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Abstract 
 
 We propose a practical modified no-switching continuous-variable quantum key distribution system to 

improve the secret key rate over long transmission distance by inserting a practical noiseless linear amplifier at the 

output of quantum channel. 

 
1. Introduction 

 
 Quantum key distribution (QKD) [1] is one of the most practical applications in the field of quantum 

information and is able to establish a secure key between two legitimate partners (usually called Alice and Bob). 

Continuous-variable quantum key distribution (CV-QKD) [2] has attracted much attention in the past few years [1–3] 

mainly because it uses only requires off-the-shelf standard telecom components. 

 

 The first CV-QKD protocol based on the Gaussian modulation of coherent states and homodyne detection was 

proposed in 2002 [4]. Shortly afterward, another coherent state protocol was proposed, known as no-switching protocol, 

where homodyne detection is replaced by heterodyne detection [5]. This enables the honest parties to exploit both 

quadratures in the distribution of the secret key [2]. However, the practical application of no-switching CV-QKD 

protocol is limited to much shorter distance and less key rates. The main reason is that the reconciliation efficiency of 

correlated Gaussian variables is quite low, especially when the transmission distance is very long.  

 

 To improve the secret key rate and maximal transmission distance of practical no-switching CV-QKD system, 

in this paper, we consider putting a heralded noiseless linear amplifier (NLA) at the output of quantum channel. 

Previously this had only been analyzed for the case of switching schemes [6]. The modified system with a practical 

NLA of gain g can increase the maximum transmission distance by 100log10 g km. Furthermore, a critical point is given 

to separate the enhanced and degenerative region of the modified system, which will be useful and instructive for the 

usage of practical NLA to achieve the optimal performance in a practical scenario. 

 
2. Modified No-Switching CV-QKD System by Using a Practical NLA 

 
 In this section, we firstly describe the prepare-and-measure (PM) and entanglement-based (EB) version of the 

modified-switching protocol. Then, the secure bound of the protocol under collective attack is given in detail. Finally, 

we provide the results of simulations to compare the performances of the protocol with or without a practical NLA. 

 

2.1 The PM and EB description of the modified protocol 
 
 In the PM version of the modified system (see Fig. 1 (a)), Alice generates two Gaussian random real number 

(ax, ap) from independent distribution of variance VA (VA = V − 1). Alice first sends a coherent state centered in (ax, ap) to 

Bob and Bob uses a practical NLA to amplifier the state he receives. As illustrated in Fig. 1, the imperfections of a NLA 

contain detection inefficiency ηD and heralded single photon source (HSPS) [7]. Bob then measures both x and p. After 

Bob has received all the pulses, the two partners proceed with the post-processing which consists of sifting, reverse 

reconciliation and privacy amplification. 

 

 The PM version of the modified system can be reformulated in EB version (see Fig. 1 (b)). Alice initially 

prepares an EPR pair (EPR with variance V), measures one mode A1 with heterodyne detection and sends the other mode 

A2 to Bob through the channel. Then Bob uses a practical NLA to amplifier the mode he receives and measures both x 

and p. Although the EB version does not correspond to the actual implementation, it is fully equivalent to the PM 
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version from the secure point of view, and it provides a powerful description of establishing security proof [4, 8]. 

 

 
 

Fig. 1: (a) Prepare-and-measure scheme of the modified no-switching CV-QKD system with a practical noiseless linear 

amplifier (NLA). The practical realization of the NLA needs a heralded single photon source (HSPS), which is split by 

an asymmetric beam splitter (η < 0.5) [7]. The red and blue detectors represent homodyne and single photon detection 

respectively. (b) The equivalent entanglement-based scheme of the modified system. 

