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Abstract. As a efficient random access scheme, contention resolution
diversity slotted ALOHA (CRDSA) improves the system throughput
greatly, although deadlock problem limits the maximum throughput of
system. To address this issue, in this paper, a non-orthogonal multiple
access (NOMA) technique is proposed with random access (RA) scheme
for supporting multiple terminals access in satellite IoT-oriented net-
works, by utilizing a code domain NOMA called Sparse Code Multi-
ple Access (SCMA). In the proposed scheme, the throughput is mainly
improved by physical (PHY) decoding and iterative decoding. Through
mathematical analysis, the throughput lower bound of our scheme is
shown and the simulated result proves the proposed scheme is efficient
in enhancing RA throughput.

Keywords: SCMA · CRDSA · Random access · PHY decoding ·
Multiple terminals access

1 Introduction

As the number of Internet of things devices that can be expected to proliferate,
existing random access methods need to be improved to better support multi-
terminal simultaneous access. Recent research achievements called CRDSA-like
random access protocols based on CRDSA [1] have shown great enhancement
in the system throughput. CRDSA has been seen as a promising scheme for
supporting massive machine type communication terminals(MTC) connectivity
in future IoT-oriented satellite networks. Since the former research mainly focus
on the MAC layer, theoretically, the throughput have a upper threshold of 1
packet/slot which can be reached only in the situation where no terminal col-
lision occurs, such situation hardly exists in high traffic load communication
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networks. When terminals heavily collide in CRDSA scheme, no more pack-
ets can be recovered and the deadlock appears (The deadlock is explained in
Sect. 2). So shifting focus from MAC layer scheme to a Physical-MAC crossed
layer scheme may work better. As a pioneering slotted ALOHA scheme with
packets diversity, CRDSA allows multiple terminals to have access into satellite
networks simultaneously tolerating channel collision in some extent. The most
prominent contribution of CRDSA is the successive iterative interference can-
cellation (SIC) combined with packets diversity. In CRDSA, once a packet is
decoded, its replica’s slot location can be found according to the pointer infor-
mation and thus, with SIC, replica packet can be canceled, enabling further more
packets decoding in the replica’s slot. However, there exists a deadlock problem
in CRDSA which is caused by unrecoverable collision packets, resulting in the
peak throughput about 0.55. CRDSA++ [2] is proposed as a enhanced version
of CRDSA, which enhance the CRDSA through increasing the number of trans-
mitted replicas, however, the enhancement of CRDSA++ only exits in low load
region. Another enhanced CRDSA called irregular repetition slotted ALOHA
(IRSA) is proposed in [3], the author describe the interference cancellation pro-
cess with a bipartite graph model, giving a novel application of bipartite to SIC
algorithm, and the throughput of IRSA is about 1.5 times of CRDSA in the
same traffic load. The enhancements in [2,3] are brought by different numbers
of transmitted packets. Even the schemes mentioned above appear functional,
the research are still confined to MAC protocol.

Researches in [4–6] shows power domain and code domain combined CRDSA
have great improvement in throughput. The author in [4] devote his research
direction in resolving the typical deadlock problem of CRDSA, by localizing
all the replicas of a terminal utilizing a correlation based method, and then
the replicas are combined to decode the packets. Since [4] is not a pure MAC
scheme, assisted by power domain technique, the system can achieve a nor-
malized throughput higher than 1.2. To better solve the deadlock problem, the
author in [5] proposes a enhanced scheme based on [4], using shared information
about time slots location on which terminals transmit their replicas. Research
in [6] named coded slotted ALOHA (CSA) turns to a code domain scheme, rely-
ing on the combination of packet erasure correcting codes and SIC, this scheme
depends on both packets repetition and coding.

NOMA has been proposed as a promising scheme for 5G mobile communi-
cation system, and researches about NOMA have increased greatly in the past
several years. The research in [7] utilizes a NOMA technique called PDMA to
enhance the CRDSA protocol, introducing a kind of multi-carrier scheme to
CRDSA. As a efficient NOMA, the code domain NOMA sparse code multiple
access (SCMA) proposed by HuaWei in [8] allows multiple terminals to occupy
the same time-frequency resource (RE). The RE occupation and SCMA decoding
have been described in [9–11].

