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I nvention The present invention relates to nethods and

apparatus for a data transifkssion in a comruni cation

system and nore specifically, to methods and

apparatus for inproving performance of transm ssion

METHODS ARDCAPPURATIS TQIMPROVERERESRMSNUDAND
E - 3 GF TRANSKSRIONS Wit fruLTrPLE

Ot hogonal FrequencycM)DEsBmOmgl pl eX| ng (G:Dl\/p is a
technology to multiplex data 1n frequency domain.
Modul ati on synbols are carried on frequency

sub-carri er B AOKGROBND OF THE INMENTIONV t h each
other in frequency domain. The orthogonality is,

however, maintained at the sanpling frequency in the
assmembmctmentibﬁ transmtter and recei ver have

rf.ect fre uency,..synchroni zat | e _ca
P cHifo ey BF  BRETih. Tedhidh Prsesifiods il auBReges for a data
tranﬁnmhfrpﬁi iz_&btrﬁm?mbaﬂikble szsteiml gthdrmbtd quclﬁdteﬂky to methods and
{ t
aPPE}rPﬁ.}j Ogﬁlgl o%go f Tange é:%ﬂes{n?iﬁqjo? Wit mlrﬂgiple code blocks

andlaﬁablm@afast elecbdingr H€ rt&msmlsshﬁils) wigh anliltiplgreefdexblocky in a

orthp of ihe received signal is often corrupted by
1EFHQR BEE™Y t hogonal Frequency Di vi si on
I\/UI tiplexing (OFDM synbol of nultipath fadi ng. Wen

I ' ti [ fficiently | ,
 nPfesi B S Beltef Beteatency i vision |

I\/UI (Drthbgmrith giré@'fmlw Emitsio_h Multipexing (©QHDM)ps ef fechiabyy to

t ould only cqnt ai i o)
mutiples, Bt gikhPndr ARG NS iRo | BtRbafiU AT HhRgg on
freq(mmct)o gubmhrriérsa quérhy sibicasiian dvierlap pivithieagh (OKDMN eguency
t k- .
M T
the raﬁsuntpmeas thai ctherpemnﬂnettdro randulrecqietrh Hawdi pgriesi nigequency
|G
i
syndrmmzatleq unldueata b]gh nmbdltyedmmqhegmtaiﬁy tedtheismbtcarriers at
d
samBige ORGSR st Rler PR RaRe LCD.

Si nylayliCarefie (EP goatiay oDihe receivedsignap issoftert eels'upted by the
prexﬁl%;s F%))g&f‘alsﬂ'&ﬁ}eﬁgy gyt Rfor rNllluﬂlfplexnlg (OFDM) symbol of
multipath fading. When the cylic prefix (CP) portion is sufficiently long, the
received Orthogonal Frequency Division Multiplexing (OFDM) symbol without a

cylic prefix (CP) portion should only contain its own signal convoluted by the
multipath fading channel. The main advantage of Orthogonal Frequency Division
Multiplexing (OFDM) over other transmission schemes is that Orthogonal
Frequency Division Multiplexing (OFDM) demonstrates robustness to
compensate for multipath fading.

Single Carrier Frequency Division Multiple Access (SC-FDMA) that
utilizes single carrier modulation and frequency domain equalization, is a
technique that has similar performance and complexity to that of an Orthognal
Frequency Division Multiplexing Access (OFDMA) system. Single Carrier
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together with other considerations such as scheduling priority, data and resource
availability, to jointly optimize the transmission scheme. A popular closed loop
MIMO scheme is called MIMO precoding. With Efecoding, the transmit data
streams are pre-multiplied by a precoding matrix before being passed on to the
multiple transmit antennas.

Another perspective of a Multiple Input Multiple Output (MIMO) system
is whether the multiple data streams for transmission are encoded separately or
encoded together. All the layers for data transmission are encoded together in the
Single Codeword (SCW) MIMO system, while all the layers may be encoded
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In order to maintain good channel estimation performance, interpolation
of reference. signals at selected resource elements located around a resource
element to be estimated is often used to obtain channel estimation for the resource
element with improved performance. This however, means that the demodulation
of the modulation symbol in the resource element to be estimated needs to wait
until all the resource elements selected for estimating the resource element are
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code blocks. The interference with other code blocks that are not yet successfully
decoded may be therefore greatly reduced, and the probability that the receiver
will be able to decode the other code blocks may thus be significantly increased.
In one embodiment of the invention prior to transmission, a CRC is added
to each code block to enable error detection for each code block. After the
transport block CRC attachment, the bit scrambling, and. the code block
segmentation, a code block CRC is attached to at least one of the code blocks and
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simplified shuffling patterns may be used. For example, cyclic shifts, or
predetermined interleaving / re-arrangement / shuffling / swapping patterns may
be used. These patterns may or may not change for each OFDM symbol and / or
each modulation position index. Sometimes the number of resource elements
available in each OFDM symbol may be different due to different amount of
puncturing or usage by other channels in these OFDM symbols. In that case,
interleaver with different sizes may be used on different OFDM symbols.

Step 4 '

Fourth, for each modulation position index and each sub-carrier, the data
bits are interleaved along the time dimension. For example, a bit-reverse-order
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In another embodiment of the invention, the aforementioned embodiments
are extended to MIMO transmissions with different spatial dimensions on
different resource elements.

In a MIMO system, the rank (number of spatial dimensions, or layers)
may be different on different frequency resource elements. The aforementioned
embodiments may also be extended to transmissions with different modulation
order on different resources. For example, if two resource blocks have very
different CQl, the transmitter may use different modulation orders on these two
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method is also applicable to other modulation orders. Although the seed
permutation patterns are generated in this way, and their cyclic shifts, are
preferable, this invention certainly covers the application of the modulation
position interleaving, permutation, shuffling, swapping, re-atranging on resource
elements and/or across retransmissions with any pattern or in any fashion.

In another embodiment of this invention, an iterative operation is
proposed for receiving the multiple code blocks that are multiplexed together
within modulation symbols. With the aforementioned channel interleaver design,
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In another embodiment of this invention, the groups are defined based on
code blocks instead of resource elements. Each group contains coded bits: of at
least one code block and may contain multiple code blocks.

With the group defined in aforementioned embodiments, either based on
resource elements or code blocks, the rest of channel interleaving operations may
be defined within each group.
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A more complete appreciation of the invention, and many of the attendant
advantages thereof, will be readily apparent as the same becomes better
understood by reference to the following detailed description when considered in
conjunction with the accompanying drawings in which like reference symbols
indicate the same or similar components, wherein:

Figure 1 is an illustration of an Orthogonal Frequency Division
Multiplexing (OFDM) transceiver chain having transmitter chain and receiver
chain;



enbodi nent, parallel processing may be enabl ed even

for an iterative receiver. Several variations and
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fromthe principle of this invention. BRI EF
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Figure 11 shows a two dimensional coordinate which shows one
illustration of 16-QAM constellation diagram.

Figure 12 shows a two dimensional coordinate which shows one
illustration of 64-QAM constellation diagram.

Figure 13 shows an example of the attachment of code block CRC
suitable for the practice of the principles of one embodiment of the present
invention;

Figure 14 illustrates channel interleaver for Orthogonal Frequency
Division Multiplexing (OFDM) systems suitable for the practice of the principles
of another embodiment of the present invention;

Figure 15 illustrates a resource element map for a data transmission
suitable for the practice of the principles of another embodiment of the present
invention;

Figure 16 shows a re-arrangement of coded bits by code blocks after rate
matching suitable for the practice. of the principles of another embodiment of the
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Figure 23 shows a general method of obtaining the preferred permutation
pattern for 64-QAM suitable for the practice of the principles of another
embodiment of the present invention;

Figure 24 illustrates an iterative receiver for decoding multiple code
blocks multiplexed within same modulation symbols suitable for the practice of
the principles of another embodiment of the present invention;

Figure 25 shows an example of a reduced constellation which improves
the detection performance of the transmission suitable for the practice of the
principles of another embodiment of the present invention;

Figure 26 illustrates an alternative iterative receiver for decoding multiple
code clocks multiplexed in same modulation symbols suitable for the practice of
the principles of another embodiment of the present invention;

Figure 27 shows the downlink subframe structure in a 3rd Generation



Figure 22 shows an exanple of spread coded bits on
resources with different spatial dinensions suitable
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In the detailed desciption of this invention, following terms will be

frequently used and the definition of each term is provided.

A subpacket is a portion of an encoded packet, and is a subset of the total
coded bits.

Data bits are a stream of information bits which are encoded to generate
coded bits.

Interlace refers to a subset of transmission slots or sub-frames.

The synchronous hybrid automatic repeat request (S-HARQ) is a
technique employed by the current high rate packet data (HRPD) standard, which
establishes a sét of four time-division interlaced transmission channels used for
the concurrent transmission of four different sets of data. These interlaced
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Methods and apparatus to enable fast decoding of transmissions with
multiple code blocks constructed according to the present invention will be
described in details with reference to the accompanying drawings. Like reference
numerals designate like elements throughout the specification.

Also, several acronyms frequently used in this invention are listed as
below with their own full names.