 

2.2 Secure bound of the modified protocol 
 
 A practical NLA can in principle probabilistic amplify the amplitude of a coherent state while retaining the 

initial level of the noise [6, 7]. The successful amplification can be described by an operator  =g 
 
, where    is the 

number operator and g is the gain of a NLA. When a NLA succeeds amplifying a coherent state [6] 
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The inefficient detector can be modeled by a beam splitter with transmittance ηD combined with a perfect detector (see 

Fig. 1). Furthermore, the trigger probability Ptrigger of HSPS will reduce the total successful probability of NLA. To 

increase the trigger probability Ptrigger, one can use a non-degenerated PDC source to produce the HSPS, which is∑∞ 

n=0

xn/(1+x)n+1|n>|n>, where x and ηT are the intensity and the detection efficiency of the heralding signal. The total 

successful probability of the practical NLA is P
total 

success= P
efficiency 

success  (ηD)·Ptrigger, where the successful probability of the NLA 

and the corresponding trigger probability are [7] 
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where μ and η represent the intensity of the input state into NLA and the transmittance of the beam splitter. 

 

 We now derive security bound of the modified direct reconciliation CV-QKD protocol. When Alice and Bob 

use reverse reconciliation, the secret key rate is given by 

 

                        EbSbaIPK total

success
::                                                          (3) 

 



where β∈[0,1] is the reconciliation efficiency, I(a:b) is the classical mutual information between Alice and Bob 

I(a:b)=0.5logVAx−0.5logVAx|Bx and S(b:E) is the quantum mutual information between Bob and Eve S(b:E)=S(ρE)- ∫∫
p(xBx)p(pBp)S(ρE

xBx,PBp)dxBxdxBp≤xBE [8], where VAx=0.5(VA+1), VAx|Bx  is the variance of mode Ax conditioned on Bob’s 

data, p(xBx) is the probability density function of the measurement output and S(ρ) is the von Neumann entropy of the 

quantum state ρ [8]. 

 

2.3 Numerical simulation and discussion 
 
 In the following, the performance of the modified system is compared with the original one. The parameters 

that will affect the secret key rate and transmission distance are the reconciliation efficiency β = 0.948, the variance of 

Alice’s modulation VA−1, the transmission efficiency T ,excess noise ε = 0.15 and successful probability of a NLA P
total 

success, 

the intensity and the detection efficiency of the heralding signal ηT = x = 0.1, which are standard in one-way CV-QKD 

experiments and practical NLA experiments [3, 6, 7]. 

 

 
 

Fig. 2: (a) The successful probability of a practical NLA P
total 

success, against the transmission distance. (b) The lower bound 

of the secret key rate of the practical modified no-switching CV-QKD system with an ideal (ηD=1, Ptrigger=1) or a 

practical NLA (ηD=0.15, Ptrigger≠1) for g = 10 and that of the original system without a NLA against the transmission 

distance in km. In the simulations, VA=4.706, β=0.948, ε=0.04, ηT = x = 0.1, P
total 

success,= P
efficiency 

success (ηD)·Ptrigger . 

 

 As illustrated in Fig. 2 (a), we calculate the successful probability of a practical NLA against the transmission 

distance, which determines the successful probability of amplifying the coherent state throughout the channel. 

Furthermore, the secure bound of the practical modified no-switching CV-QKD system with an ideal or a practical 

NLA for g = 10 and that of the original system without a NLA against the transmission distance are shown in Fig. 2 (b). 

One can find that the maximum transmission distance is increased by 100log10g km by using a practical NLA with gain 

g.This result does not depend on P
total 

success. The larger the gain of the NLA, the longer the secure transmission distance we 

can achieve .We also observe the practical NLA may not work for the whole distance. There is an enhanced region and 

a degenerative region. If the transmission distance is smaller than D about 120 km (g = 10), the usage of the NLA does 

not improve the performance of the system in terms of the secret key rates. However, if transmission distance goes 

beyond D, the performance of the modified system is better than without using a practical NLA. Thus, the critical point 

D is very significant for practical implementations of CV-QKD system. 

 

3. Conclusion 
 
 In this paper, we analyze the no-switching CV-QKD system modified by inserting a practical NLA at the 

output of the quantum channel. We find that the maximum transmission distance of the modified protocol can be 

increased by the 100log10 g km by using a practical NLA with gain g. A critical point is given to separate the enhanced 

and degenerative region, which will be useful and instructive for experiment. 
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