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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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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 with the accompanying drawings in which like reference symbols
indicate the same or similar cornponents, wherein:

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



Resource block is a block of tine and frequency
resource elenents that carry signals to be transrn'tted
t he transmtter and to be received by the receive

%%ﬁé 4 apparatus to enable fast decodi ngpb?’KRm”sm(’m”
transm ssions with nultiple code blocks constructed
according to the present i mintion will be described

in details with reference to the acconpanyi ng_
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Fseyrenay Didsion Multiplesinge(@HDMpsieadry:n this invention are
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Ve plrar e TRV, SE1ooT e B6BeL SEFpes o008, o
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- 14 H;ig"lﬁ*e 4 chgwi enneEnodiatafon tHdBQrivdy uhiaih Aurt Simatel Carrier
SRR AR ARG g ot M1l cutpu
Quadriaguree Saksplant uhlgtrmlcgft hprid Automatic Repeat reQuestion
(HARQ) operation;
Figure 6 shows an example of a four-channel synchronous Hybrid
Automatic Repeat reQuestion (HARQ);
Figure 7 is an illustration of a Multiple Input Multiple Output (MIMO)
system;
Figure 8 is an illustration of a Multiple Input Multiple Output (MIMO)
precoding process as used in a closed-loop MIMOsystem;
Figure 9 is a flow chart of a coding chain for High Speed Data Shared
Channel (HS-DSCH) in High Speed Downlink Packet Access (IISDPA);
Figure 10 is an illustration of the functionality of HS-DSCH HARQ in
High Speed Downlink Packet Access (HSDPA);
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 3a is an illustration of a transmtted OFDM
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Orthogonal Frequency Division Multiplexing (OFDM) over other transmission
schemes is the robustness to multipath fading. The multipath fading in time
domain translates into frequency selective fading in frequency domain. With the
cyclic prefix or zero prefix inserted, the inter-symbol-interference between
adjacent OFDM symbols are avoided or largely alleviated. Moreover, because
each modulation symbol is carried over a narrow bandwith, each modulation
symbol experiences a single path fading. Simple equalization scheme may be
used to combat frequency selective fading.

Single Carrier Frequency Division Multiple Access (SC-FDMA), which
utilizes single carrier modulation and frequency domain equalization is a
technique that has similar performance and complexity as those of an Orthognal
Frequency Division Multiplexing Access (OFDMA) system. One advantage of
Single Carrier Frequency Division Multiple Access (SC-FDMA) is that the Single
Carrier Frequency Division Multiple Access (SC-FDMA) signal has lower peak-
to-average power ratio (PAPR) because Single Carrier Frequency Division
Multiple Access (SC-FDMA) has an inherent single carrier structure. Low PAPR
notmally results in high efficiency of power amplifier, which is particularly
important for mobile stations in uplink transmission. Single Carrier Irequency
Division Multiple Access (SC-FDMA) is selected as the uplink multiple acess
scheme in 3GPP Long Term Evolution (LTE).

Figure 4 shows an example of a transceriver chain for Single Carrier
Frequency Division Multiple Access (SC-FDMA).

An example of the transceiver chain for Single Carrier Frequency
Division Multiple Access (SC-FDMA) is shown in Figure 4. At transmitter chain
200, time-domain data or control data is modulated by a modulator 201, and the
moodulated data is serial-to-parallel converted by a serial-to-parallel convertor
212. A Discrete Fourier Transform (DFT) unit 213 processes the converted data
by a discrete fourier transform process. To ensure low PAPR, the transformed
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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groups of the encoded data bits in a predetermined sequence via a plurality of
transmitting antennas. The processed signal with a cyclic prefix added is often
referred to as a Single Carrier Frequency Division Multiple Access (SC-FDMA)
block. After the processed signal passes through a communication channel, e.g.,
multipath fading channel 222 in a wireless communication system, a receiver
chain 240 performs a receiver front end processing at a receiver front end
processing unit 224, removes the cylic prefix (CP) by a CP remover 226, serial-
to-parallel converts the data by a serial-to-parallel convertor 228, transforms the
data by a FFT unit 230 and demaps the data at a subcarrier demapping /
equalization unit 231 in frequency domain. Inverse Discrete Fourier Transform
(IDFT) unit 233 processes data after the equalized signal is demapped in
frequency domain, The output of IDFT unit 235 is further processed by a parallel-
to-serial convertor 232 and a demodulator 236.

Figure 5 is an illustration of Hybrid Automatic Repeat reQuestion
(HARQ) operation.

Hybrid Automatic Repeat reQuestion (HARQ) is widely used in
communication systems to combat decoding failure and improve the reliability of
data transmission. A HARQ operation is shown in Figure 5. A data packet is
coded by using an encoder 311 with a certain kind of Forward Error Correction
(FEC) scheme. The data packet is processed by a subpacket generator 312 and a
set of subpackets are generated. A subpacket, for example, a subpacket k may
only contain a portion of the coded bits. If the transmission by a transceiver 300
for subpacket k fails, as indicated by a NAK negative aknowledgement provided
by a feedback acknowledgement channel 314, a retransmission subpacket,
subpacket k+1, is provided to retransmit this data packet. If subpakcet k+1 is
successfully transceived, an ACK acknowledgement is provided by feedback
acknowledgement channel 314. The refransmission subpackets may contain
different coded bits from previous subpackets. The receiver may sofily combine
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 (FLARQ) has been
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accepted as the Hybrid Automatic Repeat reQuestion (HARQ) scheme for long
term evolution (L.TE) uplink in 3GPP.

Figure 6 shows an example of a four-channel synchronous Hybrid
Automatic Repeat reQuestion (HARQ).

Because of the fixed timing relationship between subsequent
transmissions, the transmission slots in an individual HARQ channel exhibits an
interlace structure. For examplé, interlace 0 includes slot 0, 4, 8, ..., 4k, ...;
interlace 1 includes slot 1, 5, 9, ..., 4k+1, ...; interlace 2 includes slot 2, 6, 10, ...,
Ak+2, ...; interlace 3 includes slot 3, 7, 11, ... 4k+3, ..., A packet is transmitted in
slot 0. After correctly decoding the packet, the receiver sends back an ACK
acknowledgement to the transmitter. The transmitter then starts transmitting a
new packet at the next slot in this interlace, i.e., slot 4. The first subpacket of the
new packet transmitted in slot 4, however, is not properly received. After the
transmitter receives a NAXK nagetive acknowlegement from the receiver, the
transmitter transmits another sub-packet of the same packet at the next slot in
interlace 0, i.e., slot 8. Interlaces 1-3 act in similar ways as interlace 0. Sometimes
the receiver may have difficulty in detecting the packet boundary, i.e., whether a
subpacket is the first sub-packet of a new packet or a retransmission sub-packet.
To alleviate this problem, a new packet indicator may be transmitted in a control
channel that carries transmission format information for the packet. Sometimes, a
more elaborated version of HARQ channel information, such as sub-packet 1D,
and/or HARQ channel ID, may be provided to help the receiver detect and decode
the packet.

