
LDPC ENCODING AND DECODING OF PACKETS OF VARIABLE
SIZES [0001] The present application claims priority
to provisional U.S. Application Serial No. 60/886,496,
entitled "LDPC HARMONIZATION," filed January 24, 2007,
assigned to the assignee hereof and incorporated
herein by reference. BACKGROUND I . Field [0002] The
present disclosure relates generally to communication,
and more specifically to techniques for encoding and
decoding data. II. Background [0003] In a
communication system, a transmitter may encode a
packet of data to obtain code bits, interleave the
code bits, and map the interleaved bits to modulation
symbols. The transmitter may then process and transmit
the modulation symbols via a communication channel.
The communication channel may distort the data
transmission with a particular channel response and
further degrade the data transmission with noise and
interference. A receiver may obtain received symbols,
which may be distorted and degraded versions of the
transmitted modulation symbols. The receiver may
process the received symbols to recover the
transmitted packet. [0004] The encoding by the
transmitter may allow the receiver to reliably recover
the transmitted packet with the degraded received
symbols. The transmitter may perform encoding based on
a forward error correction (FEC) code that generates
redundancy in the code bits. The receiver may utilize
the redundancy to improve the likelihood of recovering
the transmitted packet. [0005] Various types of FEC
code may be used for encoding. Some common types of
FEC code include convolutional code, Turbo code, and
low density parity check (LDPC) code. A convolutional
code or a Turbo code can encode a packet of k 



information bits and generate a coded packet of
approximately r times k code bits, where 1/r is the
code rate of the convolutional or Turbo code. A
convolutional code canreadily encode a packet of any
size by passing each information bit through an
encoder that can operate on one information bit at a
time. A Turbo code can also support different packet
sizes by employing two constituent encoders that can
operate on one information bit at a time and a code
interleaver that can support different packet sizes.
An LDPC code may have better performance than
convolutional and Turbo codes under certain operating
conditions. However, an LDPC code is typically
designed for a particular packet size and may not be
able to readily accommodate packets of varying sizes.
[0006] There is therefore a need in the art for
techniques to support efficient LDPC encoding and
decoding of packets of varying sizes. SUMMARY [0007]
Techniques to support LDPC encoding and decoding are
described herein. In an aspect, LDPC encoding and
decoding of packets of varying sizes may be
efficiently supported with a set of base parity check
matrices of different dimensions and a set of lifting
values of different powers of two. A base parity check
matrix G of dimension mB x nB may be used to encode a
packet of up to k B = n B - mB information bits to
obtain a coded packet or codeword of nb code bits.
This base parity check matrix G may be "lifted" by a
lifting value of L to obtain a lifted parity check
matrix H of dimension L mB x L nB . The lifted parity
check matrix H may be used to encode a packet of up to
L kB information bits to obtain a codeword of L n B
code bits. A wide range of packet sizes may be
supported with a relatively small set of base parity
check matrices and a relatively small set of lifting
values. The lifting may also enable efficient parallel
encoding and decoding, which may improve performance.
Furthermore, the lifting may reduce description
complexity for large LDPC codes. [0008] In another
aspect, a single set of cyclic shift values for
non-zero elements of 



a base parity check matrix for one lifting value
(e.g., the maximum lifting value) may be used to
generate cyclic shift values for all other lifting
values of different powers of two. In yet another
aspect, cyclic shift values of s and s + L/m may be
selected for two non zero elements in a column of a
base parity check matrix having at least three
non-zero elements, where s is an arbitrary value and m
is a power of two. In one design, m isequal to four,
and the cyclic shift values for the two non-zero
elements are s and s + L/ 4 . These cyclic shift
values may simplify encoding and decoding. [0009]
Various aspects and features of the disclosure are
described in further detail below. BRIEF DESCRIPTION
OF THE DRAWINGS [0010] FIG. 1 shows a wireless
communication system. [0011] FIG. 2 shows a block
diagram of a base station and a terminal. [0012] FIG.
3 shows a Tanner graph for an example LDPC code.
[0013] FIG. 4 shows lifting of a base parity check
matrix. [0014] FIG. 5 shows a set of four cyclic
permutation matrices. [0015] FIG. 6 shows a lifted
parity check matrix. [0016] FIG. 7 shows another
representation of the lifted parity check matrix.
[0017] FIG. 8 shows a graph for a lifted parity check
matrix. [0018] FIG. 9 shows a process for processing
data. [0019] FIG. 10 shows an apparatus for processing
data. [0020] FIG. 11 shows a process for processing a
packet. [0021] FIG. 12 shows another process for
processing a packet. [0022] FIG. 13 shows an apparatus
for processing a packet. [0023] FIG. 14 shows yet
another process for processing a packet. [0024] FIG.
15 shows another apparatus for processing a packet.
DETAILED DESCRIPTION [0025] The techniques described
herein may be used for various applications such 



as communication, computing, networking, etc. The
techniques may also be used for various communication
systems including wireless systems, wireline systems,
etc. For clarity, certain aspects of the techniques
are described below for a wireless communication
system. [0026] FIG. 1 shows a wireless communication
system 100, which may also be referred to as an access
network (AN). For simplicity, only one base station
110 and two terminals 120 and 130 are shown in FIG. 1.
A base station is a station that communicates with the
terminals and may also be referred to as an access
point, a NodeB, an evolved Node B, etc. A terminal may
be stationary or mobile and may also be referred to as
an access terminal (AT), a mobile station, a user
equipment, a subscriber unit, a station, etc. A
terminal may be a cellular phone, a personal digital
assistant (PDA), a wireless communication device, a
wireless modem, a handheld device, a laptop computer,
a cordless phone, etc. A terminal may communicate with
a base station on the forward and/or reverse links at
any given moment. The forward link (or downlink)
refers to the communication link from the base
stations to the terminals, and the reverse link (or
uplink) refers to the communication link from the
terminals to the base stations. In FIG. 1, terminal
120 may receive data from base station 110 via forward
link 122 and may transmit data via reverse link 124.
Terminal 130 may receive data from base station 110
via forward link 132 and may transmit data via reverse
link 134. The techniques described herein may be used
for transmission on the forward link as well as the
reverse link. [0027] FIG. 2 shows a block diagram of a
design of base station 110 and terminal 120 in FIG. 1.
In this design, base station 110 is equipped with S
antennas 224a through 224s, and terminal 120 is
equipped with T antennas 252a through 252t, where in
general S > 1 and T > 1. [0028] On the forward link,
at base station 110, a transmit (TX) data processor
210 may receive a packet of data from a data source
208, process (e.g., encode, interleave, 



