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[002] The present invention relates generally to communications, and more
specifically to techniques for generating flexible hopping patterns in a multiple-access

communication network.

II. Background

[003] Communication systems are widely deployed to provide various communication
services such as voice, packet data, and so on. These systems may be time, frequency,
and/or code division multiple-access systems capable of supporting communication
with multiple users simultaneously by sharing the available system resources.
Examples of such multiple-access systems include Code Division Multiple Access
(CDMA) systems, Multiple-Carrier CDMA (MC-CDMA), Wideband CDMA (W-
CDMA), High-Speed Downlink Packet Access (HSDPA), Time Division Multiple
Access (TDMA) systems, Frequency Division Multiple Access (FDMA) systems, and
Orthogonal Frequency Division Multiple Access (OFDMA) systems.

[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



and systens for generating random hoppi ng patterns, updating the patterns
frequently, generating different patterns for different cells/sectors,

and gener atj rns of nearby frequency sub-carrie
hoppi ng. B I(E%O@%%@%I PTI ON OF THE DRAW NGS [ 006] The fegﬁ?ﬂi’g{s‘méz‘lr‘n‘gﬁ%ature

of the present invention will becone norg apparent fromthe detailed
description set forth bel ow when taken in conjunction with the draw ngs

in which like reference characters .identify corr ondi nqgl hr oughout and
wheroi n: [ OO SIS BT G ATE AR hipaLe PaterEs SPRR PRI et PG o one
embodi ment ; geh&@fhg diFferen?pARfis Ebisdifferohtaels/shca@s, and génesating HtkeSof3e 60§ S
networ k according to one enbodinent; [009] FIG 3 shows one enbodi nent
for gener at i FUpRSY spRreAmeEiPHMOCk RPPIE- FI G 4 shows a Feistel Network:
[011] FIG 5 shows a Single Stage in the Feistel Network of FIG 4; [012]
FIG 6 shows one enbodi nent for Generating H j SECTOR(.) when

FLI ntraCel | Hoppi ng i s Of BRIBRDESGRIPHON %ﬂiﬂm odi ment for
Channel Tre i he P - i ) - TAI LED
oacR PT1 o PG THRRERGEE ARl BB SH 8 pthen MARLADMH b Bloke Eiplien DD 20
an exanpl e, from tiendeeiled desciiptiansdet forthdealotv winen tekdnad congmitction wdtashegn
described herein is "exenplary” and is not .necessarily to be construed as
orof erred orSraTEh Ty BIL Ry FesE R i can ity GragEEHR P G %3
shows a wireygg&ncommuni cati on system 100 with nultiple base stations 110
and nmultiple termnals 120. A base station is a_station that comrunicates
with the tc0BTIndIS. 1 depigis a Witeless ensestdiptwark acogedingio|apg emBAdMeRY cont ai n

some or all @hgt HHG, ﬁHék?&tEQ'BﬁJckHYag%n o WRAEE SR oriCaclBilfo Ry o d/ Or
some other network entity. Each ase station 110 provi des conmuni cation

cover age forembodimentcul ar geographic area 102. The.term"cell" can refer
to a base st@hio ng/or its ¢ [ [ .the context in
wni oh che ¢ Aoy FIBC R BB REE T LR R SR AR 2T o

coverage ar@aonesiGhe sipsvstd FdiaelNbtwodko nultiple smaller areas, e.g., three
smaller ar ea[%lf]04FaIG. % (s)l?otea’/s a Single Stage in the Feistel Network of FIG. 4; |
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[013] FIG. 7 shows one embodiment for Channel Tree with Port-sets, Constraint

Nodes and Sub-portsets.

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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[017] For a centralized architecture, a system controller 130 couples to base stations
110 and provides coordination and control for these base stations. For a distributed
architecture, the base stations may communicate with one another as needed.

[018] FIG. 2 shows a block diagram of an embodiment of an access point 110x and an
access terminal 150x, which embody an access point and an access terminal,
respectively, in wireless network 100 in FIG. 1. An FL facilitates data transmission
from access point 110x to access terminal 150x. An RL facilitates data transmission
from access terminal 150x to access point 110x.

[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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LP entity 28ﬂ>rdgmrcbmeath' q@cmés%mglA@KStalnéAdH{wpmketas‘, reverss ey to278 and
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sequence frosf @ekiidsihgafath ifmth. A estladasit amst ZHBf‘atlhtifesdataxsmmph obthe st
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performs processing on the data packets in buffer 278 and provides a frame sequence
containing frames. A MAC/PHY TX processor 282 performs reverse link MAC and
physical layer processing on the frame sequence from entity 280 and provides a stream
of data samples. A transmitter unit (TMTR) 284 processes the data sample stream from
processor 282 and generates a reverse link signal, which is transmitted via antenna 262.
[022] At access point 110x, the reverse link signal from access terminal 150x is
received by antenna 228 and processed by a receiver unit (RCVR) 232 to obtain
received samples. A 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 NACKs and ACKs 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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NGUARD/ 2 an¥t Niguprd sueapfery 2 - 1, and it may be conputed according to the
procedure: [025] Let Hij(p) be the sub-carrier index corresponding to hop-port index “p” for the

[1342]
1

jth modulation symbol in superframe index “i”. Here, p is an index between 0 and
NFFT- NGUARD -1, and j is an integer larger than 4. There may be no hop permutation
defined for symbols in the superframe preamble. Hij(p) is a value between NGUARD/2
and NFFT - NGUARDY/2 — 1, and it may be computed according to the procedure:

Hij(p) = NGUARD/2 + HijGLOBAL(HijSECTOR(p))

where HijGLOBAL(.) and HijSECTORC(.) are permutations of the set {0, 1, 2,
..., NFFT - NGUARD- 1}.
[026] HijGLOBALY(.) is a permutation that may not depend on
SECTOR_PN_OFFSET, while HijSECTOR(.) 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.



Hj(p) = NGQUARD/ 2 + Hi j GLOBAL(Hi j SECTOR(p)) where H j GLOBAL(.) and
H j SECTOR(.) are perrrutations of the set {0, 1, 2, ..., NFFT - NGUARD

1). [026] is a pernmutation that nmay not de gpg
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Hi j SECTOR(p) ng -P) 7 pYb m"'thg)gédo(l@porlt\lgt ﬂlus)ﬂljskdqola Yidddrhied 8oaensl ARt set.
Thus Hi j SECTOR(.) is defined by a total of i ntra-port set pernutations

POj(.), Pl |]n(ra)30rtsetpeﬂmll¢alll¢rjs(P0)J() Fo2e), - AcPd%rltll‘ihg to one enbodi nent, one
element int net%rcﬁé e}nlﬂgdl Rploﬂcgele SHYE g%eﬁe?a@onlz 'tl?ettﬁJgﬁ Et Wor.k' A

t hr ee- st age generates pseudo-ran permutati of sizes
whi ch are poquaqcais oFeidtelmetvadrie] Anbfewvstake F«habl gen@kgergatas pggedanahddmon
: EE))J% >C<) T s{ s qurF‘”faHP'bg ctf\webgﬁ{cg a{q_p%ekwc%&ﬁ hte‘f)‘?ﬁ‘t/"fh%mt §F‘?ﬁr?{8;rah(raozgﬁ: ;
the same nunhgmutioRntxs of {0, 1N2,1.S., YN 2n L1 Jrep¥ras ab kglows2 MSBs of x, and
1. The n-bit input x is split into two parts (L,R) with each part containing
roughly the same number of bits. If n is even, L may be the n/2 MSBs of x, and
R may be the n/2 LSBs. If nis odd, L may be the (n-1)/2 MSBs of x and R may
be the (n+1)/2 LSBs of x.
2. The output © 1(x) of the first stage of the Feistel network is an n-bit
quantity of the form (R, L Qf(R)). Here f(R) = (R+S1) mod 2|L| where |L|is the
number of bits in L, S1 is a [L|-bit seed and O is a bit-by-bit XOR operation.
Seeds may be generated based on system time, sector_ID, Cell_ID, and/or sector
PN-offset.
3. The output 7 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 n 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 © 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



R may be the n/2 LSBs. If nis odd, L may be the (n-1)/2 MSBs of x and R
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H GLOBALO + X)) ere both the additions nmay be done nodul o (NFFT -
NGUARD). The initd.al Kettasmellehindzer oprhtha NIEF Héng8etdkEnedfl ascaedi ng
to the follow ng rr?ﬁ?/gli'fnefso%d Find the small est integer n such that NFFT
< 2n . Set LI =n"2 Y7765 éven  and (n-1)/2 if nis odd. 3. Set the

Fei stel seeds S 13. S2 Senche¥8ised sdeds Bb\8#2: and S3ak Aullo®'s: =

[ (FLSect or HopSeed* 4096_ +, (] 409 * 35761 « . S b
the bit-reversed Yalu "64§S= P@-ﬂsﬁ"t@gioi}??e%rg%ﬁéé‘s(éH’toét“lisg%.) égﬁégﬁampgobee
the ILI LSBs of $32S8ettgrolde thhdWit-Fev6@étbvalile of ISSBSa 91-bidrepiékentalon.t 0 be t he

third ILI LSBs of S. In other words, Si = S nod 21LI , S2 = (S:81)/21LI
mod 21LI and S3 = ¥S- S %et§idg be fhedbll§Bsaf§. 92 (o be the sacpnd @LFE%OR%"%%m ers
x and y to 0. 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|.