Multiple antennas communication systems, which are often referred to as
Multiple Input Multiple 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 receciver 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 Qutput (MISO) if there is only one receive
antenna. MIMO systems degenerates to Single Input Single Output (SISO} if
there is only one fransmit 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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Figure 7 shows a Multiple Input Multiple Output (MIMO) system.
As shown in Figure 7, a transmitter 401 has a number of Nt tranmit

antennas 411 and a receiver 402 has a number of Nr receive antenna 421. Data
streams 1-Ns are transceived by this MIMO system. A matrix H is denoted as a
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 {ransmission 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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the receiver side can be diagonalized, interference between the multiple data
streams may be eliminated. The overhead required to feedback the exact value of
channel H, however, is often prohibitive.

Figure 8 shows a precoding process as used in a closed-loop MIMO
system.

As shown in Figure 8, Data streams 1-Ns are processed by a process stage
510 where a scheduling process, a power and rate adapation process, a precoding
codebook and precoding vector selection process, a stream-to-layer mapping
process and some other related processes are excuted. Mapped data streams are
transmitted via Layers 1-Np to a precoding stage 509, i.e. tranmitter MINO
processing stage. The precoded data is further tranmitted to transmit antennas 1-
Nt. A receiver 512 receives and restores data streams 1-Nr at a receiver MINO
processing stage 508. In order to reduce a feedback overhead, mulitple precoding
matrices are defined at tramitter 511 to quantize the space of the possible values
that channel matrix H could substantiate. With the space quantization, receiver
512 feeds back the preferred precoding scheme, normaily in the form of the index
of the preferred precoding matrix, the transmission rank, and the indices of the
preferred precoding vectors. Receiver 512 may also feed back an associated
Channel Quality Indication (CQI) values for the preferred precoding scheme.

Another perspective of a MIMO system is whether the multiple data
streams to be transmitted are encoded separately or together. If all of the
transmission layers are encoded together, this MIMO system is called Single
CodeWord (SCW) MIMO system, otherwise is called a Multiple CodeWord
(MCW) MIMO system. In the long term evolution (LTE) downlink system, when
Single User MIMO (SU-MIMO) is used, up to two MIMO codewords can be
transmitted to a single User Equipment (UE). In the case that two MIMO
codewords are transmitted to a User Equipment (UE), the UE needs to
acknowledge these two codewords separately. Another MIMO technique is called
Spatial Division Mmultiple Access (SDMA), which is also referred to as Multi-
User MIMO (MU-MIMO) sometimes. In SDMA, multiple data streams are
encoded separately and transmitted to different intended receivers on the same
time-frequency resources. By using different spatial signatures, e.g., antennas,
virtual antennas, or precoding vectors, the receivers will be able to distinguish the
multiple data streams. Moreover, by scheduling a proper group of receivers and
choosing the proper spatial signature for each data stream based on channel state
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information, the signal of interest can be enhanced for the receiver of interest
while the other signals can be enhanced for the other corresponding receivers at
the same time. Therefore the system capacity may be improved. Both single user
MIMO (SU-MIMO) and multi-user MIMO (MU-MIMO) are adopted in the
downlink of long term evolution (L.TE). MU-MIMO is also adopted in the uplink
of long term evolution (LTE), SU-MIMO for long term evolution (LTE) uplink,
however, is still under discussion.

In a long term evolution (LTE) system, when a transport block is large,
the transport block is segmented into multiple code blocks so that multiple coded
packets can be generated, which is advantageous because of benefits such as
enabling parallel processing and pipeline implementation and flexible trade-off
between power consumption and hardware complexity.

As an example, the encoding process of the High Speed Data Shared
Channel (HS-DSCH) in a High Speed Downlink Packet Access (HSDPA) system
is illustrated in Figure 9.

As shown in Figure 9, data bits ajmy, &im2> &im3... Qima 8r€ processed at a
cyclic redundancy check (CRC) stage 611 and are transformed to data bits Bimis
Big2s Bims... by CRC attached data bits are bit scrambled at a bit scrambling stage
612, and are transformed to data bits diyy, dimz, dim3... dims. Scrambled data bits are
segmented at code block segmentation stage 613 and are formed to code blocks
Oir1» Oira, Oir3. . Ok~ Code blocks then are coded at a channel coding stage 614 and
become coded code blocks Cii, Cio» Cirs.. Cis- Lhese coded code blocks are
processed at a physical layer Hybrid-ARQ functionality stage 6135. The resulting
data bits are again segmented at a physical channel segmentation stage 616. The
Hybrid-ARQ functionality matches the number of bits wy, Wi, W3 Wwg at the
coded bits to the total number of bits of HS-DSCH physical channel. The
resulting channel segmented data bits u,,y, Up2, Up3. , Uy are interleaved by a HS-
DSCH interleaving stage 617. Interleaved data bits vy, Vpa, Vp3... Vpu 1€ then re-
arranged at a constellation re-arrangement stage 618 and re-arranged bits 1,1, fp2,
1p3.. Iy are further mapped at a physical channel mapping stage 619. The
resulting mapped bits are finally output to physical channel #1, physical channel
#2 ... physical channel #P. In current HS-DSCH design, only one 24-bit cyclic
redundancy check (CRC) is generated for the whole transport block for the
purpose of error detection for that block. If multiple code blocks are generated
and transmitted in one Transmission Time Interval (TTI), the receiver may
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correctly decode some of the code blocks but not the others. In that case, the
receiver has to feedback & NAK negative acknowledgement to the transmiiter
because the CRC for the transport block will not check.

The hybrid ARQ functionality matches the number of bits at the output of
the channel coder (i.e. channel coding stage 614) to the total number.of bits of the
HS-PDSCH set to which the HS-DSCH is mapped. The hybrid ARQ functionality
is controlled by redundancy version (RV) parameters. The exact set of bits at the
output of the hybrid ARQ functionality depends on the number of input bits, the
number of output bits, and the RV parameters.

The hybrid ARQ functionality has two rate-matching stages and a virtual
buffer as shown in Figure 10.

A stream of data bits N™™ from resource C is separated into systematic
bits, parityl bits and parity2 bits by a bit separator 610. These three groups of bits
are processed differently at a first rate matching stage 611. First rate matching
stage 611matches the number of input bits to a virtual IR buffer 613, and the
information about buffer 613 is provided by higher layers. Systematic bits are
directly provided to buffer 613, parityl bits are processed by rate matcher
RM_P1_1 and parity2 bits are processed by rate matcher RM_P2 1. Outputs of
buffer 613 are provided to a second rate matching stage 615. Second rate
matching stage 615 matches the number of bits after first rate matching stage 611
to the number of physical channel bits available in the HS-PDSCH set in the
Transmission Time Interval (TTI). Output Ny, is provided to rate matcher RM_S
of second rate matching stage 615, output N, is provided to rate matcher
RM_P1_2 of second rate matching stage 615, and output N, is provided to rate
matcher RM._P2_2 of second rate matching stage 615. Outputs Ny, Ny and Ny
are provided to a bit collection stage 617. Therefore, a resulting data bits stream
Nyata 18 provided to terminal W. Note that, if the number of input bits does not
exceed buffering capability virtual IR buffer 613, first rate-matching stage611 is
transparent.