and symbol map) the packet based on a packet format,
and provide data symbols, which are modulation symbols
for data. A TX MIMO processor 220 may multiplex the
data symbols with pilot symbols, perform spatial
processing (e.g., precoding) if applicable, and
provide S output symbol streams to S transmitters
(TMTR) 222a through 222s. Each transmitter 222 may
process its output symbol stream (e.g., for OFDM) to
obtain an output chip stream. Each transmitter 222 may
further condition (e.g., convert to analog, filter,
amplify, and upconvert) its output chip stream and
generate a forward link signal. S forward link signals
from transmitters 222a through 222s may be transmitted
via S antennas 224a through 224s, respectively. [0029]
At terminal 120, T antennas 252a through 252t may
receive the forward link signals from base station
110, and each antenna 252 may provide a received
signal to a respective receiver (RCVR) 254. Each
receiver 254 may process (e.g., filter, amplify,
downconvert, and digitize) its received signal to
obtain samples, further process the samples (e.g., for
OFDM) to obtain received symbols, and provide the
received symbolsto a MIMO detector 256. MIMO detector
256 may perform MIMO detection on the received
symbols, if applicable, and provide detected symbols.
A receive (RX) data processor 260 may process (e.g.,
symbol demap, deinterleave, and decode) the detected
symbols and provide decoded data to a data sink 262.
In general, the processing by MIMO detector 256 and RX
data processor 260 is complementary to the processing
by TX MIMO processor 220 and TX data processor 210 at
base station 110. [0030] On the reverse link, at
terminal 120, a packet of data may be provided by data
source 278 and processed (e.g., encoded, interleaved,
and symbol mapped) by a TX data processor 280. The
data symbols from TX data processor 280 may be
multiplexed with pilot symbols and spatially processed
by a TX MIMO processor 282, and further processed by
transmitters 254a through 254t to generate T reverse
link signals, which may be transmitted via antennas
252a through 252t. At base station 110, the reverse
link signals from terminal 120 may be received by
antennas 224a through 224s, 



processed by receivers 222a through 222s, detected by
a MIMO detector 238, and further processed by an RX
data processor 240 to recover the packet sent by
terminal 120. [0031] Controllers/processors 230 and
270 may direct the operation at base station 110 and
terminal 120, respectively. Controllers/processors 230
and 270 may determine the sizes of packets to be
transmitted and/or received. Controllers/processors
230 and 270 may then direct encoding by TX data
processors 210 and 280, respectively, and/or direct
decoding by RX data processors 240 and 260,
respectively. Memories 232 and 272 may store data and
program codes for base station 110 and terminal 120,
respectively. [0032] In an aspect, LDPC encoding or
decoding of packets of varying sizes may be
efficiently supported with a set of base parity check
matrices of different dimensions and a set of lifting
values of different powers of two. The base parity
check matrices may be for base LDPC codes of different
(kB, nB) rates, where kB is the number of information
bits and nB is the number of code bits. Each base LDPC
code may be lifted as described below to obtain a set
of lifted LDPC codes, which may be used to encode or
decode packets of different sizes. A range of packet
sizes may be supported by lengthening or shortening
LDPC codes by adding or removing parity bits in a base
graph.[0033] An LDPC code may be defined by a sparse
parity check matrix having relatively few
non-zero/non-null elements and mostly zero/null
elements. The parity check matrix defines a set of
linear constraints on code bits and may be represented
in the form of a Tanner graph. [0034] FIG. 3 shows a
Tanner graph 300 for an example base LDPC code. In
this example, Tanner graph 300 includes seven variable
nodes Vi through V represented by seven circles and
four check nodes Ci through C represented by four
squares. Each variable node represents a code bit,
which may be either transmitted or punctured (i.e., 



not transmitted). The seven code bits for variable
nodes Vi through V7 form a codeword. Each check node
represents a constraint, and the four check nodes Ci
through C represented four constraints that define the
base LDPC code. The variable nodes are connected to
the check nodes via edges. In this example, 16 edges a
through p connect the seven variable nodes to the four
check nodes. The degree of a node is equal to the
number of edges connected to that node. In this
example, variable nodes Vi and V are degree 3 nodes,
and variable nodes V3 through V7 are degree 2 nodes.
For each check node, all code bits at the variable
nodes coupled to that check node are constrained to
sum to 0 (modulo-2). [0035] FIG. 3 also shows a base
parity check matrix H corresponding to Tanner graph
300. H includes seven columns for the seven variable
nodes Vi through V7 and four rows for the four check
nodes Ci through C4. Each column of H includes a 1
element for each edge connected to the variable node
corresponding to that column. For example, column 1
includes three Is in rows 1, 2 and 3 for the three
edges a, b and c connecting the corresponding variable
node Vi to check nodes C1, C and C3 in Tanner graph
300. Each remaining column of H includes two or three
Is for two or three edges connecting the corresponding
variable node to two or three check nodes. [0036] The
constraints for an LDPC code may be expressed in
matrix form as: O= H x , Eq (I) where H is an mB x nB
parity check matrix for the LDPC code, x is an nB x 1
column vector of nb code bits for a codeword, and 0 is
a column vector of all zeros.[0037] For simplicity, 0
may denote a vector or a matrix of all zeros in the
description below. The matrix multiplication in
equation (1) is with modulo-2 arithmetic. A codeword
is considered as valid if the constraints in equation
(1) are satisfied. The encoding of a packet based on
the parity check matrix H to obtain the codeword x is
described below. 



[0038] A small base LDPC code may be lifted to obtain
a larger lifted LDPC code. The lifting may be achieved
by replacing each non-zero element in a base parity
check matrix for the base LDPC code with an L x L
permutation matrix to obtain a lifted parity check
matrix for the lifted LDPC code. This results in L
copies of a base graph for the base LDPC code being
generated. The permutation matrices determine how the
variable nodes in each graph copy are connected to the
check nodes in the L graph copies. [0039] FIG. 4 shows
an example of lifting for the base parity check matrix
H shown in FIG. 3. Each non-zero element of H (which
corresponds to an edge in the Tanner graph) is
replaced with an L x L permutation matrix s to obtain
a lifted parity check matrix H/. The 16 permutation
matrices for the 16 non-zero elements of H are denoted
as sa through sp, where sa is the permutation matrix
for edge a in FIG. 3. [0040] The permutation matrices
may be defined in various manners. In one design, a
set of permutation matrices may be predefined, and the
permutation matrix for each non-zero element of the
base parity check matrix may be selected from this
predefined set of permutation matrices. In another
design, cyclic permutation matrices are used for the
non-zero elements of the base parity check matrix.
[0041] FIG. 5 shows a set of four cyclic permutation
matrices for L = 4 . In this example, each permutation
matrix has dimension of 4 x 4 . Permutation matrix so
for a cyclic shift value of zero is equal to an
identity matrix I having ones along the diagonal and
zeros elsewhere. Permutation matrix si for a cyclic
shift value of one has the bottommost row of the
identity matrix moved or shifted to the top.
Permutation matrix s for a cyclic shift value of two
has the two bottommost rows of the identity matrix
moved to the top. Permutation matrix s for a cyclic
shift value of three has the three bottommost rows of
the identity matrix moved to the top. In general, an L
x L permutation matrix ss for a cyclic shift value of
s has the s bottommost rows of the 



