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Continuous Variable-measurement Device Independent-quantum Key
Distribution Scheme Based on Imbalanced Modulation

LIU Wenyuan, LIU Zehui
(School of Semiconductor and Physics, North University of China, Taiyuan 030051, China)

Abstract: Continuous variable-measurement device independent-quantum key distribution (CV-MDI-QKD) protocol with discrete
modulation exhibits high coordination efficiency under low signal-to-noise ratio conditions, and the experimental implementation is
simpler compared to Gaussian modulation schemes. However, the traditional balanced modulation mode at the transmitter does not
optimize the protocol's secure key rate and secure transmission distances. This paper provides a detailed analysis of the performance
of the CV-MDI-QKD protocol with discrete modulation under imbalanced modulation mode at the transmitter. Based on an equiva-
lent entanglement theory model, we calculate the secure key rate and secure transmission distance both symmetric and asymmetric
quantum channel conditions under the case of three-state and twelve-state discrete modulation CV-MDI-QKD protocols. The results
show that under symmetric and asymmetric transmission conditions, the secure transmission distance with imbalanced modulation is
improved by 0.16 km and 5.43 km, respectively, compared to balanced modulation. Without changing the basic framework of the
protocol, the modulation method proposed in this paper outperforms the traditional modulation modes, providing theoretical support
for further simplifying the system and reducing experimental costs.
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(a) The variation of secure key rate with modulation variance for three-state discrete modulation under different transmission distances;

(b) The variation of the secure key rate with transmission distance for three-state discrete modulation
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(a)The variation of secure key rate with modulation variance for twelve-state discrete modulation under different transmission dis-

tances; (b) The variation of the secure key rate distance for twelve-state discrete modulation
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(a) The variation of 1, and j;;- with modulation variance for three-state discrete modulation; (b) The variation of 1,5 and y . with

modulation variance for twelve-state discrete modulation
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(a) The variation of secure key rate with modulation variance for three-state discrete modulation under different extreme asymmetric

transmission distances; (b) The relationship between the secure transmission distance and the secure key rate under various

conditions of excess noise
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Fig. 7 Extreme asymmetric CV-MDI-QKD scheme with twelve-state modulation

(a)The variation of secure key rate with modulation variance for twelve-state discrete modulation under different extreme

asymmetric transmission distances; (b) The relationship between the secure transmission distance and the secure key rate under

various conditions of excess noise
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(a) The variation of I, and )y, with modulation variance for three-state discrete modulation under asymmetric transmission distances;

(b) The variation of I ,; and j;;- with modulation variance for twelve-state discrete modulation under asymmetric transmission distances
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