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Discrete modulation continuous-variable quantum key distribution protocols are compatible with modern
coherent optical communication technologies and devices. As a key part of the protocol, the performance of
information reconciliation directly affects the secret key rate and transmission distance. Herein, we propose a
reconciliation scheme for hard-decision strategy—based discrete modulation continuous-variable quantum key
distribution protocol with eight-phase shift keying by combining slice reconciliation and raptor-like low-density
parity-check (RL-LDPC) codes. We design the optimal binary sequence encoding of the discretized values of the
receiver and sender, which reduce both the number of levels of error correction and the reconciliation complexity.
In order to reduce the frame error rate, both the degree distribution and the size of the base matrix of RL-LDPC
code is optimized. Simulation results show that the proposed scheme can reach reconciliation efficiencies of
92.05% and 93% with frame error rates of 6.2% and 11.7% at the signal-to-noise ratio of 0.15, respectively. At
these points, the key rates can reach 0.0193 and 0.0195 bits/pulse, respectively.
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I. INTRODUCTION

Quantum key distribution (QKD) employs the funda-
mental principles of quantum mechanics and can provide
the information-theoretically secure sharing of secret keys
between two parties [1-3]. According to the information
encoding carriers and detection methods, two types of
approaches have been proposed: discrete-variable QKD (DV-
QKD) and continuous-variable QKD (CV-QKD). The first
one uses single-photon detection and has the advantages of a
long transmission distance and relatively simple information
reconciliation [4—10]. In contrast, the latter encodes informa-
tion on the quadratures of quantized optical field and can
provide high secret key rates in metropolitan areas with co-
herent detection. Discrete modulation CV-QKD uses a finite
discrete constellation in the phase space to encode the key in-
formation, which is compatible with modern coherent optical
communication technologies and devices [11-16].

In typical CV-QKD protocols, Alice prepares the quan-
tum states and sends them to Bob via an insecure quantum
channel. After Bob receives the states, he measures them
using homodyne (heterodyne) detection. After the key sift-
ing, Alice and Bob share a series of raw keys. However,
the raw keys between them will inevitably differ because of
attenuation and noise arising from the quantum channel and
imperfect quantum state preparation and measurements. In
this case, information reconciliation is necessary to correct the
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inconsistency of the raw keys [17] and enable the sharing of
identical raw key information. Information reconciliation can
be classified into direct and reverse reconciliation based on the
criteria that Alice or Bob is viewed as the benchmark. In direct
reconciliation, the system cannot generate a secure key when
the transmittance of the quantum channel is less than 0.5 [18].
Reverse reconciliation can break this limit and achieve much
longer transmission distances [19].

For discrete modulation CV-QKD protocols [20-26], two
decision strategies exist: hard-decision strategy and soft-
decision strategy [27]. For the first one, Bob immediately
discretizes his measurement outcome and the resulting dis-
crete values will form the raw key. In this case, one can
rely on the entropy accumulation theorem to obtain a lower
bound on the conditional smooth min-entropy of the raw
key corresponding to Bob’s discrete outcome, and prove the
security of the protocols against the most general attacks.
For the soft-decision strategy—based quadrature phase shift
keying (QPSK) modulation, information reconciliation can be
reduced to a channel coding task over a binary-input additive
white Gaussian-noise (BI-AWGN) channel. For modulations
with a large constellation that approximate to a Gaussian
modulation, one can exploit the multidimensional (MD) rec-
onciliation [15,28-30]. It eliminates coordinates with small
absolute values by performing a rotation operation on the raw
key vectors, and exhibits good information reconciliation per-
formance at low signal-to-noise ratios (SNRs). Recently, the
information reconciliation for hard-decision strategy—based
QPSK modulation has been implemented using LDPC codes
[26] and polar codes [31] over a binary symmetric channel.

©2025 American Physical Society
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Notice that the performance of M-PSK discrete modulation
CV-QKD protocol improves with the size of the signal con-
stellations M [32]. However, the information reconciliation
problem is more complex to design and implement for signal
constellations larger than four and has not been resolved.

Slice reconciliation has been employed in the information
reconciliation of Gaussian modulation CV-QKD protocols at
relatively high SNRs [33,34]. Notice that the slice reconcilia-
tion discretizes Bob’s data that is similar to the hard-decision
strategy. Therefore, it is compatible with the information
reconciliation of the hard-decision-based discrete modulation
CV-QKD protocols. However, the quantization step of the
traditional slice reconciliation for Gaussian variables is no
longer applicable, because the hard decision of the discrete
modulation CV-QKD protocol requires that Bob immediately
discretizes his measurement outcomes. The criteria of the
discretization depends on the signal constellation, parameters
of the quantum channel, detection efficiency and noise, etc.