6. Initialize two counters x and y to 0.

7. Find the output n(x) of the Feistel network seeded with S1, S2 and S3.
If n(x) is less than (NFFT - NGUARD), set Higlobal(y) = n(x) and

increment y by 1. Increment the counter x by 1. If x < NFFT, repeat steps 4

through 6, else stop.
[030] The generation of HijSECTOR may be described separately for different values
of “FLIntraCellCommonHopping.” If FLIntraCellCommonHopping is Off, the K intra-
portset permutations Pkij(.) that make up HijSECTOR(.) may be generated from initial
permutations Pki(.) according to the following procedure Pkij(x) = Pki(oj + Pki (Bj +x)),
where both the additions are performed modulo Nk. oj 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 aj and Bj, with oj being set to the 9 MSBs of the



7. Find the output zt(x) of the Feistel network seeded with Si, S2 and S3.
If zc(x) is less than (NFFT - NGUARD), set Higlobal(y) _It(x) and

i ncr enent %é)b%%ﬁ]mésdogcrenent the counter x by 1. If X <#{é§g§%g6§(ﬁgﬁg st eps
, e Y be

4 through top. [030] The generation of HijSE
descri bed separately for different val uei of "FLI ntraCel | CoormonHoppi ng. "
I f FLIntraCel |l CommonHopping is Of, the intra- portset pernutations

Pkij(.) that nak Hi | SE . d f initial
per it at | ons PRI HEEEAIG Tt HY o1l SRR Rt P Bk bR g1009pi (o
+ PKi (3] +xand,po B8 bBdS Ib4t3e2addiof j.ons are performed nodul o Nk. aj and

ft are 9-bit random nunbers generated using a PN-register with generator
pol ynom al h(D) = D18 +D11 +1. The nunbers aj and [3] are generated as

follows: 1. 1phe FEEHER. NI 6RE inifalYelaHat¥ns Pii(HreloentaRa a@dordiR®to th
superfrane [lnglex I to obtain a ié%?ﬁt nuerlrbgr Hg?l eb (n) b9 88 01571 tGOtbeS b4

b3 b2 bl boO]folevimgeocgdureBof f. 2. The PN-register is initialized to

LSS 1 S0 O s b S R

superfrane. 3. The regis nmes évery sy
contents of the regi ahé(n-bEgl dmessygdrbol j determne aj and ft, wth aj

bens 261 L he VO 8 e W0, O0SLOSgR0S E oo oy
[111111 bl | bl0 BP] resws QO IBLZEHAIHFHIPMER2BD] et SkO B he BaireVerieAg t O

FIG 6, the initial pernutations Pki(.) are generated according to the
fol | owi ng procedutelie of §j ing Ftbit FepresgR{piaist | nt eger n such that NFFT < 2n .

Set ILI=n/2if ni,s e ) iof i ) L8 & I
seeds S1, S2 and (g a\sé% %} %@@%ﬁ%ﬁ Og's’iz?%%ftg‘l%%%%ﬂ%m&?igﬁd
232. Set S to be the 3ttobethertbied|L| L&Bsief HfIn sther womls 3 S tmadele $@rt at i on.

() 5o, S Lo be the e bbi syl S ARoPALDAL AR L Of S
= (&) Initialize K counters y0, 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 < n(x) < NO+ N1+... Nk-1+ Nk) then

(8)  Set Pki(yk) = m(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.

[032] When the FLIntraCeliCommonHopping 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(aj + Pki (Bj +x)), where both the additions are
performed modulo Nk. oj and Bj are 9-bit random numbers generated using a PN-
register with generator polynomial h(D) =D18 + D11 +1. The numbers oj and j are
generated as follows:

1. The SECTOR_PN_OFFSET 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.

2. The PN-register is initialized to [111111 b11 b10 b9 b8 i7 i6 i5 b4 b3 b2 bl
b0] at the beginning of the superframe where i7 i6 i5 are the 7th, 6th and 5th bits of the



(S-S 1)/21LI rmod 21Lland S3 = (S-S 1-S221L1)/221L1 nod 2ILI. (5)
Initialize K counters y0, yl, ..., yK-1 to zero. Initialize another
counter x _to zero. (6) Find the output n(x) of the Feistel netwirk seeded
with Si, SYOLYPEB0L" 7y 1§ jt(x) corresponds to a hop PoVPSROHHHES ki n
port set (i.e., if NO+ Nl+...+ Nk-1 <tt(x) < NO+tNI+... Nk-1+ Nk) then (8)
Set Pki(yk) =rc(x) - (NO+ N1+...+ Nk-1)"and (9) Increnent yk by 1. (10)

I ncrement the counter x by 1. If x < FT,  repeat steps 4 through 6, else

stop. [032] VWRSATAMRINEEY htyrlt‘%\(lﬁlbitéﬂimt?ﬁfﬁ&bmdﬁﬁi’@%dﬁff bhes 2 FLP‘?J# port set

per mut at i ons gefdfdd 4s-Bont hat nmake up Hi j SECTOR(.) may be generated from

initial pernmutations Pki(.) accordi ng to the procedure Pkij(x) = Pki(a] +
4

Pki ([ij +x)), whielhe pgisterihibenelarkeddddimes every MM spmbeto dhiE somknts of and
[3] are 9-Dbit,.r 1 i N i ] gener at or
pol ynom al h?ﬁéﬁg%%&@mh@?&%ﬁeﬁggﬂn@g;& ga]gc} lﬁg%ﬁﬁ Fg%&]g%t mgtéggr ated as
follows: 1. MSBSHERgRNr adHGHBEirgseORed bSByofabe mwigistert (Taud @ £ 8R4 1df t he
superfranme in i, to ai 122 bi [bl | bl0 b9 b8 b7 b6 b5 b4
b3 b2 bl bO] b?ﬁﬁm)pé;&ng? §J$?%%.‘5$ﬂb3%grggpster isinitialized to
[111111 bl 1 [938) b®h&Bihi FLIMRraCallO4mRdnHEppig is BR]infal %@ﬁluﬁﬁgﬁﬁﬂ’lii@gfo@ﬁllt he
superfrane where i7 i6 i5 are the 7th, 6th and 5th bits of the WD

2006/ 069301 MCFtusIIREhoREseswith indep Brerg generaied dasedion Brage whike Bedniginber [ bl
| bl O b9 b8 eéght?gbrﬁo?réo@s%t pl%e)p%é%l\ II;%% b8 Sh edreTo RRike pl?t%pe;r e o agd ster

is then cloc S every g ol . The contents of the register
bef or e OFDM mgaeh the SEGTORAN_SEESETEnotwej sectafstaf thej sapeicely mag diffey in theeed  VBBs

o {1 29 3oy inghY 8Pl AP bSoRc Dk B3Pl
t he FLI nt r aGat M3Bwhitd-kipfndexg 11 soreesporidatd thalLSBer nut ati ons Pki (.) for all
portsets. exc[(a%] L % pFr)c?cI;: Ergtforvgeggra%irrl] gdt?x)e( in(l)tifﬂ I’pee %29[180';1(2 oer%ll?)%rst(sae(%s gxrgteth(%}?é whi l e
the initial
one with index 0 is as follows:

L. 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:

3. Find S’ = [Bon *2654435761] mod.232. Set S to be the bit-reversed

value of S’ in a 32-bit representation.

4. 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|.

