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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.

Keywords: cloud network; cloud network convergence; software—defined wide area network
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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
#E, BEEFMINKEIFA—TXESHERZINENSONBEMEE, FEATININSIRHRRNIR, N5 IHEIEEH COFAIIIK
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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+

)f ST AR Y R 25 P, EEREMSER 6 B (IPv6)
SR A BRI I T2 5 1 0 SR SR 265 4 AR BB Y
FE) I, HHA AEHAERERE AT AL 1Pv6 1%
FEE — A7 B B AL, R A 2017 AF i ge g
WNIT L EFBEINVNAITEN R CHEE IR BRI (1Pv6)
PESE BRI LUG, IR IPve #E KK, Jf
L SCHL A0S, 2% Rl it th £ 08 A IR R IMSLER 4 Bl
(IPv4) /TPv6 WARIET TR EL

Bl TPV FRIB N FH,  TPv6 AR IO 265 (14350 28 B 28 A
(I BetE 2 B br . MOBURR ] TPv6 HURRTE I 1 34 H 25 1A
B, IRk IPv6 5 4 At SR EE AL G W S e 4 k. e EBR
e, ek G A R A 2 X 4 I 55 ) TPv6 Bk . Bl
W, 20204F 11 A B A S B ME A S L fitem, &
R E AU SE B TPv6 [ I, AR ] 2025 ITH4E

K, BEIRRI%E |- i 80% By TP WE 5 J2& IPv6 Bikk ™. 20214E7
A, e g s AR R SIMVAE . BIR LA
MOEZ G 2. TP AUE BAGTRICA R AR COCF it b
R PMLEE 7S IR (IPv6) ISR AN FH T AR R ) 4
L MR IPve M4 R TE AR JT, FRARHEDE IPve Ak 1% 4%
T, JRFR FE AR HETE IPve TAER T S AT 42—,

WL DM TR B A T3 AT o B 5 Hh U 1
B () e FEAR R, S B W A ETHE o TPv4/TPv6 XUER )
AP A, BN, XA AR S A 2
K, RIS K R R TR EREE PR . MOBURR 7] TPv6 HiA%
HHEA R TRz Sy, JFHEAZ M0 Bk
(32 5 T AR RIAS LU XURR S0 5 BRI 5 BRI D0 245 1) XU, R
T8/, (A LS SN2 4 s PR ARM BT B, iy et
WD, XA IR RIS, F RIS ERT . X B

PrGEIRRA 57
202228 28 %5 181 Feb. 2022 Vol. 28 No.1



RAUERLEE IPv6 BB ARTIEE

W55, TPve MGE B A S, D TR IPv4 ES)
T5 A A EATA o

AR SCHEI G [ TPv6 e i SRR, 23 BT 1 R RS 4
2% 1] 1Pv6 R THTE A A TR FIIELRG , SR T 1] R . 2208k
Z Yy ML HE T T 1] TPv6 PR IHTTE A4 19 265 8L PR 2244 A1 S it
ML

1 1Pv6 B HI#E & 5 4

TAHLTE, TPv6 BRI 28t 2 AE X 2% rh OGP TPva SRR
FELLIPve MU AZ O HEFT Skl B RS RS, B
FELT SRV6PHYRE SI BT . 1Pve Bk 25 A FIBE 1110 4>
B, IPve FERALAY H R AR AT . REE. e, 4E
PRI RIS, 2 IPv6 R I 5 2807 1) o AR Ry i 28 114 ) 245
LR, 1Pv6 BRRR N4 2 BRER S FI B L 55 . 4% IR E
IR Ml 55 %68 T IS SRR FE AR R], TPy Rk 0 2 22 S
AFIIEA : LA ML,

(1) ZREA. MEANCE R E IPve L 55 i i, i
BORIIAEI IPva b 55 i it JFAE I 2% 3CRF IPva L 55 It it
HHEARIZERL . TR, 7ET2 ~T3BBt, SRv6 45 IPv6
B ARZE R 2.

