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Abstract: [Objective] With the continuous development of Artificial Intelligence (AI), a wide range of Al-driven applications is
rapidly emerging. The growing service requirements have progressively surpassed the capacity of the existing network bandwidth
resources, thus making spectrum expansion an essential avenue for capacity enhancement. Therefore, introducing C+1L band opti-
cal networks can effectively address the problem of limited bandwidth capacity. [MethodsY To reduce blocking probability and
ensure network survivability, this paper considers the impact of spectrum allocation on both the C and L. bands, employing differ-
ent strategies for the selection of the working path and protection path, spectrum resource assignment, and modulation format se-
lection. We propose an Impairment- Aware Spectrum Allocation method with Dedicated Protection (IASADP) in C+L band elas-
tic optical networks. For comparison, three dedicated protection strategies are introduced: the Kth Shortest-Path First-Fit with
Dedicated Protection method (KSPFFDP), Revalidated Signal-to-Noise Ratio with Dedicated Protection method (RSNRDP) ,
and Maximize Signal-to-Noise Ratio with Dedicated Protection method (MSNRDP). The performance of these methods is ana-
lyzed under different network loads in terms of blocking probability and spectrum utilization. [Results] Simulation results show
that, compared with KSPFFDP, RSNRDP, and MSNRDP, the proposed method significantly reduces the blocking probability,
improves the spectrum utilization, and achieves higher transmission quality. [Conclusion] Therefore, the IASADP effectively
achieves the goal of optimizing spectrum resources in C+L band optical networks.
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Figure 1 C+L band elastic optical network architecture

2 BEEBIEMIEHF OSNR LR

2.1 EEEBENAHGE

RV D AR L PR A5, AR AR B AR B B R I Y
A% 2, ISR T RS B R . AN SO
T4 A [R] I A% s Tk ) A A% B 4% (Binary
Phase Shift Keying, BPSK) . 1E & i & # %
(Quadrature Phase Shift Keying, QPSK) .8 Fi 1F 42
M 5 94 i1l (8 -ary Quadrature Amplitude Modulation,
8-QAM) Fll 16 B 1E 22 i B 9l il (16 -ary Quadrature
Amplitude Modulation, 16-QAM) ., #fi% 4 Ff 4

AMER— DA M=11, 2, 3, 4t i 258
oK B, TS BT IR 70 B I, B 75 A IZJ%'%&EF i
o 3 9 o A AR B0 B R R L D A I R
RO EAHR AN

B
F,.= "MA—“F(JB (1)

A RIS BR A 9 R/ I A=12.5 GHz;
GB ARG Bt . 7 A X 288 1, i it it
SRR T B SR T 3 TAE B AR E’J:&FT%IE%%?HJEE
B TE T AR R IR R 1 B A b R R R
PE A%, S 1 TR

250307-02



WALy 4. BUGEGNY C+ L B BOGIMER L AR s IOtk ik

A1 ZXREMAHKXT OSNR B/E
Table I OSNR threshold under different modulation formats

BRI AR PR AF FHEREE/km OSNR F {£/dB

BPSK 1 >4 000 9.0
QPSK 2 (2000, 4 000] 12.0
8§-QAM 3 (1000, 2 000] 16.0
16-QAM 4 <1000 18.6

2.2 OSNR Ff4#EHR
78 CH+L P BG4 i, OSNR H 2% 5 A% 4t 1Y
ASE Mg . ASE M EOGTR S FE RO E 5 i
TR B ORGSR EE B L R S0
hOGFES & 2Ot K JEL S , ASE BS 25
BB R ISRS By A JRUH 2 7L 2F b L
B 6 F 5 i A EAEH SR 2 FIR 5.
SR HLOGAON FE G F R B A A, W H AR A
P4 (Self-Phase Modulation, SPM) . 3¢ S AH {37 14
(Cross-Phase Modulation, XPM) F1 P4 J% 18451 (Four-
Wave Mixing, FWM) . BT LATE 2 B M 4 v JE 26
PERLN. 51 L e 7S 5 ASE M 7S [a) 55 5 2 #OR A
T3 OSNR W] AN A] Z W (38 73 o A SC R FH(2)
TFE B R 19 OSNR OSNR™ 1,
pr
OSNR" = m , (2)
K P N BEEER r R TIH Pl I r 1
ASE Mgy Pl oA r FEAR B A B v B AT R ek
ARONE T | A B M Ty 32 32 4y o R E TR (Self -
Channel Interference, SCI) M 7 I R 1 &2 {518 +
P (Cross - Channel Interference, XCI) Mg 5= Ifj %
Plse ATRIR N
Phe = Ziznsphf;B,,(e“’*—l) : (3)

Kofp N BRI TARRGAR s N, N E B (A0 5
B, BV I C B T SR By, 9 B R R
A5 h % B 50 8 f, 3 R r 1 D B
B, (TR LR L0 s AN
KEE sy AT IR HL
Py, TR K
Piu=D)(Pe +P3) (4)

lep
Ao PG MG OR r TEBE B [ DAL i 1) SCT B
FAIIE PG R r FERE R L TR AR R ) XCT MRS Ty
%“2] ’Pg(:zl il Ppr(({,l [ E Sl

