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R RS HEEREESTERAS LAY

FlEL AR HELHEE L, S

X4

PR, Rk L PR, EY L EE L KR IBREAT

WE #4%% %% T %44 % (continuous variable quantum key distribution, CV-QKD)# K H & L 5
A G2 B AT S BOME T Ar 3R T B R R 3 SR AR T 2 B 5T, AR R A AT R R VA FAE IR — R
—ZF"ERERER, AR EXMHy L AEARABET CV-QKD #H R, B RkE®EFT 10GHz £
FRFEN % B CV-QKD A 4, I i@ i 383 Sy A 7 69 R ARAL R 5 AME Fik S ad w5 1 A A
Foik it & ek TR H IS IR %, JE 5.10.25.50.75 km S 245 1 69 % A AL F 4 ) T A 1819.32.
1078.48.374.19,112.96.34.63 Mbps, & X £ I 10 km 3R IE & M Gbps FA A= 50 km 3RIKXIE & W 100
Mbps SR G AME, B)e, 5RF LT 10 GHz TAME WM L8k CV-QKD A %ir %
AW, REIEMIES T 2 RMAAL EBENH LA TE 1.09@5 km, 1.10@10 km, 1.13@

25 km, 1.54@50 km #F= 5.55@75 km, £ % .k CV-QKD A %75 44 R ERI 2T EH 0 KR,
THRRE W KIEBFTFREBSIREA 22T E,
KER HLTFETERADL EXMH»AM; SHRAERK; hmE, 4wk

i 20 4Ff, 1 E B BOR ISR & AR A n] BE
TR T B 005 | e PR A, RS i Akad
TR S, 5 X0 e GE 4 i 1R A A 180™
1, AR 8 2 oK T PR S T A P s i R LA
Xk —Pki . ERX—E R T, # #1704 (quantum
key distribution, QKD )2 H il fre i HL I B )32
Tl AR RO, SRR T T4 BIAR RO A 5
BB atE, 458 —IR—3INEEOR, O PR 5
IR R L0 TR " &t 40 4
AR, QKD $ AR & AL A5 3% 28 38 1) 52 B i H

L AHAGCHETRFRELEE LR E, & 610041

AT EAFEEATFFEARGELEETALRHE, b7
100876

IR T B 82 (discrete variable, DV ) 134 22745 &
(continuous variable, CV)2 R RIEKFR , HA, CV-
QKD i i 4 & + % 45 B dm i 763 B 0 4 = I,
FEFIFHZEAP AR TR A SRS (5 B, BA 5 2
TG R HAE . B 2 B R | Rk
B GRS I LA X S S AR
B84 N T 5 e T S b JRE SIS ) R 1 g T RIS
PR HE Bl R 2 38 5 R S A B Ty )
FIATEWLH) CV-QKD FR 4 ZKEE B3k
HATE T B K, MILERFA CV-QKD R4 % 4
FMUE IR B ) FEBR BRI R H B R
N R Gt e s, (BB CV-QKD REEX %
AR PERETT R 2URIIG K, R G H AR 4T AN
aob MR ) 000 TR O R B R PR . — T, BEE
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WFsE

CV-QKD R G & MR T, 7ot & TS H
J e R A=A NGNS == Q1 o o B SN g E S5
PR e P AR B AT 5 AR RELE L
M, E BRI 55 CV-QKD RGEHY & i g,
F—J7 1, FEH CV-QKD R G 145 14 i i R =
HELAFME LU, 30 P B S A B
JEE VR Jo A B R0 RN R, M AT A2 fR R
B AR S R A RO SR iR R]
WANE B TF R T Z2800% CV-QKD R 7 £ 5T,
Fe i B B3R QKD R G4k 2 BAR SR I T 47 2 48
I QKD R %5, LA JELT 5 18 s Xt ge 7 A
AR AL B A TR, B EHE T CV-QKD R4HY
fRH R B M2 A3, YT, 240 CV-QKD %
KREZRHZEBEREE, IR EREARLHZE
¥ e T AR A Kk, DULAR RSN CV-QKD R &Y
G AR RE™ . (R 3R B 2% . BRI A 5,
SMELLTH 2 o R (S R SRR