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, b0b1b2b3, are mapped to complex-valued modulation symbols x=1+jQ.
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One implementation of 16-QAM is illustrated in Table 1.
bobib;bs I 0
0000 1/410 /410
0001 1/+10 3/10
0010 3/410 1/+10
0011 3/\10 3/410
0100 o | ~1/1e
0101 V1o -3/
0110 3/410 ~1/410
0111 310 | ~3/4A0
1000 ~1/10 1/4i0
1001 —1/410 3/J10
1010 ~3/10 1/410
1011 -3/410 3/410
1100 ~1/+10 ~1/¥10
1101 ~110 | -3/Jio
1110 ~3f410 | -1/410
1111 ~3/¥10 | -3/4i0

Table 1. 16-QAM modulation mapping
The constellation of the 16-QAM modulation in Table 1 is shown in
Figure 11. 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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constellation diagram displays signals on a two-dimensional coordinate diagram
in a complex plane at symbol sampling instants. The constellation diagram
represents the possible symbols selected by a given modulation scheme as dots in
the complex plane. Each dot on Figure 11 illustrates a corresponding symbol of
b0b1b2b3 on the I-Q complex plan when I and Q have predetermined values as
show in Table 1. This constellation provides different protection levels on the
four bits (i.e. bit b0, bl, b2 and b3). As shown in Figure 11, the protection level
on bits b0 and bl are the same, the protection level on bits b2 and b3 are the
same, The protection level on b0 and bl, however, are higher than the protection
level on bits b2 and b3.

In case of 64QAM modulation, sextuplets of bits, bOblb2b3b4b5, are
mapped to complex-valued modulation symbols x=1+jQ. One implementation of
64-QAM is shown in Table 2. The constellation of the 64-QAM modulation in
Table 2 is shown in Figure 11, Figure 12 shows a two dimensional coordinate
which shows one illustration of 64-QAM constellation diagram.  This
constellation provides different protection levels on the six bits. Similar to Figure
11, each dot on Figure 12 illustrates a corresponding symbol of bOb1b2b3b4b5 on
the 1-Q complex plan when I and Q have predetermined values as show in Table
2. The protection level on bits b0 and bl are the same, the protection on bits b2
and b3 are the same, and the protection level on bits b4 and b5 are the same. The
protection levels on bits b0 and bl, however, are stronger than the protection
levels on bits b2 and b3 that are stronger than the protection on bits b4 and b5.
For convenience, the index of a bit is defined in a modulation symbol as the
modulation position of that bit.
bybybybsbsbs | T 0 bobybsbsbsbs I o

000000 | 3/vaz | 3/va2 100000 ~3fJaz | 3/Ja2
000001 3/daz | Va2 100001 ~3/a2 | e
000010 a2 | s/ 100010 ~1Va2 | 32
000011 a2 | a2 100011 -y a2 | 1Az
000100 | 3/viz | s/J&2 100100 | -3/J42 i s5/Jaz
000101 32 | 7/ 100101 -3/a2 ¢ 7/az
000110 Va2 | s/Jaz 100110 ~iVaz | s/Vaz
000111 a2 | 7/ 100111 —Vaz | 7/daz
001000 siNaz | 3/Ja2 101000 -s/az | 3/
001001 sivaz | /a2 101001 -5/az | ia2
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001010 | 7/¥a2 | 3/Ja2 101010 | -7/Ja2 | 3fa2
001011 /42 | Va2 101011 | -7/¥&2 | V&2
001100 | s/vaz | s/va 101100 | -s/va2 | s/Vaz
001101 s/az | /42 101101 -5/az | /a2
001110 | 7/J&2 | s5/Ja2 101110 | -7/Jya2 | s/i&2
001111 | 7/¥42 | 7/¥&2 101111 | ~7/442 | 1/da2
010000 | 3/Va2 | -3//a2 110000 ~3/42 | —3/Ja2
010001 3/a2 | 1/ 110001 ~3/Jaz | ~1/Jaz
010010 Va2 | -3/da2 110010 ~fVA2 | -3/
010011 Va2 | -1/4az 110011 —Na2 | -1/ a2
010100 | 3/V& | -5/Va2 110100 —3/Va2 | -5/
010101 | 3/vaz | —7/Vaz 110101 ~3/da2 | -7/Va2
010110 /a2 | —s/Ja2 110110 ~ya2 | ~s5/daz
010111 4z | ~7/V82 110111 —Jaz | ~1/da2
011000 s/da2 | —3/Jaz 111000 —s/fa2 | -3/
011001 siaz | -1/vaz 111001 ~s/Na2 | -2
011010 | 7/¥&2 | -3/Va2 111010 | -7/+42 | —3/Ja2
011011 Va2 | —Va 111011 ~7/¥az | -1/Va2
011100 | s/va2 | -s/Ja2 111100 —5/\42 | -s/Jaz
011101 s/az | -7/Va2 111101 ~5/J32 | ~7/Ja2
011110 | 7/J42 | -5/Va2 111110 | -7/442 | -5/J42
011111 1/Jaz | ~1/Ja2 111111 —7fJaz | -7/
Table 2 64-QAM modulation mapping

For example, the modulation position of b0 in a 64-QAM is 0, the
modulation position of bl in a 64-QAM is 1. Therefore, for the given 64-QAM
constellation, the first and second modulation positions, i.e., b0 and bl, have the
strongest protection; the third and fourth modulation positions, i.e., b2 and b3,
have weaker protection levels; the fifth and the sixth modulation positions, 1.¢., 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
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contemplated for carrying out the invention. The present invention is also capable
of other and different embodiments, and several details of the present invention
may be modified into various obvious respects, all without departing from the
spirit and scope of the invention. Accordingly, the drawings and description are to
be regarded as illustrative in nature, and not as restrictive. The present invention
is illustrated by way of example, and not by way of limitation, in the figures of
the accompanying drawings.

In the following illustrations, downlink data channel in long term
evolution (LTE) systems are used as an example. However, the technique
illustrated here can certainly be used in uplink data channel in long term evolution
(LTE) systems, control channels in either downlink or uplink in long term
evolution (LTE) systems, and other data, control, or other channels in other
systems whenever applicable.

