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Abstract: The fast decoding of low-density parity-check (LDPC) is crucial for its future applications. In this paper,

we propose to use Early Termination (ET) and Force Convergence (FC) techniques to accelerate the decoding

of two new local/global two-phases decoding algorithms to reduce the Globally Coupled (GC) LDPC codes.

Specifically, ET is applied in the local decoding phase of two-phases decoding of GC-LDPC codes to skip the local

decoding which is highly likely to fail and avoid the unnecessary iterations. FC is applied in global decoding

phase where converged variable nodes are identified and removed from Tanner graph and the decoding can be

speed up shrinking parity check matrices. Two variants are proposed for the ET operation in local decoding phase.

ET-1 merely stops iteration if it meets the stopping criterion while in ET-1, the iteration number saved in local

decoding is added up in global decoding to improve the decoding performance. The simulation results show that

the ET-1-FC scheme can save up to 42% decoding time complexity in the low SNR region while keeping the error

rate performance nearly unchanged, the ET-2-FC can improve the error rate performance by 0.18dB at bit error

rate 0.001 or 0.23dB at frame error rate 0.01. In the waterfalling region of BER/FER curves, both schemes can save

about 25% decoding time complexity.

Keywords: globally-coupled LDPC code; local/global two-phases decoding; early termination; force convergence;

low complexity

1. Introduction

In recently years, the Globally-Coupled (GC) Low-Density-Parity-Check (LDPC) code attracts the
many attention for its special structure and decoding algorithm [1–4]. This code performs well in both
AWGNC and BEC. The GC-LDPC code consists of several individual local LDPC codes and the global
coupling part. The global coupling part connects these local codes, enlarging the size of the code and
improving connectivity. These local codes can be decoding individually, which is called local phase
decoding. If the local decoding cannot makes the local codes convergence, the global decoding should
step in the final decoding process. This kind of decoding algorithm is called local/gloabl two-phases
decoding[1]. Thanks to the two-phases decoding algorhtm, the decoding time delay can be reduced
by parallel local decoding. In the hardware implement, the GC-LDPC code leads the system more
efficient and larger throughput [5–7]. In MIMO system, GC-LDPC code improves throughput by 4 and
5 times for code rates of 0.49 and 0.66[8]. To make GC-LDPC code design more flexible, many paper
provide several constructions[9–13]. To design the GC-LDPC code with better performance, [14] gives
the protograph-based construction by P-Extrinsic Information Transfer (EXIT) chart, performs better
than previous GC-LDPC code, converts the general global coupling part to the tail-biting structure can
also improve the code’s performance[15]. The free-ride code is utilized as the implicit global coupling
part [16]. This kind of GC-LDPC code gets same code rate as the local codes, and gets more than
0.8dB gain than the local codes. In most cases, finite fields or finite geometry is used to build the
QC-GC-LDPC code, and the girth is limited to 6. The short cycles always produce the trapping sets,
which leads the error − f loor phenomenon to LDPC codes with the message − passing decoding[17].
The girth of GC-LDPC code is extended from 6 to 8 with Greatest Common Divisor (GCD) criterion[18].

The Early Termination (ET) algorithm is the conventional method to save the decoding complexity[19–
24]. The ET technology is consisted by Early Give Up (EGU) and Early Success (ES)[22]. The main
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propose of EGU is stopping the nonconvergent code early to save the decoding complexity. The ES
stops the decoding process if it is converged to a valid result. The method of determining whether the
code converges is very important, which decides the final performance of the code. [21,22] study the
decision theory of ET. The Receiver Operating Characteristic (ROC) curve is a useful tool to analyze
the sensitivity of detector to build a accuracy judge condition [22].

Same as ET, the Force Convergence (FC) algorithm is utilized as a conventional method to save
decoding complexity[25–30]. By monitoring the nodes in real time, FC determines the node satisfying
the convergence condition in advance and removes the node in the rest iterations. In most cases, the
amplitude of each node is utilized to judge the reliability.

This paper firstly adopted the ET algorithm into the local phase decoding. The proposed ET-1
decoding scheme saves 40 − 42% decoding time complexity compared with the conventional two-
phases decoding scheme in low SNR region, without performance degradation. The ET-2 decoding
scheme improves the code’s performance with the same decoding time complexity with the conven-
tional two-phases decoding. Then, the FC scheme is used to the global phase decoding to further save
the decoding time complexity. In the ET-1-FC decoding algorithm, the FC scheme saves more time
complexity in the waterfall region, with the same final performance as other decoding algorithm. The
ET-2-FC decoding algorithm improves 1.8dB in waterfall region in BER and 2.3dB in FER. Meanwhile,
in this algorithm, the FC scheme saves 25% decoding time complexity in the waterfall region.

