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modulate a respective subcarrier frequency. It should be noted that although the present
invention is described in terms of quadrature amplitude modulation, it is equally
applicable to phase shift keyed modulation systems.

[0004] The modulation technique used in OFDM systems is referred to as
quadrature amplitude modulation (QAM), in which both the phase and the amplitude of
the carrier frequency are modulated. In QAM modulation, complex QAM symbols are
generated from plural data bits, with each symbol including a real number term and an
imaginary number term and with each symbol representing the plural data bits from
which it was generated. A plurality of QAM bits are transmitted together in a pattern
that can be graphically represented by a complex plane. Typically, the pattern is
referred to as a "constellation". By using QAM modulation, an OFDM system can
improve its efficiency.

[0005] It happens that when a signal is broadcast, it can propagate to a receiver by
more than one path. For example, a signal from a single transmitter can propagate along

a straight line to a receiver, and it can also be reflected off of physical objects to



[0005] It happens that when a signal is broadcast, it

can propagate to a receiver by nore than one path. For
wexespligzeda signal froma single transmtter claT/US2005/027105

propagate along a straight ling to a receiver, and it

can also b e reflected off of physical objects

t &Fa%@@géﬁ&% al ARGt gﬁtﬁgtt%rt%ﬁtre%é?. UiotddSer, GF BhpfRhs that when a

reover, happens™t en a systemusés a
spstemluseta Se-edlled "aellulin’ barhdasting gecheijon it@inerdace spectral efficiency,

OB S8 T RO RS B 4y R Den one Sansmittr

HRB8 hé lstihe sHBAL Yill HEGrandiRted! BNAE ré¥elver Bfng more than one path.
transmtted to the receiver along nore than gne pat h.

Sueh ppells] propagatiopaafaignats, gthethicy neangnadsh6teh aausedrbyntidedcasting
j : by b d t] t. i.gnal f .
S SR SR O TR EE, oGy oo s
byfemred ae sl BulfipdteY." g6l ch® beSreadily) bpatibied thht GAle REIlular digital

readi |y appreciated that while cellular digital )
BEadarsiiag; i sreerallyeefficient, yprevisions apyst ber mafle ite reffentivly address

. ively address nultipath
?‘gﬁg?agggéﬁcge%tfo 0006] Fortunately, OFDM systens that

E086JAM Fartiinatdy, OFRNesysene tkftfuee QAM mdélulddRnRiEaRRCE fective in
of multipath cond ti}%{ls (whi.ch, as stated above, nust
1

e BESqRe " ulitpAh CORHEeRIEEsh gs sitsdmhgiesmustearige sdien cellular
g MR e e ) RO ATy S ke i only o
ismghd cegtier fraqueney isQAfetls Wdoenmrtiaulatyyih engkocmatierz©AM systems, a
nmust . be used to ual i.ze channel s that have echoes as
SoPples caliifies el HRfsPdR ez phatalh Bgh At Ahpghis Srong as the
Btififab-¢ Wath, t2Ad 68K WoBalMati6Ré 'ddSibnlt 115 &ELIES Yfglt EffralGn OFDM
need Tor conplex equalizers can be elimnate

avstogetthe meed ot yomplaxn seualizery eangbaraimingted \edtogether simply by

ropriate | enagth, at. the begi pni of. each synbol .
RRBEPE! b ebrd EREAL DL bhoePRE: Ml eRiner B RNEG tach symbol
Plcebr@ing®d OFBN 5ttdn PRENuRONAM hYiR1aA0R 28X PRERA: when multipath
[0007] In a typical trellis coding schenme, the data
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[0008] After grouping the bits into multi-bit symbols, the symbols are interleaved.
By "interleaving” is meant that the symbol stream is rearranged in sequence, to thereby
randomize potential errors caused by channel degradation. To illustrate, suppose five
words are to be transmitted. If, during transmission of a non-interleaved signal, a
temporary channel disturbance occurs. Under these circumstances, an entire word can
be lost before the channel disturbance abates, and it can be difficult if not impossible to
know what information had been conveyed by the lost word.