SC-FDMA: Single Carrier Frequency Division Multiple Access

CP: cyclic prefix

FFT: Fast Fourier Transform

OFDM: Orthogonal Frequency Division Multiplexing

ICI: Inter-Carrier-Interference

3GPP: 3rd Generation Partnership Project
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modulated signals are serial-to-parallel converted by a serial-to-parallel convertor
112. An Inverse Fast Fourier Transform (IFFT) unit 114 is used to transfer the
modulated signal or data from frequency domain to time domain, and the
modulated signals trasfered to time domain is parallel-to-serial converted by a
parallel-to-serial convertor 116. A cyclic prefix (CP) or zero prefix (ZP) is added
to each OFDM symbol at a CP insertion stage 118 to avoid or mitigate the impact
due to multipath fading at a multipath fading channel 122. Signals from cyclic
prefix (CP) insertion stage 118 are transmitted to transmitter front end processing
unit 120, for example, transmit antennas (not shown on Figure 1). At a receiver
chain 140, assuming perfect time and frequency synchronization are achieved,
signals received by receiver front end processing unit 124, for example, receive
antennas (not shown on Figure 1), are processed at a cyclic prefix (CP) removal
stage 126 in which removes the cyclic prefix (CP)of the received signal. Signal
processed at cyclic prefix (CP) removal stage 126 is further serial-to-parallel
converted by a serial-to-parallel convertor 128. A Fast Fourier Transform (FFT)
unit 130 transfers the received signals from time domain to frequency domain for
further processings, such as being parallel-to-serial converted by a parallel-to-
serial convertor 132 and being demodulated by a de-modulator 134. Therefore,



(OFDM transceiver chain is shown in Figure 1. At a

transmtter chain 100, control signals or data signals
wanesnmosl at ed by a nodul ator 101 and and t he pOTKR20N01425

signals are serial-to-parallel converted by a

serial -to-parallel convertps- 112. An | nverse Fast

Fourier Transform (I FFT) unit 114 is used to transfer

t he nodul ated signal or data from frequency domain to

the $ibABls ACARRtted WY thRsAREH Hagd 190048 fectivadtgr esbeiver chain
ti'rme domain is parallel-to-serial converted by a
140-par allel-to-serial convertor 116. A cyclic prefix (CP)

or FghR Prifihittattd e losthagdeRalitloof BFthogoM FyeriehcptDiFision
CP insertion stage 118 to avoid or mtigate the inpact
Multiplexing (FPMLMRONAdi ng at a nul tipath fading channel

12 ecauigdhch OFDVCHEhHl Hsdinite (6fliohaaihe @dniadthe sub-

118 are transmtted'to transmtter frqnt end .
carriges uedam i itheach oer i freguensyi domap, Har ¢Xampplenps, shown in
Figr8 %, sabuafri&n f('tb,gh{ﬂl!becal*}iell‘leﬂ 1 andesdlyRtie£Nal rovkflp with each

assum ng perfect. ti and frequepcy synchyoni,zation .
othesin {gedticagylongignsy Cfﬂ&eéé e 5B -qyage%rﬁvﬂ P b GHtger2 12
havdé) ra‘l’l?@’é@ lifderiithl _o¥2§imiile§2f wayangtapes.r Ef‘hgéel ?hﬁa&t ?lﬁl?ﬁ_asrriers are

not .shown on Figure 1), are processe cyclic
matfytagicalPOpSTFRNGULT 1e Stk Ose: It ORET Bipritb By SinEoducts of
any €6l dftthBrsabioarfiélR) 8t Zehe Tieceithegorgiligpaf Orfh@talal Frequency
D R 10K B L, S ARS8 o e Smpling
freqéfidydl adsanfiag althe! trafgméttdrorani2&ecéivenshadopeifect frequency

‘:s[{ran.sform Fq'[l%: unltﬂéigﬁ)etransfe s.the recel veg ¢ fr
SynCrgpiZAtoR., neS§oRhilFFAUGIEY P ERPELCt requency
syncfkﬁbﬁhﬁitfioﬂ "og h@@ﬁﬁ%ﬂlitﬁﬂ@l br&fogm:emgl @ﬁmaltslubl-cat‘ﬁeﬁmé isampling

converte a,paral.lel.-toserlal. convertor an
freafgROics iestiy Sd-oRvaling I REk eGP SR TR e . ¢ he

Si qﬁghﬁedIa% anamilusedtioy of aaﬂzsilgig)ﬁtt@c_t OFDIVIS y_hl(illﬁbldneime domain,

ecel \ed, receiver ai n e 2 il lustrates .
and Figits, o Jor P egpa o eaKed ORI Snfpblsit P&l Sihain.
Ml A ghéwhrif HighieMa, tA esiliipatBefditgecleank] GEP\bs ypirolkimated
.has finite dugati?n i.n ti,ne _domai,n tge subc,[arriertsr e
as iplse ZESRANSH Chaiel 4 tighe doma. 4nd 73y bio REGSRIICA s @ frequency
sele€tivéBhannel Sn Sregienty) doigiin. eBébauselof eaultipethCratilng channel 122

. .Sup-carrier_1 11 and.sub- iler2. 1 W th ea
in o Defiophngl Bt Hovisron MelPledng RO Wanlob R e Blin as
showHbirc #igimer 1] al CRarpgbrtioh- @sentédrtd dde heveivad noysnbol is often
i ndentical or sim ve shapes. These t .
conyfso by g gexihut, OF e el el et 4T es sotigousty
tranSinitesd OFDML banbulr . QFEM SyerbgiriQdDEDM Bymbel 2y0.), and
.of the -carriers arg,.Zero. e _orih nal_i 0
eylighS R BokionS ds” R EhE i o[RBT By ny of two
OFDNESyshbold) e fdrarasmistedahrough nealtipattt feelisgodnmed 122, receive
. f enc ssum ngpt.ne tr tter tecsglv
mgn&L??g&qs qngalgggfgyéP iiSertd AOVDIUL symgcrﬂg (1.8. R% 5FﬂﬁSSymboll
28, Rx OFDM Symbol2 29, ...). Rx OFDM Symboll 28 and Rx OFDM Symbol2
29 are corrupted by their own CP, respectively. For example, CP3 corrupts into
Rx OFDM Symboll 28. When the length of cylic prefix (CP) is sufficiently long,
the received OFDM symbols without cylic prefix (CP) portion, however, should
only contain their own signal convoluted by the multipath fading channel. In
general, a FFT process by FFT unit 130 as shown in Figure 1 is taken at the
receiver side to allow further processing in frequency domain. The advantage of
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data is then mapped to a set of contiguous sub-carriers at a subcatrier mapping

stage 211. Then an IFFT unit 214 tranforms the signal back to time domain, and
IFFT unit normally has a larger IFFT size than that of DFT unit 213. A parallel-
to-serial convertor 216 parallel-to-serial converts the received data. Cyclic prefix
(CP) is added at CP insertion stage 228 before data is transmitted and processed
by a transmission front end processing unit 220. Front end processing unit 220
has an amplification stage enabling wireless transmission of the plurality of
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or jointly decode all the received subpackets by a decoder 313 to improve the

chance of decoding. Normally, a maximum number of transmissions is
configured in consideration of both reliability, packet delay, and implementation
complexity.

N-channel synchronous Hybrid Automatic Repeat reQuestion (HARQ) is
often used in wireless communication systems because of the simplicity. For
example, synchronous Hybrid Automatic Repeat reQuestion (HARQ) has been
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frequency domain. The output of IDFT unit 235 is
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of Hybrid Automatic Repeat reQuestion (HARQ
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Mulfiplé, Input, Miltiple . Output (MIMO), are widely used in wireless
communication to improve system performance. In a MIMO system, the
transmitter has multiple antennas capable of transmitting independent signals and
the receiver is equipped with multiple receive antennas. MIMO systems
degenerates to Single Input Multiple Output (SIMO) if there is only one transmit
antenna or if there is only one stream of data transmitted. MIMO systems
degenerates to Multiple Input Signle Output (MISO) if there is only one receive
antenna. MIMO systems degenerates to Single Input Single Output (SISO) if
there is only one transmit antenna and one receive antenna. MIMO technology
may significant increase throughput and range of the system without any increase
in bandwidth or overall transmit power. In general, MIMO technology increases
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transceive channel between transmit antennas 411 and receive antennas 421, and
channel H is a Nt by Nr matrix. If transmitter 401 has the knowledge of channel
matrix H, transmitter 401 can choose the most advantageous transmission scheme
based on channel matrix H. For example, when maximizing throughput is the
goal of the transmission system, a precoding matrix may be chosen to be the right
singluar matrix of channel matrix H if the knowledge of H is available at
transmitter 401. Therefore, the effective channel for the multiple data streams at
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Different modulation schemes, such as Quadrature phase shift keying
(QPSK), binary phase shift keying (BPSK), 8 Phase-shift keying (8-PSK), 16
Quadrature amplitude modulation (16-QAM), or 64 Quadrature amplitude
modulation (64-QAM) may be used for an adaptive modulation and increasing
the spectral efficiency of modulation. In case of 16-QAM modulation, quadruples
of bits, bOb1b2b3, are mapped to complex-valued modulation symbols x=I+jQ.
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Figure 11.

Table 1. 16-QAM modulation mapping
The constellation of the 16-QAM modulation in Table 1 is shown in

Figure 11 shows a two dimensional coordinate which shows one

illustration ‘of 16-QAM constellation diagram. A constellation diagram is a
representation of a signal modulated by a digital modulation scheme. The
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strohb &R profRHBEN¢e t1fifd and fourth modulation positions, i.e., b2 and b3,
have weaker protection levels; the fifth and the sixth modulation positions, i.e., b4

and b5, have the weakest protection level.

In this invention, methods and apparatus are provided to improve the

performance of transmissions with information bits or parity bits from multiple

coded packets.

Aspects, features, and advantages of the invention are readily apparent

from the following detailed description, simply by illustrating a number of

particular embodiments

and

implementations,

including the

best

mode



spatial resources, to make sure each code bl ock get

roughly the sanme | evel of protection. On the receiver
weidm/11v3en sonme code bl ocks are received corr eCcrikr20080001425

sonme are not, the signal of the successfully decoded

code bl ocks may be reconstggicted and cancell ed from

the received signal. After the cancellation, the

receiver nay attenpt to re-decode the other code

contgﬂhgﬁféd fReSAARg e thd TS EAGHE TR ywebénﬁhb@mi&pféealso capable

cks that dre not, yet successf TA%qifiS?%gaed rm%xgbi%vention
r

of ofhies anddifisarnicambedialegis Hadi 1oV
may'hé mdEfidl!ifitd 9af6ELBBVIoNS resphts, Ca evit Rk kiepaAihd &rom the
Csignificantly .increased. In the case qQf hybri.d
Spirif pgRegoPS o1 thisdnyentiqn, Accoedingly, 3 ropgngRaRAdessTpTign are to
be ré%h?d&i’ de ilhRedve ihNRitiRs 8hd ot Wk késtfiegwharie P¥eitOivention
the whol e tra%gport ock,