In the present invention, an improved design of channel interleaver and
receiver is provided and a separate coding method of multiple code blocks is
taken into account to improve the performance. When multiple code blocks are
transmitted, the performance of the transimission is dictated by the code block that
has the worst performance. The idea is to carefully design the channel interleaver,
including the mapping from coded bits of different code blocks to modulation
symbols, and the mapping from modulation symbols to time, frequency, and
spatial resources, to make sure cach code block get roughly the same level of
protection. On the receiver side, when some code blocks are received correctly
and some are not, the signal of the successfully decoded code blocks may be
reconstructed and cancelled from the received signal. After the canceliation, the
receiver may attempt to re-decode the other code blocks. Because the interference
with other code blocks that are not yet successfully decoded may be greatly
reduced, the probability that the receiver will be able to decode the other code
blocks can be significantly increased. In the case of hybrid ARQ (HARQ), if the
receiver is not able to 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
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interleaver design proposed in this invention facilitates that operation. Preferred
embodiments of the receiver operation are also disclosed.

In one embodiment of the invention, a CRC is added to each code block to
enable error detection for each code block. Figure 13 shows an example of the
attachment of code block CRC. Comparing to Figure 9, after the transport block.
CRC attachment, the bit scrambling, and the code block segmentation, an
additional step of attaching code block CRC to at least one of the code blocks
follows immediately after the step of code clock segmentation as shown in Figure
13. The transport block is segmented into one or multiple code blocks. If there is
only one code block in the transport block, the code block CRC may not be
necessary. If there is more than one code block in the transport block, the
attachment of code block CRC becomes important. As an example, the transport
block CRC for HS-DSCH in HSDPA is 24-bit, which provides very low detection
error (about 27 = 6 x 10'%), One purpose of attaching CRC to each code block is
to provide sufficient code block error detection so that the receiver can cancel the
signals of those code blocks that are correctly decoded. A CRC detection etror of
~ 10 may be sufficient for this operation. Note that an 8-bit CRC can provide a
detection error rate of about 4 x107. In this case, an 8-bit CRC may be used for
code block CRC for code block error detection and cancellation, while a 24-bit
CRC may be used for transport block error detection. By doing so, the CRC
overhead is minimized while providing means to facilitate cancellation of
successfully decoded code blocks. Obviously, the CRC overhead can be further
reduced by only attaching one code block CRC for multiple code blocks.

In the present invention, a number of steps are provided to be applied in
channel interleaver design. Note that not all of these steps need to be incorporated
in order to use this invention. In other words, the present invention covets the
interleavers and interleaving methods that use at least one of the steps illustrated
in this invention. 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
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one 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 one embodiment of the present invention. As shown in Figure 14,
the resource allocated to a data transmission is N OFDM symbols in time, and M
sub-carriers in frequency. Each sub-carrier of one OFDM symbol is called one
resource element. Resource elements include data resource elements and non-data
resource elements. Each resource element carries a modulation symbol, which in
turn carries multiple coded bits. For example, 2 bits can be carried in one QPSK
modulation symbol; 4 bits can be carried in one 16-QAM modulation symbol, etc.
The number of bits carried in each modulation symbol is denoted as a modulation
order L, each modulation position in a modulation symbol is represented by one
modulation position index as shown in Figure 14. One preferred embodiment of
the channel interleaver design consists at least one of the following operations.

Step 1

First, for each code block, symbols S, P;, Ps, are, respectively, the
systemnatic bits, parity bits from encoder 1 of a turbo encoder, and parity bits from
encoder 2 of the turbo encoder. A furbo encoder is formed by parallel
concatenation of two recursive systematic convolutional (RSC) encoders
separated by an interleaver. In one embodiment of the present invention, the
coded bits after the second rate matching are re-arranged based on code blocks.
As illustrated in Figure 16, there are a number of N,; code blocks in transmission
for this transport block. Comparing to Figure 10, a stage 913 called bits re-
arrangement by code blocks immediately follows bit collection stage 617. In
stage 913, the systematic bits, 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 Nijeyss Niipts Nigpo, respectively. The re-arranged bits then enter a stage 915,
which is called channel interleaver stage. Ny, Nip1, Nip2 may be presented as

following equations respectively.
Neb

Nyge =X N, O
j=1

Neb

Ni,p! = ZNr,i,pl (2)
i=]
Ned

Nt,p2 = sz,i,pZ (3)
i=1
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The re-arranged bits can be used to fill up the time-frequency resources,
and the modulation positions in modulation symbols.

Step 2

Secondly, these bits are written into a three-dimensional space as shown
in Figure 14. These bits first fill up the space along the dimension of frequency
(i.e. sub-carrier) index. Then they fill up the space along the dimension of time
(i.e. OFDM symbol) index. At last they fill up the space along the dimension of
modulation position index. Note other ordering of dimensions is certainly
possible and covered by the present invention. Each position in the three
dimensional space may be represented by a coordinate (b, t, £). If the first bit is
placed at (0, 0, 0), then the second bit should be placed at (0, 0, 1), the third bit
should be placed at (0, 0, 2), etc. After the frequency dimeunsion is exhausted for a
given OFDM symbol index, the OFDM symbol index is increased. For example,
the (M-1)~th bit should be placed at (0, 0, M-1), and the M-th bit may be placed at
(0, 1, 0). After the frequency and time indices are exhausted, the modulation
position index is increased. For example, the (MN-1)-th bit should be placed at
(0, N-1, M-1), and the MN-th bit should be placed at (1, 0, 0). Note there might
be some resource elements punctured or occupied by other channels and thus are
not available to the data channel transmission. In a preferred embodiment of this
invention, the time-frequency resources with a resource element map are
represented in Figure 15. The resource elements assigned to a data transmission
are grouped together to form a resource element map. The map shows the
resource elements available to data fransmission and resource elements that are
occupied by other channels such as reference signal, downlink control channels,
etc. The resource elements occupied by other channels are skipped. Note this
resource element map can be reused for each modulation 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
clements.

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
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multiple of simplified shuffling patterns may be used. For example, cyclic shifts,
or predetermined interleaving / re-arrangement / shufiling / 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-cartier, the data
bits are interleaved along the time dimension. For example, a bit-reverse-order
(BRO) interleaver or a pruned bit-reverse-order interleaver may be used. Or any
other interleaver can be used for this purpose. Sometimes, one or multiple of
simplified shuffling patterns can be used. For example, cyclic shifts, or
predetermined interleaving / re-arrangement / shuffling / swapping patterns can
be used. These patterns may or may not change for each modulation position and
for sub-carrier index. Sometimes, the number of resource elements available on
cach sub-carrier index may be different due to different amount of puncturing or
usage by other channels on this sub-carrier. In that case, interleaver with different
sizes may be used on different sub-carriers.

Step 5

Fifth, for each sub-carrier and each OFDM symbol, the data bits are
interleaved along the dimension of modulation position index. For example, a bit-
reverse-order (BRO) interleaver or a pruned bit-reverse-order interleaver may be
used. Or any other interleaver can be used for this purpose. Sometimes, one or
multiple of simplified shuffling patterns can be used. For example, cyclic shifts,
or predetermined interleaving / re-atrangement / shuffling / swapping patterns can
be used. These patterns 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
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example, Figure 19 shows the coded bits of a code block are spread over time,
frequency, and spatial domain. The coded bits of the code block, however, are all
in the first modulation position of all the modulation symbols. Subsequent
interleaving steps will interleave these coded bits in time, frequency, and spatial
dimension, and will shift the modulation positions of these coded bits in
modulation symbols.

