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Abstract: China’s Internet Protocal Version 6 (IPvB) has achieved large—scale deployment. The development goal of the IPv6+ network inno-
vation system is put forward, the connotation and external edge of the concept is clarified, the planning of key technologies has been
formed, and the development path of the IPv6+ network innovation system for 2030 is constructed accordingly. The research of key tech-
nologies including network programming, network slicing, certainty network, with—road measurement, new multicast routing, network au-
tonomy, and credible safety network is arranged. The research and development of core products, systems, and solutions are promoted to
guide industrial development, and the pilot project and demonstrations for basic telecommunications networks and industrial information net-

works are implemented, which accelerates the construction of an IPv6 national/international standard system.

Keywords: IPv6+; network innovation system; technical layout; development path; standard system
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Abstract: As cloud network convergence is the core feature of the information infrastructure, the key challenge is to break the border of

cloud and network and bring them together on several levels. It is time for us to change the traditional networking mode, and build up the
cloud network, as the core of the information world is cloud. The requirement, the architecture, and the key technologies of the cloud net-

work are highlighted, as well as its existed service type and promising future.
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Abstract: The evolution of the cloud—edge—end ubiquitous distribution of computing forms and computing power embedded in the network

promotes the evolution of carrier networks from “cloud and network convergence" to "computing power and network integration". Facing the
computing power network era, computing power network technology architecture based on segment routing IPv6 (SRv6) is put forward, and
its contents—— “1+N+X ” are introduced in detail. “1+N+X ” means 1 computing power network capacity base, N kinds of computing
power network capacity, and X kinds of business scenarios. Through the research of the technology architecture, the new generation of

digital technology facilities is established, enhancing the network endogenous capacity of “Connectivity + Computing + Intelligence”.

Keywords: cloud network convergence; computing power network; technology architecture; SRv6
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Abstract: For the multimodal network requirements, a data plane platform integrating storage, forwarding, and computing is proposed, and

the framework composition and key technology are introduced. The platform further releases the flexibility and scalability of the data plane

through the coordination of software processing and hardware processing. The advantages of heterogeneousness and integration support di-

versified network applications with definable forwarding and processing, which can cope with the urgent needs of integration of storage, for-

warding, and computing in the polymorphic networks.
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Analysis and Optimization of Queues Based on Network Calculus
in Time—Sensitive Networking

FHC/YIN Shuwen', JERB/WANG Shuo'?,

E$E/HUANG Tao'? DOI:10.12142/ZTETJ.202201007
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(1. State Key Laboratory of Networking and Switching Technology, Bei- WFSEER. 2021-12-15

jing University of Posts and Telecommunications, Beijing 100876, China;
2. Purple Mountain Laboratories, Nanjing 211111, China)

BE: WEgUENE (TSN) PEIRAIIEEA (COF) VIR T BB P IEBEMRR TR, BiYXE EE?I]&?J%E@E%EDE
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XE213: WEEURNME; BIAIERR; MESES; MEEDHT; PAIIKEDHT

Abstract: Cyclic queue forwarding (CQF) in time—sensitive networking (TSN) remains the forwarding controllability based on gated scheduling
in time—aware shaper and reduces the complexity of the configuration of gate control lists. However, as a key parameter, the length of CQF
queues directly affects the performance of network scheduling and is constrained by hardware resources in implementation. In order to find
the appropriate value of CQF queue length to realize the performance and cost optimization of network system design, a performance analy-
sis method of CQF—-based networks based on network calculus is proposed. Through the construction of curve model and calculation, the
upper bounds of delay and backlog of data traffic transmission are analyzed. Then the appropriate length of CQF queues can be selected ac-
cording to these analysis results. Experiments are conducted in different scenarios, and the influence of different flow characteristic param-
eters on the selection of queue length is obtained.

Keywords: time—sensitive networking; cyclic queue forwarding; network calculus; performance analysis; queue length analysis
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Abstract: The different characteristics of the north—south interface and the internal interface of the twin layer in the digital twin network and
the applicability suggestions of some general interfaces for the digital twin network in the current network are given. At the same time, aim-
ing at the multi—protocol problem of digital twin network, the southbound interface protocol adaptation between the twin network layer and
physical network layer, and northbound interface protocol adaptation between the twin network layer and network application layer are intro-
duced. Based on the protocol adaptation function of southbound and northbound interfaces, the identification, parsing, and transformation
methods of southbound and northbound multi—protocol are proposed to realize the multi—protocol collaboration of interfaces in the twin—

layer and reduce the complexity of protocol processing in constructing digital twin network.
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Abstract: A general mapping method between service requirements and network capabilities is proposed, which can flexibly adapt to service
developing requirements through network capability self-organization and service requirement self-mapping. By abstracting and decom -
posing the capabilities of each layer of the network, a full-dimensional definable network capability model is constructed to realize the
opening definition and dynamic evolutionary development of network capabilities from four dimensions, including communication subjects,
network functions, network resources, and network security, with more than 30 specific elements. The proposed mapping method "dy -
namically" selects and combines network capabilities for complex and comprehensive service requirements. Based on the matching degree
calculated between service requirements and network capabilities, the optimal combination of network capabilities is selected to reconstruct

composite network functions. An intuitive 0—1 mapping matrix form is designed to support mapping realization.

Keywords: service requirement; full-dimensional definable network capability; mapping; network capabilities combination
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Abstract: The verification of transmission optimization schemes depends on simulators, but existing simulators are not suitable for increas-
ingly complex transmission optimization methods, including optimization schemes based on machine learning and transmission optimization
schemes combined with end networks. To solve this problem, a lightweight transmission simulator is proposed. The simulator supports the
simulation of multiple transport functions and uses algorithmic interface abstraction to improve the simulator’s ease of use. Experiments are
carried out on the simulator proposed in this paper through common transmission scenarios and different optimization algorithms to verify

the effectiveness and correctness of the implementation of the simulator.

Keywords: transmission simulator; congestion control algorithm; adaptive bitrate
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Abstract: With the Internet in China fully entering the Internet protocol version 4/Internet protocol version 6 (IPv4/IPv6) dual—stack operation
stage, how to evolve into IPv6 single—stack network in the future is a new technical and industrial challenge. Combined with the latest
policy requirements of China and based on analyzing the existing IPv6 single—stack transition technology, the overall framework, evolution
route, and related solutions of multi—domain IPv6—only network for large—scale networks are put forward, and the strategic suggestions for

the development of IPv6 single—stack networks are proposed.