identity matrix moved to the top, where 0 < s £ L -
1.[0042] FIG. 6 shows an example of the lifted parity
check matrix H/ in FIG. 4 with each of the 16
permutation matrices sa through sp being replaced with
one of the four cyclic permutation matrices so through
s3 shown in FIG. 5. The bottom of FIG. 6 shows the
lifted parity check matrix H/ with each cyclic
permutation matrix being replaced with its
corresponding 4 x 4 matrix of ones and zeros. [0043]
Replacing each non-zero element of the base parity
check matrix H with a 4 x 4 permutation matrix results
in four copies of the base graph for the base LDPC
code being generated. For a 4 x 4 permutation matrix
corresponding to a given variable node V and a given
check node Cv, the four columns of this permutation
matrix correspond to variable node V in the four graph
copies, and the four rows of this permutation matrix
correspond to check node Cv in the four graph copies.
The Is in the permutation matrix correspond to edges
connecting variable node V in the four graph copies to
check node Cv in the four graph copies. In particular,
a 1 in column x of row y means that variable node V in
graph copy x is connected to check node Cu in graph
copy y . As an example, cyclic permutation matrix si
is used for the non-zero element for variable node Vi
and check node Ci in H/. Matrix si includes a 1 in
column 1 of row 2, which means that variable node Vi
in graph copy 1 is connected to check node Ci in graph
copy 2. [0044] FIG. 7 shows a representation of a
lifted parity check matrix H/ generated based on the
base parity check matrix H shown in FIG. 3 with L = 8
. In this representation, an 8 x 16 grid 710 stores
the edges for the seven variable nodes in all eight
graph copies. Each row of grid 710 corresponds to one
graph copy. The 16 boxes in each row correspond to the
16 edges a through/? for the seven variable nodes in
one graph copy. An 8 x16 grid 720 stores the edges for
the four check nodes in all eight graph copies. Each
row of grid 720 corresponds to one graph copy. The 16
boxes in each row correspond to the 16 edges a
through/? for the four check nodes in one graph 



copy. [0045] FIG. 7 also shows the connections between
the eight copies of variable node V2 and the eight
copies of check node C2 for edge d, which has cyclic
permutation matrix s3 in this example. Thus, the eight
copies of edge d are cyclically shifted down by three
positions due to matrix s3. Each of the remaining
edges may be cyclically shifted by a value within a
range of 0 to 7 for L = 8 .[0046] In general, a grid
may include one column for each edge in the base
parity check matrix and one row for each of the L
graph copies. The L copies of each edge may be
cyclically shifted by an amount determined by the
cyclic permutation matrix for that edge. [0047] FIGS.
3 through 6 show an example base LDPC code with the
base parity check matrix H shown in FIG. 3 and lifting
of this base LDPC code to obtain a larger LDPC code
with the lifted parity check matrix H/ shown in FIG.
6. Lifting of different sizes may be achieved by using
cyclic permutation matrices of different dimensions.
The edges of the base parity check matrix H may be
cyclically shifted by a value within a range of 0 to
L-I. The cyclic shift values for the edges of the base
parity check matrix may be selected based on coding
performance. [0048] In one design, a set of six base
LDPC codes may be defined for different values of kb
ranging from 6 through 11. Table 1 lists various
parameters of the six base LDPC codes in accordance
with one design. In one design, the six base LDPC
codes may be implemented as described in 3GPP2
C.S0084-001, entitled "Physical Layer for Ultra Mobile
Broadband (UMB) Air Interface Specification," August
2007, which is publicly available. The base LDPC codes
may also be implemented with other designs. Table 1
[0049] In one design, a set of nine lifting values of
4, 8, 16, 32, 64, 128, 256, 512 and 1024 may be
supported. In this design, the smallest lifting value
is Lmm = 4 , and the largest lifting value is Ln x =
1024 . These lifting values are different powers of 



two, which may provide certain advantages. A total of
54 different packet sizes rangingfrom 24 to 11,264
bits may be supported with the six base LDPC codes
with kb ranging from 6 to 11 and the nine lifting
values ranging from 4 to 1024. In general, any range
of lifting values may be supported, and Lmin and Lmax
may be any suitable values. [0050] Table 2 gives
parameters of base parity check matrix Go in
accordance with one design. As shown in Table 1, Go
has dimension of 27 x33 and includes 27 rows with
indices of 0 through 26 and 33 columns with indices of
0 through 32. For each row, the second column of Table
2 gives the row degree, which corresponds to the
number of non-zero elements in the row. The third
column of Table 2 gives the column positions of the
non-zero elements in each row. The fourth column of
Table 2 gives the cyclic shift value for each non-zero
element in each row. For Ln x = 1024 , the cyclic
shift values are within a range of 0 to 1023. Example
designs of base parity check matrices Gi through G5
are described in the aforementioned 3GPP2 C.S0084-001.
Table 2 - Base Parity Check Matrix G0[0051] In one
design, a base parity check matrix and a lifting value
may be selected for a packet of size k as follows.
First, a lifting value L may be selected based on the
packet size k as follows: L = 2 | log2(k/k B | , Eq
(2) where kB,macis the maximum number of information
bits for all base LDPC codes, and " r 1 " denotes a
ceiling operator. B max = 1 1 for the set of base LDPC
codes shown in Table 1 but may be equal to other
values for other sets of base LDPC codes. [0052] A
base parity check matrix may then be selected based on
the packet size k and the selected lifting value L as
follows: The index of the selected base parity check
matrix may be given as i =kB - 6 . The selected base
parity check matrix is denoted as G in the following
description. [0053] The selected base parity check
matrix G and the selected lifting value L can encode
up to kB L information bits and provide nB L code
bits. The packet may be 



zero-padded to length kB L by appending zp = kB L - k
zeros at the end of the packet. The zero-padded packet
may be encoded with the lifted parity check matrix to
obtain nB L code bits. For an (n, k) code, the zp
padded zeros as well as nB L - n - zp parity bits may
be punctured to obtain a codeword of n code
bits.[0054] To encode the packet, a lifted parity
check matrix H may first be generated based on the
selected base parity check matrix G and the selected
lifting value L. The packet may then be encoded based
on the lifted parity check matrix H. [0055] To
generate the lifted parity check matrix H, the cyclic
shift value for each non-zero element of the selected
base parity check matrix G may be determined as
follows: where g is a cyclic shift value for a
non-zero element of G assuming lifting by Lmax, and g'
is a cyclic shift value for a non-zero element of G
with lifting by L. [0056] The fourth column of Table 2
gives the cyclic shift values for the non-zero
elements of Go for Ln x = 1024 . The cyclic shift
values for the non-zero elements of other base parity
check matrices may be generated and stored in similar
tables. In general, the cyclic shift values for the
non-zero elements of G may be generated for Lmax and
may be used for all lifting values from Lm1n to Lmax.
This may simplify design since only one set of cyclic
shift values can be stored for G and used for all
lifting values. Equation (4) essentially removes zero
or more least significant bits (LSBs) of g to obtain
g' for the selected lifting value L. For the design
with Lmax = 1024 , one LSB may be removed if L = 512 ,
two LSBs may be removed if L = 256 , etc. The removal
of the LSBs may preserve the relationship between
different shift parameters, e.g., s' = s + L/ 4
described below, which may simplify encoding. In
another design, zero or more most significant bits
(MSBs) of g may be removed by performing modulo-L
operation to obtain g' . g' may also be obtained in
other manners. [0057] In one design, each non-zero
element of G may be replaced with a cyclic permutation
matrix sg, to obtain the lifted parity check matrix H.
sg, may be obtained 



