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Met hod for encoding a bit sequence and encodi ng
circuit Field of the invention Enbodi nents of the
WO noensi4os generally relate to a nethod for eneOTBSGLOS000345
bit sequence and an encoding circuit. Background of
the invention In a wirel ess gonmuni cati on system
according to | EEE 802. 16- 2004, for exanple, in which
QMzw gaegeaebd&&u%u sPhykakan aiul tehebazmagheeqlt
Tur bo Product are ‘used, the size of
TPC bl ocks is designed to match the size of the CFDM
S ols The Tur 0 Product Code bl ock formats used
j 2.16 are given in table 1 . Table
1 : Block format used in | EEE 802.16-2004 In such a
communi cation system two types of codes are used, the
Emlemieme@asmﬁnthg ChHenampant aenpaaﬂtly crdgkecb@ea method for
[ ly_h [ +gai ns
en bbbt fonhea RaRshEE BBl incoheoliEh S28FNa Tt es my
be achi eved by pairing Ext ended ann1ng Code with
Parlty Check code Thi s, however, resultsin |ower
S °Hsi ng TPC codes formul at ed
fron1Extended ann1ng Codes only. Conventionally,
extensive row and colum shortenings are enpl oyed to
Innmat ehrehesaupbrmmuoficebded byegemeacep@dkngot@néEEEDMDZ-16—

nbol . The n nber of bl S t can.be tr n1tt
2004 OB SORBBLS < irarparh gERR; (D38 a%G o ete e RahERFY"
Di¢oBdbhi MAStiplexihBe and TPC (Turbo Product Codes) are
used, the size of the TPC blocks is designed to match the

size of the OFDM symbols. The Turbo Product Code block

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 |48 0.48

(32, 26)(16,15) 35 48 0.73
(32,26) (32,26) 58 96 0.60
(64,57) (16, 15) 77 BRES 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,
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

Hamming Code with Parity Check code. This, however, results
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conditions of the comuni cation channel that is used)
and the types of Forward Error Correcting (FEC) code
W@ /03 &y8 be used i s determ ned by the all owedP@GERGI0B8/000345
Error Rate) . For achieving a high throughput, FEC
codes are typically chosen sach that the coding rate
is high without conprom sing the BER performance. In
inCPOYEPL EQARhoSYSIRMBoNPEEEAt B8 8528g0TpENBoGeEerbimBlated
the bl ock format of the code) is matched to the OFDM
froynbotesded, HahmiposSoBebi eylye choose the size of the
FEC codes such that high BER performance and codi ng
rate i s achieved may therefore be severely limted.
CoPhemBiyn @i 1 heckbupBi venrbR ana esbagdhnenbrténdBybBodre
for encoding a bit sequence is provided including
emghoyedi by BAEFRstheodarngekl 8ékchrednbiberPahdPhOFkr 5P one
di henme; sub-dividing the bit sequence into at
O P B3 T st "bit block and a second bit block
wherein each of the at |east one first bit bl ock

i ncludes the first. codin | ock bit, er of bj and
The EREBS e 0r ot E) BRRC) ol uRBoCF BBEMBTEad: hanap na Py agmbol
isCPQ£@Ql$|Qéke?hin@&"ﬁ?rthéeEEQEhQQ 8088£00En60diNG. the
scheme Tor the second bit block different fromthe

condisiogpdphgtBehepmmuahdabhendrhgnopé bhpbass wped) and the
st D K i ng . .09 o
coBbS hrohb e PECELRPOr PR ELE R TRETOCSEDeR Py e used
is'sgbesemiSharbydekser aplbwadoBERheBi tgEresr| Rhusi r aFbye
enbodi nents of the invention_are explained bel ow
achieving a high throughput, FEC codes are typically chosen
such that the coding rate is high without compromising the

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
high BER performance and coding rate is achieved may

therefore be severely limited.

Summary of the invention

In one embodiment, a method for encoding a bit sequence is
provided including selecting a first coding block bit number
and a first coding scheme; sudeividing the bit sequence into
at least one first bit block and é 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 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
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with reference to the drawings. Figure 1 shows a flow

di agram according to an enbodi nent. Figure 2 shows an
we@ewomssags ci rcuit according to an enbodi nent . PEI/§GZ08/800345

shows a transmitter according to an enbodi nent. Figure

4 shows an OFDM frane accordi3ng to an enbodi nent.

Figure 5 shows a input data bl ock according to an
1e§EROdTeRY £ SFT gyre bﬁo%ww@l%@ QP Y 6RAQ JH1CK scheme and

according to an enbodi nment . "Figure 7 shows a
enshdingnédteosepondcbde bllock asdogdithg tsecamde mvodinge mcheme .

Figure 8 shows a shortened out put code bl ock

according to an enbodiment . Detail ed description A
shiethed sken peneadicry tabifti gwe@dence according to one

enbodinment 1s ifTfusirated in figure 1 .Figure 1 shows

a flow diagram 100 according to an enbodlnent In 101,

r di l. fir

n3gakit e eipodiathed bt HRC A b3k Bl Mned below
wisthbrdifeiréede nio tate ldeastingre first bit bl ock and a

second bit bl ock, wherein each of the at |east one

first bit block includes the first coding bl ock bit
Fl@ﬂ@@eﬁ ehoRist & andut ke ageeand Riclrdiheck d Rel Wiedigsht .

bits than the first codi'ng block bit "nunber. In 103, a
second codi ng schene is selected for the second bit

Figure 2 shows an encoding circuit according to an

embodiment.

Figure 3 shows a transmitter according to an embodiment.
Figure 4 shows an OFDM frame according to an embodiment.
Figure 5 shows a input data block according to an embodiment.

Figure 6 shows an output code block according to an

embodiment.

Figure 7 shows a shortened output code block according to an

embodiment.

Figure 8 shows a shortened output code block according to an

embodiment.

Detailed description

A method for encoding a bit sequence according to one

embodiment is illustrated in figure 1.
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bl ock different fromthe first coding schene. In 104,
the at |least one first bit block is encoded using the
WO pe0go3gd’lii ng schene and the second bit bl ock PGI/SG2008/000345
encoded using the second codi ng schene. In another
enbodi nent, a conputer program product according to
the nmet hod descri bed above is provided. |In another

Fi§GP8din§H$wsaQ ?Pg 89$ﬁ§éﬁfng|FBEo§898g g ?nbéhbogiment.

equence 1I's provi ustrate I gur
Figure 2 shows an encoding circuit 200 accordlng to

a nmbodi ment he epncoding.circujt 200 includes a
I PP Ly SebLERt noRtEuPLOS B bn PEtPEASRd SoF LEEtacoding
Scﬁéﬁétaggdg@gegkggk bit nunber and a first coding

schene. The encoding circuit 200 further includes a

sub-dividing circuit 202 configured to sub-divide the

b | f |
TG A3 haC b 1O bF ofk I GNEFor s SAERCBFIPRE APCPoR: TBRSC one

fitstshbibiblbtrcknidngl sdesntihpiti bsbckpdivAgrbiackabht of the
number of bits and the second bit block includes |ess -
atpieastnapet herstrBEtcBdPRE BREEKRIBSt thGnbér St ACeEéBAdPlock

bl@eﬁﬁﬁﬁéPgof'E?Hktaggstgg EQSoﬁHCBthglebkCHhEl%QQs'§ess

con ured to select a second codi ng schene for
biSecbndnbthebfocktdcbﬂengnblbchnbuhenﬁmbst codlng

schene. The encoding circuit 200 further includes a

processing circuit 204 configured to encode the at

Inl e8] 9ngctbrEt cOBHLnBl gekemsi N EBectieqt f6@dtAE second bit
schene and to encode the second
block different from the first coding scheme.