Keywords: IPv6-only network; global mapping rule; multi-domain; SRv6; BGP4+
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B DNTKEASE. SEICLHERARNTAREERNR: BREB400 Gbit/s. KERY R, =NEM (SDM). HERIELFEE (0AM)
FBSHEBEMEINEAR, FMEARFR. WHRIRECDSFOENE T XEEANHE, HIWAERASRAREES, MR TR T
EEWE T YCEERENENEIDHRG. ETP OETDIMNESBRIEOER, FEEINENMEATE. SR OEELENNAS
Frae R TIESKER, M5 4 THEZER]. RIGEBISIUYEMESSREIBDISEMIN . C+LIREY BN 400 Gbit/s IKEEEMH. SN
SRS L MRl SERTHIZRINERDITEAR (GPA) HRERIBERRTFERE ., ET XL, PHENSRENS
FPESEINE, AR BB EINSIRIS A,

i ABSEhE; ¥ RKE; MERRE(Qon); HEyE,; RRIERE; Hink

Abstract: Five key technologies of long—distance, high—capacity, and intelligent optical transmission systems are analyzed including ultra—
high—speed transmission beyond 400 Gbit/s per wave, waveband expansion, space division multiplexing (SDM), optical layer operation and
maintenance management (OAM), and performance monitoring for idle paths. The progress of these technologies is also introduced from
the aspects of academic research and industry standardization dynamics. According to the technology trends of the optical transmission sys-
tems, the development opportunities and challenges in terms of hardware and software are discussed. Based on the intelligent platform
framework of ZTE Corporation and related research and development experience in the optical networks, four typical cases are presented in-
cluding filtering penalty reduction enabled by flexible modulation and optical domain equalization, single wave 400 Gbit/s long—distance trans-
mission together with C + L—band expansion, online optical performance monitoring realized by high—frequency optical label, fast and reli-
able optical restoration aided by the optical probe and global power analysis algorithm (GPA). With such kinds of novel techniques leading in,
ZTE will continue to provide customers with improved value and better network experience.

Keywords: large—capacity transmission; waveband expansion; quality of optical transmission; optical domain equalization; fast and reliable op-
tical restoration; optical label

G FHRES SR T R 454 58, 8 FH P AR, O i 2
I AN S FIN IR R e . B “6G” “JUFH” A%
BESRRI, PSS (XR) ., 2R, B ELHAIR

) 245 5 itk 52 it 5 6 45 SE P 2 AN RE Ak i 4 7 1 I i B K
Jj__{jj o
F R 2042 FH I 265 11 FH 22 495 e 15 BRI 3% R 800 Gbit/s o

ARG, Kt — AR T 48 XA 5 . IS A ] S 0 22
SRUS FEI L 2030 4F AR HEA ST GO 1B
R, PRZEE (5 20 B 2 000424 4%, A i R ik
KEAFFEERD, PALF 25 2EME 100 Thivs?, ZJokEMm], (s

EEME: BxRERBARITL (2018YFB1800905)

A LN
202228 55285515 Feb. 2022 Vol. 28 No.1

62 |

Bl A IR R B THE) 200 Ghd DL, BAY sR T AT Lk F
1.6 Thit/s", [ RGIALF e K25 50 48 Thit/s. B 4
AREGGIA R A BTG, a0 S+C+L R Gef o 25 i 1l
K 150 Thit/s®, KEMFFIEH, LIZE . DEORL RN
M (SDM) HAKE ST T — Ul KA e &
BHARTBL, HATR 388 3 B e K AR E mik
10.66 Phit/s'®, i Bed™ /& F1 SDM H A B9 288 s S8+



EAVARFR

Syl L, AEAESEBR AT T G ZEN X — R BUPRA,  AnoT
ARl AR BT S B

Stk 2 58 RAH AL AE REALiz 4 RE ) AT 5
IR R R DUBHE O o D B = A 508 ) 4k
I Mesh b % ST, el DL /MR (ROADM)
R 28 SRR 55 A PR TG E , (DOLE—BE B,
oAk, A B TR EFIA . 7R TARRRAR AR
1k, A5 PEREFIBE IR A A Rk BEAG I 5 SRRt
PR BEAL A A . XX S Bm B R | ARAERS | =y nl e
e = HAT A EE 2R S ARSI 55 T3 A e
SENLIVR LIz e, TEZl 554 BUIBAR (Y B S ARy
MOGEMELE (OSNR) A I D RERILAA AT A5 12 52 B AE
WL R EEDIL SR, SRATS EEEHOLS TR AR AT 5
IELES S e

ARSCHARE R B RO CHE A R G H0 B AR S H:
WEERERE . Pl BR324 T2 e U 7 Sl 4
Tho OCEF Y% RS SE R AR AT THT I A ML S5 Bk, 25
DGR AR | BRSSP R Sei, TR
BB A RO 20 SR R, Fn BAT RO 24
UN:IY a0 Sk

1 REE ERitEmxBgRA

1.1 B3i#8 400 Gbit/s KA

TGRS LA | SR LRRRUASA BT T B A AT
T, RTHAME R E RO R YRR . #1RYE TR
PR I R G RHERERIEE ST . 24T 100, 200 Ghit/s &
S B K BE AT N A AE R e JT . LA 400 Gbit/s AR
 TAEETEREAL , JCIEIH 2 1000 km DA_F K BEAL 4 19 15

VR ARERERRFFHESREN

RBE BRULTAARSR HUB. etk 5 R RIS DR &

Ko 128+Ghd TUAHAHRS S (QPSK) B IA Ry 2 1 M 7
RY WAL E o Z T YA R A T % DS
(oDSP) W5 H . RAFTECA A FHUERE , R JCH 5L
7o 5 am T HIRE A RPERE oDSP IS A R F AN 3D 25
14 e A OB S CARA R , HE INER 400 Gbit/s QPSK K BEAL i
fif TR Ty SRR R EERE  (FHAE 2022 ~ 2023 4F) .

