WO 2009/ 035418PCT/ SG2008/ 000345 1 Met hod for encoding a bit
sequence and encoding circuit Field of the invention 5 Enbodi nents of
the inventi oNOGeN@BHIEy relate to a method for encodi ng F4FTG2008/000345
sequence and an encoding circuit. Background of the invention 10 In a
wi rel ess communi cation system accordi ng to | EEE 802. 16- 2004, for
exampl e, in which OFDM (Ort hogonal Frequency Division Miltiplexing)
and TPC ( Tur boMBtbddcfoformsyding adud selquepicecanfl eheodh@ kst s
designed to match the size of the OFDM synbols. The Turbo Product
Code bl ock 15 formats used according to | EEE 802.16 are given in
table 1. Comskluent +Hypesvédetforbi ts per Bl ock Coded bits per Bl ock
Codi ng Rate (32,16) (16, 11) 23 48 0.48 (32,26)(16,15) 35

5 Embodiments of the invention generally relate to a method for

encoding a bit sequence and an encoding circuit.

Background of the invention

10 In a wireless communication system according to IEEE 802.16-
{3 2004, for example, in which OFDM (Orthogonal Frequency
- Division Multiplexing) and TPC (Turbo Prcduct Codes) are
used, the size of the TPC blocks is designed to match the
size of the OFDM symbols. The Turbo Product Code block
15 formats used according to IEEE 802.16 are given in table 1.

Constituent Data bits Coded bits Coding Rate
Types per Block per Block '
(32,16) (16,11) 23 148 0.48
(32, 26)(16,15) |35 48 0.73
(32,26) (32,26) 58 96 0. 60

_ (64,57) (16, 15) 77 NEG 0.80

( (64,63) (32,26) 96 144 0.67
(32,31) (64,57) 120 144 0.25

Table 1: Block format used in IEEE 802.16-2004

In such a communication system, two types of codes are used,
20 the Extended Hamming Code and the Parity Check code. Parity
Check code typically has lower coding gains than Extended

Hamming Code.

Some high coding rates may be achieved by pairing Extended

25 Hamming Code with Parity Check code. This, however, results
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in lower coding gain compared to using TPC codes formulated

from Extended Hamming Codes only.

Conventionally, extensive row and column shortenings are
5 employed to match the number of coded bits per block to one
OFDM symbol.

The number of bits that can be transmitted in an OFDM symbol
is largely determined by the channel conditions (i.e. the

10 conditions of the communication channel that is used) and the
types of Forward Error Correcting (FEC) code that may be used
is' determined by the allowed BER (Bit Error Rate). For
achieving a high throughput, FEC codes are typically chosen
such that the coding rate is high without compromising the

15 BER performance.

In conventional systems where the size of the code (i.e. the

block format of the code} is matched to the OFDM symbol size,

the possibility to choose the size of the FEC codes such that
20 high BER performance and coding rate is achieved may

therefore be severely limited.

Summary of the invention

25 In one embodiment, a method for encoding a bit seguence is
provided including selecting a first coding block bit number
and a first coding scheme; sub—dividing the bit sequence into
at least one first bit block and a second bit block, wherein
each of the at least one first bit block includes the first

30 coding block bit number of bits and the second bit block
includes less bits than the first coding block bit number;
selecting a second coding scheme for the second bit block

different from the first coding scheme; and encoding the at



In such a comuni cation system two types of codes are used, 20 the
Ext ended Hanm ng Code and the Parity Check code. Parity Check code
typi cal | y hawolzoemss4aa®di ng gai ns than Ext ended Hamm ng Caa#E/SG2008/000345
Some hi gh coding rates may be achi eved by pairing Extended 25 Hanm ng
Code with Parity Check code. This, however, results WO

2009/ 035418PCT/ SG2008/ 000345 2 in |l ower coding gain conpared to using

TPC codes fordadmatee faiemExt engedckangi g tEedes el Yoding scheme and
Conventional ly, extensive row and column shortenings are 5 enpl oyed

to match t hee MRS dfec 58681EI PET petodf St ND thife SEEORAs FRESNY JFheme.
nunber of bits that can be transmitted in an OFDM synbol is largely
determ ned by the channel conditions (i.e. the 10 conditions of the
communi cat i gihahamissicatipstiohsofisby Highndse types of Forward Error
Correcti@g (FEC) code that nay be used is determ ned by the all owed
BER (Bit "Error Rate). For achieving a high throughput, FEC codes are
typi cal |y chdserstsuah vehanbblements ngf riatee iinsrelitglenwatrboskplained below

conprom sing the 15 BER perforpmance. | |In conventional systens where
the size of P& &?é&r@P.Cg. t?h@%ﬁgﬂmﬂﬁﬁmt of the code) is matched
to the OFDM synbol size, the possibility to choose the size of the
FEC codes such that 20 high BER performance and coding rate is

achi eved mayfidaeceflosBone 3efEpd| §1395AM AFCOTGHREr FCoRNt RBPPAVEFRE on
25 In ong enbodinent, a nethod for encoding a bit sequence is

provi ded including selecting a first coding block bit nunber and a

fii rst codi ndigchreme; ssabsdini dingdime dintcuwdqeesogdiingotat aheast one
first bit b%g&% g%%n% second bit bl ock, wherein each of the at |east
one first bi FOC includes the first 30 coding block bit nunber of
bits and the second bit block includes |less bits than the first
codi ng bl ock,.bit ngnbgr' sel ctiqﬁwg%second coding schene fgr th@
second bit BIOERSdif PEPERt =1 ForTRE 19T SCCEMRG $Ch&He " ™RRABREbdi ng

the at 15

Figure 4 shows an OFDM frame according to an embodiment.
Figure 5 shows a input data block according to an embodiment.

20 Figure 6 shows an output cecde block according to an

embodiment.

Lo Figure 7 shows a shortened ocutput code block according to an

embodiment.
25
Figure 8 shows a shortened cutput code block according to an
embodiment.
Detailed description
30

A method for encoding a bit sequence according to one

embodiment is illustrated in figure 1.



WD 2009/ 035418PCT/ SG2008/ 000345 3 | east one first bit block using the
first coding schene and encodi ng the second bit bl ock using the
second codi W@ 20¢¥85Md8 Short description of the figures PCTRSLIEO0HES
enbodi ments of the invention are expl ained below with reference to
the drawi ngs. Figure 1 shows a flow di agram according to an

enbodi ment. Figure 2 shows an encoding circuit according to an

enbodi ment -Fi"_dhtﬁlér @ 3h&shews £1dw alisfirhen 0aceerdiagng 0 Arkeedidiesht .
15 Figure 4 shows an OFDM frame according to an enbodi ment. Figure 5
shows a input data bl ock according to an enbodi nent. 20 Figure 6

shows an 0?&%1@9%%9@%@@% H1ag Kt @1/NneHBRLI ROt ALGHr @cAiSROVS
a shortened out put code bl ock according to an enbodi nent. Figure
shows a shordhemed aoat petecoeld. bl ock according to an enbodi nent.
Detaileg description WD 2009/ 035418PCT/ SG2008/ 000345 4 Figure 1
shows a“fl ow di agram 100 according to an enbodinment. |In 101, a first
codi ng bl oclq hiok, nunbebiansequdridesti sc@dbrgisdiHedeinre =ellectsedone

first bit block and a second bit block, wherein each of the
at least one first bit block includes the first coding block
bit number of bits and the second bit block includes less

10 bits than the first coding block bit number.

In 103, a second coding scheme 1s selected for the second bit

block different from the first cbding scheme.

15 In 104, the at least one first bit block is encoded using the
first coding scheme and the second bit block is encoded using

the second coding scheme.

In another embodiment, a computer program product according

20 to the method described above is provided.

In another embodiment, an encoding circuit for encoding a bit

sequence 1s provided. This is illustrated in figure 2.

25 Figure 2 shows an encoding circuit 200 according to an

embodiment.

The encoding circuit 200 includes a first selecting circuit
201 configured to select a first coding block bit number and

30 a first coding scheme.