by cyclically shifting the identity matrix I by g' .
In another design, each non-zero element of G may be
replaced with a 2 x 2 matrix to obtain a matrix G'.
This 2 x 2 g'/2 0 0 (g' + l)/2 matrix may be if g' is
an even value or if g' is 0 g'/2 (g'-l)/2 0 an odd
value. Each non-zero element of G' may then be
replaced with a cyclicpermutation matrix that is
cyclically shifted by g7 2 , (g' - 1) / 2 , or (g' +
1) / 2 to obtain the lifted parity check matrix H. H
may also be generated based on G in other manners.
[0058] The columns and rows of the lifted parity check
matrix H may be rearranged or permutated so that the
resultant matrix has the following form: M1 0 H = Eq
(5) M I where Mi is an M xN matrix, with N = M + kB L
, M2 is an (mB L - M) xN matrix, and 0 is an M x (nB
-L-N) matrix of all zeros. The identity matrix in the
lower right corner of H may be replaced with a lower
triangular matrix, which may have non-zero elements
below the diagonal. [0059] The dimension of Mi may be
dependent on the selected base parity check matrix and
may be a function of code index i . Mi may have the
following form: A B T B T M1 = with being invertible,
Eq (6) C D E D E where A is an (M - L/2) x (kB L)
matrix, B is an (M - L/ 2) x (L/ 2) matrix, C is an
(L/2) x (kB L) matrix, D is an (L/2) x (L/2) matrix, 



E is an (L / 2) x (N - kB L) matrix, and T is an (M -
L/2) x (M - L/2) lower triangular matrix having ones
along the diagonal and zeros above the diagonal.
[0060] The constraints for the lifted LDPC code may be
expressed as: where X1 is an N x I column vector of
information bits and parity bits, and P3 is an (nB L -
N) x 1 column vector of parity bits.[0061] Because of
the zero matrix 0 in the upper right corner of H in
equation (5), a portion of equation (7) may be
expressed as: O= M 1 X1 = Eq (8) where s is a (kB L) x
1 column vector of the information bits in the packet,
Pi is an (L IT) x 1 column vector of parity bits, and
P2 is an (M - L/ 2) x 1 column vector of parity bits.
[0062] To solve for equation (8), Mi may be
pre-multiplied with Q = - E T as follows: I 0 A B T A
B T Q M1 = Eq (9) E T 1 I C D E - E T 1A hC F 0 where
f =- T 1B + D . [0063] Equations (8) and (9) may be
combined to obtain: A s + B P1 + T p 2 = O , and Eq
(IO) (-E T 1A + C) s + p1 = 0 . Eq ( I l ) [0064] The
parity bits pi, p2 and p may then be computed as
follows: pi = - f c(-E T A + C) s , Eq (12) P2 = -r'(A
s + B p1) , and Eq (13) p3 = - M2 X1 , Eq (14) where
Xi includes s, p i and p2 as shown in equation (8). If
the identity matrix in the 



lower right corner of H is replaced with a lower
triangular matrix, then equation (14) may be solved
using (top down) back substitution.[0065] The
computation for pi, p2 and p3 may be simplified by
performing the matrix multiplication in equations (12)
and (13) in steps, storing intermediate results, and
using the intermediate results for later steps. [0066]
The lifted parity check matrix H is for the lowest
code rate, which may be given as r = kB / nB . H may
be punctured to obtain higher rates. The LDPC codes
are structured as an inner "core" LDPC code of high
rate with outer parity bits. The encoding may be
performed in a sequential manner to obtain the desired
number of code bits. For example, parity bits pi may
be computed first as shown in equation (12), then
parity bits p2 may be computed next (if needed) as
shown in equation (13), and then parity bits p3 may be
computed last (if needed) as shown in equation (14).
[0067] The system may support hybrid automatic
retransmission (HARQ). For HARQ, a transmitter may
send a first transmission of a packet to a receiver
and may thereafter send one or more additional
transmissions (or retransmissions) if needed until the
packet is decoded correctly by the receiver, or the
maximum number of transmissions has been sent, or some
other termination condition is encountered. HARQ may
improve reliability of data transmission. For each
base LDPC code, a sequence of HARQ extensions may be
generated to span all code rates supported by the
system. The HARQ extensions may be defined by
puncturing parity bits. Most of the puncturing may be
in the third parity bits P but some of the puncturing
may be in the second parity bits P2. [0068] FIG. 8
shows a base graph 800 of a base parity check matrix
G, which may have the form shown in equations (5) and
(6). Graph 800 is used only for illustration and does
not match any of the base parity check matrices
described above. Base graph 800 includes a number of
square boxes, with each square box representing an
element in the base parity check matrix. Each non-zero
element of the base parity check matrix is 



represented by a marked box. Each marked box is
associated with a cyclic shift value that determines
the amount of cyclic shift for the L edge copies
obtained by lifting the base parity check matrix by a
lifting value of L. [0069] A codeword is composed of
information bits and parity bits along the top of the
graph 800. The bits in the codeword may be transmitted
starting from the left and moving to the right, except
for some re-ordering of the parity columns.[0070] Base
graph 800 comprises information bits s, first parity
bits pi, second parity bits p , and third parity bits
p along the top of the base graph. The first parity
bits are associated with a first set of constraints,
the second parity bits are associated with a second
set of constraints, and the third parity bits are
associated with a third set of constraints. The core
portion of base graph 800 consists of the variable
nodes representing the information bits and the first
and second parity bits and the constraint nodes
representing the first and second sets of constraints.
The core portion typically contains no variable nodes
of degree 1. The third parity bits and the constraints
of the third set of constraints (or third parity
constraints) are in one-to-one correspondence with
each other, which is shown by the identity matrix in
the lower right corner of base graph 800. The third
parity bits and the third parity constraints may be
linearly ordered so that each third parity bit can be
determined as a parity of information bits, first
parity bits, second parity bits, and preceding third
parity bits. A third parity constraint node associated
with a third parity bit by the one-to-one
correspondence is connected by edges to a variable
node of the third parity bit as well as variable nodes
representing the bits of which this third parity bit
is a parity bit. [0071] The design shown in FIG. 8
includes several features that may simplify encoding.
The variable nodes of the first and second parity bits
are either degree 2 or degree 3. To simplify encoding,
one first parity bit may be associated with one
variable node of degree 3, and the second parity bits
may be associated with variable nodes of degree 2. The
degree 3 variable node is shown by column 810 for
matrices B and D, 