1 bR o E 5 Y, Ot BB st (OIF) B & i
400ZR St (IA), R DP-16QAM+C-FEC (—FhiR i
i), ST R FBYORI A 0 B,
WIS ) T AH T 800 Gbit/s LR/ZR/ZR+ (45 10 km. 80 km &
80 ~450 km fYIEHE) FILELEE (CPO) FRuEfLifsE
TAE. 7E400ZR ARiEHELE T, R 57 LRI 2
(IEEE) 375171 802.3 ct/ew, 4l idi 1] 80 km 25 4R I 70
i (DWDM) 100 GE/400 GE #5ifEfb TAF . AHOCHRMERS7E K
Kl ~24FN KA. HAEPKRAE, 800 GE/1.6 TEARA AT RN
AR LK B B o R B AR R AR 1S R AR A
(ITU-T SG15) JFE T 200 Gbit/s/400 Gbit/s 3 11 f H P )2 K1
LT, ¥ DP-16QAM 1k 400 Ghit/s 3 sl 07 F AR ERD A
WS T IT AT 10 21 B % (oFEC) RIARMEFLIERE . 1L Ab,
ZAZ VDML (MSA) FHYE L AR T8 100 Gbit/s B F AR
FrifE. 180, OpenROADM/OpenZR+ % A5 ) 100 ~ 400 Ghit/s
AR 374 CFP2-DCO I QSFP-DD/OSFP 124 | 7E
400ZR W25 By FLfll 3911 100/200 Ghit/s QPSK ., 300 Ghit/s
SQAM Z5 I, IR ] oFEC B ALZRIB FEC (cFEC) (1
77 2ok S 450 km 21 400 Ghivs 545, HET, S FE®
A SE RS E R, b EE A R A2 (CCSA) A
CFFUERIIT TAEMHE : 100 Gbit/s 5 LT 3% 1) 56 A% iy Ffss
AR MERITT T 52, 200 Gbit/s HZ A R 35 22 % $% 200 Ghit/s
QPSK. 8QAM. 16QAM fi5%1, 400 Ghit/s 3 BbRESL T - %

EBRRZ(Gbit-s™)/BE(GHz) BHIE WERSRIEH EREBEGmMZR B

100/50 DP-QPSK =F 2 000/F%

DP-16QAM C/CE/C++ ST 6003
200/50 DP-8QAM/ (80/96/120) ~

800 ~ 1 000/, EMEEA

PS-16QAM
200/75 DP-QPSK C++ (80) 572 000/F4%
400/75 DP-16QAM C/CE/C++ (53/64/80) 29400/515 DCI
400/100 PS—16QAM CE/C++(48/60) 29800/ "

[SEAN T
800/112.5 PS-64QAM CE/C++(40/53) £3200/451515% DCI
400/150 DP-QPSK C+L (80) S7F 1 500/F4%
¥t 2 FRIEA
800/150 DP-16QAM C+L (80) £9300/8130
CE: ¥ ROUSHINER DCl. BBPIVEE DP. XWRIk PS: #MXBE QAM. EXREER  QPSK. IUigAEmHER

PGB
202228 552855 18 Feb. 2022 Vol. 28 No.1

63



EAVARFR REE BERAHERAS HIB Ptk SRIIRES

JH )2 B 200 Gbit/s BRI 74 . (N x 400 Gbit/s 1 i 2548
FERIEW T (WDM) REFARTRIFST) 251 1) 0 iy
RN AR R AR S I AR TR

1.2 KRBT EBHEAR

H DWDM £ R LLK, KIERGEA WY JRCL L5
Ay . R CIEBL (C4T) ¥ 3| CE BB (C4.8T), 55
C++ B (C6T) ., 801 75 GHz[H] B 200 Ghit/s QPSK 5% 120
% 50 GHz [A]BF 200 Ghit/s 8QAM/PS16QAM J7 Z& ()7 FH % Hi s
AT 50%. SEhR L, FABOGEA IR S DM
OB, AR, E. S, L, UZB., H, LIBHE
HARZ SR A D RS . LI BRI B T % G653 Al
PRI CEF BRI e . T4, SREA D s B R A
TR RTTE DCI AL i 1 C+L RSE, "ROLLR
Fa T, BE PBOGLF /R & [T 100 Thit/s Frfk
WRRR, e B B AR B AT TR A . filn, 2
MR R AR T BEAE 2014 4F T 3U MR A i . MR . #
KB 6, S8 7 BT C+L Bt 375 31
100 Thit/s 80 km K75 &4, F1E20164F, Acacia 23 A5
JE/R T 370 nm e &P B (O, E. S, €. L) MnliE6ik
REECEAF, 2018 AERRMBLF R RGP i T 2 Befs
7 B M A RNAH DG R 42441 Nokia Bell Labs A1 NTT 4351 5%
IS T AE S+C+LUEBEBE R4 100 km . 25184 115 Thiv/s LA %R
B 40 km ., Z5HER 150 Thit/s BGIERRGE, 0B R
PR IR 400 GhivsP 1, X UEIFIT R, DB X
FHpLF A AR E L,

TEPE B JRBORTT I, [Eiz 8 R AR 25 i IE AR
Wt 5l COT 1] COT&LOT J7 )+, i N 45 e 42 ik L. 2F 80

VR 2 COT&LOT ARG B =V R

B 5

I 400 Ghit/s QPSK K FEAEHIRE T . H AT C+LAHSC ™ L BE ) &
JEAEBLANZR 2 BTt WT LA, R Y & R AT A T
W, BT ERLDE 400 Ghivs KEEYERIHLE AR B a2y, §RW
C+LIEBOCRGA EAEAA 2 ~ 3N IR H

1.3 SDM# A

SDM 5 B3 T A 4y B FGEr, RBRAIE L.
HRIEET DL W E ARG B 1 20 DR, A DGR BRI A 1
FEs o O FARE T R 3T SDM AR i R A AL i Se 8
WL T 19 858 22 05 647 19 1+ Phiv/s /B 51, LT 15 BEfK
0.61 Phit/s fEH1, LK 3T 38 115 34 10.66 Phit/s 55",
A EL T30 FRARGEE , SDM EACK A =R T 2 MR 2.
F32 F  X SDM AR TF J T —26fiff 5% . P EBGHE G K’
LB A R A A L bt 2k 200 Ghit/s Fi DG A%
W (OTN) A 100 km S5 2 BGEF L) 58 i B2
C U B 16 Thit/s 25 5 (Y FLRHURY, Fo0 R T 555 J64r
FERIBE AL 1 By AR thER S 4 LA T 55 & A
FCLF LR ARG, 52T AR EE S 300 km 1 345558 x 4 9%
K x 200 Ghit/s {4 S AL53 52 HIAE i SE96 S0 3E Y, st ,
8% sh T iR A HR 24 TRISHIE T 510 400 Ghit/s x 2 M5
19200 km f& 4RI ATME, I R AR B 24855 DGR HeAR
RIS T EE S hEBGES SR T E RO XY
SEBPOEML” TERE T 2 G AL s i S SR TAE,
k1 SDM H A V% it tE— 21 B8 72 FEfl

