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METHODS AND APPARATUS TO COMPUTE 
CRC FOR MULTIPLE CODE BLOCKS 

CLAIM OF PRIORITY 

0001. This application makes reference to, incorporates 
the same herein, and claims all benefits accruing under 35 
U.S.C. S 119 from a provisional application earlier filed in the 
U.S. Patent & Trademark Office on 12 Jul. 2007 and there 
duly assigned Ser. No. 60/929,790. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to methods and appa 
ratus to generate cyclic redundancy checks to multiple code 
blocks. 
0004 2. Description of the Related Art 
0005. A wireless communication system generally 
includes multiple base stations and multiple mobile stations, 
while a single base station often communicates with a set of 
mobile stations. The transmission from a base station to a 
mobile station is known as downlink communication. Like 
wise, the transmission from a mobile station to a base station 
is known as uplink communication. Both base stations and 
mobile stations may employ multiple antennas for transmit 
ting and receiving radio wave signals. The radio wave signal 
may be either Orthogonal Frequency Division Multiplexing 
(OFDM) signals or Code Division Multiple Access (CDMA) 
signals. A mobile station may be either a PDA, laptop, or 
handheld device. 
0006. In a third Generation Partnership Project long term 
evolution (3GPP 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 or pipelining implementation and flexible trade 
off between power consumption and hardware complexity. 
0007. In a contemporary High Speed DataShared Channel 
(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 correctly decode some of the 
code blocks but not the others. In that case, the receiver will 
feedback a non-acknowledgement (NAK) to the transmitter 
because the CRC for the transport block will not check. 

SUMMARY OF THE INVENTION 

0008. It is therefore an object of the present invention to 
provide improved methods and apparatus for generating 
cyclic redundancy checks for multiple code blocks. 
0009. It is another object of the present invention to pro 
vide an improved method and apparatus for error detection. 
0010. According to one aspect of the present invention, a 
method for communication is provided. A plurality of cyclic 
redundancy checks are calculated for a plurality of informa 
tion bits. At least one cyclic redundancy check among the 
plurality of cyclic redundancy checks is calculated based on a 
subset of information bits, and at least one information bit 
among the plurality of information bits is not within said 
subset of the information bits. The plurality of cyclic redun 
dancy checks and the plurality of information bits are trans 
mitted via a first node to a second node. 
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0011. In response to the plurality of cyclic redundancy 
checks and the plurality of information bits received, the 
plurality of cyclic redundancy checks and the plurality of 
information bits are processed at the second node. 
0012. The subset of information bits may be jointly 
encoded by a certain type of forward error correcting code, 
Such as a turbo code. 
0013 The subset of information bits and the at least one 
cyclic redundancy check that is calculated based on the Subset 
of information bits may be jointly encoded. 
0014. A first cyclic redundancy check may be calculated 
for a first subset of information bits, and a second cyclic 
redundancy checks may be calculated for a second Subset of 
information bits. 
0015 The first subset of information bits and the second 
subset of information bits may overlap with each other. 
0016. Alternatively, the first subset of information bits and 
the second subset of information bits may be separated from 
each other. 
0017 Still alternatively, the second subset of information 
bits may include the first subset of information bits. 
0018. At least one cyclic redundancy check among the 
plurality of cyclic redundancy checks may be calculated 
based on all of the information bits. 
0019. According to another aspect of the present inven 
tion, a method for communication is provided. At least one 
transport block of information bits are segmented into a plu 
rality of code blocks. A plurality of code block cyclic redun 
dancy checks are calculated for the plurality of code blocks, 
with at least one code block cyclic redundancy check being 
calculated based upon a corresponding code block. The plu 
rality of code blocks and the plurality of code block cyclic 
redundancy checks are transmitted via a first node to a second 
node. 
0020. The bits in a code block selected from the plurality 
of code block may be jointly encoded using a certain type of 
forward error correcting code. In this case, a code block cyclic 
redundancy check is calculated based upon the jointly coded 
code block. 
0021. Each of the plurality of code block cyclic redun 
dancy checks may be calculated based upon a corresponding 
one of the plurality of code blocks. 
0022. Each of the plurality of code block cyclic redun 
dancy checks may be calculated based upon at least the cor 
responding one of the plurality of code blocks. 
0023. A transport block cyclic redundancy check may be 
calculated based on the transport block before segmenting the 
transport block. 
0024. The plurality of code blocks may include at least one 
code block from which no code block cyclic redundancy 
check is generated. 
0025. At least one code block cyclic redundancy check 
may be calculated based upon all of the plurality of code 
blocks. 
0026. According to yet another aspect of the present 
invention, a circuit for generating cyclic redundancy checks 
in data communications is provided with: an input port for 
receiving information data; an output port for outputting the 
information data and cyclic redundancy checks; a linear feed 
back shift register unit communicatively connected between 
the input port and the output port, and comprising L shift 
registers for transforming the information data with a cyclic 
redundancy check generation polynomial g(x) having a 
degree of L-1; a cyclic redundancy check register unit com 
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municatively connected between the input port and the linear 
feedback shift register unit, and comprising L cyclic redun 
dancy check registers; a first Switch communicatively con 
nected between the input port and the cyclic redundancy 
check register unit; a second Switch communicatively con 
nected at a feedback loop of the linear feedback shift register 
unit; a third switch communicatively connected between the 
linear feedback shift register unit and the cyclic redundancy 
check register unit; and a fourth Switch communicatively 
connected between the input port, the linear feedback shift 
register unit and the output port, and having a first position for 
connecting the input port and the output port, and a second 
position for connecting the linear feedback shift register unit 
and the output port. 
0027. The linear feedback shift register unit and the cyclic 
redundancy check register unit may be initialized to an all 
Zero state. The first switch may be set to connect the input port 
to the linear feedback shift register unit. The second switch 
may be set to connect the feedback loop of the linear feedback 
shift register unit. The third switch may be set to disconnect 
the linear feedback shift register unit and the cyclic redun 
dancy check register unit. The fourth switch may be set to the 
first position to connect the input port with the output port. A 
code block of information data may be received via the input 
port. The first switch may be set to disconnect the input port 
and the linear feedback shift register unit. The second switch 
may be set to disconnect the feedback loop of the linear 
feedback shift register unit. The third switch may be set to 
connect the linear feedback shift register unit and the cyclic 
redundancy check register unit. The fourth switch may be set 
to the second position to connect the linear feedback shift 
register unit with the output port. The linear feedback shift 
register unit may be shifted L times to obtain the cyclic 
redundancy checks for the code block. 
0028. According to still another aspect of the present 
invention, a circuit for generating cyclic redundancy checks 
in data communications is provided with an input port for 
receiving information data; an output port for outputting the 
information data and cyclic redundancy checks; a linear feed 
back shift register unit communicatively connected between 
the input port and the output port, and comprising L shift 
registers for transforming the information data with a cyclic 
redundancy check generation polynomial g(x) having a 
degree of L-1; L State registers communicatively connected 
to corresponding ones of the L shift registers to write and read 
data values to and from the L shift registers; a first switch 
communicatively connected between the input port and the 
linear feedback shift register unit; a second Switch commu 
nicatively connected at a feedback loop of the linear feedback 
shift register unit; and a third Switch communicatively con 
nected between the input port, the linear feedback shift reg 
ister unit and the output port, and having a first position for 
connecting the input port with the output port, and a second 
position for connecting the linear feedback shift register unit 
and the output port. 
0029. The linear feedback shift register unit and the state 
registers may be initialized to an all-zero state. The first 
Switch may be set to connect the input port to the linear 
feedback shift register unit. The second switch may be set to 
connect the feedback loop of the linear feedback shift register 
unit. The third switch may be set to the first position to 
connect the input port with the output port. A code block of 
information data may be received via the input port. The data 
values in the L shift registers in the feedback shift register unit 
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are written to the respectively corresponding state registers. 
The first switch may be set to disconnect the input port and the 
linear feedback shift register unit. The second switch may be 
set to disconnect the feedback loop of the linear feedback shift 
register unit. The third switch may be set to the second posi 
tion to connect the linear feedback shift register unit with the 
output port. The linear feedback shift register unit are shifted 
L times to obtain the cyclic redundancy checks for the code 
block. Then, the first switch may be set to connect the input 
port to the linear feedback shift register unit; the second 
switch may be set to connect the feedback loop of the linear 
feedback shift register unit; and the third switch may be set to 
the first position to connect the input port with the output port. 
The data values in the state registers are written to the respec 
tively corresponding shift registers in the feedback shift reg 
ister unit. 