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

to the method described above is provided.

In another embodiment, an encoding circuit for encoding a bit

sequence is provided. This is illustrated in figure 2.

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

a first coding scheme.

The encoding circuit 200 further includes a sub-dividing

circuit 202 configured to sub-divide the bit sequence into at
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bit bl ock using the second codi ng schene. The encodi ng
circuit 200 may further include a nenory in which

WO pfoa0dEts on (e.g. program code, parameter val REESGN08/000345
conmbi nation rul es) about the coding schenes that nay
be selected is stored. A nengry used in the
enbodi nents may be a volatile nenory, for exanple a

Le Rl FEILE ERBTBTLORCERA B SecthachiE PRBgKafhetein
ea&@n@fyﬁhe an EPROM bEeasabke PROMp1ockEPREOMides the first

éEIectrlcaIIy Erasable P , or a flash nenory
Co@ing otPRY BatenHBRBEYCLa bé 5r@@thaﬁpﬁﬁ50ﬁ€n€ay béﬁck

L e

encoding circuit is for exanple part of a transmtter.
uence to

In on ment
A Qe F bROeRARBHE T £P 3 OFuEPa BRFORIES FacEron 200 is
cohFEQre® o §81catt haBERAbLAAI 883Phgt BEhBIE $68HUBAEEsetSNd
encoded by subdividing the bit sequence into input
bl@a@hp%ko@i§f¢é¢n§n§r@m rbeefépat ngodenenesherer
exanpl e, the bit sequence is sub divided into a
plurality of input data bl ocks of given size for the
Thé i estod DAy ngi schepe260ciurbrert baclopes dapacbeesknbit
size'is maximal, i.e. the nunber of bits not

cipgabki 20 SdCARE hIURSANpAL SASPEC I BEKAF s1 €8BI PREI EiFsF Pit

bl@cﬁoﬂpiﬁéetﬁgpgﬁrgét@thQSkscH@ﬁéeaﬁgnﬁbnéﬂgogétEh@rgecond
then grouped to forma second i nput data bl ock,

biposkédk yuning bhe paddndgcodhng scheme.

The encoding circuit 200 may further include a memory in
which information (e.g. program code, parameter values, bit
combination rules) about the coding schemes that may be

selected is stored.

~ A memory used in the embodiments may be a volatile memory,

for example a DRAM (Dynamic Random Access Memory) or a 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 floating gate
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.
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-
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allows to choose a large block bit size for the first
coding schene, i.e. a high first coding block bit size
WO 0opess418M t hout conprom si ng the codi ng rat e BCESG208/000345
the fact that the remaining bits would be far too few
for a input data block for the first coding schene in
whi ch a hi gh nunber of padding bits woul d be
diPEGE e bProBe SQPQQ'HEEB ih StSQSQde§89kQ9féfh8H§ or
st re ore chos n such that the input data bl ock for
motéecsétnadscbenag. sEhenexaspsanl tbe bhanseheehnpuis sub-
.data block for the fjrst_codin che and thus, .fewer,
a1 SRy bPt & R B RbLEYcaF ) TORARaneas BLPRES S RER Cize
fothenéi fstseodbadn§CchenBnbSsuspdehat the EgPBENHAGa block
bits. The second coding schenme is for exanple chosen
bl%u%hz?haﬁ mpkimehni At Ag bhesnrmberned BhESI Apht agapgiated
0 h c oding sc The fLr
Wl€+o%§ 'S %r8%§§ Bpgcgng%dg B§g§%grg 5 ?Emg%gcodlnput
dabéOBkOCEhETﬁEBétrbmhlbhﬂgkbﬂﬁy bEereﬁenrgdoUpedStbhEorm a

i nput data bl ock for the first coding sche and th
Se???gtlEBHE BRbRKPHEG K pePPEFEP L BgWE b Qlfhenga%agt Eafa

a1 bboske 9f chbssEi st ae9di POcSRhEME. s§h€‘k@E|¥het?§rst coding
second bit block may be referred to as the input data
scheémek foe. thehseboﬁdrebdcﬂglsghbhecanulthelgeconmbende
. bl ock to whi con
wiPRPEF  eqm¥BoRLstHE BEo0r thbaPhPEcruS: EPnEREacaRy Phar tne
re®®dhggsehesewoilbe bapasrdabe béockoefaalﬁpdtngasahemeck
is for exanple a block of bits that are as a who

l e
- fopohberféastocPAtngespheTpvenolbpah dabaghl peRber of padding

blgé'é8§f85béhﬁ%c&9§a99tP%h gﬁéaeﬁbeengQE,e%ﬁgpggcond coding

depends on a
scheme is therefore chosen such that the input data block for

the second coding scheme is smaller than the input data block
for the first coding scheme and thus, fewer padding bits are
necessary compared to the case that the first coding scheme
is used for the remaining bits. The second coding scheme is
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
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 block to which the second
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
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the bits of the respective input data bl ock, while

out put data bl ocks that correspond to different input
WQI21408/084p8 ks are i ndependent of each ot her. | nPCT/SG2008/000345

particul ar, an output data 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 coding

me§§§egﬁagnﬂh@eog££%?g§5£a_E?&cﬁxfgpl@x&ﬁﬁberﬁgﬁégggoon all

their 1 nput data size and/or their output ta
théllbtks spzethé nreseecenibudi eptt datethbddcko ehiddeodapat
that. all ows, hjigh fl exibili Wi regard to, the
daLE RbTTEn Dhot HEoEBRFRGPLchOrtb L bR FRF ebBRAE fata blocks
ardeshdSse faht tyrr eguhr 60RBLS SHCPa i BERaPEr AAT BRBEEL data
and data throughput is provided. In one enbodiment, a
blogkrenyly "dempgnde endehst vaduas ahythendibs afl egbc

j i 0Q: |t ' y be hardware, software,
CO#$$%§£?@¥$€rl§§§£C%ﬁ%gﬁggggg?thereof. Thus, in an
enbodi nent, a "circuit" may be a hard-wired |ogic

circuit or a progranmabl e Iogic cirguit such as a
Theyr bt Smedi £ Hrocee8sr 28, 5 aSarerprodeReorc{igmg. may be

dif£eaplex, | ASEraeih9ne SGt cLOPRYLEH &) 8631 Pr 968880820k Block
Reduced Instruction Set Conputer (Rl SC) processor) . A

sizeigrediot waglinl cotbetsdétaabiobki agzenpl enented or
executed by a processor, e.g. any kind of conputer
program e.g. a conputer programusing a virtua

In NBedi o 6@UReStLha afie€h8d davanchday Qabertkavdadiows high
i npl enentation of the respective functions which wll

flepibility with regard to the selection of the coding

schemes with respect to desired quality requirements such as

BER performance and data throughput is provided.