HAFERE RS, ITICT SDM (£ R BT AS FE— BRI
SRR, RIMEMCHESLHME. B, % EE6Lr il
WAL . HURBRIE , 85 SDMOGEF 02 RSF BRI AE 125 um, 47
B PR B A b A Cer il s flds 1.2 . Hak, %

e ceT LeT AR
ITLA B BREERED EHHAHB RN
BB SCaTERME SCeTEAET S RERAINN R AR
oDSP ScaTiEE SceT /| F4E UBEREEEA, NN SIERAME
TR AR T BRI R AR 78, I EDFA LS
o - LT aper O RES H SO AR R F2 EDFARIRR

UAIDIFE

DRA EEH BN SRR S FBERS1 502 nm OTDREYZ I PRGH!
WSS EE8 BESRIEAERARD, C+L10TESI™R 1k ST A= BT
AWG [SIEiE] BRSNS /
OPM EEH BN EETE /
OTDR/OSC 5C4THEE BN EETES , FSSTRERE /
AWG: (ISR C6T. C++ER L5T: L+RER oDSP: B¢ DSPiiA OSC: HHRiFEB8

DRA: DfiTAISHIKES
C4T. CRER

EDFA: BHENAHIRES
ITLA: EERRONER S

64 | RGERRA
2022 F 28 2528455 1H) Feb. 2022 Vol. 28 No.1

L6T: L++KER
L10T: @fYzH5C. LRER

OPM: J¢INEUSN
WSS: SREIEEX

OTDR: HBYEIREHY
WSS SRR



EAVARFR

(a) 2IWEET
AB BHEMANERFN

(b)Y DEeeT (OB DR

BB L R e rh 2 A A B, DL SRR DA RE
MOp s R B HRERFRINE A I SN US| e RO R L R IS rea s
455 2 1B WDM A& R ARk OFC R i, NICT F)
FH(S+C+L) SEMifi e 4 86 EF bS8l T 552 36 3 001 km
L, (HPALT AR5 319 Thivs!', %, 18RS Stk
SUEJT T, 20194F HAE Al T SRR K= A1E, R
RANPLZERLHT T BEIE E R 1 6.29 km 7 18R Z 0GR
BICEE. BRI, 20 Er g B B e R A K
A BIFE A ., SXCUERA T SDM & 4 1 FH #2024 A
S I PR IEE 10 2 M B 0 S5 Fem, TERRITE
fEiE D51, 1TU-T T 2020 4F & £ - i SDM G LR B i b
WEALIIAE TAE, JFE ML s . e s s a8
AR, HAT, HAD A SDM A EE AR M, & i
S SOM BRI . tehh, hIE CCSA Bl P H R R 7S
AL BT IR

1.4 E OAME AR

KA ARIIE | 2R @A BT R LIE S 52 S
FH OTN P45 ) LIOGAE SO 3 . B S SRR OGB4
JERIEERY, AL IR RS MR, ATEIr kA%
s HL T J2 B AR ) A0 A 5 TR I 4% 9 RS AERCR ek . Bk
M7, HHTOTN MZKTELIZ B Z i) OAM B AR, SECE T
P Tl THR 25 s A AN W I A SRy T, A 2 i
PEREIEIN | kR cE (62 LAl 55 Va1 B o s BB T RER 4R
SR ERLIIHT, X LUE I B B ALY K SR a3, BE T
I TR B M 4R B ML S B A 1993 AR e th , U T
VUL DRI Y %R AR e R F T
S B 5 B R AE R VERE N, DA iR o %
R KL H 3] 2006 4F Tropic Networks N AR R
AR A HIT U R TR, S WDM 4% th %

RBE BRULTAARSR HUB. etk 5 R RIS DR &

AP DB E BRI, IR, EET TR AR B &
TS5 WDM 28 PERERHIN h A3 Bz iF 52, aolesh#, &
B, R, OSNR W | ARZRPEME S a4 . SR
N, ZBOR MR —LE R, AREIDLIRAE 32 B 2
SHUH (SRS) HILRM, mEPOUIREZ B QL HCE T 195
Wi o v 3z 7 BRI — 0 SR THOLFR 2 1Y OAM B Y Ry
v, Bln, HE®ESE TIUZE OAM SRR HEL
TAE, JFAIIRE . HAR L TR, O, ZSAE Dy AT EOR
ML BACEE, BTO0RE OAM ML 55 BRI ER | BEHEC
ZVUR | EEREEREAGIN LA Ktk e o S DT REA B T SE B
R CHL PR . ORI BEAO LI 4 Hh A Aok i 2
A

1.5 & RABEEERNR AR

L 9 1S IR OTN 9 28 7 S 1 | AR M EORBOR B Ry
BT A S 2c 364 (WASON) 19 90 265 CRap ik 52 ) LA
B A5 B B AS i, AT 2 R W AR R . LA
ROADM [# 45 1) 3l 25 HL i b 2R FH A0 A 2R e CORTY s 5
) o X ARHILH T REAFTE P I o 2 iy PR ), TE
TR IS E] o SR AR PR A g A A X 25 5 07 U B2
fifp PR IR S R AL AR TR LI B RE T FRA 2K
AR AT (OTU) PRI ) A BT 5
(WSS) YIemsral, n Lhysi />3 i oll 55 K = p el . 934,
1 AR B AR B RIS BEAR S D S5 PERE UL R AR Y o H %
H 5 BE A S B DR 55T 388t 2 5 W 1 A ek ) A T P
FURIE AL, T h 2% TR AR 9 OSNR PEREADE
POACHT, SRJ5 Ve OSNR I 2 B RL 25 P B0 s e LU ol 55
WA . TR AR LIS DORARSGNE  JseE
1 (OA) BRI £ 8 A A0 52 Wi 2 S BB Y 55 (8138 5l
G5 ANIE, PRI R GERR AT v 2 S S R A AR S A REIT
%o I HFUNAPRI IR A],  TCIk R 12 R R B E
PEARINETT SR P1o pg T WL, DR | a0 2 P A
PERE LA SRS 4040 B 62 B A5 X PR TE PR | PSR AR 28 ¢
HE,