1EA8H153 42 F (orthogonal frequency division multi-

plexing, OFDM) A &) ¥z i H FAH TGl 5 R4,
HOR H — B i 2 e B mT S0 22 6 E S M 4y 52 DO
{55 I TiE 5, RS A LT R AR F H % H 2
A B R A O RE 1Y R, AR
OFDM # AR Fl CV-QKD i AL A, K L5 /R
T 10 GHz SRR Z 4 CV-QKD £%45., HiK
Sk, TEAE G203 CV-QKD UMY ILRN -, REG 11T
T T OFDM £ # 0 CV-QKD WM, gt i 2k
I CV-QKD %4 R IPAL B ALAY , [Al), 5056
7N T TR N=5 B 2300 CV-QKD #4¢, It
T B o7 e 75 A2 5307k R 43 B 22 2%
CV-QKD ZR Gt My, S T — AN AR e e il &
I CV-QKD R4, WA, ARAFTCRHETZAE
JE AL PRES (graphics processinga unit, GPU) {474k FH
e, SEEL T A ] K 1.6 Gbps B9 5 A B
%, R R IAET OFDM B £ # CV-QKD %
GEAEHTIT 4F F Al 5230 1819.32 Mbps@5 km, 1078.48
Mbps@10 km, 374.19 Mbps@25 km, 112.96 Mbps@
50 km Fil 34.63 Mbps@75 km 422 42 3, 14 YR AL Ik
BE N BT 10 kAL i 5 25 ) Gbps 5 9f1
50 km 1551 #2574 100 Mbps T % (02 2%, Tk
AR, AH LG TR S 5090 25 F T 10 GHz 58 JiR
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FLIEYE CV-QKD REL L%, Nrfehmbs T
1) 2 B &R G0 R4 45 43 0 AT iA 1.09@5 km,
1.10@10 km. 1.13@25 km. 1.54@50 km fl 5.55@
75 km, F I A9 LI CV-QKD J5 ZEAE JCAE N
FRAMGE A SRR T B RE AR T 4 AR R

1 S#HiE CV-QKD i 3Rig

AWFFEAR ) 2 3 CV-QKD Mh LR TEAL 5E
CV-QKD WM 3Eat I, it R fl & OFDM 4R, £
SR b S 22 B 1E 38 T 3Rk AT AR i, A AR
B i v B TR BE B AL S i G EF B P RE
1, fEULYEHT CV-QKD R &% &L Hi ket I+ 32 IR
AOMERE . T i 2 2% CV-QKD HpisC B4 i
mr,

1) 28I T5H % Alice 7EEU T2 N 44
M7 22 Bt BEALES AT 2 /v S R o) A7 ke
S} OFDM AbHR, 7R

S(6) = [L(t) +jQu (1) &™™] (1)

k=1
Kb, L(OF Q) WEE kAT 3P 2 A IESE
Si FABERIEAE F R R A [, N AR ¢ o
WAl BEJS, 4546 1Q TSR OGP MG N #E =+
TEZEF#E, e N BT IS Tk
W EEFF I & 1% 45 Bob i,

2) LRI A Bob BRI N T
IEZE TR T A 22 A0 T, SR b R I 25 SR kA 7
N [T 1R A T2 10 2300 1 T 2 S A, 15
I & 25 By = {nlk=1,2,...,N}), y, & Bob ¥ 2
kAT A A R

3) Kl J5 A3 Bob vk I 25 R i N B2
I iG T-E A o I T ST B AR L B
T2 5 FAAE IR AT N I T8 . 2R
CV-QKD RGTEHTE S N I L 2R R AT FRoR

R:% Lz]::R(k)] (2)
R(k)=(1—a,) 1—FER,)BI[A(k): B(k)]—
x[B (k) : E(k)] (3)

X, £, WL B CV-QKD RGHE A, R(k)H
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5 k DT BB, BN kAT R U RS
B, a, T FER, 53 3RS k A8 0 255 51 L
B AR WU o 14K :BUOTR R kA2 Alice 1
Bob Z [Al A H 5 8, Fm e

I[A (k) : B(k)] = ;l"&W

A, VO=V()+1, V() 5 kAT 2% i
Z o Yl K) TR kAT HUE DB ARE MRS, ] 3
IRH Y10 =10 ) 1K)/ Ty T A B W 7 ()=
VT —1+e, FNARM 35 W 75 (O =[(2=m)+ 200 )My
EF'T,C e i A1 v AT RS kAT 3005 A0 1 3 1 B
ROk MER | BRI SCR A M L (B :E(O A
% kT 3k 3% Bob il Eve Z[8] i) Holevo i1 &L, 7] %
A
09 :£(0] - Y6 (M) - (M)
(5)

A, G(x)=(x+1Dlog,(x+1)—xlogx. FFFAE(E A.(k)
S kAT P 220 3 5k

(4)

Ao (k) = %[A(k)i w48 (6)

Ais(k) = %{C(k)i\/cz(k)—4D(k)} (7)

1

CO =g [v<k> o (k)}z
(k) X, (k) + B (k) +1
+24, (K ){V( ) B(k) (11)
+T; [V(k) * Xiine (k)}}

+2T [V? (k) —1]
[V + VER)K, (k)]
TV (k) + 1 ()]

(12)

