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Summary

A set of highly efficient MET-LDPC codes with asymptotic efficiencies higher
than 97 % [1] are introduced.

• The asymptotic efficiency of these codes are calculated with density evolution (DE).

• These codes can be used widely for long distance CV-QKD with lower frame error rate
(FER) and higher secret key rate.

• We present the finite length efficiency of some of our codes.

• We plot the secret key rate versus distance by replacing our codes with other existing codes
in literature.

Why do we need highly efficient codes?

The secret key rate equation for CV-QKD is

K =
n

N
(1− FER) [β IA,B −XE,B −∆(n)]

N : Total number of symbols exchanged by Alice and Bob
n : Total number of symbols used for key extraction
FER : Frame error rate of the reconciliation process
β : Efficiency of the reconciliation process
IA,B : Classical mutual information between Alice and Bob
XE,B : Upper bound on the information that Eve can obtain from Bob

∆(n) : Finite-size correction factor

Figure 1. Schematic presentation of QKD system.
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Reconciliation efficiency (β) and leakage

Reconciliation Schemes
Parameters Multi-Dimensional [2-3] Slice (Multi-Level) [4]

β
RCh

IAWGN(s)

H(Q(XB))−m +
m−1∑
i=0

Rch
i

I(XB;XA)

βmax
IBI-AWGN(s)

IAWGN(s)

I(Q(XB);Q(XA))

I(XB;XA)

Leakage 0
m−1∑
i=0

Rsi ≥ H(Q(XB)|Q(XA))

SNR range ≤ 0 dB ≥ 0 dB

Table 1. Comparison of Multi-Dimensional and Slice reconciliation
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Figure 2. Comparison of capacity for AWGN channel and BI-AWGN channel.

Results: Performance of rate 0.1 MET-LDPC

Figure 3. (Left) Frame error rate vs SNR for rate 0.10 MET-LDPC code. Dashed blue and black vertical
lines show thresholds calculated by density evolution and Shannon threshold. (Right) Efficiency vs frame
error rate obtained from LDPC decoding.

Results: Performance of rate 0.02 MET-LDPC

Figure 4. (Left) Frame error rate vs SNR for rate 0.02 MET-LDPC code. Dashed blue
and black vertical lines show thresholds calculated by density evolution and Shannon threshold.
(Right) Efficiency vs frame error rate obtained from LDPC decoding.

Results: Secure key rate comparison
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Figure 5. Numerical simulation of secret key rate comparing the performance of our codes
with previous codes. The experimental points and the simulation parameters are taken from
Table 1 of Ref. [5]: The repetition rate is 5 MHz, the fraction of symbols for parameter esti-
mation is ν = 0.1, the modulation variance VA has been optimized, and the fiber attenuation
is α = 0.16 dB/km. The (input related) excess noise is 0.0086 shot-noise units for the blue
curves and 0.0081 shot-noise units for the red ones. The electronic noise is 0.2717 and 0.1523
shot-noise units, respectively, and the trusted receiver efficiency is 61.34 %.
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