2 KEE HR BB S

TGS B R At | SRR | B g ] SR o R RE AL A
HHETOR, L R GRS 2 26 S AT T -

(1) AEREPRZEN L, SRATESCHER A AR 3
P | A TERERIZR ARG BN, 5. 3 nmif5E oDSP n] 5L
DU P SR AN FEREAR, m4EfE . 20 20 XA WSS
A S R OGS ESE (0XC), B A SR

PrG@EIRRA 65
202228 2 28#%5E 183 Feb. 2022 Vol. 28 No.1



EAVARFR REE BERAHERAS HIB Ptk SRIIRES

FERI AT PR RE S A R TG . W . RO E RS,
BT — AR 58 WSS AT i fb C+L RGOLIZL M o a2 AN
M w2 AR Ty 28 . hn, Beebrb i fe4nis 5
A SR P 15T A B AR T e ol B L A5 i, DA T ) 6 AR
A, BRSO OR AR . 22 ARG ETE E M A R T K
Yo, KEEE . KEREGCREZSHE ., 5k AL
(SOA) . Z B2 HR . WA SRR . KARmR
GO54E . Z .5/ DRI A O AR AT R N — OB L i R4
RS o ORARAZ O 25 B i B[] A7 B T4 Sl 55 PR 52
[f]o fan, MZ5K . HLEE Ak OTU T EIE 0L SR i Bk
VI 6], Sl Ba R B e RIS (LCoS) th
J R L], AT S2 IR WSS 10 ms RO HGE I, B AR
BB IR LR T RGO SO R, filn,
MR . At . AVLRE LI SRS & R T
LGRS G/InP S AF R PR, & 1571 5847 & 3 100 GHz LA
P GIAN, OREEOR A F A0S E A g5 R Rl
REAE P AT AHT I . BN, LOT YeasF &b H A i 2
SE™, UURATFBY ks 352 R G s
B F:WHR S MR, G 5O0)E 2 S BUBM— L 0
K, W SR T AR A A R AT BB IR I ) M
DU, SR XUBS T | [ % R | A Rkl 25 5 i S ALY
WFoE, HE AR A XL Tz N . R
S, PRSI R R, BORTE AR B P R R
M, & RN YRR T U RR A S A AL FIPE R,
ALY R B KARMEAL ASE R PV 3R £, TFHOR I R 5
PASE PG R RS, SCEE CFP/CFP2 M F A% AR AL
52 FHME,

(2) ERMZE L, )RBTGO S et
P, BLPDGCHE RS DR B S BAE SO SRR | JerERE
WERR A AL 55 P REFEZR LAk )y T A R — e . K
WIRE, BaHF2RAERR S N TR R > B TE
PEREVAN S0k . BBBE TN . AR BTSSR SR R
KA TERIZRAE DT, B rp B s 5 oA U BT 28 e
B IR BE R AL | PR RR , RT S T AR RO
I ZH 7 HE f3, B 100 ~ 200 ROADM 5 5 9 X 5, 148 M 2%
200 ~ 500 ROADM 15 s i[5 1 42 0 [ 2% DL J& 500 ~ 1 000
ROADM 5 si () — TRl G KM . EIRZHAR b, 5B
PRE. SaEHEARNGIA, GRS BT 2
AR 2 A D T 65 S PR S84 e T S0 ) (8T, o o ) 6%
TR IR FRERS 3N, RS EE A TEL M 2
JEIRMALRE ST, ABAOR A M ET% . OSNRMERERR 2. £
N b, SERZE GRS PERE AT A . I 4 R T

66 | RGERRA
2022 F 28 2528455 1H) Feb. 2022 Vol. 28 No.1

B 5

IR AR Re B dEN R T SRS . AR, B2
HUZ . O SIEEZ R PR, A E R 484
AR R RALZ

HLIE I G R E PR, S SR IEA R EER/
FAREHR” B, JEBERTS FETF OSNR 28 BRI 1 (142 i 4 40 4k
AR, ] AR AR LA RN AT D A T e . 2 IR
TR BB ) DA (AD) IS HOR(E 5 Ry
FHMELAZEME 200 Ghd ,  FALIE 1 3 3 0] B 1 Thiv/s DL i %
RPN RSB IERHAR (CPO) AN R
FAEHR G LA DT ZE o BRI, QAT 5] InP 3675 19 42 A
FPUBIFREMBLAS ,  Qnfal G 2800] S M A 1 SiP - 5006, 4T
FE AT ARG R, AR AR IO A5
NAEEARUEE 400 Ghit/s R 40 WAL HBE 25 s i Z IR R S
o PERBFIXURS I FOCRGEURNE . AR B ALt i 151K
WG R EE . SIS 5] A K1) SRS F8UE K 1) OSNR
ARSI, X 45 R GVERE DA A I8 9OE ) R Flay K Bk g
LTS ORI ) AR M S TR T MR, Yl SOA . IR
FEARBUR AT AN BE T G B R G m A4 HAT, Lk
BT B RO AN SR AN BEAR, L6 THz I SE BT
BB T ARG TR . B ORI ) o 2 2 R sk
2B WSS ZF 8 AT S 4R FE Y28 X Bl WSS FEIE 43
Pt ATV . RS DR R 2k ok
R R PEAIE AR . ML ROADM 1946 1) 5 h B R
P A AR TS B R RO RS i B R B e R .
Ah, TAEBAR AR AR LR R MR SO I AR
B2 o 62 OAM TEFEAT e 23 L K B9 2 i Bof 2 1 i
SRS H 4L RN O A S ), LT JaR i )i ph G U
LR U UM A5 I FH 5 2225 IR A A% B F 50l 45155
AF MR . AR S (55 R R 256, I H AR
15 W B3 118 7% 42 58 O 5 A Iz S B R X1 2 A% TR 1 M
Z—o