2 ZRdRE

WnlE 1 FTR, LR R T 3T OFDM 92 20
CV-QKD %%, 7 Alice Jifi, Alice 't & th 47 %
N f RS CRE Hm AR > R aR o R 2 . — O
kA 1Q g8 AT, Ho 1Q YA #s Lo
# R AR = Uk & 4 #(arbitrary waveform gene-
rator, AWG) £ il # 52 Bl 54 f,,=10 GHz ) OFDM
HPBPARES R 0. 1Q i+ i ) OFDM
JCAR 5 i CTE AR TN TR (1 OFDM 1 115 50
(N B ST AT AR i 1) it IE A 3005 ) o Alice Wi )™
4= OFDM T # LG5 BRI . (1) —45
BT FEHLT 5 B OT A N=5 AT B AR T

A (k) =1 (8) BEMLIT A1), 42635 A 1K TR o7 WAL 91 204 7 i B e s
o, IR ALH] a=1/5 BN ZRF 51, P IR0 £ 2
A(K) = V2 (k) (1= 2T,) + 2T + T2 [V (k) + yime (K) T Bob Uit 55 MAHALAMES; (2) N=5 B o 37 e
(9) (T BT 51 20 33 PRt e HEL A5 45 0 5 8
B (k) = T;[V (k) e (K) + 1 (10) j 7 % OFDM T % #1507 15 55 (3) TE IR
| Alices; .. A Bobi oo
g ) g AR 2 \
Y T} SN RS TR (R [ poeT b
i o W [k | o B;éf&%fﬁ% =
HeEI A = 3 Ea
EH wmamE | EHED ]
NEIE TR ) —
TIESTHE |
Ja A :‘ .08 E
| . 7
MG /

K1 3T OFDM MZ# ik CV-QKD REGRE
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WFsE

OFDM & T # P18 715 5 &N 18 0.3 BIARTE

4%7% (root raised cosine, RRC)JEIH I F=RAEH 30 GSars,

$2: 45 A% Bob bty 52 PSR, # SR AR OFDM
T ABCTE T TR £=8.5 GHz IR A b
H; (4) BJm, $EHL OFDM # T #4180 715 5 1Y Lk
FUEEB 4> AWG 19 % DAC ¥ 304 1Q /il #%
75 1Y) OFDM & FH A G S (L f1 Q). 75—t
B B G DA O T M A LS O . B
J&, Alice ¥ifE B OFDM & 115 5 G M 28 8 450
DA 4 R0 v 4 43 2 O SNtk AOGEF (5l A T 2L 2F
Rk o HARERMIE, L8 K OFDM # 155
TN 28 LSBT 22 ] 41 538 8] gy S 1T BB R, N
A L3 G 26 B S 1 [ A0y S 1T i e s R B, i
AT DA B 28 ML AR 5 | A ) B i Can A EEL R
) RZ

1|35 Bob ¥y OFDM it T 56 A2 di 4t
P i 415 25 ) 28 00 17 2] i Ak B, 5465 1 52 i 41 B 1
OFDM & F 15 5 WM& s S e k17 0 8 . R,
Bob HOLAR ANy £, BAR G B i 41 53 2% 73
R, I 50 5 W w4 ) OFDM 115 5 e iz
B SEAFECAE 2 AN AN]SR &5 v JEA T AH TR0, 45
S — A A 2 B

—40 + M= Y = a =
OFDM{it {5 % fﬂ'sfi%{'{'z !

13 GHz B
1
1
1
1

—IRHERAERISNU

1 2f)3%/dBm
2

1
90 |
L L L L 1

0 2 4 6 8

1.0 1.2 14 1.6 1.8 2.0
Hi%/GHz
B2 750 km fEHIEE T SCMA5 ) OFDM & 715 5 1
2 A (55 (A
(EAS R B, 2 APl ST ORI OB 5 1
2% Naw BCHETE 16 GHz Zidi o 2 AT 2RI A4 1 Y
RN 235 5 53 1) i N B0 A7 A 7 U 4 (digital storage
oscilloscope, DSO) Y 2 Nl il 17 R 4E, DSO B RA+
R E A 40 GSa/ls, LI, Alice ¥if) AWG 5 Bob
Ui DSO Hifal—> 100 MHz B {5 544 [l 2 ik
e, MARAS L7HBR T Alice 1 Bob Wi R FE T 40 2 (7]