. bl assum ng there.is .only one
is illneRaiRahnaNay SkesuEale; ABD ol DY EVRR LA dagEe RS of
the dceempahfils davansegessful Iy decoded by the UE and which
Is_not, 't Node will, retranspi s, if_the whol
t r dAs s tftg’ﬁl(’b}‘@ﬂgi ﬁhassratlﬂgsaaﬂpweﬁ]&% gﬁ‘@c ichagpel ipglopg term
evolt(lﬂoﬁ h@%TEFS%/stetH% ﬁllﬂ@ Uhgddbgs 3@9# Q:lxlbﬁlpllé.i H@gextdﬂ,g theb Itechnique
] now edge” about, se successfu ecoded .co ocks .
ﬂlusrrate\rgelvege gaB &artﬁlgfly Re SaSt Gttt chamselin 6, Ba ation
(LTBYGSe6sis)| tontetacoliamelsThe ¢ttranédwiliek | @aviplinkesi ¢ong term

r.opo in this invention facilitates that operati.on.
eVOlgP@ge e&l) SXHEMSmeRts oer 1dada.r eQirQle O Bt%ﬂnals g other
systéh§ WHEneoE icable.one enbodi nent of the invention, a
i s added t.o each code bl oc 0.enahl e err.or
Godedbrotiorar Butnica BnBryed it of shafiidhsericaver and
rece®e2MBl grovidddnendtd sepuietet cafing aaethbl osk nfuRipleCoograblovls is
to Fi %ure 9, after the trﬁ.nggort ck tta&hgﬁntk
takep{gie, AECQUN JRMTGVE Aty PPHETTEAYES - bYY BER BRGIER AT Socks are
traniﬁtﬂit%ﬂg thd pa]?‘bnﬁarﬁﬂ cgfthg}tﬂaaﬁﬂniis:gg)misdﬁct_tat@mgy &Ralzddm tlock that
east one t he e bl ocks follows i iately after
hes {ieav oL BOBPTRBHEE-aRea Boperr o S s LT A har e iy e ver.
incldding Tihe fnbppimgofibnPeddd bits sefodigfret ¢sdeoblueks 6 modulation
mgu{tkglle code blocks. If th{sr.e 'S ogl%%ggcod bl ock d
symppls, fod; then SRRngG R, MEARlationeSHRBL MfayTREtense. an
spati %mvs,btlbf nifkersﬁlrd: adip rcﬁdé H:Elﬁcl? et god%lllbﬂ tl?elé;sﬁ.ém {dvel of
transpqrt ock, the attachnment o Qc
ROt heian i GELCINET G RGBT S00F FROGs HEJSPrivEH Sagrectly
and GB@d i@fe 05t, BEeHsiphalHSDRA 'lsﬁcbc%ésfﬂlly, dadaideﬂlqndevbkdﬁks may be
ve w detection err about , 2. 24. 6 B)._ .
recqiiteted Kt Saosl IR P eape rBatEs Siedik ik i darjosttifion, the
receﬁ)ﬁei\mﬁjys attenfnpt 6o estiecnaizethblotisde cexie blockest Betawse the infeaference
.t receiv an,cancel the_ signal f those;cC
witth e eadn PIofie T AR W BB T e RRLIRRE e reatly
redigedp theﬁf)rdlﬁbﬂiuyaﬂmb ¢hes téckeivarewill beratldits depedath®other code
Not e that. an. 8-hit. CRC ¢ ovi de detf.ect .
blogkg nche Sighilichntly indigast Ty ROR e Sal pYBLA ARENGTRRED, if the
receifer ot btk t®decode one of the code blocks, the receiver will feedback
NAK for the whole transport block, assuming there is only one ACK channel.
Because the Node B has no knowledge which code block is successfully decoded
by the UE and which is not, the Node B will retransmit as if the whole transport
block including all code blocks are NAKed. In that case, UE should be able to
utilize the knowledge about those successfully decoded code blocks to help
decoding those code blocks that have not been successfully decoded. The channel



code bl ock CRC for code bl ock error detection and
cancellation, while a 24-bit CRC may be used for

wonenssipest bl ock error detection. By doing so, PCERERE/001425
overhead is mnimzed while providing neans to
facilitate cancellation ofppuccessfully decoded code
bl ocks. Cbvi ously, the CRC overhead can be further
reduced by only attaching one code bl ock CRC for

1nte1‘féﬁvtek feSi g’;‘? BL&AE K thik rin*&éiﬁldﬂr fARhtes THENbp&AtioA. Prelferred

nmber o s are provid appl i ed 1 n channe
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enable esios datection &9 eashesadesblacknFigure dyvi shpwe e sxample of the

attadi®fertlof &RRIHIBER GRCt 0RnifafiRg tol Figatd 9f &fer thet triport block
i nvention. Note that tge const el | atl olglgaérran enment

CRG atiapbigaly A6 QibyifEam Fnguaad 18ensgds, aliqn, an

addiffohhl 588 JF KRRNGEE €bAO BRdcK TR &@%V Qéast &Hc06E theueaddBlocks
now to 8gure 14,7 Fi gure, 15 and ure 14

ure 16. F|
follgws immediaielyaftsibe stepialiqods ¢ Ckf nesntafien, as,phown n Figure
13. Efd??ﬂgglﬁfgﬁ}t ?gd/diliig% Méin"tédOin@d bﬁg o&(ﬂﬁmﬁﬂ&&&@ﬁﬁ)cks If there is
racti ce
onlye fB6 fiadenplogk mh@%pl;ré%w Biﬂ)%ntth £ ode; @@Fé @C may not be
necéiskii MySUrahese 3s rrﬁtﬁfwl’dﬁ‘eﬁl @h@{fﬁfﬂe ek @ tﬁgd?ﬁmpoﬂ block, the
ransm ssi pn SU or € prac e o0
attaghmeny; ?ﬁs ‘2‘%3&"%’@@ l’c’i’f.’l’olf‘ﬁ‘é‘E %é@ﬁ-‘e&am%ntbrﬂawnspoﬂ
blodkl @REefogzt; @%SM@H&H@?QEM@%@T@F&M@@@N&IM byw detetion
S er r cnin apl. e cti,C
crrop (e 2ar FEEP T 0D S RuPE S fang CR S SRR i Block s
to p tdWQé‘EitlﬁgbnterﬁscoﬂBQMGcl% BrrEt deteetldrﬂ so it the seseiv@ can cancel the
e ransm ss S
signpls ol g R Bk Thataite coieRUy aﬁ‘éﬁ’@l AL 4ERRBn dror of
~ 1($TJ hlaszalitsé befficiéntfoe tIk layeﬁmmo thg tﬁﬁl dre8-INERCGsau pesvide a
el.enen Resource e ncl uae I rce
deteHiGHERL TATRIOhBNOUdL £ 1P os DTS 8o Aort-0it CRLhIAYSh P for
codé€ |b%6_i@CK(arfbt elﬁd@ bﬂﬁgﬂﬂlb@m aétesu@ib@hd w‘mbenegu%n ,twihile a 24-bit
arr I e code r X Its C
CRG e Bied H@Imﬁbﬁ‘aﬂ& eHOF AFLESHRI BY Aqipg Sop e CRC
oveRRadaly iihiinizednevhife ek | @k toy fdlitatet cancdiation of

A @b‘ﬁ‘é‘ﬁs Bt R G g o B further

redlméﬁlﬂyl &lyiaftashitipditieadoderbleskmOBIC for mahrpis eode Bldn:}(s one

or iR SR OBY AR 6t SRBCE ALARER A1h PP a0 dp heclyied in
chamman&ma%r degagt Noste thdt rtdnaufoﬂ thew stgpopescto onimncorporated
in 08P e ok kR SETD SOSF oA MRSy gl e he
inteflegvere raﬁdciﬁterlbaofngankthd@le thacasteat, leastcomeaof the diepssillustrated
in tfhgso ‘Nvention. Note that the constellation re-arrangement for 16-QAM as
shown in Figure 13 may not be necessary with the proposed channel interleaver
design.

Turning now to Figure 14, Figure 15 and Figure 16.

Figure 14 illustrates channel interleaver for Orthogonal Frequency
Division Multiplexing (OFDM) systems suitable for the practice of the principles
of one embodiment of the present invention. Figure 15 illustrates a resource
element map for a data transmission suitable for the practice of the principles of



encoder 2 of the turbo encoder. A turbo encoder is

formed by parallel concatenation of two recursive
weyeisamssi c convol uti onal (RSC) encoders separ BCEKR2908/001425

an interleaver. In one enbodi nent of the present

i nvention, the coded bits.gd-ter the second rate

mat chi ng are re-arranged based on code bl ocks. As

illustrated in Figure 16, there are a nunber of Ncb
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par|t bi'ts ?f the.i-th code blockia (tl
resowe erpggﬁs egpmcg elempgnts inpude é%ﬁ?é@?‘?‘@@?ﬁ erqfﬂgs and non-data

resoﬁl%eaﬁlétﬁeﬁl@dEﬁbﬁ §e§o|il%b él'éh%ht @aﬁie’sgfnﬂ)llﬁlatiﬁm ghnb@ Wthh in
cal le nel aver st

ch
turn ﬁzrrheasymykt?raﬁ Sodrd bt owr{le gghlg\@? Re salaffdsm Oﬁle RFSK
modﬁfa)umes 4 %‘i‘@%ﬂn kwetcfan@@dlub@n@ S@@AM fiddulatfor $yembol, etc.

The mbsn o s S Bobich e Gobdsalial s dbigea BpRLbogHgron

ordeMIi, tda@ﬂ mdikllﬂaﬁoﬁ Ijbbﬁﬁroﬁl e ﬁid@l‘n@étl(ﬁpﬁﬁﬁbalsls&iepmm’fed by one
modgipgure 14.. These bits fi rs

Lo peskGom A #% Sk Figuts 140 BreRRed niifiment of
the c}faﬁﬁelt 1lﬁeéﬂe‘alvbf déHigh bensipsae le’alst)@l@ dhthediolilendng opedations.
ge e. OFDM synbol) index. At last they fill up
éce al ong the di nmension of nodul ation position

I ndast, Mot @ath heddeo bilsiki, gnaboldi Sersj dhs are cespeatintly, the

3554 PO, 0 SO R BES TR ABLRPL b o
encc{)@t?fgsﬁﬂtfh@ byrbd @poodémane tidbo tencbder li§ defneﬂJ st parallel
it isp

I en th i houl d
congenaREETaveD TeBuisiE  Pterhatia LoRotERaT o RS Hgders
sepa@ﬁteﬂcby @n Aterleiver. Aht efie tehﬁddﬁmene bg)thellpreﬁmt dnvérstion, the

i ndex

d for a
cod g, e REER 45 Sl AT FEUIDE e S5 AECd Ha R e plocks.
As 1ll|u§tr§tbd lih Fiperepl G eRereaire (aChurﬂberMﬂ N, cankd BloeksMint tharsintission

for ik arinshpdceiock. Comeniido 1R IRLRLRER THEKRES bt re-

arran ¥ntl Byl duleebRelts 1ﬁﬁne¢aﬁuhplfellowseb(t Mollectibh stage 617. In

stage %l ghe sy lnqgtelc ba%s parity 1 bits, and parity 2 bits of code block 1 are

collected together and arranged in the order of S, P;, P;. The number of

systematic bits, parity 1 bits, and parity 2 bits of the i-th code block are denoted
by Niiss Niipt> Niip2, respectively. The re-arranged bits then enter a stage 915,
which is called channel interleaver stage. Nigys, Nip1, Nipz may be presented as

following equations respectively.
Ncb

Ny =2N,i o )
i=1
Neb

N, Lol = ZN 1i,pl 2)
i=l

Neb

N tp2 = ZN ti,p2 3)
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(0, NI, MI), and the MN-th bit should be placed at