In this paper, a SCMA based CRDSA scheme is proposed to solve the tra-
ditional deadlock problem in CRDSA and improve the system throughput per-
formance. In the scheme, sporadical terminals randomly choose a codebook at
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the transmitter, and the terminals will physically sent two copies of the same
MAC packet like CRDSA. And at the receiver we mainly focus on PHY layer
decoding and iterative decoding between MAC layer and PHY layer. Based on
the decoding process, lower bound throughput of the proposed scheme is ana-
lyzed. We also show that our scheme improve the throughput greatly compared
to traditional CRDSA.

The system model is introduced in Sect. 2. Details about our proposed pack-
ets decoding scheme are explained in Sect. 3, and complexity and throughput
analysis are shown in Sect. 3 and simulation results are presented in Sect. 4.

2 System Model

Access Satellite

Satellite 
Receiver

Server 

SCMA-CRDSA 

SCMA-CRDSA 

SCMA-CRDSA 

SCMA-CRDSA Encoder

Fig. 1. Multi-type terminal random access model.

The physical communication model used in this paper is shown in Fig. 1. The
ellipse enclosed by the light dotted line represents the satellite coverage area,
the black dotted line represents the uplink access link, and the black solid line
represents the downlink transmission link. The SCMA-CRDSA encoder in the
figure is related to the algorithm proposed later in this paper. The satellite
can provide access services for different types of wireless terminals in areas it
can cover. Considering the energy consumption of the satellite itself, the data
received at the satellite end will be forwarded to the ground satellite receiving
station for processing. After that, the processed data will be sent to the server.
We construct a RA communication scenario, in which N MTC terminals share
the common uplink channel of the satellite, N is set to be a finite number in
the model. Each RA frame is composed of M equal length slots (slot length is
TS while frame length is TF = M · TS), and the terminal randomly choose two
slots send their packets according to CRDSA. Deadlock in CRDSA is as shown
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in Fig. 2, the only single packet in slot 5, denoted by PK3 (PK3 in the figure
refers to packet from terminal 3), is recovered first. Then according to the SIC
in CRDSA, PK2, PK1 and PK6 can be recovered in turn. At the end, only PK4
and PK5 can not be recovered and a deadlock comes into being.

PK 2 PK 4

PK 5

PK 6

PK 6

Ts RA frame (TF) and  SCMA encoded packet structure

PK 1

PK 2 PK 3

PK 5

PK 4

M slots per RA frameslot 2slot 1 slot 3 slot 4 slot 5 slot M

PK 1 PK 3

1 42 3
A SCMA encoded packet: PK1
1.pilot
2.pointer
3.payload
4.crc

Fig. 2. RA frame and SCMA encoded packet structure.

In the proposed scheme, only MAC load is considered, the system load G is
defined as N/M . Packets are synchronized across the time slots and frames, and
no packet retransmission is considered. Each packet in the scenario contains k
bits, which is denoted by

p(u) = [p(u)
poi,p

(u)
payload,p

(u)
crc ] (1)

where p
(u)
payload is the valid bit information carried by a packet from user u. The

head of the packet p
(u)
poi contains the pointer bit information that indicates the

location of the twins packet. p(u)
crc in the packet is used to check the correctness of

payload bits. In order to reduce the influence of noisy channel fading during data
transmission, an effective Forward Error Correction(FEC) code is considered.
The FEC encoded bits in packets can be denoted by

b(u) = [b(u)poi, b
(u)
payload, b

(u)
crc ] (2)

The symbols b
(u)
poi, b

(u)
payload, b

(u)
crc represent the FEC encoded bits corresponding

to b
(u)
poi, b

(u)
payload, b

(u)
crc respectively.

The FEC encoded bits will go through a SCMA encoder before being trans-
mitted. Through SCMA encoding, bit data can be allocated to carrier resource
blocks in the form of SCMA codewords.

At the receiver, we assume that the receiver is able to recognize slots with a
single packet or collision packets, and that the packets in slot can be recognized
by adding pilot sequence. The structure of RA frame with SCMA encoded pack-
ets is shown in Fig. 2. Based on the RA frame and packet encoding structure,
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receiver perform a series of decoding processing, decoded packets will be CRC
checked and successfully decoded packets can be used to SIC.

3 Proposed PHY Layer Assisted MAC Layer Scheme

R 1

R 2

R 3

R 4

......