Steps 1 and 2 attempt to spread the coded bits of each code block in
frequency and time domains as much as possible to maximize frequency and time
diversity. For long term evolution (L TE) systems, frequency diversity is normally
more pronounced than time diversity within one transmission. Therefore, it is
preferable to first increase the frequency sub-carrier index and then increase the
OFDM symbol index. Different ordering of increasing the indices of different
dimensions is certainly covered by the present invention. Normally forward error
correction codes, especially when implemented with practical decoders, handle
separated or random errors better than burst or contiguous errors. Step 3 transfers
burst errors in frequency domain into separated erroxs. Step 4 transfers burst
errors in time domain into separated errors. For higher order modulation, each
modulation position within a modulation symbol may enjoy different protection.
Step 5 attempts to randomize or uniformly distribute the bits of each code block
into different modulation positions of modulation symbols so that on average
coded bits of each code block enjoys the same level of protection. The order of
Step 3, Step 4, and Step 5 may be changed without escaping the idea of the
present invention. Certain steps may also be combined into a single step. For
example, Step 2 and Step 5 may be easily combined by jumping to a different
modulation position as frequency and time indices change.

There are many alternative implementations to Steps 2, 3, and 4 that
achieve similar effects in spreading the coded bits of each code blocks into time-
frequency domain. In one embodiment of the invention, some other two-
dimension matrices may be used to represent the time-frequency resources
instead of the resource element map. For example, a two-dimension matrix with
the number of rows equal to the number of resource blocks and the number of
columns equal io the number of resource elements available for data in each
resource block can be used. Suppose the data transmission is assigned as a
number of Niq resoutce blocks, and there are a number of Npy,rp bits available
for data transmission in each resource block, then the coded bits may be placed
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Table 4

Certainly, the selection of a subset of permutation patterns may be various
and depends on other design objectives. For example, not all cyclic shifts are
needed in the selected subset, Cyclic shifts from multiple seed permutation
patterns may be selected. In one preferable embodiment of the invention, the
preferred seed for QPSK, 16-QAM (as shown in Figure 11), 64-QAM (as shown
in Figure 12) are listed in Table 5. Because of the relatively higher order
modulation, the protection level on some positions is equal, while the protection
level on some other positions is different. For the constellation of 16-QAM as
shown in Figure 11 and the constellation of 64-QAM as shown in Figure 12, b0
and b1 receives the strongest proteciion, b2 and b3 receive less protection, while
b4 and b5 (in the case of 64-QAM) receive the least amount of protection.
According to Table 5, 0213 and its cyclic shifted versions are used for 16-QAM,
while 042153 and its cyclic shifted versions are used for 64-QAM. Another
preferred sced permutation for 16-QAM is 0312 (not shown in Table 5). Other
preferred seed permutations for 64-QAM are 024135, 052143, 043152, 053142,
025134, 034125, 035124 (not shown in Table 5). The preferred seed permutation
pattern may change as the constellation design of 16-QAM or 64-QAM changes.

Modulatio Preferred Seed Cyclic shifts of seed permutation patterns
n permutation pattern
QPSK 01 01, 10
16-QAM 0213 0213, 2130, 1302, 3021
64-QAM 042153 042153, 421530, 215304, 153042, 530421,
304215
Table 5

Figure 23 shows a general method of obtaining the preferred permutation
pattern for 64-QAM. The modulation positions ate 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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example, the modulation positions of b0 and bl are placed with the strongest
protection at two ends of diameter A-A’ of the circle as shown in Figure 23, the
modulation positions of b2 and b3 are placed with the weaker protection at two
ends of diameter B-B’ of the circle, and the modulation positions of b4 and b3 are
placed with the weakest protection at two ends of diameter C-C” of the circle.
Different preferred seed permutation patterns, and their cyclic shifts, may be
obtained by reading the positions along the circle, starting from any position and
by going either clockwise or counter-clockwise. In this way, maximum separation
of the modulation positions with the same level of protection is achieved. This
method is also applicable to other modulation orders. As shown in Table 5, a
preferred seed for 64-QAM is 042153. According to Figure 23, when starting
from point A’ and counting in a counter-clockwise along the periphery of the
circle, b0b4b2b1b5b3 is achieved. Therefore, a preferred seed for 64-QAM is
046153. By the same method, all of the preferred permutation pattern maybe
achieved for 64-QAM. 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-arranging 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,
the coded bits of different code blocks are multiplexed in the same modulation
symbol. Figure 24 illustrates an iterative receiver for decoding multiple code
blocks multiplexed within same modulation symbols. Here, an iterative operation
is proposed to improve the receiver performance. An illustration of this operation
is shown in Figure 24. After processed by receiver front end and some baseband
processing stage 690, e.g., FFT, 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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constellation is reduced as shown in Figure 25. In this case, the demodulation of

b3 and b0 based on the reduced consteliation may have an improved performance.

In another embodiment of the invention, the iterative operation may be
performed without correctly decoding and re-encoding some of the code blocks.
Instead, reliability of the coded and information bits may be used to pass through
the iterations to improve detection performance. One representation of reliability
is called extrinsic information, which is the new likelihood information about
each bit that is passed between the multiple processing blocks within the iterative
loop. An example is shown in Figure 26. Figure 26 illustrates an alternative
iterative receiver for decoding multiple code clocks multiplexed in same
modulation symbols. Because Figure 26 is almost same as Figure 24, detailed
explanation is omitted and only difference will be described. Extrinsic
information is passed between demodulator 692 and decoder 696. Each takes the
extrinsic information from the other as prior information in the calculation of
likelihood of each bit and generates a new round of extrinsic information. For a
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 (L TE) 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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subframe. In this case, control channel signals are located in the first two OFDM
symbols. Reference signals are located at OFDM symbol 0, 4, 7, and 11. For
simplicity, only the reference signals of the first transmit antenna will be
discussed. In frequency domain, data may be presented by multiple resource
blocks, such as resource blocks i and j. The ideas of the present invention may
certainly be extended to systems with multiple transmit antennas and multiple
reference signals. In order to maintain good channel estimation performance,
interpolation or averaging of downlink reference signals is usually used. For
example, as shown in Figure 27, interpolation of reference signals at resource
elements A, B, C, and D can be used to obtain channel estimation for resource
clement S with improved pefformance. However, this also means that the
demodulation of the modulation symbol in resource element S need to wait until
reference signals in resource element C and D are received. In other words, if the
demodulation of resource element S happens before OFDM symbol 11 that
contains resource elements C and D, the channel estimation performance for
resource element S may be negatively impacted.

In the present invention, methods and apparatus to enable fast decoding of
transmissions with information bits or parity bits from multiple coded packets are
also proposed.