2. GC-LDPC Code

Let the GC-LDPC code is consisted by t local codes Hi
L, i ∈ [0, t − 1], and the global coupling part

is HX .The general structure of GC-LDPC code is shown as equation (1).

HGC =



H0
L

H1
L

. . .
Ht−1

L

HX

. (1)

In this paper, we consider Hi
L with same size. Setting n as the code length of HGC, the local code

length is n/t. The global coupling part make the global code rate rG is lower than the local code rate
rL.

2.1. Construct Method
The main construction idea of GC-LDPC code is to form the code structure HGC by deformation

of the matrix with good girth. Therefore, the design method of the matrix is the most important step in
the construction process.

The first construction method of GC-LDPC code is based on finite fields. Let α be a prime element
in GF(q). The non-zero elements in GF(q) constitute the sequence α0 = 1, α1...αq−2, αq−1 = α0 = 1. A
(q − 1)× (q − 1) cyclic matrix B1 can be constructed from this cyclic sequence [1]:

B1 =


α0 − 1 α − 1 · · · αq−3 − 1 αq−2 − 1

αq−2 − 1 α0 − 1 · · · αq−4 − 1 αq−3 − 1
...

...
. . .

...
α − 1 α2 − 1 · · · αq−2 − 1 α0 − 1

. (2)
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Any two rows 0 ≤ i < j ≤ q − 1 and two columns 0 ≤ k < l ≤ q − 1 can be related to a 2 × 2 a sub-

matrix M1 =

[
αi−k − 1 αj−k − 1
αi−l − 1 αj−l − 1

]
. At the same time, a matrix B2 satisfy the 2 × 2-SM constraint

can be constructed as

B2 =


1 1 1 · · · 1
1 β β2 · · · βp−1

1 β2 (β2)2 · · · (β2)p−1

...
...

...
. . .

...
1 βp−1 (βp−1)2 · · · (βp−1)p−1

. (3)

The method based on RS (Reed-Solomn) code can also design GC-LDPC code with girth of at
least 6[10,12]. This code has remarkable performance for correcting random errors, random short
phased bursts of erasures and long bursts of erasures. Let α be the prime factor of GF(2s). If 2s − 1
is not a prime number and n is a factor of it, 2s − 1 = cn. Let β = αc, there is an n ordered sequence
S = {1, β, β2, · · · , βd}, called the multiplicative group of GF(2s). Take S as the root to get the following
matrix,

BRS(d,n) =


1 β β2 · · · βn−1

1 β2 (β2)2 · · · (β2)n−1

...
...

...
. . .

...
1 βd (βd)2 · · · (βd)n−1

. (4)

Let ps be the smallest prime factor of n and d be a positive integer less than or equal to ps,
1 ≤ d ≤ ps. When c = 1, BRS(d,n) primitive RS code, otherwise it is nonprimitive RS code, and BRS(d,n)
is a matrix that satisfies the 2 × 2-SM constraint. Now, the matrix (1) can be constructed by B1, B2

or BRS(d,n) through PEM (partition, edge-spreading, mask) operations. A special design scheme is
proposed in [13], namely the RS-liked construction method. In this scheme, the local code and the
global part can be designed independently. The RS-liked construction method simplifies the search for
design parameters in algebraic construction, making it easier to determine parameters such as p and
the t. This construction method can be based on any GF(γs), γ is prime, breaking the traditional RS
code based on GF(2s) setting. Local code set RS1(t, p, d1) global part for RS2(1, tp, d2).

RS(a, b, d) =


β0 βa β2a · · · βa(b−1)

β0 β2a β4a · · · β2a(b−1)

...
...

...
. . .

...
β0 βad β2ad · · · βad(b−1)

. (5)

This design can flexibly design local codes of different sizes. Suppose you want to construct two
different size of local code RS1,1 and RS1,2. Decomposing γs − 1 as γs − 1 = t1t2 pe. Constructed of
two local codes respectively RS1,1 = RS(t1, p, d1,1) and RS1,2 = RS(t2, p, d1,2), The global part is RS
code RS2 = RS(1, t1t2 p, d2). d1,1 < ⌊p/t1⌋,d1,2 < ⌊p/t2⌋, and d2 < min{t1, t2}.