5. Initialize K counters y0, 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 m(x) corresponds to a hop port in the kth port set (i.e., if NO+ N1+...+

Nk-1 <7(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:



pernutation for portset index O is generated based on Boff. To make proper
use of this node, the SECTOR PN OFFSET for two sectors of the sane cell

may dlffer bit | ocations, nanely the bits wth_indi 6 and
7. Here, O%OMJ&%% corresponds to the MSB while bit P‘ﬁ%@%‘jﬁﬁﬁ%
correspo_nds to the LSB. [034] The procedlldre for generating the initial
permutations for aII portsets except the one wth index 0 is as follows:

1. Find the small [ t hat if nis
even and (n-1)/2 rf ﬁ@gi‘sa‘aa lefym c;gf’”fﬂl@ I&%nsggi’g&@k %ﬁ%d S3 as
follows: 3. Find ﬁ-n/alfﬁsmy’éﬁﬁﬁnéﬁﬁmm ifddd. 232. Set S to be the

bit-reversed value of S representation. 4. Set Sl to be the

the ILI LSBs of 93 32 Srebthsgewﬁé%é%%hézlamséSBB’"&?VSS and S3 to be the

third ILI LSBS ofysS. IidhernirpisiiesBnen Sdmsh, 834 tobeHe BitkeSorsi)  21L1
nmod 21LIand S3 = (S— S1- SZZlL()/ZZlLI nmod ]21L . Inlot |ea |tzn(t=3 Kercsounters

yﬁ, yl, ..., yK-lvalue of 8t i a 3%bit représematimot her counter X to zero. 6. Find
the output 7<(x) qQf t 't 7. If
It (x) corresponds%to ehgg{(’;%eﬂ' ﬁ‘%ﬁmesﬁ%ﬁgpor seeti[;Ie %C&ned |§?¥$ﬁ|{ﬂ§3ﬁﬁﬂ Lt
(Nllilo}- ;"t c(x) < kl\lOlﬁgltd)be.thd‘dkrrHMNBBszS. Ik »ther tvbals; SB= SSaed BK| ,(S29 (S= it (x) -
+...+ Nk-1) a 9. .lncreme 0. .lpcrenent the counter X
by 1. If x < NFF1§1>/PE-EE§’E’ |M=&§ﬁ'§aﬂ{%&2@}@8d2@§op 11. The initial
pernutation for pay tsehiaR@awoRolfedRNAEFEceras fol | ows: WD 2006/ 069301
PCT/ US20051046743 10 12. Find the smallest inte n_such that (NFFT -

NEBUARD) < I2n . gew | Finshthe owuhﬂ(whoféb%ﬁelﬁﬁ'we(wr )S?ezieiifmﬁh SlsSHaRfl S33. Set
t he Fei st , .
el seeds oy Igg(tx rgﬁttigh%(ﬁf&trmjtﬁe 0tﬁgeﬁ s&t (i.E, {f f§f<i1~£]0).a

*2654435761] nod eversed value of
32-bit represent akd. on. SetPOx(y) n(x) and

20. Incrementy by 1.

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

stop.
[035] The Common Pilot Channel (F-CPICH) may occﬁpy an evenly spaced set 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 p1 p0] before the beginning of the
superframe, where p11, p10, p9, ..., p0 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.



15. Set Si to be the the LA LSBs of 5, S2 to be the second ILI LSBs of S,
and 53 to be the third ILI LSBs of S. In other words, Si = S nod 21LI ,

= (S SM:( d 21Lland S3 = (S S1-S22|LI)/221LI :
|n|t|al i ze t\/\zéhgédﬁan ers x and y to zero. 17. Find the oﬁﬂ@#&“@?ﬁ%f t he

Feistel network seeded with Si, 82 and ? 18. If n(x) corresponds to a
hop port in the Oth port set (i e., if n(x) <NO: 19. Set PG (y) = n(x)
and 20. Inc | nc ment the counte NFFT,
fopeat st opd i Yelihote fiser FHETHLL HOR SRR o rBsalts et b lraiuh
(F-CPI CH) mteﬁﬁmupyeeamlcﬁkwj*ﬂEpﬁ@ed set of sub-carriers in every
nodul ati on :ﬁ/’%} Ifsof every PHY be the nom nal- nunber of

r

oilot sub-c i S en i GO S REBITONS CTPI) N ABPnE He Ve S Lo
Pilots" fielge Qdud BEOITRNS ?&@He’{ﬁr@vm&l ORBM s)hib6mbdul® W iFer Bh ]y Bﬁoltlﬁ'@

Over head Messages Protocol he spaci ng between nei ghboring p

sub- car ri er sPhyramgs thesabeagien withoinggx ISG:mRFFq'NQpPIGF(O%l]C W@H@ﬂih%ynbol in
a PHY Frane, ri n LY§EToe y be
det er mi ned ufsolﬁ?lx'% t‘%g grﬂqgn§%eosar %ﬁégdg?}e%dmt E\mgﬁ agghh%gg Jr-a)girf‘%“ﬁfi@index
and let j belntlé‘xasctmdlm(agliardiblﬁ)cﬂﬁ@l\/l synbol W|th| n the superfrarre (startl ng

with index e riaple OFfsetp i def d

t he synbol @}‘?ln%}%g SURCATSIEF P?Cgﬁﬁaﬁy gl}ﬁf)pgf)él[l ﬁg‘?'ibgﬁ"i’ocﬂ ait{d %léihthe 6?11“818’6;) nay
be determ ned uswp 13-bit PN-register with generator ol ynomi al =
D13 + D12 + Yalue 82 where ii‘rvethg ﬁthtofﬂl@giog‘teéﬁpeﬁw d@amﬁyrﬂftﬂveaﬁ @f’é@ﬁf%thet he

state [I pl chwep 's%gﬂgl cﬂzﬁm fQﬁe \Q@orm%yﬁ%oﬂ% iy F%Qi(%@ﬁf’ﬁﬁ?ratneer’s 68 Bypg of

the superfra , are the 12 bits of tHe
SECTOR_PN PHKBE)mOI\MlotPopIerI fléjé pﬁtgnetshseww lalndk pohigieinaybe peblic g@a of the

shi ft-regist times every synbol. Ofsetp may be chosen
to be the va %Haéﬁw?‘?fsa e%éwg Cé’? modul 0 Dp. WD 2006/ 069301

PCT/ US2005/ 040 3Acchidietosne einbodialent revtrst lisk magimplementshlodiehoppihga.chef or e
tS?/ Pr‘ggl bt ge ’setto?ﬁoﬁ/-gtlnrltjsels (()ifwc}egemtg%?ocls(é & NBBE)&%rholpEpotr]tg,s wl%ghe rQlag kg Fnl(ae djris
contiguous manner. Hop-ports 0, 1, ..., NBLOCK-1 form Block 0, hop-ports

NBLOCK, NBLOCK+1, ..., 2NBLOCK-1 form Block 1, etc. Consecutive hop-ports in
a block are mapped by the hopping pattern to consecutive subcarriers, i.e., if hop-port 0

is mapped to subcarrier i, then hop-port 1 is mapped to sub-carrier i+1, hop-port 2 is
mapped to subcarrier i+2, etc. The value of NBLOCK may be 8 for the Long Data
Segment and TBD for the Short Data Segment. The hopping sequence may be described
separately for the Long and Short Data Segments.

[041] The number of guard carriers NGUARD may be an integer multiple of
NBLOCK. As mentioned previously, the hop-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:



[038] If j is even, the value of Ofsetp maybe conputed by adding the
value Dp/2 to the value of Ofsetp for the previous OFDM synbol nodul o
Dp. For eag

S ol ina PH' Franme, the subcarrier w i i may be
occupi ed bvlz)tzr(fiﬁ ©2¥bICHif the followi ng two conditi on%@b@q%zwé?i ed:

isc nod NFFT = O fsetp and the subcarriegr, wwth index isc is not a guard
subcarrier. [039] Each subcarrier occupiéd by the F-CPI CH may be nodul at ed

with the complex  value. (VPO), where Pis t ratio of the power spectral
density of the F- ?:Pﬁ’ﬂtd"?‘ﬁé‘ 18 w%%"e%?{“isgﬁ"‘a Ll"ietaﬁh B {9 ¥B8 ond synbol

in the F- ACQCH. FB&%W Beis@mé SuGbat bl It MR ever R MBYB hehPOMSBS of x,@hd Of
the System nfo bl ock,” which rraé be public data of the Overhead Messages
Protocol . [040] Awey &k ihe V3LSRe IEntsednke Aty be dhedpsld/2 VIRRs ey anddh madent

bl ock hopping, i.e. th hop-ports is divided into bl ocks of
NBLOCK hop- ports,b%\m?(cnﬁlﬁ%;ggggfﬁ a contiguous manner. Hop-ports 0, 1,