(2) 2o, BT il 55438 IPve AL I BL T,
WREEAS AP A IPvA L 553 . ZERT T3 DU rpREs T, 1)
NG ARG TPva JE M. T3 LU AR AS 2 5] TPv6 45 5
PR LA

MR HEA S 1Pv6 AR By, T 240 T1 ~ T2 Z [H]
() TPv6 HLER B8 B B o X — B BT (s ] — R 5 ~ 6 45
(AT S 2 3 2B TPv6 dat et 7 LU/ NS ) o 48 [1] TPv6
PR AR 23 (R i TR Y 55 ) IPv6 1B A%, I X ) 4%
H IPv6 Yt 14 o bE 2 AR S, ALt SR 28 0 2 1Y 4 Rl
FHEER,

HiRAE, BRI 55225 S0 1Pve fhid 75 224 K
BFIE], DRI 00 P S 2 b 25 TPv6 BAAR R ERSE A 5 (HAN

=
iy IPV6 B8R
o
W | IPv4/IPvG KBRS
= | e 0 IPva &2
& IPV6 EBER :
B LA
T T2 T3 5iE
DR

IPv4. GEXMIYEE4h  IPv6: GEXMININEE 6 iR
AB R4 IPv6 BRI HEVIR LS

T:89[8

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

fREE &

RAHEE IPv6 HRR AL L XU KR AHFEE T X, IR 20k 55 1Y
1Pv6 MG B TS BN /2, X 235200 LPv6 It et A E TR AE
B a0 EFER, YuiEshsi 680 1Pve AR5
S HA S SO aa

ZEATAS TPv6 BRI SCHE M) LIS, 7635 7 5 FA] TPv4 BiMYL
RGP i 4 WA A5 0 S HF TR0 4% [Pv4 b 55 i 7R 4,
AR LR FH P A BRI

WEHB, BRI TREESH AETF) £33
ST T 2R IPve IS, B (DS) -Lite®!| R
G dover6™ | BRI + 3% O MBS B bL] (MAP-T) B,
df 2 Y b B+ i 11 B S A B AL (MAT-E) 90 NAT64/
464XLATTEE 3 46 J5 52 2505 TPvA A Sy TPv6 19 45 (1) — Fifnll
%, WILE TLABMIPe Ak %, FORERA.
464X LAT 2% 2 I v i B IPve SRR 7 58, %7 RE 3k
1R T0S A2 gL F BE R G SCRe, JFREI T Z M H .
FESCER T, S IR R R S R AT T 1Pv6 AR Y 3
5%, Bilhn, CERNET 2 E PR [ UCR H IPve SRR 17 [ 2%
WS4 R b BRI KA TPve Bk T . Bbsbh,
[ A 252 5 R W IT B 1 4G F 5G B2 3 M 4% F HEFT IPve Btk
A

KAL) TPv6 AR AL A BLA A JLA 4

o JRRCHE: RS IMRA TGS (IPv4 5k | IPv4/IPv6
XURR T IPv6 iR ) YA, PR XTI 45 P9 APl 55 1 1E & Vi
[F], A P ARG AN AR 5

o DIMCERAl T DL IPve DS E—SERt BN T 4Rk
R RN R 5

o SCHFIPVO BEAl BB ARAIHT . 5% e Ak I 28 e
], T AR Il 5575 =R ) 4 A 4718 5K ST SRv6 137
JE RN IR 554K 5

o Hohk BCSERTAR SRR I LS btk (AR B 67
Hk PR, I T P A P ECE LR B ME R, B
X I 2 I P 1) 22 A s g

HHET, HEEBFARER I AR, =R iR
Tl B3 X A58 Ml 55 S T B — A ST I T 2% S R i i R S A
XA FERH LV 1252 A 1Pv6 S A% O IS 37— AR SL Al P 2%
NG EA TPvA R IX ., BRI, 465 ) TPve PR Akt g 7
PRI YIAR G, HoAe b [ 3R B A B A . 5
A, v A Bl ELER I Y R AL A R T 5 ] 40T B TPv6 & ]
T, A AERE I K R TR