[0009] In contrast, if the letters of the five words are sequentially rearranged (i.e.,

"interleaved") prior to transmission and a channel disturbance occurs, several letters
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[0018] FIG. 7 shows a wireless device configured to implement interleaving in

accordance with an embodiment.
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synbol s 162.[0023] Bit Interleaving for nodul ation
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Inierisay Bg\IPREBO Y agcopdmce pifh 28] enmhmwp IGod bits ofia Turbo packet
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Y s RE 2 ARPRS @J@Eetti%ta?@l% %%hl !h%‘??tgﬁ z{vi}% tRiefer bhat any

two columms nay be swappe 't wou appar ent
[0926]hBersisiplititya fixed: ined andy be used, if the highest modulation level is 16

and if code bit length is always divisible by 4. In this case, to improve the separation

for QPSK, the middle two columns are swapped before being read out. This procedure
is depicted in Figure 2b (Bottom). It would be apparent to those skilled in the art that
any two columns may be swapped. It would also be apparent to those skilled in the art
that the columns may be placed in any order. It would also be apparent to those skilled
in the art that the rows may be placed in any order.

[0027] In another embodiment, as a first step, the code bits of a turbo packet 202 are
distributed into groups. Note that the embodiments of both figure 2a and figure 2b also
distribute the code bits into groups. However, rather than simply swapping rows or

columns, the code bits within each group are shuffled according to a group bit order for
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reduced- set b|t reversal operation shall be used
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[ﬂﬂBX]pNomth@nsmce 500 is not power of 2, a reduced-set bit reversal operation shall

be used in accordance with an embodiment. The following code shows the operation:

[0034] vector<int> reducedSetBitRev(int n)

[0035] {

[0036] int m=exponent(n);

[0037] vector<int> y(n);

[0038] for (int 1=0, j=0; i<n; i++j++)

[0039] {

[0040] int k;

[0041] for (; (k=bitRev(j,m))>=n; j++);
[0042] ylil=k;

[0043] }

[0044] return y;



[0037] vector<int> y(n); [0038] for (int i=0, j=0;
i<n; i++j++) [0039] { [0040] intk; [0041] for (;
WOkelsinReyG, m ) >=n; j++); [0042] y[i]=k; [0043PCY/US2005/027105

[0044] return y;[0045] } [0046} where n=500, mis the

smal | est integer such that > n which is 8, and bitRev
igosshe regyl ar bit reversal operation. [0047] The

synbol s of 'the constellation synbol sequence of a data
channel is mapped into the correspondi ng subcarriers

in a sequential Iinear fashion according to the .
4%k éeres 1300, Attisxthe deeliestrintegér bycht thet Enanhaitiicteis,$, and bitRev

bl d ted Fi e 3,
e e APk Bho0a: wont . [0048] Figure 3
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accordance with an enbodi nent. Turbo packet 302,
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(dBdei)ed in Figard Rde adco(rd?alﬁé: withniheibeaimént( 318), interlace
and interl ace (322). [0049] In an
i‘H’%gﬁ 8%%\’1 3 gHusteptes gp Wﬁﬂeév%tmﬁeﬂ@@ taide sinj acagsdaice with an
ERboBinient. ’I'ur‘t% gac'k@f ?(ﬁ ac%%sstgllaﬁﬁﬁ Jdﬁb%ﬂ[ 2&F d%g r{ﬂtgﬁisazvgfi interlace

alternatively f
tabte Bek amesh@wm nA]ESD| shows drointeddee BU(I08Y. infedlace 4 (310), interlace 2