Multiedge-type low-density parity-check (MET-LDPC)
codes have good error correction performance that is closer to
the Shannon limit at low code rates [35]. However, the optimal
design of the degree distributions of MET-LDPC codes at
arbitrary code rates is a challenge and only a few optimal
degree distributions have been designed at present. Several
rate-adaptive reconciliation techniques have been proposed
such as puncturing and shortening [36], rateless reconciliation
protocols [37], and the raptor-like low-density parity-check
(RL-LDPC) codes [38]. RL-LDPC codes can dynamically
adjust the code rate within a certain range based on the degree
distribution of the fixed code rate while maintaining efficient
error correction performance [39,40].

In this paper, we propose a slice reconciliation scheme
for hard-decision discrete modulation CV-QKD protocol with
eight-phase shift keying (8-PSK). First, we establish the
mutual information computation procedure for the m-level
quantization. Next, we design the optimal binary sequence
encoding of the discretized values. This design is critical as it
minimizes the required error correction levels, reduces recon-
ciliation complexity, and prevents decoding failures caused by
zero initial LLR values. By optimizing the degree distribution
and base matrix of the RL-LDPC codes based on the degree
distributions of the MET-LDPC code at a code rate of 0.1, we
construct a RL-LDPC code with code rates 0.122 and 0.1235
that are close to the optimal code rate of 0.1279. This method
effectively decreases the frame error rate (FER) of RL-LDPC
codes. To further decreases the FER, we employ the erasure
searching postprocessor. The proposed reconciliation scheme
can reach reconciliation efficiencies of 92.05% and 93%
with FERs of 6.2% and 11.7% at a SNR of 0.15. At these
points, the key rates can reach 0.0193 and 0.0195 bits/pulse,
respectively.

The rest of this paper is organized as follows: In Sec. II,
we present the hard-decision discrete modulation CV-QKD
protocol with an 8-PSK modulation. In Sec. III, we present the
details of the reconciliation scheme: the slice reconciliation
architecture, the calculation of the mutual information and
the quantification methods, and the MLC-MSD structure. In
Sec. IV, we describe the design of RL-LDPC codes. In Sec. V,
we present the performance of the proposed reconciliation
scheme. Finally, we give a summary in Sec. VI.
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FIG. 1. Schematic of the 8-PSK discrete modulation CV-QKD
with hard decision. R;(j =0, 1,2, 3,4, 5, 6, 7) represents the quan-
tization regions.

II. DISCRETE MODULATION CV-QKD PROTOCOL WITH
M-PSK MODULATION AND HARD DECISION

In Fig. 1, a schematic diagram of 8-PSK discrete modula-
tion CV-QKD protocol with hard decision is shown [32]. In
the quantum part of the protocol, Alice generates a uniform
random number x € {0, 1, 2, 3,4, 5, 6, 7} and prepares the co-
herent state |a,) = |oe*™/4) according to the value of x and
sends it to Bob via an insecure quantum channel. Here, o de-
notes the amplitude of the coherent state. Bob uses heterodyne
detection to measure the received state and get a measurement
outcome y = xp + ipg = |yle”, where 6 € [—%, 2X). Repeat
the above two steps N times to collect sufficient data for both
parties.

After the quantum phase of the protocol, Alice and Bob im-
plement the data postprocessing part of the protocol including
parameter estimation, key map, error correction, and privacy
amplification to extract the shared secure key. For key map-
ping of the reverse reconciliation protocol, Bob discretizes his
measurement outcome y and obtains the discretized value z
according to the following criterion:

if 0¢ [(2,1'—81)”’ (2_/';1)77)

z={L . : (1)
1, otherwise

where j € {0,1,2,3,4,5,6,7}. Bob locates the positions
where he gets the value L and then they discard the corre-
sponding data. At this stage, Alice’s raw key string X consists
of the remaining random number x, and Bob’s raw key string
7 consists of the remaining discretized value z.

III. LOW-COMPLEXITY SLICE RECONCILIATION FOR
THE M-PSK DISCRETE MODULATION CV-QKD WITH
HARD DECISION

A. Slice reconciliation

Figure 2 depicts the slice reconciliation scheme for the
M-PSK discrete modulation CV-QKD with hard decision.
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FIG. 2. Slice reconciliation scheme for the M-PSK discrete modulation CV-QKD with hard decision.