2 ZIHM LS| IPv6 Bk EZE @3
WETEriE, HADL A A 20 IPve Bt R AT %



XS T ZEAE SR IPvA Al 55 B 7R B, TR EEAN[R) 28 A TPv4
FIPv6 B3 d AR o B4, 464XLAT R FA IR NAT64 1 Bl
PRHEAR, IVIRHA TR FIIENAT64 H AR, DS-Lite R AT
kR A (AFTR) fY dover6 BEiE £ A, 1fif £ 1K
ISR GRE B% i s JORAS MR H AR % . X Tz B ROk UL,
FET A TPv6 BAAR S TRT I 119 1 22 ) A SR F AT A R .
TEBLT, KA IP MR 2 AR REA RN . % HIA
RGRS AR5, T HSE HARMALORE R, R
FHANTR] B 8% e e s . BV AERl— Nz N, B
FHA RGBSR PSR RS FERZE . 725 A 1Pv6
FR R, IR AR RSz Hs = PR, A S AR
7 b 1Pve B 40 5 [0 2 1Pv4, SR G 7E T — A8 % ]
IPv6., 3 I 28 vl 25 4 B 22 D BB AN [ 1) TPv4-1Pv6 £
FFARIOC, T BRI b S R GG A3 i 1
e E2ER, EE3ANEMME L, & ABRERAAN
[l f TPv6 PARG I PR AR o TPva M 55 Bt 7 B dal ) 5 2k 42 1
IPvA B AL, X2 FEON 4 P B S YREE T W 5119 [Pv4 Al
IPv6 54, 3t 22 1) TPva F11 TPv6 5% B (i M 45 AR f5 4 2, At fifi
WAATEFARE R . B, FRATT30 V)T EEp R Rl i S Ak Ty
R, VIHBRA D EAINRE, S mEdail A R0R.

3 ZiE4 IPve AR BEAR

FEXFLL LRI, ARSCEE T TH ) KA . a2
FY 21 TPv6 2H W 280 ARG H AR 5 58, AR TR IR R G lE Y
TPv6 Bk 5 DM R 240 I fAERE 4 S

Z 3 40 TPv6 X 45 (1) B A5 e LA TPv6 Ry FE Atk B S0 F 2 22
O 2% R AR, AE HEAT IPv4 ol 55 1 2K 3R B R
“IPv4 As A Service” R, RIFEIPv4/E R —FlL 5. XFT
BN K B IPvA B, O TARLE IPvA B AL A R 4
I £ 31 S5 15 22 IPva B AL S E AR IPve $icdla 2, nl&l 3 fr

RAUERLEE IPv6 PAREHEIRARTIZE fRiE &

225040 |Pv6 W4

IPV4 045 1 PE1/ PE2/ y2o )
- XLAT = XLAT. IPv4 25 2

IPv4 : GERITNNES 4 bR P ZINESE XLAT: IPv4—IPv6 iEHRTNAEE
IPV6 : GERITNNES 6hR PE . )D%508E

AB3 ETF XLATEH IPv4 W EiBINTE

TNo KRR 2234l 1Pve W 45 Hh A% 26 TPva b 55 B A, 75
A%t (PE)  FIgf 710 XLAT 75 206 1Pva b 55 5 42
B TPve BOE A0, il 1 1Pv6 6 1 22 Go s 12 5 ) 2% 3
IEWRH T PE, SR )5 TPv6 BUs A 8 % &2 1 TPva B 4 5 i
FEB ] IPv6 B A A5 ZER K A IPva B840, X RS
I 27 IR IPvA FILIPv6 (540 . i, #5 BRI 2 “ik
B AR BIOR A R R . B B, 2l
IPv6 BT R A FE W JLAER )