The encoding circuit 200 further includes a sub-dividing

circuit 202 configured to sub-divide the bit sequence into at



5 1In 102, the bit sequence is sub-divided into at |east one first

bit block and a second bit bl ock, wherein each of the at | east one
first bit b|89189‘?9f?é?%es the first coding block bit nunbePrCTéerZqung‘ms

and the second bit block includes |less 10 bits than the first coding
bl ock bit nunber. In 103, a second codifg schene is selected for the
second bit block different fromthe first coding schenme. 15 In 104,
the at | easticase bhesfibst bi@d&ldckeammodedeushﬁgbihebibcsx ok enign

schene and the, second bit bl ock is encode he sec odi
Sohome. &MY LlBgROIee L e are TSR B o ldek DEn s feteg SR it

accor di ng 2QcH9nkhe1 sEk hodh desmid best aheweans ’@ﬁQVsé’@QndHﬂl’@ﬂﬂtcft&{r

enbodi ment, an_encoding circuit for encoding a bit sequence is

provi ded. TAR§lpdes|less il Thrt ithe £1zst260ti purkl oCk ol mber .
encodi ngzcircuit 200 according to an enbodi nent. The encodi ng
circuit 300 includes a first selecting circuit 201 configured to
select a fiAssecoddn@&bé@tkniﬂ¢rmmﬂheQOéndf3ﬂha émmsdim@dwi@pmmméﬂﬁ is
WO 2009/ 035418PCT/ S 008/00 3%? 5 | east oné rst, bit g h% d
second bit BPBERIUHHEN &P n°eheH ot S95205: CPEANP BERERE ¢ KYT bTHS BoSOK

includes thpitipsbckodi Agebdrockidynt thenBersef cbillsg apchdhe. second bit
bl ock includes less bits than the first coding block bit nunber. 5 A
second selecting circuit 203 of the encoding circuit 200 is

configu®ed ¢ReSehE&didy S@Pﬂf@l’@%W&u&%h@gelﬁQIu&@@ 565056k di fndl ock

different fromthe first coding schene. The encoding circuit 200
flurther i ncPEﬁ@Sl%t %ﬁ%c@:srsflr@mﬁdr ¢ tenzeziecémel Yurkep 3o @h%o%ﬂer%th@lat

I t f t
oo one T ATaky Ly ol B, Sl Shocil SO a0 4, ot

t he second I ng schene. 15 The enco I ng
circuit 200bnayblanruﬁlnquﬂhﬁkﬁa;qn@ngpylng splhee i nf ormation (e.g.
program code, paraneter values, bit conbination rules) about the
codi ng schenmes that may be selected is stored. 20 A nenory used in

t he enbiddi nEné¢ semeydibey acvothuitt 1260 Omeanyr Fprfber ekariphde aa DRAM (sDyimanm c

Random Access. nDr or, .a.no volatlle ne for ex |l e PROM}.
(Progrannab‘i"h ma On C ﬁrﬁﬁﬁﬁﬂrgﬁg%sa% raﬁéﬁ%&,V{%ﬁﬁ&gw it
(EleCtrlcaltqmblnatlon rules) about the coding schemes that may be

selected is stored.

20 A memory used in the embodiments may be a volatile memory,
for example a DRAM (Dynamic Random Access Memory) or & non-
volatile memory, for example a PROM {Programmable Read Only
Memory), an EPROM (Erasable PROM), EEPROM (Electrically
Erasable PROM), or a flash memory, e.g., a flecating gate

25 memory, a charge trapping memory, an MRAM (Magnetoresistive
Random Access Memory) or a PCRAM (Phase Change Random Access

Memory) .

The encoding circuit is for example part of a transmitter.

30
In one embodiment, in other words, a bit sequence to be
encoded, for example for forward error correction (FEC), e.g.

for a transmission of the bit sequence,.is encoded by sub-



Erasable PROV), or a flash nenory, e.g., a floating gate 25 nenory, a
charge trappi ng nenory, an NMRAM ( Magnet oresi stive Random Access
Menory) or wWOoRORASS{1Phase Change Random Access Menory) . FINEGIMSOMI3HY
circuit is for exanple part of a transmitter. 30 In one enbodi nent,
in other words, a bit sequence to be eneoded, for exanple for forward
error correction (FEC), e.g. for a transm ssion of the bit sequence,

i's encoded Dy ity tMO 8999é&§5&}k9e°@£%8@£a98%039845bﬁo@wif_djxngmteh@r
bit sequence into input data bl ocks for one or nore coding schenes.
For exanpl é0nRehEoBinIsagiamRe | Box fFdmpilgedthat Blh PEERNTS VoS Fnput
data bl ocksy:Qf: @iV [ he, fJ dj S S, it the
i nput dat asdbﬁ (%%ngBltté é?%]:é@%asflhré'xidnf;?%p??egggﬁeﬁgﬁﬁér&g;hlﬁ Sr%ot
associ at ed fwitt lthan finptit cokdimg badedne sucbothiatt thef brput ciatd dtleck

i nput data bl ock. These remnjning bits are, then_grouped tao form
second | nptﬂltditlgreblchlE?ng%s’l bl 'wit%‘ﬁZ B 5AqaF n%.l%lghli%ic"sé aﬁﬁsc?v%lat% §¢
choose a | arigé bhhoekpht tdst& olak tilke thior 3iteddi Agr 1 sefeldre iinguta
high first coding block bit size nunber, w thout conprom sing the
codi ng rat &adde PleckneTheR? TR PeRd| ﬁFﬁgtB?’f‘sgg%‘Eﬂ"ﬂj B 7™ 8o

few for a inpuhqdahaub! @sks fidrodihe Jdskib1600i PE BEhepRad thgwiteh sa
hi gh nunber of padding bits would be neceSsary. |In one enbodi nent,
t he second add@iwisgte5chemese? i rudredbekebéhoserestieh tpatfined ioosdng

data bl gck far the.sgcond codin LS I t t jdpout

dat a bhgck Sfcg]remtehelf:éfs$q?:lc)(§?n%gfsc gﬁe@ghdb?ﬁgg,%%mg%aﬂﬁ%ﬂng ‘bits
ar e necessariyheotparedronl ¢ ey dase dokddngt metéi dee todiimg Sutiermhats the
used for the remaini bits., The cond _cedi ng_sche [ for
exanpl e chdS&R*E4CH E%%? “é?Lflc%reL isf%rnézoﬁi s"f ig?ri Ato %%% Ci?":%l)cpa‘u;%)J'(ﬁ)actka
bl ock for trfie zeeordfrsodicdgisseiieneThe Wwhish bi hibhhockmbesr foff padding

exanpl e encqoded to_generate a first. _code block., The first bit bl ock
mmy ber of St PO DS e et MabA b PEERFBI N E net 1F ST TETg R
scheneiand sidrernki (st teoder Dk omyn RachetBat edhé 0iasut htatoutyuic kddba

bl ock of the first coding schene. Simlarly, the second bit bl ock. na
be ref err ed'o>§5°PReCPFIA %ﬁieé“eollé‘cﬁmﬁ‘éﬁgfhﬁh?écf)ﬁﬁ TR ast@hé’r]rﬁ‘:&

and the segendrgede; bhockod thoWicthenchangeennd, 36chiet bhaging Hiancaded
may be referred to as the output data bl ock of the second codin

scheme. Th@SCRFSETHaCHRARK F e 5@5RgtheherBei §1F3F XEHRA echgme

3' f’Ckbf’f tk)iits_srﬁkﬁét £8FEL RS FeiGl i YIvErt edet QebbRdr BSRERE | heuy Rt
ata ock. I's
20 for example chosen such that all remaining bits fit into one

input data block for the second coding scheme.

The first bit block is for example encoded to generate a
first code block. The first bit block may be referred to as
25 the input data block for the first coding scheme and the
first code block may be referred to as the output data block
of the first coding scheme. Similarly, the second bit block
may be referred to as the input data block for the second
coding scheme and the second code biock to which the second
30 bit block is encoded may be referred to as the output data
block of the second coding scheme. The input data block of a
coding scheme is for example a block of bits that are as a

whole converted to the respective output data block. This



WO 2009/ 035418PCT/ SG2008/ 000345 7 neans that the output data bl ock
for exanple depends on all the bits of the respective input data

bl ock, whi | evoaeqemssddat a bl ocks that correspond to diff errETISG28000345
data bl ocks are independent of each other. In particular, an output
data 5 bl ock only depends on the values of the bits of its
correspondi ng i nput data bl ock. The first coding schene and the

second codi Rgagshen®: NBye b8y fd egnt p1bek exanpkemyid hudrgalsd dn0all
their input data block 10 size and/or their output data bl ock size.

In one enbolihfehits oofetdrapaaidoge iannh dnbe Blpehs Wige output
flexibili tyg&‘cé M SGRL GO tESElRcl 08 SEE%QEeﬁgdgE%JéCA‘%BE%l‘M&E
as perror

respect to desired qualitfy requirenents suc mance
and dat a t heapeghpdépersdgriow iethch ntbre. efbodanentylar, cr cuitigutnaypta

be understo any kind of a |ogic inoplenenpt] entit whi ch may
be hardﬁgreggg%?t%£¥%,é?9% ﬁﬁf%%F Ay “EdnB ntggd%lE%é¥%6ﬁg Thus, in
an 20 enbodisepéspendfid Cifigut maytab@lackard-wired logic circuit or a

programuabl e | ogic circuit such as a programrabl e processor, e.g. a
m croprocessor (e.g. a Conplex Instruction Set Conputer (ClSC

processor 0fh@ REAUCEd R iGN angl tgﬁ@i&ééﬁd(&&g @&%@Sg{%ybé‘

"circuit" may al so be software 25 being inplenented or” executed
processor, @iffersntkifnk cfxaphsuwéthpregeam te. ghedr comput elatsr ddratm
using a qirgyual {@cf}‘df‘echce%e o%%gﬁ a%ﬁa%agblég%?%éé‘y other kind of

i npl enentation o he respectiv unctrons W |l be described in

nore detail below may al so be understood as a 30 "circuit” in

accordance with an alternative e di,ment . .

