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ABSTRACT
In this paper we propose a scheme for blind time-period
synchronization of Low-Density Parity-Check Convolutional
Codes (LDPC CC) over the AWGN channel. Reliable time-
period synchronization for LDPC CC coded transmission is
a requirement for successful decoding at the receiving end.
The proposed scheme exploits parity-check constraints in-
corporated into LDPC CC coded stream, and variants based
both on the hard and soft-detected symbols are presented.
We show that time-period synchronization can be acquired
during the time-frame of one LDPC CC time period, which
is considerably faster and less complex when compared
to the block LDPC coded transmission of similar perfor-
mance. Additionally, by appending the time-period synchro-
nization preprocessors, we effectively incorporate the time-
period synchronization into the iterative LDPC CC decoder
“pipeline” structure. Our simulation study demonstrates flex-
ibility and excellent performance of the proposed scheme.

1. INTRODUCTION

A rate b/c LDPC convolutional code (LDPC CC) encoder
outputs a block ofc channel symbols for every input block
of b information symbols. The output block consists of in-
formation and parity symbols, where parity symbols are de-
rived using information symbols from current and previous
M blocks. Both encoding and decoding of LDPC CC are
performed using syndrome-former matrixHT (transpose of
the parity-check matrix), which is infinite but has a periodic
structure. In order to perform successful decoding of the re-
ceived LDPC CC coded stream, the decoder should be time
aligned with the periods of the syndrome-former matrix, i.e.,
time-period synchronization is required on the receiving side.

Time-period synchronization for LDPC CC codes is ana-
logues to node synchronization of conventional convolu-
tional codes decoded by a Viterbi decoder, treated in [1]-
[5]. The node synchronization scheme presented in [1] for
BPSK modulated rate 1/2 code uses hard values of the re-
ceived symbols and observes the syndrome. For the incorrect
offset, content of the syndrome is random, while for the cor-
rect offset, a syndrome mostly contains zeroes (some errors
could occur due to the noise). The extension of these results
to other code rates and modulation formats is given in [2]
and [3]. A further upgrade of the syndrome based node syn-
chronization is given in [4], where soft information is used
in order to improve the decision. Another approach is given
in [5], where decoding and subsequent re-encoding is per-
formed for one of the two possible offset positions for rate
1/2 codes. The re-encoded stream is then compared to hard

detected channel symbols using metric based on correlation
with soft values of the channel symbols, after which the off-
set position is chosen based on the value of the metric.

On the other hand, time-period synchronization for
LDPC CC codes is similar in nature to the blind (or pilotless)
frame synchronization of block-coded data. Blind frame syn-
chronization refers to the frame synchronization of coded
systems where code redundancy is used in finding the start
of the frame/codeword. With the introduction of capacity-
achieving iteratively decodable codes, such as LDPC codes,
blind frame synchronization has gained an increased atten-
tion recently [6]-[10]. In [6], the metric used to discriminate
the beginning of the LDPC coded frame among the candi-
date positions is the mean of the absolute values of variable
node Log-Likelihood Ratios (LLRs), which are outputs of
the sum-product algorithm after a single iteration. Although
the results obtained this way are good, the procedure is costly
in terms of the number of required operations. A simpli-
fied approach to frame synchronization is to use the metric
based on constraints (check nodes). In [7][8], a simple hard-
decision detection of the beginning of the frame is employed
in LDPC coded transmission. For every bit position in the
time-frame of one whole codeword, the syndrome is formed
using hard values of the received bits. The output of the al-
gorithm is the position for which the syndrome contains the
largest number of satisfied constraints. In [9], both hard-
decision and soft-decision detection algorithms were ana-
lyzed. While the hard-decision variant is essentially the same
as in [8], the soft-decision variant is based on the soft-values
of the check node LLRs. The output of the soft-decision al-
gorithm is the position for which the sum of the LLRs of the
check nodes is largest.