90

FRBI A 2, DN T3 8 T AR BRER R 7, A R T
FHAL RS, {4 F% T 10 GHz CV-QKD RS ta & iz
1o ¥ DSO RHFEM 15 5 F s S AT 8075
SAb I, SEEL OFDM . % 115 5 Uil i, Bk
BRI AR T (1) S EE R R RS
B AR A AR I (L, 153 2 S UHOGES B SE R 22
Af,5=15.99 GHz, WI7EEL A1 £=8.5 GHz  OFDM iz ¥
S5 R A, TN 7.49 GHz; (2) 8
T ARAF B PO AR Afye FT Afss, # OFDM 1 115
SR BB T A B AT B R . IE 3T AR
H1 RRC PTELUE 3 43 51 3k A5 OFDM & T-15 5 i 1IE 28
grat [HO, MM SIUE S I IEAS = 1,40, (3) K
T T XA o7 M MR, 1 SR ] 4 B e
59 W IE 38 i 1,40, T 3L S A0 4745 B % OFDM
B/ ESWIER i 1O, AT I AR M, 3
THER 2 b ST OGRS HDGETE I A DU A AL AR, 4R
J5 R OFDM & F{5 5 Nk A 1/5 He il i Il 2k
G| — 5 (I ] Be Xt OFDM = 1155 Hr (5% A3 A 137
W R TR AN A (4) ZAHAI AN OFDM & 15
53 o8 R A o AP e L AR e B AP R S
FHATH ., LR, IR 1.6 Gbps A &
THEY AL B, R 6 4> GPU H-ATA By tkikit T
ki KT 1.6 Gbps BRSP4, H 44> GPU
AR AT SEFL 279.2 Mbps FBFEH 20 5 %

3 HRESH

Ry SRS ERE dR e A U R, A5 T
TASRME R N S 22 Ve BMRERCE BRI
R FER W& RS, BRI T: (1) 4
XA kAT, B et SiE 22 v (o) Jak
(I B R T iR e AERIBOR 5,5 (2) 16
il 75 22 0~10 SNU A9 [l P4, 38 32 X6 7 719 15 Mt L
SNR, MO 4 H A 15 CR,, R G FIH A
CR/(0.5log,(1+SNR) i1 5t B, 5 V, (k) Z M A & &
X5 (3) EEEE SR SEVERE T, i S I
BRI kAT 5 5IFE 5. 10, 25, 50 1 75 km
ERIE T FER, 5 V (k) Z a5 FR; (4) FFIRE
(1) BV (k) F FER~V,(k)2 A~ 5 2 X, 7T LLAS 5 5
kAT 3R 02 % R () 5 722 v, (k) Z 18y
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KR, Wl T AR AT R LT 7 22 T B fe K2 4x
o WE LR R, P8 5 AT EU R

1

PAHITT2E Vo, DHAZCR g FIRWIR FER 2R
G IFRZEER 1,

FEEMEET 5 N FHIKHAHRTE Vi

iERER B FIRMIZE FER £ RMMUER

SC1 SC2

B, FER,

fRHEEES/

km VA(2)

B, FER, Vi(1)

Bs

5 0.8389 0.0019 3.5 0.8389 0.0019 3.3  0.0025
10 0.8396 0.0048 4.2  0.8396 0.0048 4.1  0.8399
25 0.9054 0.0136 4.1  0.9054 0.0136 4.0 0.9061
50 0.9296 0.0209 3.8 0.9299 0.0234 3.6  0.9301
75 0.9219 0.0974 4.1  0.9200 0.0707 3.9 0.9224

SC3
FER; VA(3)

SC4
FER, VA(4)

SC5
Bs FERs Vi(5)

Bs

0.8391 3.5 0.8392 0.0028 3.7 0.8391 0.0025 3.7
0.0064 4.2 0.8399 0.0064 4.5 0.8399 0.0064 4.5
0.0190 4.1 0.9062 0.0200 4.4 09063 0.0210 44
0.0252 3.8 0.9311 0.0362 4.1 0.9305 0.0292 4.1
0.1056 4.1  0.9226 0.1090 4.4 09227 0.1108 44

WHE RGBSR f,=10 GHz, % 1 AL
il 77 2% DA B FRMIEE FER, RN 1=0.45
(5 A 3 D 4 00 2580 23 S0 3 (U AH 45 ), 8 B8 i
1.3x107 MEFHEE] 5 N0 5. 10, 25, 50 175 km
LA BN I M A, Q& 3 B, KE T — S
RS 75 B 22 8% CV-QKD 5236 R %0 . (15T 2
J&, AT A HCR M 7 5143 (shot noise unit, SNU ) % H
— WM R o Tk, RV ORI 7 R R MR 2 R
SNU, WET T RGeAETE™ . TEA 280 CV-
QKD RGLSI0 , B2 () 2o W 7 3 ZEALHE I
HoARoR M R | DAC/ADC AL | MR o
HEIE BET IR 7S | BRI 7S R AR R,
i1, ADC £ £k 1 P RN 0 4 W 7 A Sk 2 0y ] A5 #5
Gl oy B S N R (S S R = S P Oy 3
SR MR 2B BT OR FH OGS PERB L , AR SC IR
FH TR X 5 B I A —135 dBe@ 10 MHz By %5 £k T ik
Jeas, FEVRE T 220 4 SNU 0 FALEIA T 7.11x10™
SNU (it M7 . DAC 5L =22 DAC &4k
PR E, TE G725 J9 4 SNU B TR 51 A 4.1x
107 SNU (3 Mt o A58 b i G 2R A5 18 O - itk e
Wa AR /N, FER R TR T SR s 5 AR H
FeA, FEAE A m PR 50K OFDM 715 5t 5 4 it
ST A R B, B E 2 GHz ) FEa SR
i) B A7 205 bt B 1 28 UL R T 15 % OFDM
B ESEN R, £330 CV-QKD F 5 i i il g
FEEFRRIEEL N=5 B AIEE(E A 4.3x107° SNU, HAN
I AL e PR a8 CV-QKD R e Y 1Q 1 il % 1Y
A BRI G LR RN 1Q AN T AL R #R AR5 |