The previous construction methods can only ensure the girth 6 for GC-LDPC code. In [18], we
propose the GCD-based construction method to rasie the girth to 8. The (J, L) GCD-based full-length
row multiplier (FLRM) matrix is :

E =


a0b0 a0b1 · · · a0bL−1

a1b0 a1b1 · · · a1bL−1
...

...
. . .

...
aJ−1b0 aJ−1b1 · · · aJ−1bL−1

, (6)

where ai, and bi are integers with 0 ≤ a0 < a1 < · · · < aJ−1 and 0 ≤ b0 < b1 < · · · < bL−1. Each
ai, bj, i ∈ [0, J), j ∈ [0, L) is exponential factor for P × P sized CPM. The row coefficient vector is
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a = (a0, a1, · · · , aJ−1), and in common way the column coefficients vector is b = (b0, b1, · · · , bL−1) =

(0, 1, · · · , L − 1). In conventional GCD-based LDPC code, the minimum bound of P is P∗
min = (aJ−1 −

a0)(L − 1) + 1. We discover the new lower bound of the GCD-FLRM to make the design of GC-GCD-
LDPC code more flexible[31]. For the GC-GCD-LDPC code have better performance than other kinds,
this paper takes GC-GCD-LDPC code as the main analysis object.

2.2. Local/Global Two-Phases Decoding
The local/global two-phases decoding scheme is the most interest characteristic of GC-LDPC

code. Each bit in the codeword belongs to the local code as well as the global code. Therefore, decoding
and parity-check can be processed within the local code, also in the global code. The decoding flow
chart is shown Figure 1.

Start

Local decoding

lI  

0 

l LI I

Global decoding

gI  

1 g GI I   I  

max1 I I   

End

T

F

T

T

T

F

F

F

0,

0

l

g

I

I





Figure 1. Local/global two-phases decoding

IL and IG defines maximum number of iterations for local and global decoding, respectively. And
Imax defines the maximum times of switch between two phases. (IL, IG, Imax) defines a two-phases
decoding process. If the global decoding does not back to local decoding, Imax = 0, the scheme is called
global/local two levels decoding[2], which is determined by (IL, IG). These two kind of decoding
algorithm have similar limit performance. The decoding complexity can be effectively reduced by
the reasonable design of two-phases decoding. For simplicity, this paper considers the local/global
two level decoding as the decoding scheme. In the high SNR region, local decoding can carry out
independent decoding so as to reduce the amount of computation in the process of decoding. It is
foreseeable that, designing different levels of local code can be applied to techniques such as unequal
protection and multilevel code.

For the local codes are mutually independent, the codes in the local phase decoding can be
decoded in parallel. Therefore, the time complexity of the local decoding iteration can be regarded as
the decoding complexity of the largest local code. In this paper, the local codes have the same size.
The time complexity of local decoding is defined as Lt = Lc/t, which Lc is the decoding complexity of
all local codes. Defining gc as the decoding complexity of global coupling part, the global decoding
complexity is Gc = Lc + gc, provided that the nodes are not deleted or frozen during iterations. For
per-iteration, the local decoding costs less than 1/t time of the global decoding.
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3. Early Termination Algorithm

3.1. Decision Theory

In the initial ET scheme, the variable node reliability (VNR) is defined as equation 7[23].

VNR = ∑
∀i

|Li| (7)

The Li is the log-likelihood ratios (LLR) of ith variable node. In [22] gives three indicators of judgment,
which is defined as v0 − v2 in 8, to monitor convergence behavior of iterative decoding.

v0

= ∥L∥1/n
v1

= 1 − ∥s∥0/(n − k)
v2

= |{Li : |Li| > θ}|/n

(8)

v0 is the mean magnitude of LLR of all variable nodes. v1 is the fraction of satisfied check nodes,
s = x̂ · HT , and x̂ is the hard judge value of L. v2 is the fraction of large amplitude of variable nodes,
and the judgment threshold is θ.

Through the above three indicators, the respective criterion is designed as C0 − C2.

1. C0 if vl
0 < vl−1

0 appears T times, terminate decode, l < IL.
2. C1 if vl

1 < v1,min, Il > l1,min,the v1,min is the v1 value in l1,min iteration, terminate decode. Or,
when successive vl

1 ≤ vl−1
1 occur T times, stop decode.