Aspects, features, and advantages of the present invention are readily
apparent from the following detailed description, simply by illustrating a number
of particular embodiments and implementations, including the best mode
contemplated for carrying out the invention. The present invention is also capable
of other and different embodiments, and several details can be modified in
various obvious respects, all without departing from the spirit and scope of the
invention. Accordingly, the drawings and description are to be regarded as
illustrative in nature, and not as restrictive. The present invention is illustrated by
way of example, and not by way of limitation, in the figures of the accompanying
drawings. In the following illustrations, downlink data channel in long term
evolution (LTE) systems is used as an example. The technique illustrated in the
present invention, may certainly be used in uplink data channel in long term
evolution (LTE) systems, control channels in either downlink or uplink in long
term evolution (I.TE) systems, and other data, control, or other channels in other
systems whenever applicable.

When multiple code blocks are transmitted, the performance of the data
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In one embodiment of the present invention, multiple OFDM symbols in a
subframe are separated into groups with the boundary between at least two groups
located in the Reference Signal OFDM symbols, or those OFDM symbols right
before or right after the Reference Signal OFDM symbols. Each group contains
resource elements that will carry coded bits from at least one code block. The
resource clements in each group are contiguous or closely to each other in time
domain. The receiver can start decoding of at least one code block after receiving
all the resource elements in each group.

Figure 28(a) shows one example of the configuration of grouping multiple
OFDM symbols in a subframe constructed according to one embodiment of the
present invention.

As shown in Figure 28(a), control chanunel 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 3, 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
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data channel. OFDM symbol 4 contains downlink reference signal; the boundary
between Group 1 and Group 2 are located between OFDM symbol 4 and 5.
OFDM symbol 11 contains downlink reference signals; the boundary between
Group 3 and Group 4 are located between OFDM symbol 10 and 11. Because the
boundary is always at or close to where the reference signal is, the receiver can
start decoding of the code blocks carried within a group right after the group is
received, or wait for one additional OFDM symbol, without sacrificing channel
estimation performance. The receiver can take advantage of the latest available
reference signal for the demodulation and decoding of the code blocks carried
within a group. For example, there are 8 code blocks, the coded bits of two code
blocks may be put into each group. For example, coded bits of code block 1 and 2
are contained in Group 1. After receiver received OFDM symbol 2, 3, 4, because
all the resource elements in Group 1 is contained in these OFDM symbols, the
receiver has received all the coded bits for code block 1 and 2. Therefore, the
receiver can start decoding of these two code blocks. In this way, the receiver
does not have to wait until the end of the subframe (after OFDM symbol 13) to
start decoding. This design brings a few benefits to the receiver design in terms of
hardware complexity and power consumption.

Figure 28(b) is a flow chart illustrating a method of transmitting data
signals by separating resource elements having coded bits suitable for the practice
of the principles of one embodiment of the present invention. Figure 28 (¢} is a
flow chart illustrating a method of receiving and decoding grouped resource
elements having coded bits at a receiver. In Figure 28(b), data bits are modulated
in step 911, are then transformed from serial to parallel in step 912. Then data is
transformed by IFFT method at step 915 and then processed from parallel to
serial at step 916. Then the data in different code blocks are mapped to resources
elements that are separated into different groups in step 917. Finally, transmitting
front end having one or multiple transmitting antennas transmits the OFDM
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 paralle] 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
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denodul ati on of nodul ation synbols in Goup 1. By

doi ng so, the denodul ation of the |ater groups is
paral l elized wth the decoding of earlier groups. In
addition, with the help of this CRC, the interference
fromCWM to CW2 may be cancel’ed by successive

i nterference cancel |l ation. Further, the paralle
(Eroce55|ng capability may be S|gn|f|cantly enhanced.

hARMSt her enbodi nent of the present invention, CRCis
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Wi thin a group. One exanple is shown in subfigure (c)

of Filgut &apsmitigh€0ORASIAGY be attached to each of
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CLAI M5 A transmittdr, cGmpfi@Rgm tter, conprising: a
separator arranged to ségment a transport bl ock of

dat a 8 9perar pignasd toysegimenp gechppioe durakitydelt anspeid blocks of data

uﬁofHﬁéﬁhﬁMﬁkaeBE@Mﬂﬂﬁﬁ&yb&PeCk (CRC) cal cul ator
arranged enerate a first cyclic redundancy check

(CRCp fits Céfi | @ddatomarraigednt perfrali & YIrgf cxebdecpuiapsy check
(@R@‘) tf@x at t@aghohd@r ftl‘lé %Im&lYtS%l éfcc(fo%dHBQl%n%Yd @(p%ﬁgch( %@hst cyclic

| east one of plufality of code bl ocks;
I%Wnéﬁl,fdd@@ka@%b‘é’@f !%Sféﬁ’@dﬂéhq Plaralisy af gidedlosksy he
p| ur ah 'eh&’od%f aGRHRaRS 9195)%10 tife ddﬂ"glﬂ 5131'% M 51?(5/ oPhodd @1b&Rs;

, further conprising second C
r eduRdgReyercHawIEct CRGIOBRItY |pé%htya@f ﬁﬁ%‘é @IQCISS delret pwality of

b %MM&MH‘ )thé ShcddB® data bits of at least
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3. The transmtter of claim1, with the first cyclic
redundancy check (CRC) cal cul ator arranged to generate
a first cyclic redundancy check (CRC) for at |east one
of the plurality of code bl ocks when the nunber of
code bl ocks is greater than zﬂge and not to generate a
first cyclic redundancy check™('CRC) when the nurrber of
code bl ocks is one. 4. Atransmtter,

conprj sing:; , eparat or arranged to segment
of i GhapEyiber § ABDSr v ARG benSH eggh SFE Blurality
¢! tudrdpbit Ybolefkscadgathlimoks phfralitat & bddeSblocks, cactd ofltlié'plmahty of

oA Rl (AT ofhacs Rk Snbl Pl e Ot o)

dldewald ihy MiMoagetehl, ocks and to attach the first
cyclic redundancy check (CRC) to at |east one of the
plurality of code bl ocks; an encoder arranged to

encode Thergdaactdyiof t%laﬂfl 5 hethrhel H}uiltﬁpltle Q{pu@ N%iﬂtqﬂlé Qeksit (MIMO)
er ar an ou urality of code
BriguRd el ‘%gg%ﬂ%?{ﬁ‘% t&n%é‘#ﬁﬁﬂg a& th sach of the

plurality of groups containing the encoded data bits

of at one. urality of code bl s .from .
Che- eheoneananaSaat AR IcaM bt de S eart diy St TP Multpte
@np&aﬂ ®IM@psriesstdreanlingheulpplercatie blockd. groups. - 48

5. The transmtter of claim4, with the
separator segnmenting each of a plurality of transport
bl ockss afhe dednamiitrdr Q)f&:l@huriah/ilﬂhydlﬁffersﬁoqi@ulﬁbkédr@ut Rﬁﬁtﬁple Output

e Iurallt ran ort bl ej.ng trans
Bl e MBS b P Rl AU B code
biasbkaany@r@ygct&fm at lcast two 6fth$lpm1hlﬁt@mﬁ"@ddper of claim
5 wth each Multiple Input Miultiple Qutput (M MO
codeword being allocated for at |east one M MO | ayer.