www.kjdb.org

AIEA T3 Z RS S . 2380 CV-QKD
R G AR RS 7E - B N=5 IR 3.6x10°
SNU, H E2ALFRCLT AR | (5 ARG MRS | )
AR RS, LSRN T3 18] TP e B
RO HEE B RS, 280 CV-QKD R 4t HAth
Mg R R R R T 1Q I #5 Ut VR RE M | BR AR AR
5 e s 4

FIHE 3 A0 5 AT H gt s, IR 2
#¢ CV-QKD R LA MEe T3] 5 A~F
P2 AR R, MR AE R 2 th . [, WA AL e
BT 5 ANPGRS 2 2 280k V-
QKD R4t 1% 43, 435 1819.32 Mbps@5 km.
1078.48 Mbps@10 km., 374.19 Mbps@25 km, 112.96
Mbps@50 km F1 34.63 Mbps@75 km, K ilE T A< i 5%

s oM — T
EN=TY $0.0354 80,0343 g 5 km
=2 003} - :
%% ool Fo.0160 400174 | '&0.0272
1 2 3 4 5
= 005
o 10 km
Rz 0.03f . L0076 £0.0344 80.0328 §. 0204
j;‘_‘)w 0.01} .0.0156 T 0. 6 . . .
1 2 3 4 5
s 2
®Z 004 0.0386 £0.0372 £0.0362
77 0031 $0.0134 §0.0147 # ¥
1 2 3 4 5
o R
w®Z 0,041 8 E 2 0.0381
27 003 #0‘01290.022600245 ] F0.0266
1 2 3 4 5
.
o .
%m 0.02 b _5_0‘0235%0_0251-5»0‘0338«E»OAOZ‘)S %0.0340
1 2 3 4 5
Tk

K3 M5 B R LRI T 5 AT i M s
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®2 AREMEHERTUNEFIMMIREHE

5B B /km SC1 SC2 SC3 SC4 SC5 SHKERS
RE&ME/Mbps LL£BE/Mbps ZHEL£WBHE/Mbps HEFZE/Mbps EELWE/Mbps ZEFE/Mbps
5 462.37 396.86 319.36 320.18 320.55 1819.32
10 272.51 246.16 190.38 186.63 182.80 1078.48
25 93.45 94.94 64.06 61.11 60.63 374.19
50 27.92 24.85 23.06 16.88 20.25 112.96
75 7.86 8.36 6.27 6.40 5.74 34.63

R IET OFDM I £ 3 CV-QKD RS 5E8 T
10 km 3 38 55 25 T~ Gbps & 2% F1 50 km 385 2
100 Mbps 2 L2

4 itig

T OFDM i RS 10 GHz 5 42 40 % A4 2 1
Z 3 CV-QKD R 5, F3l 1 15 1T AU AR B 75 b
PO A R B S5 A B 26, IR T 10 km
FERIEES T Gbps FEZ4 AT 50 km Z%#E 2 100 Mbps
WRML A, ik — R AR T
OFDM £} CV-QKD RGMH, iIFE 1 10 GHz
HEWRMAEIE CV-QKD RSSLIAE, 75248

0.04 O MR ——— Py
% ’ 5 km
ﬁ 003 o O 00255 C
Tl
= 002 o OO =
2 001 '
1 2 3 4 5 6 7 8 9 10
0.05 -
£ 03[ O 0.0258 o p
= 0.02[ = o - H 8
j;__'J 0.01 L L L =] L L L L s
1 2 3 4 5 6 7 8 9 10
5 0.06
Z 005 25 km
2 0.04 § o
E ol _g - 00293 O r
E 002 o o g
,;_J 0.01 L L L L L L L
1 2 3 4 5 6 7 8 9 10
S 008
% 006} O o003 o 0k
E 0.04 ——0 g—!
= 002f O o
j;__ﬂ 0 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10
0.10
> 75 km
% 008§
W O o.0642 O g o
& 0.06 O - o r
j;__'J 0.04 L L L L L n L L 5
1 2 3 4 5 6 7 8 9 10
HsF ] /min