It comprises two steps: quantization and multilevel coding
and multistage decoding (MLC-MSD). In the first step, Bob

quantizes his measurement outcome y and obains the dis-

cretized value z using the method in Sec. II. The raw key
string Z is successively mapped to a set of m-level binary
.- B3B,B. Alice dlrectly maps her raw key string

strings B, -

X into an m-level binary string Ay

A3A2A1 with the same
mapping rules as Bob. Next, for reverse reconciliation, Bob
employs multilevel coding (MLC) to encode the quantized

binary strings at each level and generates the syndromes

81555 --

-§m, which are sent to Alice via the classical chan-
nel. Note that the levels corresponding to the less significant
bits may be directly disclosed because they have low mutual

information and small effect on the reconciliation efficiency.
Alice then performs multistage decoding (MSD) using the re-

ceived syndromes and her binary strings. The decoding result

of each level is used as the initial information for the decoding
process of the next level in the MSD Eventually, the two
parties obtain identical bit strings B
amplification to extract the secret key. The slice reconciliation
efficiency can be expressed as follows:

ﬂ:

H(Z)

m "

_m"‘Z;rl:lRt

1(X,Z)

’

.- B3B,B, for privacy

2)

where H(Z) is the information entropy of z, R; is the code
rate of the error-correcting code of level i, m is the number
of levels for MLC-MSD, and I(X, Z) is the classical mutual
information between X and Z.

B. Quantization

The average mutual information between Alice and Bob is

given by

X

J—1

0 j=0

Q(k)P(zj1x¢) log, {

P(zjlx)

YR 0Pz 1x)

}, 3)

where x;, denotes Alice’s raw key and k € {0, 1, ..., 7} marks
the value of the raw key, Q(i) denotes the probability that
Alice’s raw key is i, and z; denotes Bob’s raw key, where
j€{0,1,...,7}. For the M-PSK modulation, the phase space
is evenly partitioned into M = 2™ intervals. For M = 8 as
shown in Fig. 1, the probability that Bob’s quantized value
is z conditioned on Alice’s data x is given by

2z+ 1) /4 ]
Pz|x)= / rdr / P(re? | x)do, (4
(

2:—1)m /4
where
inx |2
1 ‘y —JTnae+
P = — -_ 1, 5
(%) 773 exp[ 73 &)

y=re’, (6)

where é denotes the noise variance in the quantum channel,
r is the amplitude of y, T denotes the channel transmittance,
and n denotes the detection efficiency at the receiver. In the
mapping stage, both the discretized value z and Alice’s data
x are mapped into binary strings and the mapping rule affects
the distribution of the mutual information on different levels
(but does not affect the total mutual information). In addition,
the probability of the current-level bit being O or 1 depends on
the already determined values of the lower-level bits. There-
fore, the mutual information at each level depends on both the
SNR and mapping rules and is expressed as follows:

I'=1Z;x"1x°...x7Y
=1Z;x"... X7 x0. . xh
—I(Z, X x! X0 XD, (7

where X' is the ith bit sent by Alice and Z is the quantized
value of Bob. Each term in Eq. (7) can be determined by
the average mutual information between Alice and Bob using
Eq. (3). The total mutual information that depends on the SNR
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FIG. 3. Sequential and optimized mapping schemes for 8-PSK.
The inner and outer rings represent the sequential and optimized
mapping methods, respectively.

can be expressed as [41]

I = Xm:ﬁ. (8)
i=1

The optimal code rate for level i is given by
R =1 —1[I'(c0) = I'9)], ©)

where I'(s) is the mutual information at level i when SNR is s.
By using the Egs. (1)-(8), the reconciliation efficiency 8 can
be determined.

To design the mapping rule, two factors are considered.
The first one is minimization of the encoding levels, because
the mapping method can determine the distribution of the
mutual information on different levels. In this case, if the less
significant bits have very low mutual information, Bob can
simply directly disclose the entire level to simplify the error
correction. The second one is that the mapping method should
provide effective values of initial log-likelihood ratio (LLR)
for each level. Considering the symmetry of the received state
distribution in the phase space for M-PSK modulation, when
Alice sends the state |o,) and the sequential mapping (inner
ring in Fig. 3) is adopted, the received quantum states of Bob
will fall into the region above or below the x axis with equal
probability. Therefore, levels 2 and 3 of the mapped binary
strings for Bob’s quantized value z take the value of O or 1
with the same probability, i.e., the initial LLR for decoding is
zero, which degrades the decoding performance.