7. The Thanswbhiter obfclabhad, nfufihervédniprising @a&ton@ﬁfycﬁé redundancy

cbg% m@ Ezh lfltBF érrg%/uﬁlgttglglgg?{%tf sccoggﬂ c%/[? oﬁﬁgun ncy Theck (CRC)

for aneseti the e@anglortciladknol datad dnld td Eftﬁ@r ﬁ(lj ts?d\dmldgdy?ﬂlceleﬁﬁﬂdlﬁncy check
Qut put. . (M, MO ers bein efin or a

PHca Bl P B i Y Gt BT ey Pt B hleck of data

ilmbaqherabigi ofode bRolged for at | east two of the

plurality of groups. 9. The transmtter of

claim4, further conprising a second cyclic redundancy
checklO( GRfekeiwal, cumaticing:ar r anged to generate a second

b1 ocRel 5oy e ah i B560b 28R vielroBC8 et B o5 o PIURIE of code
bt(ﬁﬁumimwccbiﬁ]@ma t(aRe)rt block;adt ransport bl ock before

It Ete OS:P 16 ﬁ?’ f’n%lg a%fq‘;}ss d)ilhﬁﬁ &@g@? %gfcula?lroa%g'mgf%i gc? tcaalculate a first
cydiaicderdancy nl]nsrckiCR@‘.) attached t@thgezodisirs dacodmigsn tiee at least one of

decode, dat a bi fromat |east one of a plurality of
ﬂ?:eo‘:ggraglfyo@i%odgé’&%ﬁt ed froma transport block; and
11. The receiver of claim 10, further comprising:
a second CRC calculator arranged to calculate a second CRC attached to the
transport block containing all of the data bits of the plurality of code blocks after the first
cyclic redundancy check (CRC) calculator calculates the first cyclic redundancy check

(CRCQ) attached to the data bits decoded from the at least one of the plurality of code
blocks.



a first cyclic redundancy check (CRC) cal cul ator
arranged to calculate a first cyclic redundancy check
(CRC) attached to the data bits decoded fromthe at

| east one of the plurality of code bl ocks. 11.
The receiver of claim 10, further conprising: a
second CRC cal cul at or arrang@@”to cal cul ate a second
CRC attached to the transport bl ock containing all of
the data bits of the plurality of code bl ocks after

the fhi2r shhecipesive ploglane alfe yith de fipstruylic asdmfacyr check (CRC)
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attached to the data bits decoded fromthe at |east

one of the plurality of code bl ocks when the nunber of

code Bt gt Keseiver, gp@atigngt han one and not to calculate a
first, mdlplg Iﬁﬁﬁ Lmaema/ogtgﬁ@ gmdas;) préB&Bort aeannm@rge@&ate soft

code bl o IS receiver,
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(MDA e (v8r @Jaﬁtﬁ&f Jod@ bTo%k§ Qémgﬁeénﬁe%ﬁid faie anan%ort block;
plurallty of code_ bl ock Mul tiple Input Multip

Qut puit chWra@é%medodff ﬂea ﬂwta rﬁaanil glleast g 9d tleﬂ glewgity of code
EIRG T aRAMBARGbweR. a transport bl ock;

decoder arranged to decode data bits from at | east

of 1 Holipt el Fluptereyabienh 6ERG) GRlctREPMIDEE Ao wplcaate a firs

Fefid feﬁﬁn@a)ﬁ%ﬂf 'cﬁedkf{@w@q %B%@heg heale d6R6s &2b&dd RAfthe at least one of
arrand ulate a first cycljc redundancy check

ﬂ(@i@)alé:ff)%%qﬁ@d)lwseﬁ@ed*émobqoegwa@ca%d fromthe at
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codewor d ond cycl re

SR CHsHi Gt tdanes PRk Je o ATk heat s D6 G e Rgal tvcof code
b‘l(ﬁﬂ%’s‘ %@ﬂ{@MIW Gdﬁe%%:ltft&othe @'lrét dybl@c gt AdPich Thedk Qd]@) calculator

lurality of code bl ocks of M MO codeword

cplgglafqsy ¥ frgtc PyCéICrr@@W@a%y %@B%ﬂe)che%m lﬁlllc‘afi%}@ bits decoded
Fh el AU &St S ithd Sty ra%)t’)%f Sdedtiirdancy check (CRO)

attached to the data bits decoded fromthe at | east

one of the plurality of code bl ocks. 14. A

receiMera r&efif, icdmpflsing: a plurality of stages
tuned to receive a plurality of groups, of code bl ocks

cont & Hl%@ht&ddeéfa%‘?st gineg e negrise R SfUadeohEERRE Herofly blocks
cOBANBRY @dddd B, &bk NSRPLE BHOBiscks bcmgbéie oflesedefrom a transport
arranged to gener at € decoded data bits by decodi ng,

n reception of the coded bits of each of the

pl ur gl ddc?z{dé%faxﬁﬁ%étp@ RhefdgeBlariga bﬁtB%y‘H@@tﬁﬂn@hﬁa@n ®éception of
at | east one co lock in_at | east one of

thy edsr ibity obrarfupe plusiily of groupg of ped blagks) ﬂaé: Goded bits of at least
oh€dUMARBEY irCHesdkt bifeRDihe phuedlliRbPEroaps;anded to

calculate a first cyclic redundanc check (CRO)
2t t adhBEs caclihEdungnci dhscl deBGacFalaubiion Hetngedtg ggfoulate a firs
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receiver of claim14, further conprising a second

thaplkradity ebeniediRaFscheck (CRC) cal cul ator arranged to

cal cul ate a second cycl i ¢ redundancy check (CRC) for

all the data hits of the plurality of code bl ocks

aft erl 3t H"@c]ci,eggymc%plpen 1édl§Wdl§“ﬁc‘§P”8H§6R= a second cyclic redundancy

check (CRC) caleulator arranged to calculate a second cyclic redundancy check (CRC)

for all the data bits of the plurality of code blocks after the first cyclic redundancy check