(1, 0, 0). Note there m ght be sone resource el enents
wouosiiussd or occupi ed by ot her channel s and t ROT/KR2608/001425

not available to the data channel transmission. In a

preferred enbodi nent of thps.invention, the

ti me-frequency resources with a resource el enent map

are represented in Figure 15. The resource el enments

as Sl”kﬁé"f‘éjaltr&qéeddﬁitt@cﬁﬁ PR SBed ToOffll Q?etlﬁrt%ﬁ@@e uégey h&fources,

to forma resource .ele map shows th
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et o>ecprdlys daeserbits aecyrEien latq:aa nepsional spagenal shown

in Figue SI4. MMRSe bN@tfﬁst ﬂ!usuli SO YHRR ﬁbﬁg&ﬂé difaBngien oferequency
reused for. each ykﬁn pgosition, as s

(ie. Iiforarian) indoenThe ey FRdus g paalone b dasnsen fdime

(1 e. @FBM @Xﬁﬁ)oﬂaﬁdéﬁ A@wm@}d AU the! BfaceSalohe \me dfinension of
4. Wi th esource el enen aken ot her
mxbuz,os&rml tiAdSe nf\kvé% nOthsE RFdeEng| ehedimens Scéﬁ |Gegainly

os§"l91’é ﬂﬁ?%é\%iéwr&e the eﬁ?ﬁéﬁt 1&@@10% T]Badhﬂpbsnfdi’f 1ﬁ‘ atHé three

,rmu 1 oNn osiIlion I ndex eacC

dimepRIGn ) SPaCe I By SrERAT 0%509%n4t% % f e Brst bt s

placéd {m rqlel 00), fién ﬁi@amogg bgt Bhéulavsy pl@ce(g atleo, (% BBIO)Lhe third bit
erl eaver r.a rune | reverse raer .1 nterl.eaver

shouliyperlagribt Ceps Bht st thadsaieass Ao S GURupGH for a

1v6nf®FDers@'ﬁﬂﬁ)l i tthe € DI sy abolidder ie indreased Hok iegdmple,

the QU D B8RS4 TemlacRRmAS ISP 9B MR Bt S e

(, 1, 851 uifiek nble/ fr@}'@ﬁl@y nghdp eitriee iﬁtﬁcéﬂiﬁreb exhi@asted, Thes@odulation

tt er ns .ma not ch eac
posihgh TRABK it dreRsduFat commpis be NNGRER SR blaged at
(0, Nulnbﬂlﬁltlpfanﬂ&ﬁ@ %[l]g]?thedne geodld t?:vplgbﬁ) e (1,10, €9c ING¥ellvkbre might
(0] e | ere ue (0] | ere
be SBUTAGPIIY QSmELs NG PTEY NE CCoRBI ATt EHOE i ihg) fhus are
not 8VAIYIE to ltms tfatchaanel irhmdngissiony Bi a\préferwdf émbediiment of this

d di ff t |
Ve Hhe) Gk BRI TR oL R B aEse FAShER: fuap are

représ&htédiliﬂi IFguret It Tas ﬁesbut& @lémentst sssigrded aldataotratemission

exa rever se-or der
are |grpap itk Auesthgr to 1o Bqreapitsen slamistcygny TR S, S the
resotye b&méiﬁ@l av@lalﬂa)to atdte Itranﬁmésrsﬁcﬁﬁluﬂd resourbe elesrehts ahat are
ose e or mul ti

th
ocolgea B H%E Shadfels sudh 2 sfele Sindie BafiRii ool chthets,
etc. Sthé r&sovece Btemkﬁtte r(mcﬂpﬁbdl by etheravhamels aee skippededote this

reso/urce efement qnap 2 RsB O ERGh §8tutation position, as shown in
Figure 15. Eventually, the space that accommodates the coded bits can be
described as a cube as shown in Figure 14, with some resource elements taken by
other channels and these taken resource elements are called non-data resource
elements.

Step 3

Thirdly, for each modulation position index and each OFDM symbol, the
data bits are interleaved along the frequency dimension. For example, a bit-
reverse-order (BRO) interleaver or a pruned bit-reverse-order interleaver may be

used. Or any other interleaver may be used for this purpose. Sometimes, one or



be used. These patterns may or may not change for each
nodul ation position and /or sub-carrier index.

weaomtii#ss, the nunber of resource el enents avacrar2e08/001425
on each sub-carrier index may be different due to
di fferent anmount of punctuwgg.ng or usage by ot her
channels on this sub-carrier. In that case,
interleaver with different sizes nay be used on

r
mult‘gﬂ% s‘rﬁﬁbhﬁﬂg shafilih p%tteﬁiselﬁ’l n‘z e lfdeﬁz FbPexaple, cyclic shifts,

er and eac ta bits are
or Prfrde@mem‘edn@r]@ﬂ@mgh/e rwwangmaﬁnb{ shB gt/ SWapRIBE: paiprns

may ' Yedeed. TREsEYATRNE maﬁ'e(zi‘ Ih:é?w %ﬁangb" i eaCBISPDM symbol and

interleaver or a pru b reve r interl eav
or pagh medylation KQ’SI‘[H?WH@FKeSOm%@qS Hgéfﬁ Qfdespuuee Flsments
avai al'glé %1{9 WaBRSGFDR? Hmsmayr& G[ffél‘éhi idak etooalfﬁ:'rém' arhbest of

ing patterns can be used. For exarrp e
PUNGIHTIRE SOT Byagsr lay extlerneliasmels, it thessy OFPM pym i@éﬁ%?ﬁs@

intefleaVRb With digrcrerRWERRIMSy BALLET BA d@ﬂ@reaeomq sy ﬁk&ﬂ@

patterns nay or nmay not change for each sub- carrl er
anc®t#P 8r each OFDM synbol . Preferred patterns will be

exrlifo%mle gml é‘é&f nioﬂulé‘i!ﬁ) %w% mdexemd t@ﬁbhl ﬁb?-carrlé:r the data
preterre e chan | Nt er.l ea er eSI
bits @gm dntstlsavad al@agtrr%s lwsm&grs?me’r p -&V&ﬁ%ﬂ-order

(BRO) ihieflcots ?%%ﬁ%%ﬁ{téf@”%‘?&é’ﬁ%?mma%fe e o

S [ S S

othemnt@rleﬁ@%cmdv@n?@ this PUHRAEy sé&ﬁeﬁe%roqm ot .%ﬁgiple of

s1m}$1[1’ié'21 NRRifAi PaeRfnsOfcahNdeWiiotd® lmeek@mplmgc Readifts, or
Particul arly |ctor|al |IIustr/aLk%& ed on

predefgrmined datefiEavipg /ge- FHARGEHNT /g ts‘é’aEP‘é‘ﬁsPa&?P&“S can

be uIBY. TiseRtteABimb ‘i‘)rfm@ahopbﬁeﬁ@éefoﬁfea&lh enddulaidrepositign and

process For e , ure ws the oded bits 8{
for gibceRiBich i g%éﬂ%tﬁfl ltf , THSPEHGe E‘?}‘ema?n%" ailable on
eacﬁSE@B bé‘ﬂrle@ Qﬂ@é)@ma Jhse @ﬁ'ﬁﬁ?n@dlg§t(9ﬂlflfél‘?nﬁ§lﬁ©uﬁﬂ ?Ejsuncturmg or
howev ir.s ul ation iti
usagg By pihet hen %F’Br‘iﬁ@;ﬁ\‘goq%ﬂeﬁs%éﬂ%ﬁfé’ﬁ?» V%%Wthg‘llfferem
size§ hftSbMiddd drhdgTdre@ bt dgfierscoded bits in tine,
frg@uency, and spatial dinmension, and will shift the

PR on positions of these coded bits in nmodul ation
SY HI@hS . fobleaBl shbadkdriér aindesith IOFBM Q@ﬂlﬁdll,eﬂ&odadl bits are

its of each code bl oc uency and. ti na
interlgavdcoRS ChroGGnesion of FediAid PoitioR e e ERABPES a bit
reveitseLefdor t(BR(Fanté@é@ef oF 1 Iﬁ‘uﬁbdtbmfevéts'éﬁ)rd&y mteﬂﬁaver may be
({ uen\% diver \y ﬁ@r rm%dnﬁ n@g onousced 1t ne or
use agy ithes we T 7380 s, or OPfe PRYISH Eﬂesf p
muliiplePo L Sigipiitier ﬂmtﬂmgspattms @afchd hﬁd‘ Rmmmle cyclic shifts,

or DFFHRATIIDES ISFRY B8 A8F PHADEP ERL, SUTNEE { MATTISR SaLirgp can

be wdedf 'Eh@étpatterns may or may not change for each sub-carrier and / or each

OFDM symbol. Preferred patterns will be explained later in the present invention.

One preferred embodiment of the channel interleaver design consists at
least one of the above-stated five steps.

In the following description, embodiments and variations to the
aforementioned steps are disclosed. Note these embodiments only describe one or
multiple intermediate steps of the whole interleaving process. Particularly,
pictorial illustrations used only show the effect of one or multiple intermediate
steps and may not reflect the final outcome of the interleaving process. For



di mensions is certainly covered by the present

invention. Normally forward error correction codes,
weoezpmailasiy when i nplenented with practical deeonaRr008/001425

handl e separated or random errors better than burst or

contiguous errors. Step 3_gfansfers burst errors in

frequency domain into separated errors. Step 4

transfers burst errors in tinme domain into separated

exarﬁ feo T?%urgof9 BhOREhOCHGEd BREWral b@d‘e bESENardOHib AL 008 time,

hin a nodul ation, sy
frequ¢nqye ﬁ@ﬁﬁpm@tMalanThstceée@ byp 52 e godebloskebveueroare all
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interdeAving stepa %ﬂb}@@réeaa@ S Raech it o T JEETEBEY: nd spatial

dlm&wl&if S ahdl evﬁﬂ‘%ﬁe‘ﬂ?é rﬁédﬂhﬁbﬁcbbﬂﬂonér her efisker cofeStifis in
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instead of the resource element map. For example, a two-dimension matrix with
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appropriate coded bits for each transmission. For example, bit separation stage
610 and bit collection stage 617 may not be necessary if the encoder output is
already grouped in to systematic bits, parity 1 bits, and parity 2 bits.