(R BEBER S [I%eTbEe S ThaL Pieber sobioh, Betorom (20, and
ﬁyeﬂ%én&my_nterlace Table is used to map a slot to a

articular interlace. Since eight interlaces are used,
19491 I pre embedimshy h’tle Qll’mfsthe Sightmtalasesiswised fdreilseti.c., Interlace

f tiaon and one sl ot
2cffnl et 35 P50 FRBRAGIN Pty RS B i can e
sdven Finteplacén GorSkcHeduling OFof edrfehishst, fak Channehzeﬁ uses Slot as a
Channel i zation, as is shown in Figure 4

ydediling umtiA sjos ig ﬁ@ﬁ@dms angdaberlagof an OFDM symbol. An Interlace

Table is used to map a slot to a particular interlace. Since eight interlaces are used, there
are then eight slots. Seven slots will be set aside for use for Channelization and one slot
for Pilot. Without loss of generality, Slot 0 is used for the Pilot and Slots 1 to 7 are used
for Channelization, as is shown in Figure 4 where the vertical axis is the slot index 402,
the horizontal axis is the OFDM symbol index 404 and the bold-faced entry is the
interlace index assigned to the corresponding slot at an OFDM symbol time.

[0050] Figure 4 shows a channelization diagram in accordance with an embodiment.
Figure 4 shows the slot indices reserved for the scheduler 406 and the slot index
reserved for the Pilot 408. The bold faced entries are interlace index numbers. The
number with square is the interlace adjacent to pilot and consequently with good
channel estimate.

[0051] The number surrounded with a square is the interlace adjacent to the pilot and
consequently with good channel estimate. Since the Scheduler always assigns a chunk
of contiguous slots and OFDM symbols to a data channel, it is clear that due to the

inter-interlace interleaving, the contiguous slots that are assigned to a data channel will



the horizontal axis is the OFDM synbol index 404 and
the bold-faced entry is the interlace index assigned
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Thcgjﬁl gﬂ éhannel d: %t bl ock (assun ng
PEisg it a@)va&a Bi ¥8T FuMaPRG (OREiATey mpiT gces pedifferent OFDM
isthBsliaRES assigned to the data channel does not

change over the tine, resulting in |l oss of frequency

49054k Figuwpe STkkows raedl}annshzattmpl diagryml wdthl by el s shllﬂg1g sequence

S T s e R AP e Bk e o 502 i
heded@incE vt en entiRmiméR.  PRuRPS Bbive Or:ﬂéé,\’/rslo? rih&&ésn%s&%d for the

Schedul er interlace table once per

symb
sehiedpler 30 ard drealotyindess raseryed forethe Palot 608. nSkl‘tlsambol 1ndex 504 is
' wﬂgt ohl e i.e., a particular slot is mapped
?%&’lél? e_rélr(l)ﬁ&(flwl ler “aces at di fferent OFDM synmbol time.
[065¢ HoRiegttt 6t f lsdmw tBat GG €4 hdsddric@Folt BEHtARLU tflerlaces with

al | onesshlftlg(% uence resulting in long runs of
gooshichanpel ssmatep lopares of dnte aq@awthcmoalchmt estimates

L e
slilmft sinstof iimeidaces exdthr pad chaiinel bstirktitb0tin 308 fighleOtheSiEHate that is

dex 04 is, sho on the horizontal axis.
acent ?o the pilot interlace is markedo with a square. A solution to the long runs of

good and poor channel estimates problem is to use a shifting sequence other than the all
one’s sequence. There are many sequences can be used to fulfill this task. The simplest
sequence is the all two’s sequence, i.e., the Scheduler interlace table is shifted twice
instead of once per OFDM symbol. The result is shown in Figure 6 which significantly
improves the Channelizer interlace pattern. Note that this pattern repeats every
2 x 7 =14 OFDM symbols, where 2 is the Pilot interlace staggering period and 7 is
the Channelizer interlace shifting period.

