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is, radio waves are transmitted over a period of time using a limited frequency range.

In a contemporary communication system, the information to be transmitted
are first encoded and then modulated to generate multiple modulation symbols. The
symbols are subsequently mapped into transmission resource. Usually, the
transmission resource available for data transmission is segmented into a plurality of
equal duration time and frequency slots, so called resource elements. A single
resource element or multiple resource elements may be allocated for transmitting the
data. When data is transmitted, a control signal may accompany the data to carry
information regarding the allocation of the resource elements for the current data
transmission. Therefore, when a receiver receives the data and the control signal, the
receiver may derive the information regarding resource allocation used for data
transmission from the control signal and decodes the received data using the derived
information.

In Third (3’d) Generation Partnership Project Long Term Evolution (3GPP
LTE) systems, certain resource elements are allocated for control signal transmission.
Therefore, the data symbols may be mapped into the resource elements that are not
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may be provided to divide a transmission resource in a subframe into a plurality of
equal duration resource elements in time and frequency domain, segregate the
plurality of resource elements into one or a plurality of resource regions, modulate
information to be transmitted to generate a sequence of modulation symbols at a
transmitter, map the sequence of modulation symbols into the plurality of resource
elements in the plurality of resource regions, and transmitting the modulation
symbols via one or a plurality of antennas using the respective corresponding
resource elements to a receiver. The mapping of the modulation symbols in at least
one resource region, i.e., first resource region, is independent of a certain control
channel information that is carried in said time domain subframe, and the mapping of
the modulation symbols in at least another resource region, i.e., second resource
region, is dependent upon said certain control channel information that is carried in
said subframe.
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the multiplexing symbols, the modulation symbols within each multiplexing symbols
may be interleaved in the frequency domain.

Alternatively, in the first resource region, the multiplexing symbols may be
mapped in a decreasing order, and in the second resource region, the multiplexing
symbols may be mapped in an increasing order.

Still alternatively, in the first resource region, the multiplexing symbols may
be mapped in an increasing order, and in the second resource region, the
multiplexing symbols may be mapped in a decreasing order.

The method may further include calculating the number of available
resource elements in the at least one first resource region to obtain a first number,
calculating the number of available resource elements in the at least one second
resource region to obtain a second number, mapping the first number of modulation
symbols into the resource elements within the at least one first resource region, and
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According to another aspect of the present invention, a method for
transmission may include dividing a transmission resource in a subframe into a
plurality of equal duration resource elements in a time and frequency domain,
segmenting the information to be transmitted to generated a plurality of code blocks,
each code block including a plurality of information bits with at least one code block
containing a smaller number of information bits than at least another code block,
encoding the code blocks to generate a plurality of coded bits, modulating the
plurality of coded bits in the code blocks to generate a sequence of modulation
symbols at a transmitter, assigning roughly equal number of resource elements to
each of the plurality of code blocks with a slightly larger number of resource
elements assigned to the code blocks with larger sizes and a slightly smaller number
of resource elements assigned to the code blocks with smaller sizes, and transmitting
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elements to a receiver.

The method may further include mapping at least one modulation symbol in
each code block into the resource elements in the at least one second resource region,
with the mapping being dependent on the certain control channel information that is
carried in said time domain subframe.

The method may further include assigning roughly equal number of
resource elements in one of the at least one first resource region to each of the
plurality of code blocks.

The method may further include assigning roughly equal number of
resource elements in one of the at least one second resource region to each of the
plurality of code blocks.
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bl o Accordmg to still another aspect of the present invention, a transmitter may
be constructed with a modulator modulating information to be transmitted into a
plurality of modulation symbols, a mapping unit mapping the plurality of modulation
symbols into a plurality of resource elements in a time domain subframe, with the
time domain subframe comprising a plurality of resource regions, with the mapping
of the modulation symbols in at least one resource region being independent of a
certain control channel information, and a plurality of transmitters for transmitting
the modulation symbols using the corresponding resource elements.

BRIEF DESCRIPTION OF THE DRAWINGS
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
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principles of the present invention;
FIG. 12 illustrates an interleaving scheme and a mapping scheme according
to the first embodiment of the principles of the present invention;
FIG. 13 illustrates a sequence of steps in a process of mapping modulation
symbols according to the first embodiment of the principles of the present invention;
FIG. 14 illustrates a sequence of steps in a process of decoding modulation
symbols according to a second embodiment of the principles of the present
invention;
FIG. 15 illustrates a mapping scheme according to a fourth embodiment of
the principles of the present invention; and
FIG. 16 illustrates a mapping scheme according to a fifth embodiment of the
principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
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In a OFDM system, each OFDM symbol consists of multiple sub-carriers.
Each sub-carrier within an OFDM symbol carriers a modulation symbol. FIG. 2
illustrates the OFDM transmission scheme using sub-carrier 1, sub-carrier 2, and
sub-carrier 3. Because each OFDM symbol has finite duration in time domain, the
sub-carriers overlap with each other in frequency domain. The orthogonality is
maintained at the sampling frequency assuming the transmitter and the receiver has
perfect frequency synchronization, as shown in FIG. 2. In the case of frequency
offset due to imperfect frequency synchronization or high mobility, the orthogonality
of the sub-carriers at sampling frequencies is destroyed, resulting in inter-carrier-
interference (ICI).

A time domain illustration of the transmitted and received OFDM symbols
is shown in FIG. 3. Due to multipath fading, the CP portion of the received signal is
often corrupted by the previous OFDM symbol. However, as long as the CP is
sufficiently long, the received OFDM symbol without CP should only contain its
own signal convoluted by the multipath fading channel. In general, a Fast Fourier
Transform (FFT) is taken at the receiver side to allow further processing frequency
domain. The advantage of OFDM over other transmission schemes is its robustness



FIG 11 illustrates a mapping schene according to a

first embodi ment of the principles of the present
wonvenuian; FIG 12 illustrates an interleavi ngCE&R0w8/003018

and a mappi ng schene according to the first enmbodi ment

of the principles of the present invention; FIG 13

illustrates a sequence of steps in a process of

mappi ng modul ation symbols according to the first

enbodi nent of the principles of the present invention;

FIG 14 illustrates a sequence of steps in a process
to a second
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Fourier transform (DFT) will be applied to time-domain data or control signal by a
DFT transmformer 182 before the time-domain data is mapped to a set of sub-
carriers by a sub-carrier mapping unit 183. To ensure low PAPR, normally the DFT
output in the frequency domain will be mapped to a set of contiguous sub-carriers.
Then IFFT, normally with larger size than the DFT, will be applied by an IFFT
transformer 184 to tranform the signal back to time domain. After parallel to serial
(P/S) convertion by a P/S/ converter 185, cyclic prefix (CP) will be added by a CP
insertion unit 186 to the data or the control signal before the data or the control
signal is transmitted to a transmission front end processing unit 187. The processed
signal with a cyclic prefix added is often referred to as a SC-FDMA block. After the
signal passes through a communication channel 188, e. g., a multipath fading channel
in a wireless communication system, the receiver will perform receiver front end
processing by a receiver front end processing unit 191, remove the CP by a CP
removal unit 192, apply FFT by a FFT transformer 194 and frequency domain

equalization. Inverse Discrete Fourier transform (IDFT) 196 will be applied after the



synchroni zation are achi eved, the signal received by
receiver (Rx) front end processing unit 121 is

wonrosassed by CP renoval unit 122. Fast Fouri ePCT/KR2008/003018
Transform (FFT) unit 124 transfers the received signal
fromtinme domain to frequency domain for further
processing. In a OFDM system each OFDM synbol
consists of nultiple sub- car¢| ers. Each sub-carrier
wi thin an OFDM synbol carri&?s a nodul ation synbol .
FIG 2 illustrates the OFDM transni ssion scherre usi ng
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number of transmissions is configured in consideration of both reliability, packet
delay, and implementation complexity.

Due to its simplicity, N-channel synchronous HARQ are often used in
wireless communication systems. For example, synchronous HARQ has been
accepted as the HARQ scheme for LTE uplink in 3GPP. FIG. 5 shows an example of
a 4-channel synchronous HARQ. Due to fixed timing relationship between
subsequent transmissions, the transmission slots in the same HARQ channel exhibits
an interlace structure. For example, interlace 0 consists of slot 0,4,8, .., 4k, ...;
interlace 1 consists of slot 1, 5, 9, ..., 4k+1, ...; interlace 2 consists of slot 2, 6, 10,

., 4k+2, ...; interlace 3 consists of slot 3, 7, 11, ... 4k+3, .... Let’s take interlace 0
as an example. A sub-packet is transmitted in slot 0. After correctly decoding the
packet, the receiver sends back an ACK to the transmitter. The transmitter then can

start a new packet at the next slot in this interlace, i.e., slot 4. However, the first
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division multiple access (SC FDWA), which utilizes
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MIMO technology increases the spectral efficiency of a wireless communication
system by exploiting the additional dimension of freedom in the space domain due to
multiple antennas. There are many categories of MIMO technologies. For example,
spatial multiplexing schemes increase the transmission rate by allowing multiple data
streaming transmitted over multiple antennas. Transmit diversity methods such as
space-time coding take advantage of spatial diversity due to multiple transmit
antennas. Receiver diversity methods utilizes the spatial diversity due to multiple
receive antennas. Beamforming technologies improve received signal gain and
reducing interference to other users. Spatial division multiple access (SDMA) allows
signal streams from or to multiple users to be transmitted over the same time-
frequency resources. The receivers can separate the multiple data streams by the
spatial signature of these data streams. Note these MIMO transmission techniques
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valudSEH s often prohibitive. In order to reduce feedback overhead, a set of
precoding matrices are defined to quantize the space of the possible values that H
could substantiate. With the quantization, a receiver feeds back the preferred
precoding scheme, normally in the form of the index of the preferred precoding
matrix, the rank, and the indices of the preferred precoding vectors. The receiver may
also feed back the associated CQI values for the preferred precoding scheme.
Another perspective of a MIMO system is whether the multiple data streams
for transmission are encoded separately or encoded together. If all the layers for
transmission are encoded together, we call it a single codeword (SCW) MIMO
system. And we call it a multiple codeword (MCW) MIMO system otherwise. In the
LTE downlink system, when single user MIMO (SU-MIMO) is used, up to 2
codewords can be transmitted to a single UE. In the case that 2 codewords are
transmitted to a UE, the UE needs to acknowledge the two codewords separately.
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The downlink subframe structure in a 3GPP LTE system is shown in FIG.
10. In the 3GPP LTE system, a time and frequency resource can be divided into a
plurality of resource blocks 210 (RB). Each resource block 210 can be further
divided into a plurality of resource elements 211 in a time and frequency domain.
As shown in FIG. 10, a single OFDM symbol can be transmitted using a row of
resource elements corresponding to the same period of time. In a typical
configuration, each subframe is 1ms long, containing 14 OFDM symbols. Assume
the OFDM symbols in a subframe are indexed from O to 13. Reference symbols
(RS) for antenna 0 and 1 are located in OFDM symbol 0, 4, 7, and 11. If present,
reference symbols (RS) for antennas 2 and 3 are located in OFDM symbol 2 and 8.
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FIG. 11 illustrates a scheme for mapping modulation symbols into a
plurality of resource elements in an LTE downlink subframe according to a first
embodiment of the principles of the present invention. For illustration purpose, 14
OFDM symbols in the LTE downlink subframe are indexed from 0 to 13. The
control channel signals may occupy the first one, or two, or three OFDM symbols
while the data channels may occupy the OFDM symbols that are not occupied by
control channels. The LTE downlink subframe can be divided into Region 1
consisting of the resource elements corresponding to OFDM symbols 3 through 13,
and Region 2 consisting of the resource elements corresponding to OFDM symbol 0,
1, and 2. Note here for ease of illustration, we assume control channels and data
channels are not transmitted in the same OFDM symbol. Nevertheless, all the
embodiments in this invention are applicable to the case where control channels and
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For the easy of illustration, we number the modulation symbols that need to
be mapped to resource elements from 0 to N-1, where N = N; + N,. FIG. 12
illustrates the scheme for interleaving modulation symbols in a first stage and
mapping the interleaved modulation symbols into a plurality of resource elements in
a second stage according to the first embodiment of the principles of the present
invention. For the ease of illustration, the description in this invention can be viewed
as the second stage operation in FIG. 12 that illustrates the mapping from modulation
symbols to resources assuming a natural order or numbering of the modulation
symbols. It is certainly straightforward for a person with ordinary skill in the art,
however, to apply the techniques in this invention to cases where the modulation