A codeword

A SCMA encoded packet with bits 00 01 00 01 10 10 11...11

A codebook
00 01 10 11

Fig. 3. A codebook and a SCMA encoded packet.

In this section, our proposed scheme and system performance evaluation are
described detailedly. First, let us review the original SCMA [8]. In SCMA, the
SCMA encoding of a packet is to map the bit information directly to complex
number sequence through the selected codebook. The codebook is actually a
sparse matrix, as shown in Fig. 3, each row of the sparse matrix represents a car-
rier. The non-zero row of the matrix represents that the terminal that chooses
the codebook occupies the corresponding carrier, and the all-zero row represents
that the carrier is not occupied by the terminal, while each column stands for
a series of bits in the form of codeword (The codeword, as shown in Fig. 3,
is a sparse complex vector). The correspondence between these bits and code-
words depends on the modulation mode, taking QPSK modulation for example,
the modulation order O=4, then every log2(O) = 2 bits is mapped to a code-
word. So the codewords of the codebook in Fig. 3 stand for bits 00/01/10/11.
R1, R2, R3, R4 stand for the carriers from 1 to 4 respectively. And after all the
bits of a packet are encoded, the structure of a packet can be represented as the
way shown in Fig. 3.

The proposed scheme, as a combination of SCMA and CRDSA, focus more
on the PHY layer encoding and decoding. In the processing stage, the MAC and
PHY layers gain each other. Details are as follows:

3.1 Encoder at the Transmitter

This section describe data processing before transmission. First, a terminal ran-
domly choose the i-th codebook ζi from the codebook set C = [ζ1, ζ2, ..., ζi, ..., ζl],
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l is the total codebook number in codebook set. Once a packet is generated,
bit stream of the packet go through FEC encoder(e.g., Turbo encoder), the
terminal’s coded bits are then mapped to the SCMA codeword according to
the selected codebook. The mapping rule follows that every log2O bits are
mapped to a codeword. Bits of a packet from terminal u are represented by
b(u) = [b(u)poi, b

(u)
payload, b

(u)
crc ]. Since we don’t consider the detailed bits component

when perform SCMA encoding, let B
(u) = b(u),

B
(u) = [b(u)1·log2O, b

(u)
2·log2O, ..., b

(u)
T ·log2O] (3)

where b
(u)
T ·log2O is a vector represents bits from T to T + log2O. Now that ,accord-

ing to the SCMA mapping rule, every log2O bits are mapped to a codeword,
the output after SCMA can be represent by C = [c1, c2, ..., cT ], where cT stand

for the result of c(u)T ·log2O

Mapping−−−−−−→ cT . Each element in C represents two bits of
the packet in the form of a deterministic codeword. Hereto, all the encoder pro-
cessing are completed, and the codeword sequences will be sent to the receiver
according to corresponding carriers.

3.2 Decoder at the Receiver

.

.

.
+ + +

T 1 T 2

R 1

R 2

R 3

R 4

......

Mixed codewords

Mixed packet

T J

Fig. 4. Superposed signals of a mixed packet.

Physical Decoding. In SCMA-encoded communication systems, since different
terminals reuse the same resource (that is, the carrier), the signal received by
the receiver is the superposition signal consists of each terminal’s codeword. We
focus on a certain slot where the received superposition codewords are from J
terminals, as shown in Fig. 4, can be written as: R = [r1, r2, ..., ri, ...rl] (l is the
total mixed codewords number in a slot). Where the i-th superposed codeword
ri is represented by
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ri =
J∑

j=1

diag(hj)xj + n (4)

The signals received by the receiver may be a mixture of hundreds or thousands
of codewords form multi-terminal.

The Eq. (4) represents received mixed codeword that have went through dif-
ferent channel and noise. Among the equation, xj = [x1j , x2j , x3j , x4j ]T (j =
1, 2, .., J) is the sparse codeword selected from the corresponding codebook,
xmj = 0(m = 1, 2, 3, 4) if the m-th carrier doesn’t be occupied by terminal
j. And hj = [h1j , h2j , h3j , h4j ]T represents the channel condition vector between
terminal j and receiver, hmj(m = 1, 2, 3, 4) is the channel coefficient on carrier
m. The vector n = [n1, n2, n3, n4]T is Gaussian noise with variance σ2.

T1 T2 T3 T4 T5 T6

R1 R2 R3 R4

Fig. 5. Factor graph.