[0056] To simplify the operation at both transmitters and receivers, a simple formula
can be used to determine the mapping from slot to interlace at a given OFDM symbol

time

1 The Scheduler slot table does not include the Pilot slot.



[ 0055] However, it is noticed that slots are assigned

four continuous interlaces with good channel estimates
woabdepasxd9o by | ong runs of interlaces with poor Pcnalszm®bs/027105

estimates in contrast to the preferred patterns of

short runs of good channel estimate interlaces and

short .ri fanterlaces w poor channel estinmates.
[¢057hée ‘fu‘ﬁgg\?é,((l‘l{]’ﬁgﬁiz\af"e"r‘rﬁ%’z\’t}t hat is adjacent to the
' interlace is marked with a square. A solution to

Hefd
&%egi ongr ryng of good and poor channel estimates )
E emis to nde wmabsriofiinferiaces yast-tor sraffey dats aghedpling, where I
IR %ﬁlﬁmﬁ’& nere are many sequences can be
useg to fgﬁ){?lkifﬂlt??laggs?ask. The sinpl est sequence is
dogopl | F € Wl s, dedbe 1 : d d.nterl.
I ety sefudine fhe pilbl Egetflé B iR that Stot
s phO6DM $yrebolesudps to;s shown in Figure 6 which

signifi ?Qﬁtcll y #mir oves the Channelizer interl ace
Bsoler n” ~Not'€>t Ratis tihd OFPM tsembol @ydedirs a 8¥Sdr fratnel whefe T is the

gyt DEPR Lo abtl i 9 S8 channe! i Zer i nter | ace

i fting-peri.og.1[0056] To sinplify the operation at
E@PH f ransn tf%réséﬂ e slot mdgx wheresS isithgiogal numben of sbets

sedpt o determ ne the ' fromslot to
Bﬁ?@rl’a@e‘séﬁe W%Qﬁﬁﬁgmwsm% The Schedul er
t apl i.ncl ude t.he Pilot..s]ot,[0057] i
oS 3 fy MR TR0 IR i Saio® THRL Y s Rifles e by the
PiloteshhH be sxelsdd ftamn thy f-fdversdiedrfohedul i ng, where |
is the total nunmber of interlaces; [0059] e 'I " " '

~ 1, excluding the pilot interlace, is the
[096dr Esaplendaxan rembodiments Iz8, GFBM Bymtvotresponding Slwt-Interlace

%“9&{2@%1“5\;%%11}%1)#0; s the OFDM synmbol index in a super

S the total nunber of OFDM synbols in

f [ agedy’ W% 7Rk -3),7V " " S ~ 1 s is the slot
ﬁ)rqg X V\her{(gacs(@i st)t h)e:+tot251/l }nunber of slots; [0062] is

foossInwkbRr Rotorshbbids 16 ele OEPMuppakiel ; [0063] - is the
reduced-set bit-reversal operator. That is, the
interlace used by the Pilot shall be excluded fromthe

bi t - r eweF @} operati on.
0=0
1=4
2=>2o0r6
3=1
4=55
5=3

[0067] 6=7

[0068] This table can be generated by the following code:

[0069] int reducedSetBitRev(int x, int exclude, int n)
[0070] {
[0071] int m=exponent(n);

2 OFDM symbol index in a superframe instead of in a frame gives additional diversity to frames since
the number of OFDM symbols in a frame in the current design is not divisible by 14.



[0064] Exanple: In an enbodi nent, 1=8, R=2. The
corresponding Slot-Interlace mappi ng fornul a becones
wpQBHNS269= - ((2XxOW) +* -1) %’} [0066] where COPCERS206827105

to the followng table: 0 0 1594 2 =>2 or6 3 => 1 4 >
55 =>31([0067] => 7 [0068] This table can be

ated by };he foll owi ng code: [0069] int
reducedSet BltRev(lnt X, int exclude, int n) [0070] {
[[@U2L] i nt fqrz(en(tpsﬂ,eﬁﬁ;(lﬁﬂ Wtﬁf@yn‘ool index in a
W@g{ﬂﬂﬁ: instead of in a frame gives additional

sity tlo frames since the nunber of OFDM synbols

|qm7g frame in thgr [%W G%))%ekeﬁud@ﬁﬁgwl si bl e by

0072] |nt y; or (int i=0 =0; i<=x; i ++,
J[ 110074 { [0075] for (; (y= bltRevO m) =excl ude:
Jrife [007 .0077] return y; [0078] } [0079] where
rlnzoi?»land blt%‘E("el}\P*s the regular bit reversal operation.
[eA8P] Fpr OFDM synbol t=I1, Pilot uses Interlace 6.
The mappi ng between Sl ot and Interl ace becones: [0081]