200/ 035418 & ERGOHPnER: SnGeYR, TRk TR ok, Bieh

of the met holefiyilencodiitg adysirdseqguenaesal ecabah ogbutiey aaliing f or

t he conputer program product and the encqding circuit. 5 In _one
RS e &

enbodi nent , 5¢ CERRRS Ts R FESTESC e TRR L LUY DERBY THANE AiirHe S

of bitgsof giwe secQighdiide RIreCliatBOrhexagphber i Hepseendgt codi ng
schenme is selected such that the input block size of the second

coding schene is |larger than the nunber of bits of the second bit
bl ock. The sgcond &@Hd%hent, a "circuit™ may be understood as any kind

of a logic implementing entity, which may be hardware,
software, firmware, or any combination thereof. Tﬁus, in an
20 embodiment, a "circuit" may be a hard-wired logic circuit or
a programmable logic circuit such as a programmable
processor, e.g. a microprocessor (e.g. a Complex Instruction
Set Computer {CISC) processor or a Reduced Instruction Set
Computer (RISC) processor}. A "circuit" may also be software
25_ being implemented or executed by a processor, e.g. any kind
of computer program, e.g. a computer program using a virtual
machine code such as e.g. Java. Any other kind of
implementation of the respective functions which will be
described in more detail below may also be understood as a

30 "circuit" in accordance with an alternative embodiment.



10 schene is for exanple selected as the coding scheme of a plurality
of second codi ng schenmes that has the m ni muminput block size of the

plurality ofysReNNdsgodi Ng schenmes that is |arger than tieduroéaanoRs
bits of the second bit block. 15 In one enbodi nent, the first coding

bl ock bit nunber is selected in accordagpe with the input block size
of the first coding schene. In one enbodinent, the bit sequence is
encoded for_a 20 transni ssi 0 f.the bit se uen%e nd the first

codi ng scrm§ﬁ9949mﬁﬂt§cgéacﬁé %@ Yh é@qnﬁﬁ taploﬁgﬁ Briie r{ﬂr rate
of the transfdssirRNa bk 6%30PhE: Hasetha0bddie 1FBYaIum abt oyed bit
error rate, a plurality of coding schenmes which are suitable for the
maxi mum al | evERtsn papespTr BFedagle and ddre®nedlingeCc25CEif st coding
schenme is selected as the coding scheme of the plurality of coding

schenmes havi ng the highest coding rate and/or the highest coding
gain. |% onke enteodinpedtiimenhe the stegnd npdicieseheseaipr selirttabdesed

30 for exanple.a turbo_preduct code., For examl.e, .the fiLst ¢
schene is argpq 0 ﬁﬁchcgﬁés b e@eoﬁet%@tlgngéac 'n#"r?%ge%gd g%.’
WO 2009/ 0354183 ReHohE2@0884 00084 | 15 a3td eyt iseht rhabetiseciamnmkt
codi ng schenme i s a product code, for exanple a turb roduct caode.
For exanpl €1a%e s¢@€oRd EBBI PP TRAITY é‘:&lﬁ“ﬁolﬁr gagaf*r copr d

on two Extengded HapmbngsCadeshe | feehiamadicentse t88ohd r&dding
codi ng schene and/or the second coding scheme are based on ot her
codes flRat sahemsodsi by drpfptentelsginckach thehepdirggscheprrdt @ code

and a remidig,aqdey Le0sBBOLAYLLRLSS s Bidhed RraReHEDOML M it arpur

met hod further I'ncfudes transmtting 10 the encoded first bit bl ock
and t he enddaetk seéecendfbthebpbekal For wxaepioed rhdinacadeends rigtathiis
bl ock and the enc on i k. ar ransm d ing to
OFDM I n oﬁgggﬁ%bggggniﬁgtﬂ%mﬁ%%H%%q%5f$ﬁ§}%P%bﬁggéégn%g%ﬁ%ggé e 15
data of the encoded first bit block and the data of the encoded

second;hit block to dul ati on symbol.s. The ho or ex e
furthe}gin RIS ﬁﬁﬁ%ﬁﬁﬁeP e ?e§%%5%|%§4%%€g§§8°gi%%§ Bwﬁ§%%3€k and
t he data ofsdiketedcadedcsecomtcdivitd atle timpOEDhlleyhkbol se ¢f e first
enbodi ment, the data amount of the 20 encoded first bit block is

di fferent 9% hécgﬁﬁﬁnt of data that is mapped to one OFDM synbol .
The data anpbunt of the encoded first bit block for exanple refers to

t he nunmber of bits of the encodeﬂﬁ{irst bit bl ock. Tpia geans t hat
the size ofi™t REScGBROBLBERS: i HeT R NG YHE ST dFeFFPPEE BPE Bl ock i s

25 in bhis wabediFeabnnet thEched dpidiRssiarl ehet e rOFDbb YD chenden
one enbodi nent, the data of the encoded first bit block are naQPed to
at | east twe GF@@F§9ﬁb8P§?d on a maximum allowed bit errcor rate of the
transmission. For example, based on the maxzimum allowed bit
error rate, a plurality of coding schemes which are suitable
for the maximum allowed bit error rate are selected and the
25 first coding scheme is selected as the coding scheme of the
plurality of coding schemes having the highest coding rate

and/or the highest coding gain.

In one embodiment, the first coding scheme is a product code,
30 for example a turbo product code. For example, the first
coding scheme is a turbo product code based on two Extended

Hamming Codes.



30 In one enbodi ment, the data anount of the encoded second bit bl ock
is different fromthe anount of data that is mapped to one OFDM
synbol . WO ®0Q0¢9@3544 8PCT/ SG2008/ 000345 10 The net hod meCTeG20800345
i nclude bit padding the second bit block to be suitable as input for
t he second coding schene. 5 In one enboditnent, the nethod further
includes omtting at | east sone of the zero bits fromthe encoded

second bit hhhoeket Babodimse: f rome encetidngcthagpadding bs ts. phoHuct
exanple, the nmethod further includes omtting al!l zero bits fromthe
encoded sec&R@ehi £O5| BER R hat2 SRS MEORUEHcEarfRg FRe patRIRy 16

bits. Fi gurgedofRoMSyank T aedhd ter éQQr@%‘E}&EQBHQtWo&@ 1004 JR o | N
this exanple, the transmtter 300 uses OF (Orthogonal 15 Frequency

Di vi si on MiExitphéséngymhbrg seorf g Idatodhproentedibynes dathe sburse

301. The. dat [ QV] by sQur | d,nto

bl ocks 309 SRehSar eirag el for Btk RAICRR, 230 b3 JLAURE L e fll B,
circuit 303ceheeodescéhetioat aatd Qi 1802 adcaedeny foomtsacodecHdmocle. g.

format. This neans that the encoding circuit 303 uses an |nput data
bl ock i ncl u@i RBFATEeT?dF Pl TG £y oF 8Py BATHBY a%ocieﬁg fiffber
of (useful) data bits per code block in the follow ng) from one or
more data bl ocks 302 25 and generates fromthis input data block an
out put codelbl Rk ¢HRPLHNRE a & MEtAoAUABEENBE BREsudeefieraednitd Ay

the nurper @Becgﬂééd%&tﬁlpﬂ kfaoadﬁ‘ol%'&c‘égh“thgeeﬁ%&%‘l{\gﬁéomi R ORI

code blocks are in this exanple referred to as TPC S, since in’
tthi s exanpl Eprt heanphit not vt emesiag dd ratebassohhedkt andOtipe angdsed

ﬁ;gg}‘gz i gﬁdgéﬁ%n%lbir’f %PA&?ka§»33%”tan§%§@§%%é¥%gﬁ%i {r'd%a
ynbol, “'e. g.~ a nodul ation synbol "according to 4 (QAM
Quadrat ur Anplitude Mdul ation) or PSK (Phase Shift Keying), for each
SUb-Carrierlgsggea£§ggégﬂgkéf)éﬁ%?n%ﬁgghsgnggﬁéreigéludes mapping the
15 data of the encoded first bit block and the data of the
encoded second-bit block to medulation symbols. The method
for example further includes mapping the data of the encoded
first bit block and the data of the encoded second bit bliock
to OFDM symbols. In one embodiment, the data amount of the
20 encoded first bit block is different from the amcount of data
that is mapped to one OFDM symbol. The data amount of the
encoded first bit block for example refers to the number of
bits of the encoded first bit block. This means that the size
of the code blocks including the encoded first bit block is
25 in this embodiment not matched to the size of the OFDM

symbols.