3. C2 if vl
2 < v2,min occurs when Il ≥ l2,min, terminate decode. v2,min is the v2 value in l2,min

iteration.

C0 and C2 are both limitations of variable nodes, and C2 works better than C0. Thus, in this paper, C1

and C2 are utilized in the local decoding in the meantime.
To choose the proper parameters in C1 and C2, [22] use the ROC curve to select these parameters.

Let Σ = 0, 1 represents decoding nonsuccess or success, respectively. And Σ̂ = 0, 1 represents the
predict result of decoding nonsuccess or success, respectively. Thus, the False-Positive Rate (FPR) PFP
and True-Positive Rate (TPR) PTP are

PFP = Pr{Σ̂ = 1|Σ = 0}
PTP = Pr{Σ̂ = 1|Σ = 1} (9)

ROC curve is the relation of PFP and PTP is defined as

PTP := fTP(PFP) (10)

The area under ROC curve AROC =
∫ 1

0 fTP(p)dp is an effective quantitative judgment index. A larger
AROC indicates a more accurate prediction and a more reasonable setting of parameters. If the parame-
ters are set perfectly, AROC = 1.

3.2. ET-Two-Phases Decoding

The purpose of introducing ET scheme to GC-LDPC decoding in this paper is to reduce the
unnecessary iteration complexity of local decoding at low SNR. Therefore, the ET scheme is only used
to local decoding process. Thus, we propose the ET-1 scheme as figure 2.
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1 g GI I   I  

End
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T

F

F

F
0,

0

l
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I

I





,minl iI l

max1 I I   

1iC 
T

F

TF

ET1

Figure 2. flow chart of ET-1

The processes in dotted box is the ET decision. An well designed parameters save lot of unneces-
sary iteration of local decoding. In C1, l1,min or T is the key parameter. To facilitate the simulation, this
paper adopts the second way. In C2, l2,min and v2,min should be selected to optimize the ET scheme.

To allocate the decoding complexity more reasonably, We propose ET-2 to assign the decoding
complexity adaptively. The number of decoding iterations saved by ET1 translates into IT

G, which is
the additional number of global decoding iterations. The process of ET-2 is show in figure 3.

Start

Local decoding

lI  

0 

l LI I

Global decoding

gI  

1 g GI I   I  

End

T

F

T

T

T

F

F

F
0,

0

l

g

I

I





,minl iI l

max1 I I   

1iC 
T

F

TF

ET2

T

G GI I 

ET2

Figure 3. flow chart of ET-2

In low SNR region, the ET-2 two-phases decoding adaptively increases the number of iterations
in global decoding. Thus, the performance if GC-LDPC code in low SNR region has been effectively
improved. It is worth to mention, the ET scheme is aim to improve the GC-LDPC code’s performance
in low SNR region. With the SNR increase, the impact of ET-1 and ET-2 decreases gradually.
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4. Force Convergence Algorithm

To further save the decoding, FC scheme is introduced into the two-phases decoding to save bit-
level complexity. In modern communication system, the high order Quadrature Amplitude Modulation
(QAM) is a popular method to improve the throughput. For example, the 5G communication has
expanded 256QAM from 64QAM in 4G. However, the reliability difference between bits becomes
larger as the modulation order increases. The actual communication system is more complex and the
reliability difference between bits inevitably becomes larger. In the iteration of LDPC code, the higher
reliability converge earlier than others. Stopping the node iteration corresponding to the convergent
bit in time can effectively reduce the decoding complexity. The well designed FC scheme can not only
save decoding complexity, but also slightly improve the code’s performance.

4.1. Basic of FC Algorithm

The original conception of FC, the reliability of variable and check nodes are defined as equation
(11).

Rj,i = ∏
i′ ,i′ ̸=i

sgn(Qi′ ,j)Φ

 ∑
i′ ,i′ ̸=i

Φ(Qi′ ,j)

 (11)

The Φ(x) = log ex+1
ex−1 , and Qi,j is the message exchanged through ith check node to jth variable node in

log domain. The "aggregate messages" Bi for variable node and Cj for check node.