In one embodiment, 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
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
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

"circuit" in accordance with an alternative embodiment.
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described in nore detail below may al so be understood

as a "circuit" in accordance with an alternative
weedodssrent . Enbodi nents descri bed in the cont er€T/86G2008/800345

met hod for encoding a bit sequence are anal ogously

valid for the conputer program product and the

encoding circuit. In one enbodi nent, the second codi ng

el ected .based on th mh f bi f the

eSS EHE b« SEFSEAE Ror RoXARpPENCERb SEcHia BoHTRY T
en868ENE &Spsel e6§@dnsuchrbhahal BgoliBPYt vhhl 0ekfskzEnef

the second coding schene is |arger than the nunber of
compyuebfP¥PBr3BcORAIBFE BNgckheThBCSdEBAICEBANLAE- schene

is for exanple selected as the coding schene of a

plurality of second codi ng schenmes that has the
Innbménmm@b@pménblotkesszeonﬁ thaéipbusahehy 0 seteatled based

codi n schene§ t hat | arg

b

er than the nunper of bits
on ofhe peulebng ?%tBIS kth?nsaﬁangnbaa.ﬁﬂﬂ?E t RTf p¥3pple,
thgogé@&n@l@&&1§gtseﬂaﬁsrlgsségéssésdsuehaeﬁged@ngelmbtb
t he i nput size of the first coding schene

blopk ehrboddiehhe steonilt cedgueneehemeensodedgesrthan the

b f
ol 55100, 6 LBE BLLgRabence any Ui Lishysodhams

scleehoris af€r oéxahplér agsatsedons the e&dmﬁbescbéﬁ@doﬁna
t he maxi num al |l owed bit error rate Blurallt of
plepdit hgy sehefSondi ERdare §9h?@6ﬁet¥6F A8 RBRi Rpimum input

bl@&kogfgebbf @ﬁéoﬁlﬁ§5f1§9eo§eg§85§g égglﬁgeséhéﬁés that is

codi ng schene is selected as the coding sChene of
lapyer athay ofie codningrschebesshati hhet bechnghkest bbdchg
rate

In one embodiment, the first coding block bit number is
selected in accordance with the input block size of the first

coding scheme.

In one embodiment, the bit sequence is encoded for a
transmission of the bit sequence and the first coding scheme
is selected based on a maximum allowed bit error rate of the
transmission. For example, based on the maximum allowed bit
error rate, a plurality of coding schemes which are suitable
for the maximum allowed bit error rate are selected and the
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,
for example a turbo product code. For example, the first
coding scheme is a turbo product code based on two Extended

Hamming Codes.
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and/ or the highest coding gain. In one enbodi nent, the
first coding schene is a product code, for exanple a

wo obo3pionduct code. For exanple, the first coRPECTI§G2008/000345
schene is a turbo product code based on two Extended
Hamm ng Codes. I n one enbodi nent, the second coding
schenme is a product code, for exanple a turbo product

In €948 efi954 Ex81e! ethéheeéeﬁeneoamgngcﬁsmen@sI § BrbHuBe
product code baSed on two Extended Hanm ng Codes. In

coa¢ hefoenbpdinpiat 8, tuheofprstGOdCQgescﬁeneeaﬁmpée,thee
sec chenme are_ bha ed on .ot godgs t?at a
80 éwo

nd codin
seGORS 79T AP FEPERE #7 oM BHERCOPRENTCE. §oU8 BaPPyoRo

Ex@@ﬁd@dkh@mmBQECQSaestmmnpathby seHeaimehes, | Bhengirst
enbodi nent e method further includes transn1tt|ng

codiea eplogedl RRALPrhihepFeeRNANECHhBI efEbEEE ééeoﬁaseeton
otﬁ%?cgodggr éenykg ngséﬁmgogegf££5§£ ?kgmbggeh eeger,

e encode secon k are transmtted accordi ng

a parTEpPModla ané enbedmiept cotlhe mebhpdrityt hedes, etc.
i ncl udes mapping the data of the encoded first bit

bl ock and the data of the encoded second bit block to

In NOAY! &b oRis¥APO!l she ThetABLhedr ERErexaAPL8eEUELAREMI tting
i ncl udes mapping the data of the encoded first bit

th@l@@kO@ﬁd fhestabatobleohl endo@b@ seeodddbbechndckitoblock.
ol Qn a a n
R L

seasBanbiof bUata hhattkSnﬁRmpeddtchﬁEdEEEWtsyUBOM" The
data anmount of the encoded first bit block for exanple
refers to the nunber of

In one embodiment, the method further includes mapping the
data of the encoded first bit block and the data of the
encoded second bit block to modulation symbols. The method
for example further includes mapping the data of the encoded
first bit block and the data of the encoded second bit block
to OFDM symbols. In one embodiment, the data amount of the
encoded first bit block is different from the amount 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
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.

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.
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bits of the encoded first bit block. This neans that
the size of the code bl ocks including the encoded
WO Re0go03%i18 bl ock is in this enbodi nent not mat REESG2008/000345
the size of the OFDM synbols . In one enbodi nent, the
data of the encoded first bitoblock are nmapped to at
| east two OFDM synbols. In one enbodi nent, the data
anmount of the encoded second bit block is different
fromthe anmobunt of data that is mapped to one OFDM
Theymbboho@hsapefhotheay ihgdther biiic baddibiot tpaddengntheit

d bit bl be . sui I [ f h
21888008 BotrRbeSiRboe S 1A bR SR R EbrEREohfgogenene.
further includes omtting at |east sone of the zero

bits fromthe encoded second bit block that arise from
IneppgderngotheephddiRg Brtycdréuréhgiplieclyfesnerpsging at
t i nel S Lt t z [ 0 :
e o AEe S BEohen7EThl Bak 1 AAr"arT Se Tr o encodRg Phs ook
thpaddirhgebttsm Ehguoénd shewpaddtingnbdittst eFo30@xample, the

according to an odinent. .In this exanpl.e, the
e £ &ils AF FRF T 300C A0S SOPBUE EEPBNGAdn AR Lor Bdencyom the
enbb¥iai 98cMHbt HpLexnBEk ktaatsardiseg reahmacpeowidgdtA¥ Badding
~data source 301. The data provided by the data source
bigG1 is grouped into data bl ocks 302 which are fed to
an encoding circuit 303. The encoding circuit 303

encodes the data bl ocks 302 according to its code
riblieek3f ehowks. aThiranBmansetrhd0 0t hecemrdadigngochCebodiment .

In this example, the transmitter 300 uses OFDM (Orthogonal
Fregquency 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
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
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

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
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303 uses an input data block including a certain

nunber of bits (referred to as the nunber of (useful)
WQ@I2009/08341% per code bl ock in the follow ng) frBel/66G08000345

nore data bl ocks 302 and generates fromthis input

data bl ock an out put code bl ock including a certain

nunber of bits (referred to as the nunber of coded

Tpggggogfé ﬁ@@? ELBHKOEBMtQQanp#e repgbes Ihﬁoaaigggpn

cks are rTn this e erred to as
syhbotkse. gi neembdul bt $oaxappbe]l &heorddhpggtecAMEs (SRAM:
are assuned . to he turb r od ct _cg The TPC. hl ocks.,
0ubhe i HEat { Dode ditaRoe PR b PECPERS6BRARF G Lt REYing)
fogeéls&@t gspacseduencgsef %QM&YHQ%@ 806 brom thRehk! Se.g.
of theTPC bl ocks 304. Each OFDM Synbol includes a

64n@ﬁul%$|@nbsyﬁbéneré gTha aedutactonfsQRBY| sxwbotdi AGE is

gr?lﬁ%ase %’]%%g%‘lggur Wﬁ\g_rgi‘l Eggg %gugggagnlrgﬁsg§§51on

"for eéach sub-carrrer
foaegording to the OFDM schene, e.g. 64 or 128
sub-carriers. The sequence of OFDM synbols 306 is
grouped into OFDM franes, which formthe basic

Th%r@ﬁﬁﬁ1§§h881£0558tareTPﬁegFEQ%SYBthslggﬁ éﬁ?cﬁ@§n307

ed to an IFFT circurt 307 which perforns an inverse
whiebtpébﬂmrms anamnstereat faatahdupievi tesnstsrmatpan aond

sending.circujtr 08 whi,ch for exappl e,}j.pcl ude
orgyifearifh ShEPRY Doooerarn o renirey abRorETeR Bopne
ex&p IO ent1anss Higntennas andlbpapsavbssibe eutputtef

the |FFT circuit 307 as a radio signal. Please note

mixens, o@%@rO@?r@HlF@rﬁHPrB@SWhEIﬁﬂ§§npﬁ5tﬁ@d transmits the
output of the IFFT circuit 307 as a radio signal.