., NBLOCK-1 foranBleanipudr 1bopf frerfirst sge 00e FriBleDmywork is an n-bANBROIK- 1

formBlock 1, etc. Consecyti = Po i bl re d he
hoppi ng pattern toét@oﬁ%zgtﬂ‘ﬁ(@gr&eﬁ?ﬁ#&ég@ﬁé’f%ﬁ%oefﬁ g—zgﬁﬁ"o“‘@{"s“} mapped
to subcarrier i, dfipapidmBIPe&h |[1-bitscotrappetlistadbisbypbic XIOR eperitioh, hop- port 2
is mapped to subcarrier i+2, etc. The val ue otf NE!E_CI:]K may be 8 for the
Long Data Segment ThpQUIPRET {6 istRdtodhe pext fiageoldhe ﬁ?.“eﬁﬁ%’khﬁlﬁﬁb Kg

sequence may be dgsfchiiethe HEPURLRENpt {HRleddRed RED. aﬁ@ioﬁgawz(&)@(x% of
Segnents. [041] The nunber of guard carriers NGUARD may be an integer

nui tipl e of - NBLOBXsecord stagr is favte therthipd 8fagq, whichdgidsaticabirthe fifshired from
NFFT- NGUARD t FFET- i : th
0 NELT: BxlRY ubEHIRRRER A B S Phlipn BHAALGRY bR iy L he

hop pernutati on. ndr vi dual ment's S mappling are no
specified since tdupeds tafinnbngpamé)not . nodul at ed. The hoppi ng sequence

NPT NeUARD. W4 115 B P04 Pohectfel et Aot wd i, B¥hbs PRTRETRES LD

guard subcar gh&rfs) the cB%3=0TRe Dasg DatlSepmeit siyfports cogeaiedhopingd The he
hoppi ng sequence maybe a Feistel network. A thr e&-strgﬁg ei stel network
gener at es psehatoel trgp esmdsEned seaof Bodss torbeopyeaint pRdesya eE‘ERBé’Pgsseﬂ‘fenﬁe. A

"5 b e SR AN O iR ertapedsios - 1
contiguous set of subcarriers. The consecutive hop-ports may or may not be mapped to
consecutive subcarriers.

[044] In order to support constrained hopping, the following restﬂctiohs are placed on
the channel tree:
1 The constraint nodes may satisfy the following requirements:
a. There may be at least two constraint nodes.
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.



12 1. The n-bit input x is split into two parts (L,R) with each part
containing roughly the sane nunber of bits. If nis even, L nay be the

n/2 MSBs o R may be the n/2 LSBs. If n is odd, e
(n-1)/2 Ns{?{éf%S?"%%%é’%d R may be the (n+l)/2 LSBs of x. E&’%"%ﬁ?@gt Ti

1(x) of the first stage of the Feistel ngtwork is an n-bit quantity of
the form(R L DF(R)). Here f(R _ (R+S?) nod 21L1 where ILI is the nunber

of bits i . - bit d d [ bit-by-bit XOR tion.
o o4 Ay s FTH 7L OB B el Sl et BBl "
which is i dsiséts @l depRiddné et HijYp’) demgetheXeqixncy Akocaeddo Hegort § iBzhe The
output Ti 2(7t 1(x)) of the second str?ggl Is fed,to the thi rﬁi]igsta e, which
is identi ca!m?‘?jﬂ%t’r?@ sympgk numpredg wgwRerTaRE byhersia is qopgtraipeddo figdya fangss,
The out put ']§at§SZémgr{t.EIJ}_'eré,(ﬁ;)i%%]n Rfiex RewddAior hd WHQ@JGﬁARbQIfahH?E&’@?tiPHt

tt(x). [043] FIG™4 shows ree-stage Feistel network and F shows a
si ngl e Fei stwilue tetveags NGUARRPS srsNFREONGIHARDEngl . Bad & nSydheeempyigppor t s
constrai ned hgppin T J . L ee, MTRY. i des to be
constrai nt naocﬁ‘g@l,ngg%@ % léo‘ﬁlgggﬁ%&oéé%e(ﬁ?é ﬁg’yég{?)e/g +tsfﬁ%{“853 e set of all
hop- ports t h@lijGLGEB ABk)+ blijkAECTOR(p)ai+p’ modNBLGCKRpped to a contiguous
set of subcarriers. The consecutive hop-ports nay or may not be napped to

consecuti ve muprcaidd #SLP] 04l ) popidee OB S ORI ANRS FARPI 00,
the follow ng restrictions are placed on the channel tree: (1) The
constrai nt ndmuetss theysub-gpitset yhidheoneins dkiheg-Peedi and idenates thehoprmtareal ray be
at | east two._constr.aint ) . - - GRINGLS ’
constraint nd %szltgH trbhsélpgrgrgﬁlgecg 88}2%1%@ Sgél%gﬂb'i nar f/)bfq{r]tg%? H?I%ﬂ%\ny base
node may haveuard sequentiullyywidrie a sapesfranas whilmigoerineshefoaind Ssgwent, i.§, BYp-Al |

TR TN R i e
have nore t hgdlozab e BidTanttoid hedsupeleame wla MijkSEC TIOR (91 4 fectorftgendent
sub-portsets with each constraint node definjng the sub-portset. The
sub- por t set sfungfigp thes paTmwes kep port blacks within the fthysub-porset eﬁﬂfgﬁ'&m&“ 2 e.,
sub-portset f,0y, tﬁ&’cq)teﬂﬁﬁleg {ie sub-portsets around in frequency (either on a sector-by-sector
| basis or on a sector-independent basis).
[048] The generation of HijSECTOR may be described separately for different values
of RLIntraCellCommonHopping. First, there is when RLIntraCellCommonHopping is
off. In this case, Let K be the total number of sub-portsets and Nk be the number of
hop-port blocks (excluding hop-port blocks in the guard region) in the kth sub-portset.
The number of 'hop port 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 =8

mod 2|L|, $2 = (S-S1)/2[L| mod 2[L{and $3 = (S-S1-S22[L})/22|L| mod 2|L|.



| owest nunbered hop ports and sub-portset K-1 may contain the highest
nunbered hop ports. WO 2006/ 069301 PCT/ US2005/ 046743 13 [046] Referring
to FIG 7, a channel tree with port-sets, constraint nodes and sub-
portsets ia, %9&&5@9. Let Hj'(p') denote the frequencyp@;&pedEgs0 hop
port p' in tOhe nodul ati on synbol nunbered j' in superfrane I, ere j' is
constrained to lie in a Long Data Segnept. Here, p' is an index between 0
and NFFT- NGUARD -1 and Hij'(p') is a value between NGUARD12 and NFFT -

NGUARD/ 2 -1, i t. be ed... r.di he, f ol i uati on:
Hj'(p') = N@%ﬁ‘aﬁ{rﬁﬁ%ﬁ r’{?ﬁb] %Eﬁ@%f%ﬁ?&“ﬁ%@ﬁé%( 'ﬁ%}?\fﬂi&?’pﬁ@md
NBLOCK) . [ 04K+ Nat BOPNA+ND . )., NBWSK+J. . elNKet espectieclngbheso initidl valies whi ch
contains hop port p', k.  denote t(§1 sub- portset which contains the

hop- port p', CHFEPqdde Hstewest HB‘“E‘HB- F%%@PCksi‘%H@&S%'R%Sﬁ t he superfrane

correspondi ngshp E%ERRloutput n(k8f thePeisial ftwatk sebdb@XvithsS1, S04AE 4. _
sequentially within a superfranme while ignoring the Control Segnent, i.e,

hop- i nt er val0§1bh Kmex) totsesponds to @ hopgott blosk iry the kih sub-PoHeetsifpdt NOh B+
hop-interval s to,fke 2nd franme in the superframe, etc.

Hi j kSECTO?(.)“J‘I-%]S]éggS Xt%ﬁ%@%@ﬁd@ﬁ?’ function that pernutes hop port

bl ocks wi t hi [052heSd HhHjkSEGTRR(yloet n(x) #idf GLOBAL(k) is a function that

per nut es theg%qf-f)ortset@?arﬁund in frequency (either on a

sect or - by- setPgt MEREPBL ¥ P%h a sector-independent basis). [048] The
generation Ofoshli j IBEfehieR: (hB B tet&SH/ 1. o< NHFAY, fipedt gtepos tidodghes, elst stepl ues

of RLIntraCel | CommonHoppi ng. First, there is when RLIntraCel | CommonHoppi ng
is off. In {0§5% RibwaCelommppHeppingisOR nunber of sub-portsets and Nk be
the nurber 0L056E0 étﬁ@%é R @GR Rn{RY 6 4BipREsdRORRMK be 1k AGHSBer 0T hbfpoguar d
region) in the kth sub-portset. The nunber of hop port blocks is the
nunber of hoploplorinshedktly seteportspt, RiBU@HKE hopnport WpcksdRiEguaydregion.okhet he sect or

Lo obtai n o BT Hombaf R ik iber G ong Uil AIRgCRRTe e

denot ed as B@js7] Thd BN+offgeth thessectot 8 XRRwet trtvasd Wigh fherl 21tSHsiod te
Hi j KSECTOR( . ding to th I owi ; Fi t | | est
it eger n subtpenate R @ opfain s bit nfit s8] AR vl o A R £

i's odd. denoted as Boff. The 12-bit number [b11 b10 b9 b8 i7 i6 i5 b4 b3 b2 b1 b0], where i7 i6

i5 are the 7th, 6th and 5th bits of the superframe index i, is denoted as Bon.