which includes three shaded square boxes for three
non-zero elements. The degree 2 variable nodes may be
configured in an accumulate chain structure, which is
also known as a dual-diagonal structure. This
dual-diagonal structure is shown by the triangular
matrix T having two stacked marked boxes in each
column of T. The dual-diagonal structure may have
significance in code performance and encoding. Having
a large number of degree 2 variable nodes may improve
performance, and having the degree 2 variable nodes in
the dual-diagonal form nearly saturates this
possibility. The dualdiagonal structure also allows
the degree 2 variable nodes to be easily recursively
encoded, much like a convolutional code. When properly
ordered, the H matrix structure may be include
sub-matrix T with only the diagonal (1,1), (2,2),
etc., as well as the sub diagonal (2,1), (3,2), etc.,
containing non-zero elements. Often, the
edgescorresponding to the dual-diagonal structure are
given lifting value 0, meaning no permutation, forming
L separate chains in the lifted graph. [0072] Two of
the edges of the degree 3 variable node may connect in
the base graph so as to close a loop in a graph
associated with the dual-diagonal structure. To
simplify encoding in this situation, the lifting
values for the three edges of the degree 3 variable
node may be of the form x, s, s' = (s + L/m) mod L ,
where m is power of 2, and x and s may be arbitrary
values. When all cyclic shifts are reversed, the code
is unchanged because this amounts to reversing the
order of the constraint nodes in a lifting. Thus,
lifting values of the form x, s, s' = (s - L/m) mod L
may also be used. Encoding may be simplified because
the matrix f =- E T 1B + D can be factored with low
degree factors and is itself of low weight. [0073] The
cyclic shift values for two non-zero elements of the
degree 3 variable node may be s and s', where s may be
an arbitrarily selected value and s' may be selected
in several manners. In a first design, s' = s and f is
a permutation matrix. For this design, the lifted LDPC
code has a loop passing through the length of the base
graph accumulator chain (degree 2 nodes) and one
degree 3 node. The loop occurs with 



multiplicity L, which may result in suboptimal error
floor performance, especially since the base graph has
a short accumulator chain. In another design, s' = s +
L/2 and f 1 is a sum of three permutation matrices.
For this design, the corresponding loop in the lifted
LDPC code passes through the length of the base graph
accumulator chain (degree 2 nodes) and two degree 3
nodes. The complexity of multiplication by f 1 may
still be small. However, this design may still be
susceptible to some error floors. In a third design,
s' = s + L/4 and f is a sum of nine permutation
matrices. The corresponding loop in the lifted LDPC
code passes through the length of the base graph
accumulator chain (degree 2 nodes) and four degree 3
nodes. The complexity of multiplication by f 1 may
still be small since f 1 may still be a sparse matrix.
This design may simplify encoding while avoiding
problems associated with error floors. The cyclic
shift value for the third non-zero element may be x,
which may be another arbitrarily selected value.
[0074] The techniques described herein may be used to
support a wide range of packet sizes. A suitable
packet size may be selected based on various factors
such aschannel conditions (which may be given by
spectral efficiency or packet format), amount of
assigned resources, pilot overhead, MIMO rank, etc.
The techniques allow for generation of good
rate-compatible codes for any values of k and n using
a small number of base LDPC codes. [0075] The lifted
LDPC codes described herein may enable parallel
encoder and decoder implementations in various forms.
For an edge-parallel decoder implementation, the edges
in the base graph may be processed in a serial
fashion, and parallelism may be achieved by
simultaneously processing L copies of the same edge.
For a node-parallel decoder implementation, different
copies of the base graph may be processed in a serial
fashion, and parallelism may be achieved by
simultaneously processing different nodes in the base
graph. By using cyclic permutation matrices with sizes
restricted to powers of two, the lifting may be easily
implemented using a counting 



operation, especially for the node-parallel
implementation. The counting operation refers to
walking through an L-cycle by counting from x to x+1
mod L. This restriction on the lifting size may ensure
that all of the different lifting sizes have a large
common factor, which may be an important property for
an edge-parallel decoder implementation. The LDPC code
structure described herein may support both efficient
node-parallel and edge-parallel decoder
implementations. Furthermore, the graph descriptions
are compact and provide fundamental complexity
reduction. [0076] FIG. 9 shows a design of a process
900 for processing data. Process 900 may be performed
by a base station, a terminal, or some other entity.
Packets of variable sizes may be encoded or decoded
based on a set of base parity check matrices of
different dimensions and a set of lifting values of
different powers of two (block 912). The set of base
parity check matrices may comprise base parity check
matrices for 6, 7, 8, 9, 10 and 11 information bits,
as described above, for kb to 2kb- l information bits,
for kB+l to 2kB information bits, or for some other
range of information bits. The set of base parity
check matrices may also include some other combination
of base parity check matrices. The set of lifting
values may comprise lifting values for 4, 8, 16, 32,
64, 128, 256, 512 and 1024, as described above, or
some other range or combination of lifting values.
Parameters (e.g., cyclic shift values) for the set of
base parity check matrices may be stored for use to
encode or decode packets of variable sizes (block
914). Each base parity check matrix may comprise a
plurality of non-zero elements at a plurality of
locations. Each non-zero element may beassociated with
a cyclic shift value within a range of 0 to Lmax-1,
where Lmax is a maximum lifting value. A plurality of
cyclic shift values may be stored for the plurality of
non-zero elements of each base parity check matrix.
The cyclic shift values for all lifting values for
each base parity check matrix may be determined based
on the cyclic shift values stored for that base parity
check matrix. [0077] FIG. 10 shows a design of an
apparatus 1000 for processing data. Apparatus 