0030. According to still yet another aspect of the present 
invention, a circuit for generating cyclic redundancy checks 
in data communications is provided with an input port for 
receiving information data; an output port for outputting the 
information data and cyclic redundancy checks; a first linear 
feedback shift register unit communicatively connected 
between the input port and the output port, and comprising L 
shift registers for transforming the information data with a 
cyclic redundancy check generation polynomial g(x) having a 
degree of L-1; a second linear feedback shift register unit 
communicatively connected between the input port and the 
output port being in parallel with the first linear feedback shift 
register unit, and comprising L shift registers for transform 
ing the information data with a cyclic redundancy check 
generation polynomial g(x) having a degree of L-1; a first 
Switch communicatively connected between the input port 
and a common node between the first and second linear feed 
back shift register units; a second Switch communicatively 
connected at a feedback loop of the first linear feedback shift 
register unit; a third Switch communicatively connected 
between the input port, the common node between the first 
and second linear feedback shift register units, and the output 
port, and having a first position for connecting the input port 
with the output port, a second position for connecting the first 
linear feedback shift register unit and the output port, and a 
third position for connecting the second linear feedback shift 
register unit and the output port; and a fourth Switch commu 
nicatively connected at a feedback loop of the second linear 
feedback shift register unit. 
0031. The first and second linear feedback shift register 
units and the cyclic redundancy check register unit may be 
initialized to an all-zero state. The first switch may be set to 
connect the input port to the common node between the first 
and second linear feedback shift register units; the second 
switch may be set to connect the feedback loop of the first 
linear feedback shift register unit; the third switch may be set 
to the first position to connect the input port with the output 
port; and the fourth switch may be set to connect the feedback 
loop of the second linear feedback shift register unit. A code 
block of information data may be received via the input port. 
A determination is made regarding whether the received code 
block is the last code block of the information data. When the 
received code block is not the last code block of the informa 
tion data, the first Switch may be set to disconnect the input 
port and the linear feedback shift register unit; the second 
switch may be set to disconnect the feedback loop of the 
linear feedback shift register unit; and the third switch may be 
set to the second position to connect the first linear feedback 
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shift register unit with the output port. The first linear feed 
back shift register unit may be shifted L times to obtain the 
cyclic redundancy checks for the code block. 
0032. When the received code block of information data is 
the last code block of the information data, the third switch 
may be set to the third position to connect the second linear 
feedback shift register unit with the output port; and the fourth 
switch may be set to disconnect the feedback loop of the 
linear feedback shift register unit. The second linear feedback 
shift register unit may be shifted L times to obtain the cyclic 
redundancy checks for the code block. 
0033 According to a further aspect of the present inven 

tion, a circuit for generating cyclic redundancy checks in data 
communications is provided with an input port for receiving 
information data; an output port for outputting the informa 
tion data and cyclic redundancy checks; a linear feedback 
shift register unit communicatively connected between the 
input port and the output port, and comprising L shift registers 
for transforming the information data with a cyclic redun 
dancy check generation polynomial g(x) having a degree of 
L-1; a first switch communicatively connected between the 
input port and the linear feedback shift register unit; a second 
Switch communicatively connected at a feedback loop of the 
linear feedback shift register unit; and a third switch commu 
nicatively connected between the input port, the linear feed 
back shift register unit and the output port, and having a first 
position for connecting the input port with the output port, 
and a second position for connecting the linear feedback shift 
register unit and the output port. 
0034. The linear feedback shift register unit may be ini 

tialized to an all-zero state. The first switch may be set to 
connect the input port to the linear feedback shift register unit; 
the second switch may be set to connect the feedback loop of 
the linear feedback shift register unit; and the third switch 
may be set to the first position to connect the input port with 
the output port. A code block of information data may be 
received via the input port. The first switch may be set to 
disconnect the input port and the linear feedback shift register 
unit; the second switch may be set to disconnect the feedback 
loop of the linear feedback shift register unit; and the third 
Switch may be set to the second position to connect the linear 
feedback shift register unit with the output port. The linear 
feedback shift register unit may be shifted L times to obtain 
the cyclic redundancy checks for the code block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035. 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 con 
junction with the accompanying drawings in which like ref 
erence symbols indicate the same or similar components, 
wherein: 
0036 FIG. 1 is an illustration of an Orthogonal Frequency 
Division Multiplexing (OFDM) transceiver chain suitable for 
the practice of the principles of the present invention; 
0037 FIG. 2 is two coordinate graphs of OFDM subcar 
riers showing amplitude as a function of frequency; 
0038 FIG.3 is an illustration of the waveforms for OFDM 
symbols in a time domain; 
0039 FIG. 4 is an illustration of single carrier frequency 
division multiple access transceiver chain; 
0040 FIG. 5 schematically shows a Hybrid Automatic 
Repeat request (HARQ) transceiver chain; 
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0041 FIG. 6 schematically shows a Multiple Input Mul 
tiple Output (MIMO) system; 
0042 FIG. 7 schematically shows a precoded MIMO sys 
tem; 
0043 FIG. 8 schematically shows a coding chain for High 
Speed Data Shared Channel (HS-DSCH) in a High Speed 
Downlink Packet Access (HSDPA) system; 
0044 FIG.9 schematically shows a transport block cyclic 
redundancy check (CRC) and code block segmentation; 
0045 FIG. 10 is an illustration of using a linear feedback 
shift register (LFSR) for CRC computation; 
0046 FIG. 11 schematically shows High Speed Data 
Shared Channel (HS-DSCH) hybrid ARQ functionality: 
0047 FIG. 12 schematically shows long term evolution 
(LTE) downlink subframe structure: 
0048 FIG. 13 schematically shows LTE uplink subframe 
Structure: 
0049 FIG. 14 schematically shows code block CRC; 
0050 FIG. 15 illustrates an example of code block seg 
mentation; 
0051 FIG. 16 schematically illustrates code block (CB) 
CRCs and transport block (TB) CRCs according to one 
embodiment of the principles of the present invention; 
0052 FIG. 17 schematically illustrates code block (CB) 
CRCs and transport block (TB) CRCs according to another 
embodiment of the principles of the present invention; 
0053 FIG. 18 schematically illustrates code block (CB) 
CRCs and transport block (TB) CRCs according to yet 
another embodiment of the principles of the present inven 
tion; 
0054 FIG. 19 schematically illustrates code block (CB) 
CRCs and transport block (TB) CRCs according to still 
another embodiment of the principles of the present inven 
tion; 
0055 FIG. 20 schematically illustrates code block (CB) 
CRCs and transport block (TB) CRCs according to a further 
embodiment of the principles of the present invention; 
0056 FIG. 21 schematically illustrates a CRC computa 
tion circuit for multiple code blocks constructed as an 
embodiment according to the principles of the present inven 
tion; 
0057 FIG. 22 schematically illustrates a CRC computa 
tion circuit for multiple code blocks constructed as another 
embodiment according to the principles of the present inven 
tion; 
0.058 FIG. 23 schematically illustrates a CRC computa 
tion circuit for multiple code blocks constructed as still 
another embodiment according to the principles of the 
present invention; and 
0059 FIG. 24 schematically illustrates a CRC computa 
tion circuit for multiple code blocks constructed as a further 
embodiment according to the principles of the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