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
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

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
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



10

15

20

25

30

transmtter 300. For exanple, there may be an

interleaving circuit between the encoder 303 and the
WwWoreeoldHi®dn circuit 305 that perforns an i nt er PEBRYG20§8/000345

of the bits of the TPC bl ocks 304. In this enbodi nment,

an OFDM (synbol) frame referg2to a data structure

i ncl udi ng exactly Q OFDM synbol s of equal |ength and

th%i%@ﬁui@@i&fl aLhofe gseae SRPM fnggp@stﬁgg Haf %Egnple, the

cks is illustrated in figure 4 . Figure 4 shows an
fififmbfrem@ apDMasywobdlag4fd a4n gabedahedt frémsthe first

o1 [P EI TR GO CPER o Rol SCaBios Ko GEDM SynoBrduhgiion

syﬁ@éi§89@ﬁdeé@has@bueakkt&rOBrEPSéméeggé éggofﬁQH@mthBhese
they are generated, i.e. the data of the TPC bl ocks

bizgp the nepperdt of t Aee CPPMIs§HBBPES4681 &5ggensraged from
th&oﬁéif$&fﬁ%08*ﬁ?pgk”QhécfgggkngftQEQGTPBdH%ﬁEk$”4o% and so

use i S neans for exa irs
ont he OFDM synbols 401 is generated fron1the first bits
of the first of the TPC bl ocks 402, i.e. nodul ation

synbol s for each sub-carrier are selected according to

IntdsseehbdSimihe, serendi 9t Lhe  LEDVbeYRDPOLEs49321 $s not

generated fromthe following bits of the first of the
ma @@l bekshad02i amdoSotba. OFAMoagmeabedf fiknt.Int hersicelar,

ltof t he TPC g% gs 4§§iis o% n@bshegetoet g4 Sj 5ehg€e enough
TR 533018 BAFei d0rantei HoRaSC nhppRn 9
bltﬁaiopaﬂﬂéngabtt§f4@8eaoeoneggﬁsou§ have enough bits

for the last of the OFDM synbol s 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.
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a turbo product code corresponds to codes

(when the input data block is witten in matrix form
WQ P00g/03&y8 be seen as one code correspondi ng t oPETBG2008/800345
and the other code corresponding to the col ums)

These two codes,

whi ch are aligso referred to as the

conponents of the turbo product code nay be of the

Taltéﬁgezté!%wgseié@h{:léé e

a code Is use

€ Slze O

égglﬁl ecohﬂlhgglggglefﬁggo codes
to refer to the code I nput

ofdat &fbrevk size whiltbratbefout puempbdeablock thgesame type,

Possi bl e t

2 oS alihe ERbaFREY Retn

Hanm ng Code,

Any two of these exanples may for

g Code,

ents of a turbo product code
Ext ended
BCH ( Bose- Chaudhurl-kbcquenghen) Code.

exampl e be used for

BlacKPTyp®sock) code.

rel b anbeb] vebEh as 1

Tﬁﬁfsékﬁﬁlon

l e
6? efgﬁﬁ e th

@pdetheb EbBo
eS%Pég?fég%ﬁgER

népding Rate

TP@?{%QrﬂEG??12Bn 2@? TR coding T& %@3@ rthe easg §h
I ehent ati on e 2 shows exanples for poss|ble
TPCOMD8 nhPODPNE4pH 71 Wwo |BdEs of di ffle8EM2 size wh OhSare
for-—exanpleall—of tthe sane typein thi-s—exanple
TP%&@%naébvﬁénﬁ?hg Code’24tabl e 2 - E&%%%Ies for FRteAded
TPEREHT 59 ge, pased G ol OCK ST ZeS,Jhig Si Ze of [ g, §yr bo
%?oduct ggde |2 t herleby gi ven as [TPC(n x ,kx )| (ny,
TP(Ry32y\21ére32n2ﬁ kX ) 6@7i6ves the size024 the fi rsﬂ.66
) 2V Nl voce tho lceit 20 nf ocnnd
TPEE%%o%éh{1§u$h’tﬁat ﬁ&“?lnes ny iis 5¥%e nunber DP'B?IS
TpOl1ENE1 T espegi| ve 121 256 0.47
TPC(1l6,11) (8,4) 44 128 0.34
TPC(8,4) (8,4) 16 64 0.25

Table 2:

sizes

Examples for Extended Hamming Code based TPC block

The size of a turbo product code is thereby given as

TPC(ng, k) (ny, ky) where (ng,kx) gives the size of the first

component and (ny,ky) gives the size of the second 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.

(128,

a biggér size than

120) (128,

In one embodiment,

120)

may be used.

a TPC with

It can

be seen from table 2 that the code rates of the turbo product

codes increase with the size.
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out put code bl ock and kx tines ky is the nunber of

bits of the respective input data bl ock of the turbo
w@emdos4igzode. Table 2 lists a range of Ext endedr/SG2008/000345

Hamm ng Code based TPC bl ock sizes w thout shortening.

In one enbodi nent, a TPC wi thga bi gger size than (128,

120) (128, 120) may be used. It can be seen fromtable

ThgréP§£eEhfnCﬁg§ éﬂggalH%REhe BHVP9CP&99HC£ﬁ%°gS§8est size,

increase wth the size efe ore, In one e
e. gheaﬂ6ﬁgwatpluhelhayge§tgsvze aglgwednbngba pkudabttyodes,

allome tur bo rodu t sed
5 QHEd noh BRFATHPECR 9858 HEOPEad0Sparti APRGE PRZGABILY-
enbodi nent, the basic approach is to maxi m ze the
bl ock size of the TPC bl ocks for a OFDM frane whi ch
In aphewempasinent cotdber heeiandrpodang gaiho raxpméze the

o1 §EREBLFErb  ERESHE0545cRE FRETRCOBGAOLELRE i Khepions

ma £ { rne &ode r&o&r gagondinggt gaan. Cfﬁmbﬁéaambaslmbﬁmm in
figure 2 ) where P does not equal Q. ii. The first-

enge lT@C?%IB%RéoéW%dcﬁ6§@ﬁdéH@htPhEFetﬁ%}lﬂﬁéégthe sane
size. These blocks are referred to as bl ocks of the
primary bl ock type of this OFDM frane. The | ast TPC

i. bl dokt nelyebe oé B TPEfelenkssizean TAFBMbfoakei ¢i.e.

referred to as bl ock of Iternativ bl ock
o S tEtarndiad’ 858" oklf BriEF 3! Shavpone FLBS:E 2)
sel get £8 bagedsonot heqdesi ped bit error rate (BER)

ii. The first P-1 TPC blocks are chosen such that they have
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.

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
smaller as or equal to the size of the primary block
type. Typically, the error correcting performance of a
code is higher when the block size is smaller. Thus, the
overall error correcting performance in a frame is not

constrained by the alternative block type.