Bi
v

= Li + ∑ Rj,i

Cj
c

= ∑ Φ(|Qi′ ,j|)

(12)

The judgement threshold of variable and check nodes are tv and tc. When Bi
v > tv and Cj

c < tc,
the node is deactivated for the rest of the iteration. To simplify the judgment process, [18] uses the
adjacent deactivated variable nodes to judge the check node instead of directly judging the check node
information. This scheme is called Simplified Forced Convergence (SFC). In MinSum decoding scheme,
the check nodes’ operation in SFC is shown as equation (13).

Ci,j
c = ∏

j′∈Ψi\j

sign(Qi,j′ ) min
j′∈Ψi\(j,k)

(|Qi,j′ |) (13)

The Ψi denotes the set of variable nodes adjacent to ith check node, and k is the freezed variable
node. The ith check nodes only be deactivated when the nodes in Ψi are all freezed. Comparing
with the original FC, using the method of judging only variable nodes can significantly reduce the
computational complexity and memory accesses resulting in low power consumption[31], which is
called Simplified Force Convergence (SFC). [29] propose an Adaptive Forced Convergence (AFC)
algorithm. The dynamic threshold value is set as equation (14).

tv = t0 − (∆t × i) (14)

Where ∆t is the constant dynamic value of threshold, i is the index of iteration and t0 is the initial
threshold. To forbid the wrong judgement of nodes, the freezed check nodes, which is unsatisfied the
rest iterations, should be re-active.
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5. Simulation and Analysis

5.1. Code Construction

Firstly, we construct a GCD-based GC-LDPC code, which is called GC-1[18]. Building a GCD-
FLRM sized 4 × 13, the first three rows consist the exponential matrix of local code, and the global part
is built with three replication of last row. The Z-factor of the exponential matrix is P = 169. The code
length is n = 6591, and the code rate is r = 0.751934.

In order to reflect the advantages of the proposed decoding, the 5G-LDPC code is used as the
comparison code in this paper. The code rate of 5G-LDPC code is r = 0.751, and the information
length is k = 4956. In these parameters, the BG-2 matrix should be selected as the exponential matrix,
and the Z-factor is P = 240. The transmission code length of 5G-LDPC is n = 6600. However, the
channel source should be unrate matching before the decoder. Thus, in decoder the length of the code
participating in the iteration is N = 16320. The 5G-LDPC code in this paper is called 5G-1.

5.2. ET-Two-Phases Decoding

Firstly, we use the ROC curve to optimize the parameters in ET scheme.
From Figure 4 the local code of GC-1 cannot decode successful in 4 iterations. The C2 is used in

local decoding in 4 iterations. When the SNR is lower than 2.4dB, the local code can hardly decode
successfully by itself. The local phase decoding in this region is almost unnecessary. When the SNR is
higher than 3dB, the curve of success probability of the local decoding is flattens out at 20 iterations.

The local decoding has a probability of convergence after 10 iterations. Therefore, C1 works with
a large probability after 10 iterations. The ROC curves of v2,min in Figure 5. The threshold of the hard
decision is predefined as θ = 5.

Figure 4. Probability of successful local decoding in 20 iterations with different SNR
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Figure 5. ROC curves in different value of v2,min

In Figure 5, it is easy to see v2,min = 0.39 is the best selection because it maximized AROC. v1,min
and v2,min is optimized in the same way. To avoid repeating the elaboration of the optimization process,
we give the TABLE 1 as the summation of ET schemes.

Table 1. optimized parameters of C1 and C2

C1 C2

T=1 θ = 5

lthr
1 = 10 lthr

2 = 4

vthr
1 = 0.8 vthr

2 = 0.39

The GC-1 is simulated in AWGNC with QPSK modulation. For the sake of statistics, each time
of the node participate the iterations is account to 1 time complexity. As front mentioned, the local
codes are decoded in parallel, the time complexity of local decoding is Lt = Lc/t. The maximum
number of the local iterations is set as IL = 40. To make the global decoding has equally decoding time
complexity, the maximum number of global iterations is set as IG = 10.

Firstly, the ET-1 schemes are used to GC-1. The comparison result of the complexity of ET-1 is
given in Figure 6.
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Figure 6. complexity of GC-1 in different ET-1 schemes

The result shows the ET-1 schemes saves much complexity in lower SNR region. In higher
SNR region, the ET-1 schemes have similar time complexity with the normal local/global two level
decoding. This result demonstrate the misjudgment probability of the designed ET scheme is extremely
low. While the ET schemes misjudgment leads early termination of the data, thus entering the global
decoding, it will lead to a large increase in the decoding time complexity. The C1 & C2 scheme saves
more decoding time complexity than others. While SNR is 2.2dB, C1 & C2 scheme save 42.19% time
complexity than regular two level decoding.