Typically, there are 6 terminals (T1 to T6) contend for the 4 carriers (R1

to R4). Based on the reception model, the relationship between terminals and
carriers can be represented by factor graph like Fig. 5. The terminal nodes and
carrier nodes are so-called variation nodes (VN) and function nodes (FN). Dur-
ing decoding processing, the mixed packet in a slot is divided into multiple
superposed codewords as shown in Fig. 4. Now that decoding of the packet is
conducted in parallel, we only need to analyze a specific mixed codeword at
the receiver. So the following decoding analysis in section a refers to a mixed
codeword.

That We adopt the non-orthogonal technique of SCMA in the physical layer
will introduce extra overhead to decoding, so a low-complexity multiple terminal
decoding algorithm is required. Here we choose the Message Passing Algorithm
(MPA). The MPA algorithm is essentially an iterative update of external infor-
mation between carrier nodes and terminal nodes just as [12]:
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– Information passed from FN nodes to VN node.

It
k→j(x) ∝

∑

x̃j :x̃j=x

⎧
⎨

⎩Mk(x̃)
∏

j̃∈ξk\j

It−1

j̃→k
(x̃j̃)

⎫
⎬

⎭ (5)

In the equation, It
k→j(x) represents external information from FN node k to

VN node j, where t stands for current iteration number, x̃j is the codeword
might sent by terminal j. ξk is the set of terminals carried by FN j and the
symbol \ stands for ‘exclude’.

– Information passed from VN nodes to FN node.

It
j→k(x) =

∏

k̃∈ζj\k

It
k̃→j

(xj) (6)

In the equation, ζj stands for the carriers occupied by terminal j.
– The combination function(CF) Mk(x̃).

Mk(x̃) = exp

⎧
⎪⎨

⎪⎩
− 1

σ2

∥∥∥∥∥∥
yk −

∑

j∈ξk

hk,jxk,j

∥∥∥∥∥∥

2
⎫
⎪⎬

⎪⎭
(7)

The CF is actually the conditional probability for given codeword combina-
tion.

As shown in equations above, the realization process of MPA algorithm is
divided into two steps, the first is to update the information of VN node through
the factor graph, and the second is to update the information of FN node. When
the maximum iteration number is reached, the MPA algorithm will converges.
And the output codeword can be judged as:

x̂ = max
x

∏

k̃∈ζj

Itmax

k→j (x) (8)

The x̂ represents the codeword may sent by terminal j, once the output code-
word is obtained, the corresponding bit information can be recovered. Since a ter-
minal’s packet contains many codewords, when all the codewords are retrieved,
bits in the packet can be recovered. The CRC check is then performed to deter-
mine whether the packet has been decoded completely. If the packet passes the
CRC check, it can be considered as a collision-free packet and then be used for
MAC layer SIC.

As shown in Fig. 6, The MPA algorithm performs much worse than MPA
algorithm combined with Turbo coding in BER. So in our scheme the FEC encod-
ing(e.g., Turbo encoding) is indispensable. Channel coding can largely eliminate
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Fig. 6. BER of MPA and MPA-Turbo under low SNR.

the influence of MPA decoding error, which makes it easier to analyze the positive
effect brought by introducing SCMA scheme. At low SNR, supposing that there
is a lower bound δ of BER in MPA-Turbo scheme, which is achieved when then
SNR reaches a certain value. The δ in the MPA-Turbo scheme is approximately
equal to 10−4 when SNR = 5 dB.

MAC Decoding. In fact, this section is about the interference cancellation algo-
rithm. In order to perform an iterative decoding process, the receiver will store all
the signals, sampled from each frame, in the memory. Just as traditional CRDSA
scheme, the SIC decoder’s iteration number i1 is set to 1, the SIC decoding pro-
cessing will cease when the maximum iteration number I1 is reached.

At the beginning, because a slot’s packets have been tried to be decoded by
the physical layer, the packets in this slot may have been completely recovered
or may be misunderstood due to codebook collision. If the BER value is far
beyond the predefined threshold δ in a slot, the slot is assumed to be bad (It is
often caused by terminals’ codebook collision), otherwise, this slot is assumed
to be good (that is, no collision occurs and more powerful FEC coding can be
used to enhance BER performance and the BER can be low enough to ignore),
packets in the good slot can be recovered as possible. For easier analyzation, here
we assume that the packets in slots with codebook collision are unrecoverable.
Then, packets successfully recovered in each slot will be applied to SIC according
to the pointer information contained in packet.