RPN - 2 T S

Bt BaRBkER, RATTE TWE 2 R RE S, FEE
R 6 . %6 REAFRRKIE T M 5 Bl
AR A B AL, LURIE T WASON fllk 55 236 1
Bk PR A A A . R I FRAT A A LA
L), RSRRTRNTAE R 1. B AR GAL 4 7y T8 1 S22

3.1 stigfE B &R+ ROADM ZFid@ &
WME3FTR, TR WSS P RerE, AT
I BRI L MIER o ZHAE 106 38 18 AN [



EWMR RBE . BEAEERAS VI8 PR 5 NI RIS BIREF

TEUT e R X s R A WSS A 3 T
e - . ey . UME+SDON ‘ ‘ ZENIC ONE
P T 3 dB, MMM S AuE B AL e ———
4 ; fe i s | PR | | HTAIAPOBE || GPA e
¥4 ROADM EI’J?E‘[W BETT . &R | g (%\I@%W%) T ﬁéﬁ%ﬂul‘@t
WEPET 2, A B RE Ty . AR JCERET MERERG MBS BT * REDVE E | (S| (G
sy [ 4 SFTES 3 1 FdlE aay;

25 2 T 2 TR 2 WSS 3 T 1A 0 i I L Wi || 3598 | | BHE |
B A IR 55, WA BEER e | ——— :
TG AN R AR o 2 SR O 3 A e NTAERE BED [TEEE | APO f5B8E

- RSRBICHERD |

200 Gbit/s QPSK {57 75 GHz it i [A] i
Y 2538 fE /1 1T 42 FF 100%%Y, 200 Gbit/s
PS16QAM/8QAM {5 54E 50 GHz T 125 1E

Al NT &8¢
APO : SEIHIIEIE
GPA: ZEHINEDHT

ZENIC ONE : S G@iflaei i
RIS SHBINGSS 1%

PCE: BRTESET
SDON : FRIATE N S MLS
UME: MBH—BIRERAST

REJI AT $E T 60% DL 1. tedh, TR

AE?2 PMENERLERTERMRMERTRE

TE VA AEIR A A7 Y Flex Shaping £ AR E.
ZAEZAEE RN . 200 Gbit/s
{55 7E37.5 GHz[B) & R34 K F 104409

 NERNRERR
\\@aﬁ@zg@ﬁ//

Il AL AR R, BERE A RN A TECTRISRERTIIR
B R P, R AR, BT R4 i . - e, U S o, W
"f-B2 f:C f+BJ2 i -7 £, f+ 5/2E

3.2 C+L ¥ IR BB 71 2 400 Gbit/s & () {EHEWSS TEHBIE (D)WSS KA BT

PE B (55 fIVME  BIBE®H WSS REUTEFX

ZIRT HATOTU B K T s AB3 WSSEEMIEI A RERBEEHERNEE
BB, FRATTFE COT+LST YL R G b 14 80 1k -15 29.0
400 Ghiv/s f 5 Horlv, C BRI BB 74— 1289
HAT 40U, I ELILEIRG A 100 Gl | g [
T AT 128 Gbd QPSK AYHRIE400 Gbivs | 1270 4
SR TORM AT TR BB, | € 1285 £
AR K1 400 Ghivs TR K916 Ghd | B = |2 12608
PSI6QAM, Jfif it 100 GHaz I 3 7] % . B SN | 222
ﬁféﬁzjﬁ i/'\ C:j;;;jiii ’ ciﬁ: _Z —— B —-—iEJ%EDJ%i I OSNR —s— GRS OSNR [

Z 53 m, fFEZ o - ! i ! ‘ ! :

B BT 2Rl — 1> EDFA SR M2 5 Bt - - ” ﬁmg/mz . - 197

., IFTERCR G A —4 WDM & 4

OSNR: (SR

Pedko WME4FTR, FEBA #HAT Y%
BT, BT CHL RGE T AELE SR ELY SRS
DyRIeRs, S P BOR UG AP I 5 ™ i, Jorki 2
RGN TR . R C+L )3T i s X EDFA (43 75 Al
B2 RPR AT RS . REM Y E G T 4.5 dB,
OSNR S FEEF 2.5 dB, /N OSNR & F 25 dB, i L Wil
BRI AR, C+LIEEL400 Gbit/s PSI6QAM £ 1S4
TE5 dBm ALFH/INE 1 dB. 207 2808 rp 2450 R T 52 Jioll
AN 400 Ghit/s C+L RGP, G654E JELF L iE
BIAE]1 300 km, G652 GLHEHIIREI R T 1000 km, R AFHY

AB4 5EBE G652 YEHERI IR TN OSNR XL IDZAA VR ZE RIS HIN L

I7EGE W — 2P M T BRUE 400 Gbit/s 5 C+L RS 1
PR

ok Ik
ﬁb}:ln

3.3 BN MARE LI FE LR S BE M

N7 G K B AL S SRS B PR ARAT AR A5 A S R
PERERY S ALFEIN ,  [RIE AR TR S IRr5 5 a2 )
BB DR R, FRATTHRE K AR 2 i
" BT 10 MHz FUAHRT S AR e, JF7E OTU 5. OAFR
B2 . WSS FHR HEAT I 4 I A AR S IR L &l 5

RO AR
202228 55285515 Feb. 2022 Vol. 28 No.1

| 67



EAVARFR

rEEE

No FIFRTESAR, FRATIFIR TR AE KB EE . 3 iE
PRI AR TN LR OSNR AN A4 S 565
B EE 100, 200 Ghit/s fe R Ge P iy 5290 45 1R8] . BT
AR R B T 38 dBm, TR MRS BE A F) 1 dB;

EintalLN

SRELYCIR AL B . Pk bk S5 R XY ERES

RS

g5l 2 5 RS . B E 2B A DL S B4
Jitit (QoT) PFAl AT IE s AR AL ERER 7, AT BT3¢
Bl 55 By RE . ARV, SR THIR 2% A LEAF PR — PR