In one embodiment, the data of the encoded first bit block
are mapped to at least two OFDM symbols.

30
In one embodiment, the data amount of the encoded second bit
block is different from the amount of data that is mapped to
one OFDM symbol.



5 64 or 128 sub-carriers. The sequence of OFDM synbols 306 is grouped
into OFDM frames, which formthe basic transm ssion format. The OFDM
synbol s 306var mod/tssmsfed to an | FFT circuit 307 10 whi cheqisd2008/980335
inverse fast Fourier transformation and provides its output to
sending circuitry 308 which for exanple ithcl udes digital to anal og
conversion circuits, mxers, and one or nore transmt antennas and
transmts the output of the IFFT circuit 307 as a radio signal. 15

Pl ease note that other circuits may be included. in the transmtter

300. For exBhpleethatbmayndprbbeanineteds i mpddinsuithepaeded Rife
der 303 .
encoder 303, 4y tt;be %@%taﬁgbggeggrpg%t S%icté}?et s%%mr FB42Ag scheme.

|nterleaV|ng 0 ts o ks 304. In this
enbodi nent, an CFDM(synboI) frame refers to a data structure
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figure 4. FlLgas®e o tﬁa %BM 11 agres AQ0 wcyrmdmgdt@eaand bit block
enbodi ment. As nentioned above, the OFDM frane 400 incl udes

plurality 3BhaE AFON dFPBoPECABINT THE M IRARItS - 4é‘frc8¥?%§3p%rnd*’teo

a plurali tym@éth%Lpﬂt%&slﬂgiu&éQ%M%%w HHOneLakedn the. the
data of the TPC bl ocks 402 is mapped to the OFDM synbol s 401, e.qg.

usi ng const @bteddchrsarmpi hgtabl-:@lmlwgait carigg from encodlng the padding
2009/ 0 %418kF>C;I¥ SG2008/ 000345 12 the nodul ati on schenme used. This
means t or exanple, the first of the OFDM synbols 401 is
generated fromthe first bits of the first of the TPC bl ocks 402,

i.e. nmodul atjon sy :;th each s ‘lc)f:%ﬁ are,.sel ect ed 311\
to these 5 btI%°t é%%’éoﬁdt’é?n%rﬂjet ﬁsdiélf IS gen%rplg(? E{‘}.'gcom
the followng bits of the first of the TPC bI ocks 402 and so on.
In this example, the transmitter 300 uses OFDM (Orthogonal
15 Frequency Division Multiplexing) for sending data provided by

a data source 301.

The data provided by the data source 301 is grouped into data
blocks 302 which are fed to an encoding circuit 303. The

20 encoding circuit 303 encodes the data blocks 302 according to
its code block format. This means that the encoding circuit
303 uses an input data block including a certain number of
bits (referred to as the number of (useful) data bits per
code block in the following) from one or more data blocks 302

25 and generates from this input data block an output code block
including a certain number of bits (referred to as the number
of coded bits per code block in the following). The output
code blocks are in this example referred to as TPC blocks,
since in this example, the coding schemes used are assumed to

30 be turbo product codes.

The TPC blocks 304 are fed to a modulation circuit 305 which
generates a sequence of OFDM symbols 306 from the bits of the



I n one enbodi nent, the size of the TPC bl ocks 402 is not 10 mat ched
to the size of the OFDM synbols 401. In particular, it may happen

t hat paddi ngWBi2808/03¥1 are needed to have enough bits for PEREGRYELISHS
the OFDM synbol s 401. Typically, a turbo product code corresponds to
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may be seen as one code corresponding to the rows and the ot her code
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sel ecti on ofjrbheed oimpon IR fforantese WRECck oflermayhéd drasariplamshg sbased
on paraneters such as for exanple the desired BER perfornmance, the
desi red codfRf™*ate or the ease of 30 inplenentation. WO

2009/ 035418PCT/ SG2008/ 000345 13 Table 2 shows exanpl es for possible
conbi nations of two codes of_ different size which are for exanpl e al

of the saneTh§peEDY Bimhal soddfplaeEtbenderd Hafmihgl od &1 m8udek 3Py pes
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(1 provides its output to sending circuitry 308 which for
example includes digital to analog conversion circuits,
miéers, and one or more transmit antennas and transmits the
output of the IFFT circuit 307 as a radio signal.

15
Please note that other circuits may be included in the
transmitter 300. For example, there may be an interleaving
circuit between the encoder 303 and the modulation circuit
305 that performs an interleaving of the bits of the TPC
20 blocks 304.

In this embodiment, an OFDM (symbol) frame refers to a data
structure including exactly Q OFDM symbols of equal length
and size. The relation of the OFDM frames and the TPC blocks

25 is illustrated in figure 4.
Figure 4 shows an OFDM frame 400 according to an embodiment.

As mentioned above, the OFDM frame 400 includes a plurality
30 of OFDM symbols 401. The OFDM symbols 401 correspond to a

plurality of TPC blocks 402 from which they are generated,

i.e. the data of the TPC blocks 402 is mapped to the OFDM

symbols 401, e.g. using constellation mapping according to



TPC(128, 120) (128, 120) 14400 16384 0.89 TPC(128,120) (64,57) 6840 8192
0.83 TPC(64,57) (64,57) 3249 4096 0.79 TPC(64,57)(32,26) 1482 2048
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the modulaticon scheme used. This means that for example, the
first of the OFDM symbols 401 is generated from the first
bits of the first of the TPC blocks 402, i.e. modulation
symbols for each sub-carrier are selected according to these
bits, the second of the OFDM symbols 401 is generated from
the following bits of the first of the TPC blocks 402 and so

on.

In one embodiment, the size of the TPC blocks 402 is not
matched to the size of the OFDM symbols 401. In particular,
it may happen that padding bits 403 are needéd to have enough
bits for the last of the OFDM symbols 401.

Typically, a turbo product code corresponds to codes (when
the input data block is written in matrix form, this may be
seen as one code corresponding to the rows and the other code
corresponding to the columns). These two codes, which are
also referred to as the components of the turbo product code
may be of the same type as well as the same - size. In the
following, the size of a code is used to refer to the code

input data block size and/or the output code block size.

Possible types of components of a turbo product code are for
example Parity Code,‘Hamming Code, Extended Hamming Code, BCH
(Bose—Chaudhuri-Hocquenghem) Code. Any two of these examples
may for example be used for a TPC (block) code. The selection
of the components for the TPC code may for example be based
on parameters such as for example the desired BER
performance, the desired coding rate or the ease of

implementation.



TPC(32,26)(16,11) 286 512 0.55 TPC(16, 11) (16,11) 121 256 0. 47
TPC(16,11) (8,4) 44 128 0.34 TPC(8,4)(8,4) 16 64 0.25 5Table 2:
ExanPl es forwbet@rndads Hanm ng Code based TPC bl ock si zes POTESGR003600345
a turbo product code is thereby given as TPC(nx, kx) (ny, ky) where
(nx, kx) gives the size of the first 13
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Table 2 shows examples for possible combinations of two codes
of different size which are for example all of the same type,

in this example Extended Hamming Code.

Block Types Data bits Coded bits Coding Rate
TPC(nx,kx)(ny,ky) per Block per Block
TPC(128,120) (128,120) | 14400 16384 0.89
TPC{128,120) (64,57) 6840 8192 0.83
TPC{64,57) (64,57) 3249 4096 0.79
TPC(64,57) (32,26) 1482 2048 0.72
TPC(32,26) (32,26) 676 1024 0.66
TPC(32,26)(16,11) 286 512 0.55
TPC{1l6,11) (16,11) 121 256 0.47
TPC{16,11}) (8,4) 44 128 0.34
TPC(8,4) (8,4) 16 64 0.25

Table 2: Examples for Extended Hamming Code based TPC block

sizes

The size of a turbo product code is thereby given as
TPC(nx,kx)(ny,ky) where (nyg,ky) gives the size of the first
component and (ny,ky) gives the size of the éecond component
such that ny times ny is the number of bits of the respective
output code block and ky times ky is the number of bits of

the respective input data block of the turbo product code.

Table 2 lists a range of Extended Hamming Code based TPC
block sizes without shortening. In one embodiment, a TPC with
a biggér size than {128, 120} (128, 120) may be used. It can
be seen from table 2 that the code rates of the turbo product

codes 1ncrease with the size.