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

block, i.e. the block of the alternative block type.
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iv. The size of the alternative block type is selected

to be smaller as or equal to the size of the primry
WhhweksHype. Typically, the error correcting PCT/SG2008/000345

performance of a code is higher when the block size is

smal l er. Thus, the overall engor correcting

performance in a frame is not constrained by the

Inab£ﬁé93&6¥8sP|B§EeByBﬁ the: sgggFESanQ H§¥oge E?X thFPC

be applied to the alternati ock ock
codhewatheanaerVelblemketypechnsehhewhmsrwﬁc badedienused to

the desjred_b er.ror te, a C code ertain
eniPGe ‘GBlargtohhe TR Ea bEEkaa30e aseaiphterabactialks. e
re8h1thgrdapal bboekat388daspiBRUE (At anbhkoskSrefBered to as

result are P-1 output code bl ocks which also referred

TPEobheckPCin| bRks PHarhls-eXarpreP-ThEEE Plpckpcablobrye the

53t o2h2¥s B TRt brBeror ShgSerat o rCTRASER Fppel FrC
blbtkcks gadetaeed®t hTHECPblLoTRCt byetker ahdr sthehethi TPC block

sequence that is mapped to the OFDM synbol s of an OFDM
to??%ﬂ%r EQEBptPRoPlEnecg4sBCEnARaP FPCBPBERSTBf TRROFDY

syﬂEbﬂ?erb&QCéF§MZ§r£ﬁé"1Ex@éthQQHeBHE e£s§X€HSLYPt@§c
length that 1s mapped to one OFDM frame, the

blbtb@kOﬁAthehavemeoybblshbrsezetﬁanmthethISéﬁ@Ebtecké

ey B TRV Ph O LR GOR ROk, R TE, FOUEe e oo

TP@iBEo&hawllnehJP@ e@dseusﬁdrt@rgenahatﬁethelPTPcTﬁﬁbcks of
bl ocks of the primary bl ock_type. Accordlngléy t he
h

Primgey oplemk Frpat datarsiBgkyfr bAPWAFEhCPHR whrpgh the
ptR! P8K pRbSR [6T§ERET ER42RaLNE dPEEBLARK Ofze than the TRC

code used to generate the P-1 TPC blocks of the primary block
type. Accordingly, the size of the input data block from
which the Pth TPC block, also referred to as the TPC block of
the alternative block type, is generated to be smaller than
the input data blocks from which the first P-1 TPC blocks are
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
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
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.
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the alternative block type, is generated to be smaller

than the input data blocks fromwhich the first P-I
WaR@ossetks are generated. This neans that thePCBEBG2008/000345

fromthe input data bl ocks 302, fromwhich the P TPC

out put code bl ocks are generated are grouped into P-I

i nput data bl ocks of a first size and a Pth input data
Inbbﬁgkeﬂﬁoélﬁgﬁgndasb%§m§g§lbﬁbckhQQthﬁsfbéibcﬁbée e.qg.

For the first P-1 input data blocks a first codlng
fremhenecter§. aaaebdbl@fbéOﬁkr§yp§szelnu@tbgédwaﬁdeﬁPC

n ay ck a_s cond in h

5156805%93 g seggéd 5 z%sgnﬁ gtﬁg%g %O§§r§HBS|zgglmary
blYsrdtypast Brat ohkew Ble BERi$eq&$UHﬁdnthaﬁ enethapukre

data_bl ock 302 includes exactly the anount of (useful)

.suaseal?hﬁ%thsr?eaﬁgnrptéaeugﬁﬁgreﬁélépﬁﬁpaat5 ﬁr&ﬁ@beFthb

furthe ssunmed t ha he. data bl.ock.302 is.of siz
of | Bt o N BHECBADON! et PCaBhPEkar § ToPbiRarypB Pgl toBe, can
beS8Leetedtec8- §s:from a set of avallable bl ock types, in
ot her words TPC sizes, that has the highest coding
rate anong those prinmarybl ock types that neet the BER
‘requirenent, i.e. that are suitable with regard to the
ER requirenent. The number Pp] of primary bl ocks, (1)
Hp}? ocks of primary bl ock type, can be
calcul t®dd as: where [ _*J denotes the floor function
and Up] 3 = kx Ky is the nunber of uncoded bits of the
code of size TPC(n x ,kx ) (ny,ky) that is used to
whgeael aj edthetpsi maey filoeckfurdtiiomeans Uhgt =Up} 3 ky is the
the i nput data bl ock size of the turbo product code
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

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

of the primary code).

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

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

the alternative code) to generate the alternative block. Bgp

may be calculated as

' In one embodiment, the alternative block type 1is selected

according to the following rule:
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used to generate the primary bl ocks (referred to as

the type of the primary code) . The renmaining bits B 3
W@Rooplss4at a bl ock, i.e. the bits that are notP@EEBG2008/000345

i nput data bl ocks used to generate the primary bl ocks

are used as input for a codeijgreferred to as the

alternative code) to generate the alternative block. B

uk at p 2 n

enbo %@i§hg a??%?%%??@% ocktggéjw?gﬁs% ¢ b9§8e8t size

accﬁjﬂlm@et@lt@euébib®mbhgckub&sad onF%Qgitmbte Bhat iv

sel ect the code type with the biggest size for the

al tetibt iaeprblesk based on Ba b . Note that iv stil

applies. Table 3 : Exanples for conditions to sel ect

the TPC alternative code Table 3 is derived from an

Codiet ¥sh s of possible alternafrve codesnaiheecosdet Tops
listed intable 3 serve onlylfor illustration Qher

324%ndi Babi ond 48P possi bl e, WhTRA( 66r5%kéﬁﬁ}é7érise

| —conditions Eor amle if the

ot

——~i¥0“¥$p@9#i#€—@%L@Lﬂaf—
14%at# Bhbck Pdfgth is a nultlpT%C&§4855hd ($he2plifry

bl ock size is TPC (32, 36) (S@P@@32n96pgg4b9w daries
in the conditions listed in the [eft colunn of table 3

67@re Bggd> P&l e 3 only shows| TBOUBR} AE (B, £6) a
maxi mum si ze of TPC(64, 57) (64, 57) The selectlon

28&chefRapaecdlding to table 3 BPC 4B202 bk (&&i bhtledrt o
hi gher TPC si zes. TPC(16,11) (32, 26)

121 = 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
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For the coding schenes that may be selected for the

al ternative code (and anal ogously for the coding
waedvener1g hat nay be sel ected for the primary BOOeE2008/000345

informati on for theusage of these coding schenes may

be stored in a nmenory of theigransmtter 300. For

exanpl e, program code for the execution of the various

usgggues HQS éoHEngécﬁ%%f%dmag %%hEEofgérﬁﬁegehemory of

e varrous CO

thblOEknstEtetCBDOHHYobee&bmp&é f proglramvapdeus ocodiheg

schenmes. A s an exa a . specification nay be stored
eXPERELGRNOE ol Ag VELRE ﬁ&\ﬁltnﬁe SENEECST MEKe b?nﬁ&f”&&t a
rubtRgk, "By eakhatBe ¢aMhieBed k0 t8eNehati8ukhecding schemes
correspondi ng out put data bl ock according to this
(ecodi hgpstheheckAsiar exanpl @ayl be EtﬁIEQQQObthG Varigus
$ssuned t hat t e cgagnel ﬁondltlons hct Eentggt E
COFPRIWPERTRE  hf ahést E5aPAS r 8t EPERA ﬁs be Uisd"r
fodi ¥gBhb¥odPeG38cBEhe( BAw2&he Bhits 6Eaﬁ&etﬁabuthaata block
r|naré code is %;ven by TPC (32,26) (32,26) , wherein
haye tg Bej FPmhisg GolﬁePﬁF§t@x§ﬁﬁléoﬁﬁﬁﬁppﬁﬁ§“9eP€F§Ut data
a he g a conbi nation of
o er e A Lo hg o e S o e at on (D) 11
follows that Ppb = . Equation (2) gives Ba b = 2896 -