[058] When RLIntraCellCommonHopping is on, Bon may be used to generate the
permutations HijkSECTOR(.) of sub-portsets that are not part of port-set 0, while Boff
may be used to generate the permutations HijkSECTOR(.) of sub-portsets that are part
of port-set 0. The SECTOR_PN_OFFSET for two sectors of the same cell may differ in
three bit locations, namely the bits with indices 5, 6 and 7. Here, bit index 0 corresponds
to the MSB while bit index 11 corresponds to the LSB.

[059] For sub-portsets that are not part of port-set 0, HijkSECTOR(.) may be
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 IL| LSBs of S, and S3 to
be the third |L| LSBs of S. In other words, S1 =8 mod 2|L| , $2 = (S-S1)/2[L| mod
2|Ljand S3 = (S-S1-S22|L|)/22|L| mod 2L



(2) Set the Feistel seeds Sl1, S2 and S3 as follows: (30 Find S =
[ (Bof f*32+]) *2654435761] nod 232. Set S to be the bit- reversed val ue of
S in a 32-bit representation. Set Si to be the the ILALSBs of S, S2 to

be the secgprd, $Bs of S, and S3 to be the third | LApdSBS 0043 ! N
ot her wor dS. ghordeosgPos O 21LI, S2 = (S-S1)/2/LI nod 21Lland 83 =

(S-S1-S22!'L1)/221L1 nmod 21LI. WD 2006/ 068301 PCTI US2005/ 046743 14 [ 049]
Initialize a counter x to 0. Initialize K counters y0, yl, y2, ..., yK-1to

0, NG ~ NO* Mga) Ndtrial¥le a Bunter to O!\?fftiaﬁﬂké" K-cothirs3/0r ﬁ% Rectiye¥o o(NfiEese

initial values "“correspond to the | owest nunbered port blocks in that
sub- por t set ) NO®HU} NO#ANL 412 -oulNBu N 14 ( 3 NEF2 regpecHu¢lst Blesqimitigbrdueseeded wit h

ub- por  set , Cimegbortitp g Buige nEROLEE ARG bSO iR RLAorRLRT [ Doy st
Hi j KSECTOR( y)65F Fifat Yheaouthut jr0d 8 the Feiseirpettvoskksebdedlwitf ®54R ahdSBenment t he

b | NFFT, 4 th 6, el : 055
LIt r 2ol | b B0 AgeTRE s RaRB Por Bk T b P SOt R BTN
sub- portsets apdi-Nk H4g) & R+ MNITberNef) ahe prekeh fub-pHrReks a it bhgorisét,
sub-portset, excludin hoE- Bort bl ocks in the guard region. The nunber of

hop- port bl otd6d] SetghikS Yior=Hapaor t s di vi ded by NBLOCK. [057] The

PN- of f set of i gRed bitwise with the 12 LSBs of the
super frane iw@fgg ?]%{ég%gb¥]§?%< a 12-bit nunmber [bl1 bl0 b9 b8 b7 b6 b5 b4 b3

b2 bl b0] d6S] ebhcrseBothe cotitier X1y bilf x nINHEEE refpbat stepb4 thrbgghidB elsg stop. | 5 b4

b3 b2 bl bO i ' t 7th,  Bth. '
super frane %hﬂggfief ‘?r S?’E‘Plag%"t‘)'@%‘aa%egp ocﬁf.poftfﬁgh?’ W%)ﬁ@f nérrrTQr%rilHoppi ng

is on, Bon maydbalins®dhd ollgehgrpbedufee pernutations Hi j KSECTOR(.) of
sub-portsets that_are not part of port-s V%'IO e Boff ..may be used to
generate the[??é?nﬁ‘ﬂ’ﬁtﬂieoﬁ’i%anﬁtjlﬁkt%?@%h tj’a‘g‘h:&]ﬁ- %?tsjg'rgjztlﬁﬁiyeéﬂe‘éa’ﬁfg&f of
port-set 0. TheifSECE@R PN_OFFSET for two sectors of the same cell may
differ in three bit locations, nanely the bits with indices 5 6 and 7.
Here, bit i nfR]0Sedhe Eaipelrsgeds SloS? ard 4B falewse bit index 11 corresponds

L?,- ng C_Lrgg-( | §@z§glygf§8rs’ SYBBRPLSHHS644135761] Mol 952.RE § 19be MO bhrSREsel:
value of S’ in a 32-bit representation.
[074] Set S1 to be the the [L| LSBs of S, S2 to be the second |L| LSBs of S, and 83 to
be the third |L| LSBs of S. In other words, S1 =S mod 2|L|, 82 = (S-S1)/2|L| mod
2|L|and S3 = (S-S1-S22|L|)/22|L| mod 2[L|.
[075] Initialize a counter x to 0. Initialize K counters y0, y1, y2, ...,yK-1to 0, NO,
NO+ N1, NO+ N1+ N2, ..., NO+ N1+ ...+NK-2 respectively. (These initial valués
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 < (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 HijGLOBAL(.)
[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:



generated according to the follow ng procedure: [060] Find the snallest
I nteger n such that NFFT < 2n. Set ILI=n/2 if nis even and (n- 1)/2 if n

is odd he Feistel seeds Si, S2 and S3 as fo Fi nd
S [(Bongéizzpf?&?%? 654435761] nod 232. Set S to be the %#fﬁﬁ?zgoslé()#gé val ue

of S in a 32-bit representation. [063] t S1 to be the the ILA LSBs of
S, S2 to be the second ILI LSBs of .S, and S3 to be the third ILI LSBs of

(5 5 1 soon DR Bt en o ab s u BESroesbBess AP 15 o6

Initialize am@@umw32<+11)@2654435m6tuﬁ;buzezK counters y0, yl, y2, ...,yK-1to
0, NO NOtN , NO+ +NK- 2 respecti veI y, . These
initial val uld8s] c@ﬁheé%ﬁd’ﬁb’ s PPHéetItBWe%t Kﬁﬁftﬁe}@‘dv %54%79”5?%4@3 in that

sub- portset . rdg8f53 ishhdBitkdVerRdt RUE of G k 38%bidr | network seeded
wth Si, S2 EamgpSSlSP Q,t] rs n( x) 8orrlespor?ltsgf‘8§%§ta%gg port bl ock in the

k';]h iuﬁ por t K38F] Tie tavo, deptfh I\@ldeNﬂ_l-p childremgE the oot ppde) mayielabrjed A andiBk) and
t he kth sub-po .S t
n(x) and [06 J#‘%é?aér% ‘ﬁ ?%ﬁ‘%%‘%éf‘g h%&?%kg%ty‘?ﬁ‘?‘gs "éoliujr?ﬁ‘?rﬁgl‘%&yéﬁ

I
< NFFFT, repgathumbepst séb-tpbftwhat&re dadsmdattmpr ([IW@](BEoK) sub-portsets th
e

are part of r et 0, Hi.jkSE di h
f ol | owi ng prﬁ’ggijuflé" per‘f‘B‘f‘f“L#“Sr—‘?“%of )é{g){ %gﬂlgrré’ & gﬁh%ﬁg%rl P#‘?ar%ngEr
2n. Set | LI =Rirdbdréd 0'td KAV-E)) vt ! Iaenolés/tﬁe grfodﬁbtlkﬂc-QﬂIriZ) 2131 an?@absﬁlh@
Fei stel seeds SI, 52 and 53 as foll ows:

*2654435761] intager o For exgEpplsifikA 5, fh%ﬂmqrdw&f Qla?do%alpael fz%l 2#914”
32-bit representation. [074] Set S1 to be the the ILL {é@ﬁoq? S, S2 to be
thedsecond Etbe nufsBerind gddng fromh 088 5t The fremtitagon himbkréd S of* 'Snay be ot her
wor ds

(S-S1)/ 211 nd, S3
(S Si-S221LI %om@zoeﬁéapm a“g”[‘ 8;5‘%f he ~p§thegs Wh'céé{i’n‘{eécre“‘;%’a‘kts of -
Initialize Kiggoynggdifrlydthe pérmuyations on {KA; KAD, 0., K¥HKB-1} may be listed in

alphabetical order and numbered O to (KB! -1). For example, if KA =3 and KA =2,

X
at

then the permutations are 34 and 43, numbered O and 1 respectively. The permutation

LS /2 |mod K, ! may be chosen to be the permutation PB of the sub-portsets

numbered
which are descendants of B.