10 conponent and (ny, ky) gives the size of the second conponent such
that nx tinmes ny is the nunber of bits of the respective output code
bl ock and kg io0®esdy i s the nunber of bits of the r.espeaati/Sc2oosnpess
data bl ock of the turbo product code. 15 Table 2 lists a range of

Ext ended Hamm ng Code based TPC bl ock siijzes without shortening. In
one enbodi nent, a TPC with a bigger size than (128, 120) (128, 120)
may be usedw,dl.£3n be,SsRE &5195%&@{;1& Zrihabct Hechodger 8l A5 &f dibR,
turbo product ‘codes increase wth the size. WO
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partially. 5 In one enbodi nent, the basic approach is to maxim ze the
bl ock size of the TPC bl ocks for a OFDM frane, whi ch al | ows, naxi.num
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where P doemxigturegode Crt¢iandhecdinstgapnt FRCopEoeRBCA+BERhosen

such that the e.l5 S| I bl.ack referred to as
bl ocks of t e%ﬁj:ll% rlg/; %Fggﬁ y%eé%%ﬁ%m?sggul\%%r Zﬁg?&‘f’he&l ast TPC
bl ock may be of a different size. This block is referred to as bl ock

of the.alternativ ock typ this OFDMfra 20 LiL.,The primary
bl ock t@pe s s&egc?bar%a}é‘%dgoﬁg? rpgloc%(ssl 8d 2B £ 8k g%arr“eat & (%ER). iV,
The size of the calrtrespahiiivey bt ®ckn toFm iframel et edotvn be Rbgumes |Br as
or equal to the size of the primary block type. Typically, the error
correcting perf&RERcE 893 U TEhi%her when the bl ock size is
smal ler. Thus, the overall error correcting performance in a frame is

not constrained by the alternative bl ock type. 30 W)
2009/ 03541 8PCT/ §@20§8;CB'90§21]5 TPC blocks are chosen such that they have

15 the same size. These blocks are referred to as blocks of
the primary block type of this OFDM frame. The last TPC
block may be of a different size. This block is referred

‘to as block of the alternative block type of this OFDM

frame.
20
iii. The primary block type is selected based on the desired
bit error rate (BER).
iv. The size of the alternative block type is selected to be
25 - smaller as or equal to the size of the primary block
type. Typically, the erroxr correcting performance of a
code 1is higher when the block size is smaller. Thus, the
overall error correcting performance in a frame is not
constrained by the alternative block type.
30 '

v. Shortening may or may not be applied to the alternative

block, i.e. the block of the alternative block type.



15 In other words, based on the desired bit error rate, a TPC code
with a certain size is chosen. This TPC code is used to encode data

of the datavbbogks;sa®2 as i nput data bl ocks. The result ag/sB20b8/000345
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cal cul at ed @ss HArerdatlibvie( blpckOtype, is generated to be smaller than

the input data blocks from which the first P-1 TPC blocks are
20 generated. This means that the data from the input data
blocks 302, from which the P TPC output code blocks are
generated are grouped into P-1 input data blocks of a first
size and a Pth input data block of a second size smaller than
the first size. For the first P-1 input data blocks a first
25 coding scheme, e.g. a code of a first size, is used and for
the Pth input data block a second coding scheme, e.g. a code

of a second size smaller than the first size is used.

In the following, it is assumed that one input data block 302
30 includes exactly the amount of (useful) data that is
transmitted using one OFDM data frame. It is further assumed

that the data block 302 is of size L bit.



where Pr] denotes the floor function and Upb = kx -ky is the nunber
of uncoded bits of the code of size TPC(nx, kx)(ny, ky) that is used to

gener at e t heyapsopdrdssyigbl ocks. This neans that Upb is the pdiRdrodab@as
bl ock size of the turbo product code 15 used to generate the prinmary
bl ocks (referred to as the type of the prd mary code). The renai ning
bits Bab of the data block, i.e. the bits that are not part of input

data bl OCKSEHS%"[ ShRgLaLe éh%fjf%{eparﬁaimék tﬁgg)%kisaéélé.‘é@é]d,aseh.idlp‘“
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alternative bl ock based on Bab. Note that iv still appljes. ndi tion
TPC AItérnd?FVEﬂéﬁﬂﬁlﬁypéegard to the BER reguirement. The n er Ppb

of primary blocks, i.e. TPC blocks of primary block type, can

be calculated as:

' I
Pop = |— (1)
P [”pr

10
where |*| denotes the floor function and'Upb = ky - ky is the
number of uncoded bits of the code of size TPC(ng, ky) (ny, ky)
that is used to generate the primary blocks. This means that

Upp 1is the input data block size of the turbo product code

15 used to generate the primary blocks (referred to as the type

of the primary code}.

The remaining bits Bz of the data block, i.e. the bits that

are not part of input data blocks used to generate the
20 primary blocks are used as input for a code (referred to as

the alternative code) to generate the alternative block. Bgh

may be calculated as

25
~In one embodiment, the alternative block type is selected

according to the following rule:



3249 Bab > 1482 TPC(64,57) (64,57) 1482 Bab > 676 TPC(64, 57),
(32,26) TPC(32,26) (64,57) or 676?_ Bab > 286 TPC(32, 26) (32, 26)

286, >. . .
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vi. From table 3, select the code type with the biggest size

for the alternative block based on Bzh. Note that iv

still applies.

Condition TPC Alternative Code Type

3249 2 Bap > 1482 TPC(64,57) (64,57)

1482 2 Bzp > 676 TPC(64,57), (32,26) or

' TPC(32,26) (64,57)

676 = Bgyp > 286 TPC(32,26) (32,286)

286 2 Bap > 121 TPC(32,26) (16,11) or
TPC(16,11) (32,26)

121 2 Bgp > 44 TPC(16,11) (16,11)

44 > Byp > 16 TPC(16,11) (8,4) or
TPC(8,4) (16,11)

16 > Bap TPC(8,4) (8,4)

Table 3: Examples for conditions to select the TPC

alternative code

Table 3 is derived from an analysis of possible alternative
codes. The conditions listed in table 3 serve only for
illustration. Other combinations are possible, which for
example arise from specific external conditions. For example,
if the data block length is a multiple of 8 and the primary
block size is TPC(32,36) {32,26) no odd boundaries in the
conditions listed in the left column of table 3 are used.
Table 3 only shows conditions up to a maximum size of
TPC(64,57) (64,57). The selection scheme according to table 3

may also be extended to higher TPC sizes.

For the coding schemes that may be selected for the
alternative code (and analogously for the coding schemes that

may be selected for the primary code) information for the



or 121..7..

Bab > 44 TPC(16,11) (16,11) 44 .. Bab > 16 TPC(16, 11)

(8,4)or TPC(8,4) (16,11) 167. Bab TPC(8,4) (8,4) S5Tabl e 3:
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usage of these coding schemes may be stored in a memory of

the transmitter 300. For example, program cocde for the

execution of the various coding schemes may be stored.

Further, parameter values for the various coding schemes
(e.g. input block size etc.) may be stored for the various
coding schemes. As an example, a specification may be stored
for each coding scheme how the bits of the input data block
have to be combined to generate the corresponding output data

block according to this ceding scheme.

As an example, let L = 2896 bits. It is assumed that the
channel conditions dictate that the TPC with the highest
coding rate that may be used is given by TPC(32,26) (32,26).
This means that the primary code is given by

TPC(32,26) (32,26), wherein it is still assumed in this
example that this refers to a TPC of the given size based on

a combination of two Extended Hamming Codes.

From equation (1) it follows that

Ppb = 4,

Egquation (2) gives

Bap = 2896 - 4 * 676 = 192.

Based on table 3, the alternative block size is therefore

chosen as TPC(16,11) (32,26) in this example.

In one embodiment, in order to achieve maximum code rate for
a code, shortening (or puncturing) is employed to remove any
padded bits that are redundant and therefore reduce the code

rate.



Table 3 is derived froman anal ysis of possible alternative codes.
The conditions listed in table 3 serve only for 10 illustration.
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conbined to generate the correspondi ng output data bl ock according to
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assuned ,t hat the channel conditions dictate that the TPC with the

hi ghest coding rate that may be used is given by TPC(32, 26) (32, 26) .
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15 In case that the primary blocks are generated as described
above no shortening is reguired for the primary pblocks. For
the alternative block, the amount of shortening that may be

desirable depends on Bzp-.

20 Since Bazp is the number of data bits used to generate the

alternative block, the number of padding bits reguired for
the alternative block (to have the full number of bits

required for the input data block for the alternative code)

is
25
Bpad = Uab ~ Bab (3)
where Uz is the number of uncoded bits for the alternative
block, i.e. the input data block size for the alternative
30 code.