symbols are not in the natural order. As shown in FIG. 12, by adding the first stage
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virtual antennas, or precoding vectors, the receivers

wi Il be able to distinguish the nultiple data streans.
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tream based. on channel state information, the
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freqﬁ&@y ddmR&R. MBRQYT R R5AFKeLhd: §ALRE M {)}elglefmed overhead, e.g.,
reference signals (RSs), the other REs can be used for both control channel and data
channel transmission. In this example, we assume control channel signals can only
be transmitted in the first three OFDM symbols. And the allocation and size of the
resources for control channel transmission is indicated by the control channel format
indication (CCFI) that is carried by the control channel signals. The resource
elements (REs) in these two RBs are divided into two regions. Region 1 consists of
REs corresponding to the last eleven OFDM symbols (i.e., OFDM symbols 3
through 11) in a subframe. Region 2 consists of REs corresponding to the first three
OFDM symbols in a subframe. Note control and data are multiplexed in Region 2
and the allocation and size of the resources for control channel in Region 2 is
indicated by CCFIL. In other words, the allocation and size of the resources for data
channel transmission in Region 2 depend on CCFI. Before entering the modulator as
shown in FIG. 1, coded bits generated by information bits and channel coding
scheme are rate matched, interleaved, and modulated for each transmission. The
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resource el ements corresponding to the same period of
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l'ustrations
depaLm Sipm the S&@P%\ﬁf &uambetlomdo%e ma,ppiﬂgafrom modulation symbols 0

— 231 to Region 1 in FIG. 11 can be any mapping, as long the mapping does not
depend on CCFI. For example, we can map modulation symbols to REs in Region 1,
starting from the last OFDM symbol. In that case, modulation symbols 0-23 are
mapped to the last OFDM symbol (i.e., OFDM symbol 13); modulation symbol 24 —
47 are mapped to the second to last OFDM symbol (i.e., OFDM symbol 12); and
modulation symbols 208 — 231 are mapped to the fourth OFDM symbol (i.e., OFDM
symbol 11).

FIG. 13 illustrates a process for mapping modulation symbols according to
the first embodiment of the principles of the present invention. First, at step S310,
the data signals and the control signals to be transmitted are modulated into a
plurality of modulation symbols including data symbols and control symbols. At
step 320, the available resource elements for transmission in a subframe are divided
to Region 1 and Region 2. At step 330, the modulation symbols are mapped into



techniques illustrated here can certainly be applied
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mappi ng modul ation symbols into a plurality of

resource el ements in an LTE downlink subframe

according to a first enbodinent of the principles of

the present invention. For_'%Lustratlon pur pose, 14

OFDM synbol's in the LTE downlink subframe are indexed

fromO to 13. The control channel signals may occupy
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receiviee alsoecplicythd anadulatii @ﬁn&k%ﬂ@@%{abg{q g&tg g?gé’in Region 1 to

PIOd?ﬁéinang??t gg%lhl Cll{?hgr%g()ergflé %:%)S@ap@gg scheme from modulation
symbols to data REs in Region 1. The receiver will then attempt to decode the first
data packet consisting of the modulation symbols from Region 1 only at step S440.
At step S450, the receiver checks whether the first data packet decodes by using
cyclic redundancy check (CRC) function. If the first data packet decodes, i.e., cyclic
redundancy check (CRC) checks, then the receiver can pass the decoded packet to
upper layer for further processing at step S460. Otherwise, at step S470, the receiver
produces a second data packet consisting of the modulation symbols in both Region
1 and Region 2 and attempt to decode the second data packet. At step 480, the
receiver passes the decoded packet to upper layer for further processing at step S460.
Alternatively, the receiver can first attempt to decode the data packet with
modulation symbols in both Region 1 and Region 2. If the decoding is successful,
i.e., CRC checks, then the receiver can pass the decoded packet to upper layer for
further processing. Otherwise, the receiver will attempt to decode the data packet
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howeketh ApRpnssony WeRf ¢aFEhi s i nvention can be applied
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resobe r@@f@)ﬁk Q&gthf heH mapping of the modulation symbols in at least one resource
region in the subframe utilizing the OFDM symbols in an increasing order while the
mapping of the modulation symbols to resource elements in at least another resource
region in the said subframe utilizing the OFDM symbols in a decreasing order. For
example, in an LTE downlink subframe, the mapping of modulation symbols in
Region 1 starts from REs in OFDM symbol 3 while the OFDM symbols are filled in
an increasing order while the mapping of modulation symbols in Region 2 starts
from REs in OFDM symbol 2 while the OFDM symbols are filled in a decreasing
order. In other words, the order that the OFDM symbols are filled with modulation
symbols are 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 2, 1, 0. Note that the availability of
REs in Region 2 (OFDM symbol 0, 1, 2) depends on the control channel format
indicator (CCFI). This mapping method is especially useful when there are multiple
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code blocks before receiving the whole subframe. For example, the receiver can start
decoding of code block A after receiving and demodulating data REs in OFDM
symbol 2, 3, and 4

In a sixth embodiment according to the principles of the present invention,
the mapping of modulation symbols within each code block into resource elements
within at least one resource region being independent of certain control channel
information carried in the said subframe while the mapping of modulation symbols
of each code block into resource elements within at least another resource region
being dependent of certain control channel information carried in the said subframe.
Again using FIG. 16 as an example, the number and location of data REs for code
block A, B, and C in Region 2 depend on the CCFI information, while the number
and location of data REs for code block A, B, and C in Region 1 does not depend on
the CCFI information.
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Note that in this embodiment, we assign a slightly larger number, i.e.,
[N1/Nieg ], of data REs to the code blocks at the beginning of Region 1 and a slightly
smaller number, i.e., | Ny/Ng, ], of data REs to the code blocks in the end of Region 1.
This scheme works well if the code blocks at the beginning may have larger sizes
than the code blocks in the end. Alternatively, we could assign the slightly smaller
number of data REs to the code blocks at the beginning and the slightly larger

number of data REs to the code blocks in the end. This scheme works well if the
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47 are mapped to the second to | ast OFDM synbol (i.e.,
OFDM synbol 12); and nodul ati on synbols 208 - 231 are
mapped to the fourth OFDM synbol (i.e., OFDM symbol

11). FIG 13 illustrates a_psocess for mapping

nmodul ation synbols according to the first enbodi nent

of the principles of the present invention. First, at

cod%tlﬁ@ck%Qﬂ Qhe Bé‘ﬁngf?ﬁg&}nn%%g{i\ge{ ﬁgﬁm i3k A0 éod%'tﬁ’é@és e end.

etran mtted to a ural
St eﬁuggbﬁﬁef datp Rdisassigged 40 ao@ey&@@ks naR@gwnI ] 1, could

begyeibbys At step 320, the available resource el enents

for transmssion [(n a subframe are di VI ded to Region 1

and Regi on 2. ﬁLﬂe é”? ]gqg(gl on synbol s are

mapped i nt oRegion "1 and Regl“en pety f| cally, the

mappi ng M. 7 ﬁ: i on synbols into Region@®)is

1

i ndependent |N1fngfmt| Qnicafried in the
control sign H,eg angﬁ':ﬁe rrappl nég of nmodtl ati on synbol s

i nt o Regi on i s dependent upon the CCFl information
car ryigylaly, fh?en%bﬂrr(lfldaéa BHalagsigmhil ¢ade blocls apRegion 2, M ,,

couldee pREHIF i on synbol s mapped into the resource
el enents are tran; mtted via a plurality of antennas.

In a second € di principles of
the present i Nen |on (‘(gfﬁéra %%ﬁd%ﬂfze)a recei ver of

t he mnul tMpie<.Eg_ZL n resource rmppl ng is il(fustrated in

FIG 14. For U@t | Oy DHEPRSE, < [ heyexanpl e as
shown in FIG||¥], s(uéeéd At st él 8\7”% he receiver

first decodes the CCFl information that is carried by
t he N@Jgtthis cwhaginednt §p gtill applisabledwben tthere dstady athe resource

reg16:ﬁ3’:i ¢., bhelaig ?@svl%loﬁ @0 ?lll@ Wirhe %’§ £ nee% §I? S Ce‘)a'(amgle in the

tS are al |l ocat or ata C ransm SsSi

casq er | BRe zeSOMC%feébOMhe nugpher rafcdaty aesapiobd elsmenthis almost
equzﬂl?y? allM@de(ma%H th@nm%lrﬂm@c%dgrbl@éﬁé' | g enugfﬂ?é} ﬁEaat'anresource

elengei}‘ﬁ% 8£ goc}eo %Qte %ﬁ\gq%glgyngguzlit?ogn (lr)orglgnatlvely, the number of
data resource elements of code block j can be given by Equation (3). Note that for
the case of only one resource region, Nj is the total number of resource elements.