0060 Orthogonal Frequency Division Multiplexing 
(OFDM) is a technology to multiplex data in frequency 
domain. Modulation symbols are carried on frequency Sub 
carriers. FIG. 1 illustrates an Orthogonal Frequency Division 
Multiplexing (OFDM) transceiver chain. In a communication 
system using OFDM technology, at transmitter chain 110. 
control signals or data 111 is modulated by modulator 112 
into a series of modulation symbols, that are Subsequently 
serial-to-parallel converted by Serial/Parallel (S/P) converter 
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113. Inverse Fast Fourier Transform (IFFT) unit 114 is used to 
transfer the signals from frequency domain to time domain 
into a plurality of OFDM symbols. Cyclic prefix (CP) or zero 
prefix (ZP) is added to each OFDM symbol by CP insertion 
unit 116 to avoid or mitigate the impact due to multipath 
fading. Consequently, the signal is transmitted by transmitter 
(TX) front end processing unit 117. Such as an antenna (not 
shown), or alternatively, by fixed wire or cable. At receiver 
chain 120, assuming perfect time and frequency synchroni 
zation are achieved, the signal received by receiver (RX) front 
end processing unit 121 is processed by CP removal unit 122. 
Fast Fourier Transform (FFT) unit 124 transfers the received 
signal from time domain to frequency domain for further 
processing. 
0061 Ina 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, however, 
maintained at the sampling frequency assuming the transmit 
ter and the receiver has perfect frequency synchronization, as 
shown in FIG. 2. In the case of frequency offset due to imper 
fect frequency synchronization or high mobility, the orthogo 
nality of the Sub-carriers at sampling frequencies is 
destroyed, resulting in inter-carrier-interference (ICI). 
0062. 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. As long as the CP is suffi 
ciently long, the received OFDM symbol without CP should, 
however, only contain its own signal convoluted by the mul 
tipath fading channel. In general, a Fast Fourier Transform 
(FFT) is taken at the receiverside to allow further processing 
frequency domain. The advantage of OFDM over other trans 
mission schemes is its 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 added, the inter-symbol-interference between 
adjacent OFDM symbols are avoided or largely alleviated. 
Moreover, because each modulation symbol is carried over a 
narrow bandwith, it experiences a single path fading. Simple 
equalization scheme can be used to combat frequency selec 
tion fading. 
0063. 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 OFDMA system. 
One advantage of SC-FDMA is that the SC-FDMA signal has 
lower peak-to-average power ratio (PAPR) because of its 
inherent single carrier structure. Low PAPR normally results 
in high efficiency of power amplifier, which is particularly 
important for mobile stations in uplink transmission. SC 
FDMA is selected as the uplink multiple acess scheme in 
3GPP long term evolution (LTE). An example of the trans 
ceiver chain for SC-FDMA is shown in FIG. 4. At the trans 
mitter side, the data or control signal is serial to parallel (S/P) 
converted by a S/P convertor 181. Discrete Fourier transform 
(DFT) will be applied to time-domain data or control signal 
by a DFT transm former 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 

Sep. 20, 2012 

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 commu 
nication channel 188, e.g., a multipath fading channel in a 
wireless communication system, the receiver will perform 
receiver front end processing by a receiverfront end process 
ing unit 191, remove the CP by a CP removal unit 192, apply 
FFT by a FFT transformer 194 and frequency domain equal 
ization. Inverse Discrete Fourier transform (IDFT) 196 will 
be applied after the equalized signal is demapped 195 in 
frequency domain. The output of IDFT will be passed for 
further time-domain processing Such as demodulation and 
decoding. 
0064. In packet-based wireless data communication sys 
tems, control signals transmitted through control channels, 
i.e., control channel transmission, generally accompany data 
signals transmitted through data channels, i.e., data transmis 
Sion. Control channel information, including control channel 
format indicator (CCFI), acknowledgement signal (ACK), 
packet data control channel (PDCCH) signal, carries trans 
mission format information for the data signal. Such as user 
ID, resource assignment information, Payload size, modula 
tion, Hybrid Automatic Repeat-request (HARQ) informa 
tion, MIMO related information. 
0065 Hybrid Automatic Repeat requestion (HARQ) is 
widely used in communication systems to combat decoding 
failure and improve reliability. Each data packet is coded 
using certain forward error correction (FEC) scheme. Each 
Subpacket may only contains a portion of the coded bits. If the 
transmission for subpacket k fails, as indicated by a NAK in 
a feedback acknowledgement channel, a retransmission Sub 
packet, Subpacket k+1, is transmitted to help the receiver 
decode the packet. The retransmission Subpackets may con 
tain different coded bits than the previous subpackets. The 
receiver may softly combine or jointly decode all the received 
Subpackets to improve the chance of decoding. Normally, a 
maximum number of transmissions is configured in consid 
eration of both reliability, packet delay, and implementation 
complexity. 
0.066 Multiple antenna communication systems, which is 
often referred to as multiple input multiple output (MIMO), 
are widely used in wireless communication to improve sys 
tem performance. In a MIMO system shown in FIG. 6, the 
transmitter has multiple antennas capable of transmitting 
independent signals and the receiver is equipped with mul 
tiple receive antennas. MIMO systems degenerates to single 
input multiple output (SIMO) if there is only one transmis 
sion antenna or if there is only one stream of data transmitted. 
MIMO systems degenerates to multiple input single output 
(MISO) if there is only one receive antenna. MIMO systems 
degenerates to single input single output (SISO) if there is 
only one transmission antenna and one receive antenna. 
MIMO technology can significant increase throughput and 
range of the system without any increase in bandwidth or 
overall transmit power. In general, 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 
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categories of MIMO technologies. For example, spatial mul 
tiplexing 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 anten 
nas. 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 sepa 
rate the multiple data streams by the spatial signature of these 
data streams. Note these MIMO transmission techniques are 
not mutually exclusive. In fact, many MIMO schemes are 
often used in an advanced wireless systems. 
0067. When the channel is favorable, e.g., the mobile 
speed is low, it is possible to use closed-loop MIMO scheme 
to improve system performance. In a closed-loop MIMO 
systems, the receivers feedback the channel condition and/or 
preferred Tx MIMO processing schemes. The transmitter 
utilizes this feedback information, together with other consid 
erations such as scheduling priority, data and resource avail 
ability, to jointly optimize the transmission scheme. A popu 
lar closed loop MIMO scheme is called MIMO precoding. 
With precoding, the transmit data streams are pre-multiplied 
by a matrix before being passed on to the multiple transmit 
antennas. As shown in FIG. 7, assume there are Nt transmit 
antennas and Nr receive antennas. Denote the channel 
between the Nt transmit antennas and the Nr receive antennas 
as H. Therefore H is an NtxNr matrix. If the transmitter has 
knowledge about H, the transmitter can choose the most 
advantageous transmission scheme according to H. For 
example, if maximizing throught is the goal, the precoding 
matrix can be chosen to be the right singluar matrix of H, if the 
knowledge of H is available at the transmitter. By doing so, 
the effective channel for the multiple data streams at the 
receiver side can be diagonalized, eliminating the interfer 
ence between the multiple data streams. However, the over 
head required to feedback the exact value of H is often pro 
hibitive. 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 quantiza 
tion, 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 feedback the associated CQI 
values for the preferred precoding scheme. 
0068 Another perspective of a MIMO system is whether 
the multiple data streams for transmission are encoded sepa 
rately or encoded together. If all the layers for transmission 
are encoded together, we call it a single codeword (SCW) 
MIMO system. 
0069. In a 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 advanta 
geous because of benefits such as enabling parallel process 
ing or pipelining 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 the FIG.8. In 
the current HS-DSCH design, only one 24-bit cyclic redun 
dancy check (CRC) is generated for the whole transport block 
for the purpose of error detection for that block. If multiple 
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code blocks are generated and transmitted in one transmis 
sion time interval (TTI), the receiver may correctly decode 
some of the code blocks but not the others. In that case, the 
receiver will feedback a non-acknowledgement (NAK) to the 
transmitter because the CRC for the transport block will not 
check. The relationship of transport block, transport block 
CRC (TB CRC), and code block segmentation is shown in 
FIG. 9. 
0070 Assume we use an L-bit CRC polynomial to gener 
ate the code block CRC. Denote the CRC generation polyno 
mial by: 