For the example above, where Bzp = 182,



Equation (2) gives 25 Bab = 2896 - 4 * 676 = 192. Based on table 3,
the alternative block size is therefore chosen as TPC(16, 11) (32, 26)

in this exagplBes314 N One enbodi ment, in order to achi e¢gsEBinkodis
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shortengng 4y (@?gs@r(@ssﬂﬁpr&i)@@-paﬁagnqegﬁgbgg SRLHRASn "By AlesS G be
used-for colunn shortening. 15 In case’that the primary bl ocks are
generated as descri bed above no shortening is required for the

primary bl agcks. Fer _the alternati b : eni ng
t hat may b§%§3§Fr§bFé°H%§%ﬁH¥“%hC%%ﬁ_Lgéégiégg %gg8?§1€ié§%84 er. of
data bits useddieegenerate the alternative bl ock, the nunber of

paddi ng bits required for the alternative block (to have the ful
nunber of bits required for the input data block for the alternative

code) 1§ 2%Bpad BeDaben BaD(Dwihemdeald BS thelouabercedsimcaded
bits for the alternative bl ock, i.e. the input data block size
for the al Paffanovkisy ¢3dL 26 = 78 padding bits). Together with the 16

zeros in the row numbered 7, these form the 94 padding bits.

Figure 6 shows an output code -block 600 according to an

15 embodiment.

The output code block is the TPC block that is generated from
the input data block 300 shown in figure 5 according to
TPC(32,26) (16,11). The last three rows {(rows numbered 13, 14,
20 15) can be shortened (e.g. left out before passing the TPC
block to the modulation ciréuit 305) in this example since

all bits are zeroes.

For row number 12, where not all bits are zero, there are for

25 example two options:

Option 1: Ignore the zero bits in the row and transmit the
entire row (i.e. map the entire row to OFDM symbols). This is
illustrated in figure 7.

30

Figure 7 shows a shortened output code block 700 according to

an embodiment.



For the exanple above, where Bab = 192, WD

2009/ 035418PCT/ SG2008/ 000345 20 Bpad = 286 -192 = 94. The i nput
dat a bl ock b&baemosstodi ng to be coded according to 5 TPECIBG2@)R/000345
(16,11) with padding bits is shown in figure 5. Figure 5 shows a

i nput data bl ock 500 according to an enbadi nent. 10 As can be seen
the rows nunbered 8, 9, 10 all consist- of padding bits (3 * 26 = 78

paddi ng bit g tHQg§ﬁ$E¥eﬂEd|bdﬂ$%t1@o€%rgiobﬂ tbe, rone mudernedel rows
these formthe 94 padding bits. Figure 6 6 shows an out put code

bl ock 600 aédeetdfing t¥dh 283 @b bavee REENTREMBUEPURU ddie Blagdidyes zere

TPC bl ock t ggfﬁg f lpgk 3
figure 5 acgoﬁélng to g%?%hp%g?l%%G ?1?B&Tﬁ§%?agt9§hregprgagm?ﬁg%srow
nunber ed 13inddudPg IH)twdn Usefslodheénedite. paveehdt cugerbefemoyed.

passing t he TPC bl ock to the nodulation circuit 305) in this exanple
since all bits are zeroes. For row nunber 12, where not all bits

are zero, tppteodre: fimAe enamkeot mtgpt(aemsln@oﬂm paddignor eecifbee
zero bits in the row and transmt the entire row (i.e. map the entire
row to OFDM E§hBBIEIionmhiThiss 1) fddpsaragernipi gleerey 830 wWo
2009/ 035418PCT/ SG2008/ 000345 21 In the shortened out put code bl ock
700, the last three rows including only zeroes have been renoved but
the residueFzevre B tshaws & wyofrtemegaddinygti acdewhembdi001 2cdorginghgo
last rquy ingluding actyal useful data bits have not been renoved. 5
(o
In the shortened output code block 800, the last three rows
including only zeroes have been removed and the residue zero
bits arising from padding in row number 12, i.e. the last row

15 including actual useful data bits, have alsoc been removed.

The choice between option 1 and option 2 is based on a trade-

off between implementation complexity and coding rate. If the

data block size L is big, the zero bits in the last TPC rows
20 with wvalid data (in other words useful data; row 12 in the

above example) does not affect the coding rate significantly.

The number of bits in the TPC block after shortening may be
calculated by first determining the number of padded rows

25 according to

where |*] is the floor function, Bpaq 1s given by equation
30 (3) and ky is the number of uncoded data bits per row of the

TPC block.



Option 2: Renove the zero bits (arising from paddi ng) before

transm ssion. This is illustrated in figure 8. Figure 8 shows a
short ened owiopdéseede bl ock 800 according to 10 an enbodicnBcoeoslmsihe
shortened out put code bl ock 800, the last three rows including only
zeroes have been renoved and the residueszero bits arising from
padding in row nunber 12, i.e. the last row 15 including actual

useful data, i h a en .. ved e L ce. hetjyeen option 1
and option%‘rié 8a§§§9%né§£wggﬁggf$n§etm%gégiﬁ% g%@ﬁ%atﬁ%ﬁ conpl exity
and coding rate. If the data block size L is big, the zero bits in
the last TPC rows 20 with valid data (in other words useful data; row
12 in the ab®ypadexadpl e) does not affect the coding rate
significantly. The nunber of bits in the TPC bl ock after shortening
may be cal cul ated by first determ ning the nunber of padded rows 25
accordi 89 e cNpaflnepadE k¥ddd piher ges the bheek Adfinet iHbriBpadg may
gi ven by equation 30(3) and kx is the nunber of uncoded data bits per
row of theb®Pcabryérted W 20UH/1335418PCT/ SG2008/ 000345 22 For the
above exanmple with L = 2896 and Bpad = 94 Npad = 3. 5 The nunber of
coded bits per TPC bl ock after shortening may be cal cul ated for

option 1 as Cab pad = Cah - N¥pad- hil x (3)
10 and for option 2 as
Cab  pad = Cab —~ Npad " Px — Bpad mod ky ‘(6)

where Cgp = Ny ‘ Ny for a size TPC{ny, ky) (ny, ky) is the

15 number of coded bits in the alternative block.

The coding rate for the TPC blocks can be calculated as

Fob " Cpb + Cab _ pad

Rateppc =

20

where ij is the floor function and .Cpp = nx :ny is the

number of coded bits in a primary block of size
TPC(ng, ky) (ny, ky} . Cap = kx - Ky is the number of uncoded
bits for a primarf block {(i.e. the number of bits of the
25 input data block for a primary block). Bpad is given by
equation 3, Cap pad is given by equations 5 or &,

respectively.

To calculate the true coding rate of the system, the mapping

30 of coded bits to OFDM symbols is considered. From figure 2,



10 and for option 2 as Cab _ pad ' Cab Npad nx - Bpad nod kx where
Cab = nx -ny for a size TPC(nx, ky) (ny,ky) is the 15 nunber of coded
bits in the wbtewnalstsve bl ock. The coding rate for the TRETBicomksosan
be cal culated as Ppb Upb + Bab Raterpc - Ppb Cpb Cab _ pad 20
where L*j is the floor function and . Cpb23z nx '"fly is the nunber of
coded bits in a primary block of size TPC(nx, ky)(ny, ky). Cab = kx .ky

is the nunb UNG o, i f L o) I n er
bits of t hegléCSQifﬂrllp%tg %ﬁ%labebkfa}cktq#eoﬁoga%p?ﬁn%}?% btf%c%c.i@%p%%% sﬂg}%\ieﬁ%

by equati onb3tsCab Pzl TR dilarkshyl 0@quapponsbby axf Gsr refvpedriival,y does

WO 2009/ 035418PCT/ SG2008/ 0 23.it can_be.se t hat .t he ;t.qt al
Poroor of oBaBaThE s A Y siheol, RfeSatEy Bt Biliduos ror
after short enengastoEEpMaiyrfid] iatie0 udadOFDM synbol . Accordi ngly

paddi ng bits 403 for the | ast OFDM synbol are used. 5 Let the total
nunber of coded bits transmitted usi ng an OFDM synbol frane be

denoted as feiofRd tothl Suunbed VN BYeB 91 84 Petsn sm PR i CaR( BFDM

symbol frame be denoted as Cigta)l- This is given by

Ctotal = Ppb " Cpb + Cab _ pad- (8)
10

To determine the number of OFDM symbols in an OFDM frame let
Nepps be the number of coded bits per OFDM symbol, i.e. the

number of coded bits that are transmitted using one OFDM
symbol. This value is for example determined by the

15 modulation scheme (QAM64, PSK,..) and the number of sub-
carriers that are used. The number of OFDM symbols per OFDM

frame is then given by

Nofdm sym = [Etﬂéi] | (9)
- Nebps
_ 20
i where r*] is the ceiling function.
The coding rate, taking into account a possible padding for
the last OFDM symbél, is thus given by
25

Pob - Upb + Bap

. (10)
Nofdm__sym ‘Ncbps

Rateprame =

It can be seen that the coding rate depends on the
alternative block and the number of padding bits for the last
30 OFDM symbol.