£ 20 5

SELEHIOE TR 2B ERT, OSNR RIS B AT LA 1.5 dB,

It HIEFRZEXT L 45 OSNR 25 FR 45 16/ F 0.1 dB. St gkl
PORGEE . R, DLROHR R A B R SAS & LU AL S8 i OPM AT
£ (LOS) kil | i

g AT, SehrfE /el (5 =

AN
ll_. —I:I Iﬁ%tﬁ
VIR P A by, M EETCANANTE 5 TEA A B (420t i%

%, UL . SRR A s 7, SIAERE

PRI S5 O0Z OAM B I 7 M RE R FEVER] . bRt

B BT — AT s s iR e iz 4EKT

R L Rl L T B A

3.4 HIREFNGPANEF T AR EARERERERE
EX b 45 PR A2 %) AR 1 R U AT ROADM 5 P 4 43

mE 6 frx,

b GO WSS 77 Az AT G B A B U

RS RIHT, B TH DR IS

I, FH ML PR E R OPM, RIS
05638 3 A 38 3 O D R I35 OSNR 45
JerERESR bR . HRTFRATEIT A& 2T

BRAET LI e B AR DR TT 5 o IR AT LA
A RS DR S DR G T T 4 P A 0 [

flrpiE g A b DA RS SO T 1 dB,
OSNR Kl B8 T 1.5 dB.,

XA T A B0 A5 R R AR i
R, AT GPA AR ZF AR Bk
TSR X2 RS 37 3 T G T R
PR, DABC A W BT T R E bR
TAE; MEA S AR ERE, 54
JRAS AN G BN X 2 B v 4538 3 1 e T
PEATHERRAN S, DAAR Sl T 1
WRAE, B0 55 e S Y P
GPA e i O IR 2O HE % E 1 OA B
R GEFASIRY | 3l A 5 Ty A A
A, K7 R, o, OA BRI 2T
AR DP . AR ATI R . AR £3
WE T ERE T RT3 A4
W KR R B SRS H A 5 5@ 3 7E T
A B B2 B R OPM X5 #Y Al A% e
I DRI AR T AIE 10 85 LR 22/
F1.5dB,

ML R A TR, T ORERE A
GPAFE A, SDON/WASON 2545 thil 1 Kot

68 | RGERRA

ST, BB M ERGE s, REERZ A stk RTR]
SEEAT, AT RASEHNG HiG . KRB CMSTE R
T OBLYRE . SDM. G2 OAM ., £ FHBR ARV BE ARG I A
e AP T e A LB AR, 75 Zp R AL AL [
SPEERHH R &, DS E ARG AP . DR
T 8 41 R0 6 485 440 45 A 4% 0> 1Y Flex—Shaping 4% AR Al 97K 200,
400 Ghit/s OTN [ &4 HE B3 -4 58 A0 N ROADM (2L M fig )7,
FEY R B Sl bR T hll 55 PRl s SRR F 25 0, Jn

_,ol I (i)b‘ (u)bm l I (al@(i) I ID__

g gl

s

E3ni]
SR 5 FE A

. ’mrsﬂmm

8__0 : — 0
oTU i - ; OTU

O SREE R O HIRESHDIRR
OA:JEIRES  OTUMERREIT WSS REEFX

ABS5 ETNEIDLUERRE

IR MERS

> mm f

APRFETNEHIR

WSS SLHE:

RIS, T HEERINR GETEINREES
APR:SRIIIERE  OASEHIKSS WSS REIEEHX

AB6 WIREHI=%RIE
‘ B OPM l I
2l 3 @ (‘) @ (.) OBA

OPM OPM

WSS |

OMS it oTU

OBA: HMINERKRZS  ONASETIRIUASS  OPM:SEINEUS
OMS. X2 OPA: HHUBAZS OTU: #iRRETT

AB7 £RPESMEENERTDNHRES ST MTAEHRR R SRR ETREE

WSS IR

2022 F 28 552845518 Feb. 2022 Vol. 28 No. 1



HEETOCFR 2 A0O0)2 OAM HORTEE A B . MEREAE By
B, HESHERET . GPA. QoT 44115 N T RE (AD) |
BLasa > SR Re AL SA AR 0 I PR R I, B 58 D 2%
PRIZ AT HEVE . OR BB A2 PR AR B A8 2 3R AT B A A 5T
JiT

AETTH OTN MG AR Sl 58 “vi” “ff” “8/7 ke,
PLRMRAE KA CFReft” PIKBEHL DS E, P
[FIHES) B, BB, Frubai. Bk, Fhsge” ok
FIVE L, A5G Bt 2 6G 5o b R A id R
PR, FFELUGE ML IR RS, S P AE i E

Brig
B ST b % TR A BRZS R ARZL IR S (FR B3 8
T BB L R R Ak AR R RO

SENHER

111 IMT-2030(6G)#EH4A . 6G RIANRRSEEREEEA [R]. 2021

121 5279 . 3BIEM4E 2030 [RI]. 2021

[BIPITTALA F, SCHAEDLER M, KHANNA G, et al. 220 GBaud signal
generation enabled by a two-channel 256 GSa/s arbitrary waveform
generator and advanced DSP [C]//2020 European Conference on Optical
Communications ~ (ECOC).  IEEE,  2020: 1-4. DOl 10.1109/
EC0OC48923.2020.9333130

[4] PITTALA F, BRAUN R P, BOCHERER G, et al. 1.71 Thit/s single—channel
and 56.51 Tbit/s DWDM transmission over 96.5 km field—deployed SSMF
[J]. IEEE photonics technology letters, 2022, 34(3): 157-160. DOI: 10.1109/
LPT.2022.3142538

[5] HAMAOKA F, MINOGUCHI K, SASAI T, et al. 150.3-Tb/s ultra—wideband
(S, C, and L bands) single—-mode fibre transmission over 40-km using >
519Gb/s/A PDM-128QAM signals [C]//2018 European Conference on
Optical ~ Communication  (ECOC). IEEE, 2018. DOIl:  10.1109/
ecoc.2018.8535140

[6] RADEMACHER G, PUTTNAM B J, LUIS R S, et al. Highly spectral efficient
C L-band transmission over a 38-core—3—-mode fiber [J]. Journal of
lightwave technology, 2021, 39(4): 1048-1055. DOI: 10.1109/
JLT.2020.3018128

171 PEERES . XM 2.0 ARBET [RI. 2021

1BlB¥RME, BIR, iR, &5, KESMEREAFRES 400 G C+LRZFEHAT 1.
ERBERASHUR, 2021, 47(12): 48-61

O R/DAE, @5 . T BERARRGR V. PERZFERBF), 2020, 50(9):
87-102

[10]DOERR C, CHEN L, NIELSEN T, et al. O, E, S, C, and L band silicon
photonics  coherent  modulator/receiver  [C]//2016  Optical  Fiber
Communications Conference and Exhibition (OFC). IEEE, 2016: 1-3