In general, for a message: 

the CRC encoding is performed in a systematic form. Denote 
the CRC parity bits of the message as pop, ... , p, which 
can also be represented as a polynomial of 

p(x)-pox'+pix'+...+p, 2x+p, 1. (3) 

(0072. The polynomial, 
m(x)x-p(x)=mox'+mix' 2+...+m x+ 
mix-pox'+pix' +...+p, x+p, (4) 

yields a remainder equal to 0 when divided by g(x). 
0073. Note that if each bit in the message is binary, the 
message can be represented as a polynomial defined on 
binary Galois field (GF(2)). In that case, the operation of + 
and '-' is the same. In other words, if the message bits are 
binary, the message with CRC attached can be represented by 
either mGx).x--p(x) or mGX):x-p(x). In the rest of this inven 
tion, we assume the message bits are binary for the sake of 
convenience. The ideas disclosed in this invention may, how 
ever, certainly apply when the message bits are non-binary. 
0074. One reason of the popularity of CRC is because of 

its simplicity in implementation. CRC calculation can be 
easily implemented by a linear feedback shift register 
(LFSR). LFSR can be used as a circuit for polynomial divi 
sion. As shown in FIG. 10, assume an L-bit CRC is used, 
LFSR 210 has L shift registers. Switches 220, 222 and 224 are 
initially placed at positionX. The message bit mom,..., and 
m are fed into LFSR 210 one at a time in an order of 
increasing index. After the last bit (m. ) has been fed into 
LFSR 210, switches 220, 222 and 224 are moved to position 
Y. LFSR 210 is shifted by another Ltimes to produce the CRC 
at the output of the rightmost register. Note the LFSR in FIG. 
9 is only an example. There are certainly other implementa 
tions of LFSR for polynomial division and CRC calculation. 
(0075. The hybrid ARQ functionality matches the number 
of bits at the output of the channel coder to the total number of 
bits of the High Speed Physical Downlink Shared Channel 
(HS-PDSCH) setto which the High Speed DataShared Chan 
nel (HS-DSCH) is mapped. The hybrid ARQ functionality is 
controlled by the 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 
consists of two rate-matching stages 231 and 232, and a 
virtual buffer 240 as shown in FIG. 11. First rate matching 
stage 231 matches the number of input bits to virtual IR buffer 
240, information about which is provided by higher layers. 
Note that, if the number of input bits does not exceed the 
virtual IR buffering capability, first rate-matching stage 231 is 
transparent. Second rate matching stage 232 matches the 
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number of bits at the output of first rate matching stage 231 to 
the number of physical channel bits available in the HS 
PDSCHSet in the TTI. 
0076. The downlink subframe structure of LTE is shown in 
FIG. 12. In a typical configuration, each subframe is 1 mS 
long, containing 14 OFDM symbols. Assume the OFDM 
symbols in a subframe are indexed from 0 to 13. Reference 
symbols (RS) for antenna 0 and 1 are located in OFDM 
symbols 0,4,7, and 11. If present, reference symbols (RS) for 
antennas 2 and 3 are located in OFDM symbols 2 and 8. The 
control channels, including Control Channel Format Indica 
tor (CCFI), acknowledgement channel (ACK), packet data 
control channel (PDCCH), are transmitted in the first one, or 
two, or three OFDM symbols. The number of OFDM sym 
bols used for control channel is indicated by CCFI. For 
example, the control channels can occupy the first OFDM 
symbol, or the first two OFDM symbols, or the first three 
OFDM symbols. Data channels, i.e., Physical Downlink 
Shared Channel (PDSCH), are transmitted in other OFDM 
symbols. 
0077. The uplink subframe structure (for data transmis 
sions) is shown in FIG. 13. Note the LTE uplink is a SC 
FDMA based system, which is very much like an OFDMA 
system with some differences. Similar to an OFDM symbol, 
each SC-FDMA block has a cyclic prefix (CP). For data 
transmissions, the reference signals (RSS) are located at the 
4-th SC-FDMA block and the 11-th SC-FDMA block, while 
the rest of the SC-FDMA blocks carrying data. Note that FIG. 
13 only shows the time-domain structure of an uplink sub 
frame. For each individual UE, its transmission may only 
occupy a portion of the whole bandwidth in frequency 
domain. And different users and control signals are multi 
plexed in the frequency domain via SC-FDMA. 
0078. In this invention, we propose methods and apparatus 

to compute multiple CRCs for a transmission to improve the 
reliability of the transmission and reduce the transmitter and 
receiver complexity. 
0079 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 contemplated 
for carrying out the invention. The invention is also capable of 
other and different embodiments, and its 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 invention is illustrated by 
way of example, and not by way of limitation, in the figures of 
the accompanying drawings. In the following illustrations, 
we use data channel in LTE systems as an example. The 
technique illustrated here, however, can certainly be used in 
other channel in LTE systems, and other data, control, or other 
channels in other systems whenever applicable. 
0080 We first illustrate the concept of transport block, 
code block, and code block Cyclic Redundancy Check 
(CRC). A portion of the encoding processing chain at the 
transmitter side is shown in FIG. 14. Multiple transport 
blocks in a TTI can be serially concatenated, if necessary. If 
the number of bits after transport concatenation is larger than 
Z, which is the maximum size of a code block in question, 
then code block segmentation is performed after the concat 
enation of the transport blocks. Note that in this invention, the 
transport blocks may or may not contain transport block CRC 
before the segmentation. After the code block segmentation, 
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CRC can be generated for some, or all, of the code blocks. For 
illustration purpose, let's assume the code block CRC is gen 
erated for every code block, although the ideas disclosed in 
this invention certainly apply otherwise. For ease of illustra 
tion, we assume there is only one transport block. All the 
embodiments in this invention apply, however, to cases with 
multiple transport blocks and transport block concatenation. 
Also note that although we often use transmitter processing to 
illustrate the ideas of the invention, all the embodiments in 
this invention apply to CRC computation at both the trans 
mitter and the receiver. 

