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Secret key rate (SKR) and transmission distance are crit-

ical performance metrics for continuous-variable quantum

key distribution (CV-QKD) systems [1]. Reconciliation effi-

ciency, a key parameter of the information reconciliation [2]

procedure using error correction codes in CV-QKD post-

processing, directly impacts these two performance metrics.

Specifically, higher reconciliation efficiency leads to a greater

SKR and longer transmission distance. However, fluctuating

signal-to-noise ratio (SNR) conditions in practical channels

may degrade the reconciliation efficiency or impair the error

correction performance [3]. For instance, in fixed-rate recon-

ciliation schemes, an increase in SNR typically causes prac-

tical reconciliation efficiency to deteriorate. This adversely

affects the SKR and transmission distance of CV-QKD sys-

tems. Conversely, a decrease in SNR degrades error correc-

tion performance. This can result in a high frame error rate

(FER) and almost zero SKR [4].

In this study, we propose a rate-adaptive reconciliation

scheme by designing low-density parity-check (LDPC) codes

with a wide range of rate adaptability and flexible block

lengths. This scheme aims to achieve high reconciliation

efficiency, thereby meeting the demands of practical CV-

QKD systems. We first design a seed matrix of relatively

small size according to the degree distribution of multi-edge

type (MET) LDPC codes, which exhibits excellent error-

correcting performance. Then, the size of the seed matrix is

adjusted based on the required code rate to obtain the target

matrix. Finally, the target matrix serves as the base matrix

for constructing quasi-cyclic (QC) MET-LDPC codes with

the desired block lengths. The 0s and 1s in the base ma-

trix are replaced with appropriately sized zero matrices or

circulant permutation matrices. The designed codes require

only one seed matrix to achieve a high reconciliation effi-

ciency over a wide range of SNRs. Additionally, due to the

QC structure, the designed codes are convenient for memory

storage and facilitate parallel accelerated processing.

Scheme. The proposed rate-adaptive reconciliation

scheme needs to determine the block length and code rate

of the LDPC code. The number of raw data used for key

establishment must match the block length of the LDPC

code. The code rate R of the LDPC code needs to be appro-

priately designed to achieve a high reconciliation efficiency

β = R/C(η), where C(η) = 0.5 log2(1 + η) represents the

channel capacity with the SNR being η. The overall frame-

work of the proposed rate-adaptive reconciliation scheme

can be summarized as follows.

(1) A MET-LDPC degree distribution with a code rate

of 0.01995 is designed, which provides excellent error-

correcting performance and is ideal for QC structuring. Us-

ing the progressive edge-growth algorithm [5], we construct

a Raptor-like seed matrix based on this MET-LDPC degree

distribution. The details are provided in Appendix A.

(2) Once the required block length and code rate for the

MET-LDPC code are determined, the seed matrix is ad-

justed to a target matrix to meet the code rate requirement.

The seed matrix HRL with a Raptor-like structure is given

by

HRL =

[

A Z

B I

]

, (1)

where A represents the highest-rate code part of HRL and

B denotes the incremental redundancy code part of HRL.

Sub-matrices Z and I stand for zero and identity matrices,

respectively. The code rate of adaptivity can be achieved

by cutting or extending the seed matrix. Figure 1(a) illus-

trates the principle of increasing the code rate. By cutting
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Figure 1 (Color online) Schematic diagrams of (a) the cutting operation and (b) the extending operation for a seed matrix with

a Raptor-like structure.

the same number of rows and columns from the bottom-

right corner of the seed matrix along a defined cutting di-

rection, the remaining part constitutes the target matrix

for achieving the required code rate. Figure 1(b) illustrates

the principle of decreasing the code rate. In contrast to

the simple cut operation, the code rate reduction operation

requires adding the same number of rows and columns to

the seed matrix along the specified extending direction. To

avoid introducing additional computational resources and

time delays caused by the extension operation, we simply

copy the elements of B in (1) to the extended rows. Specif-

ically, whenever the seed matrix needs to be extended by a

row, a random row from B is duplicated into the extended

row. The details can be found in Appendix B.

(3) QC-LDPC construction techniques are applied to the

target matrix, eventually obtaining QC-MET-LDPC codes

that meet the required code rates and block lengths for CV-

QKD systems. With the help of the powerful parallel pro-

cessing capabilities of the graphics processing unit (GPU)

platform, the matrix construction and log-likelihood ratio

belief propagation (LLR-BP) decoding are both accelerated.

The details are presented in Appendix C.

Prior to the reconciliation process, predefined thresholds

for both reconciliation efficiency and FER must be estab-

lished. If the actual reconciliation efficiency falls below

the predefined threshold, the cut operation is applied to

increase the MET-LDPC code rate, thereby restoring the

reconciliation efficiency to the threshold. Conversely, when

the actual FER exceeds its predefined threshold, the ex-

tension operation is employed to reduce the MET-LDPC

code rate. This enhances error-correcting capability and

reduces FER. The target matrix generated through these

cutting/extension operations is then utilized to construct

QC-MET-LDPC parity-check matrices with required block

lengths via QC-LDPC construction techniques.

Experiments. To validate the performance of the pro-

posed rate-adaptive reconciliation scheme, we analyze its

error-correction capability through LLR-BP decoding. In

terms of error-correction performance, we demonstrate that

the parity-check matrices constructed under varying code

rates achieve both low error floors and high reconciliation

efficiency across a wide SNR range. Regarding rate adap-

tivity, we validate that the proposed scheme maintains rec-

onciliation efficiency above the threshold and FER below

the threshold under fluctuating SNR conditions. Finally,

we confirm the superiority of the scheme in both SKR and

achievable transmission distance. The details of experimen-

tal results are provided in Appendix D.

Conclusion. In this study, we propose a rate-adaptive

reconciliation scheme based on QC-MET-LDPC codes,

which dynamically adjusts the code rate and block length of

QC-MET-LDPC codes according to varying SNR values and

the required block length. The proposed rate-adaptive rec-

onciliation scheme can maintain excellent error-correcting

performance in a broad SNR range, achieving a high recon-

ciliation efficiency. The QC construction process and LLR-

BP decoding are both accelerated by a GPU platform. Fur-

thermore, the rate-adaptive reconciliation scheme could be

extended to other QKD protocols, including non-Gaussian

QKD protocols.
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