In this paper, we propose a scheme for blind time-period
synchronization for LDPC CC coded transmission over the
additive white Gaussian noise (AWGN) channel. Although
the proposed approach is similar to the one used for LDPC
block codes [7]-[10], it clearly demonstrates the “synchro-
nization” advantages of LDPC CC codes. We show that the
time-period synchronization for LDPC CC codes, which is
equivalent task as frame/codeword synchronization of LDPC
codes, can be acquired during the time frame of one LDPC
CC time period. It is faster and less complex as compared to
the block LDPC coded transmission of similar performance.
We incorporate the time-period synchronization procedure
as the set of preprocessors preceding the iterative proces-
sors of the decoder’s “pipeline” structure. Simulation re-
sults demonstrate that a time-period synchronization scheme
based on LDPC CC is a flexible and efficient solution.
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2. LDPC CONVOLUTIONAL CODES

In this section, we review LDPC CC following their expo-
sition and the notation used in [11]. A rateR= b/c binary
LDPC CC with syndrome-former memoryM is defined us-
ing its syndrome-former matrixHT given by:

HT =
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

H(0)
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1 . . . H(M)
t
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HT consists ofc× (c− b) binary submatricesH(m)
t , where

t = 0,1, . . ., and m = 1,2, . . . ,M, which fill the “diagonal
stripe” of width equal toM +1 submatrices. Eachc×(c−b)

submatrixH(m)
t is of the form:
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The submatricesH(m)
t of a time-varying LDPC CC differ for

different time instantst. WhenH(m)
t = H(m)

t+T for anyt andm,
the LDPC CC is periodic with periodT.

The syndrome-former matrixHT defines the correspond-
ing LDPC CC as a set of all encoded sequences (codewords):

x[0,∞] = [x0,x1, . . . ,xt , . . .], (1)

wherext = [x(1)
t ,x(2)

t , . . . ,x(c)
t ], such that they satisfy the fol-

lowing parity-check equation:

x[0,∞]H
T = 0. (2)

The LDPC CC codewordx[0,∞] is obtained after LDPC CC
encoding of the input information sequence:

u[0,∞] = [u0,u1, . . . ,ut , . . .], (3)

whereut = [u(1)
t ,u(2)

t , . . . ,u(b)
t ] is ab-bit sequence. The input

information sequence is of arbitrary length, which is impor-
tant flexibility offered by LDPC CC codes when applied to
variable length frame transmission. After transmission over
a noisy communication channel, the LDPC CC codeword is
transformed into the received sequence:

y[0,∞] = [y0,y1, . . . ,yt , . . .], (4)

whereyt = [y(1)
t ,y(2)

t , . . . ,y(c)
t ]. The received sequencey[0,∞]

is passed to the iterative LDPC CC decoder.
The “diagonal stripe” structure of the LDPC CC parity-

check matrices introduces additional, temporal, dimension in
their code (Tanner) graph. In this representation, each sym-
bol or check node in the code graph is connected to its neigh-
bors which are in the neighborhood of maximumM time
instants away. This enables application of the “pipelined”
iterative Belief-Propagation (BP) decoder that consists of
a sequence ofI consecutive “iteration processors” sliding
along the code graph structure. The details on the LDPC
CC pipeline decoder can be found in [11].
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Figure 1: Time-period synchronization using LDPC CC
codes.

3. TIME-PERIOD SYNCHRONIZATION SCHEME

We assume that the binary rateb/c LDPC CC is employed in
coded transmission, where the symbols of the coded stream
are BPSK modulated and sent over AWGN channel with zero
mean and varianceN0/2 (N0 is one-sided power spectral den-
sity of the AWGN). We also assume that ideal bit synchro-
nization is achieved at the receiving end, where the received
data is stored in the reception buffer (Fig. 1). As describedin
Section 2, LDPC CC are time periodic and their graph struc-
ture repeats every(c−b)T check nodes (cT bit nodes).

The aim of the time-period synchronization is to align
the decoder with the periodicity of the LDPC CC. Without
reliable synchronization with the LDPC CC coded stream,
the receiver cannot successfuly apply the iterative decoding
procedure. As LDPC CC codewords are usually set to be
whole number of the time periods (multiple ofcT bits), the
time-period synchronization may be considered equivalentto
the frame synchronization for LDPC CC coded transmission.

To achieve time-period synchronization, the receiver uses
a simplified and suboptimal hypothesis testing algorithm.
Starting from each position within the firstcT symbols of
the reception buffer, the receiver examines the block con-
taining L subblocks ofcT consecutive received bits (met-
ric calculation window, Fig. 1), taking into account the
memory preamble of lengthMc bits. For theµ-th shift
of the metric calculation window, its content is denoted as
yL(µ) = (yµ ,yµ+1, . . . ,yLcT+µ−1). The received bits in the
metric calculation window are used to test the hypothesis
that the window is aligned with the set ofL consecutive time-
periods of LDPC CC and for each positionµ , a metric related
to the probability of the hypothesis is calculated. The met-
ric is based on the parity-check constraints that the received
bits within the block should satisfy if the metric calculation
window is aligned withL consecutive time-periods. The al-
gorithm outputs the position̂µ which results in the largest
metric. In Fig. 1, the “memory preamble” is shown only
for the first subblock, for the sake of figure clarity (memory
preambles of the following subblocks overlap with the pre-
ceding subblocks).