In an eighth embodiment according to the principles of the present invention

5

the number of coded bits, or the number of modulation positions in modulation
symbols, in at least one resource region is allocated roughly equally among the
multiple code blocks to ensure about equal error protection on each code block. For
example, assume the modulation order is L, e.g., L = 4 for 16 QAM. A modulation
position is one of the L bits that an L-th order modulation symbol carries. For
example, a QPSK modulation symbol (L = 2) has 2 modulation positions, each one
corresponds to a bit that is carried by the modulation symbol. A 16-QAM
modulation symbol (L = 4) can carry 4 bits. Thus there are 4 modulation positions in
a 16-QAM modulation symbol. Therefore, a total number of N;xL coded bits can be
transmitted in Region 1. A total number of N,xL coded bits can be transmitted in
Region 2. The resource assignment can be done on a coded-bit basis. As an example,



2. The mappi ng schenme may be pre-defined before the

transm ssion process is started. Alternatively, the
wonremssrieer may transmt a control channel si ga@aiKR2008/003018

contai ning the information regardi ng the mappi ng

schenme. At step S430, the receiver also collects the

nmodul ati on synbols on available data REs in Region 1

to produce a first data pacSet according to the

mappi ng schenme from nodul at bn synbols to data REs in

Region 1. The receiver will then attenpt to decode the

' et consisti f the dul ation synbol s .
the bl Hr IEbBIATE s R IP s i pleek it Bpuinds ot d be given
by recei ver checks whether the first data packet decodes

by using cyclt J undancy check (CRC) function. If
the first da %5 et pdegQqfsx LimBd N _Cyclic redundancy
check (GRC)_ ks| then the receivef® can pass the

decoded “pékck t pper | ayer for further (tocessi ng
at step $460 f%ﬁ‘e,ww@xLﬁhMI\@psS@N&egthe receiver
produces a se¢cond data packet consisting of the

noduw.at.j_on nbol s in.both Region 1 and Region 2 and

et orpulef. B BRaber B 833 ATS atsensiReodeapiogk gy dbegion 2
M; 2t benlddeaivaarbypasses t he decoded packet to upper |ayer

for further ce ing at step S460. Alternatively,

the receiver IL,r sto atitaqumpix Henglegode the data

packet with mpdQlalion s;J/nbolzs IiBn bot ¥ Re%i on 1 and

Region Z2./47T coding i s successful, (Ok., CRC

Fr s@r%

e
checks, then M ceiWe&ll) el pass jidwe decoded packet
to upper |ay further processing. O herw se, the
t .to decode the data packetw th

receiver,,wl.l atte

t ho Naj At % iRy BBpLmeRtrug: Bsian gnpyehtly larger mumber, i,
[NALNaghatfi acelest bits rtafslvfr ﬁodtemeleké l@ﬁth@"be@ﬁﬁiﬁg'l lel]@ﬁ sﬁgﬁh'y Qfhaller
rungy 115 1L ER05 ST ETE T 1y Gl oS85 bl s schene
works w@ttﬁ_ if the a<|sciﬁr blogks @C(t;ﬂe Intptieein Qﬁnabﬁlhﬁw la@%ﬁU@ﬁﬁes ﬂilﬁﬁ‘ the code

| r n al | SVY.NDOL S I.N egl O to

PlochE 38 el MRS 0L HR0 SRR QI CARMc Al of
codedpbiit 4 ithe cogeiidoeksi at thet beghenjngrant tredslRégiyonurgert Qumber of
code@lelﬁ%dﬁ)_ ﬁh@?colﬁé%tf@éfkstiﬁ ghi‘?lté&‘.' Tiis %Eﬁ’e‘:}gé{ i'{ggogf{s %/%ﬁ% %engoc}eoblocks

. tf%)e principles o resent” i nven
in the beginning may have smaller sizes than the code blocks in the end. In that case,

the number of coded bits assigned to code block j in Region 1, M; ;, could be given
by

N, xL )
j\lf, s 0= <Ny —(NyxL)modN,,,)
seg
Mia= N, xL - ()
‘Zlvseg s (Nge —(NyxL)modN,, )< j<N,,

Similarly, the number of data REs assigned to code block j in Region 2, M;,
could be given by



the nodul ation synbols O, 1, ... , Nl-1 are mapped to
Region 1 and nodul ation synbols N, Ni+1, ... , NI
wanresnapped to Region 2. Again using FIG 12 aBCEKR2008/003018

exanpl e, there are 256 nodul ation synbols in total for
this data transm ssion. The first 232 nodul ati on
synbol s are mapped to REs in Region 1 and the other 24
nodul ati on synbols are mapped to REs in Region 2. Note
that the nunber of nodul att&h-synbols that can be
transmtted equals to the nunber of REs avail able for
data transm s bgnIVVVth t he two-regi on approach,
regardl ess of &Lyvial u he

1bmls ére6 ppgﬁiRO'&ﬁeL&Ff@éQQL Regi on

nodul ati on sy

1. The rdpberifof available data REs and the nurg8er of
jhe

modul ation sy trgpsni JVGQL | however,
depend on the vﬂl%ue ?N f I'n 120 gzgﬁ" %]err]%ﬁ’dl ment

according to rinci pl es of the present invention,
t he MgtiRodobT thiappbedivkentos it applicaplebothent there is only one

resdu?é@fbrg‘f@n qlee MBNlsta IKES%B?HIE% FRIR Gal Iee iu%% %%glloghel?orr exgmple,

Ee ‘the resource efenents In e su
in t g OHe FesBise degivgg ihmgquhOf hedathbitiinglmést equally

allot:zhed l’ﬁ@%ﬂ%iheoﬂmﬁ}ﬁl@%b% iblocks. | RS hubiter o ?SC%HE& %ﬂrsea%l%ﬂed to
t he. subf rane ilizing t

COd? ?fé Céials?%’gb%gaféfl Fiwatione(5 Smﬁ’plmxgat@rely,h@e rmmheatquded bits
assigyetbtal codethlo€ls Pukiche Eiv@ﬁwtﬁqda@loﬁt HLGN%E: ﬁl‘ﬁPH}ecf]% case of only

resource re fra lizing t
one éﬁw “g&\fﬁs a’ecfg 83%’1 R Obiegetce g "é%%trrpl e, in an
LTE Idcnl\nimthl knﬁuﬂfmﬁﬂmcéﬂdﬁlgmpﬂk nﬁfl 1epdekiat | pl‘é@ent 1nvent10n

LT TN RE R RGN N
equar dedinghiatee anfomgntep nndtipie omdtubiidke ntos yﬁ@i@é Saboit equal error

protg@c%no Bn ?eaé{l ad'o[ié bflééfﬁm Bg'ls ekﬁngégl\il? eég{nﬁar of \gfgf,a ﬁﬁﬁ assigned to

COd%bK@kJW@F@gﬂnlhéﬂgﬁd@ﬂdﬁhamvﬁﬂmafOFDNIsynbols ar e
filled with dul atji on synbols are 3, 4, 5, 6, 7, 8,
9, 10, 11, 1Pr13- 12, 1, O. Note that the availability

of REs in Re 2L |AFDVysynbad, 0, 1, 2) depends on
the control :h%gﬁgl f or mat

M. =

IS s (9)
N, xK; .
T-Eg-l— 5 Xl =] <Nseg

251;

i
i=t

where K; is the information block size of the code block j and

"1NxK

X, =N, - j% 221{ |

is the number such that ZM j1=N;. Note, although not required, the

(10)

definition of K; preferably includes tail bits.



indicator (CCFl). This mapping nethod is especially

useful when there are nultiplecode blocks in the data
wonrenssriesi on. By mappi hg code bl ocks to OFDM BgmKR2808/003018

that are ordered sequentially in tinme domain, the

recei ver can start decodi ng of sone code bl ock before

recei ving the whol e subfranme. The fourth enbodi nent is

also illustrated in FIG 15,_ Again, the order of

mappi ng of nodul ati on synbb?%’to REs in frequency

domai n can be changed w thout departing fromthis

i nveati.on, Eor ex I F 15 shows ul ation )
OB B BT SiauAiRES RS PR Hgpbin Begian 2 My
coublkbigivendly order al ong the frequency axis. However,
the order of [ in frequency domai n can be
changed, e.g. equency donai n interl eaving,
w t hout depar inom the.scope of this invention. In
a fifth enboc'ri‘gj}(, ccording to*the principles of the
present inventign,:the mappi ng of nodul ati on synbol s
of each Mgde bl 6ck resource el enerf$)in at |east
one resource ion ijs independent of certain control
channel i nfor bR carried . nNt he sai d subfrane. An
exanpl e is illl Udefat ¢d i EVGV#6. In this exanple,
nodul ati on synpo that carry coded bits for code
bl ock A are tiranshitted on OFDM synbol 3 and 4 in
Regiwherd, and OFDM synbol 2 in Region 2. Mdul ation
synbol s that carry coded bits for code block B are
transmtted on ,OFDM symjol 4 and 5 in Region 1, and
OFDM synpol p2 _i § aén |2. (:YQSUI ation synbol s that
.carry coded Bit£ =-code bl ock C are transmtted on
OFDM synbol 5 and 6..Ki egion 1, and OFDM synbol 2 in
§

Regi on 2. By doin 50, ¢ he receiver can start decodi ng

SONg, GO nteﬂg&tcsﬁéhﬁg%g_ ecej.ving the whol e subfrane.

For “exanp g/er2cdre start decodi ng of code
bl ock A after receiving and denodul ating data REs in
OFDNN@fp rtbel impthig embedimentn vee aisigrha estightly erger number of data

R0 o2 BB BEELF,00 4 9L PEARRI NETH A R

th ppi ng of nodul ati eac
the lgpg% ﬁq)q‘,}gsom( s spde Thie works well if the code blocks at the

beginning may have larger sizes than the code blocks in the end. Alternatively, we
could assign the slightly smaller number of data REs to the code blocks at the
beginning and the slightly larger number of data REs to the code blocks in the end.
This scheme works well if the code blocks in the beginning may have smaller sizes
than the code blocks in the end. In that case, the number of data REs assigned to
code block j in Region 1, M; ;, could be given by



within at

of certain control
weoeaba/igutr ane whil e the nmappi ng of nodul ati onPeyYMR2DES/003018

of each code

| east one resource region being i ndependent

channel information carried in the

bl ock into resource elenents within at

| east anot her resource region being dependent of

certain control
sai d subframe. Again using F£IG 16 as an exanpl e,
nunber and | ocati on of data

and C in Regi
while the nu

channel information carried in the

t he
Es for code block A B,
on 2 depend on the CCFl information,

r andji |l ocation of data REs for code

bl ock A B, Regi on 1 does not depend on the
CCFl informafi sey@pybﬁpanginent according to
the principl present i'fivention, the number of
data REs in ‘t| one resource region anong a

pl ural i t4 .0t regions is allocatedl3pughly
equal | y anong| t he Itiple code blocks to ensure about
equal error prihrekt on qp eagh_code bl ock. Since there
is only one wfor| the waole T/a port Dblock, it is

i mportant fo dh code block to receive as nuch error

protection a pUssibl e. Note that the nunber of
av aiSiatilaglydeHeanuriser Y aBORED 8sdbd Sloofle BYo einggégﬁﬁ 2, M,

f. code bl ocks. So, we can only ensure roug(%
could] hryaivep Ydata REs assigned to each code bl ock.
Assum ng there| are NL nodul ati on synbol s avail abl e for
data transm $sjgn gn| Region 1 and N2 nodul ation
synbol s avai l ab;;ieqf—é, datles j kaNgm Xsi on in Region 2.
Assune there are%e code bl ocks. Define [x] as the
pgler&

smal | est, i nt at is larger than or egﬁﬁ; to x.
Def i ne [A%Z ag) the largest integer that is [1er than
or equal to (.NDeégi e Xx nod y is the remai nder of x -.
As an exanpl e _aheinupbey of ydata Es assigned to code
block j in Regl®n,. 1 y M™, ‘cbul’d b¥ given by
Simlarly, the adhber of data REs assigned to code
block j in Regi'on 2, M 2,

Again, note this embodiment is still applicable when there is only one
resource region, i.e., all data REs belong to the same resource region. For example,
in the case of only one resource region, the number of data REs is allocated to
achieve roughly equal coding rate. The number of data REs assigned to code block j
can be given by Equation (9). Alternatively, the number of data REs assigned to
code block j can be given by Equation (13). Note that for the case of only one
resource region, N, is the total number of resource elements.