Herein, we design an optimized mapping rule, as shown
in Fig. 3 (the outer ring). The proposed mapping not only
reduces the MLC-MSD complexity but also eliminates the
decoding failure caused by zero initial LLR values.

Figure 4 shows the conditional mutual information at each
level and the total mutual information between Alice and Bob
for the additive white Gaussian noise channel. The mutual
information (I, I, Iy) at each level increases with the SNR
and eventually converges to 1. The mutual information for
different levels satisfy I) > I, > Ij.
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FIG. 4. Simulation results of the mutual information at each
level. C denotes the capacity of the channel. (15, 11, Iy) denote mutual
information at levels 3, 2, and 1, respectively. / is the total mutual
information

Table I lists the mutual information and code rate of each
level at SNR of 0.15. The mutual information at levels 2
and 3 dominates the total mutual information, accounting for
82.97% and 15.09%, respectively, whereas the mutual infor-
mation at level 1 is only 1.94% of total mutual information.
Therefore, the bit string of level 1 has a negligible effect
on the total information, Bob sends it directly to Alice and
only encodes the bit strings of level 2 and 3. In this way, the
decoding process can be significantly simplified.

C. MLC-MSD

In the proposed scheme, the MLC-MSD method is em-
ployed to perform error correction on the raw key strings
of both parties. Bob encodes the bit sequences at each level
separately to generate the respective syndromes, which are
sent to Alice via a classical public channel. To correct the
bit errors to match Bob’s bit sequences, Alice employs the
syndromes and her data as side information to implement
MSD. In the initial stage of the decoding, Alice determines
the probability that Bob’s quantized value z conditioned on
Alice’s data x by using Eq. (4). By combining the mapping
rule, the probability that each level of z is decoded as 0 or 1 is
then determined, and the corresponding LLR is computed by

PO) _, Pla=0]x)

2Py BB =1 x)
(10)

LOOP) = L™V g;; = log

TABLE 1. Mutual information at each level with SNR of 0.15.

Level Mutual information Code rate Percentage (%)
1 0.0030 0.0031 1.933
2 0.1280 0.1279 82.973
3 0.0233 0.0233 15.094
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where L-9(P)) is the initial LLR value of the ith variable
node in layer 0 of LDPC, and L*9g;; is the initial value of the
information sent by the ith variable node in layer 0 of LDPC
to the jth check node.

At each decoding level, we employ the layered sum-
product decoding algorithm to correct the error bits, which
gradually approach the correct decoding results through it-
erative computation [42]. The decoding results of each level
are used as side information to the next level to aid in the
decoding. Finally, the transmitter and receiver share identical
binary sequences.

IV. CONSTRUCTION OF RL-LDPC CODE

The LDPC code significantly affects the reconciliation ef-
ficiency and FER of the error correction [43]. In general, the
degree distribution is determined for the target code rate by
using the density evolution algorithm [44]. The degree distri-
bution of the MET-LDPC code can be expressed as follows:

v(r, x) = Z vir’x?
o) =3t

where v(r, x) is the degree distribution of the variable nodes,
w(x) is the degree distribution of the check nodes, v; is the
ratio of the variable node i to the total number of variable
nodes, and w; is the ratio of the check nodes i to the total
number of check nodes. Subsequently, the LDPC code is
constructed based on the designed degree distribution using
the progressive-edge-growth (PEG) technique [45,46].

The RL-LDPC code is a specialized class of MET-LDPC
codes that utilizes the degree distribution parameters of MET-
LDPC codes. It not only exhibits near-Shannon-limit coding
performance but also the rateless property of Raptor codes.
As shown in Fig. 5, the base matrix of the RL-LDPC code
consists of four types of submatrices including edge type 1
(A), edge type 2 (B), identity matrix (C), and zero matrix (D).
To construct matrix A, the degree distribution of the edge type
1 variable node is extracted from the known MET-LDPC code
and used as the degree distribution of matrix A afternormal-
ization. Then, matrix A of the RL-LDPC code is constructed
with the PEG algorithm based on this new degree distribution.
For matrix B, since it has more rows than columns, the PEG
algorithm cannot be used to construct it. To construct matrix
B, we normalize the degree distribution of the edge type 2
check node from the MET-LDPC code and use it to generate
the transpose of matrix B with the PEG algorithm. Finally,
by combining the four matrices A-D, the base matrix of RL-
LDPC code is constructed.