[090] A permutation on the set {A,B} is determined as follows:

[091] Ifjis even, the permutation may be AB if S mod 2 =0 and BA ifSmod2=1.
[092] If j is 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(0) = (0) - (0).

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

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

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



NO+ Ni, NO+ NI+ N2, ..., NO+ N1+ ...+NK-2 respectively. (These initial
val ues correspond to the | owest nunbered hop-port bl ocks in that

sub- portse 6l. Find the output 71(x) of the Feistel ded
with S1, S Oaiﬁggﬂg%{nw??] If rc(x) corresponds to a hopp(glg?%%woé‘gﬁgi n the

kth sub-portset, (i.e., if NO+ N+ ...+Nc-15 a(x) < NO+ N 1+ ...+Nk) and
the kth sub-portset is a part of the 111-portset [078] Set Hij kSECTOR(yk)

1 x < e, 8aECyGEDERE ¥ B 1o FLRER N1} Cncration o

Hi j GLOBAL( . ) [a106R¥hekb aikHis jHelsobbes dhopmyrt piickalinahé kib skb-puhsepor t sets in a

manner that [ ncreases frequ di It h littl [
i nterference [Qimﬂelnsqnwmbvﬂl%?%gg%%}{ gﬁ(ﬁ%‘eéﬁa&% rgﬂp‘lﬁéé‘}% a'(f‘)‘if’é‘[‘] g?#ﬂ?'fﬁf\n Ing

procedure: [ GRAGIA BrefmBHRM: FsOheebMablcareRankial o :
2006/ 069301 g%ré}“ﬁszo%/ 048743 16 f084 If there isnmrsg&?ﬂﬁgﬁmgﬁtagg?\?

fgg 542 g 296% ports. (Ipzhgsemb@r oidoseens map be ipss thay the nymberefogl-capiersjdue to

o ' -
[ (Bof f*32+]) guaéggglé.s\[;%?ﬂmﬁggm%g@nﬁ%@-gf?mg*; THE pRREls FELULIRONR Tue of s
in a 32-bit depmaseptaakirdmmpddyjecdhas devaribeed pbdvel Thodmmessigereratecdtiléagy en of
the root node) may. be | abel ed A an and. KA may b thS(
sub- portsets opq]%ﬁppg}gé)aggrgg)gﬁ‘glﬂtse g‘fspi&fm%fﬁ gf ?&E'ﬁ?ﬁ‘iﬁf%zhe ﬁeﬁ%nwnnl% rgf 8{)'1‘01)
; glramrjf ; t Isgtn : p%tﬁ@%%@ﬂl@ i RERPNEADE S, e B., ufikdttiBisrl K}twofl) @8 Hesthiged above.

1 ..., KA-1} may be |isted in al phaphetical ord
and nunber edh@saeds be datprmipgekbasedon @’ﬁ@fr’etém?’ﬁeseﬁf’bﬂ%(%tceﬁﬁlb’-%a( k- r2)er 2
for any posi %bﬁﬂ?i ﬁ&ttg&%f_k. For exanple if KA =3, then the ordering is
012, 021, 102, % 201, 210 with the nunmbering going fromO to 5. The
per nut ati on [AAOBEr edn bee ¢mbgdimert, tha genenaisd P pagifmdedy hegipdated pechsaestut at i on

PA of the sub-portsets which =en \ L 1) h

per mut at i ons l?r(?ﬁue{"i{}fo RRYF f(,r:eq.u %{C? d%%?r% ﬁghg%??{)%&( Ft[sfpég& ?rr?h @aaclhgﬁgﬁ’et ;[ cgl

?L der andt n ;J!ﬁﬁb@érﬁdnﬁ. "glce @ﬂ?e maly) alsofiacludexchapgieg thefsulikdarrieSfrequdndgofa@p  t hen
e pernutations are 34 a 43, nunbered 0 d|. tively.

permut ati on PATADBEY &Y 21PE te’Z’]‘“'\‘?B&mR@t!ev?fﬁ)Pr%gtegﬂglrggﬁR{%%e%égt%e -pl)-g(rarmt ation

PB of the s Ut?()fb@ﬁ t Sgh $ne embodiment, the hop ports may be grouped into smaller groups of
hop ports, and each group fed into a portion/unit of the Feistel network, thereby
generating at least one hopping pattern for each smaller group of hop ports. In this case,
each group of sub-carriers may correspond to different sectors in the same or different
cells, and may experience lower interference.

[0104]  In one embodiment, a block (e.g., contiguous) of the hop ports may be
assigned to a user. In order to facilitate channel estimation, for example, the generated
hopping 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 pattemns 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



which are descendants of B. [090] A pernutation on the set {AB) is
determ ned as foIIows [091] If jJ is even, the pernutation nay be ABif S

nod 2 = 0 dzt()@é% Snmd 2 =1. [092] If j is odd, thgcffggﬁqg/(ﬁfggn may

be the opposI %he pernutation chosen at hop-interva 3] The
overal | permutation on the sub-portsets | ?ay be PAPB or PBPA accordingly.
For exanple, if PA = 021 and PB = 43 and AB was chosen, then the overall

per nmut ati on e have been. 43021.
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Hi j GLOBAL( K)hi glﬁ&)?aybﬁoidwh&ﬁlnbgs STJHir.t pracﬁss regezttdneud awe aid swap$ eachtpaie of owest
nunber ed hop-port bl aock in

t b f
| ocati on of FIPPOsEREUEAS twgheﬁﬁﬁﬁk lgésitg%%‘fé’flﬁﬁ‘?ﬁt?ﬁg nng%)lrﬂgiﬁﬁr‘?ggégshff
the sub-portg éat&ﬁfﬂwbﬁé fefdhel ﬁleQé’ﬂ-éf?the trécahdO9adonfhé is gerlefted: (0) .
[096] Hi ] GLOBAL (NO+ N2) - (NO. L097 H | GL ( N%
(NO+NI ). [ 098he MPJPOG_EEBVKES(IB9Y conemaNzas fnebloglgf configigon pmorﬁqzyvhwky\o

20061 069301 ECTLSAND 0400 kuohd 00S] o bich PPN e (NO- R N ) - (MO

N1+ N2+ N3). ere nunber of .port blocks in the kth
sub- portset [0007)1] For oaspEybodideeatet oﬁhwmtlandnumlnemdﬁ floZ, apd FeMdt i ng

random hoppin erns inc ude det nin r

sub-carri ersthgr'ﬂ? é%?fo olf nﬁl%énare@r?%g% ‘ﬁ1 ﬁrSt nrmlon g%otosm?ﬁ‘t
may be | ess 4 Ban férih@ad) diber foph pﬁblbhe(:;&hlixﬁs Q\K/a)pddlchbmnstgwamhlﬂamdmy nmhl Ch
consunes sone sub-carriers. Theﬁgocess }i/‘ | so.include. §ter

third nunber SYHP, BEPAY 223 Max SWAR: Hesyltng 47 & Y5 hap BTt gRijties tle"é‘Tz;’f Ieast
one hoppi ng RahtR éhnki@%ﬁegpre&sé g Hif He‘ftlay&umae(fo 104ndS1by i€ W EppRE § a debshdsecond

nunber of hop po the third nunber seeds, e.g., using the
Fei stel net mlmsamasordetmrw et Easdnseance, thechighes dayenpajr Hay wrbrqwlﬁéaﬂbta%ed on

a systemti nE Et% 3 by a (fe![t sholtd b9f10t§d tl‘fﬁpmrﬁﬂﬂep&’ﬂ ?@tenut[egloz]

In one enmbodi &) e gehera ed hop pattern nay "be update changed

frequently tba@@myelufnbeqofdmmods way be ingluddthin thppgeeaessay be based on a

factor of
© [0108] The disclosed embodiments may be applied to any one or combinations of the

following technologies: Code Division Multiple Access (CDMA) systems, Multiple-
Carrier CDMA (MC-CDMA), Wideband CDMA (W-CDMA), High-Speed Downlink
Packet Access (HSDPA), Time Division Multiple Access (TDMA) systems, Frequency
Division Multiple Access (FDMA) systems, and Orthogonal Frequency Division
Multiple Access (OFDMA) systems.