The proposed MAC layer decoding scheme relys on interaction between MAC
layer and PHY layer essentially, this kind of interaction is reflected as iteration
between SCMA decoding and MAC layer SIC processing. At each iteration, the
superposed packets are recovered through PHY decoding and then used to SIC.
More packets may be recovered through SIC, which makes it’s possible that
codebook collision disappears in some slot, as a result of collided packets being
eliminated by SIC. Once the codebook collision is eliminated, the deadlock will
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be solved, and then the next iteration processing begins. The iteration number
can be represented by i2, while the maximum iteration number is I2.

Based analysis above we proposed a SCMA-CRDSA algorithm in Algorithm1.

Algorithm 1. SCMA-CRDSA ALGORITHM
1: Initialization:
2: received mixed in slot: R = [r1, r2, ..., ri, ...rl]
3: I1: maximum number of iterations in CRDSA.
4: tmax: maximum number of iterations in MPA.
5: I2: maximum number of iterations in SCMA-CRDSA.
6: Output: successfully recovered packets
7: for i2 from 1 to I2 do
8: for eachslot from 1 to L do
9: perform message passing algorithm, iteration t <= tmax, analyze BER in the

slot after MPA.
10: if The BER is tolerable compared to δ then
11: This slot is good. Packets in this slot can be recovered to perform SIC.
12: end if
13: end for
14: perform SIC processing using the packets have just recovered by MPA.
15: for eachslot from 1 to L do
16: search for clean slots
17: perform SIC processing using the packets have just discovered in clean slots.

Iteration number is no more than I1
18: end for
19: end for

3.3 Complexity Analysis

The complexity of traditional CRDSA protocol is mainly related to the SIC iter-
ation number I1, however, the proposed scheme enhance the system throughput
at the cost of introducing extra complexity. The extra complexity comes from
MPA decoding at the receiver, which is to the order of Mdf

, the modulation order
M here is 4, and df is the maximum degree of a function node. Complexity of
updating a variable node based on the function node is analyzed through the iter-
ation Eq. (2), which needs M ·(dr+1)·M (dr−1) addition terms,M ·(dr+2)·Mdr−1

multiplication terms and M · Mdr−1 exponential terms. While updating a func-
tion node based on the variation node needs M ·(dc −2), where dc is the resource
number occupied by a terminal. So, among a iteration, the total complexity is
I2 · (I1 + O(Mdr · K · dr · tmax)), where K is the non-zero row numbers in a
codebook.
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3.4 Throughput Analysis

The throughput T under MAC load G at the iteration i can be derived, like [1],
as T (i|G) = G · Ppd(i|G), where Ppd(i|G) = P { packet successfully decoded at
iteration i|MAC load = G}.

The probability Ppd can be derived as:

Ppd(i|G) = 1 − [(1 − PA
pd(i|G)) · (1 − PB

pd(i|G))]

= 1 − [(1 − (PA
pd(i|G)))2]

(9)

where PA
pd and PB

pd correspond respectively to the probability that the twins A
and B of the same packet are successfully decoded. In terms of throughput, what
the difference in our proposed scheme with CRDSA is that a twins packet may
be recovered by SCMA or CRDSA. Here we give a lower bound throughput of
the proposed scheme, the lower bound can be achieved after the first iteration.

PA
pd(i|G) ≥ PSCMA + PCRDSA (10)

where PSCMA stands for probability that there is no codebook collision in the
slot contains twins A, so PSCMA is computed, as Eq. (13), in the situation that
there is no more than J − 1 packets collide with A and the J − 1 packets also
have no codebook collision. J is the total codebook number in the system. The
probability that no more than J − 1 packets collided with A is represented by
Pcol

Pcol =
J−1∑

n=1

(
N

n

)
· pn

c · (1 − pc)N−n (11)

where pc = 1/M , which stands for the probability that a packet is sent in the
slot. The probability that no collision occurs between the V packets in a slot is
represented by Pnocol

Pnocol =
J · (J − 1) · · · (J − V + 1)

JV
(12)

PSCMA =
J−1∑

n=1

(
N

n

)
· pn

c · (1 − pc)N−n · (J − 1) · · · (J − n)
Jn

(13)

while PCRDSA is the probability that twins A is recovered by CRDSA which
means twins A suffers from codebook collision.