3.1 Hard-Decision Detection

The hard-decision detection algorithm uses the hard-values
of the received bits for the metric calculation. For every
examined block the number of satisfied parity-check con-
straints is calculated. The output of the algorithm is the posi-
tion for which the number of satisfied constraints is largest.

As shown in Section 2, there areL(c−b)T parity checks
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in L periods of the LDPC CC code. Denoting asci(µ) the
indicator function that thei-th check applied to theµ-th shift
of metric calculation window is satisfied, the metric is:

CH(µ) =
L(c−b)T

∑
i=1

ci(µ). (5)

The output of the algorithm is:

µ̂ = arg max
0≤µ≤cT−1

CH(µ) = arg max
0≤µ≤cT−1

L(c−b)T

∑
i=1

ci(µ). (6)

The exact analysis of the above rule is complicated due
to the dependencies between the parity-checks. However, if
an interleaver is used (as in [8] and [9] for LDPC block code
case), it can be assumed that the parity-checks are randomly
satisfied/unsatisfied for the incorrect offsetµ . In this case,
the above sum behaves as a binomial random variable whose
mean and variance areL(c−b)T

2 and L(c−b)T
4 , respectively. For

the correct offset position, an important phenomenon con-
firmed by the simulation results is that by increasing SNR,
the expected number of satisfied parity-checks increases, but
its variance increases as well, due to the dependencies be-
tween the parity-checks.

3.2 Soft-Decision Detection

In this case soft values of the received bits are used for cal-
culating the probability that the current window position is
aligned withL consecutive LDPC CC time-periods. This
probability is computed as the probability that all the cor-
responding parity-checks are satisfied:

CS(µ) = P
(

ci(µ) = 1,∀i ∈ {1, . . . ,L(c−b)T}|yL(µ)
)

. (7)

Again, due to the parity-check inter-dependences, the
above probability is analytically intractable. If we assume
that the parity-checks are independent, we obtain:

CS(µ) ≈
L(c−b)T

∏
i=1

P
(

ci(µ) = 1|yL(µ)
)

(8)

The probability that the checkci(µ) is satisfied is:

P
(

ci(µ) = 1|yL(µ)
)

=
1+∏k∈X(i)(1−2pk+µ)

2
(9)

whereX(i) is the set of all indices of channel input bitsx j
constrained by thei-th parity-check, andpk+µ is:

pk+µ = P(xk+µ = 1|yk+µ). (10)

It can be shown that:

P
(

ci(µ) = 1|yL(µ)
)

=
1+∏k∈X(i) tanh

LLR(yk+µ )

2

2
, (11)

where, for the AWGN channel,LLR(yk+µ) = 2
yk+µ
σ2 . If we

take the logarithm of the right hand side of equation (8), and
make use of equation (11), we obtain:

CS(µ) =
L(c−b)T

∑
i=1

ln
1+∏k∈X(i) tanh

LLR(yk+µ )

2

2
. (12)

Due to monotonicity ofln function, a simplified version of
the soft-decision metric can be obtained as:

CS(µ) ≈
L(c−b)T

∑
i=1

∏
k∈X(i)

tanh
LLR(yk+µ)

2
. (13)

Furthermore, due to monotonicity oftanh function, the met-
ric can be further simplified as:

CS(µ) ≈
L(c−b)T

∑
i=1

∏
k∈X(i)

tanhLLR(yk+µ). (14)

Finally, the output of the soft-decision algorithm is:

µ̂ = arg max
0≤µ≤cT−1

CS(µ) =

= arg max
0≤µ≤cT−1

L(c−b)T

∑
i=1

∏
k∈X(i)

tanhLLR(yk+µ).
(15)

As stated before, due to the structure of LDPC CC, the
parity-check constraints in one LDPC CC time period de-
pend on the codeword bits in the same time period, as well as
on theMc previous codeword bits, whereM is the LDPC CC
memory. Therefore, in order to calculate the (hard or soft)
values of parity-check constraints in each ofL subblocks of
the metric calculation window, theMc bits prior to each sub-
block are needed. For positionsµ < Mc of the metric cal-
culation window, the missingMc− µ bits of the memory
preamble are padded with zeroes, as in LDPC CC decoding
scheme.