[0109] The signaling transmission techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
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, controllqrs, 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



systemtinme. The update may al so i nclude changi ng the sub-carrier
frequency of a hop port entity by a predeterm ned anount every
predeterniw%)dzo“/ 30;i)eri od. [0103] In one enbodi nent, thfcﬂﬁ?z POk MRy be
grouped into snalfTer groups of hop ports, and each group e3 Into a
portion/unit of the Feistel network, thejf'daby generating at |east one
hoppi ng pattern for each smaller group of hop ports. In this case, each

group of sub-carriers . corr 0 to different sectors in the sane or
1o ot cBirpLsns SR oL FRERI 40 eBiet P 8P bioP b ety R (G e
embodi ment,  mekbfCkit Z520r 292 OTNFIGY Apars)exedutédisy hippcdssort(s.gyayntivdler 280sirgned
to a user. In order to faci_litaé}e, channel . est.i mati on, for exa Ig],g t he
generated hoPPi Ahe prmosy it By bhHicplfraeRedvithip erﬂf?‘ieésotrrﬁﬂle’gﬂﬁfrjﬁf’ near by
frequency supr-og@kg(glj_ ers and/or contiguous frequency sub-carriers. [0105]

In one enbodinent, a plurality of blocks of the hop ports may be assigned
to a user. [H31LEha proyiowdeserintiopof g disatosed embadinenthis pirddaddo enablanypor t s
may be placeg gl ofifeih 8 B QX b use e o vt BN AR Yusthiffidors BN
| ower interfé&rence, Tor exanple, 'the ping patterns tor the ocks of
hop ports mashelreemmdémapawt!]l e oadikyapharentiie those siollesiathe arf, andehelgomguicng

patterns for the Dbl ocks, of ho orts.are too far from eac [ ut of
band spect rapnwlg%ﬁ?egwe?rg?fe’inr{ﬁar@ saé’PhT‘{)t%’%r]er Frr?g%dﬁréjerétﬁt‘ivét P%e&r%%’%ﬁgg HePhod

for generati pg spiindPs80POPPthE thvpdtidne Mhas, ftkey prasenpinuériontiy/na finttrajed pobd S

i ncl udes ordering the hop port entities. (ho ort and/or .bl ocks of hop
ports) in seHH’é‘ﬁ‘g? the e%lh%dlgw?téthvﬂy'&me Pl(%'d\?g%‘% %FOfae‘?P"SéY‘g%fh&"Bﬁappi ng
each pair of HARENOZAAY REIBRE BRETTHIPRANBQRTAR hek8inport entities at a
| ower layer if at least a first condition is net, thereby generating a

hi gher | ayer of hop port entities. The process repeats this act and swaps
each pair of hop port entities at the higher layer if at |east a second
condition is nmet. This process is repeated until one reaches the top of
the tree and a random hopping pattern is generated. The hop port entities
may conprise at | east one block of contiguous hop ports, which nmay
correspond to a contiguous bl ock of sub-carrier frequencies. [0107] For
exanpl e, consider a set of hop port entities nunbered 0, 1, 2, and 3. At
the | owest |ayer, hop port pairs 0-1 and 2-3 are present. If a first
condition, e.g., tossing a 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 sanme condition is net. For instance,

t he higher layer pair may swap, resulting in the hopping pattern 3, 2, 0,
and 1. It should be noted that any nupper of hop ports entities having
any nunber of hop ports may be included in this process. [0108] The

di scl osed enbodi nents may be applied to any one or conbi nations of the
foll owi ng technol ogi es: Code Divi si@nANMBt i pl e Access (CDVA) systens,

Mul tiple- Carrier CDVA (MC-CDVA), Wdeband CDVA (W CDMA), Hi gh- Speed
Downl i nk Packet Access (HSDPA), Tine Division Miultiple Access (TDWVA)
systens, 1Freae0E Yor dniiatih@finbbth hoppify AREBSES cdihMile: A¥ehRhg Mt

Ot hogonal Fre uencfg%ivig?on NMI?%p gﬁAccess ( OFDVA) systéﬁs. [0109] The
signalin@“@?ﬁﬁgﬁﬁ§§ﬁ@ﬁﬁﬁechniques described herein may be inpl enented by
vari ous neans, : i.ques may be inplenented in
hardware, so ?ﬁgﬁgséggggﬁguﬁﬁﬁﬁg?f%ﬁn¥ﬁg?eof. For a hardware

i mpl enment at i odgtetrhigingragbizrd simber afisedds; used to process (e.g., conpress and

encode) signaling nma e inplenmented w i hi ne. or re l'ication
Speci ) ¢ 1 it odriituiea: ot o hopmnessenybed ap STuHn b E8Bg R Daps)
di gi tal shaRabndAARE 6T Msh K HRIThd BHRERNINbePIABERTTIRIELIS tHeappingeVi ces
(PLDs), field programmble gate arrays (FPGAs), processors, controllers,

m cro- c@AterBl gansratediusingr Notworkghther el ectronic units designed to
f the f i - k I . i i t f. Th
pertormtne 'tigﬁ’stlﬂlﬂﬂl% atsgﬁﬁi:{vﬁtg%(?ranﬁﬁﬁglnump cgrdﬁl%[fﬁ 'tlpezﬂolé)ﬁ&gi pﬁgér%p ©

processi ng units use ecode an ecoﬁ%ress e si nmay al so be
i npl enented with one or nore ASICs, DSPs, and so on. [0110] For a

sof tware i npl enent ati.on, .the signaling transm ssiqn techni ques nmay be
inplenengegﬁwwgﬁohﬁﬁﬂﬁﬁg1(%@%@?%b$6%88%9é®?t‘ﬁHﬁWﬁﬁﬁgfﬁﬁﬁﬁmé%EHHTCQhat
perform bhed¥R 2888489301 PCT/ US2005/ 046743 19 functions descri bed

herein. The software codes may be stored in a nenory unit (e.g., nenory
unit 252 or 292 in FIG 2) and executed by a processor (e.g., controller

i t. ' 2 d.w thi h
oxt or nal ot s ReRO8 o FRERL Y, Wilidja Fffactod BRLE DRl o SeBbhl " '

di scl osebardhcditoEelil.s i s provi ded to enabl e any

4. The method of claim 1, wherein at least one of the third number of seeds is determined

based on a cell ID.
5. The method of claim 1, wherein the first number and the second number are different.
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 generating at least one hopping pattern for the block of hop ports

E

such that the hopping pattern for the block of hop ports comprises nearby frequency sub-



person skilled in the art to nake or use the present invention. Various
nodi fications to these enbodinents will be readily apparent to those
skilled in the art, and the generic principles defined herein my be
applied to other enbodi nents w thout departing from the spirit or scope
of the invention. Thus, the present ifiyention is not intended to be
limted to the enbodi nents shown herein but is to be accorded the w dest
scope consistent with the principles and novel features disclosed herein.
20 CLAI Mariers. A net hod for generating random hoppi ng patterns, conprising:
determining a first nunber of sub-carriers; determ ning a second nunber
of hop ports; determning a third nunber of seeds; generating at |east
one hoppigghPakineldf BRREY, ®Rertiithd hdppingPatha foothe BI6RK 6RR6H &Ry  the second
nunber of hop ports, and the third nunber of seeds wherein the hopping
patt er n icomgesrsicantegious fragpeacyaibstaglierNet wor k and transnmitting a si gnal

wWth a transmitter unit according to the hopping pattern. 2. The nethod of
claiml, wherein at |east one of the third nunber of seeds is determ ned
based on 19ySsliemrethod®f cldim THerth@lcbagrisihg:ekdiithd a pWhglltgbhblatkd sfalsd one of
the third nuaﬁer of seeds is determ ned based a sector ID. 4. The nethod
of cl ai mS§CoNGREMERTPTROPPEHS to e ghd generatiigalileathphe hopiring pattesn fos

determn : Iy N the
first nu%g%hrmgﬁﬁéﬁ}%g pgretgghgh !I’}lll?t rrttt)lg P O@r? lgg }gﬁﬁf‘e P{eg?gﬁl%.ngé %a%ﬁe%ﬁﬁg Bof claim
1, furtheargoapri sing changi ng the hopping pattern frequently. 7. The

met hod of claim1, further conprising: grouping the second nunber of hop
ports into smaller groups of hop ports; and generating at |east one

hoppi ng pat Tigs Methed ofasifh 16 Mbetedr thg hopfin@patledPfop @f fesst ofit!Bldck Bakog he
hoppi ng pattern for the small groups are disjoint. 8. The method of claim
1, furt h@PIEERTPRISET pRpigHQUS fEpqupnsy subicaigiRrsof t he second nunber of  hop
ports to a user; and generating at | east one hopping pattern for the bl ock
of hop ports, such that the hopping pattern for the bl ock of hop ports
conpr i sed2nableiwy ofie prgaesnanypregramAtked 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 wherein the hopping pattern is generated using a Feistel Network.