1000 includes means for encoding or decoding packets
of variable sizes based on a set of base parity check
matrices of different dimensions and a set of lifting
values of different powers of two (module 1012), and
means for storing parameters (e.g., cyclic shift
values) for the set of base parity check matrices
(block 1014). [0078] FIG. 11 shows a design of a
process 1100 for processing a packet, which may be
used for block 912 in FIG. 9. A packet size of a
packet to be encoded or decoded may be determined
(block 1112). A lifting value may be selected from the
set of lifting values based on the packet size, e.g.,
as shown in equation (2) (block 1114). A base parity
check matrix may be selected from the set of base
parity check matrices based on the packet size and the
selected lifting value, e.g., as shown in equation (3)
(block 1116). A lifted parity check matrix may be
generated based on the selected base parity check
matrix and the selected lifting value (block 1118).
The packet may be encoded or decoded based on the
lifted parity check matrix (block 1120). [0079] For
block 1118, the lifted parity check matrix may be
generated based further on cyclic shift values for
non-zero elements of the selected base parity check
matrix. Cyclic shift values for the lifted parity
check matrix may be computed based on the cyclic shift
values for the non-zero elements of the selected base
parity check matrix and the selected lifting value,
e.g., as shown in equation (4). The lifted parity
check matrix may then be generated by replacing each
non-zero element of the selected base parity check
matrix with a cyclic permutation matrix of a cyclic
shift value computed for that non-zero element. [0080]
For encoding in block 1120, information bits in the
packet may be encoded based on the lifted parity check
matrix to obtain first parity bits, e.g., as shown in
equation (12). The information bits and the first
parity bits may be encoded based on the lifted parity
check matrix to obtain second parity bits, e.g., as
shown in equation (13). The information bits, the
first parity bits, and the second parity bits may
beencoded based on the lifted parity check matrix to
obtain third parity bits, e.g., as shown 



in equation (14). [0081] For decoding in block 1120, a
large graph for the lifted parity check matrix may be
generated based on L copies of a base graph for the
selected base parity check matrix, where L is the
selected lifting value. The nodes of the L copies of
the base graph may be interconnected based on
permutation matrices for the non-zero elements of the
selected base parity check matrix. The base graph may
comprise a plurality of edges for the non-zero
elements of the selected base parity check matrix. For
edgeparallel decoding, decoding may be performed in
parallel for the L copies of same edge in the L copies
of the base graph and may be performed sequentially
for different edges in the L copies of the base graph.
For node-parallel decoding, decoding may be performed
in parallel for the nodes of each copy of the graph
and may be performed sequentially for the L copies of
the base graph. [0082] FIG. 12 shows a design of a
process 1200 for processing a packet. A first set of
cyclic shift values for a first parity check matrix of
a first lift size may be determined based on a second
set of cyclic shift values for a second parity check
matrix of a second lift size (block 1212). The first
and second lift sizes may be different powers of two.
In one design of block 1212, a factor K may be
determined based on a ratio of the second lift size to
the first lift size, and K LSBs of each cyclic shift
value in the second set may be removed to obtain a
corresponding cyclic shift value in the first set.
This may be achieved by dividing each cyclic shift
value in the second set by the ratio and rounding down
to an integer value to obtain a corresponding cyclic
shift value in the first set, as shown in equation
(4). In another design of block 1212, K MSBs of each
cyclic shift value in the second set may be removed to
obtain a corresponding cyclic shift value in the first
set. [0083] The first parity check matrix may be
generated based on the first set of cyclic shift
values (block 1214). This may be achieved by replacing
each non-zero element of 



a base parity check matrix with a cyclic permutation
matrix of a cyclic shift value in the first set
corresponding to that non-zero element. A packet may
be encoded or decoded based on the first parity check
matrix (block 1216). [0084] FIG. 13 shows a design of
an apparatus 1300 for processing a packet. Apparatus
1300 includes means for determining a first set of
cyclic shift values for a first parity check matrix of
a first lift size based on a second set of cyclic
shift values fora second parity check matrix of a
second lift size (module 1312), means for generating
the first parity check matrix based on the first set
of cyclic shift values (module 1314), and means for
encoding or decoding a packet based on the first
parity check matrix (module 1316). [0085] FIG. 14
shows a design of a process 1400 for processing a
packet. A lifted parity check matrix may be obtained
by replacing each non-zero element of a base parity
check matrix with an L x L permutation matrix of a
particular cyclic shift value, where L is a power of
two (block 1412). Cyclic shift values of s and s + L/m
may be used for two non-zero elements in a column of
the base parity check matrix having at least three
non-zero elements, where s is an arbitrary value and m
is a power of two (block 1414). In one design, m is
equal to two, and the cyclic shift values for the two
non-zero elements are s and s + L/2 . In another
design, m is equal to four, and the cyclic shift
values for the two non-zero elements are s and s + L/4
. In yet another design, m is equal to eight, and the
cyclic shift values for the two non-zero elements are
s and s + L/ 8 . m may also be equal to other values.
A cyclic shift value of x may be selected for a third
non-zero element in the column having at least three
non-zero B T elements. The base parity check matrix
may comprise a submatrix where T is D E a lower
triangular matrix, matrices B and D each has a width
of 1, matrices D and E each has a height of 1, and the
at least three non-zero elements are in a column 



corresponding to matrices B and D. A packet may be
encoded or decoded based on the lifted parity check
matrix (block 1416). [0086] FIG. 15 shows a design of
an apparatus 1500 for processing a packet. Apparatus
1500 includes means for obtaining a lifted parity
check matrix by replacing each non-zero element of a
base parity check matrix with an L x L permutation
matrix of a particular cyclic shift value, where L is
a power of two (module 1512), means for using cyclic
shift values of s and s + L/m for two non-zero
elements in a column of the base parity check matrix
having at least three non-zero elements, where s is an
arbitrary value and m is a power of two (module 1514),
and means for encoding or decoding a packet based on
the lifted parity check matrix (module 1516).[0087]
The modules in FIGS. 10, 13 and 15 may comprise
processors, electronics devices, hardware devices,
electronics components, logical circuits, memories,
etc., or any combination thereof. [0088] The
techniques described herein may be implemented by
various means. For example, these techniques may be
implemented in hardware, firmware, software, or a
combination thereof. For a hardware implementation,
the processing units used to perform the techniques at
an entity (e.g., a Node B or a terminal) may be
implemented within one or more application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic
devices, other electronic units designed to perform
the functions described herein, a computer, or a
combination thereof. [0089] For a firmware and/or
software implementation, the techniques may be
implemented with code (e.g., procedures, functions,
modules, instructions, etc.) that performs the
functions described herein. In general, any
computer/processor-readable medium tangibly embodying
firmware and/or software code may be used in
implementing the techniques described herein. For
example, the firmware and/or 



software code may be stored in a memory (e.g., memory
232 or 272 in FIG. 2) and executed by a processor
(e.g., processor 230 or 270). The memory may be
implemented within the processor or external to the
processor. The firmware and/or software code may also
be stored in a computer/processor-readable medium such
as random access memory (RAM), read-only memory (ROM),
non-volatile random access memory (NVRAM),
programmable read-only memory (PROM), electrically
erasable PROM (EEPROM), FLASH memory, floppy disk,
compact disc (CD), digital versatile disc (DVD),
magnetic or optical data storage device, etc. The code
may be executable by one or more computers/processors
and may cause the computer/processor(s) to perform
certain aspects of the functionality described herein.
[0090] The previous description of the disclosure is
provided to enable any person skilled in the art to
make or use the disclosure. Various modifications to
the disclosure will be readily apparent to those
skilled in the art, and the generic principles defined
herein may be applied to other variations without
departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended to be limited to
the examples anddesigns described herein but is to be
accorded the widest scope consistent with the
principles and novel features disclosed herein.WHAT IS
CLAIMED IS: CLAIMS 1. An apparatus comprising: at
least one processor configured to encode or decode
packets of variable sizes based on a set of base
parity check matrices of different dimensions and a
set of lifting values of different powers of two; and
a memory coupled to the at least one processor and
configured to store parameters for the set of base
parity check matrices. 2. The apparatus of claim 1,
wherein the at least one processor is configured to
determine a packet size of a packet to be encoded or
decoded, to select a lifting value from the set of
lifting values based on the packet size, to select a
base 