The time-period synchronization metric calculation win-
dow can be effectively incorporated into the structure of the
iterative “pipeline” decoder for LDPC CC. It can be seen as
the set of simple synchronization preprocessors that precede
the iterative LDPC CC decoder iteration processors (Fig.
1). Each synchronization preprocessor contains the parity-
checks of one LDPC CC time period. In the particularly im-
portant case of the LDPC CC code design, where the size of
LDPC CC code memory is aligned with its time period, i.e.,
T = M +1, the synchronization preprocessors and the itera-
tive decoder processors all represent subblocks of the same
size, equalcT = (M +1)c bits.

4. SIMULATION RESULTS

To evaluate the LDPC CC time-period synchronization
scheme we perform simulations and present Synchronization
Error Rate (SER) results. We use rate 1/2 regular LDPC
CC, introduced by Feltstrom and Zigangirov in [11]. The pa-
rameters of these codes are(M,J = 3(2),K = 5), b = 1, and
c = 2, whereJ andK are symbol and check node degree, re-
spectively. The LDPC CC memory is set toM = 129,257 and
513, and the corresponding time period is equal toT = M−1.
A random interleaver of length equal to one LDPC CC code
period (i.e.,cT bits) is used.

We assume transmission of a randomly generated coded
stream over an AWGN channel. At the receiver side, noisy
bit values are stored in the reception buffer. The time-period
borders are not aligned with the beginning of the buffer, i.e.,
the first “time-period start” is at theµS-th bit position of the
buffer. For the time-period start positionµS, we assume that
the following holds: 1≤ µS≤ cT (Fig. 1).
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Figure 2: BER performance of LDPC CC for different mem-
ory lengths andI = 50 iterations of iterative BP decoder.

The task of the time-period synchronization scheme is to
provide an estimatêµ of the correct time-period start posi-
tion µS. The SER performance of the scheme is estimated
using the Monte Carlo method, where the time-period start
estimation is repeated until a maximum number of 100 errors
(i.e., incorrect time-period alignments) is encountered.In the
following, we provide the simulation results of the LDPC CC
coded transmission for both hard and soft-detection schemes.

The SER performance of the proposed scheme should be
compared to the error-correcting bit error rate (BER) perfor-
mance of the LDPC CC code, as the synchronization scheme
should not compromise the error-correcting capabilities of
the LDPC CC code. If we denote byPb the BER when ideal
time-period synchronization is achieved, byPS the probabil-
ity of time-period synchronization error (SER) and byPTb
the total BER, the following holds:

PTb = (1−PS)Pb +
PS

2
= Pb +PS(

1
2
−Pb) ≈ Pb +

PS

2
(16)

where we assume that in the case of incorrect time-period
synchronization the probability of bit error is 1/2. From
equation (16) it is obvious thatPS should be significantly
lower thanPb, in order not to affect the error-correcting ca-
pabilities of the code. We assume that it is sufficient ifPS
is lower thanPb for the order of magnitude. For the pur-
pose of comparison, error correcting BER of rate 1/2, regu-
lar (M,J = 3(2),K = 5) LDPC CC code is presented in Fig.
2 for different memory lengthsM = 129,257 and 513. It is
important to note the LDPC CC BER performance depen-
dance onM, unlike on the codeword length as for LDPC
block codes. It is shown in [11] that LDPC CC codes of
modest memory lengthsM outperform block LDPC codes of
very large code lengths, for the same graph structure param-
eters.

4.1 Simulation Results: Hard-Decision Detection

In this subsection, we give the simulated SER performance of
selected LDPC CC codes, where the hard-decision detection
algorithm that employs equation (6) is applied.

Fig. 3 presents the SER performance of the(M,J =
3(2),K = 5) LDPC CC. The LDPC CC memory (time pe-
riod) is set to the values 129(128),257(256) and 513(512).

0 0.5 1 1.5 2 2.5 3 3.5 4
10

−5

10
−4

10
−3

10
−2

10
−1

10
0

Eb/No (dB)

S
E

R

M=129, L=1
M=257, L=1
M=513, L=1
M=129, L=2
M=257, L=2
M=513, L=2

Figure 3: SER performance of LDPC CC for different mem-
ory lengths and Metric Calculation Window size equal to
L = 1 orL = 2 using hard-decision detection.
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Figure 4: SER performance of LDPC CC for fixed memory
M = 129 and varying Metric Calculation Window size using
hard-decision detection.