I0081. Denote the input bits to CRC computation by aca, 
..., a where A is the size of the transport block. We call the 
input bits the information bits. Again, the methods described 
in this invention apply regardless of whether there is one or 
multiple transport block or whether the transport blocks con 
tain transport block CRC or not. Assume we use an L-bit CRC 
polynomial to generate the code block CRC. Denote the CRC 
generation polynomial by: 

0082 
nomial: 

The transport block can be represented by a poly 

I0083 Assume with code block segmentation, the trans 
port block message is segmented into C code blocks. Denote 
the bits in code blockiby b, b, ...,b, where B, is the 
size of the code blocki, i=0, 1,..., C-1. Note the polynomial 
representation of code blocki is: 

b,(x)=box'+b, a -i-... +be 2x+be. (7) 

Obviously, 

0084 

C-1 

A = X B; 
i=0 

I0085. Without loss of generality, we further assume a natu 
ral order of mapping from the information bits in the transport 
block to the code blocks, as shown in FIG. 15. We define: 

i-l (8) 
D; =XB, for i = 0, 1, ... , C. 

I0086. In other words, Do-0, D=Bo Di Bo-B, ..., 

I0087. The transport block is segmented into C code 
blocks. The information bits in the i-th code block are as 
follows: 

bioapb; lap 1. . . by Badi-1, for i0,1, . . . 
, C-1. (9) 
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0088. In this way, the relationship between the transport 
block and the code blocks can be established as follows, 

-l (10) 
a(x) = Xb;(x). x. Pi-1] 

i O 

0089. We further define: 

k (11) 
at (x) = X. |b(x). xPk+1-P4-1), 

for k = 0, 1, ... , C - 1. 

where a(x) is the polynomial presentation of the information 
bits up to the k-th code block, including information bits in 
the previous code blocks. It is easy to see that a(x)=b (x), and 
a (X)a(X). For the sake of simplicity, in the rest of the 
invention, these notations are used without repeated defini 
tion. 

0090. In a first embodiment according to the principles of 
the present invention, in a transmission of a first plurality of 
bits with a second plurality of CRCs or in a receiving process 
of such a transmission, at least one CRC is computed based on 
a subset of bits of the first plurality of bits such that at least one 
bit of the first plurality of bits is not in the said subset. In an 
example shown in FIG. 16, CB0 CRC is computed based on 
information bits in Code Block 0but not based on information 
bits in Code Block 1 or Code Block 2. In doing so, a UE can 
use the CBO CRC to check whether the information bits in 
Code Block 0 are received correctly before finishing the 
receiver processing for Code Block 1 and Code Block 2. This 
feature is particularly beneficial in terms of UE complexity 
reduction and power saving. The code block CRC can be used 
for purposes such as, but not limited to, providing error detec 
tion for the corresponding code block or code blocks, early 
stopping of iterative turbo decoding that can achieve power 
saving and statistical multiplexing of decoding capacity 
among code blocks, detecting decoding error of one code 
block that can avoid unnecessary decoding of other code 
blocks in the event of decoding error of one code block, etc. 
0091. In a second embodiment according to the principles 
of the present invention, in a transmission of a first plurality of 
bits with a second plurality of CRCs or in the receiver pro 
cessing of such a transmission, at least one CRC is computed 
based on a subset of the first plurality of bits that are jointly 
encoded by some type of forward error correcting code. For 
example, as shown in FIG. 16, CB0 CRC is computed based 
on the bits in Code Block 0, a subset of all the bits in the 
transport block. The bits in Code Block 0 are jointly encoded 
by some forward-error-correcting (FEC) code such as turbo 
code. FEC coding sometimes is also called channel coding. 
Note that CB0 CRC is normally also jointly encoded with 
information bits in Code Block 0 to achieve error protection 
for both the information bits and the CRC bits. By synchro 
nizing the block of information bits for CRC computation and 
the block of information bits for FEC channel coding, a UE 
can use the code block CRC during the decoding process and 
determining whether the corresponding code block is 
decoded correctly. And this process can be done separately 
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for each code block with a code block CRC, either in a parallel 
or a pipeline and serial fashion. 
0092. In a third embodiment according to the principles of 
the present invention, in a transmission of a first plurality of 
bits with a second plurality of CRCs or in the receiver pro 
cessing of such a transmission, a first CRC is computed based 
on a first subset of bits while a second CRC is computed based 
on a second subset of bits. One example is shown in FIG. 16. 
In this example, the “subset of bits” is referred to as a code 
block. A transport block CRC is computed for the transport 
block. Then the transport block is segmented into three code 
blocks. A CRC is computed for each code block. CB0 CRC, 
which is the code block CRC attached to Code Block 0, is 
derived based on the bits in Code Block 0: CB1 CRC, which 
is the code block CRC attached to Code Block 1, is derived 
based on the bits in Code Block 1; CB2. CRC, which is the 
code block CRC attached to Code Block 2, is derived based 
on the bits in Code Block 2. Note this embodiment certainly 
applies when there is no transport block CRC. Also note that, 
in this example, the first subset of bits from which a first CRC 
is derived does not overlap with the second subset of bits from 
which a second CRC is derived. The subsets of bits can, 
however, certainly overlap without departing from the disclo 
Sure of this invention. Also note that Some Subsets may 
include all the bits in the transmission. Also note that it is not 
necessary to compute CRCs for all the code blocks to use this 
invention. Some code block may not have code block CRC. 
Also note that a Subset can also include bits in multiple code 
blocks. For example, as shown in FIG. 17, CB0 CRC is 
derived based on the subset of bits that include the bits in 
Code Block 0; CB1 CRC is derived based on the subset of 
bits that include both the bits in Code Block 0 and the bits in 
Code Block 1: CB2. CRC is derived based on the subset of 
bits that include the bits in Code Block 0, the bits in Code 
Block 1, and the bits in Code Block 2. 
0093. In a fourth embodiment according to the principles 
of the present invention, in a transmission of a first plurality of 
bits with a second plurality of CRCs or in the receiver pro 
cessing of Such a transmission, the bits upon which a first 
CRC is derived area subset of bits upon which a second CRC 
is derived. One example is shown in FIG. 17. For the purpose 
of illustration, we only show three code blocks. A transport 
block CRC is computed for the transport block. Then the 
transport block is segmented into three code blocks. A CRC is 
computed for each code block. CBO CRC, which is the code 
block CRC attached to Code Block 0, is derived based on the 
bits in Code Block 0: CB1 CRC, which is the code block 
CRC attached to Code Block 1, is derived based on the bits in 
Code Block 0 and Code Block 1: CB2. CRC, which is the 
code block CRC attached to Code Block 2, is derived based 
on the bits in Code Block 0, Code Block 1, and Code Block 2. 
By doing so, we improve the miss detection performance of 
these CRCs, comparing with the CRCs derived based on a 
single code block. We assume the transport block is a(x) 
=aox'+ax+...+ax+a1, where A is the transport 
block size. If transport block CRC (TB CRC) is used, the TB 
CRC is included in the message. As defined earlier, the trans 
port block a(x) is segmented into C code blocks with code 
blocki represented by b,(x). We compute one CRC, namely 
CB0 CRC, and attach it to the first code block. The CB0 
CRC can be derived from some or all of the bits in the first 
code block. We denote CB0 CRC by: 

po(x)-poox'+poix + . . . Po-L-2 PoL-1. (12) 
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0094. One example of computing CB0 CRC is by finding 
the remainder of bo(x):X divided by the CRC generator poly 
nomial g(x), in which po(X) can be represented as: 

where q(x) is the quotient of bo(x)'x' divided by g(x). We 
compute another CRC, namely CB1 CRC, and attach it to the 
second code block. CB1 CRC can be derived from some or 
all of the bits in the first code block and some or all of the bits 
in the second code block. We denote CB1 CRC by: 