, 8§ y'P' 1
nl _n 2
P =Nrgy g 6.5
(2a-D'PC,f) —a 3m
- asinh ( ¢,.Bf) +
a 2a
2 ’
4’ —(2a=D'PC.f) (3
e asmh(4a¢,B,)
(5)
. 16 y°P? 1
P){({[*Nlﬁ 71'20(2 Z(]S,‘v, B
2a—D'PC,f) —a’ :
( ) ran(Z“ 6..B,| +
a a
2 ’
4a* — (2a—D'PC, f. 2
( kf) atan(TC([),,v,.yB,,)
2a a
(6)

i sy WL I AR Ltk BB C, I — (L 2
I PE I R DN BE [T A A
BRI SO € RY R W HE RS [ O 055 1032 45
Rosfo BB BRI LR, g
b, TFRH

¢, =B+ 27p5 s (7)

b= Bormp (L4 (1 -1) . (®)
2 By BT By Sy R I A [R) 4 i 2 8 B S B 2
RR R () FTE W T 22 0 K I B8 1 10 75 7
I 190 245 Fh BB H5E 1 OSNR , KT F5 40 i

3 TASADP

3.1 ERARPAHE

M TG 28 R 4808 B ORI &, 6 M 4% 1 A A7
ZOCHE, PRI, A SCHE T 4050 0 8 e HT AR 4 A
7% 43 fic 77 2 (Impairment - Aware Spectrum Alloca-
tion with Dedicated Protection method, IASADP) ,
N HAE R R — 55 5 AR BE BEASAH 22 1 O 3
PEAR T AE BT S R0 AR B AR A OR 4 % A B 4 TG AH
I YA B IR . e ORI T kb ARG T kI b
8 A0 3 % R BE B — D o B I R A PR A B
FHUST, AR 30 S ELAH A 9 TASADP W 2 s, 78
AR R ST WA A R L SR B AR LR
PARANBE S TAEBS AR R BEREAHAC o — DT R
PRy ot i L BE Bz Bl ok b . B B PR e S
PR DA B PRI, A 34 42 335 SR 1 A B8 IR DR 4
BEURESANBE o5 2 B

250307-03




SIS

20254 E 6] RS 252 1)

THERAZI]

THEBRZ?2

B2 +HRERERIPT®
Figure 2 Dedicated path protection method

3.2 #HR{GBRAMBFEEET X

TEWAE TR0 AR AR R AR 2 ),
B AR b HORT R RS BT R R AR
A 2 2R BRI, B SR BEBR AT AR I 2 TR AN 58 2 A IR
S AR — B MU i S R SR X A 2% B
B b A T A B AR AT VAL AR AR B 2 AW
FRD 0 T It DX I, 5 T I AT ] P 4 A B A 3 R AR AT
VA, bR AEGLAE WAJ5 T - — 7 T B LR T
TEZAGE DB 52 2] Y SCT S 5 55— J7 I 75 2 7%
JE 73 T AR 12 X S ) 5 HA 3 SR 22 18] 7 A= 19 XCT 3
Wi o P 3 s i e s i, B L, S LA
T B R 5| R A B % A A R Y A A 0 RO R G
MAE P TC 2, AR r 7R MBI BE AR T L FE5 n 5%
HEEE P R GIE R m BB ER T BRI (E . £
T DX, 7 AT T B PR, TR 0 A A — Bk
W 2 S Y SR AT v S 2 R e DX I A ik A2 7
AU 28 PRI DI, AT S COPRIC . Iy 1 AN
2 D Sy ik 2 2% A B R RS X, T O M@ R .
b i 1 TR A X B A AT TR S K AT
FHATE X IO @ h AR A7 7E 3 4> 8 & 2 1Y % e 7
SR HAR 2R iR B B R AR B T, R
P20 o0 T R 123 S i D B S T
SRV 2B A A 108 TT AL DAt 7 A T i 7 491

T WA TR AR e A LS B R S 1
S A B I Dy A ) AR AT SRR L R RO R
Lo L., PAERGN AR — & 3 378 W SR AR AL i
e B SCI, 75 — A8 73 2 7 i oR 75 1% iy i 72 0 1
XCI, fEf A XCIR, 1A T —A> 5 i ] #H 5 1AL
HH T ZAE N 75 E AR TR T B R Y
FF £ I [R] 0 AE LY, 508 B0 40 FRr 2 I 8] % 10 T #I
19 XCT STRRAL R R

F 4 Bt 1A
* i
I, |
/-:./‘ ~ g ~onn
ll\‘;)]l\‘\‘l ’{ lI)I 12'1‘( \(/,;\\)\\
1 ASdIns Y Y Mled
L CHE M LK B f
%%ﬁm133 L
o "
| | !
] I, {\ 12,2
v v P | L
JAYAVARNAYASS! IVAVAY
ain e B i
430 IR NI LN
h CH B I Lk & f

B3 34T ey =)

Figure 3 An example of impairment interference
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Figure 9 The average OSNR under different traffic load
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