In a tenth embodiment according to the principles of the present invention,
the number of coded bits, or the number of modulation positions in modulation
symbols, in at least one resource region is allocated to achieve roughly equal coding
rate among the multiple code blocks to ensure about equal error protection on each

code block. For example, the number of coded bits assigned to code block j in
Region 1, M;;, could be given by



could be given by Note that in this enbodi nent, we
assign a slightly larger nunber, i.e., [Nx/Nseg], of
wdavm/IRE22t 0 t he code bl ocks at the begi nni ng sCTRRQZDBN03018

1 and a slightly smaller nunber, i.e., of data REs to
the code blocks in the end of Region 1. This schene
works well if the code blocks at the begi nning nay

have | arger sizes than the_gode bl ocks in the end.
Alternatively, we could assign the slightly smaller
nunber of data REs to the code bl ocks at the begi nning
and the slightly |arger nunber of data REs to the code

bl ocks in thg )g . ils schenme works well if thecode
bl ocks in thsg I iing1may hawey smal | er sizes than
t he code bl og .Kth end. In that case, the nunber

of data REs a4 SI ed to code block j in Region 1, M3
1, coul de)e=g en by 1= (3) Si mlarl(y1 )the number of
data REs assijghed (o _c de block j in Region 2, M 2,
coul d be given i <( N2nodNseg ) N M seg
i,2 (4) N (Nseg"e™N2 ’dl\ls%%%%g”f <N N seg seg Note

t hi s enbodi men iE@ti [l applicable when there is only
one resource lregi6h, ide., all data REs belong to the
samewh&sour ce regi on. For exanple, in the case of only
one resource region, the nupber of data resource

el ements is al m)§t ggual I % | | ocated anong the
nultlpIQrcqw@ gg npber data resource

el enent s’ of 'code 4l locRej cah be \gi ven by Equation (1).
Al ternatively, t he |nu i of data resource el enents of
code block j can b i’ en Equation (3). Note that

FOr s the number such that ZM j1=NyxL.

Similarly, the number of coded bits assigned to code block j in Region 2,
M; ,, could be given by

(
N,xLxK, .
T +1, 0= ] <172
M, =1 " > (17)
N,xLxK; )
T ? YZ = J <Nseg
S
=)
where
< N, L
Y, = N,xL - 2 s NaxbxKy | (1)
NMA,:l

is the number such that ZMj ,=N,xL.



the case of only one resource region, N1 is the total

nunber of resource elenents. In an ei ghth enbodi nent
wacesriding to the principles of the present i nPemKR2N8/003018

t he nunber of coded bits, or the nunber of nodul ation

positions in nodul ation synbols, in at |east one

resource region is allocated roughly equally anong the

mul ti pl e code bl ocks to ensure about equal error

protection on each code bl 0gk: For exanple, assune the

nDduIation order is L, e.g., L =4 for 16 QAM A

atugn posiition iis one of the L bits that an L-th
or d at i thés embpidmentawei aé@gn%shgmmmtrgqr EIRSIof coded

bltsrtodhé abd@mc:‘ck@rtaolthe(be 12ﬁm§a§1d2a %ﬁ%iﬂiyaém ﬁﬁ@kt&ér%} coded bits

'S carr

orr ond it t
to e F%ﬂﬁBﬁk %@%ﬂ ‘it S (58 PHIB IpEkS| il si%%lcoqt bJ:ook)s at the
beguauing a’faryyhafbeb]lat@.r siARYShih ﬁ{eeccﬂieeblﬂ)cﬁ@ﬁyhﬁt éer‘ Alternatwely, we

nbol .
coufTLT oy R BB SRR B o v i o
begRadnmand the/slightlyllargerhembef ofNexdedosiched Bk cdds BIHLARS in the end.

Thliﬁcar%ﬁf@ &ftgglgs évgllgieg{eb&dze b&g{:lgs iy oiwce ass'p%f}{m nterﬁ%t:aggr sizes

tharpthecenslsdblprks inatiei giedn tthatcmde, tﬂlbaﬁknberldf dReetl Witslassifhed to
c V by he nunber of coded
odéPF&k&ggﬁgﬁﬂi PQW 8§ﬂllk%ibéib% Region 2, M 2

coul d be given by hbte that in this enbodi nent, we

assign a slightVyllakger number, i.e., [N xL/ N eg], of

coded bits t fﬁ@‘@ﬁd"bloék%léﬂﬂ&héﬁbeglnn|ng and a

slightly sma IerAgymbe i.e., [NLIXL /NsegJ, of coded

bits toAyha= de ® ocks in the end. This eme wor ks

wel | if the Hode blocks at the begi nni hg Ea have

| ar ger sizes Uhathke code bl ocks in the end.

Al ternati vel dLagﬁgganh@<51ightly smal | er

nunber of co edég o the code bl ocks at the

beginning an dlightly larger number of coded bits

he.c | ocks in the end. This schene works well

| f llé’glﬂ’eﬂﬁl yERRer; of ¢odded H@@ #¥signgdniaycadeidoelplin Region 2,

M, séodd be ghrentdie code bl ocks in the end. In that case,

N, xLxK, O< i
Na'cg'_l ? S]<Nseg_
YK,

i

Mj,2 = < =0 . (20)

N, xLxK, )
Ny -1 +1’ Nseg _Y; =] <Nseg

5

Again, note this embodiment is still applicable when there is only one
resource region, i.e., all data REs belong to the same resource region. For example,
in the case of only one resource region, the number of coded bits is allocated to
achieve roughly equal coding rate among the multiple code blocks. The number of
w&ﬂb%a%@mdmcmmekjwn%gNmbyEmenﬂ@.AMmMWd%me
number of data REs assigned to code block j can be given by Equation (19). Note




t he nunber of coded bits assigned to code block j in
Region 1, M, could be given by Simlarly, the nunber
woho@aual2REs assi gned to code bl ock | in Regi oRCE/K¥H2008/003018
coul d be given byAgain, note this enbodinent is stil
appl i cabl e when there is only one resource region,
i.e., all data REs belong to the sane resource region.
For exanple, in the case ojzfply one resource region
the nunber of coded bit is al nost equally allocated
among the nmultiple code bl ocks. The nunber of coded
thatDfdr Sthd S biofiah. Pg Mk Y td on
e a1 ARt koo 8 G Bl Hr fRource
eleefiti-ode bl ock j can be given by Equation (7). Note

thatlnf @ d1BGer@RSEnBddiRRhY RBErdifS " 4. Pﬁﬂ&i@fés N;]itﬁe present
. the total Bunb r of resource el enents. n a nint )
inveaionu PR RES L BF@IORG: 18 USHG Ipk ot Iais temsmigsigiscde fhis case,

the dangenoff perfotnience WeBRidatibn dat e BEFIichrorlcah %@%Bn@’f@ely removed,
SQuU ce%ﬁ@glon is allocated to achieve roughly equa

I
assYy lasnéo LOHIEC Hsiemment find eapanistior dermy dsskiaw to the
receavmireadyial error protection on each code bl ock. For
exanpl e, the nunber of data REs assigned to code bl ock
J in Region 1, Mn could be given by where K-is the
i nformati on bl ock size of the code block j and NLXK 1
1 =N1- (10) - I=* JV, - 1 is the nunber such that Y M
=N: . Note, although not required, the definition of
Ki preferably includes tail bits.Simlarly, the nunber
of data REs assigned to code block j in Region 2, M
2, could be given by



wher JV.".-1 is the nunber such that M2 N2 Note that
in this enbodi nent, we assign a slightly |arger nunber
wohowaual2REs to t he code bl ocks at the begi nni RQTARLOEB/003018

slightly smaller nunber of data REs to the code bl ocks

in the end. This schene works well if the code bl ocks

at the beginning may have larger sizes than the code

bl ocks in the end. Alternatjvely, we could assign the
slightly smaller nunber of Gata REs to the code bl ocks

at the beginning and the slightly |arger nunber of

dat W}I{&‘Fﬂ?\f}m@o@:mks i n.the end. This schene

wor ks “we bl ocks in the begi nning may
have smal | er sizes than the code blocks in the end. In

t hat cage %ﬁ&ﬂ?fﬂiedﬁéé%&zs assigned to code

bl oc be given bySimlarly,
t he cmém aoﬁ‘ranﬁauaSlRES‘emcegmed subftade iblooekplurality of equal

durdRR Bfbidce Mlan?entsclfllﬁl iy n@ ?%:ﬁﬂe% ‘ﬁg{i‘%gf enot e this

enbodi ment. 1S st app Ica is only one
r es S6EC8atRE it plurality ofardsoueeeelBentseintng ploralitg ofamsource

reglbﬁ QUhpRisiIAtQBast BRE f@@ﬁ%u?ce fe 1(511"%,:&%5\51%5? f ln? A %N Esource

ion, the nunb ocate
fegl% “é‘&[ﬁ E\F@ l&ﬁé?ﬁoyr@qfﬁamné@éﬂﬁ@e pegoad reyure rAgéonsofomprising
at ledstt @neRmaIlt éXl@%jS?m‘b@l Gaede n’ﬁilﬁ FexingCRmRA &)‘riéa@?or%g to a time
Equati o QE: ternatl\fe he nurbper_ of
unit ggﬁl tbpd?fsn%| FabY %%W%%%.WHHWYE@@ Ae3oyice elemens
corr@spa))ldmg:iberesﬂwtwé beqidiey Q&B&:aﬁflerf@n' y one r eslou:niﬁt .
0 source el e
o a e SplRatifh . B drnstis £ Me s Roraiep podepience of
mOduMIOprse’aﬂmls atravieatsinotter; t he number of coded bits, or
f t
e L RS AP bR Bl e
eleme@tsa]@rth@pglmbtwgﬁlrysoamﬁadegm; withy at e anong t he
ul ttﬁeoh‘?agﬁ;ﬁ%eoplﬂ?eﬁ ﬁﬁ)d'ilf’atfoﬂswlﬁb(ﬂpqwthgqalﬁeas 'O first resource

rotect|
regmpn being independent of a certain control channel information that is carried in

said time domain subframe, and

the mapping of the modulation symbols in the at least one second resource
region being dependent upon said certain control channel information that is carried
in said subframe; and

transmitting the modulation symbols via at least one antennas using the
respective corresponding resource elements to a receiver.