The metric calculation window of lengthsL = 1 andL = 2
LDPC CC time periods is applied. ForL = 1, the LDPC CC
scheme shows modest performance, whereas forL = 2, the
improvement is significant.

In Fig. 4, the SER performance of LDPC CC of mem-
ory 129 is presented for varying length of the metric calcula-
tion window. As expected, increasing the number of LDPC
CC time periods contained in the metric calculation window
improves the SER. We observe that, forL = 5, SER perfor-
mance is sufficiently below the code error-correcting BER
(solid line). The further increase inL does not affect the over-
all BER, as indicated by equation (16). Also, by increasing
L it is possible to outperform LDPC CC with memory length
513 andL = 2 (Fig. 3), while at the same time the metric
calculation complexity decreases: the LDPC CC scheme of
memory 129 andL = 5 (Fig. 4) uses 640 parity-checks and
the LDPC CC scheme of memory 513 andL = 2 uses 1024
parity-check. This important flexibility offered by LDPC CC
enables progressive improvement in SER performance by in-
cluding additional time-periods (preprocessors) in the sys-
tem, for the price of a gradual increase in complexity.
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4.2 Simulation Results: Soft-Decision Detection

In this subsection, the simulation results using the soft-
decision detection algorithm of equation (15) are given. Fig.
5 presents the simulated SER performance of the LDPC CC
codes of memory 129 and the metric calculation window
lengthsL = 1 andL = 2. The performance improvement of
soft-decision algorithm, compared to the results obtainedus-
ing the hard-decision algorithm, is significant. Sufficiently
low SER performance with respect to error-correcting BER
(given by solid line) is achieved already forL = 2, as opposed
to theL = 5 for hard-decision detection (Fig. 4). However,
this performance improvement is obtained for the price of a
considerably higher metric calculation complexity.

If we denote the average parity-check weight of the
LDPC CC code withD̄, the number of operations for the
hard-decision detection scheme is approximatelycT2L(c−
b)(D̄−1) modulo-2 additions andcT comparisons, see equa-
tions (5) and (6). For the soft-decision detection scheme and
if the look-up tables are used fortanh function, there are
cT2L(c−b)D̄ table look-ups,cT2L(c−b)(D̄−1) real multi-
plications, approximatelycT2L(c−b) real additions andcT
comparisons, see eqns (14) and (15), which is a substantial
increase in comparison with the hard-decision detection.

Finally, we compare the proposed scheme with the
schemes for blind frame synchronization for LDPC block
codes [7]-[10]. The LDPC CC time-period synchronization
scheme is able to acquire the time-period synchronization in
the interval of the order of time-period of the LDPC CC,
while the block LDPC blind frame synchronization requires
interval of the order of the code length. It is well known
that the error-correcting performance of LDPC codes of a
given code length is outperformed by the LDPC CC of con-
siderably smaller memory and time-period lengths, affecting
both the time-period synchronization time and complexity.
For example, if we compare the metric calculation complex-
ity by observing the number of parity-check constraints pro-
cessed for different LDPC or LDPC CC frame synchroniza-
tion schemes: the LDPC CC scheme of memory 129 and
L = 5 (Fig. 4) uses only 640 parity-checks; the LDPC CC
scheme of memory 513 andL = 2 (Fig. 3) uses 1024 parity-
checks, and the (1944,972) LDPC scheme withL = 2 [7] uses
1944 parity-checks. Furthermore, the LDPC CC scheme of
memory 129 andL = 5 demonstrates better SER (FER) per-
formance than the (1944,972) LDPC scheme withL = 2 [7].

5. CONCLUSION

In this paper, a blind time-period synchronization scheme for
LDPC convolutional codes is presented. The time-period
synchronization acquisition using LDPC CC is shown to
achieve a satisfactory SER performance compared to the
BER performance of the code, while having low complexity
and short time-period acquisition time. Additionally, thepro-
posed scheme is flexible as it can easily accomodate variable
length frames, and due to the fact that appending more time-
period synchronization “preprocessors” in the metric calcu-
lation window, we can progressively improve the SER per-
formance of the scheme, while gradually increasing its com-
plexity.
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