For a suboptimal though simpler implementation, Step 1 may be skipped.
In this case, the systematic bits, parity 1 bits, and parity 2 bits of each code block
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In a MIMO system, the rank (number of spatial dimensions, or layers)
may be different on different frequency resource elements. The aforementioned
embodiments may also be extended to transmissions with different modulation
order on different resources. For example, if two resource blocks have very
different CQI, the transmitter may use different modulation orders on these two
resource blocks. In this case, the design goal of spreading coded bits of each code
block as much as possible over time, frequency, spatial, and modulation positions
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In another embodiment of the present invention, the coded bits of each
code block are allocated as uniformly as possible on different modulation
positions. There are various ways to achieve this goal. One approach is to
enumerate all of the permutation patterns of the modulation positions. The
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retransmissions in HARQ. One example of application is to change the
permutation patterns of the same modulation symbols across transmissions. This
may be achieved by using different cyclic shifts of the same seed permutation
pattern, or using different seed permutation patterns in retransmissions.

Modulatio Seed permutation Cyclic shifts of seed permutation patterns
n pattern
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Table 5
Figure 23 shows a general method of obtaining the preferred permutation
pattern for 64-QAM. The modulation positions are placed with the same level of
protection at two ends of a diameter of a circle, and the modulation positions are
placed with different level of protection at different angle along the circle. For
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processing stage e.g channel estimation, equalization etc., soft values
of coded bits are obtained by demodulating the modulation symbol by
demodulator 692. These soft values are then deinterleaved by deinterleaver 694
and are fed into decoder 696. There are multiple code blocks. Decoder 696
attempts to decode one, or multiple, or all of the code blocks. Parallel processing
is also possible in the decoding operation. After the decoding operation, some
code blocks may be successfully decoded while some others are not. In this case,

the code blocks of those decoded code blocks are reconstructed. Because the
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successful decoding, as the iteration goes on, the likelihood of the bits will

improve and eventually leads to decoding success.

In a long term evolution (LTE) system, the downlink subframe structure is
shown in Figure 27.

As shown in Figure 27, each subframe contains two slots with each slot
containing seven OFDM symbols (i.e. OFDM symbols 0-6) in time domain.
Control channel signals are located in the first two or three OFDM symbols in a
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When multiple code blocks are transmitted, the performance of the data
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synbols in a subfranme. In long termevolution (LTE),
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call ed Reference Signal OFDM synbols, while absent in
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As shown in Figure 28(a), control channel signals are located in the first
two or three OFDM symbols in a subframe. In this case, control channel signals
are located in the first two OFDM symbols. Group 1 is defined as a set of
resource elements in OFDM symbol 2, 3, and 4 that are available to data channel;
Group 2 is defined as a set of resource elements in OFDM symbol 5, 6 and 7 that
are available to data channel; Group 3 is defined as a set of resource elements in
OFDM symbol 8, 9, and 10 that are available to data channel; Group 4 is defined
as a set of resource elements in OFDM symbol 11, 12, and 13 that are available to



within a group. For exanple, there are 8 code bl ocks,

the coded bits of two code bl ocks may be put into each
wgnroesai4950r exanpl e, coded bits of code bl ock PCamR2208/001425
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symbols that includes one or multiple groups of resource elements. In Figure

28(c), the receiver starts receive OFDM symbols that include one group of
resource elements by receiving front end process at step 951. Then the received
OFDM symbols are processed by serial to parallel stage at step 952 and by FFT
method at step 953. The group of resource elements are processed by parallel to
serial processing at step 956 and finally are demodulated at step 957. The receiver
then decodes the coded bits of the resources elements within the one group at step



i ncl udes resource elenents in OFDM synbol 8, 9, 10,

11, 12, 13. OFDM synbols 2-13 in a subfranme are
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two groups |ocated at OFDM synbol 7 and 8. Note that

OFDM synbol 7 carries Refegpence Signals. Different

configuration of groups can be used in different
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blocks 1 and 2 may be grouped as the first group, code blocks 3 and 4 may be
grouped as the second group, code blocks 5 and 6 may be grouped as the third
group, and code blocks 7 and 8 may be grouped as the fourth group. The first
group is placed in the first a few OFDM symbols, and the second group is placed
in the next a few OFDM symbols, etc. In this way, fast decoding of some code
blocks without waiting until the end of a subframe is allowed.
With the group defined in aforementioned embodiments, either based on



to different nodul ation positions as evenly as

possi bl e. The channel interleaver may attenpt to nake
weuom/iessh nodul ati on synbol within a group CORCTUKR008/001425

coded bits fromnultiple code bl ocks so that burst

error on nodul ati on synbolgsis spread on these code
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‘parallelized with the decoding of earlier groups. In
addAs shownvintsubfigerd é)pofoFigubé 81, within each group there are two

layers; within each group there are two layers or streams; within each MIMO
layer or MIMO stream there are four groups. In a multi-codeword MIMO

etc

transmission, each layer may incorporate a corresponding MIMO codeword
(CW), i.e. CW1 and CW2, and each CW carries multiple code blocks and a 24-bit
CRC as shown in subfigure (b) of Figure 31. For each MIMO codeword, this
CRC is applied to the whole MIMO codeword (a transport block having multiple
code blocks), i.e., all the code blocks in Group 1, 2, 3, and 4 that belong to the
MIMO codeword. Therefore, with the group definition, decoding of code blocks



CRC, the interference fromCW to CA2 may be cancel | ed

by successive interference cancellation. Further, the
woaomlliels7 processi ng capability may be signifi eantdRz008/001425

enhanced. I n another enbodi nent of the present

invention, CRC is added tyg@ne or nultiple code bl ocks

of a codeword within a group. One exanple is shown in

subfigure (c) of Figure 31: one CRC may be attached to
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CW?2 in Group 1. In this case, even the iterative receiver can be parallelized
between groups.

Certainly, many variations and receiver structures may be obtained. For
example, the group definition across these two layers needs not to be exactly
synchronized. This may cause some delay in processing or some performance
degradation, but may allow more flexibility in group definition. Even the number
of groups within each layer may be different.
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mul ti ple Orthogonal Frequency Division Miltiplexing

(OFDM synbols into a plurgi.ity of groups, each of the

plurality of groups containing a plurality of resource

el enents carrying the nodul ati on synbols from at | east
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4. The transmitter of claim 1, further comprising a channel interleaver
assuring that each modulation symbol within each of the plurality of groups
contains coded bits from multiple code blocks and operating channel interleaving
operations within each of the plurality of groups, the channel interleaver being
selected from one of: .

spreading the coded bits of each code block within each of the plurality of
groups to a predetermined maximum number of resource elements within each of
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8. The transmitter of claim 1, further comprising:

before the time-frequency transformer transforming the plurality of groups
of resource elements into time domain signals by an Inverse-Fast-Fourier-
Transformer (IFFT) method, a Multiple Input Multiple Output (MIMO) processor
enabling transmission of the plurality of groups via a plurality of transmitting
antennas.

9. A transmitter, comprising:

a separator, segmenting a transport block of data into a plurality of code
blocks;

a first cyclic redundancy check (CRC) calculator, generating a first cyclic
redundancy check (CRC) for at least one of the plurality of code blocks and
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one and not generating a first cyclic redundancy check

(CRC) when the nunber of ggde blocks is one. 12. A

transmtter, conprising: a separator segnenting each

of a pI urality of transport blocks of data into a
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plurality of transport bl ocks of data into a plurality

dataof code bl ocks, each of the plurality of transport
bl ocks bei ng transnmitted via a Mul tiple Input Multiple

1 TSI fran sty of i b) itbiog Tes? et e undiigy, check
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Ofc‘Rﬁfﬂ blogke1s|9fSut Mul tiple Qutput (M M) |ayers being
defined for at least two of the plurality groups and

di fferent code bl ocks. being arranged for at |east two

of ]tzheAﬁWat‘}F%’lﬂit?r COMPYSB\ps. 17. The transnmitter of
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aphér@ Ef Xes@ﬁﬁ’é?wtl ng one transport block of data into
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it P At oS MO S e
plurﬁﬁ?@fd@GM@cme t ransport bl ock. 18. A receiver,
COMPhrst' CRC caleulator generating a first cyclic redundancy check (CRC)

for at least one of the plurality of groups and attaching the first cyclic redundancy
check (CRC) to at least one code block of the at least one of the plurality of
groups;

an encoder encoding data bits of a plurality of code blocks; and

an modulation stage enabling transmission of the plurality of groups.

13. The transmitter of claim 12, with the separator segmenting each of a
plurality of transport blocks of data into a plurality of code blocks, each of the
plurality of transport blocks being transmitted via a Multiple Input Multiple
Output (MIMO) codeword in a MIMO system.
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reception of each of the plurality of groups of

resource elements, the resqurce elenments of nultiple
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dif e‘%@r\ﬁ/l si on [ti pnge?m ngé((]:Er)l\/p %yn‘ool s ei t%erl ﬁryredlcggt ely
before or i rmedl ately after the Orthogonal Fregquency

D vi7si opheMiahimitesr! 68 42, Sﬂlﬂ‘i‘h@f Scoiﬁlﬂisn@gird %econd cyclic
Ref er ence Sl? §'p§ (19 The i’ ei v of cl
redupgdpreye rcheskpk¢ Bl g calsalaiot  PRIOTE o Bis SPPYE e??g'ﬁ‘ﬁmmg one
tranﬂﬁﬁ@gﬁ@k@cﬁteb it .a ﬁluealﬁyrcﬁtcﬁ)dewbder gteﬁ@tﬁﬁﬁg rar@eumntl cyclic
transf #E‘S |ve tinme %tlgnas O tachine th
redupdania ehesk E‘; er%@o@%ﬂéméﬁ che &t dafdcngd Sitaching the
seco%r@zdﬁb RinddB6P 6144:@14 1@:1191(:9 b tho austraispost blockil at i on

mbol s on resource elenents to soft coded bits to be
decoded by the decoder. 22. The receiver of claiml19,

Wty t)qeeéeqe@uwﬁl gisgrgents of nultiple Ot hogonal

Frequenc i sion NU [ exi.n
seghﬁh{f@ém ﬁ%( @tage&tgpgqi tgyregq:lv r%%‘imlgf 0 grpgg§tofot%§ource
eleniéntﬁc&{tufnﬁhg bodad biddyl tiple Input Miltiple Qutput
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1ncor1|9(l)1rrat1ng the coded data bits from at least one code block; and

a collector collecting the decoded data bits of the plurality of groups to
form a transport block of decoded data bits.