2. The method of claim 1, comprised of the certain control channel
information being a control channel format indication.

3. The method of claim 1, comprising interleaving the sequence of
modulation symbols before mapping the modulation symbols into the resource
elements.



code bl ock. For exanple, the nunber of coded bits

assigned to code block j in Region 1, M | , could be
wgizvesn4peahe is the nunber such that =Nlx . Si RCT/&R2908/003018

t he nunber of coded bits assigned to code block j in

Region 2, M 2, could be given by N2 LxK L - 1 +1, O

<2KMJ, 2 =(17) N2 LxKj i\ - 1Y 2] <Nseg where is

t he nunber such that =N cL.Note that in this

embodi ment, we assign a slidyhtly Iarger number of

coded bits to the code bl ocks at the beginning and a

smal

slightl e unper of coded bits to the code
o1 ocks The hhghcet Tae Lcremenas el sl | Cefipin [¢enigoki hannel
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e bl acks i.n the end. ternatively,, we_ cqu assi
resoip PR et afl T seetr bR cemdeattiph it e rsaalg o the
recefivascks at the beginning and the slightly | arger number
of coded bits to the code blocks in the end. This

scheme works well if the code blocks in the beginning
may havehes medthed ofi eleimt hanomprsabaé the oukgende biemodulation

. bdifot : [ ts..assigned ..
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muligplexing: symbelsdn ribeisesouste cegiens biattingavnyreduliipletdg symbol
havikGmdlldsPindediPthedimdiomaiPul d be given by

6. The method of claim 5, comprised of the multiplexing symbol being an
Orthogonal Frequency Division Multiplexing symbol.

7. The method of claim 1, comprised of the mapping of the sequence of
modulation symbols starting from the resource elements within the at least one first
resource region, and if the number of the modulation symbols being more than the
resource elements in the at least one first resource region, mapping the remaining
modulation symbols into the resource elements within the at least one second
resource region.

8. The method of claim 1, comprised of the sequence of modulation
symbols being sequentially mapped into resource elements within the plurality of
multiplexing symbols in the at least one first resource region and the at least one
second resource region, with, in each resource region, the multiplexing symbols
being mapped in an increasing order starting from a multiplexing symbol having a
smallest index in the time domain.

9. The method of claim 8, comprised of, after mapping the modulation
symbols into the resource elements within the multiplexing symbols, the modulation
symbols within each multiplexing symbols being interleaved in the frequency
domain.
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Again, note this enbodinent is still applicable when
wohersa4rg2only one resource region, i.e., all @ar&R2SB/003018

bel ong to the sane resource region. For exanple, in

the case of only one resource region, the nunber of

coded bits is allocated to achi eve roughly equa

codi ng rate anong the nultig%e code bl ocks. The number

of coded bits assigned to tdde block j can be given by

Equation (15). Ajternatively, t he nunbgr gf data REs

assi to code, bl o can be_ given by Equation

(19)%11\&1& Asthadyof ¢ @nb&séomprtﬁﬁfiyofoﬂ@ puHEUFe©f modulation

symbegs béhngN;bqhéntIdﬂ@f mappéd MmiBbREoRke leRSRMLS SviBtif ERB! urahty of
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tlmé &&ﬁhf‘ﬁqh fd %ﬁ&%f%t%ﬂr#e reglhﬁi gE I'S: 1. A met hod,

I SI ng g a transm ssion
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donmal n; se re resource
timg dergain ip|the %l ﬁ?co@g rﬁ@é@@ﬁtﬁglqmgl ons conpri sing at

| east one first resource region and at |east one

secaond _resource re%gll on, each of the first resource

r egi‘dnd hgraetind ofeelaivy 10 sotsised & after meppingsihagnadulation

symbeﬁslht(ﬂt’h% r@yddrt@bl%ﬁieﬁiﬂs withothe Ba%DIRhS 5RhBXkNGe modulation
syml%éﬁfo w1th?r(1) dachP u?tlpqumg sym{)ols being interleaved in the frequency

domain.

12. The method of claim 1, comprised of the sequence of modulation
symbols being sequentially mapped into resource elements within the plurality of
multiplexing symbols in the at least one first resource region and the at least one
second resource region, with,

in the first resource region, the multiplexing symbols being mapped in an
increasing order starting from a multiplexing symbol having a smallest index in the
time domain in the said first resource region, and

in the second resource region, the multiplexing symbols being mapped in a
decreasing order starting from a multiplexing symbol having a largest index in the
time domain in the said second resource region.

13. The method of claim 12, comprised of, after mapping the modulation
symbols into the resource elements within the multiplexing symbols, the modulation
symbols within each multiplexing symbols being interleaved in the frequency
domain.



unit, and each multiplexing synbol conprising a
plurality of resource el ements corresponding to
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information to be transmtted to generate a sequence
of nodul ation synbols at a transmtter; napping the
sequence of nodul ation synbols into the plurality of
resource elenments in the pI%{ality of resource
regions, wth, the mapping of" the nodul ation symbols
in the at Ieast one first resource region being

i nd en g ntrol channel information
thateﬁen]d% qfr? aé’ﬁ'laijrﬁ"ﬁ WHREF & ubf r ame, and the
map mahgllaﬁng the nmodbet af amlabiermmsrcb Rldnint&in theaslea8N6ne first
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contiSolThehashed of cpial1, Fiv@ieric®nigrAiihk ks ¥$! g the
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control channel information;

determining which resource elements within the at least one second resource
region are used for the transmission of the modulation symbols;

collecting the modulation symbols transmitted in a resource region selected
from among the at least one first resource region to generate a first data packet;

decoding the first data packet;

determining whether the first data packet decodes correctly; and

if the decoding of the first data packet fails, recursively collecting the
modulation symbols transmitted in said resource region and other resource regions
selected from among the at least one first resource region and the at least one second
resource region, and decoding the collected modulation symbols until the collected
modulation symbols decodes.

16. The method of claim 15, comprised of:

if the decoding of the control channel signal fails, recursively collecting and
decoding the modulation symbols transmitted in said resource region and other
resource regions selected from among the at least one first resource region until the
collected modulation symbols decodes.



mul ti pl exi ng synbols in the resource regions starting

froma nultiplexing synbol having a smallest index in
woheostiume2 donai n. 6. The net hod of claimb5, CORPTIKR2008/003018

of the multiplexing synbol being an Othogona

Frequency Division Miltiplexing synbol. 7. The nethod

of claim1, conprised of the mappi ng of the sequence

of nodul ati on synbol s start%ng fromthe resource

elements within the at |east one first resource

region, and if the nunber of the nodul ation synbols
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18. The method of claim 17, comprised of the number of the resource
elements assigned to code block j being established by:

N

seg
=
ILJ, N,modN,, <j<N,,

seg

N.
( 1 ], O0<j<N modN,,
M. =

where Ny, is the number of the code blocks, N; is the number of the
resource elements, with the number of the resource elements assigned to the code
blocks having an index j with 0 < j < (N; mod N,.,) being more than the number of
the resource elements assigned to the code blocks having an index i with (N1 mod
Nieg) 1< Nygg.

19. The method of claim 17, comprised of the number of the resource
elements assigned to code block j being established by:



decreasing order starting froma multiplexing symbol
having a largest index in the tinme domain in the said
woizoast147ie80Ur ce region, and in the second resoBCTAR2008/003018
region, the nultiplexing synbols being mapped in an
i ncreasing order starting froma nultiplexing synbol
having a smallest index in the tine domain in the said
second resource region. 11..Jhe nethod of claim 10,
conprised of, after nmapping %he nmodul ation synbol s
into the resource elenments within the nultipl exing
synbol s, the ul ation symbols within each
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and 8PRalt Inlcode block containing a smaller number of information bits;

encoding the code blocks to generate a plurality of coded bits;

assigning roughly equal number of modulation positions to each of the
plurality of code blocks, with a slightly larger number of modulation positions
assigned to the said at least one code block containing a larger number of
information bits and a slightly smaller number of modulation positions assigned to
the said at least one code block containing a smaller number of information bits; and

modulating the plurality of coded bits in the code blocks to generate a
sequence of modulation symbols at a transmitter; and

transmitting the modulation symbols via a plurality of antennas using the
respective corresponding resource elements to a receiver.

21. The method of claim 20, comprised of the number of the coded bits in
code block j being established by:



resource region to obtain a first nunber; calcul ating

the nunber of available resource elenents in the at
woOeeamst14vine second resource region to obtain a BETMmRLI008/003018

nunber; mapping the first nunber of nodul ati on synbol s

into the resource elenents wthin the at |east one

first resource region; and mappi ng the second nunber

of nodul ation synbols into %%e resource el enents

within the at | east one seconhd resource region. 15.

The nethod of claim1, further conprising the steps

of : trans A}E(I g a control channel signal carrying

sai d certjal nt rek jm@v}&qj)n{oﬂf]\qg mation via the

tranﬁn' tt rNVeo [the receiver; decdding at the receiver

t he ‘cant roly;, channel signal to derive said certain
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Nseg%grir@ﬁt |y, and if the decoding of the first data

acket™fails, recursively collecting the nodul ation
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where Ng,, is the number of the code blocks, N, is the number of resource
elements, L is a modulation order, with the number of the coded bits in the code
blocks having an index j with 0 < j < (N, — (N1 x L) mod Ni.g) being less than the
number of the coded bits in the code blocks having an index i with (Nseg -(N1 x L)
mod Nyg) <i < N,

23. A method for transmission, the method comprising the steps of:

dividing a transmission resource in a time domain subframe into a plurality
of equal duration resource elements in a time and frequency domain;

segmenting the information to be transmitted to generate a plurality of code
blocks, with each code block including a plurality of information bits;

encoding the code blocks to generate a plurality of coded bits;

modulating the plurality of coded bits in the code blocks to generate a
sequence of modulation symbols at a transmitter;



i f the decoding of the control channel signal fails,

recursively collecting and decodi ng the nodul ati on

weypnisauzi2eransnitted in said resource regi on ardT/AKR2e08/003018
resource regions selected fromanong the at | east one
first resource region until the collected nodul ation
synbol s decodes. 17. A nethod for transm ssion, the

met hod conprising the stepsspf: dividing a

transm ssion resource in a tinme domain subfrane into a

plurality of equal duration resource elenments in a

timey, i I 1 ' i Fomtion ..
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in the code blocks to generate a sequence of

nodul ati on synbol s; assigning roughly equal nunber of
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to the said @t +loneOcofie Mol ock containing a

smal | er nunber WiK.information bits; and transmtting

t he nodyjatioh ®ynbols via one or a plurality of

ant ennas {Isi hg the rlespective corresponding resource

elements to a recgrver. 18. The nethod of claim 17,

conprised of | tjhg er Xok thé/ pesource el enents

assigned to ¢  ock j being established by: where
Nseg is the n r ‘'of the code blocks, Ni is the
nunber of the resource el enents, with the nunber of
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with the number of the resource elements assigned to the code blocks
having an index j with 0 < j < X; being more than the number of the resource
elements assigned to the code blocks having an index i with X;<i< Nieg.