0095 One example of computing CB1 CRC is by finding 
the remainder of (b(x)'x'+b (x)).x divided by the CRC 
generator polynomial g(x), in which p(X) can be represented 
aS 

where q(x) is the quotient of (bo(x)4x+b (x))x divided 
by g(x). By deriving CB1 CRC based on both the informa 
tion bits in the first code block and the information bits in the 
second code block, we reduce the miss detection probability 
because CB1 CRC can be used to detect error of information 
bits in the first code block and the second code block. 
0096. Obviously, if there are more than two code blocks, 
we can extend the operations in similar ways. For example, 
the CRC attached to Code Block 2 can be derived from bits in 
Code Block 0, Code Block 1, and Code Block 2. Alterna 
tively, the CRC attached to one code block does not need to be 
derived based on the bits from all of the previous code blocks, 
including the current code block. For example, the CRC 
attached to Code Block 2 can be derived from the bits in Code 
Block 1 and Code Block 2, but not the bits in Code Block 0. 
Note this embodiment also applies when there is no transport 
block CRC, as shown in FIG. 18. If the error detection of the 
CB CRC is reliably enough, TB CRC may not be needed. 
0097. In a fifth embodiment according to the principles of 
the present invention, in a transmission of a first plurality of 
bits with a second plurality of CRCs or in the receiver pro 
cessing of Such a transmission, a transport block CRC is 
derived from all the bits in a transport block before the code 
block segmentation while there is at least one subset of bits 
from which no code block CRC is computed. As shown in 
FIG. 19, a transport block CRC is computed based on bits in 
the transport block. Then the transport block, including the 
transport block CRC, is segmented into three code blocks. In 
this example, CB0 CRC is computed based upon bits in Code 
Block 0; CB1 CRC is computed based upon bits in Code 
Block 0 and Code Block 1. Because there is a transport block 
CRC that covers all the bits in the transport block, code block 
CRC for Code Block 2, however, is not necessary. The CB0 
CRC can be used for stopping turbo decoding iterations for 
Code Block 0; the CB1 CRC can be used for stopping turbo 
decoding iteration for Code Block1; and the TB CRC can be 
used for stopping turbo decoding iteration for Code Block 2. 
At the same time, TB CRC provide error detection for the 
whole transport block. 
0098. In a sixth embodiment according to the principles of 
the present invention, in a transmission of a first plurality of 
information bits with a second plurality of CRCs or in the 
receiver processing of Such a transmission, a first CRC is 
derived from all the information bits while a second CRC is 
derived from a subset of the information bits. As shown in 
FIG. 20, no transport block CRC is computed before code 
block segmentation. The transport block is segmented into 

Sep. 20, 2012 

three code blocks. Code block CRC is computed for each of 
the three code blocks. CBO CRC is derived from the bits in 
Code Block 0; CB0 CRC is derived from the bits in Code 
Block1; CB2. CRC is derived from the bits in Code Block 0, 
Code Block 1, and Code Block 2. The CBO CRC can be used 
for stopping turbo decoding iterations or error detection for 
Code Block 0; the CB1 CRC can be used for stopping turbo 
decoding iteration or error detection for Code Block 1; and 
the CB2. CRC can be used for stopping turbo decoding itera 
tion and error detection for Code Block 2. At the same time, 
CB2. CRC provide error detection for the whole transport 
block. 

0099. In the following embodiments, we illustrate how 
linear feedback shift register (LFSR) based circuits can be 
used to efficiently calculate multiple CRCs for a plurality of 
information bits. Note that although we use the transmitter 
side CRC generation for illustration purpose, it is straightfor 
ward for a person of ordinary skill in the art to apply these 
methods to the receiver processing. For the sake of conve 
nience, we assume the CRC calculation circuit is initialized to 
all-Zero state. The ideas disclosed in this invention may apply, 
however, when the initial state of the LFSRare setto non-zero 
State. 

0100. In a seventh embodiment according to the principles 
of the present invention, a first plurality of CRCs for a second 
plurality of information bits can be computed recursively 
with one single CRC calculation circuit. We compute one 
CRC, namely CB0 CRC, and attach it to the first code block. 
The CBO CRC can be derived from some or all of the bits in 
the first code block. We denote CB0 CRC by 

po(x)-poox'+poix + . . . Po-L 2xpo L-1. (16) 

0101 One example of computing CB0 CRC is by finding 
the remainder of bo(x)x' divided by the CRC generator poly 
nomial g(x), in which p(x) can be represented as: 

where q(x) is the quotient of bo(x)'x' divided by g(x). We 
compute another CRC, namely CB1 CRC, and attach it to the 
second code block. CB1 CRC can be derived from the bits in 
the first code block and the bits in the second code block. We 
denote CB1 CRC by 

p(x)-pox'+pix' + . . . P1L 2P1L-1. (18) 

0102) In other words, CB1 CRC is the remainder of (b. 
(x) x+b (x)):X divided by the CRC generator polynomial 
g(x), in which p(x) can be represented as: 

where q(x) is the quotient of (bo(x):x'+b (x)):X divided by 
g(x). By deriving CB1 CRC based on both the information 
bits in the first code block and the information bits in the 
second code block, we reduce the miss detection probability 
because CB1 CRC can be used to detect error in both the first 
code block and the second code block. Similarly, the CRC for 
the k-th code block can be computed as the remainder of 
a(x)x divided by g(x). In other words, 

where q(x) is the quotient of a(x)'x' divided by g(x). Note 
that: 
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0103) This way of computing CRC lends itself well to a 
simple CRC calculation method. The CRC for the k-th code 
block can be represented as 