10 To determ ne the nunber of OFDM synbols in an OFDM frane | et Ncbps
be the nunber of coded bits per OFDM synbol, i.e. the nunber of coded

bits that ayg LiAAsstted using one OFDM symbol . This v }
exanpl e detern%hnﬁ% ﬁ%/ the 15 nodul ati on schenme ( QAMB4, gg#k&f;z&g;ﬂgﬁ%she

nunber of sub-carriers that are used. Thg nunber of OFDM synbols per
OFDM . franme is then given by Nofdmsym [Ciotall "cbps(8) where Hi
Is the ceiling function. The coding rate, taking into account a

possi bl e padding for the | ast OFDM synbol, is thus given by Pa t
eFrane - Nof dimsursys DehpssBpht Hdodh €dseb(bie, inl bneaembysdigesert,t lvat

the coding rate dep ndg c')? gPe al ternagi.ve bl ock ng t he,nunber of
paddi ng bi t3F 5 pE A8t L3 %ﬁwsqmﬁiﬂ%m%are ollowed: '
2009/ 035418PCT/ SG2008/ 000345 24 To ensure -a consi stent high code
rate, in one enbodinment, one or nore of the follow ng guidelines are
fol l owed: - 5 Th&thdatatbl btkckehepdith I sisclibosent dobéel dry@Ee:; The data
bl ock Iength L is chosen such that the nunber

s The data block length L is chosen such that the number

of padding bits for the last OFDM symbol is minimal;
¢ If row shortening is employed the TPC block row size is
chosen such that it is smaller than the TPC column size
10 if the row size and the column size are not equal. If
column shortening is employed (e.g. analogously to the
row shortening described above), the TPC column size is
chosen to be smaller than the row size if they are not
equal.
15
In one embodiment, a method for formulating or designing
Turbo Product codes for an OFDM based system is provided.
Higher coding rates with good coding gains can be achieved
when compared to existing systems. In one embodiment, the
20 encoding is simple to implement and provides hiéher
flexibility in the selection of TPC codes. Further, the
following advantages can be achieved compared to conventional

OFDM based systems using TPC codes:

25 * A higher coding rate is possible without sacrificing BER
performance;

e The component codes used for TPC are not constrained to
the TPC block size. This means that more powerful codes
can be used, e.g. Extended Hamming Codes, instead of

30 simple parity codes;
¢ A larger range of data block lengths in a frame is

possible;



of padding bits for the last OFDM synbol is mnimal; [If row
shortening is enployed the TPC bl ock row size is chosen such that it
is smaller t\?&%ﬂ‘)ﬁ%ctﬁgc colum size 10if the row size ang.tRe,HOhHET
size are not equal. colum shortening is enployed (e.qg.
anal ogously to the row shortening descri bed above), the TPC col um
size is chosen to be smaller than the row size if they are not equal.
15 I n one enbodi nﬁnt, a nmet hod for fornul ati gg OE [gdiesi ni ngS.Turb
Product codes % off ah~ aFiM rb%s%ﬂjsﬁfsatl%si §NpaGi HER! By Y Gﬁtﬁsngrom
rates with good endi Ngc gebdsSs Catere ,a¢hieviafpwhens coiparssh arpM symbol
exi sting systenms. In one enbodi ment, the 20 encoding is sinple to
i mpl enent and pr 6%Ndes detpveringdeurielvt i aheneeleferdifirrsy. s
codes. Further, the.fol}owi ng adyantages, ¢anqgbenachisy, ed to
conventi onal OFDM g%sed%systems \l% ngg’TP& codes: 25 A I"gher cgdi.ng
rate i s possibl ephvshoat by fimxindg eBER per f ormance; The conponent
codes used for TPC are not constrained to the TPC bl ock size. This
means that nor'e r’p’B@\e‘P‘TWO‘%o’osess_ “Be l0s eBPLEMGN &R Sh R Wk G YPes
Codes, instead ofr3Pst pl&-1parddy 16adesq. Anl sh8cembaddtef, dahsy
block lengths in a frame is possible; WO .
2009/ 035418PCT/ SER0aBiad(amsnizy CrideseagreuAgdecohsEP ai s Byputiea i0BDM
synbol sizes fro 1P 338168 1Lthep pf bit - GFPM
synbol can be de?&é %eed%oﬁgﬁ% by cﬁanﬁel co g?ﬁ%ns.%hc%g%%rleom
nore flldki bilitycduwémygidrivel desiegesf.ort he 5physical |ayer front end.
The ‘method is sinpler in inplenentation since the types of TPC bl ocks
are limted. In one enbodinment, only Extended Hamm ng Codes are used.
Al so, the shabdehherg s esflitted inventhendaaygbiorsbyenyesi fpt S@systens,
conpar ed tOwigg95%§”¥é£%§ﬁié%¥¥%ﬁeiystems, optical communication
systems, magnetic recording systems, and any communication
15 systems that include channel codes. For example embodimenﬁs
may be used for meobile communication systems according to
3GPP (Third Generation Partnership Project), FOMA (Freedom of
Mobile Access), or CDMAZ2000 (CDMA: Code Division Multiple

Access).



Enbodi ments of the invention may for be used for 3G systens, Wﬁlz%gggfg%%{mgggg
communi cati on systens, optical comunication systens, magnetic y
recordi ng systems, and any communi cati on485 systens that include

channel tcod 1 For exanpl e enbodi nents nay be used for nobile

comuni cat i gg—%—%ierrs according to 3GPP (Third Generation Partnership
Project), FOVA (Freedom of Mbile Access), or CDMA2000 (CDVA: Code

Division Multip]e A%ces%). 26 Clains 1. A nethod for encoding a bit

sequence conptidiTgPod T8E| SREPHYIR ¥ D&t SeTRNE FPEBRiBING nunber and

a first codi mgléeﬁdgemse:firsubc@ﬁﬂﬁgiimg:ckhgi@iﬁun&r%‘iusﬂﬁeaiﬂtz%tacod:'hn%f

pluralitys of first bit blocks and a second bit block, wherein eac

the#—i—wt—bi—f—%ﬁ%%s-een@n—s%—t—t@ first coding block bhit nunber of

bits  anshieiwedendibé bl ackneorrr ises 4 %&%I_Qhwytcf@&i&?‘é ﬂ?i{ft

10 codi ng block kbslt unberé S%| ecti ng a second codi ng schene for the

second bit bl otk diFffefeRtCTPOMAhEIPrKRst "R Ring eaehew®: thend isat daitng

the first bittldtlgckempsings tire: fHinst eoding HCREMBit numbaNdepeodi ng
2. T

t he second bj ck _using the.second coding 15 scheme. 2. The nethod
accor di ng toész-: gélh% %eco e ?1‘?13198 ECHRY* ¥otilRgs Béhenddns the| Etred

1

, ereil
based o0r/Gt hecatlimigeblof:kbbits mofmbclte second bit bl ock. 20 3_ The net hod
according tao,glal , rein the second caodi ng schene is selected
such that the lle?ggbabﬁ\(l)\%{&g}&;ewo "Fhac %%%rfc@jfrcgaian@e%%ﬁéti 81ogk ger
t han the nurfbéifespnpi fsomfthehdiseconddbng duhealk; and

! encoding the first bit blocks using the first coding scheme

' and encoding the second bit block using the second coding

15 scheme .

2. The method according to c¢laim 1, wherein the second coding

scheme is selected based on the number of bits of the second

bit block.

20
3. The method according to claim 2, whereln the second coding
scheme is selected such that the input bloeck size of the
second coding scheme is larger than the number of bits of the
second bit block.

25

( 4. The method according to claim 3, wherein the second coding
scheme is selected as the coding scheme of a plurality of
second coding schemes that has the minimum input block size
of the plurality of second coding schemes that is larger than

30 the number of bits of the second bit block.