RS pBeSraTPRE; ol oh o P02l e abitee (lheity oy Shasasgp Ity Ehe

chbhh81€¥8ABl €ions dictate that the TPC with the highest

stored

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,

Equation (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.
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In one enbodi nent, in order to achi eve maxi num code
rate for a code, shortening (or puncturing) is
wWepehoyet t o renove any padded bits that are rRCUSG2008/000345
and therefore reduce the code rate. For bl ock codes row
shorteni ng, colum shorteni ng9or a conbi nati on of both
may be performed. Using both row and col utm shortening
may | ead to sone difficulties in inplenentation if the
data block size L is not known and is not.fixed in
Fondvanck. coflesheovasgerbenings tatgenapbovhenanpeor a

etermning.the_optinal row and l umm. sho i f

coll5u55EhBacPp BOERTR e (P EBRnE,  T0: 3 BLFR, By e
colMenyshargenbegl alntegaatbosdmbogi€fiktalthes in

followingl enbaodi ments i n which rom13hortenin% IS used
8 B

imp}engeiatipedifThBe ddatkri Beéackebhafslndy BPEokBEYlseRd is

noéofiggéuﬂﬂ §§95£8@[n9f_ E%Cgéﬁgéhék thspﬁggeéyaghogg§iable

are generated as descri ove no shortening Is
deteguinkdgf bhet bpt pnabrarywbaondksolion sheradkhéngatpveevery

bl ock, 1he apount shortenin hat . may:. desirabl e
pofeRehtstonsRETELCa B HeBoh §THEphe tHiRBLr EF AP bFRETe
ch§§d1g@e%gggggg¢ tbgialternative block, the nunber of

padding bits required for the alternative block (to

have the full nunber of bits required for the input

Inggﬁgsfg9fgw£95,tQﬁbeéiﬁgnegiYﬁ gRde) 18.BsRBHLEnYnEP1B used

are described. The described methods may also be used for

column shortening.

In case that the primary blocks are generated as described
above no shortening is required for the primary blocks. For
the alternative block, the amount of shortening that may be

desirable depends on Bgp.

Since Bgp 1s the number of data bits used to generate the

alternative block, the number of padding bits required for
the alternative block (to have the full number of bits
required for the input data block for the alternative code)

is
Bpad = Vab — Bab (3)

where Uzp is the number of uncoded bits for the alternative

block, i.e. the input data block size for the alternative

code.

For the example above, where Bz = 192,



10

15

20

25

30

where Ua D is the nunber of uncoded bits for the
alternative block, i.e. the input data bl ock size for
WO pwoaBHes nat i ve code. For the exanpl e above, REEB@2088/600345
192,B pad = 286 - 192 = 94 . The input data bl ock
bef ore encoding to be coded aocording to TPC(32, 26)
(16,11) with padding bits is shown in figure 5 .
Figure 5 shows a input data bl ock 500 according to an
enbodiment . A s can be seen the rows nunbered 8 , 9 ,
Bgaglb @81ks+sitdnf= pddding bits (3 * 26 = 78 paddi ng
bits) . Together with the 16 zeros in the row nunbered
7 , these formthe 94 padding bits. Figure 6 shows an

out put . code b] ock 600 according.to an enbodinment. The.
Thgut BEV cOa53bPOEK OERESTPEBHOBR ERabe! COgBHorkFBATING to
TPU(QET‘,QB?(HP!’Jtl&)dﬁﬁﬂhbggaﬁiﬁgobihgwﬁsi BhblaURE Figure 5.

according to TPC(32, 26) (16,11) . The last three rows

(rows nunbered 13, 14, 15) can be shortened (e.g. left

,out _before passi.n h P I k h latio
rifibe 8] ShGuB R 1 hRE " Bala pRb ki 5h8 hRETRTHEALL N
emBeBOREntFOr row nunber 12, where not all bits are

zero, there are for exanple two options: Option 1 :

I gnore the zero bits in the row and transmt the

Aseﬁéhrﬁergﬁ%gitﬁe Qsth mE@EEBGBEO@CtQOCE@WI%%ﬂgqg§)of
This 1s illustrated in figure 7 . :
padding bits (3 * 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

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,
15) can be shortened (e.g. left out before passing the TPC
block to the modulation circuit 305) in this example since

all bits are zeroes.

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

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.

Figure 7 shows a shortened output code block 700 according to

an embodiment.
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Figure 7 shows a shortened output code bl ock 700

according to an enbodinent.ln the shortened out put
weae/0bi4p k 700, the last three rows incl udi ngPGRB§2008/000345

zeroes have been renoved but the residue zero bits

arising frompadding in row punber 12, i.e. the | ast

row i ncludi ng actual useful data bits have not been

Inr@H@V§ﬁor€@ﬁé@”o@tpu5@88M§ BESc%eﬁ@ob'Eﬁe(ﬂéb§'Bﬁrééogbws

paddi ng) before transmssion. This is illustrated in
1n¢l@@x@g8oan|g©ree8 khveasbaeshoenered but ptuhecodeidue zero

800 accor n enbodi ne t he sh
b1 0y ot UL ETb ke et ot e Tas: NERPES Fane 1Rl DAFRESSE rou
in@nhyiZgr s€suHBVEsHEEDN HLFBVBEtaNHatBenbeShees Z&héved.
bits arising frompadding in row nunber 12, i.e. the

| ast row including actual useful data bits, have al so

Op@fgﬁasegQ¥£QVeT@ﬁe098¥§ %?@E gglggﬁgo?r&m Qd89559nbgfore

on a trade o nentat
tr@m@misximw.ammlsoﬂsngllaBEratédthe dagaréleck size L
is big, the zero bits in the last TPC rows wth valid
data (in other words useful data; row 12 in the above

Fl@%@@pée§h§@§san§$o§£éﬁéa bhepaedibBder Bi€ck 800 according to
- Significantly. The nunber of bits in the TPC bl ock

anaémeedsment eni ng may be cal cul ated by first
determi ning the nunber of padded rows according to B
pad Npad kv
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

including actual useful data bits, have also 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

with valid 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

according to

5 ,
Npad = { padJ (4)
kX

where |*| is the floor function, Bpad is given by equation
(3) and kg is the number of uncoded data bits per row of the

TPC block.
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where | _*J is the floor function, Bpa c is given by

equation (3) and kx is the nunber of uncoded data bits
w@ernssvHf the TPC bl ock. For the above exanpl BCTBGI008/000345

= 2896 and Bpa ¢ = 94 N pad = 3 . The nunber of coded

bits per TPC bl ock after shogpening may be cal cul at ed

for option 1 as ¢c ab _pad = c ab Npad n x 5 and for

op c B pad d kx 6

For {ﬂ %3%98 8Q9m§l€g?1%hste 2%@% Hd E?? (ny, Ky) is

the nunber of coded bits in the alternatlve bl ock. The

coding rate for the TPC bl ocks can be cal cul ated as

Waigrep3= p- b pb + Bab (7) pb ' pb + a b _ pad where

| *J is the floor function and -Cp] = nx ny is the

nunber of coded bits in a primary block of size TPC(n

ny ¢ k = KyohksS n

T pdiel " Whaca pIRE [y Yok Spl OB TUEREE BholPEREEY may
bet@&1¢mpmtedafarbbptkoﬁol asprimary block) . Bpa c is

gi ven by equation 3, Ca D pa c is given by equations

5 or 6,

Cab  pad = Cab — Npad " Dx (3)
and for option 2 as
Cab  pad = Cab — Npad ' Nx — Bpad mod kx _(6)

where Cap = ny -ny for a size TPC(ng,ky) (ny,ky) is the

number of coded bits in the alternative block.

The coding rate for the TPC blocks can be calculated as

P, - U + B
Raterpc = pb pb ab (7)

Fob - Cpb + Cab  pad

where |*| is the floor function and Cpp = ny - ny is the
number of coded bits in a primary block of size
TPC(ng, ky) (ny, ky) . Cap = kx - ky 1is the number of uncoded
bits for a primary block (i.e. the number of bits of the
input data block for a primary block). Bpad is given by
equation 3, Cgp pad is given by equations 5 or 6,

respectively.