0104. In other words, the CRC of a(x) is the same as the 
CRC of p(x) x+b (x):x. 
0105. One example of circuit to recursively compute the 
CRC p,(x), i=0, 1,..., C-1 is shown in FIG. 21. As shown in 
FIG. 21, the circuit for computing the CRC is constructed 
with an input port 411 for receiving information data, an 
output port 412 for outputting the information data and CRC, 
a linear feedback shift register (LFSR) unit 413 communica 
tively connected between input port 411 and output port 412. 
LFSR unit 413 includes L shift registers 431, L AND gates 
432 (represented by “x' surround by a circle) and L XOR 
gates 433 (represented by “+' surround by a circle). A cyclic 
redundancy check register unit 414 is connected between 
input port 411 and LFSR unit 413. Cyclic redundancy check 
register unit 414 includes L cyclic redundancy check regis 
ters. A first switch 421 is located between input port 411 and 
cyclic redundancy check register unit 414. First Switch has a 
position X to connect input port 411 and cyclic redundancy 
check register unit 414, and a position Y to disconnect input 
port 411 and cyclic redundancy check register unit 414. A 
second switch 422 is located at a feedback loop of LFSR unit 
413. Second switch 422 has a position X to connect the 
feedback loop of LFST unit 413, and a position Y to discon 
nect the feedback loop of LFST unit 413. A third switch 423 
is located between LFST unit 413 and cyclic redundancy 
check register unit 414. Third switch 423 has a positionX to 
disconnect LFST unit 413 and cyclic redundancy check reg 
ister unit 414, and a position Y to connect LFST unit 413 and 
cyclic redundancy check register unit 414. A fourth Switch 
424 is located between input port 411, LFSR unit 413 and 
output port 412. Fourth switch 424 has a positionX to connect 
input port 411 and output port 412, and a position Y to connect 
LFSR unit 413 and output port 412. The switches can be any 
contemporary electronic Switches such as, for example, any 
contemporary field effect transistors (FETs). The correspond 
ing procedure for operating the circuit shown in FIG. 21 is 
outlined as follows: 
01.06 1. Initialize LFSR unit 413 to an all-zero state: Set 
k=0; Initialize the CRC registers to Zero; Set all switches 421, 
422, 423 and 424 at position X. 
0107 2. Input b(x) into the circuit, one bit at a time. Note 
the LFSR is also shifted once for every bit input. 
0108. 3. Change all 421, 422, 423 and 424 switches to 
position Y. 
0109 4. Shift LFSR unit 413 and the CRC registers L 
times to output p(x), which is the L-bit CRC. 
0110) 5. Reset LFSR unit 413 to all-zero state; Change all 
Switches to position X. 
0111 6. Increasek. 
0112 7. If k<C, go to Step 2. 
0113. The CRC attached to the k-th code block can be 
represented by Equation 20: p.(x)-a(x)-x-q(x) g(x). In 
other words, the CRC of the k-th code block is computed 
based on the information bits of the k-th code block and all 
previous code blocks. As we can see, the calculation of the 
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code block CRCs is the same as the calculation of the trans 
port block CRC, except that after input each code block to the 
circuit, the CRC should be stored and added back at some 
point into the CRC calculation for the next code block. In this 
way, separate circuits and extra computation complexity for 
calculating code block CRC and transport block CRC are 
avoided. In fact, the last code block CRC equals to a transport 
block CRC. This structure fits well with the pipelining struc 
ture of the multiple code blocks. In addition, the miss detec 
tion performance of the transport block is guaranteed at the 
minimum. Note that Equation (20) is only for the case when 
the k-th code block CEC is calculated based upon the infor 
mation bits of the k-th codeblock and all previous code 
blocks. 
0114. Alternatively, another example of circuit to recur 
sively compute the CRC p,(x), i=0, 1,..., C-1 is shown in 
FIG.22 according to an eighth embodiment of the principles 
of the present invention. As shown in FIG. 22, the circuit is 
constructed with an input port 511 for receiving information 
data, an output port 512 for outputting the information data 
and CRC, a LFSR unit 513 connected between input port 511 
and output port 512. LFSR unit 513 includes L shift registers. 
The circuit is further constructed with L state registers 514 
connected to corresponding ones of the L shift registers to 
write and read data values to and from the L shift registers. A 
first switch 521 is located between input port 511 and LFSR 
unit 513. First switch 521 has a position X to connect input 
port 511 and LFSR unit 513, and a position Y to disconnect 
input port 511 and LFSR unit 513. A second switch 522 is 
located at a feedback loop of LFSR unit 513. Second switch 
522 has a position X to connect the feedback loop of LFSR 
unit 513, and a position Y to disconnect the feedback loop of 
LFSR unit 513. A third switch 523 is located between input 
port 511, LFSR unit 513 and output port 512. Third switch 
523 has a position X for connecting input port 511 with output 
port 512, and a position Y for connecting LFSR unit 513 and 
output port 512. This circuit achieves the same CRC compu 
tation as the circuit shown in FIG. 21. The corresponding 
procedure is outlined as follows: 
0115 1. Initialize LFSR unit 513 to all-zero state: Setk=0; 
Initialize state registers 514 to zero; Set all switches 521,522 
and 523 at position X. 
0116 2. Input b(x) into the circuit via input port 511, one 
bit at a time. Note the LFSR is also shifted once for every bit 
input. 
0117 3. Write the value of shift registers in LFSR unit 513 
to the corresponding state registers 514; Change all Switches 
521, 522 and 523 to position Y. 
0118 4. Shift LFSR unit 513 L times to obtain p(x), 
which is the L-bit CRC. 
0119) 5. Change all switches 521,522 and 523 to position 
X; Write the value of state registers 514 into the correspond 
ing shift registers in LFSR unit 513. 
0.120. 6. Increase K. 
I0121 7. If k<C, go to Step 2. 
I0122) Another method to compute CRCs for multiple code 
blocks is to use two LFSRs according to a ninth embodiment 
of the principles of the present invention. As shown in FIG. 
23, the circuit is constructed with an input port 611 for receiv 
ing information data, an output port 612 for outputting the 
information data and cyclic redundancy checks, a first LFSR 
unit 613 connected between input port 611 and output port 
612, and including L shift registers, a second LFSR unit 614 
connected between input port 611 and output port 612, being 
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in parallel with first FLSR unit 613, and comprising L shift 
registers. A first switch 621 is located between input port 611 
and a common node 615 between first and second LFSR units 
613 and 514. First switch has a position X for connecting 
input port 611 with common node 615, and a position Y for 
disconnecting input port 611 with common node 615. A sec 
ond switch 622 is located at a feedback loop of first LFSR unit 
613. Second switch 622 has a position X for connecting the 
feedback loop of first LFSR unit 613, and a position Y for 
disconnecting the feedback loop of first LFSR unit 613. A 
third switch 623 is located between input port 611, common 
node 615 between first and second LFSR units 613 and 614, 
and output port 612. Third switch 623 has a position X for 
connecting input port 611 with output port 612, a position Y 
for connecting first LFSR unit 613 and output port 612, and a 
position Z for connecting second LFSR unit 614 and output 
port 612. A fourth switch 624 is located a feedback loop of 
second LFSR unit 614. Fourth switch 624 has a position X for 
connecting the feedback loop of second LFSR unit 614, and a 
position Z for disconnecting the feedback loop of second 
LFSR unit 614. This method can be outlined as follows: 
(0123 1. Initialize first LFSR unit 613 and second LFSR 
unit 614 to all-zero state; Set k=0; Set all switches 621, 622, 
623 and 624 at position X. 
I0124 2. Input b(x) into the circuit via input port 611, one 
bit at a time. Note that both first LFSR unit 613 and second 
LFSR unit 614 are also shifted once for every bit input. 
0.125 3. Change switch 621 to position Y. 
0126 4. If k=C-1, go to Step 8: Otherwise, change 
switches 622 and 623 to position Y. 
0127. 5. Shift first LFSR unit 613 L times to obtain p(x), 
which is the L-bit CRC for the k-th code block. 
0128 6. Change switches 621, 622 and 623 to position X; 
Reset first LFSR unit 613. 
0129. 7. Increasek, go to Step 2. 
0130 8. Change switches 623 and 624 to position Z. 
I0131 9. Shift second LFSR 614 L times to obtain p(x), 
which is the L-bit CRC for the last code block. 
0132) This method computes the k-th code block CRC 
only based on information bits in the k-th code block, except 
the last code block. Therefore, the k-th code block CRC, 
except the last code block CRC, can be represented by: 

p(x)=b (x):x-q(x) g(x), for k=0,1,... C-2, (23) 

where C is the total number of code blocks. The last code 
block CRC is computed by LFSR2 and is derived from infor 
mation bits in all the code blocks. Therefore, the last code 
block CRC can be represented by: 