- 50 - (CRC) calculator calculates the first cyclic
redundancy check (CRC) attached to the data bits
decoded fromthe at | east one of the plurality of code

bl ocks. 16. The receiver of claim 14, further
conpri si ng: a discr et§ Fourier transform unit
arranged to transformreceiv & time domain signals to

nodul ati on synbol s on resource el enents before the

e

bindict@dadddrons yireho lastaonerot slauwicaliel ehmdt dldcks.coded bits
to be decoded by the decoder. 17. The receiver
of claim14, with each of a plurality of Miltiple

| nputlél\/urlteirpt@vdamtfplatm(md ﬂv@hc:cmhmmgs carrying

nultl Ie C E bl. oqks nd onF cI|c reduFdan%y cgfck d .
(CRC) Ee BFF e 6"""1? A UH 8F ?%?éi 191 UPTRAGTEY TESFIVRA paspe domain
@gm\m/\mr ﬁhsdulatlon symidls ohhesoweaeeernBfbetdraithe décoder generates the

urt he onprising a second cyclic redundancy check
(%Eﬁ%¥(%§ﬁ@g$3T%r arranged to cal cul ate a second cyclic
r edurddemydelbec karfaRe) t6 afenalduldid eraafoankd tsodafationesymbols on
| ural it f,co C codeword after
Piodht ierd i R BT By EROBb R el ol at or
cal cul ates the first cycI|c redundancy check (CRO)
gf,]teaglfh]?t eorﬁ}':%}/egldo @angf t 23@ dlggﬁfgg)f)uraﬁtg%f %&@{iﬁ%ﬁﬁput Multiple
Omplvod IMO) teodanserids thmgngatatiplet ydeddoghsi Sidngiet ielic redundancy
t|n a, transport. Dbl f data into a
Frargfol i Bt B BRIl G RE MY cddh s
generating, by a flrst cyclic redundancy check (CRC)
cal cul.at afirs undanc check
ot | ogs: Phnafep'e RE o L gRErER0Rki § akehg yetic Hdundancy
cattla@IR Gpcdlbdatbr asingedab |celcnhctum danoy cgblecked(fiREEy theck (CRC)
t a n f, the . ,and
Bl GGG Rl ot PEp M BFO35gENeka ater the firsi
dytloe kslundancy chedO(CROpcatetltod caitulateaithe fight chelid fednndancy check
risin e 0 ratjing.the, transport .
RO e i B ST BB P2 aBSppAERE R busatty of code

byeoker ati ng, by a second cycllc redundancy check (CRC)
calcqlator

the tradpsRagE R s B iRl SRR R e Econa”

cycl iseparetiyndancyog béek of CRE)intoa plhmlity @fitedebtocks otdata bits;
-51 “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

encoding the data bits of the plurality of code blocks.

20. The method of claim 19, further comprising:

before separating the transport block of data into a plurality of code blocks,
generating, by a second cyclic redundancy check (CRC) calculator, a second cyclic
redundancy check (CRC) for the transport block of data and attaching the second cyclic
redundancy check (CRC) to the transport block.

21. The method of claim 19, with a first cyclic redundancy check (CRC) being



generated by the first cyclic redundancy check (CRC)
calculator for at |least one of the plurality of code

bl ocks when the nunber of code bl ocks is greater than

one and no first cyclic redundancy check (CRC) being
generated by the first cycli% redundancy check (CRC)

cal cul ator when the number oPlcode bl ocks is one.

22. A nmethod of receiving data bits, conprising:
receiving.,a plurality of groups of code hl ocks
&?BW@@MY@@&“@MCE? fesdungarel Hedui-Re) ey gfszaé lgpst g of the

pIeaBNireddé bREKEARE Bk Minbet babddeYbl&dks € seeRf thahloYie and no first
occurrin transport bl o

| ocks; decodj ng, upon
Vel prduairnsy @aeh(GRCY ﬁ@ng|aﬁﬂa1a¥efiyb>'ofheg$rég %c%&re%%my check
(OIRTY kslcGRM: I T8 filiEhe QdeskidBibsks it Bge.coded bits of
each of the plurality of groups; and
cal culating, by a first cyclic redundancy check (CRC)
cal clﬂzatﬁometmdfdfwemﬁ@aat@bft@@@ﬁ?ﬁgﬁﬁgz check (CRQ)
attached to the decoded coded bits of at, |east gne of
the pFefiure eyplyriyfespmsaicode blocks comainpgecoded REg cg¢h group
| @lden @&ksv\nséih% dedhattentrodlchiplog o Pﬁaﬁﬁiit!}/lﬂﬂ deBbhéntially occurring
Qut put. (M MO Tayers being defined for at |east two of
HAREPPI RIPES ty of groups and different M MO codewor ds

bei ngicasding 98sbrf Ricebthd 8f ch@ASF thavpLahliftyher -d&?@'dftdbde blocks
f grou e met ho claim 22, further

0 S. , 24. T d

C&Bﬁ%ﬁ?‘?&&ﬁ@f’ded bits, th&fcpé?J] bifseotragly 919 by @lyrality of gHyRmand
checlkalctREhp CBY G Uiat fclicabeildahes chdt® (RO catyBAthS a first cycli
1é$d nggncy %hg%k ECRgflattached%fg théthé?aéed bftg e eyee

ngy plegkt(Chie) dfactipd It 4peadpd groded dats yiforticgast one of the
phaheylAtbddblobls. @ second cyclic redundancy check (CRQC)
cal cul ator, a second cyclic redundancy check (CRC) for
all the decoded coded bits of the plurality of code
bl ocks, The _met?é’(ﬁof /é!d"ﬁt%t hodwih EffE@ht @ﬁ%lﬁﬁl%i IﬁPuti Multiple Output
comuni cati on system conprising steps : _
@ﬁ@h &?Y%}P{L&H}ﬁ fefined o5 at A0 DB S BHETEY aﬁgwﬁats and different
MIMOkoayGbide bEREUREARGY of RGK 1dasiRbb dfah@pidadliay bf @6lps.
separating, at the transmitter, the data block into a
plurality of code bl ocks; and secondl y

at g achi Nye n@éﬁh@dg@f( dlaial;w%ﬁfﬁmﬁ ico@pfi@iﬂg: bl ?crhcycl ic

reaungancy cnheck . 0 a e on .

pl ur é?*F‘t e st yglc Ecﬂlﬁﬁc’&%w ﬁfl‘zﬁkd%i‘%a Cﬁ%ﬁf&\ﬁéﬁal%%ée first cyclic
r&igm@%sn@[dh@ek gerey bithed to t&aecoc%’et@l- baf_h ﬁ'oﬁﬁﬁth@ﬂslg ohe 6f gePlurality

, er (0] Il s| ng: {ta | , a )

0? Cats H%F%rc,af%ﬁ%méoéé apiegeand ex@lci r@%l&@%ﬁﬂaﬁ@ @H%%chulatm, a
s€doR@)eytiee FodLAdRICE RO AROCHkS all the decoded coded bits of the plurality of
code blocks.

25. A method of error detection in a data communication system, comprising
steps of:

firstly attaching, at a transmitter, one transport block cyclic redundancy check
(CRC) to a data block;

separating, at the transmitter, the data block into a plurality of code blocks; and

secondly attaching, at the transmitter, a code block cyclic redundancy check
{CRC) to at least one of the plurality of code blocks in order to improve a code block

error detection.
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26. The method of claim 25, further comprising:
attaching, at the transmitter, one code block cyclic redundancy check (CRC) to

multiple code blocks.



