin, ablepst gpe of the third number of

§ééﬁs &q{e dérr%‘irfed b‘%?éc?&ﬂ‘ﬂh@' ?ﬁgﬁ gcond nurber of hop

etermning a nunber of seeds; and
generatlng at | east one hoppi ng pattern based on the

first of sub-carr.ie t he second nupher, of ho

bor ¢ s 1oand T BrachRPrS TG I atheagn gue4s ond HE g b adger of

gedglsqiefgn;l{lnedm%@é &cidr theast one of the third nunber
seeds is determ ned based on the systemtine. 16.

The processor of claim 14, wherein at |east one of the

third nunb of seeds r. ned based ar 5€

17 T ’2 or EE%Brogcr‘ss% of Cil%l FA& the Lein 2 at lc'ﬁs% ope Pet% (Eltngcqn réunl??er of

§deds {shictedmmeaiRkeddn se4dD.i s determ ned based on a

cell ID. 18. The processor of claim 14, wherein the

first nunber and the second nunber are different. 19.

The pﬁ@,_cesq‘ﬂignge§t)%mlg1ﬁ1014 héheEh h‘%dfnfslul?l}rﬁ'l?e"r and he second

conprising c Irng t ppi ng pattern frequent
fdmbelrhee giffecas.sor of claim 14, the nethod further
conprising: grouping the second nunber of hop ports
into smal |l er groups of hop ports; and generating at

| east j9ne TR PIJIEssBASL Ghith [ theMethod ftHe CoMpRYRg hanging the
hop ports, such that the hopping pattern for the smal

horpimspaticen fewjentlyit . 21. The processor of clai m 14,
the nmethod further conprising: assigning a block of
t he second nunber of hop ports to a user; and

gener 20.i NgTh¢ pleesbr MgaiRDPRIitMImpPidbY lirthek 06mphisingl ock
of hop ports such that the hopping pattern for the
bl ock&WEPHEshescprd pyRpsTi o dep RaHS 530 el ereyps of h0p ports; and

The HEnE! st Bt reRGPhARESAE I cuph BRMe dro6H Miborts, such

thambe ihepping pattérg fioube fmeld genpy ascubsjomt.r i er s.

21.  The processor of claim 14, the method further comprising:
assigning a block of the second number of hop ports to a user; and
generating at least one hopping pattern for the block of hop ports, such that the

hopping pattern for the block of hop ports comprises nearby frequency sub-carriers.

22.  The processor of claim 19, wherein the hopping pattern for the block of

hop ports comprises contiguous frequency sub-carriers.

23.  The processor of claim 14, the method further comprising:
assigning a plurality of blocks of the second number of hop ports to a user; and
generating at least one hopping pattern for each block of hop ports, such that the

hopping patterns comprise nearby frequency sub-carriers.



23. The processor of claim 14, the method further

conprising: assigning a plurality of blocks of the
wenoane@nunber of hop ports to a user; and gernsIEU$2005/046743

at | east one hopping pattern for each bl ock of hop

ports, such that the hopping Jgtterns conpri se near by

frequency sub-carriers.24. The processor of claim 23,

wher e?h t hEhGBI9pESIer Qferiaiy 33, M&ereat thedwppingmattgmdexatdeast one
Q@Ek Q\Pﬁéps%&&'mhi PiSSs &%&h&&%&ﬁ%ﬁr&%ayb carriers.

St one proces to inplenent a
nmet hod for generating randonthopplng patterns for a

plurality of hop ports, the method conpris
swap piJZ egf: Ifaskng PEICERROp PRRSYF ‘t‘“‘é‘ﬁéJ fe H"E\@erﬁ'?ma*‘ gfhed for
éﬁéﬁftm?frarﬁforﬂ ngf‘pd‘tﬂeﬁfstfopé’ﬁﬂl'rﬁli& Bf hép Poits, tHeREBEY comprising:

generating a hi'gher layer of hop port ‘entities;
svvap p$\M@3p®1£3¢ﬂCb aiir obhompert puatities@ha lawesdayer lftah éeaht ayfiest

It1 o
@lion i g™ SR efhsT TR BB Rt B dn P B
r andogw i ¢¥gh pait behdp pe® entiie aptHedRseelayef ifat Rlaghakecond
wherein the hop port entities conprise at |east one

gnsétiongs mesandguous hop ports. 27. An apparatus for

gener r

Por - dapeRtheAE BRI REk WeltB) i ARG 1D ghin PR AN

for deterntnlng a second nunber of hop ports; neans

for deger er of ds; and .neans

Gener 364 ng s PIOGESP oA R YIS A TEGIoR ASHSDH D imise at least
bid BbcloRRligtusHoBpesri ers, the second nunber of hop
ports, and t%e th|r nunber of seeds. 28. The

appar at us of cIa|n127 further conprising neans for
deterggnln%na Ipnem%E tpe @%H&p Qpnb L of seepm
basedonteggf MRRE 5gaﬂq ngtpﬁlgtsca’rsng
27, T phebdrefor Qélafﬁhhﬁllgrbgn’@ﬁﬂﬂﬁbérQE smﬁtzﬁﬁaﬂsnl ng at | east
one of the third nunber of seeds based a sector |D.