0133. Another method is to insert L. O's at the bit positions 
for all code block CRCs to the message a(x) before inputa(x) 
to the CRC calculation circuit according to a tenth embodi 
ment of the principles of the present invention. An example of 
this implementation is illustrated in FIG. 24. The circuit is 
constructed with an input port 711 for receiving information 
data, an output port 712 for outputting the information data 
and CRCs, and a LFSR unit 713 connected between input port 
711 and output port 712, and including L shift registers for 
transforming the information data with a cyclic redundancy 
check generation polynomial g(x) having a degree of L-1. A 
first switch 721 is located between input port 711 and LFSR 
unit 713. First switch 721 has a position X for connecting 
input port 711 and LFSR unit 713, and a position Y for 
disconnecting input port 711 and LFSR unit 713. A second 
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switch 722 is located at a feedback loop of LFSR unit 713. 
Second switch 722 has a position X for connecting the feed 
back loop of LFSR unit 713, and a position Y for disconnec 
tion the feedback loop of LFSR unit 713. A third switch 723 
is located between input port 711, LFSR unit 713 and output 
port 712. Third switch 723 has a position X for connecting 
input port 711 with output port 712, and a position Y for 
connecting LFSR unit 713 and output port 713. Note that the 
L 0's is added implicitly by changing the Switches position 
from X to Y for L shifts. Essentially, in this case, we allow the 
initial state of the LFSR to be dependant on the previous code 
blocks and thus enabling the current CRC to protect the bits in 
the current code block and previous code blocks. This method 
can be outlined as follows: 
0.134 1. Initialize LFSR unit 713 to all-zero state: Setk=0; 
Set all switches 721, 722 and 723 at position. X. 
0.135 2. Input b(x) into the circuit via input port 711, one 
bit at a time. Note the LFSR is also shifted once for every bit 
input. 
(0.136 3. Change all switches 721, 722 and 723 to position 
Y. 

I0137 4. Shift LFSR unit 713 L times to obtain p(x), 
which is the L-bit CRC for the k-th code block. 
0.138 5. Change all switches to position X. 
0.139. 6. Increasek. 
(O140 7. If k<C, go to Step 2. 
0.141 While the invention has been shown and described 
in connection with the preferred embodiments, it will be 
apparent to those skilled in the art that modifications and 
variations can be made without departing from the spirit and 
Scope of the invention as defined by the appended claims. 

1-32. (canceled) 
33. A method for communication, comprising: 
calculating a transport block cyclic redundancy check 
(CRC) for all information bits to be delivered in a trans 
port block; 

attaching the transport block CRC to the information bits to 
form the transport block; 

segmenting the transport block into a plurality of code 
blocks, wherein one of the code blocks includes the 
transport block CRC; 

for each of the code blocks produced by segmenting the 
transport block, calculating a code block CRC for all bits 
within the respective code block and attaching the code 
block CRC to the respective code block; and 

transmitting each of the code blocks and the attached code 
block CRC. 

34. The method of claim 33, further comprising: 
attaching the transport block CRC to an end of the infor 

mation bits, wherein a last code block produced by seg 
menting the transport block contains the transport block 
CRC. 

35. The method of claim 33, further comprising: 
segmenting the transport block into code blocks when the 
number of bits of the transport block is more than Zbits. 

36. The method of claim 33, wherein the transport block 
CRC comprises L parity bits. 

37. The method of claim 33, wherein each code block CRC 
comprises L parity bits. 

38. The method of claim 33, further comprising transmit 
ting each of the code blocks and the attached code block CRC 
in an uplink communication transmission by a user equip 
ment. 
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39. The method of claim 33, further comprising transmit 
ting each of the code blocks and the attached code block CRC 
in an downlink communication transmission by a base sta 
tion. 

40. The method of claim 33, wherein the transport block 
CRC is transmitted within the one code block. 

41. A communication apparatus, comprising: 
a first cyclic redundancy check (CRC) calculator config 

ured to calculate a transport block cyclic redundancy 
check (CRC) for all information bits to be delivered in a 
transport block; 

one or more registers configured to attach the transport 
block CRC to the information bits to form the transport 
block; 

a segmentation unit configured to segment the transport 
block into a plurality of code blocks, wherein one of the 
code blocks includes the transport block CRC; 

a second CRC calculator configured to calculate, for each 
of the code blocks produced by segmenting the transport 
block, a code block CRC for all bits within the respective 
code block and attaching the code block CRC to the 
respective code block; and 

a transmitter configured to transmit each of the code blocks 
and the attached code block CRC. 

42. The apparatus of claim 41, wherein the transport block 
CRC is attached to an end of the information bits, and wherein 
a last code block produced by segmenting the transport block 
contains the transport block CRC. 

43. The apparatus of claim 41, wherein the transport block 
is segmented into code blocks when the number of bits of the 
transport block is more than Zbits. 

44. The apparatus of claim 41, wherein the transport block 
CRC comprises L parity bits. 

45. The apparatus of claim 41, wherein each code block 
CRC comprises L parity bits. 

46. The apparatus of claim 41, wherein each of the code 
blocks and the attached code block CRC are transmitted in an 
uplink communication transmission by a user equipment. 

47. The apparatus of claim 41, wherein each of the code 
blocks and the attached code block CRC are transmitted in an 
downlink communication transmission by a base station. 
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48. The apparatus of claim 41, wherein the transport block 
CRC is transmitted within the one code block. 

49. A method for communication, comprising: 
calculating a transport block cyclic redundancy check 
(CRC) for all information bits to be delivered in a trans 
port block; 

attaching the transport block CRC to the information bits to 
form the transport block; 

if the transport block contains more than Zbits, segmenting 
the transport block into a plurality of code blocks, 
wherein one of the code blocks includes the transport 
block CRC; 

for each of the code blocks produced by segmenting the 
transport block, calculating a code block CRC for all bits 
within the respective code block and attaching the code 
block CRC to the respective code block; and 

transmitting each of the code blocks and the attached code 
block CRC. 

50. The method of claim 49, further comprising: 
attaching the transport block CRC to an end of the infor 

mation bits, wherein a last code block produced by seg 
menting the transport block contains the transport block 
CRC. 

51. The method of claim 49, wherein the transport block 
CRC comprises L parity bits. 

52. The method of claim 49, wherein each code block CRC 
comprises L parity bits. 

53. The method of claim 49, further comprising transmit 
ting each of the code blocks and the attached code block CRC 
in an uplink communication transmission by a user equip 
ment. 

54. The method of claim 49, further comprising transmit 
ting each of the code blocks and the attached code block CRC 
in an downlink communication transmission by a base sta 
tion. 

55. The method of claim 49, wherein the transport block 
CRC is transmitted within the one code block. 
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