parity check matrix from the set of base parity check
matrices based on the packet size and the selected
lifting value, to generate a lifted parity check
matrix based on the selected base parity check matrix
and the selected lifting value, and to encode or
decode the packet based on the lifted parity check
matrix. 3. The apparatus of claim 2, wherein the at
least one processor is configured to select the
lifting value by computing where k is the packet size,
kB,max is a maximum number of information bits for the
set of base parity check matrices, L is the selected
lifting value, and " f 1 " denotes a ceiling operator.
4. The apparatus of claim 2, wherein the at least one
processor is configured to select the base parity
check matrix by computing kB=[k/Ll ,where k is the
packet size, L is the selected lifting value, kb is a
number of information bits for the selected base
parity check matrix, and " f 1 " denotes a ceiling
operator. 5. The apparatus of claim 2, wherein the at
least one processor is configured to generate the
lifted parity check matrix based further on cyclic
shift values for non-zero elements of the selected
base parity check matrix. 6. The apparatus of claim 5,
wherein the at least one processor is configured to
compute cyclic shift values for the lifted parity
check matrix based on the cyclic shift values for the
non-zero elements of the selected base parity check
matrix and the selected lifting value, and to generate
the lifted parity check matrix by replacing each
non-zero element of the selected base parity check
matrix with a cyclic permutation matrix of a cyclic
shift value computed for the non-zero element. 7. The
apparatus of claim 2, wherein the at least one
processor is configured to generate the lifted parity
check matrix based on L copies of a base graph for the
selected base parity check matrix, where L is the
selected lifting value, and to interconnect nodes of
the L copies of the base graph based on permutation
matrices for 



non-zero elements of the selected base parity check
matrix. 8. The apparatus of claim 7, wherein the base
graph comprises a plurality of edges for the non-zero
elements of the selected base parity check matrix, and
wherein the at least one processor is configured to
perform decoding in parallel for L copies of same edge
in the L copies of the base graph, and to perform
decoding sequentially for different edges in the L
copies of the base graph. 9. The apparatus of claim 7,
wherein the at least one processor is configured to
perform decoding in parallel for the nodes of each
copy of the base graph, and to perform decoding
sequentially for the L copies of the base graph. 10.
The apparatus of claim 2, wherein the at least one
processor is configured to encode information bits in
the packet based on the lifted parity checkmatrix to
obtain first parity bits, and to encode the
information bits and the first parity bits based on
the lifted parity check matrix to obtain second parity
bits. 11. The apparatus of claim 10, wherein the at
least one processor is further configured to encode
the information bits, the first parity bits, and the
second parity bits based on the lifted parity check
matrix to obtain third parity bits. 12. The apparatus
of claim 1, wherein the set of base parity check
matrices comprises at least one base parity check
matrix for at least one of 6, 7, 8, 9, 10 and 11
information bits. 13. The apparatus of claim 1,
wherein the set of lifting values comprises at least
one lifting value for at least one of 4, 8, 16, 32,
64, 128, 256, 512 and 1024. 14. The apparatus of claim
1, wherein each base parity check matrix comprises a
plurality of non-zero elements at a plurality of
locations, each non-zero element being associated with
a cyclic shift value within a range of 0 to Lmax-1,
where Lmax is a maximum lifting value. 15. The
apparatus of claim 14, wherein the memory is
configured to store a plurality of cyclic shift values
for the plurality of non-zero elements of each base
parity 



check matrix. 16. The apparatus of claim 15, wherein
the at least one processor is configured to determine
cyclic shift values for all lifting values for each
base parity check matrix based on the plurality of
cyclic shift values stored for the base parity check
matrix. 17. A method of processing data, comprising:
encoding or decoding packets of variable sizes based
on a set of base parity check matrices of different
dimensions and a set of lifting values of different
powers of two.18. The method of claim 17, wherein the
encoding or decoding packets of variable sizes
comprises determining a packet size of a packet to be
encoded or decoded, selecting a lifting value from the
set of lifting values based on the packet size,
selecting a base parity check matrix from the set of
base parity check matrices based on the packet size
and the selected lifting value, generating a lifted
parity check matrix based on the selected base parity
check matrix and the selected lifting value, and
encoding or decoding the packet based on the lifted
parity check matrix. 19. The method of claim 18,
wherein the selecting the lifting value comprises
computing L = 2 | log2(k/k B where k is the packet
size, kB,macis a maximum number of information bits
for the set of base parity check matrices, L is the
selected lifting value, and " f 1 " denotes a ceiling
operator. 20. The method of claim 18, wherein the
selecting the base parity check matrix comprises
computing where k is the packet size, L is the
selected lifting value, kb is a number of information 



bits for the selected base parity check matrix, and "
f 1 " denotes a ceiling operator. 21. The method of
claim 17, wherein the generating the lifted parity
check matrix comprises generating the lifted parity
check matrix based further on a plurality of cyclic
shift values for a plurality of non-zero elements of
the selected base parity check matrix. 22. The method
of claim 17, further comprising:storing a plurality of
cyclic shift values for a plurality of non-zero
elements of each base parity check matrix in the set
of base parity check matrices. 23. An apparatus for
processing data, comprising: means for encoding or
decoding packets of variable sizes based on a set of
base parity check matrices of different dimensions and
a set of lifting values of different powers of two.
24. The apparatus of claim 23, wherein the means for
encoding or decoding packets of variable sizes
comprises means for determining a packet size of a
packet to be encoded or decoded, means for selecting a
lifting value from the set of lifting values based on
the packet size, means for selecting a base parity
check matrix from the set of base parity check
matrices based on the packet size and the selected
lifting value, means for generating a lifted parity
check matrix based on the selected base parity check
matrix and the selected lifting value, and means for
encoding or decoding the packet based on the lifted
parity check matrix. 25. The apparatus of claim 24,
wherein the means for selecting the lifting value
comprises means for computing L = 2 | log2(k/k B where
k is the packet size, kB,max is a maximum number of
information bits for the set of 