5. The method according to any one of the claims 1 to 4,

wherein the first coding block bit number is selected in

Amended Sheet
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25 4. The nethod according to claim 3, wherein the second codi %§CT/S§2§(318/:J02345
schene is selected as the coding scheme of a plurality of secofceived 13 July2009
codi ng schenes that has the M ninun1inpd{7block size of the plurality

of second<u%% é% chenes ﬁ%ﬂ? i.s Iar er than 30 the nunber of bits of

the second biz DIGEKE W&t TBPHEd %%%r%zr%gwfothﬁyf:‘met obdihg

claims 1 to gkhameerein the first coding block bit nunber is selected

i n Anended Sheet | PEAJAU 27 accordance with the input bl ock size of

the first coding schene. 6. The nethod aacording to any one of the

clainms 1 to &, Theemeihothecditiingquenssy icheeneogsd éiHlm% hra ES§1SS'0”

of the bict nd the first coding scheme is sel ected based on
o Al el b ErC Pt B SSERCR 1§ IOt e ADE 7 AN SFhEN sl fide

accordlng t(buﬂ sequénceherdithebasest: ofbding tBhenBX] MuBialkowed hit o,
error rate, Ig&@klgylngggd g schenes which are suitable tor the
maxi mum allome efror & Er%%l%ﬁﬁﬁeﬁfaﬁﬁet?%?qﬁmi§ﬁl@@dlng

schene is selected as the coding schene of the plurality of coding

schenes having ane..of..t he, hi ghest coding rate and the
hi ghest _codi ng %E R%?ﬁéd SO RE et h T2l Br dVRRTR S AepeEnen ofhet he

clai ms 30t om?ﬂ'ilvuq%r @l howdrk Hiicr err@nd:m sehpmam@ RIFodHaing A8 eme@

9. The net hgdiagc | I mhereln t t codi ng schene
is a turbo préduc?fgogé?géﬁ&% #% Aore lmu@o?gf HFIEFH?@ raffe PERN

the first cBBLAGERE R Ghe al¥ﬂ¢bvxbmmﬂachemedﬂsuaﬂa&teﬂ fyvocext ended
ﬂannlng coding scheme of the plurality of coding schemes having at

least one of the highest coding rate and the highest coding
15  gain.

8. The method according to any one of the claims 1 to 7,

wherein the first coding scheme is a product code.

20 9. The method according to claim 8, wherein the first coding

scheme 1s a turbe product code.

10. The method according to claim 9, wherein the first coding

scheme is a turbo product code based on two Extended Hammirng
25  Codes.

11l. The method according to any one of the claims 1 to 10,

wherein the second coding scheme is a product code.

30 12. The method according to c¢laim 1ll, wherein the second

coding scheme is a turbo product code.
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PCT/SG2008/000345
25 Codes. 11. The method according to any one of the clainms 1g eg%& 4,13 July 2009

wherein the second coding schema is a pr%guct code. 30 12. The ne
according to claim1ll, wherein the second coding schene is a turbo
product ‘cod n e 3. Th netho according to
clai m 12, mﬁ%?e?ﬁgtﬁgggggéﬁéc%gglé %%%%PIS ra"tir e’ priodaerothde
based on tvaqééﬁgnééﬁeFaﬁ#$ﬁgt@a@@sprﬁdqgt chde bethodracsor Bibgrda
any One of Qﬁﬁmﬁhglﬁg dst0 13, further conprising transmtting the
encoded first bit bl ocks and the encoded second bit bl ock. 15. The
met hod accordlng to claim 14, wherein the encoded 10 first bit blocks

conpr|5|ng ﬁﬁﬁﬁhﬁé Fﬁﬁpﬁkﬁ%PQﬂtHFﬁém§W@dde¢hE|Estcﬁmd £m3sblbtk3bkuuks

the data of aﬁu@etﬁecggégdét?%@%@ng' b 191;&140 modul ation symbol s.
17. The method according to claim1 urther- conpri si ng mapping the

data of the encoded first bit blocks and the data 20 of the encoded

second bit hlsockntonSRiM e th n claim
17, mheaﬁln t he dat a annu%%ggfh§ﬂg %ﬁaggnﬁl?Ers?g%ﬁ%ﬁbﬁg%kgnéOd d

differe frféﬁFFhBlEnﬁﬁﬁksoFP&aFﬁetWOQ%i Fapped kit diecBrEM synbol .

25 19. Thetmehbadteecddhdiaihg ebabml8, wherein the data of the
encoded first bit blocks are mapped to at | east two OFDM synbols'. 30
20. The nethod according to any one of the clains 17 to 19, wherein
the data amd@nt Toé tdhencededdsegons diyt oBkogK tife claims 1 to 15,

{ further comprising mapping the data of the encoded first bit
15 blocks and the data of the encoded second bit block to

modulation symbols.

17. The method according to claim 16, further comprising
mapping the data of the encoeded first bit bldcks and the data
20 of the encoded second bit block to OFDM symbols.

18. The method according to claim 17, wherein the data amount
of the.encoded first bit blocks is diffefent from the amount
of data that is mapped to one OFDM symbol.
25
( 12. The method according to claim 1B, wherein the data of the
encoded first bit blocks are mapped to at least two QFDM
syﬁbols- \

30 20. The method according to any one of the claims 17 to 19,
wherein the data amount of the encoded second bit block is
different from the amount of data that is mnapped to cne OFDM
symbol.
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different fromthe amount of data that is mapped to one OFDM s M’S‘gg??ﬂgggg
ll%ﬁcelth uly

Amended Sheet | PEA/AU 29 21. The nethod according to any one

clains 1 to 20, further conprising bit p%%ding the second bit bl ock
to be suitable as input for the second coding schene. 22. The nethod
according to claim?21, further conprising omtting at |east sonme of
the zero bit81frine theeheaceded:-cseeond il Hio eS8 qf

encodi ng thef a_q_ldi ng bits., K 10 23. QiI?’he_ met hod gjlc?cyr%gi %ggltngsec %?%022,
further conprisihg g:r‘?? "PEFAY B Tz 8REThRE sThe GRcoRd ke ddatkssoohd bi t
bl ock that asuismHlomsenapsi ne:t haePaddbnd Qidifig schen4: An encoding
circuit for encoding a bit sequence 15 conprising a first selecting
circuit configured to select a first coding block bit nunber and a
first codi ng2&citéremeahsdbachioradhggrsi sLatid 200Nk, guxed éo&p%'_{gig' vi de
the bit sequ N ii nto a, lurality of first bit blocks and a second 20
bit block, whereineZEnlotsh KNG 6F aFt y2oH° bikst fxm thicoskRsoded
conpri ses t heedondsbicodlagk haekabi te Newderenebabhl Stx@@,ahlagngegpﬂ%
bit block conprises less bits than the first codihg bl ock bi T nunber;
a second selecting circuit configured to select a second 25 coding
schene f8r e Sbeomdthed Hhlooekidifteraninfy om t herdidiSorpdi 80nq

schene; and g ;RLOLESS] ircuit confiqured t ncode the plurality
of first bit %I ocﬁg lgj%lfgzgecrt él ?rgfor?:o en&”&?ﬁ@ SRS Sisnkbaek tHat
second bit BréeR Gspngendraiisgcbnd wmoiting scheme. 30 25. A conputer

program product, which, when executed by a conputer, nakes the

conputer performa method for encoding a bit sequence conprising
Amended Sheét - EPEAREPAing circuit for encoding a bit sequence

15  comprising
a first selecting circuit configured to select a first coding
block bit number and a first coding scheme;
a sub-dividing circuit configured to sub-divide the bit
sequence into a plurality of first bit blocks and a second

20  bit block, wherein each of the plurality of first bit blocks
comprises the first coding block bit number of bits and the
second bit block comprises less bits than the first coding
block bit number:
a8 second selecting circuit configured to select a second

25 coding scheme Ffor the second bit block different from the

{ first coding scheme; and

a processing circuit configured to encode the plurality of
first bit blocks using the first coding scheme and to encode
the second bit bleock using the second coding scheme.

30
25. A computer program product, which, when executed by a
computer, makes the computer perform a method for encoding a

bit sequence comprising
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30 selecting a first coding block bit nunber and a first codi PCT‘{fffgg:ili)ogggg
scheme; sub-dividing the bit sequence intq a plurality of first Bt y
bl ocks and a second bit bl ock, wherein ealh of the first bit 5 bl ocks

conprises the fir odi n | ock.bit. nu r.of bhits and the second

bit bl ock coeﬁﬁr%egggn%e@ssg%st%sc? a9t Cf??’%f: RISy BPoBKIBFEL FORHET ;

sel ecting a sedend:codi ng schene for the second bit block different

fromthe first,cqding. ne; .and 10 encading the first bit bl ocks

using the first cﬁd?%lgnS gﬁléen%lgn%e%%%bc(ﬁ AG P he é]]é'hrérjr&tbﬁi P biig@E BdFng

the second cédnysseerme.secangnded Shest, WREALMJ each of the First bit
2 blocks comprises the first coding block bit number of bits

and the second bit block comprises less bits than the first
coding block bit number;
selecting a second coding scheme for the second bit block
different from the first coding scheme: and

10 encoding the first bit blocks using the first coding scheme
and encoding the second bit block using the second caoding

scheme.
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