19. The receiver of claim 18, with the resource elements of at least one of
the plurality of groups being located in contiguous Orthogonal Frequency
Division Multiplexing (OFDM) symbols.

20. The receiver of claim 19, with at least one of the boundaries between
two of the plurality of groups being located either at Orthogonal Frequency
Division Multiplexing (OFDM) symbols that carry Reference Signals or at
Orthogonal Frequency Division Multiplexing (OFDM) symbols either



of code bl ocks. 24. The receiver of claim 23, further

conprising: after the first cyclic redundancy check
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redundancy check (CRC) attached to the data bits of at

| east one of the pluralitysjpof code bl ocks, a second

CRC cal cul ator calculating a second CRC attached to

the transport block containing all of the data bits of
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cyclic redundancy check (CRC) cal cul ator calculating a
first cyclic redundancy check (CRC) attached to the

dabg btz Riceffler ! Sa8laiANEY, OWithhehePtdsbatdet ¥leafeneP @€ multiple
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check (CRC) for all. the data bits of the plurality of
codd- M EERIVEE COMPIIRINGD codeword. 27. A recei ver,
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24. The receiver of claim 23, further comprising:

after the first cyclic redundancy check (CRC) calculator calculating the
first cyclic redundancy check (CRC) attached to the data bits of at least one of the
plurality of code blocks, a second CRC calculator calculating a second CRC
attached to the transport block containing all of the data bits of the plurality of
code blocks.

25. The receiver of claim 23, with the first cyclic redundancy check
(CRC) calculator calculating a first cyclic redundancy check (CRC) attached to
the data bits of at least one of the plurality of code blocks when the number of
code blocks is greater than one and not calculating a first cyclic redundancy check
(CRC) when the number of code blocks is one.



a first cyclic redundancy check (CRC) cal cul ator

calculating a first cyclic redundancy check (CRC)
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plurality of code bl ocks. 28. The receiver of claim
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28. The receiver of claim 27, further comprising a second cyclic
redundancy check (CRC) calculator, after the first cyclic redundancy check
(CRC) calculator calculating the first cyclic redundancy check (CRC) attached to
the data bits of at least one of the plurality of code blocks, calculating a second
cyclic redundancy check (CRC) for all the data bits of the plurality of code
blocks.

29. The receiver of claim 27, further comprising:
before the decoder .generating decoded data bits, a discrete Fourier



33. The nethod of claim 32, with the resource el enents

of at least one of the plurality of groups being
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33. The method of claim 32, with the resource elements of at least one of
the plurality of groups being located in contiguous Orthogonal Frequency
Division Multiplexing (OFDM) symbols.

34. The method of claim 33, with at least one of the boundaries between
two of the plurality of groups being located either at the Orthogonal Frequency
Division Multiplexing (OFDM) symbols that carry Reference Signals or at
Orthogonali Frequency Division Multiplexing (OFDM) symbols either
immediately before or immediately after the Orthogonal Frequency Division
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and JiftEfERF 1Y KMol L lePREMBY O PR Bt lefthged
for thiegnn & a5t tveo of dac pluodlitylod grbupsal i ty of groups :

containing the plurality of resource elenents

i ncorporating carrying the coded data bits from at
| ea38. dike metedbbclkaim 36, with each Multiple Input Multiple Output

(MIMO) codeword carrying multiple code blocks and one cyclic redundancy
check (CRC) being applied to each of Multiple Input Multiple Output (MIMO)
codewords.

39. A method for transmitting data bits, comprising the steps of:

separating a transport block of data into a plurality of code blocks;

generating, by a first cyclic redundancy check (CRC) calculator, a first
cyclic redundancy check (CRC) for at least one of the plurality of code blocks
and attaching the first cyclic redundancy check (CRC) to at least one of the
plurality of code blocks; and



43. The nethod of claim42, with a different Multiple
I nput Multiple Qutput (M M) |ayers being defined for
wabtodsgasts7t wo of the plurality of groups and dpPETaRamis/001425
MEMO codewor ds being arranged for the at |east two of
the pluralityof groups. 4455The method of claim42,
with each of Multiple Input Multiple Qutput (M MO
codewords carrying nultiple code bl ocks and one cyclic

re G5h tyPeP fbekgach of
%ﬂe&?agg?ﬂﬁ%gt%ﬁ{s“ pl e e%%@gut %ﬁb‘% co%evvords 45.

The met hod of claim42, further conprising: before

decediTik MRAbT GEQRin 99, ﬁfrtH%%B npiside plurality of
groups of resource el enents, raﬂtsform ng ttrwlglpréaicel v
0

ti siersneanaraing she Trassheriblack St dte BYir @ Sode
blocﬁé e g&@r&m?z&? neg 's?ér‘(gfr%]lts @}(Ifﬁrye "ré:(‘liﬁlciailg?| sdHeeRl (@R@?tdaﬂﬂblator a
seconésgwlé-‘d redundapgy eheskr @QBC#OE}? awe tr@am%;gip of data and
aﬁadﬁﬁn%ﬂfé setBnd QyERs f&ﬁlnﬁﬁnéf&%c‘k‘ @@ﬁkﬂh@'tﬁeﬁ}spoﬂ block.

rising:. receiving a plurali of groups of code
bl ocks contai ni ng coded blts decodlng, upon reception

gl; r@gqglegﬁaeiﬁa)g @2 gggh Ib §9%/ vith qg@tg@& yélic Eéﬂiﬁdbh@gle t&ﬁeck (CRC)
i ni | |
beingqracieR Ry tﬂ% fiegfqychie g lpﬂfﬁpay .03936£5§€§ afpr Jor at least
one Gﬁgg’{ %13&2%@ [AROHE 'blodlﬂs@ﬂ’f&b thbgﬁmﬁ?l%iftﬁ doide fblocks is ixeater than
i in mu C s in each
ne ogr BY j kst &vglg? 69%%114 5 check f%&ﬁ}en&gj sgneraed % firs
cycmy eéduhdaﬁgy RUBEIE YCR®CkaltERDr whks thétmiinber &ff t6de blocks is
cyclic redundancy check (CRC) attached to the data

OnNChits of at |least one of the plurality of code bl ocks.
47. The nmethod of claim44, wth different Miltiple

Inp Mul t i pl.e. Qut put, Iaesbeln defined far
P4, et Sor Hicbiving fated gadibis, eomensing the Frps el
|V| Mox f@@?ﬁ@@ﬁ ?ﬁn’@}itynﬁf Sdquenasily B@dﬁurhlihg tﬁ@sﬁoﬁtblbﬁ@ﬁ teceiving
0 e plural it

a pluyRitofgronby Pharscubis elRGS sy ghch REow juoregating coded
datal S EURER M e s50 00k cb@BB)odkahﬁall ator calculating the

fir [ redu eck attached to

dat rb?%i‘ ofhcad ‘Fréﬁg)%/ Oghée‘m‘eﬁg’p PHYErEy rg]nS}& ehlocks,
decdithﬁg K@on%b@pticlﬁi b gactPyf thesploedlity ap$ Qg lmsoilﬁmﬁa/ elements,

ca a_.second _cyclic redun

the Eefouroq SREJenio Pt aTpi ChipoBRf EFekfueniy TIIRaR Vjltiplexing
(OFDM? slyhﬂﬁﬁ§ befng bepavhtv® @msi@aah tbfdthe Plurelityodf @roups with a

gcel Vi ng cade bl ocks £9 rrP | g
boun between two groups, at leas one' oPthe boundaries between the two
groups being located either at Orthogonal Frequency Division Multiplexing
(OFDM) symbols that carry Reference Signals or at Orthogonal Frequency
Division Multiplexing (OFDM) symbols either immediately before or
immediately after the Orthogonal Frequency Division Multiplexing (OFDM)
symbols that carry Reference Signals, and each of the plurality of groups
containing the plurality of resource elements incorporating carrying the coded

data bits from at least one code block.

43. The method of claim 42, with a different Multiple Input Multiple
Output (MIMO) layers being defined for at least two of the plurality of groups
and different MIMO codewords being arranged for the at least two of the plurality



reconstructing and cancelling, at a receiver, signals
of successfully decoded code bl ocks fromreceived
weizgsalisys7and re-decodi ng, at the receiver, co#eTKR2008201425

whi ch are not yet successfully decoded. 50. A nethod
of error detection in a dagg.conmmunication system
conprising steps of: firstly attaching, at a
transmtter, one transport block cyclic redundancy

of k (CRC) to a data block; separating, at the
transmtter, the data block into a plurality of code
bl ocks ; and secondly attaching, at the transmtter, a

codg biRckhetdd dLclhRf mdwea%heaﬁmﬁm ngmt Multiiﬁé Dutput
one of the plurality of bl ocks i n or
(MIMB} epdevprdy garrpingaRubiinle Pog%b@s%ﬁ 8nd ogg cy %rfﬁﬂém@aacy
chedkf (CR @) Being aphlitd ke éaapapmlﬂtlp& Inpht RANHPR. oasput tMIMO)

transm tter, one code block cyclit¢ redundancy check
COdf{‘@%@)s to multi pl e code bl ocks. 52. A nethod of channel
i nterleaving, conprising at |east one of steps of:

col]ecting, fo ch cqode bl ock plurality of
systientd Eneg;q(gofe agndﬁa&rﬂ}er&mtpmlw bits froma
fi nsdfoRNaeéRtin dg’fup'i)nt WdeptiBACOL @hch Tdtheapiviity bE grb@m of

resofRs HPTENE RISIPITHTE T FEFRY SPiEgRona S BT ghodulation

sy mbeEBOIf feREHRR lerh8SE U Q%l@?é’telmﬂiﬂie@'tﬂaﬂ@fd@ﬁﬁmg n@tkod;nd

nctestadsTine) U3t Frbsd dnodhalion yEpie she fgom.ttxgﬁ%crete

Fouﬁibfrﬁaﬁgfaﬂnﬁ{gﬁlemency (| €., sub-carrier) index,
second di mension of time (i.e., Othogonal Frequency

Di vision Multiplexing (OFDM synbol) index, and a
thigel Adifemhsd of redeivigdad bits, eepdidiag: i ndex;

|nterleaV|n for each nod osition |nd

cadRoe R Bin iy caroney OEFQ/‘a"s%ﬁE%P‘EﬁaB}"é& 3% By

sy rdwbdirigh@pbh ]Eréce@it@n%oft éagh}‘dfﬁﬂbl phaxligi @ﬁgl@u@@ ,of code blocks
or .eac u

I nt.er | eav lon. pqgsition
confaifes 5. <oser; RS ki %snaw% N S
pluraﬁﬁy of §écitféﬁﬁhﬂ§3 occOfrigd %Mdldseltheawﬂdﬂi(igt:sl)ﬁ;corporatmg
uenc i si.on exi n
the IR ¢ 3ﬁéf%?<3§ngﬁ%*h§f ﬁ}?eplarﬂgﬁgtf&? :#8ur at i on
calculating, by a first cyclic redundancy check (CRC) calculator, a first
cyclic redundancy check (CRC) attached to the data bits of at least one of the

plurality of code blocks.