[T11 NAPOLI A, COSTA N, FISCHER J K, et al. Towards multiband optical
systems [Cl//Advanced Photonics 2018 (BGPP, IPR, NP, NOMA, Sensors,
Networks, SPPCom, SOF). OSA, 2018. DOI: 10.1364/networks. 2018.
netu3e.1

[12] RENAUDIER J, ARNOULD A, GHAZISAEIDI A, et al. Recent advances in
100 nm ultra-wideband fiber—optic transmission systems using
semiconductor optical amplifiers [J]. Journal of lightwave technology,
2020, 38(5): 1071-1079. DOI: 10.1109/JLT.2020.2966491

[13] MORIOKA T. High—capacity transmission using high—density multicore
fiber [C]//Optical Fiber Communication Conference. OSA, 2017: 1-45.
DOI: 10.1364/0fc.2017.th1c.3

[14] RADEMACHER G, PUTTNAM B J, LUISR S, et al. Peta—bit—per—second
optical communications system using a standard cladding diameter 15—
mode fiber [J]. Nature communications, 2021, 12: 4238. DOI: 10.1038/

RBE BRULTAARSR HUB. etk 5 R RIS DR &

s41467-021-24409-w

[15] SHEN L, GE D W, SHEN S K, et al. 16—Tb/s real-time demonstration of
100-km MDM transmission using commercial 200G OTN system [Cl/
Optical Fiber Communication Conference (OFC) 2021. OSA, 2021. DOI:
10.1364/0fc.2021.w1i.2

[16] GE D W, ZUO M Q, ZHU J L, et al. Analysis and measurement of intra—
LP-mode dispersion for weakly—coupled FMF [J]. Journal of lightwave
technology, 2021, 39(22): 7238-7245. DOI: 10.1109/JLT.2021.3110821

[17] PUTTNAM B J, LUIS R’ S, RADEMACHER G, et al. 319 Tb/s Transmission
over 3001 km with S, C and L band signals over >120nm bandwidth in 125
pm wide 4—core fiber [C]//2021 Optical Fiber Communications Conference
and Exhibition (OFC). IEEE, 2021: 1-3

[18] HILL G R, CHIDGEY P J, KAUFHOLD F, et al. A transport network layer
based on optical network elements [J]. Journal of lightwave technology,
1993, 11(5/6): 667-679. DOI: 10.1109/50.233232

[19] HEISMANN F, FATEHI M T, KOROTKY S K, et al. Signal tracking and
performance monitoring in multi—wavelength optical networks [Cl/
European Conference on Optical Communication. IEEE, 1996

[20lWAN P W , REMEDIOS D , JIN D , et al. Channel identification in
communications networks: US7054556 B2 [P]. 2006

[21] NGOF/CCSA TC618 TIEAH . A ERHM LS (WSON) 2.0 &2 RSB [RI.
2021

[22] LI H. Vision and trend analysis for transport networks in 5G era [Cl//Asia
Communications and Photonics Conference (ACP). OSA, 2020

[2B]WANG Y, LI X, JIANG Z, et al. Ultrahigh—speed graphene—based optical
coherent receiver [J]. Nature communications, 2021, 12: 5076. DOI:
10.1038/s41467-021-25374-0

[24] SHI H, SHANG W D, CHEN H, et al. Optical fittering tolerant and spectrally
efficient 200 Gbps real—time transmission using flex—shaping algorithms [C]//2021
19th International Conference on Optical Communications and Networks (ICOCN).
IEEE, 2021: 1-3. DOI: 10.1109/ICOCN53177.2021.9563737

[25] FENG Z H, CHEN H, SHI F, et al. ROADM traversal improvement enabled
by optical domain equalization [C]//2021 IEEE 6th Optoelectronics Global
Conference. IEEE, 2021: 68-72. DOI: 10.1109/0GC52961.2021.9654343

£ & @& N

BIRE, PrOETRIDBREATRARNGT TIZUD;
EEMEBFHARFE AT AGIIETFo

o, PrOERR D BRATRDTEIRZS T
E%M%7‘6%%}6?%%@ﬂ%&ﬁ'ﬂ&ﬂ(u%ﬂm
TiFe

88, AOEHRDERATHAFR L. MR
K18, EEMBHRINT. FTRATINK
MERTF.

RGERA | 69
202228 28 %5 181 Feb. 2022 Vol. 28 No.1



MRS E THENDEBERA

BRI MR SS 2 TIE ISR A R RS

Computing—Power Routing Technologies Under Architecture

(0)

f Micro—Service

F&BE/CHEN Xiao?, #F#F/HUANG Guangping'?

(1. roEfiensRAT, PE R 518057;

2. BEIMBTRE BRI AE RERELZE, PE R518055)

(1. ZTE Corporation, Shenzhen 518057, China;

2. State Key Laboratory of Mobile Network and Mobile Multimedia Tech-
nology, Shenzhen 518055, China;)

DOI:10.12142/ZTETJ.202201014

P BRRHIIIE: https://kns.cnki.net/kems/detail/34.1228.tn.20220217.1717.006.htm
BB EER: 2022-02-18

INFSEER: 2021-12-26

BE: MEDNSHEMERENRRLAR, HRMRSEES D TORIIRBSORABRSE, BRESNBOFEEH L4-L7REDRIHEA
RASPTRENZR . HRSUINTLERSEIRT, MDIEZEREDHTIPV6ERISHE (SRve) FIEMTY EBIEN (VXLAN) BIB2ET)
ISEBRRRTTZE.

FiE: B8H8; WIRSS; SRv6e; VxLAN

Abstract: From the viewpoint of the designed and envisioned computing power networking architecture, an end—to—end routing solution un-
der the architecture of micro—service is proposed, which focuses on extending the L3 routing to the computing service within the micro—
service cluster. Enhanced segment routing IPv6 (SRv6) and virtual extensible local area network (VXLAN) computing—power networking solu-
tions have been analyzed and presented in detail with the principle of smooth compatibility with the ongoing commercial network architec-

ture.
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