30. Tﬁ@arépfsaéa@%n@g ajeadnd umber gf h%por&anpr i si ng
means, ig?ﬁ Ighﬂnﬁgtﬁﬁdkﬁﬁﬁ%f &e third nunber

of see ase on a-ce e apparatus of
cI ai mnEZns fohgereratingae leastrase hopping |pam‘rd btxifeel sebeficst number of

mh di ff Th | im 27,
ol oo B Pf RGP REAToP GE L RER g e RS A F60°

pattern frequently.

28.  The apparatus of claim 27, further comprising means for determining at

least one of the third number of seeds based on the system time.

29. The apparatus of claim 27, further comprising means for determining at

least one of the third number of seeds based a sector ID.

30.  The apparatus of claim 27, further comprising means for determining at

least one of the third number of seeds based on a cell ID.

31.  The apparatus of claim 27, wherein the first number and the second

number are different.



33. The apparatus of claim 27, further conprising:

nmeans for grouping the second nunber of hop ports into
wosaoad/0@B01gr oups of hop ports; and neans for gaCarEs200546743

at | east one hopping pattern for each smaller group of

hop ports, such that the hoppjng pattern for the smal

groups are disjoint. 34. The apparatus of claim?27,

further camprppirags ofrelaims 27 durthersiogmirisipgandsine ¢ hanging the

second numher of hop ports to a user; and neans for

hgepieg Ratt¢y 88U $"yst one hoppi ng pattern for the bl ock

of hop ports, such that the hopping pattern for the

bl ock of hop ports conprises nearby frequency

sub- Gar ri dihs.apBHatuFiobclajppar sudberfonIrging: 34, wherein

t he hoppi attern for the bl f
compitfeBs 1 eyt “Rroad demly S stngt R der sxppps of hop
pRRRALAL US of claim 27, further conprising: neans for

assigning a plurality of blocks of the_ secgnd number
of hopeapsfergeneratingafdpast ARGNORPAMSPAGH B’éﬁé&hﬁmiﬂgr group of hop

l | iSjoi )
S e

frequency sub-carriers. 37. The apparatus of claim 36,
wherein the hoppin atter or at | east one bl ock of
bt £ehem oo

hop pdrts HSHBP her SRR sub- carri ers.

38.  AfcARRE RbigRink ArbIGKTRE §d2Bnd AMEBER JTARPIPBES to a user; and
patterns for a plarality of hop ports, the apparatus

conprmeinsdor gepamting arleashapp hﬁ@pi%gzﬁte@afqr thg blﬁg,l'g, o%l&pt ports,

entities at a |lower Jayer, | i
6o 5 1 2pe et fofiE sk oEhp BT oltpptdeS heqroy freauency
NBRap. entities; nmeans for swapping each pair of hop

port entities at the higher layer if at |east a second
condition is net; andneans for repeating the previous

act s, 34 her flp Sapg)g&g{sg}ficﬂ%@?iﬂ, RERM e ﬂ%@b]ﬂg g PadtdrB &k théBlock of

The apparatu I'm whereli n the hop port

lesH prise®mpeingy doatgwdusfegstncyrsebishoicks. of conti guous hop
ports. 40. A conputer-readabl e nedi um enbodyi ng neans
for inplenmenting a

36.  The apparatus of claim 27, further comprising:
means for assigning a plurality of blocks of the second number of hop ports to a

user; and
means for generating at least one hopping pattern for each block of hop ports,

such that the hopping patterns comprise nearby frequency sub-carriers.

37.  The apparatus of claim 36, wherein the hopping pattern for at least one

block of hop ports comprises contiguous frequency sub-carriers.

38.  An apparatus for generating random hopping patterns for a plurality of
hop ports, the apparatus comprising:

means for swapping each pair of hop port entities at a lower layer if at least a
first condition is met, thereby generating a higher layer of hop port entities;

means for swapping each pair of hop port entities at the higher layer if at least a

second condition is met; and



met hod for generating random hoppi ng patterns, the
met hod conprising: determning a first nunber of
WG nineoen30i er s; determ ning a second nunber of POPUS2005/046743

ports; detern1n|ng a third nunber of seeds; and
generating at |east one hoppi®§ pattern based on the
first nunber of sub-carriers, the second nunber of hop
por t sMEARTOF FRPeRtig the RIFHRS 261, berehy geergtingsa random hopping
P anpyter-readabl e medi um enbodyi ng neans for

npl ementing a nmethod for generating random hoppi ng
patterns for a plurallty of hop ports, the nethod

ort entities

o Towd 1" ya? AR Oo GG B netin e ot FAbGeh fampr et leas

bACBIBEY oI&sMBEASUsHbpPoltsgher | ayer of hop port
entities; swapping each pair of hop port entities at

the hlgher layer if at least a second condition is
g e n e ; 2{)1 :j n;%geat | g[% rF]e?]CElB ﬁﬂlrrﬁe\:édlg atetng)orglyfngtnqgarns ?é’r implementing a
method for generating random hopping patterns, the method comprising:

determining a first number of sub-carriers;

determining a second number of hob ports;

determining a third number of seeds; and

generating at least one hopping pattern based on the first number of sub-carriers,

the second number of hop ports, and the third number of seeds.

4]. A computer-readable medium embodying means for implementing a
method for generating random hopping patterns for a plurality of hop ports, the method
compri.sing:

swapping each pair of hop port entities at a lower layer if at least a first
condition is met, thereby generating a higher layer of hop port entities;

swapping each pair of hop port entities at the higher layer if at least a second
condition is met; and

repeating the previous acts, thereby generating a random hopping pattern.