47. The method of claim 44, with different Multiple Input Multiple
Output (MIMO) layers being defined for at least two of the plurality of groups
and different MIMO codewords being arranged for the said at least two of the
plurality of groups.

48. The method of claim 44, further comprising:

after the first cyclic redundancy check (CRC) calculator calculating the
first cyclic redundancy check (CRC) attached to the data bits from at least one of
the plurality of code blocks, calculating, by a second cyclic redundancy check
(CRC) calculator, a second cyclic redundancy check (CRC) for all the data bits of
the plurality of code blocks of the MIMO codeword.



posi tion index. 53. The nethod of channel interleaving

of claimb52, further conprising: formng a resource
wehersaniosmap by groupi ng resource el ements, theCcT/KR2008/001425

resource el enment map show ng resource el enents

avail able to a data transmssion and resource el enents

that are occupied by reference signals, downlink

control channels and other related resource el enents.

5449 The ({BRAPGE RlceRERB6te bIYCRS, &iihridne! cl ai m 52,

further conprising: ingreasing the frequency e.
subecoasirneling iande sangedtne.t AE & itPesiver, FeHENER Bf stctessfully

decollb§ 9888 lockss ﬁ'ﬁm? rédéli’s?é&ﬂﬁghﬁ%) anddex, and after

I'ncreasing t requency sub-carrier, jndex al on

f i redeendiagstiotheoreceivety f@lfé ~which; ap)nqt r%ré%uccessﬁﬂly
deco'd@?.r easi ng the Othogonal Frequency Division

Mul'ti pl exi ng (OFDM syrrbol i ndex al ong the second

di mension of tinme (i.e., Othogonal Frequency Division

Mulspi plﬁxhﬁﬂlc(@:o@'\@rréb’ rﬂ%@é&ndxﬁ §eXa drfa cbiemimidagidnOfystem,

channel interleaving of claimb52, further conprising:
compusinesters afo- di mensi on matrix with a nunber of rows

eq lfﬁ’ktl}'} Qttﬁcﬂ”'hlg'tlﬁ la tPdnshfer lon thimepla hidek eydlieiedinddncy

unis equal to .the nunbér of resource elenents

Check\(ﬁﬂ%ﬂoeadﬁﬁbé%ka in each resource bl ock. 56. The

metsBpstathe CARO GhndmitRs:] ehy taa Kbcleimbd mpharality of bede
conprising: firstly i ncreasing a resource block index

bloclifl*oﬁ@da first dinension of the resource block index,
Se%e&sﬁdr aft&é1aAg) eitQhé traﬁsmme aa‘bcﬁimnbck pyelic ﬁidﬂndam:y

eco nsron of our
cheakd G {0 g O O e RBUARGL Yo dupTaR qrﬁ%%? Etinge 2
codéﬁu@ckiéwog ddidegnal on of nodul ati on position index. 57.

he nmet hod of channel interleaving of claimb56,

further conprising: interleaving the bits along the

di rnsTImethdd 6 ¢laiee B0¢ furthep@oniptiieag:i n order to

randonj ze | ocati ons of the bits o,re rce, bl.ocks
{ nNIOGhEES A AR ORER %dﬁ'eﬁfogk SHlle Flungatioy check

(CREH 2O aalltipRt dedvtlpg of clai m 56, furt her conpri si ng:
i hterleaving the bits along the dinension of the

resource elenent index in order to random ze | ocati ons

Of 32heA Bhéthoioff ithanriy) Qnﬂeﬁl&@idﬂhggﬁ c@lnpﬁhfng% rI]eaiEh eneef bteps of:
ur.t her

coralicetng forsae cac Spd: BT 5Y IS itk prjurality

of pTaBl@y MREOfbAES Aistrentbdebyffd habbyencoder, and parity bits from a
second encoder of the turbo encoder, re-arranging the bits after a rate matching
stage, and filling time-frequency resources and modulation positions in
modulation symbols with the re-arranged bits;

writing the bits into a three-dimensional space with a first dimension of
frequency (i.e., sub-carrier) index, a second dimension of time (i.e., Orthogonal
Frequency Division Multiplexing (OFDM) symbol) index, and a third dimension
of modulation position index;

interleaving, for each modulation position index and each Orthogonal
Frequency Division Multiplexing (OFDM) symbol, the bits along the frequency
dimension, 4

interleaving, for each modulation position index and each sub-carrier, the
bits along the time dimension; and



i ncreasing the sub-carrier index and secondly
i ncreasing the Othogonal Frequency D vision
wokbasiiphesxi ng (OFDVM) synbol i ndex, and exhaust POT/KR2808/001425
resources elenments by firstly increasing the
Ot hogonal Frequency Divissgn Miltiplexing (OFDV
synbol index and secondly increasing the sub-carrier
i ndex. 60. The nethod of channel interleaving of claim

59, inferlch PRy, f&"@h{ch%hﬁ%arﬁéﬁpﬁlﬁﬁ@dﬂﬂ Ofthbg gi?alfffr%lé@ﬁ&}ﬂ)wmon
yrces elements i mensi o nd expendjn
MUIHﬁéxm&MW)oﬁymbﬁg &’Fe nelyngegw %é@gnepan@ﬁ ﬁoé‘ﬂatlon

posﬂ»lbﬁ ihdldxf d di nensi on of the nodul ati on position index

in order to formthe twodi nension matrix. 61. The
met hod of channel interleaving of claimb52, further

COMY, | PhéHietiRK] bLEHENNG] AROFEAIS bALRIMEIX mnmnexwmmﬁng
for each code bl ock before t he steps.of channel
i ntfOFmE jan gesogace SHAUPIRE TEROBEE edlgmsgts, the

resoffceCéiBinnp ilnapV!Hobwﬁg’ ‘i‘@sﬁ)d%é élehﬁn@aﬁaﬂa‘bté ffla depatiaisphiysion
for each, code ocklnthgqgsgg terate th

and JPeEse Hheadhcugoug SFRRCERIERS Mik-gantrol

chanr¥l€ah @ BiteR Pelaledieshifc®lentéiith the coded bits sel ected
for at least one code block being grouped together.

64. The nethod of channel interleaving of claim®63,

W t31 t TRe BRARGEHEElsardiel 1rﬁ@ﬂéa\ghl% af chis 3%, fhhBersenapasiag:
rate natchi ﬂg rocesses for, eac cod&g{bl ock .bej

c odPATeASIEANE SECQUAT R Hoa S CaRiER hETdekRIaRE LI, fiRg digension
of fiequengy (i&d.,eubvedrtiti)dadét, Bald system conpri si ng writing

o ohan g e s Dhpse R L AL e dilhoion
of fﬁéqmlfw}tf QBulpbaicdp avdexi, ﬁﬂ@éamlﬁlg dhe (Dlhhdigbrdill rﬁgq%eng:yOIDl\asmn
ul.ati itio a atin code
vffpiSliek ORaB Sbal BBk sBbE 62 B ErGRYER, & e e,
OrtldddpabFréymehbe Dividith Multiplekia@FDOMsybhtaslkimlesng t he
first dinension. 66. The nethod of channel

interleaving for the long termevolution (LTE) system
of $3.alThe @cthed bhchdrmel intetlealing oSictuimos2, tfastheesauprising:

eIe nts index..bein ied a t| -freque
iR 0 PGB Bt it o Sufiogr A i B p number
of feé@lﬁ%e blocks and a number of columns equal to the number of resource
elements available for data in each resource block.

56. The method of channel interleaving of claim 55, further comprising:

firstly increasing a resource block index along a first dimension of the
resource block index,

secondly increasing a resource element index along a second dimension of
the resource element index, and

lastly increasing the modulation position index along the third dimension
of modulation position index.

57. The method of channel interleaving of claim 56, further comprising:

interleaving the bits along the dimension of the resource block index in
order to randomize locations of the bits into resource blocks that are far apart
from each other.



67. The nethod of channel interleaving for the |ong

termevolution (LTE) system of claim65, further
woaopriigisng a step of applying different spati 8CT/KR2008/001425

di mensions to different resource el enents. 68. The

met hod of channel interleaggng for the long term

evolution (LTE) system of claim 65, further conprising

a step of applying different nodul ation orders to

di ise ﬁf}i&tm&ﬁl%%ft‘&aﬁhmﬁfgrfeavﬁ% ofld)8ini8h hﬁﬂﬂ@fr iy

i nferl eavi n% for [ ong termwev 1ﬁj@l on \ﬁ) %/ste(rp

of irtedeaving the bits I@&ng:thﬁﬁhrr&nﬁ@nao ﬁeéﬁu% pfnidRdex in
orde} 5 £in él%ﬂﬁké‘ﬁ)c%ﬁ@ § B & SiavivigiPbndRABhARL MIHCIROS ti ons

In order to urt er random ze | ocations of the coded

bits. 70. The nethod of channel interleaving for the

| ong, t"ﬁié"in%’t’fﬁidjbf %rﬁm'eTﬁiteﬁé‘zﬁtlﬁg‘o@fcléifrﬁSZn fopthef Ubﬁl@ﬁfsmg a

corrpr|5|%ﬁast of when mappi pg the coded bits
step nH fqmbNe PhRIGUH{NE HBS SERRCES { demerts " firstly

incréa% rhe %hﬁ%ﬁtiér QHQe}é pﬁﬁd ake@ndBn Sin‘éi’§&51tﬁg3tﬂ1bn ®réhogonal
tity . of lyE(luraltyo syst e tICB é o
Fredsgrese rRivision MslGplexingp (GFRIMY syBioabdndey. Bnd xhapsiing the

resofReH él@ﬁfén@ %?‘;ﬁrgtl}l indRasitet figd Orthedvnl lleFreg) ency Division

[ nt erleavin rot term evol uti,on
Mulgjplexing ORIy BV nb er&%acr paf ypeandbe fnce %%stﬁ’ﬂﬁgﬂ%hqgamer
indeRriority of the systematic bits by defining nultiple
regions along the third di mensi on of nodul ati on
i ndex. 72. The nethod of channel interleaving for the

| o). UEldRMRI S Hhntbll ﬁkeﬁé@ﬁ@bﬂélaﬁhéﬂmﬁhafdﬁm@ﬁing

conprising a.step of sep aratel |nteleaV|n int d
o MPRsaen g Grace Heagy SRourees SRR Ageg megioor
I nt ERdn Pcﬁe fome d1ﬁ1%nb1@ﬁ&)ﬂtﬁhelfﬁétﬁienby @ésoink.a@ elemehsnin the

. ai.m urt conpri sin step of s at el
thirdimngn o thS sperlation oSG dat iR ndef JBHfFH the two-
dim&lién Athtdkf ferent starting points and different noving
directions for the systematic bits and parity bits in
t he three-di nensi onal space having the first

di rENsTROmeti] seelthellint@iedvifig oﬁﬁﬁhrhhﬂ thiithet comprlsmg

di nension. 74. The msth of chann

© hT GRS ARPUTR TS BRLIPETCRD ot Bt poépinak befbre the
ste §@fbﬁﬁ{neqmﬂb§wﬁg a step of starting the systenmatic

blts at the nodul ation positions with a strongest

protection and noving towards nodul ation positions
Wi tdD. hé&ﬁkmbdmf%aﬁhélciﬁtm&/mgt el piad 61 ywiﬂhtcz)ded &its being

selegil SHEVOAb RN et e priom MscrpRahErs e il Bhids for
eaclPESdeEllockN.