I CV-QKD R GeAH R 5250 258 T, A4 AH W] Y 52
Bk B PR 7 220k T ZE FAR A M R M T R 4R
10 GHz H & W R A 7kl CV-QKD ARG 1E 1.3x107
B BT M R A A RIS (E WA 4 B,
7 5. 10, 25, 50 il 75 km G AEHE T2 4
FIMHH 1670.69., 976.74, 332.14 ., 73.22 Fl1 6.24 Mbps.,
A, X R [RGB 2 800% CV-QKD R4t il
LAY CV-QKD R4 ML 3R, RRig 15 2 #k
ARG L ATRIGLEEA A 1.09@5 km, 1.10@10 km,
1.13@25 km, 1.54@50 km 1 5.55@75 km, 4n&l 5 fir
N, 2 WIAEAE ] S 5 2 1 T AW 4R BT
OFDM ) £ # % CV-QKD % i AE ¥ 4 4 it %41 T
4 4%, Hit T35 K 0l e O R i B ik, 2

5000 B AR ER ——— IR R e
% 5km
%3 18000 W 167060 w m - -
WZ 1600 " 1
1400 . . . . : ]
1 2 3 4 5 6 7 8 9 10
1200 . o0k
m
%Ei-é 1000k 97674 g m n . 1
&S goop MW
R
600 :
1 2 3 4 5 6 7 8 9 10
— 500
M 400 25 km
B & 332.14 ] g =
= 300 = 1
£ [ |
200 . :

%-‘3 100 § L 73.22 ] | ]

=

w30 I n
0 L

1 2 3 4 5 6 7 8 9 10
15} & /min

Kl 4 ARG R T B0 CV-QKD R GEid M FI At A2 iy il e 25 R
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I CV-QKD ARG R TEREIL IR i . 7E 75 km &
IR, 2300 2 G002 AR AR 35 S (i (R T
W, X—HEER T RETEMARAE MR L AT
PEREIR 2 B4R 2 3T AS Bl i 715 i 17 f%
i, A SO TR R GAE R IE B P HELL s IR
KA R, TR AR 1 e A 7 M 7 M2 B T 1)
TR SR, {7 W L 4 7 A A A PR T AR S A
VMR P MR R R, 5 SO AR AR 6 I 7 1, 2
LI 25 T IR R A

—_
(=}

9' A IR
o | DR
S o v
M 7
£ 4
<H A
S
X 3
®
N 2r ‘
I 3 *
0 10 20 30 40 50 60 70 80
FE 5T B /km

KRNI T 2 8 SR R e S TR S

Ak, 2t i 2 8% CV-QKD Rtk KA 52 |
BEAL I 35 4> I A R S R A o M A
REAS 5375 1 12 A [5) A2 i 5 38 AAS [R) 3 91 03 B P o
K, BARGFR ] BRAEIE | 22 R EAEREIE I o

5 Hig

ARTFFEHE: OFDM AR Fll CV-QKD AR 454, If
SEHLT 2 #% CV-QKD Wit & 10 GHz 5 & i
RN ZHIE CV-QKD ARG LK KIE. Bk, 7E&s
LRI CV-QKD MYt I, %3 H % T OFDM
M Z 80 CV-QKD PMIL, #3728 CV-QKD &
G SR PTAL B LR . HoR, PR T TR
N=5 2 8% CV-QKD F G 3L 56 5oiF, i 1 15115
i B 0 SRS P M 58, S T — I e
7 ) 2 8 CV-QKD R4t, IS @R T 1T 24K
I CV-QKD RGO CAT R BN | e 7 | R
{EIEE T @275 . DAC/ADC HH LIRS | 450 e 7
FARBIMEFS , Rl 2 2 B B AR B | AR F 82
] 3 JE R 7R AT HE e 75 . FRIR, JE T2 GPU IRAT4k

www.kjdb.org

Py, LR KT 1.6 Gbps (98 5 40 B
%, HH GPU AR AT 523 279.2 Mbps Y 28 4] 21 4
R, I Gbps 9% 2 AR A SLRHE T8 0 &
PRACER P, i IR O R IOG, S Y ST
OFDM Z# CV-QKD #4ifE 5. 10, 25, 50, 75 km
RHIEE BT 4 ST 1819.32, 1078.48. 374.19,
112.96, 34.63 Mbps [ % 253, IR LI T 10 km
W S Gbps TR 4 AR AT 50 km Ik 25
N 100 Mbps f 2% 1Y 22 2%, Fa, NiE—
JIT R B 2 3 CV-QKD R G AR M 3, 7E [ %
SCE ST IR T 10 GHz B2 AR B Il V-
QKD R4 SLIHIE, 25 b £ 3% CV-QKD R 4i1E
AN TRl A% i BB T 1Y) 22 2 D 2 4 T R 0 25 3 0l AT A
1.09@5 km. 1.10@10 km, 1.13@2 5km. 1.54@50 km
H15.55@75 km, RIHZ I CV-QKD ARG ) Z TG
AT 5. KIS FEHS L, W ARk kb
FIRERFREARIRIIT R

% 3 3Tk (References)

[1] Gisin N, Ribordy G, Tittel W, et al. Quantum cryptography[J].
Reviews of Modern Physics, 2002, 74(1): 145—195.