(1) T4 m M HL ) IPv4-1Pv6 dbiik e

N T RRFHFARKR, AT A IPva ik =3 (7]
S 3 1Pve ik Zs [ v, RBP4 IPv4 F AF IPv6 1) — 4> “F
7 BRSSO TR0 IPv6 & B RTZ0Ks: 1Pv4 ikl it
SFPE TPv6 bl o 4 )Ry SR RN A I T A 1Pv4 il B 5 TPve
G INFTH A MET S 2 . (IPv4 address block: Pref64), %t T55
B 1 4l TPv6 R 845 26 10 TPvA S A0, A K PE 4G Al 2L T
Gt — 5 SR 4 Jey WS R0 000 %t HE TP SR A bl ke 55 A
Xif I (4 TPv6 YR RN B itk o 7] B 322 TPva B0 £ 4 e 4 B
IPve i, WK 4 FR, SR TR PG [ I 2% i Tl
MG . Ny 7 SCReb kR4, 2™ PE#SEC# 1Pv4 Mtk
Hexst I 1 1Pv6 2 AT 2%

(2) BT BGPA+PIMLY e 5 tull 52 ot e S5 H 0]

R T K TPva Al 55 B 450 10 i i A5 26 B R 265 10 1, R
£ PE o 1Pv4 btk Bt Ry (1 6 phy it & B 1Pve i il o X

EBERS1 i BEG2 i BRF3
MET L W2 ME3 | x4 M5
i E IPv4
IPv4 IPv4 IPvd  HLt IPv4 IPv4
[ e | [P i |
AR NATes || || | — e | | @R | | R
s T 2 Bz B TBEIZILM C —L—
K UPF | IPv6 IPv6 b - IPv6 ‘ ‘ IPve | ~ IPv6 IPv4
(IPv6 895%) \_&j} | w) \F j}/l_l W5s
IPv4: EEXINYES 4hR  IPve: EEXMIINYEE 6 NAT64: IPv6—IPvA HIIEEIRTNAE  UPF. BB EILDAL

AB 2 BHEIRITSRAARERY IPve BPAREIRTSS

PrG@EIRRA | 59
202228 28 %5 181 Feb. 2022 Vol. 28 No.1



RAUERLEE IPv6 BB ARTIEE

HOPESRK
B14% Pref64

ipva || [IPv4 EEUHOIE 25 IPv6 BBVHIIE| | | |pyg

B35 | Mpvarmoin SUA iPvesEr | | [
AOPEBSHR
B Pref64

IPv4 $EE)FE IPvA BB ESTE
IPv4. BEXMINYES 4h  IPv6: GEXINYEE 6 PE.SSE

AB 4 ET2SIRETANIAT IPvA 15 IPv6 33 EE iR

FEAE I IPv4 M hE BRI, FELETPv6 M5 H, n & A0 IPv6
B B PE 12 TPv4 Motk B9 SCEX PE ., SCHK PE o [RlRE
HBATAH N Y Prefod . 4877 28 % H PE [ HT 4 Prefod Az i 1Pv4
Hbyhk BRI Y TPv6 5 BB L SRS TE 4 N A8 4k 1Pv4 Mkl
BAE 4l IPv6 M 45 b LB L 2 PE (0 PE) BIALE, BD
1Pv4 ikl B i) TPv4-1Pv6 BRI . it Wl i BGP4+ 1
WA RS S5, P R 8] 715 45 ] 38 40 TPv6 6 J 2 H R IPv4—
IPv6 BRSFHLIN

(3)  HEAREIE BRS04 K 7 2

M P& ) TPva BRIk B IPve 45 4B, A
PE it XLAT #5550 M2 5 A b 11 TPvA—TPv6 Wi 5 H0 DU A4 40 hy
IPv6 B AL, SR J5 12 B AL B A B0 17 1Y) 19 2% 14 11 PE,
S, XLAT 1654 % 1 BE T LA S2HR @iy at, dar s
S dover6 BT