PCRDSA ≥ (1 − PSCMA) · P a
SCMA (14)

The letter a in Eq. (14) represents the packet number that collide with twins A.
The Eq. (14) is interpreted as that twins of the packets collide with twins A are
all recovered through SCMA decoding.
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4 Numerical Results

In this section, numerical results are presented to evaluate the proposed decoding
scheme. First, we simulate our proposed scheme with the performance parameter
throughput (measured in useful packets received per slot) vs. load (measured in
useful packets transmitted per slot). As other parameters set in [1], each packet’s
length is 400 bits, and a frame contains 100 slots. The FEC coding we adopted
is Turbo with coding rate 1/3.
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Fig. 7. Simulated result for the SCMA-CRDSA lower bound throughput. I1 = 1,
tmax = 5, I2 = 1, codebook number J = 6, SNR = 5 dB.

In Fig. 7, the lower bound performance of SCMA-CRDSA scheme is shown
by Monte Carlo simulation result, which proves that the proposed scheme is
efficient. Before the load reaches about 0.7 packets/slot, it can be seen that the
throughput of the system keeps increasing linearly as the load value increases.
After the load value exceeds 0.7 packets/slot, the throughput growth rate of the
system slows down. When the load value reaches about 1.4 packets/slot, the
throughput of the system begins to decline. It’s when the load reaches about
1.4 packets/slot, the maximum throughput about 1.0 packets/slot is achieved.
So the throughput in this proposed scheme is about 2 times of throughput in
CRDSA.

The throughput in Fig. 7 is actually the lower bound of our proposed scheme
and is the result after the first iteration, so we would like to show the bet-
ter performance after more iteration processing in Fig. 8. It’s obvious that the
throughput is enhanced a lot with the increased iteration number. However, when
the number of iterations increases to a certain value, the system throughput no
longer increases, which is caused by codebook collision and CRDSA deadlocks.
In fact, the number of iterations need not be set to a large number, because even
if the number of iterations increases later, the throughput performance will not
improve significantly, but will lead to higher decoding complexity.
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Fig. 8. Throughput of SCMA-CRDSA with iteration number = 1,3,5,10.
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Fig. 9. Throughput of SCMA-CRDSA for codebook number = 4,6,8.

As shown in Fig. 9, with the number of codebooks increasing, throughput
performance of the system is greatly improved. The reason for this is that the
collision probability of the selected codebook is reduced due to the increase of
the codebook number. Although the increasing in the number of codebooks can
achieve positive effects, in real communication systems, the number of codebooks
cannot be infinite, because the increasing in the number of codebooks also brings
more complex decoding problems to the receiver.

Considering that the CRDSA scheme itself will increase the system overhead
by sending data packets in multiples, we have adopted a transmission mode
where only some of the data packets are repeated. In other words, the user at
the transmitter randomly chooses whether to send two identical data packets.
During the simulation process, We assume that the packet repetition probability
is 0.6, 0.7, 0.8. The SCMA-CRDSA system throughput in these cases is shown in
Fig. 10. Overall, the system throughput has better resistance to high load after
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Fig. 10. Throughput of SCMA-CRDSA by sending two packets with different proba-
bilities 0.6, 0.7, 0.8. Codebook number is 6, and I1 = 6, I2 = 3

controlling the probability. When the probability equals to 0.8, the system’s
peak throughput is not much different from the normal SCMA-CRDSA scheme,
but the normal SCMA-CRDSA scheme’s throughput performance is significantly
worse under high load. It can be seen that in the SCMA-CRDSA scheme, not only
the overhead of sending the number of data packets is reduced, but to a certain
extent reducing the number of copies has greatly improved the throughput under
high load.

5 Conclusion

In this paper, We propose a SCMA based CRDSA scheme and analyze the
decoding process at the receiver. By utilizing SCMA, deadlock is more easier
to be solved and then throughput of the system is greatly increased compared
to traditional CRDSA scheme. And a lower bound of the proposed scheme is
derived. The Monte Carlo simulation result proves that our scheme is efficient,
enabling to better support multiple terminals access. In fact, we use a more
general algorithm in the decoding process, the proposed scheme introduces a
relatively high complexity, and the related complexity can be reduced by existing
and updated research.
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