[2] Pirandola S, Andersen U L, Banchi L, et al. Advances in
quantum cryptography[J]. Advances in Optics and Photonics,
2020, 12(4): 1012—1236.

[3] Xu F H, Ma X F, Zhang Q, et al. Secure quantum key distri-
bution with realistic devices[J]. Reviews of Modern Physics,
2020, 92(2): 025002.

[4] Zhang Y C, Bian Y M, Li Z Y, et al. Continuous—variable
quantum key distribution system: Past, present, and future[J].
Applied Physics Reviews, 2024, 11: 011318.

[5] Grosshans F, Van Assche G, Wenger J, et al. Quantum key
distribution using Gaussian—modulated coherent states[J].
Nature, 2003, 421(6920): 238—241.

[6] Braunstein S L, van Loock P. Quantum information with
continuous variables[J]. Reviews of Modern Physics, 2005,
77(2): 513-577.

[7] Jouguet P, Kunz—Jacques S, Leverrier A, et al. Experimental
demonstration of long—distance continuous—variable quantum
key distribution[J]. Nature Photonics, 2013, 7(5): 378—381.

[8] Zhang Y C, Chen Z Y, Pirandola S, et al. Long—distance
continuous—variable quantum key distribution over 202.81 km
of fiber[J]. Physical Review Letters, 2020, 125(1): 010502.

[9] Pan Y, Wang H, Shao Y, et al. Experimental demonstration of

93


https://doi.org/10.1103/RevModPhys.74.145
https://doi.org/10.1364/AOP.361502
https://doi.org/10.1103/RevModPhys.92.025002
https://doi.org/10.1063/5.0179566
https://doi.org/10.1038/nature01289
https://doi.org/10.1103/RevModPhys.77.513
https://doi.org/10.1038/nphoton.2013.63
https://doi.org/10.1103/PhysRevLett.125.010502
http://www.kjdb.org

FHE SR 2026,44(11)

WFsE

high—rate discrete-modulated continuous—variable quantum
key distribution system[J]. Optics Letters, 2022, 47(13):
3307-3310.

[10]

[12]

[14]

[16]

[17]

(18]

94

Tian Y, Wang P, Liu J Q, et al. Experimental demonstration
of continuous—variable measurement—device—independent
quantum key distribution over optical fiber[J]. Optica, 2022,
9(5): 492.

Tian Y, Zhang Y, Liu S S, et al. High—performance long—
distance discrete—modulation continuous—variable quantum
key distribution[J]. Optics Letters, 2023, 48(11): 2953—-2956.
PiY D, Wang H, Pan Y, et al. Sub—Mbps key—rate continu-
ous—variable quantum key distribution with local local oscil-
lator over 100—km fiber[J]. Optics Letters, 2023, 48(7): 1766—
1769.

Laudenbach F, Pacher C, Fung C F, et al. Continuous—vari-
able quantum key distribution with Gaussian modulation:
The theory of practical implementations[J]. Advanced Quan-
tum Technologies, 2018, 1(1): 1800011.

Kiselev F, Samsonov E, Goncharov R, et al. Analysis of the
chromatic dispersion effect on the subcarrier wave QKD
system[J]. Optics Express, 2020, 28(19): 28696—28712.
Wang H, Li Y, Pi Y D, et al. Sub—Gbps key rate four—state
continuous—variable quantum key distribution within metro-
politan area[J]. Communications Physics, 2022, 5: 162.

Pan Y, Wang H, Shao Y, et al. Simple and fast polarization
tracking algorithm for continuous—variable quantum key
distribution system using orthogonal pilot tone[J]. Journal of
Lightwave Technology, 2023, 41(19): 6169-6175.
Weerasinghe A, Alhussein M, Alderton A, et al. Practical,
high—speed Gaussian coherent state continuous variable
quantum key distribution with real—time parameter monitor-
ing, optimised slicing, and post—processed key distilla-
tion[J]. Scientific Reports, 2023, 13: 21543.

LiY, Zhang X F, Li Y, et al. High—throughput GPU layered

[19]

[20]

[21]

[23]

[24]

[25]

[26]

(27]

decoder of quasi—cyclic multi—edge type low density parity
check codes in continuous—variable quantum key distribu-
tion systems[J]. Scientific Reports, 2020, 10(1): 14561.

Yang H Z, Liu S S, Yang S S, et al. High—efficiency rate—
adaptive reconciliation in continuous—variable quantum key
distribution[J]. Physical Review A, 2024, 109: 012604.
Eriksson T A, Luis R S, Puttnam B J, et al. Wavelength divi-
sion multiplexing of 194 continuous variable quantum key
distribution channels[J]. Journal of Lightwave Technology,
2020, 38(8): 2214-2218.