Then we give the performance of GC-1 as the Figure 7. The designed ET-1 schemes have similar
BER and FER performance with the normal local/global two level decoding.
The complexity statistic and performance demonstrate the proposed C1 & C2 ET-1 scheme saves lot of

Figure 7. performances of GC-1 in different ET-1 schemes

decoding time complexity in lower SNR region without perform degradation. Afterward, the
we use the ET-2 in these codes. For the proposed C1 & C2 scheme performs better than others, the C1

and C2 schemes are no longer simulated in follow cases. The complexity of ET-2 decoding scheme is
shown as the Figure 8 .

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 July 2024                   doi:10.20944/preprints202407.0158.v1

https://doi.org/10.20944/preprints202407.0158.v1


11 of 15

Figure 8. complexity of GC-1 in different ET-2 scheme

The result shows the ET-2 scheme does not save the decoding complexity. The performance result
is showing as the figure 9.

Figure 9. performance of GC-1 in different ET-2 scheme

The result proves that, the ET-2 scheme makes the GC-1’s 0.18dB gain in BER and 2.3dB gain in
FER. In the low SNR region, the failure probability of local decoding is higher. The average of IT

G is
higher. However, with the SNR increase the average of IT

G decreasing. The performance of ET-2 based
GC-1 gradually approaching the conventional decoding performance. The premise of improving the
performance is that the decoding complexity and the number of global decoding is limited. If the
number of global decoding IG is set high enough, ET-2 scheme is difficult to bring performance gain.

Overall, the ET-1 scheme saves lots of decoding time complexity without performance degrada-
tion. The ET-2 scheme improves decoding performance without increasing the decoding complexity,
when IG is limited.
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5.3. ET-FC-Two-Phases Decoding

To get a better decoding performance, we combine the ET and FC schemes in the two-phases
decoding of GC-LDPC code. In global phase decoding, the nodes converge better than the shorter
local codes. So the FC scheme is more suitable to utilized in the global phase decoding process. In the
proposed decoding algorithm, the ET-1 C1&C2 scheme is utilized to the local phase decoding process
and the AFC scheme is used to the global decoding process. The parameters of FC scheme is optimized
by ROC curve as before. The final FC parameters are t0 = 20 δ = 0.75. The performance and decoding
complexity is shown as the Figure 10 and Figure 11.

Figure 10. performance of GC-1 in ET-1-FC decoding scheme

Figure 11. complexity of GC-1 in ET-1-FC decoding scheme

The ET-1-FC decoding scheme further saves the complexity than the ET-1 scheme in most sit-
uations. In lower SNR region, the speed of convergence is slower, the effect of the FC scheme is
weaker. In the waterfall region the probability of nodes’ convergence is higher, the FC scheme saves
lot of decoding complexity. And the ET-1-FC two-phases decoding algorithm does not bring any
performance degradation in BER/FER, as well as the ET-1 scheme.
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Then, the FC scheme is also used in the ET-2 two-phases decoding algorithm. The complexity
and performance of ET-2-FC two-phases decoding is shown as the Figure 12 and Figure 13.

Figure 12. performance of GC-1 in ET-2-FC decoding scheme

Figure 13. complexity of GC-1 in ET-2-FC decoding scheme

The ET-2 scheme extend the iterations of the globally decoding, which leads the FC scheme saves
more complexity than the ET-1 based two-phases decoding. In the waterfall region, the ET-2-FC two-
phases decoding algorithm saves about 25% decoding time complexity. And the FC scheme also
slightly improve the BER performance.

6. Conclusions

This paper gives two new two-phases decoding algorithms aiming to further save the decoding
time complexity of GC-LDPC code. The ET and FC scheme is used into the decoding algorithm to
save the decoding complexity. With the reasonable application of ET and FC techniques, the decoding
results of GC-LDPC codes can reduce the complexity of GC-LDPC codes with almost no performance
loss. The proposed ET-1-FC decoding algorithm saves 42% decoding time complexity in the low SNR
region, without performance degradation. The ET-2-FC improves the BER/FER performance when
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the number of global iterations with the decoding complexity is constrained. In the papers’ case,
the ET-2-FC decoding algorithm improve 1.8dB in BER and 2.3dB in FER, with 25% decoding time
complexity reduction in the waterfall region.
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