-

25. The method of claim 23, comprised of the number of resource elements
assigned to code block j being established by:



the resource el enents assigned to the code bl ocks
having an index i with (NN nod Nseg) i <Nseg. 19. The
worbisad7iat cl ai m 17, conprised of the nunber oPCTHR2008/003018
resource el enents assigned to code bl ock j being
established by:0 | <(N g - NlnodN My ) (Nseg -
N1U OGN J | <Nseg where Nseg is the nunber of the
code bl ocks, N is the nunber of the resource
el ements, with the nunber o38the resource el ements
assigned to the code bl ocks having an index | with O
<j <(Nseg -N% d Nseg) being |less than the nunber of
the resourcefe] ements assigned to the code bl ocks
having an indexNixKith (Nseg -Ni nmpd Nseg) i <Nseg.
20. A met hod|fpF.arapsm 957 dA VsgheXmet hod conpri si ng
the steps of ] di¥iklipg a transm ssion resource in a
time domgi n. subf®anmel into a plurality of equa
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domai n; segmenwing the information to be transmtted
to generate -ﬁtuf%-+Lyﬁag-cﬁpeijQ%ks with at | east
one code blo gatgi ning a | arger nunber of
i nformation itlZ{ and at |east one code bl ock
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contal ni ng 4 | deger |humber of information bits and a
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26. A method for transmission, the method comprising the steps of:

dividing a transmission resource in a time domain subframe into a plurality
of equal duration resource elements in a time and frequency domain;

encoding information to be transmitted to generate a plurality of code blocks
with each code block containing a selected number of coded bits to obtain roughly
equal coding rate among the plurality of code blocks;

modulating the plurality of coded bits in the code blocks to generate a
sequence of modulation symbols at a transmitter; and

3

transmitting the modulation symbols via a plurality of antennas using the
respective corresponding resource elements to a receiver.

27. The method of claim 26, comprised of the number of coded bits in code
block j being established by:



transm tting the nodul ation synbols via a plurality of
antennas using the respective correspondi ng resource
wehemsant2t 0o a receiver. 21. The method of cl aPaT/A&R2008/003018

conprised of the nunber of the coded bits in code
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bl ock |ncludu_g a urality of information bits;
encodi ng the cqde EI ekt to generate a plurality of
coded bits;
with the number of the coded bits in the code blocks having an index j with

Osj<Y&Mﬂgnmmﬂmnmemmmmofmeaﬁmﬂmsmﬂwcmhbbdshmm%an
index i with Y <i <N,

28. The method of claim 26, comprised of the number of coded bits in code
block j being established by:

N, xLxK; i
R A= Os]<Nseg-—Y1
21{
Mj,1=<
Ny xLxK; )
Ny -1 +1’ Nseg _YS J <Nseg

where N, is the number of the code blocks, N; is the number of resource
elements, K is the information block size of code block j, and



nodul ating the plurality of coded bits in the code
bl ocks to generate a sequence of nodul ati on synbol s at
wa 2008aa3IRt t er ; assi gni ng a sel ected nunber of PETMR2068/003018
el enents to each of the plurality of code blocks to
obtai n roughly equal coding rate anong the plurality
of code bl ocks; and transmtting the nodul ation
synbols via a pIurallty of antennas using the
respective corresponding redburce el enents to a
receiver. 24. The nethod of claim 23, conprised of the
nunber of resource elenents assigned to code bl ock |
belng establlsh d by: ere Nseg is the nunber of the
cod ck A%théf unber of the resource
el e ]g l?q The-1i nf or mati on bl ock size of code
blockj , and™! Kl x KX1 - Nl- ,-1 4-i with the
nunber of the resodfce el ements assigned to the code

bl OQ%ﬁh k}?eVﬁJ}ﬁbé}nof REeVdbd Bt th thes cfdde%l s%v%gi?frfdex j with

t han t he _nunb of the resource emen assi

0 < o Uarle Yo) hekig Ky rhﬁi@ the oo af the wadod bits i thes egde blocks

havid®.anfif@eXBWAANDS, - of 32§, conprised of the nunber of
resource el ement® assigned fo code block j being

establ i shed by: where Nseg is the nunber of the code

bl otﬂ@sA iNéthiod fohgamdimiesion Othe mRBOM 66mPHSINBILS steﬂﬁ of:S
the forna ion block size of code block | and with
tho i DBIYISSIOBIGRNUEES & & tiepg domal @L@é{ﬁ%n{tﬁé plurality

of eqm_tieiubdtuniasssme B@nmmts indetime and tffeqlerscy d(ﬁnﬁﬁﬁg - X1)
R TN T e I —

regigmgs @gmp)(ls)ng<at|lea:steg first resource region and at least one second resource
region, each of the first resource regions and the second resource regions comprising
at least one multiplexing symbol, each multiplexing symbol corresponding to a time
slot, and each multiplexing symbol comprising a plurality of resource elements
corresponding to respective frequency sub-carriers;

encoding information to be transmitted to generated a plurality of code
blocks, each code block including a plurality of coded bits;

modulating the plurality of coded bits in the code blocks to generate a
sequence of modulation symbols at a transmitter;

mapping at least one modulation symbol in each code block into the
resource elements in the at least one first resource region, with the mapping being
independent of a certain control channel information that is carried in said time
domain subframe; and

transmitting the modulation symbols via a plurality of antennas using the
respective corresponding resource elements to a receiver.

30. The method of claim 29, comprised of mapping at least one modulation
symbol in each code block into the resource elements in the at least one second
resource region, with the mapping being dependent on the certain control channel
information that is carried in said time domain subframe.



26. A nethod for transm ssion, the nmethod conprising

the steps of: dividing a transm ssion resource in a
woizoms/idoirei n subfrane into a plurality of equaPCT/KR2008/003018

duration resource elenents in a tine and frequency

domai n; encoding information to be transmtted to

generate a plurality of code bl ocks, with each code

bl ock containing a sel ectedynunber of coded bits to

obtai n roughly equal coding rate anong the plurality

of code bl ocks; nodulating the plurality of coded bits

in tdhe : e ; .

Ul ot o B8 X im0 Rorr e ARG Seiliming, topphly eaual
nuMCE Of BRAQHERS; %ﬂng%tm pae of theatpeast ane fiystaescaneestegiom to each of
the pRirflgyldi@oli€BRREL.I Ve correspondi ng resource el enents

to a receiver. 27. The nethod of claim 26, conprised
of the nunmber of coded bits in code block j being

est eﬂl?.i §h1?dr_nbﬂidd4‘l@f elaisegl, &mﬁﬁsdﬂlﬂp‘ﬂlie Qﬁm{blé? c}ﬁi%ﬁ@ resource
s..:NL is the nunher of resource el enents, -1's _
clenforl 54300 bap RGO e dits] FRBMEC P HOR OEnhip wderblock ]
beingestablishet bpf t he coded bits in the code bl ocks having
an index j w t& < j < Y1l being nore than the nunber

of the coded , 1 Nohe< godedht ocks having an index i
with Y1,< i gldag. 28. Thg?rret hod of claim 26,

conpr i s€di ot it nunber of coded bits in code bl ock |
bei ng est abl L% ,bwimmidafrs;gsi\jsegfmigs t he number of the
g

code bl ocks, | i|ls the nunber of resource el enents, K

is the information block size o de block | ,

andwW T5° t ﬁ%&lﬂf‘efluwef e @Gd%?geogf%ciﬁnNtlHé gé‘éd’éumbel' of the
resobt@ck]@lnfemsi hﬁsaﬂﬂ gﬂﬁdeﬁﬁ r;cigevdttlfbaﬂh@d fifst(Ns6@kce rédlon, with the

e t han the nunber t he code Its Inthe . .
nubh 8813 a8 Dl s iRREq B e o B ivipgy anddnderej with 0
<j Mgmoﬂgvsegb‘bﬁﬁtgfmdrd than theansmbssofthe redvaireetlba@nts assigned to
. Of; vidin [ nm ssi on

the &ﬁgmlb&sr}ﬁwfr%e%rfﬁn@g% L QJlth &{Q l%?érea&iég'i a8 pl ural ity

resource In mal n Imto

33. The method of claim 31, comprised of the number of the resource
elements in said one of the at least one first resource region assigned to code block j
being established by:

Nl

M. = leeg

il
N
[N 1 ], (Nseg ~N,modN,,

seg

J, 0<j<(®,,~N,modN,)

)= j<Ng,

where N, is the number of the code blocks, N; is the number of the
resource elements in said one of the at least one first resource region, with the
number of the resource elements assigned to the code blocks having an index j with 0
< J < (Nsg -N; mod N,,) being less than the number of the resource elements
assigned to the code blocks having an index i with (Nseg - N; mode Nyp) <1 <N

34. The method of claim 29, further comprising:



of equal duration resource elenents in a tinme and

frequency domain; segregating the plurality of
woessunTie2el enments into a plurality of resour ceCT/KR2008/003018

regi ons, conprising at |east one first resource region

and at | east one second resource region, each of the

first resource regions and the second resource regions

conprising at |east one multjplexing synbol, each

mul ti pl exi ng synbol corresponding to a tine slot, and

each mul ti pl exi ng synbol conprising a plurality of

resource el enents corre% nding to respective .