The code rate of the RL-LDPC code can be adjusted to
achieve the desired target code rate by cutting or expanding
the base matrix structure of the RL-LDPC code. The modified
code rate is given by

(1)

_N—M’ (12)

RP_N—p
_N-M
e — N+€7

where R), is the code rate of the cutted RL-LDPC code, and
R, is the code rate of the expanded RL-LDPC code.

13)

I Origi iX— :
glna'l\lI matrix: - Extension
N —e

VI

Originanln matrix

I—Extension

FIG. 5. Schematic of cutting and extending the base matrix of
the RL-LDPC code. N and M denote the number of columns and
rows of the matrix, respectively. p is the cutting length of the matrix,
and e is the expanding length of the matrix. A-D represent the four
submatrices of the RL-LDPC code.

Notably, the code rate of the base matrix of RL-LDPC code
does not change when the number of columns and rows of
the base matrix are adjusted in the same proportion. When the
base matrix is cut or expanded, the optimal degree distribution
of submatrix B that has a dominant effect on the performance
of the RL-LDPC code will vary. To maintain good perfor-
mance, the degree distribution of the submatrix B should be
redesigned. The design of the new degree distribution can
refer to the degree distributions of the reference codes with
similar code rates.

V. PERFORMANCE SIMULATION AND OPTIMIZATION

In this section, we present the performance simulation and
optimization of the proposed reconciliation scheme in the
8-PSK discrete modulation CV-QKD. To this end, the RL-
LDPC code with a code rate 0.02 is directly constructed for
level 3 based on the degree distributions of the code rate 0.02
[35]. For level 2, the optimal rate is 0.1279 and we construct
different codes with code rates of 0.1, 0.122, 0.1235, and
0.125, respectively, based on the degree distribution informa-
tion of code rate 0.1 and 0.15 [35]. To construct the codes,
a base matrix is first designed and then extended using the
quasi-cyclic extension algorithm [47,48]. The performance of
RL-LDPC code for level 2 is optimized in three ways: the
degree distribution of the edge type 2, the base matrix size,
and erasure-searching postprocessing (ESPP) [49].

Following the analysis described in Sec. IV, we improve
the FER of the RL-LDPC code for level 2 by adjusting the
degree distribution of the edge type 2. Figure 6 shows the FER
of RL-LDPC codes versus the different degree distributions of
edge type 2 [the coefficient ¢ in p(x) = tx3 + (1 — t)x3]. The
code rates for levels 2 and 3 are (0.122, 0.1235, 0.125) and
0.02, respectively. The FER increases with ¢ and the lowest
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0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055
t

FIG. 6. FER of RL-LDPC codes vs the different degree dis-
tributions of edge type 2. The code rates for levels 2 and 3 are
(0.122, 0.1235, 0.125) and 0.02, respectively. The corresponding
code lengths are 820 000, 810 000, and 800 000, respectively.

FERs of 8.4%, 17.8%, and 68.8% are obtained at t = 0.0243,
0.025, and 0.016.

Next, we optimize the base matrix size to improve the
FER. For code rates of 0.122, 0.1235, and 0.125, the fixed
code lengths are 984 000, 972 000, and 960 000, respectively.
Notice that the code rate remains unchanged when the num-
ber of columns and rows in the RL-LDPC code is scaled
proportionally. Figure 7 shows the FER versus the base matrix
sizes for level 2. The results indicate that the FER does not
change monotonically with increased base matrix size and
there exists an optimal base matrix size at which the FER
is minimized. For code rates of 0.122, 0.1235, and 0.125,
the optimal base matrix sizes are 1440 x 1640, 4260 x 4860,
and 4200 x 4800, and the FERs are 8%, 13.9%, and 57.8%,
respectively.

—=— FER (0.122)
- & -FER (ESPP)

—=— FER (0.1235)
- & -FER (ESPP)

1000 2000 3000 4000 5000 6000 7000 8000
Number of base matrix columns

FIG. 7. FER vs the different base matrix sizes of RL-LDPC code
for level 2 with (blue solid line) and without (red dashed line) ESPP
at fixed code lengths of 984 000, 972 000 and 960 000, respectively.
The code rates for levels 2 and 3 are (0.122, 0.1235, 0.125) and 0.02,
respectively. The FER for each point is obtained by impleting 1000
simulations.