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

of coded bits to OFDM symbols is considered. From figure 2,
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respectively. To calculate the true coding rate of the

system the mapping of coded bits to OFDM synbol s is
waeagisei®ed. Fromfigure 2 ,it can be seen thakCT/B@2008/000345

total nunber of coded bits (i.e. the bits o f the TPC

bl ocks 402), possibly after gBortening, does not fit

into an OFDM synbol . Accordi ngly padding bits 403 for

J.ttggnlBét%gggmﬁ¥€b9he358tg§egumf:§§: Lhecbgtal bwgbqa e the

f coded bits transmtted using an OFDM synbol frane
biesdefotked ABCbbeks FARS, |sogsvbhybaﬁtertehattenppb cdoes

b_+ c.,ap pa ) To d m ne .t he. nunber,.o f. OFDM
nofyfbbi SOPR &R CEBK] FYSREC cPCReLRe  RePAOHER Bof S 403 for
th&0dgdt bprempeymebDVhsyMagkd.i . e. the number of coded

bits that are transmtted using one OFDM synbol . This

value i s for exanple determned b y the nodul ati on

Lef QEtégg@Bﬁum$§§ Of: 8?@9 BEﬁEWF?Qﬁ%m?tEeEUB%ﬁB% &hSorpM

are use e nu

syﬁbaneerméhbe dexenel ysccCigtal . hmhdn1$yngivéﬁ)bM cbps
where [~*~| is the ceiling function. The coding rate,
t aki ng into account a possible padding for the |ast

DM sy nb is thu |ven b Kate Frane NP b - " +
otal = (§ % g y

(8)
To determine the number of OFDM symbols in an OFDM frame let
Ncpps 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
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

Ctotal
Nofdm sym = —=oxat ' (9)
- Ncbps

where [*] is the ceiling function.

The coding rate, taking into account a possible padding for

the last OFDM symbol, is thus given by

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
OFDM symbol.
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o fdm_ symcbps It can b e seen that the coding rate
depends on the alternative bl ock and the nunber of
w@awdiossyihits for the [ ast OFDM synbol . To ensuPEr/aG2008/000345
consi stent high code rate, in one enbodi nent, one or
nore of the follow ng guidel 2des are followed: The
data block length L is chosen to be large; The data
bl ock Iength L is chosen such that the nunber of
padding bits for the |last OFDM synbol is mnimal; |If
Tor ewssher eeabngisscaphopad cohe TRCehI 40k ongwembpdiment, one

orCH8§gn %U%Het?a&low1hs Sg&ﬁl 95 %ga%r%h%oIPgwgglunn
st ze’i e%row 528 dnd "the ¢ Imi*Si z8 aré
equal . If columm shortening is enployed (e.g.
anal ogously to the row shortening descri bed above) ,
t-heTﬂTPCdeoBuhﬂ:osikzéelngt@hbseﬁ th_mOb@nsm@l ber leman/ the

row size if are not equa e enbodi nen

1ot RB. fakor B atkal PRYChr Taesi GRORGTTANES PRGGUERe nomber

codgg £QladAgOEPMsPaed taKstam HrRRO%VABE1 HsOhehimal;
coding rates Mﬁth good codi ng gains can be achi eved

whemfceﬁpaeﬁdrt@nengshsngm@ysyemsthbnT@aebembadmﬁané;ze is
the encoding is sinple to inplenment and grOV|
hi gRBPSENReRHBM | P?tlﬁttﬁé §@Péé€Foﬁh8P Fpe EBEegolumn size

Furthepnct be,f oibewang afdwaniages ¢3nebrachbevedual, 1f
conpared to conventional OFDM based systens using TPC

codeslumA hhgheendodi ng eapéoiysdpdssighl enailegously to the
Sacgbalghggtggﬁng described above), the TPC column size 1is

chosen to be smaller than the row size if they are not

equal.

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
encoding is simple to implement and provides higher
flexibility in the selection of TPC codes. Further, the
following advantages can be achieved compared to conventional

OFDM based systems using TPC codes:

e 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
simple parity codes;

e A larger range of data block lengths in a frame is

possible;
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15

performance; The conponent codes used for TPC are not

constrained to the TPC bl ock size. This neans that
woreooe/opraner f ul codes can be used, e.g. ExtendeRCHSGINOSIH00345

Codes, instead of sinple parity codes; A larger range

of data block lengths in a feame is possible; There

are no constraints on the OFDM synbol sizes fromthe

Can Eeggsarsieﬁee Bg%ramgr ftlﬂ'et & FRfr s?ﬁBMlS)é'fQ@ from

eternlne purely by c annel conditions. This '
al | ol Wﬁﬁecbuexlbﬁbnty duhengutthe rdesi ¢ tisopetrth@FDM symbol
physi cal | front, end thod.is sinpler in_ .

o FeReReaRFERUAGE PHEeAypBY GRoTPELyo0ke Cipas . This
| i mht edws! RoeBe reekedi MBRY, JorkyigExhended iganioRdthe
Codes are used. Also, the shortening required for the -

desPQMSP§a¢eﬂ?Y§¢n§F@nése@dnpared to conventlona

i, ment s f the i ntion_may
ror THE be o SWPLBPLRR domidhiakereq tape: Siate thetypes
opt bgalpeopnyBikeabi-an 1$¥S LS, Iﬂaaﬁétb%bbaﬁﬁéﬁtngonly
systens, and any communi cati on systens that include

chaﬁﬁéED@GdegamméﬂgeQQﬁﬁﬁeaéﬁb@éﬁﬁenﬁéS@aytb@ gbedteaing

T T o “&e&%eég"w%@ e

MobtbavAacesahl ech€hdB2000 ( CDMA: Code Divi sion

Mul ti ple Access) .C ains
Embodiments of the invention may for be used for 3G systems,
Wire LAN communication systems, optical communication
systems, magnetic recording systems, and any communication
systems that include channel codes. For example embodiments
may be used for mobile communication systems according to
3GPP (Third Generation Partnership Project), FOMA (Freedom of
Mobile Access), or CDMA2000 (CDMA: Code Division Multiple

Access).
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1. Anethod for encoding a bit sequence conpri sing
selecting a first coding block bit nunber and a first
W@ awvmds4s& hene; sub-dividing the bit sequence PEE/BG208/000345
| east one first bit block and a second bit bl ock,
wherei n each of the at |east26bne first bit block
conprises the first coding block bit nunber of bits
clamfst he second bit bl ock conprises less bits than the
~ first coding block bit nunmber; selecting a second
codi ng schene for the second bit block different from
t ' [ . Ak j . east one
i R A R L e
sekacothggat hersecondibgt bbbokkbisi ngmbée gedoadfiodingoding
scheme. 2 . The nethod according to claim1 , wherein
SCheE&econd codi ng schene is sel ected based on the

subtibeI g ohgbthe Bitt Begsesendihty Blotkas8 ondheipsthpdt
according to claim2 , wherein the second coding
blechemrdi s sererdedisuehotkat whaseinpaachl oEktbezatofeast

he. i ' .
ong, FLEF Phs BLRER CEETEr 68 A P LrnE Relifa HIBEK Bh
nutife £l &f NbBts xheéreha tbeosecpbnd bddtRgcsmbeNBeksSless bits

sel ected as the coding schenme of a plurality of second
thapdihy Sthehesctha® RascknBlhi RFRRRTT nput bl ock size

se%?ggfg %;ﬁé&bﬁa 0ba$8§0BEnERE BYr SEHENBECHAAIbEE block
different from the first coding scheme; and

encoding the at least one first bit block using the first
coding scheme and encoding the second bit block using the

second coding scheme.

2. The method according to claim 1, wherein the second coding
scheme is selected based on the number of bits of the second

bit block.

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

second bit block.