Wang H, Pan Y, Shao Y, et al. Performance analysis for
OFDM-based multi—carrier continuous—variable quantum
key distribution with an arbitrary modulation protocol[J].
Optics Express, 2023, 31(4): 5577-5592.

Wu S P, Liu P, Bar—Ness Y. Phase noise estimation and
mitigation for OFDM systems[J]. IEEE Transactions on
Wireless Communications, 2006, 5(12): 3616—3625.
Weedbrook C, Lance A M, Bowen W P, et al. Quantum
cryptography without switching[J]. Physical Review Letters,
2004, 93(17): 170504.

Wang T, Huang P, Zhou Y M, et al. Pilot—multiplexed
continuous—variable quantum key distribution with a real
local oscillator[J]. Physical Review A, 2018, 97: 012310.

Ma L, Yang J, Zhang T, et al. Practical continuous—variable
quantum key distribution with feasible optimization parame-
ters[J]. Science China Information Sciences, 2023, 66(8):
180507.

Zhang Y C, Huang Y D, Chen Z Y, et al. One—time shot—
noise unit calibration method for continuous—variable quan-
tum key distribution[J]. Physical Review Applied, 2020,
13(2): 024058.

Wang H, Li Y, Ye T, et al. High—rate continuous—variable
quantum key distribution over 100 km fiber with compos-
able security[J]. Optica, 2025, 12(10): 1657.

www.kjdb.org


https://doi.org/10.1364/OL.456978
https://doi.org/10.1364/OPTICA.450573
https://doi.org/10.1364/OL.492082
https://doi.org/10.1364/OL.485913
https://doi.org/10.1002/qute.201800011
https://doi.org/10.1002/qute.201800011
https://doi.org/10.1002/qute.201800011
https://doi.org/10.1364/OE.403293
https://doi.org/10.1038/s42005-022-00941-z
https://doi.org/10.1109/JLT.2023.3277982
https://doi.org/10.1109/JLT.2023.3277982
https://doi.org/10.1038/s41598-023-47517-7
https://doi.org/10.1038/s41598-020-71534-5
https://doi.org/10.1103/PhysRevA.109.012604
https://doi.org/10.1109/JLT.2020.2970179
https://doi.org/10.1364/OE.482136
https://doi.org/10.1109/TWC.2006.256984
https://doi.org/10.1109/TWC.2006.256984
https://doi.org/10.1103/PhysRevLett.93.170504
https://doi.org/10.1103/PhysRevA.97.012310
https://doi.org/10.1007/s11432-022-3712-3
https://doi.org/10.1103/PhysRevApplied.13.024058
https://doi.org/10.1364/OPTICA.566359
http://www.kjdb.org

W5 FHES 2026,44(11)

High—speed multi—carrier continuous variable quantum key distribution
within metropolitan areas

WANG Heng', PAN Yan', YE Ting', SHAO Yun', MA Li', WU Mingze?, PI Yaodi', SUN Ao, LI Yang', HUANG Wei',
ZHANG Yichen?, XU Bingjie"

1. National Key Laboratory of Security Communication, Institute of Southwestern Communication, Chengdu 610041, China
2. State Key Laboratory of Information Photonics and Optical Communications, School of Electronic Engineering, Beijing University of

Posts and Telecommunications, Beijing 100876, China

Abstract Continuous—variable quantum key distribution (CV—QKD) technology has emerged as a pivotal direction in quantum secure
communication due to its inherent compatibility with classical optical communication systems and high key rates within metropolitan
areas. However, the secret key rates of existing CV—-QKD systems remain insufficient to meet the practical requirements of one—time pad
encryption within metropolitan areas. This work innovatively integrates orthogonal frequency—division multiplexing (OFDM) technology
into CV—QKD systems. We experimentally demonstrated, for the first time, a multi—carrier CV-QKD system operating at a 10 GHz
repetition rate. Moreover, this experimental system respectively achieves secret key rates of 1819.32, 1078.48, 374.19, 112.96, and 34.63
Mbps over transmission distances of 5, 10, 25, 50, and 75 km by developing a high—precision dual—stage phase noise compensation
algorithm, establishing an excess noise theoretical model, and designing a high—throughput data post—processing scheme. Notably, our
work realizes the first instance of Gbps—level secret key rates within 10 km and 100 Mbps—level secret key rates within 50 km for
metropolitan—area CV—QKD. Compared to traditional single—carrier CV—QKD system with 10 GHz repetition rate under identical
experimental conditions, the multi—carrier key rate gains at different transmission distances can respectively reach 1.09@5 km,
1.10@10 km, 1.13@25 km, 1.54@50 km, and 5.55@75 km. These results confirm that the multi—carrier CV-QKD system scheme can
significantly enhance quantum key distribution performance, providing an effective solution for future broadband and long—distance
quantum secure communication.

Keywords continuous—variable quantum key distribution; orthogonal frequency—division multiplexing; multi—carrier technology;

secret key rate; excess noise
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