63. The method of channel interleaving of claim 62, with the coded bits
selected for at least one code block being grouped together.

64. The method of channel interleaving of claim 63, with the parameters
and configurations of the separate rate matching processes for each code block
being coordinated.

65. A method of channel interleaving for a long term evolution (LTE)
system, comprising:



75. The nethod of channel interleaving for the |ong
termevolution (LTE) system of claim®65, further

woaopriigisng a step of uniformy allocating therPcoakRrt008/001425
bits of each code block at the different nodul ation
positions on the third dipggsion. 76. The nethod of
channel interleaving for the Long Term Evol uti on (LTE)
system of claim 75, further conprising a step of

eNYPRAS cH3ePBitEHitBLd t‘h?eél@frﬁ&{sﬁﬁla‘l’fs éd@wi’fﬁ@ﬁ%‘t 'dﬁﬁensmn of
positions to approxi matel umformy distribu

2 TeboEe APMENtS iNgEENa saanG| gurengion §IiHhEPaes # ex, ‘and a third

dlm&ﬁ‘i@r%fQ%o&]atlJﬂ‘FoﬂﬁbH?ﬁd@J channel interleaving for
[ong term evo utlon syst e @gg cl.aim 76,

f uradlospting the ceded bis Sqfeeﬁacbfc@g ek adong the.gpace’ dimension;

and Permutation of the pernutation patterns. 78. The
nmet hod of channel i.nterl eavi gg for the |on

evdlllocaiing therend E‘S‘y@fse?ﬁ ¢chodp plogk alppg fhf‘egr%mp%ipﬂg

a step of generating a subset of the pernutation

patterns by cy liic shifts of the seed pattern of the
perGfut Hes Biethed pbehanney mt nieHeaving foitheAOBE Kipbevolution (LTE)

systexﬁtcﬁrdlﬁﬂ 65 walt‘hrthE erst @itSerdsesb MR rébiite Eletints ¥8d&being
Cte urt er cghgelsln a nmet hod of obteu({nnggl

a sméh fert frga- frRaueDeyt AERENSIAN JERTESERRE ottilg Hidex and a

frqupﬁ@y fdideg. the preferred pernutation pattern

conprising: placing the nodul ation positions with the
sanme | evel of protection at two ends of dianeters of a

ci rgl. eThe hﬁ%@d} of BeariRey intetle&ing I6t ﬂieQBﬁg \tériah evolutlon (LTE)

di ff of protectjon a erent, an
systaimo of | GRERy 7 THRET FPRPESIEng PERAPhGTBDANE SHEFtaRgatil
diméRsgoleto ﬁmemtq&sdlheg elentdgs. starting from any _
position in a direction selected fromone of clockw se

and counter-clockw se direction in order to achi eve a
M4 3IUThé ﬁ&ﬂh@d bPBha&inel ﬁlﬂeﬂ@ﬁkﬂh tﬂ)ﬂﬂleﬂﬁﬁg térom evahution (LTE)

t he f protection. itera
SySIEIePECION fivt WSS CORGTRg Fer EP R gHlledp wodulation
orddrS e tiiferentiek bt @ l&pegsbl ocks nul ti pl exed in one

nodul ati on synbol by the receiver; denodul ating the

one nodul ati on synbol ; deinterl eaving denodul at ed

codss Dhé snethod ofehdims kigtefleting fexeé long @en evolution (LTE)

nodul.at i.on
system O ialm 6§y%?r?her comprising a step of row-column interleaving and
interleaving of modulation positions in order to further randomize locations of the

coded bits.

70. The method of channel interleaving for the long term evolution (LTE)
system of claim 65, further comprising a step of when mapping the coded bits and
modulation symbols formed by the coded bits into resource elements and spatial
dimensions, setting a priority of a plurality of systematic bits, the systematic bits
and a plurality of parity bits forming each code block.

71. The method of channel interleaving for the long term evolution (L TE)
system of claim 70, further comprising a step of setting the priority of the
systematic bits by defining multiple regions along the third dimension of
modulation index.



decodi ng the code bl ocks sel ected from anong one,

multiple, and all of the code bl ocks; and feedbacki ng
woOherssinesessf ul | y decoded code cl ocks mul ti pl ere®/KR2008/001425

t he nodul ati on synbol in order to help a detection of

unsuccessful |y decoded codggd.bl ocks nultiplexed in the

modul ation synmbol. 81. The iterative operation method

of the receiver of claim80, further conprising a step

¢
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f@ég@@ Halde8R. t 0 i nprove the detection performnce.
defi . L‘g ?%ergtlve operation nmethod of the receiver of

claim 80, further conprising a step of passing
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spacedaFin nge{he HR0PIh&isiéh, tRe Bédondl dilénSion! 6@ tHe therd dimension.
antenras receiving cdded bits of nultiple code bl ocks

mul ti pl exed in one nodul ati on synbol; a denodul at or

dermpdutad h{%&@dﬁdﬁ@in@ iftérléfang @dethelld@gﬁermjémmhsﬂ ¢UTE)
in the nodul ation synbol; a del%%%rleav

systerg; oftdaine 491 Rthes cogmrising askp odading the syptemydic bits at the

mod%'la&fd?ﬁ Mlbﬁﬁbﬁtﬁeﬁ St*an%éS@ pmgéﬂtl(ﬁ‘g mgmmmﬁg kowardianedeltion
decodi he code e r

POSifQRS | ﬁb A ARk PrOBO oW BUA GRS IFEkE DR $iat,iBg madulation

positibis WA afdaRBstSprdbtiontdhdemeve edwarizadbaalation positions with
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76. The method of channel interleaving for the Long Term Evolution
(LTE) system of claim 75, further comprising a step of enumerating permutation
patterns of the modulation positions to approximately uniformly distribute the
coded bits of each code block along the third dimension.

77. The method of channel interleaving for the long term evolution (LTE)
system of claim 76, further comprising a step of selecting a seed permutation of
the permutation patterns.

78. The method of channel interleaving for the long term evolution (LTE)
system of claim 76, further comprising a step of generating a subset of the
permutation patterns by cyclic shifts of the seed pattern of the permutation
patterns. '



85. The receiver of claim84, further conprising a

paral l el processer. 86. The receiver of claim 84,
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constel lation of the nodul ati on synbol. 87. The
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pernfitaiO8 9B, Said method of obtaining the preferred permutation pattern
comprising:
placing the modulation positions with the same level of protection at two
ends of diameters of a circle,
placing the modulation positions with different level of protection at
different angle along a periphery of the circle, and
reading positions along the periphery of the circle, starting from any
position in a direction selected from one of clockwise and counter-clockwise
direction in order to achieve a maximum separation of the modulation positions

with the same level of protection.

80. An iterative operation method of a receiver, comprising steps of:

receiving multiple code blocks multiplexed in one modulation symbol by
the receiver;

demodulating the one modulation symbol;

deinterleaving demodulated coded bits of code blocks multiplexed in one
modulation symbol;

decoding the code blocks selected from among one, multiple, and all of
the code blocks; and

feedbacking the successfully decoded code clocks multiplexed in the
modulation symbol in order to help a detection of unsuccessfully decoded coded
blocks multiplexed in the modulation symbol.

81. The iterative operation method of the receiver of claim 80, further
comprising a step of parallel processing.

82. The iterative operation method of the receiver of claim 80, further
comprising a step of reducing a constellation of the modulation symbol in order to
improve the detection performance.

83. The iterative operation method of the receiver of claim 80, further
comprising a step of passing information of reliability of coded bits between a
demodulator of the receiver and a decoder of the receiver, and the information of
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reliability of coded bits being as prior information in order to improve a
likelihood of each coded bit and generate a new round of the information of
reliability of coded bits.

84. A receiver, comprising:

a plurality of receiving antennas receiving coded bits of multiple code
blocks multiplexed in one modulation symbol;

a demodulator demodulating coded bits of the code blocks multiplexed in
the modulation symbol;

a deinterleaver deinterleaving the demodulated coded bits of code blocks
multiplexed in the modulation symbol;

a decoder decoding the code blocks selected from among one, multiple,
and all of the code blocks multiplexed in the modulation symbol;

an encoder encoding successfully decoded code blocks multiplexed in the
modulation symbol by the decoder and feedbacking the successfully decoded
code clocks multiplexed in the modulation symbol to an interleaver; and

the interleaver interleaving the encoded successfully decoded code blocks
multiplexed in the modulation symbol and feedbacking the interleaved encoded
successfully decoded code blocks multiplexed in the modulation symbol to the
demodulator in order to help a detection of unsuccessfully decoded coded blocks
multiplexed in the modulation symbol.

85. The receiver of claim 84, further comprising a parallel processer.

86. The receiver of claim 84, further comprising a constellation reducer
reducing a constellation of the modulation symbol.

87. The receiver of claim 84, with information of reliability of coded bits
being transmitted between the demodulator and the decoder, and the information
of reliability of coded bits being as prior information in order to improve a
likelihood of each coded bit and generate a new round of the information of
religbility of coded bits.