TABLE II. Performance of the proposed reconciliation scheme.

Code rate Iterations Code rate Iterations S FER Key rate

(level 2)  (level 2) (level 3) (level3) (%) (%) (bits/pulse)
0.1 11 0.02 25 7779 5.2 —_—
0.122 56 0.02 25 92.05 6.2  0.0193
0.1235 91 0.02 25 93 11.7 0.0195
0.125 140 0.02 25 94 578 0.01

To further optimize the reconciliation performance, we ex-
ploit ESPP. After running the layered sum-product decoding
algorithm, if a decoding error is detected, the ESPP erases the
symbol with the lowest LLR in the code word. The erased
symbols are then recalculated by solving the linear equa-
tions derived from the sparse coefficient matrix. As shown in
Fig. 7, the FERs of the information reconciliation are effec-
tively decreased by using the ESPP. For code rates of 0.122,
0.1235, and 0.125, the FERs reach 6.2%, 11.7%, and 57.5%,
respectively.

Table II lists the performance of the proposed reconcilia-
tion scheme after the above optimizations. The reconciliation
efficiency increases with the code rate from 77.79% to 94.0%,
whereas the FER and the average number of iterations in-
crease from 5.2% to 57.8%, and 11 to 140, respectively. It
is known that high reconciliation efficiency and low FER are
desired to achieve a high secret key rate for QKD. The number
of iterations is proportional to the consumption of computing
resources during the information reconciliation.

To estimate the performance of the proposed reconcili-
ation scheme for hard-decision 8-PSK discrete modulation
CV-QKD, we calculate the achievable secret key rate at SNR
= 0.15 by using the numerical convex optimization techniques
[20,32]. The relevant simulation parameters are modulation
amplitude o = 1, channel transmission 7" = 0.316 (corre-
sponding to a 25-km standard single-mode fiber), detection
efficiency n = 0.52, electronic noise v,; = 0.06, and equiv-
alent excess noise € = 0.03. For code rates of 0.1 (level 2)
and 0.02 (level 3), no positive key rate can be achieved due
to the low reconciliation efficiency. For code rates of 0.122
and 0.02, a secret key rate of 0.0193 bits/pulse is achieved
with a reconciliation efficiency of 92.05% and a FER of 6.2%.
The maximized secret key rate of 0.0195 bits/pulse is obtained
at the code rates of 0.1235 and 0.02, which makes the best
trade-off between the reconciliation efficiency and the FER.

VI. SUMMARY AND OUTLOOK

In this paper, we propose a slice reconciliation scheme
for hard-decision 8-PSK discrete modulation CV-QKD. The
proposed scheme quantizes and encodes raw keys into mul-
tilevel binary sequences and decodes with the MLC-MSD
approach. The channel capacity and optimal code rate are
determined at each level by calculating the conditional mutual
information between Alice and Bob. We design RL-LDPC
codes and optimize their degree distribution of edge type 2 and
the size of the base matrix. To further decrease the FER, ESPP
is introduced. Finally, reconciliation efficiencies of 92.05%
and 93% with FERs of 6.2% and 11.7% are achieved at an
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SNR of 0.15. Then, we apply the reconciliation scheme to
the hard-decision 8-PSK discrete modulation CV-QKD with
a 25-km transmission distance. The resulting secret key rates
are 0.0193 and 0.0195 bits/pulse under realistic experimental
parameters.

Our information reconciliation scheme can be extended
to M-PSK modulation straightforwardly. In this case, Bob
quantizes his data in the phase space to obtain m discrete
symbols, which are then converted into multilevel binary bit
strings with optimal mapping. Next, the generated binary bit
strings are processed using the approaches of MLC and MSD.
The current work focuses on the application of the proposed
information reconciliation scheme to the reverse reconcilia-
tion scenario rather than direct reconciliation, since reverse
reconciliation offers superior performance in terms of trans-
mission distances and potential for practical applications. It
is worth noting that our information reconciliation scheme is
applicable to both direct and reverse reconciliation scenarios.
Nonetheless, a thorough examination of the direct reconcilia-
tion 8-PSK CV-QKD protocol’s performance lies beyond the
scope of this study and is reserved for future investigation.

In the future work, we will also extend the current scheme to
more complex modulation constellations, such as quadrature
amplitude modulation and amplitude-phase shift keying.
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