f r e fHBRRYDE sHp 1qasth opg, wo E i %@“P‘Pllf &t rfach ospdeoblpgk into the

resctureﬂflhslﬁhtdehe;gilntthi gelastadmtsedoid lbkfs@hitde}’re@fo}g&%t? tgé g&i@ing being
cQ ock i ncl udi a.plurali coded, hits; . .
oer B B T e BB B S0 S8 e
donplinsilsframe;garder at e a sequence of nodul ati on synbol s at
atr ' , ' t. |l east one dul ation s ol
N e T e
one gecorsbissowre régipn to eashbmfrthe phedfityrof coi¢ hlacke mappi ng

bei ng i ndependent of a certain control channel

information that is carried in said time domain

subf3ametheamgthadank flaimi 34, eompriseiliohttho musybenaifsthei msource
eler@erts Uh &aid ¥n@foraft epNas: Wie"&cbhe rEﬁﬁH@é:tré%\éSn asgjgned.to code
lcﬁsg{res onding resource elenments to a recerver. . The
blo %%é%?ta]élll ¥y conprised of mapping at |east one

nodul ation s ITin each code block into the resource

el ements in t%;ﬁk | Oas1 <dhanab¥ond resource region,

with theMr_rzap & bei ng dependent on the certain

control chan Iv,i pformation that is carried in said

time donain F ane 3104 Nae< hstNad of cl ai m 29,

further conpnli si® assi gni ng roughly equal nunber of

r esGil&e M| eRBAE SuhibePBE t?é tcﬁ(gke Bﬁ)tckg eﬁ%s §/S %ﬁ;éer%:%%lé&tof resource

resource region to each o urdality (
elenpgs ki said oneo{henat feagt ene seeand BIouce egiPB.eWithfthe member of

the fH4G0RE MEméME aFSRIN ©&he code blocks having an index j with 0 <j < (N,
mod Nj.g) being more than the number of the resource elements assigned to the code
blocks having an index i with (N, mode Nieg) <1< Ny

36. The method of claim 34, comprised of the number of resource elements
in said one of the at least one second resource region assigned to code block j being
established by:

N, .
[ 2 ], 0=j< (Nseg -N, mosteg)
M., =

2=
N
[ 2 J’ (Nseg —N2 rnOd‘Zv—seg)S J <Nseg

where N, is the number of the code blocks, N, is the number of resource
elements in said one of the at least one second resource region, with the number of
the resource elements assigned to the code blocks having an index j with 0 <j < (Nseg
-N; mod N,,) being less than the number of the resource elements assigned to the

code blocks having an index i with (N, - N; mode Nyep) < 1< N,



elements in said one of the at |east one first

resource region assigned to code block j being
wexb@huirhed by: where Nseg is the nunber of tReTOREE08/003018

bl ocks, N1 is the nunber of the resource elenents in

said one of the at |east one first resource region,

with the nunber of the resource elenents assigned to

t he code bl ocks having an index j with 0 < j < (N nod

Nseg) being nore than the Titiber of the resource

el ements assigned to the code bl ocks having an index

Wi t N-.ode Ns i < eg. 33. The nethod of claim
31, rbc%rrﬁ%‘athﬁg‘#héa% @Bgﬁﬂfglreft FranprEdpg federIngmonghly equal
nunitrer sdi cbdod dite filé tdingI aft tl1<1b _emgéqso 08e ffirﬁiqubﬁ&g Ltggi%n\rl\tﬁ ®Ha@h of the
t e ock j being established by: ere
plu‘ﬁl@é}ggq}@%[er?gocﬁ%hber of the code bl ocks, Nl is the
nunber of the resource elenents in said one of the at
| ea ' r.egi on Lt.h the nu r of .
e P oTfe b BESRIR 39, CERRE% U B RBhfiok <Bed bis in
saidhemq ©f the at deest gnewfirsh resourge cegidi egsighied o ccoselgpck j being
estaBBéHM Hyess than the nunber of the resource el ements
assignéd to th’%code bl ocks having an index i with
c

(Nseg - N|mdoelNseq) _<i . .34. The method of claim
Qd_ <(rra%l%5%§d te| east one nodul ati on

29, furtheryco ri5|ﬁg
ode block into the resource el enents

sy ,: F4! each
in the at||{Ve4k res e region, with the
mappi ng E %eggﬁagz{hgg%kefﬁ %yevgef ain control channel
informati'on that is carried in said time domain
subfvheie; Nands s ingnibey af othghtodee bloeks,ndghierthef number of the
LESOHL RS o of . t I t econd .
reSOr espuregrgen?éegg onh?ghga%ﬂ})ef a% I%%FSE)%%eaﬁ?%yreggﬁggdrggmn’ Lis a
modylaticpsordgs, withdheranmbgr of the abdedhits dorthe ceds birfcks having an
indeRY R 0&f j & k‘@J[ﬁE?H{o‘El@ng% mokdthaf't gﬁ&fxb&f of dﬁl@ cBlied bits
. .| east nogé%gc_ond esource region_assigne 0 code
in thg Gdg bj?o ibayingAndpfexs hwith((V; x L) mode Nyop) <1< N,,.

39. The method of claim 37, comprised of the number of the coded bits in

said one of the at least one first resource region assigned to code block j being
established by

N, xL .
]\1/_ ;o 0sj<(Ng - (N, xL)modN,,,)
M. = seg
]’1 N, xL
J\lf—, (Nseg_(leL)mOsteg)Sj<Nseg
seg

where Ny, is the number of the code blocks, N; is the number of the
resource elements in said one of the at least one first resource region, L is a
modulation order, with the number of the coded bits in the code blocks having an
index j with 0 < j < ((Nse - N; X L) mod Nie,) being less than the number of the
coded bits in the code blocks having an index i with ((NVseg - N1 x L) mode N,p) <i<
Neg.

40. The method of claim 29, further comprising:



O ) <N2nodNseg N2nodNseg | <Nseg where Nseg is the

nunber of the code blocks, N2 is the nunber of
woesBunte2el enents in said one of the at | east PONAKR2008/003018

second resource region, with the nunber of the

resource el enents assigned to the code bl ocks having

an index j with 0 < j < (N2 nod Nseg)being nore than

the nunber of the resource elenents assigned to the

code bl ocks having an index®i- with (N2 npdeNseg) < i

<Nseg. 36. The nmethod of claim 34, conprised of the

nunber Qf resource elenents in said one of the at

| eadPARAIRS Hclsad PB’ Jupdwationi wmbelsingeaeh wededeleck into the
resolt@CdemenRiin ghe st i8Rt ionB&dcdhd rebb@rck ¢ I\%bﬁbﬁﬁh the mappmg being

depdiERE, i LoBED PUDE RN dRicama G BddB Srbedn said time

doniain!;ﬂbéramwﬁaﬁd of resource elements in said one of the

ne second reso wi.t h t he nunber

of tagﬁglalggoﬁ?ruggf YeP el uléfgs‘?fgﬁg dt Bits i qugd Hieonlleast one
secomgdvestgremreigiaheto gackmof l.'heOplﬂrqhtyi of blségbloblis.nod Nseg)

being | ess than the nunber of the resource elenents

assigned to the code bl ocks having an index i with

( Nséd- - Rinmgdnsleef) etpine F‘ll@egolﬁﬁiriséﬂwef ﬂxetrtmnbanfofcthaiomié’cBblts in
saidfdHet @Pfhecﬁ%ﬁét%dags ?éﬁ%g&oﬂ Xss? onégH% %1,98 j being

coded bits in one o one Feso
establighed byt o each of the pl urallty of code bI ocks. 38.

The met hd@iyof ¢l ai m 37, conprised of the nunber of the

coded bi t|$— ai d0 se< @Y, xM)enatN | east one first

resqyrce ¥201) assi gned to code bl ock j being

establf s rﬁz Ry

N

}, (N, xL)modN,, < j<N,,
seg

where N, is the number of the code blocks, N, is the number of the
resource elements in said one of the at least one second resource region, L is a
modulation order, with the number of the coded bits in the code blocks having an
index j with 0 <j < ((N2 x L) mod N,.,) being more than the number of the coded bits

in the code blocks having an index i with ((, x L) mode Nieg) <1< N

42. The method of claim 40, comprised of the number of coded bits in said
one of the at least one second resource region assigned to code block j being
established by

N,xL .
1\27 > O0=j<(Ny -(N,xL)modN,_)
Mj’z - N segL
X .
[ ]\2[ 2 ( seg (N XL)mOsteg)S]<Nseg
seg

where N, is the number of the code blocks, N, is the number of resource
elements in said one of the at least one second resource region, L is a modulation
order, with the number of the coded bits in the code blocks having an index j with 0
<J < ((Ngg — N2 x L) mod N,,,) being less than the number of the coded bits in the
code blocks having an index i with (Nsez — N2 x L) mode Ny.p) <1< Ny,



seg where Nseg is the nunber of the code blocks, Nl is
the nunber of the resource elenents in said one of the
wanodsgazi2zone first resource region, L is a no#ATAR2008/003018
order, with the nunber of the coded bits in the code
bl ocks having an index j with O<j < ((N x L) npdNseg)
bei ng nore than the nunber of the coded bits in the
code bl ocks havi ng an indq&§_thh ((N x L) node Nseg)
<i <Nseg. 39. The nethod of "claim 37, conprised of the
nunber of the coded bits in said one of the at | east

one fai r r aqi S8 d.to code bl. '
pei 15 esl Sbi'TAhEd by ar S g s Rl i 2hihe pesetected
numpgy el piseeres elements in pree ofithoeat lesist onefire seaonoe regimmenteach of
. . r | .

e DR o oLy 330 gl SO S oo Hluratity
of cpde Blogcks.t he code bl ocks having an index j with O< | <

((Nseg - Ni x L) nod Nseg) being | ess than the nunber

of the .goded bits in the code bl ocks having an index_i

' tl( (’ﬁ%ﬂe@et-hﬂﬁl of f)q%ecom'@edaf the ng@gerg oforesqyfge elements
in sardtdmedobthecatalienstZthe fitst rbidiurceOrapid:s h&GsHEIPRY &8ieAblock j being
esta&ﬁ%sé?bone nodul ati on synbol in each code block into

e%’OurcereI ements in the at | east one second

resource reg Wit h the mappi ng bei ng dependent on

the certain channel information that is

carried in sgia ldonfiisy sdbf rame; and assi gni ng

roughly equa kber of coded bits in one of the at

| east ope sepord rgsource region to each of the

pl ural i ty"'of] dode bljocks. 41. The method of clai m 40,

conprised of | tihe nunfber of the coded bits in said one

of the at |epgt-ope |secand ﬁeﬁfgegr ce region assigned to

code bl ock | eiigv. st abl i shed by

where Ny, is the number of the code blocks, N; is the number of the
resource elements in said one of the at least one first resource region, K; is the
information block size of code block j, and

Nyp-1
X =N - S | MixEK
1 1 N.. -1 H

4 seg
J=
Sk
i=

with the number of the resource elements assigned to the code blocks
having an index j with 0 < j < X; being more than the number of the resource
elements assigned to the code blocks having an index i with X; <1< N,.