base parity check matrices, L is the selected lifting
value, and " f 1 " denotes a ceiling operator. 26. The
apparatus of claim 24, wherein the means for selecting
the base parity check matrix comprises means for
computing kB=fk/Ll ,where k is the packet size, L is
the selected lifting value, kb is a number of
information bits for the selected base parity check
matrix, and " f 1 " denotes a ceiling operator. 27.
The apparatus of claim 23, wherein the means for
generating the lifted parity check matrix comprises
means for generating the lifted parity check matrix
based further on a plurality of cyclic shift values
for a plurality of non-zero elements of the selected
base parity check matrix. 28. The apparatus of claim
23, further comprising: means for storing a plurality
of cyclic shift values for a plurality of non-zero
elements of each base parity check matrix in the set
of base parity check matrices. 29. A computer program
product, comprising: a computer-readable medium
comprising: code for causing at least one computer to
encode or decode packets of variable sizes based on a
set of base parity check matrices of different
dimensions and a set of lifting values of different
powers of two. 30. The computer program product of
claim 29, wherein the computerreadable medium further
comprises: code for causing the at least one computer
to determine a packet size of a packet to be encoded
or decoded; code for causing the at least one computer
to select a lifting value from the set of lifting
values based on the packet size; code for causing the
at least one computer to select a base parity check 



matrix from the set of base parity check matrices
based on the packet size and the selected lifting
value; code for causing the at least one computer to
generate a lifted parity check matrix based on the
selected base parity check matrix and the selected
lifting value; andcode for causing the at least one
computer to encode or decode the packet based on the
lifted parity check matrix. 31. The computer program
product of claim 30, wherein the computerreadable
medium further comprises: code for causing the at
least one computer to select the lifting value by
computing L = 2L | Iog2(k/k B,max where k is the
packet size, kB,macis a maximum number of information
bits for the set of base parity check matrices, L is
the selected lifting value, and " f 1 " denotes a
ceiling operator. 32. The computer program product of
claim 30, wherein the computerreadable medium further
comprises: code for causing the at least one computer
to select the base parity check matrix by computing
where k is the packet size, L is the selected lifting
value, kb is a number of information bits for the
selected base parity check matrix, and " f 1 " denotes
a ceiling operator. 33. The computer program product
of claim 29, wherein the computerreadable medium
further comprises: code for causing the at least one
computer to generate the lifted parity check matrix
based further on the plurality of cyclic shift values
for the plurality of non zero elements of the selected
base parity check matrix. 34. An apparatus comprising:



at least one processor configured to determine a first
set of cyclic shift values for a first parity check
matrix of a first lift size based on a second set of
cyclic shift valuesfor a second parity check matrix of
a second lift size, the first and second lift sizes
being different powers of two, to generate the first
parity check matrix based on the first set of cyclic
shift values, and to encode or decode a packet based
on the first parity check matrix; and a memory coupled
to the at least one processor. 35. The apparatus of
claim 34, wherein the at least one processor is
configured to determine a factor K based on a ratio of
the second lift size to the first lift size, and to
remove K least significant bits (LSBs) of each cyclic
shift value in the second set to obtain a
corresponding cyclic shift value in the first set. 36.
The apparatus of claim 34, wherein the at least one
processor is configured to determine a ratio of the
second lift size to the first lift size, and to obtain
each cyclic shift value in the first set by dividing a
corresponding cyclic shift value in the second set by
the ratio and rounding down to an integer value. 37.
The apparatus of claim 34, wherein the at least one
processor is configured to determine a factor K based
on a ratio of the second lift size to the first lift
size, and to remove K most significant bits (MSBs) of
each cyclic shift value in the second set to obtain a
corresponding cyclic shift value in the first set. 38.
The apparatus of claim 34, wherein the first and
second lift sizes are different powers of two. 39. The
apparatus of claim 34, wherein the at least one
processor is configured to generate the first parity
check matrix by replacing each non-zero element of a
base parity check matrix with a cyclic permutation
matrix of a cyclic shift value in the first set
corresponding to the non-zero element. 40. A method of
processing data, comprising: determining a first set
of cyclic shift values for a first parity check matrix
of a 



first lift size based on a second set of cyclic shift
values for a second parity check matrix of a second
lift size, the first and second lift sizes being
different powers of two,;generating the first parity
check matrix based on the first set of cyclic shift
values; and encoding or decoding a packet based on the
first parity check matrix. 41. The method of claim 40,
wherein the determining the first set of cyclic shift
values comprises determining a factor K based on a
ratio of the second lift size to the first lift size,
and removing K least significant bits (LSBs) of each
cyclic shift value in the second set to obtain a
corresponding cyclic shift value in the first set. 42.
The method of claim 40, wherein the generating the
first parity check matrix comprises generating the
first parity check matrix by replacing each non-zero
element of a base parity check matrix with a cyclic
permutation matrix of a cyclic shift value in the
first set corresponding to the non-zero element. 43.
An apparatus comprising: at least one processor
configured to obtain a lifted parity check matrix by
replacing each non-zero element of a base parity check
matrix with an LxL permutation matrix of a particular
cyclic shift value, where L is a power of two, to use
cyclic shift values of s and s+L/m for two non-zero
elements in a column of the base parity check matrix
having at least three non-zero elements, where s is an
arbitrary value and m is a power of two, and to encode
or decode a packet based on the lifted parity check
matrix; and a memory coupled to the at least one
processor. 44. The apparatus of claim 43, wherein the
base parity check matrix comprises 



B T D Ewhere T is a lower triangular matrix, matrices
B and D each has a width of 1, matrices D and E each
has a height of 1, and the at least three non-zero
elements are in a column corresponding to matrices B
and D. 45. The apparatus of claim 43, wherein the at
least one processor is configured to select a cyclic
shift value of s for a third non-zero element in the
column having at least three non-zero elements. 46.
The apparatus of claim 43, wherein m is equal to two
and the cyclic shift values for the two non-zero
elements are s and s+L/2. 47. The apparatus of claim
43, wherein m is equal to four and the cyclic shift
values for the two non-zero elements are s and s+L/4.
48. The apparatus of claim 43, wherein m is equal to
eight and the cyclic shift values for the two non-zero
elements are s and s+L/8. 49. A method of processing
data, comprising: obtaining a lifted parity check
matrix by replacing each non-zero element of a base
parity check matrix with an LxL permutation matrix of
a particular cyclic shift value, where L is a power of
two; using cyclic shift values of s and s+L/m for two
non-zero elements in a column of the base parity check
matrix having at least three non-zero elements, where
s is an arbitrary value and m is a power of two; and
encoding or decoding a packet based on the lifted
parity check matrix. 50. The method of claim 49,
wherein the base parity check matrix comprises B T D
Ewhere T is a lower triangular matrix, matrices B and
D each has a width of 1, matrices D and E each has a
height of 1, and the at least three non-zero elements
are in a column corresponding to matrices B and D. 



51. The method of claim 49, wherein m is equal to four
and the cyclic shift values for the two non-zero
elements are s and s+L/4. 