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

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
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t he nunber of bits of the second bit block. 5 . The

nmet hod according to any one of the clains 1 to 4 ,
woR@pess1g he first coding block bit nunber is BEI/8G2088/000345

i naccordance with the input block size of the first

codi ng schene. 6 . The nethod7according to any one of

the clains 1 to 5, wherein the bit sequence is

ac€PedrdefRitA transApasi Bnoek theebotf sBguenestanddihg
first coding schene is selected based on a nmaxi num

schem®wed bit error rate of the transmission. 7 . The
nmet hod according to claim6 , wherein based on the
maxi mum al l owed bit error rate, a plurality of coding

6. SThemesthd chcavedsngt abl enfoonehefmakenuireamkonetobbt,
error rate are selected.and thgﬁfirst codi schene i

n S
wn S5t 2t bt e E haSGURN G 4enERECORT: RETpPr ARy LgFIOn OF the

bi€08kHGe560eRs PAYi RYrat Leashqorenehet h8 BEghestd based on
coding rate and the hi ghest coglng gain. 8 . The

a mexhodnagtbededgbid anyosnsadkt phHetbkatmwgnsmigsyon.
wherein the first coding schene is a product code. 9 .
. The nethod according to claim8 ,- wherein the first
7. CcOHéNge Sb@NBctSraihyr be praduct,catereld. bdbednmehhede
according to claim9 , wherein the first codi ng schene
ma¥ém%mt%¥g%wﬁ?oEHEteééeé bas&d 8nP@Héaékﬁ¥n8§chﬁﬁﬁ9n§Chemes

th?g_eére 1dy: {he1 oeEBPd: AeCOLYl RAn! 918B%ANB10f ekPEr rate are
claims 1 to 10, wherein the second coding schene is a
sepeotedt agddehe first coding scheme is selected as the
coding scheme of the plurality of coding schemes having at
least one of the highest coding rate and the highest coding

gain.

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

wherein the first coding scheme is a product code.

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

scheme is a turbo product code.

10. The method according to claim 9, wherein the first coding
scheme is a turbo product code based on two Extended Hamming

Codes.

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

wherein the second coding scheme is a product code.

12. The method according to claim 11, wherein the second

coding scheme is a turbo product code.



10

15

20

25

30

12. The nmethod according to claim1l, wherein the

second codi ng schene is a turbo product code.13. The
woredoboss4gcordi ng to claim 12, wherein the secPrmSG2008/000345

codi ng schenme is a turbo product code based on two

Ext ended Hamm ng Codes. 14. T8e nethod according to

any one of the clains 1 to 13, further conprising

13t rensmhithdd LBEoeAcREedof EL8imbiY, bliReke @Rt hBEsecond
encoded second bit block. 15. The nethod according to

co@ing nFeaemenhes et ntuhlec eptodedt f Fpde based| eektundbxhended
HaShe de€ gg%ond bit block are transmtted according to
B8°“The met hod according to any one of the
claims 1 to 15, further conprising mapping the data of
t he encoded first bit block and the data of the
14 enEaeBetRedndaCrPrabreckot 8 KoBlfaPf o8y rbatEs i7to 13,

fuJPﬁeﬂﬁégﬁgréggﬁgdkpgngﬁi€£95g1%ﬁe_&Hegasa BOPPLI 5iPYo1ock
mappi ng the data of the encoded first bit block and

and hehdatacofled heeepuddedt sktonk. bit bl ock to OFDM
synbol s. 18. The nethod according to claim 17, wherein
the data anount of the encoded first bit block is

15difhergatnbgogrtbeaangund efadat a4) hahersinappedehoded
one OFDM synbol . 19. The nethod according to claim 18,

fipgerlein Pheckagnadothehenepdededeeppdt bhtt PbPekkakee
trgﬁgﬁfgtég ?&c&?éfﬁ%é@gfgfﬁglsynb0|S . 20. The method

according to any o claims 17 to 19,

16. The method according to any one of the claims 1 to 15,
further comprising mapping the data of the encoded first bit
block 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 encoded first bit block and the data
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 block is different from the amount

of data that is mapped to one OFDM symbol.

19. The method according to claim 18, wherein the data of the
encoded first bit block are mapped to at least two OFDM
symbols.

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 mapped to one OFDM
symbol.
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wherein the data anmount of the encoded second bit

block is different fromthe anount of data that is
wWorppess4t one OFDM synbol . 21. The net hod accopdi/eg008/000345

any one of the clainms 1 to 20, further conprising bit

paddi ng the second bit block2®o be suitable as input

for the second codi ng schene. 22. The nethod according

to claim21l, further conprising omtting at |east sone

of the zero bits fromthe encoded second bit bl ock
21{H%mean¢%@0¢r@ﬁ¢@ﬁ@b@gn50tﬂ@ypg@@iﬁ@ bhesclagms Theto 20,

d ' u C r
cufBLEPLAREPIOL00 b0: AT Z2nl ELDERABIDIASHER, co oo
suiﬁamiet&ati@ptseférOﬁhensgdom@ tbeipaddehgmbits. 24.

An encoding circuit for encoding a bit sequence
conprising a first selecting circuit configured to

2256% mé%ﬁé&S&c@QQHPHgbkgcglgiﬁ @ynbﬁurﬁﬂgracéhﬁ§§51ng
ing scheme; a-sub-dividing circuit configured to

omEﬂM&m@vaUelehetbsomseqﬁehhe tato hitsebhsomoheef fnepded

ond bit_bl ock, wherei each
segind BT RABCE: LT LBF obROBonpPPRces: s Bredint Bits.
codi ng bl ock bit nunber of bits and the second bi t
bl ock conprises less bits than the first coding bl ock
23 pj Theyunderod sageebAdNgelf ecEiagmei f€ui FUEBREF gaPBETEBINT

omggf&; 21 pecopd %gg%”ﬁréﬁhf? ér%oﬂ@& gsggg& Bit BLOEK that

ent fromt irst coding schene
arise from encoding the padding bits.

24..An encoding circuit for encoding a bit sequence
comprising

a first selecting circuit configured to select a first coding
bloék bit number and a first coding scheme;

a sub-dividing circuit configured to sub-divide 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
comprises the first coding block bit number of bits and the
second bit block comprises less bits than the first coding
block bit number;

a second selecting circuit configured to select a second
coding scheme for the second bit block different from the
first coding scheme; and

a processing'circuit configured to encode the at least one
first bit block using the first coding scheme and to encode

the second bit block using the second coding scheme.

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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a processing circuit configured to encode the at | east
one first bit block using the first coding schene and
w0 oo0engade t he second bit bl ock using the secopdr/semiosgn034s
schene. 25. A conputer program product, which, when
executed by a conputer, nmake80t he conputer performa
nmet hod for encoding a bit sequence conpri singsel ecting
sedeftiny godipgtbbeaknbi b1Bumber taRdmBeli BBl 60€iREt coding
schenme] sub-dividing the bit sequence into at | east
schamefirst bit block and a second bit bl ock, wherein

agk .t he 23S fiLr it.b c ri t
sBR gy s hngrh BER beB0Sarber nar Br coang PRE Siisfdbie
blbtk bhack seopndskstl B3schit shthanint bachi bst thedengleast
bl ock bit nunber; selecting a second coding schene

. . ) : for
onehgizgtoRdt bPLOBKoERTBFfPEFeRPSf FoRFEhEORT PEL PdgaRNGL
nufb88MEF BRfsenrqding tBeofh Leashi1eBg Ebhplilks BkacKpits

using the first coding schene and encodi ng the second
thbnt theofkrasi ngdihg béookdbébdnngbsechene.
selecting a second coding scheme for the second bit block
different from the first coding scheme; and
encoding the at least one first bit block using the first
coding scheme and encoding the second bit block using the

second coding scheme.