45. The method of claim 44, comprised of K; including the number of tail
bits.

46. The method of claim 43, comprised of the number of resource elements
in said one of the at least one first resource region assigned to code block j being
established by:



0 j <(N2xL)noNseg (N2 c L)nodNseg | <Nse where Nseg
is the nunber of the code blocks, N2 is the nunber of
woOhaeosrig@ziaer ce el enments in said one of the at | e@s/KR208/003018
second resource region, L is a nodulation order, with
t he nunber of the coded bits in the code bl ocks having
an index j wwith 0 < j < ((N x L) nodNseg) bei ng nore
than the nunber of the coded bits in the code bl ocks
having an index i with ((N‘%'L) nodeNseg) <i <Nseg. 42.
The net hod of claim40, conprised of the nunber of
coded bits ip said one of the at | east one second
resource reg|ldn assilgned to code bl ock j being
establ i shed py Mtxeke hbeg ép g@eber of the code
bl ocks, N2 i |[thetnurber “6f/ Tesolrte el enents in said
one of the af |l eadd; jone second resource region, L is a
modul at iapn oF ders witt h the nunber of the coded bits in
t he code blo ks havling an index j with 0 <j < ((Nseg
- N2 x L) nof Nyse€g)| being | ess than the nunber of the
coded bits i &pE code Blocks havilg an index i with
((Nseg - N2 ggl de hbeg) i <Nseg. 43. The nethod of
clain129 f upit H=r onpr|S|ng assigning a sel ected

I I
P00t B BB S e o Bl s BPodige me

reSOth@cklsHIeotsoht aaid mImJgflItlye eq Uedst ao@i fight agcRire eedon, NE; is the

infoggﬁ%?}“%@\gkg{ze%gggdg 1@ The method of clai m 43!

resource el ements in said
one of the at |l east|one flrst resource region assigned

C‘ﬁu‘r‘rﬁp N, %Ej ng established by: where Nseg is
the er the cpde bl ocks, N1 is the nunber of the

resource el® n&l(ii n said one of the at |east one
first resourc gion, K is the

with the number of the resource elements assigned to the code blocks
having an index j with 0 <j < (W, seg - X7) being less than the number of the resource
elements assigned to the code blocks having an index i with (V. Niseg - X1) <1 <Ny

477. The method of claim 46, comprised of X; include the number of tail bits.

48. The method of claim 29, further comprising:

mapping at least one modulation symbol in each code block into the
resource elements in the at least one second resource region, with the mapping being
dependent on the certain control channel information that is carried in said time
domain subframe; and

assigning a selected number of resource elements in one of the at least one
second resource region to each of the plurality of code blocks to obtain roughly equal
coding rate among the plurality of code blocks.

49. The method of claim 48, comprised of the number of the resource

elements in said one of the at least one second resource region assigned to code
block j being established by:



i nformati on bl ock size of code block j , and with the
nunber of the resource el enents assigned to the code
wohkamskig7iravi ng an index j with 0 < j < X1 bei ngCMKR2008/003018

than the nunber of the resource el enents assigned to

t he code bl ocks having an index i with X1<i < Nseg.

45. The nethod of claim 44, conprised of Kj including

t he nunmber of tail bits. 46, The nethod of claim 43,

conpri sed of the nunber of‘4@30urce el enents in said

one of the at |east one first resource region assigned

to code bl ock,j being established by: | <Nse - Xx M

J, I - NL XK jjj+1, Nj- 1 ; <Nseg " where Nseg is the
nunber of the|¥e¥&; bl pcksy _Ni_ js the nunber of the
resource el enefEs i n Said ofe ‘0f the at |east one
first resour ion, K is the information block
size of Mpgelbldck j , and with the nunber of the

resource el emepts assigned to the code bl ocks having

an index j wijthVpxK,| <é{,l\lse,g -X ) being less than the

nunmber of th gsour pe el enent¥sassi gned to the code

bl ocks havi n nEIﬁid X i with (Nseg -X ) i <Nseg. 47.

The nethod o & m 46, conprised of Kj include the

nunkgeOfNL alid i hAmdE- of T B&feh%fjoc% Nzafsn?hl%g{mmber of the

further coiprising: nmappi nq at least ohe“nodulation
resoggepelemieAtselictri¢ ode dfl ibeleatilpasy omhesererd tesouras! g, &K is the

infokMafiGebRICk lsBRTF BAE bRRE&JNEJ €SOurce region, with the
mappi ng bei ng dependent “on the certain control channel

inforrrationNt_lz}\\} ilg arried in said time domain
subfgamg; a XK
yamgy ang ) NoxK,

.\‘ag_l ?
J= 2 Ki
with the number of the resource elements assigned to the code blocks

baving an index j with 0 < j < X, being more than the number of the resource
elements assigned to the code blocks having an index i with X,<i < Nieg.

50. The method of claim 49, comprised of K; including the number of tail
bits.

51. The method of claim 48, comprised of the number of the resource
elements in said one of the at least one second resource region assigned to code
block j being established by:

N,xK; .
W  0sj<N,-X,

S
Mj,z = i=0

N,xK, )
seg —1 +1’ Nseg_XZS]<Nseg

Ny
Sx
L b=




assigning a selected nunber of resource elenents in
one of the at |east one second resource region to each
wofhodshe7ipkural ity of code bl ocks to obtain rougbrKR2008/003018
equal coding rate anong the plurality of code bl ocks.
49. The nethod of claim48, conprised of the nunber of
the resource elenents in said one of the at |east one
second resource region assigyed to code block j being
establ i shed by: where Nseg i'$°the nunber of the code
bl ocks, N is the nunber of the resource elenents in
said pne f the, at ast e second resource region
Kji | eﬁfem‘%rfh“aﬂ ﬁ esPQ‘ie Soksddabisote pumbag@f the
resomeh elemnwnbfnd anetdfetheesquaé@ ol @esﬁuh ges@aﬁdegﬁ%bd, X is the
C an_index j wt <j <
info Iglgtﬁégﬁgocgsfﬁaﬁ%oﬁglbﬂ(ﬂzﬂfﬁ f the resource elenents
assigned to the codej bl ocks having an index i wthX2 i
< Nseg. 50."dhev,sethod of claim49, conprised of Kj
i nclddF nm'mfe'r ,of tail bits. 51. The nethod of

claim48, c¢ Q;d f the nunber of the resource
elenents in s | Hone| of the at |east one second
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vvlth the nunber of the resource elenents assigned to

t he o Od?h@}r&ss t an t ﬂnch@g) # ?Afl]%l}naug“ C‘cge GNSRD: of tail

X2) being e "hu resou
bitS.| enent s assi gned to the code bl ocks having an index i
W|th (Nseg 2 ) i <Nseg. 52. The method of claimb51,

n Iudln t he nunber of tail bits. 53.
The n”et ﬁ@tﬂ* eb?lqda 0%1 @i@lmf -t Rsthes osmprising) assighipgi Agsedected
numbet e€ceded bits in one of the at least one first resource region to each of the

plurality of code blocks to obtain roughly equal coding rate among the plurality of
code blocks.

54. The method of claim 53, comprised of the number of the coded bits in

said one of the at least one first resource region assigned to code block j being
established by:
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where Ny, is the number of the code blocks, N; is the number of the
resource elements in said one of the at least one first resource region, K; is the
information block size of code block j, and
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plurality of code bl ocks. 54. The nethod of claim 53,
conprised of the nunber of the coded bits in said one
of the at |east one first resource region assigned to
code bl ock j being establisﬁﬁd by: where Nseg is the
nunber of the code bl ocks,”Nl"is the nunber of the
resource elenments in said one of the at |east one
first resource region, K is the information block
si ze of code bl pck ndwi th the nunber of the coded
bi t syinythe_ ng %Eﬁ% having an index j with 0 <j <
Y1 bélng mor af=t’he number of the coded bits in the
code bl ocks hav ng%%ﬁki dex i with Y1 < i < Nseg. 55.
The net hod of claim 53, {conprised of the nunber of the

codeditbiliesnumb&adfthereded bithen de é(ﬁﬁﬂilo@&elldcvhﬁgs hn index j with
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K,- is the information bl ock size of code block j ,
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bei ngdependept; on&t'fe ¢ertain control channel
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where Ny, is the number of the code blocks, N; is the number of the

resource elements in said one of the at least ome first resource region, K; is the
information block size of code block j, and

‘—-1
Y, = Nox L NxLxK ,

= 2 K
with the number of the coded bits in the code blocks having an index j with

0 <j < (N - Y7) being less than the number of the coded bits in the code blocks
having an index i with (N, - Y1) <1 <Ny,

56. The method of claim 29, further comprising:
mapping at least one modulation symbol in each code block into the
resource elements in the at least one second resource region, with the mapping being



assigning a selected nunber of coded bits in one of

the at | east one second resource region to each of the
wohowsauizy of code bl ocks to obtain roughly eqeai/Kr2008/003018

coding rate anong the plurality of code bl ocks. 57.
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coded bits in said one of the at | east one second
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(Nseg - Y ) [ji eg Eg Zrnéfﬁéd for transm ssion,
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where N, is the number of the code blocks, N, is the number of resource

elements in said one of the at least one second resource region, K is the information

block size of code block j, and

N | N, xLx K,

]

Y,=N,xL-
a K,

with the number of the coded bits in the code blocks having an index j with

0 <J <Y, being more than the number of the coded bits in the code blocks having an
index i with Y5 <i <Nj,.

58. The method of claim 56, comprised of the number of coded bits in said

one of the at least one second resource region assigned to code block j being
established by:
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with the number of the coded bits in the code blocks having an index j with
0 <j < (Nyg — Y>) being less than the number of the coded bits in the code blocks
having an index i with (N, — Y) <i< Ny,

59. A method for transmission, the method comprising the steps of:

dividing a transmission resource in a time domain subframe into a plurality
of equal duration resource elements in a time and frequency domain;

segregating the plurality of resource elements into a plurality of resource
regions, comprising at least one first resource region and at least one second resource
region, each resource region comprising a plurality of resource elements;

modulating information to be transmitted to generate a sequence of
modulation symbols at a transmitter;

mapping the sequence of modulation symbols into the plurality of resource
elements in the at least one first resource region, with the mapping of the modulation
symbols in the at least one first resource region being independent of a certain
control channel information that is carried in said time domain subframe; and

transmitting the modulation symbols via a plurality of antennas using the
respective corresponding resource elements to a receiver.
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60. A transmitter, comprising:

a modulator modulating information to be transmitted into a plurality of
modulation symbols;

a mapping unit mapping the plurality of modulation symbols into a plurality
of resource elements in a time domain subframe, with the time domain subframe
comprising a plurality of resource regions, with the mapping of the modulation
symbols in at least one resource region being independent of a certain control
channel information; and

a plurality of transmitters for transmitting the modulation symbols using the
corresponding resource elements.