A7 8 IR IR IPve BARR BE S URIE], AL AR 2
THPE . F TR ENE . 2 E R E AR, L R
WA TPvA b 55 7R P A R A0 B, SR DR B AR i 5%
WME SR, AN AN %00, A58 T 464XLAT

fREE &

B sh &I H Al TPve AR 2 AR S5 . 7 464XLAT F &, K
TAE TPV [ 45 S 3 X IPvA b 45 A 0], 0 i B R A
(CLAT) Y5244 IPva & i (APPv4) & 1 IPv4 B £
FA R TPV B AL . 32T A B 43T A B TPv6 % 2 I 55
ETM AFETLRE A, A, ETEBMY
IPv6 BRRRE T, T8 BN 28 0t 3] 00 265 = 1480 B H 1) o 31 iy
IPv6 HARRRE ), JF H TR ZAE 11 PE il #8617 —K [Pv4-
IPv6 i, AT R FAm A7 B (MAINAL) B IPv6 £
PEALIK 2 R TPv4 BdE £

4 5] IPv6 B %I 8 B SR B I

S T A R R Bl TPv6 AR 190 265 B4 7 Ml i R ) 4%
HE, R R LR TAE:

o ISR J7 AT IPve SR 25 T 51 3 3 HF, JFTE L2t 4
HR OGP 28 e IPv4 PIRSURR I SR B R . A SR S AR [

o 045 100 % (115 £ A5G 22 3k 4l TPv6 AR v ) E 1 320K .
B RIHERAE RS ML (4G/5G 34 . [8 R CPE £ 3 |
Wik P ity FIFLAL B R 280 55 ) I 1 B BRIEEE K 1 TPv6
HARAE S, IR ALl Pv6 Jr 20 A4

o JESH IR FH A IPv6 1282, 2 TF IPv6 M4 (13 i
Eb, W IPv6 BRERAL A BT 25 k. B B2 =T
Tl FLIBE | A I I A5 i i HE 4 TPv6 2R R i i Flis 3,
RETE IPvO FRLER I 245 IR 58 T 1517 o

o O 245 328 5 R AR R B ) ) 9 BB o SR R A
IPv6 FURR R AL, TN ERTE TPv6 SRR I 45 5 Tl 19 AH F B
Vi 5 SRR SRR T R TPv6 BRSS9 IX 5 RIS G

o SRAE TPV X 2 2 4 (T, B DR I 26 22 4 ST P
MRS FRREA: | 24 5EmE BE S 76 40 TPv6 1 3Lk b k4781
BTt v 28 (5 R A AR R ] 1Pve AR 1Y [

PE 825
i

BEARIEM IPv4 IPv4
APPv4 Wﬁg\iﬁ W55

= 2

IPv6

1 by || SFEA 1Pv6 VG ; L | 1pve IPv6
Appee [ PYOEA - P o S DR W

APPV6 . 5555 |Pv6 BN A 1%
CLAT . BFimahFes

IPv4 . BRI ES 4 b
IPv6 : B EXITNYEE 6 i

MEIHEIMES D80 E k48 1Pv6

NAT66 : IPv6 Fl| IPv6 it} 5 HATHAE
PE JD5SE

XLAT: IPv6—|Pv4 $EIRINEE

AB 5 BT840 Pve SLIIEVIREIR IPve HIEEIES

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



5 RE

B2 TPv6 75 P R ARSI FH L TPv6 B 9 45 £ 28 B W B
M HAn, [ IPve TR E 0 158 & M i 2 3
IPv6 FRR (A M8 k™, BT BR N4 oA b B[ T fig
AT A, AL 45 240 . 45 11 TPv6 Bk Ak A v [ 11y
P B DA, L B B g aa vk, 7S
ST, TPv6 BAARAL I 28 7E 5 K IR AT 5 B S 580 4% TPva
FIERAARE, UL Za Mg Fe IPva fitE . HA
A TPv6 Wi I KR KO I TPv4 )5, TPva B FTIEE M)
ARSCEEM TR . 280, 2350 T Y4l 1Pve 41 M 4244
FESCRER R R 5 R R PR R A A L, A AR RIS 4 TPve
ARRRE D), B T EURERACE, I RS R T IPve B
MR 1) s 1L

Bigt

AT HEL L LR AT TPV 15 8 AL U AR A | m 1 AL A5 B A A
PR RIS e fRe S22 R I S A SC AR T S 7 MR I 1
TR A, ST 12 i s !