13. The processor of claim 12, wherein at least one of the third number of seeds is

determined based on system time.

14. The processor of claim 12, wherein at least one of the third number of seeds is

determined based a sector ID.

15. The processor of claim 12, wherein at least one of the third number of seeds is

determined based on a cell ID.

16. The processor of claim 12, wherein the first number and the second number are



carriers. 9. The nethod of claim8, wherein the hopping pattern for the
bl ock of hop ports conprises contiguous frequency sub-carriers. 10. The
met hod of claim 1, further conprising: assigning a plurality of blocks of
the second nunber of hop ports to a user; and generating at |east one
hoppi ng pattern for each block of hopaports, such that the hopping
patterns conprise nearby frequency sub- carriers. 11. The nethod of claim
10, wherein the hopping pattern for at | east one block of hop ports
conpri seglifgrenti guous frequency sub-carriers. 12. At |east one processor
programmed to execute a nmethod for generating random hopping patterns,
the nmethod conprising: determning a first nunber of sub-carriers;

det er mi nilNgTihe secRBst oy mar 20the heEhodduitiser c@pEding Shanging thdhdppidpunber  of
seeds; and generating at | east one hopping pattern based on the first
nunber ofPaeBLEAP$Ir s, the second number of hop ports, and the third
nunber of seeds wherein the hopping pattern is generated using a Feistel
Net wor k. 13. The processor of claim 12, wherein at | east one of the third
nunber ofl8sEkdsrocessorddickuimildstic bethed forthes gemprising: rpeoupll thekecopd ocessor  of
claim12, wherei,n at | east e of the third nunmber of seeds is determ ned
based a SWAVE Of Top Poes g smplles afkups g harts; s heraiey Bi1rAsLens herBegne. of
the thir hafeiier caoh sHRRISrdup. of‘ﬂ@% 86, SR tﬁﬁ&l@éjhdﬁ}ir% fa@bin tbBhe 1Rall The
processor of claim12, wherein the first nunber and the second nunber are
22 di f f &F@pe areidisiomhe processor of claim 12, the nethod further

conpri sing changing the hopping pattern frequently. 18. The processor of
claim12, the nethod further conprising: grouping the second nunber of
hop port 39 Tihopreembdrexf cpimoupsthemetiogd fixdrer sompridng esdgrdihg agloak of thast one

hoppi n attern,for..each small er group of ho orts, such that the
hoppi ng PREAGIHMPETOLNGR POFREY & USSE Gl geieralingiat egst gne Ropping pattern for the

block of hop ports, such that the hopping pattern for the block of hop ports comprises

nearby frequency sub-carriers.

20. The processor of claim 17, wherein the hopping pattern for the block of hop ports

comprises contiguous frequency sub-carriers.

21. The processor of claim 12, 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.

22. The processor of claim 21, wherein the hopping pattern for at least one block of hop

ports comprises contiguous frequency sub-carriers.

23. An apparatus for generating random hopping patterns, comprising:

means for determining a first number of sub-carriers; a second number of hop
ports; and a third number of seeds; and

means for generating at least one hopping pattern with a plurality of Feistel

Stages, the plurality of Feistel stages using the first number of sub-carriers, the second



19. The processor of claim12, the nethod further conprising: assigning a
bl ock of the second nunber of hop ports to a user; and generating at

| east one hopping pattern for the block of hop ports, such that the

hoppi ng pattern for the block of hop ports conprises nearby frequency
sub-carriers. 20. The processor of clagsm 17, wherein the hopping pattern
for the block of hop ports conprises contiguous frequency sub-carriers.
21. The processor of claim 12, the nmethod further conprising: assigning a
pl ur al i t ywuotber &f toplportefantl ige third onabennfiseadsof hop ports to a user; and
generating at | east one hopping pattern for each bl ock of hop ports, such
that the hopping patterns conprise nearby frequency sub-carriers. 22. The
pr ocesson4otheipphfndlof clane] frthérecohPPRing theaad fof detefPhimtat Q&Ine@he bl ock
of hop ports conprises contiguous frequency sub-carriers. 23. An

appar at u§h¢@Frd@égg?ra‘tﬁsﬁ‘ijjsrb&ﬁ‘d'dmSbféiﬁlﬁitﬁ@e-patter ns, conprising: neans for
determning a first nunber of sub-carriers; a second nunber of hop ports;
and a third nunber of seeds; and nmeans for generating at |east one hopping
pat t er n 5t Fheapphiatusldf tlaim 23 Fartb¢ralompSsiag @sand foe dgtemialnigtay leat dreiost el

st ages usLn .the firs %JJE%er of suﬁéjcarriers, the second 23 nunber of
hop ports’;,egﬂfﬂl’f1 ok i SpefSasAderSeglPr Yeeds. 24. The apparatus of clai m 23,
further conprising neans for determning at |east one of the third nunber
of seeds based on systemtinme. 25. The apparatus of claim 23, further
conpri si 7§- hexanparabrs of etaém @ nfurtherapompeiaisg meaes ©of deteiveiningjat teastiompef  of

seeds ba The ratus of claim23, further conprising
nmeans fof[ﬁ)egtg g?lﬁﬁzl)?l{logﬂSg‘%dsf%gséegtotﬁoan%ﬂg " the third nunber of seeds based on
a cell ID. 27. The apparatus of claim23, wherein the first nunber and the
second n r are different. 28. The_ apparatus of claim 23, further
conpri si #g?ﬁ%f‘a%@ar@&}s of ﬁléﬁﬁalglgw eﬁ%‘“ﬁlﬁfpff.‘)"is‘ﬁ'g‘mtﬁé?‘?%&ﬁ S¢GOBE BEMPPRATE 29 The
appar at ugji@dretl @i m 23, further conprising: nmeans for grouping the second
nunber of hop ports into smaller groups of hop ports; and neans for
generating at | east

28. The apparatus of claim 23, further comprising means for changing the hopping
pattern frequently.

29. The apparatus of claim 23, further comprising: means for grouping the second
number of hop ports into smaller groups of hop ports; and means for generating at least
one hopping pattern for each smaller group of hop ports, such that the hopping pattern for

the small groups are disjoint.

30. The apparatus of claim 23, further comprising: means for assigning a block of the
second number of hop ports to a user; and means for 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.

31. The apparatus of claim 30, wherein the hopping pattern for the block of hop ports

comprises contiguous frequency sub-carriers.

32. The apparatus of claim 23, further comprising: means for assigning a plurality of



one hopping pattern for each smaller group of hop ports, such that the
hoppi ng pattern for the small groups are disjoint. 30. The apparatus of
claim 23, further conprising: nmeans for assigning a block of the second
nunber of hop ports to a user; and neans for generating at |east one
hopping pattern for the block of hopyports, such that the hopping pattern
for the block of hop ports conprises nearby frequency sub-carriers. 31.
The apparatus of claim 30, wherein the hopping pattern for the bl ock of
hop por t lockoaPihi S&SNE ABIMbGUT WS PoRGIENBYr; Shdmeads fofeheralidg alllREstappar at us
of cIa|n123 further cowpr|5| means for assigning a plurality of 24

bl ocks ofOPHEE Baitesh forisas P%?quwoaar%h fha the HSDE BlisRSARYiEGr

gener at i Q@ fle§atcy 9MLcarhORPi Ng pattern for each block of hop ports, such
t hat the hoppi ng pa?terns conprise nearby frequency sub-carriers. 33. The
apparatus of claim 32, wherein the hopping pattern for at |east one bl ock

of hop r ous .fre uenc rriers

conput er I%(r"gegﬁ apiré n;%F‘rE (5)? CIr%me1 E%’o‘g@ STRg e 12:0 erﬁggrga? A?ﬁs%%cbd?ci(bq@%y

pr ocessorpofto torhpidee 6@AIguOG: f@ec[ﬂférﬁdj@db-fc@tfrlegsener ating random hoppi ng
patterns, the nmethod conprising: determning a first nunber of
sub-carriers; determning a second nunber of hop ports; determning a
third nunje tern based
on the T1rer RBer a0 e A e co R P R I o and
t he t hi r grongsdoe for ahpeaedsngvhmethiod fortpenéraiiyg mgdomhbpp&nglpat&rr@eﬁmr ated using

a Fei st elme’%ﬁc;[d\l\(%';nl}al‘ising:

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 wherein the hopping

pattern is generated using a Feistel Network.