Slot | maps to interlace of (b (2x11)ow + |-1)%}=
el where m=3 and bitRev is the regular it reversal operation.

[0080] For OFDM symbol t=11, Pilot uses Interlace 6. The mapping between Slot and

Interlace becomes:

[0081] - Slot 1 maps to interlace of ER'{(7 = (2x1D)%7+1- 1)%7} =R{6} = 7;
[0082] -Slot2 maps to interlace of R{(7 - @x1D%7 +2-1)%7} = R{0} = 0.
[0083] -Slot 3 maps to interlace of ER'{(7 —(2x1D)%7+3 - 1)%7} Rl =4 ;
[0084] -Slot 4 maps to interlace of ¥ {7~ @2X1D%7 +4-147} =02} =2,
[0085] -Slot 5 maps to interlace of R {(7 @x1D%7+5- 1)%7} R3} = 1-
[0086] -Slot 6 maps to interlace of R {(7 2 x11)%7+6- 1)%7} R4} = 5

)

[0087] -Slot 7 maps to interlace of R {(7 —@x1D%7 +7-1)%7 } RSy =3 .

[0088] The resulting mapping agrees with the mapping in Figure 6. Figure 6 shows a
Channelization diagram with all two’s shifting sequence resulting in evenly spread good
and poor channel estimate interlaces.

[0089] In accordance with an embodiment, an interleaver has the following features:
[0090] The bit interleaver is designed to taking advantage of m-Ary modulation
diversity by interleaving the code bits into different modulation symbols;

[0091] The “symbol interleaving” designed to achieve frequency diversity by INTRA-
interlace interleaving and INTER-interlace interleaving;

[0092] Additional frequency diversity gain and channel estimation gain are achieved by
changing the slot-interlace mapping table from OFDM symbol to OFDM symbol. A

simple rotation sequence is proposed to achieve this goal.



[0082] Slot 2 maP s to interlace of "' {(7-(2xH) % +
2-1)%’}= 91 {0} O ; [0083] -Slot maps to interlace of 7
WO02006/037269% 3 1 = = 4 ; [0084] Slot 4 maps to i RCEMUIS2AWE/027105

of *1(7-(2xI1)% + 4-1)%} 5R§2} 2 . [0085] -Slot 5

naps tointerlace of 7 (2 1 %7 +51{ > 1; [0086]
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the scope of the present invention.

[0096] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or tramsistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of



particles, or any conbination thereof. [0095] Those of
skill would further appreciate that the various
woRkbosstiszmdi ve | ogi cal bl ocks, nodul es, circuit8CTAISA05/027105
al gorithm steps described in gennection with the
enbodi nents di scl osed herein may be inplenented as
Shifopfd2Bstrs]) 8h&l WA hfdre BREBHIOREssSRI th WBhRinciiin with a DSP core, or any
conbi nations of both. To clearly illustrate this
iofhes pedhnegBawiation.y of hardware and software, various