SENER

[ PRNBLERERUERTINE, BERREBNREZRE, TWAERK
3. TR HEE T B N B 7 AR (IPve) IS BB AN A T VEBNERD [EB/
OLJ. (2021-07-12) [2021-12-10]. http://www. cac. gov. cn/2021-07/23/c_
1628629122784001.htm

[2] IETF. SRv6 network programming: IETF RFC 8996 [S]. 2019

[3]IETF. Dual-stack lite broadband deployments following IPv4 exhaustion:
IETF RFC 6333 [S]. 2011

[4] IETF. Lightweight 4over6: an extension to the dual-stack lite architecture:
IETF RFC 7596 [S]. 2015

[6] IETF. Mapping of address and port using translation (MAP-T): IETF RFC
7599 [S]. 2015

[6] IETF. Mapping of address and port with encapsulation (MAP-E): IETF RFC
7597 [S]. 2015

[71 IETF. 464XLAT: combination of stateful and stateless translation: IETF RFC
6877 [S]. 2013

[8] IETF. Multiprotocol extensions for BGP-4: RFC 4760 [S]. 2007

[9] [ETF. IP/ICMP translation algorithm: RFC 6145 [S]. 2011

RAUERLEE IPv6 PAREHEIRARTIZE fRiE &

fE & & N

R DEBSEINTRREEZR M
Bhs L, WNBSRERD=ETSDIPE
TARIER, LR IPv6 ERSENE T,
FERAR DN T GBI IPv6. [0
20 SDN/NFV BRI =E & 55 ; 1253
PEBEHZIRETINS, ML INEZR
“863"1TXI.CNGI. ERERETHRIGTIN
B;FIETF T RFC 510, KRB 105
B BRI ER 5010,

T2 FREARFHE B TESD, CERNET
MZSPIVNBIEE, PEEBEMIDE=Z AT
ZREETE.CHEETAMNS TIESH
(APNG) £ /& I A MBS BRI (APNIC)
BERER, PESUEOkMEESS
(IAB)BIARA , IETF Softwire T/FABYA 2
AFEARAMD, PES T PABKIRE
RFC4925 E—1FE , Bl G BxMih="a
BNBAR” NEE ; RIS TTIRS E TS ERISEnEhEE AR
VI ZEARB BRI IETF ZIW AR E(RFC6052, RFCE144.
RFC6145.RFC6219%5) ;7T IETF ATH RFC 111,

FE, T-HEENER IRDLRIRE
i, IPv6 Forum Fellow; B9 /5@ 79 IPV6.
SDN/NFV.DNS.I0T 55 ; RIS 5% T EXR
RIS, 815 GO4T DM S1EINE ER A
MNZE NG EXENM A RHEARNKEI
E T MR EBRRER R8T DB
07 FRL R 45 17 A « DNS S5 2 it & e 1Pve
SELEfE SRR A LR,

REG, PEBERNDEBRATERIAT
SRIEN PEBERDBEATSIR
ARERIPEID ; E20HFS /95 1P
BRA R EFRNEA ZMNRES.

»
7

PrG@EIRRA | 61
202228 28 %5 181 Feb. 2022 Vol. 28 No.1



AR REE BEACERAR HIB . bk SRIIRES

ABE . HEEUILFRARE:

SR &

8GR SV ASTVASE

Towards Large—Capacity and Intelligent Optical Transmission
Systems: Opportunities, Challenges, and Solutions

BHR#E/FENG Zhenhua'?, FHi/FANG Yu'?, HE&l/SHI Hu'?

(1. oERARERAT, PE R 518057;

2. BB DEARAERERINE, PE R 518055)

(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.202201013

WS ERRAMIAE: https://kns.cnki.net/kems/detail/34.1228.TN.20220218.1930.005.html
LS EER: 2022-02-21

WFSEEE: 2021-12-25

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
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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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