[ tive c one . blocks, nodules, circuit .
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efnbbidicnts diselbécdnadreinymayVvet disodssdC irdctRCinl RRWhleY il 8 software
i mpl enent ed_as hardware or software depénds upon the

praduiccenegited by |a RIQESSHN, ehiR ¥ eambinaiunet thaitwos iAvpoftwate module
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di scl osed herein may be enbodied directly in hardware,
i n e | xecuted by a processor, or in a
@83@ ﬁ‘gémso@%@&‘ A software nodul e may reside

in RAM nenory, flash nenory, ROM nenory, EPROM nenory,




EEPROM nenory, registers, hard disk, a renovabl e di sk,

a CD-ROM or any other form of storage nmedi um known in
woOheoean$269 An exenpl ary storage medi umis coupl edTs2d08027105
processor such the processor ggn read information

from and wite information to, the storage nmedium In
the alternative, the storag@LgE%kyn1nay be integral to
the processor. The processor and the storage nedi um

may reside in an ASIC. The ASIC may reside in a user

tlermnal hi the. alifernative,.the processor and the

slroraggnﬁgmdﬁﬂfwg?{e?@gucé’%smgscrete conponents in a
user tfidid\@de bitd ARS8 krolips addordih e tSa BRSEdek:pinion of the
di scl osed enbodi nents isS provided to enabl e any person

ski | | sbuffhing the cgde bite withite canh greep adrerding seeagroup bit order for the

I F t . Various nodifications to these enbodi nents
ﬁ#%%n%éﬂ$eadily apparent to those skilled in the art,
and the generic principles defined herein may be

%ﬁplied to other enbodi nents w thout departing from.
the spiheimetgpd o slimok, Whrseinrhe groupnbit prles of ithe code bits for each

mgigtthé ntion is not intended to be limted to the
Irments shown herein but is to be accorded the

wi dest scope consistent with the principles and novel

features disclosed . herein. [0099] T IS CLAIMED . .

15" L A 9o a1 Where b @Flbéfa&iggb forcRlaging spdg bits into each
k& R%inefde bits into groups according to a bit

ord

r; and shuffling the code bits within each group
according to a group bit order for the given group. 2.

the oo hred PEAEch YAGHR he Weededfl placingede bl into cach

b ligbarcl @i m 1, wherein the bit order for placing
code bits into each group is linear. 4. The nethod of
claim2, wherein the bit order for placing code bits

int h i s L 5. Th t im 2
her e1 Hhet mEGHeRl, Tt " hsrein, et i G aRlsr lof 4fR ven sroups
amags&o EﬂaﬁﬁﬁgtJé’t@lﬁﬁn%ﬂtﬂéTEﬁSfeﬁ Erdup@argivieredts QUAsra! €

VI ewe as a nmatri X.

6. The method of claim 2, wherein the group bit order for the given groups

amounts to swapping rows if the given groups are viewed as a matrix.

7. The method of claim 5 further comprising transmitting code bits from the groups

according to the group bit order.

8. The method of claim 6 further comprising transmitting code bits from the groups

according to the group bit order.

9. A processor configured to:
place code bits into groups according to a bit order; and

shuffle the code bits within each group according to a group bit order for the
given group.

10. A processor, comprising:



6. The nethod of claim2, wherein the group bit order

for the given groups anounts to swapping rows if the
wqiemnispeoups are viewed as a matrix. 7. The neChw8205/027105

claim5 further conprising traggsmtting code bits from

the groups according to the group bit order. 8. The

nmet ho g&lﬁg : %ﬁﬁﬁ,’ 40 transmtting code

bits ??%frnnst?% lgrou{)dsa%g?ggl}tgl ng th;:‘)anhe group bit order.

9. A peeoefyohuifing thgwodabitowithingaeh grodp abiording be an order.

groups according to a bit order; and shuffle the code

bits within each group according to a group bit order

flar t DerGiayas naRtRabolifing/ BEB6E FsiQhterl AR, cdmpPHsiARANS

for placing code bits into groups; and neans for

shuf f Plaripg ¢nde bid into igrosppieederding txmbig ouiep aadcor di ng to

an or . I - | i met hod_.f or

"t or ol e SgHE BHE B Bt G Bot By o Mgl bl Slder for he

givmpso@s.cording to a bit order; and shuffling the

code bits wthin each group according to a group bit

order for the given group.




