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Abstract: With the advent of delay-sensitive applications and ultra-low latency scenarios, research on low-latency net-
working is attracting attention from academia, industry, and standards organizations. Understanding the causes of latency
and designing corresponding techniques to reduce latency enable the development of emerging applications. The sources
of latency according to the layered architecture of the network was analyzed, and summarizes the techniques for reducing
the latency. After that, three typical low-latency key scenarios and delay optimization techniques for data center network,
5G and edge computing was analyzed. Finally, the opportunities and challenges that may be encountered in the develop-
ment of low latency networks were presented from the perspectives of network architecture innovation, data-driven la-
tency optimization algorithm and the design of new protocols.
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TERET TP B s 0 2% |, RDMA AfiH]
ROCEv2 PSR, hy seBBcmsie ik J2 10 et A4,
RoCE KM & T e gt (PFC, priority-based
flow control), {HJ&E R PFC kiR, 1)
RELS TG RASKBHZE ), 3 TESEHIBERA N, &
A5 RO (A &4 0 o] AR e o) . A b A 2
JH%1 (QCN, quantized congestion notification) #4¢
DAk L )8, {HJE QCN 2— MW ERTMLG Tk
TR FM 42 AEXR S T, Zhu 2542 HH DCQCN
(data-center QCN) PAUfi#vk PFC 5] A ¥ 1H) . DCQCN
0 RoCEvV2 PSR g i ZE 4 1)
%, M HAATTENR B0 v DL A R4
FEERBARIN AR, AR T iy 1) P 4
4.1.2  HIBF S W LAaIE ML

ESCH 0 IR 2% A 5 AR IR SE 11 52 e 32 A
IAE 2 ANT5 0T S ZE RN %t BE AR K . — D7 1D
e rho W s B mshas e, S R g
Rlo UFREEI R B R AE P IERS, A HRALIY
GBI TS, IR BUR RN G K. Iz &
FNV 55 R A FE I AR AE [RI  Je 2 4 kit db—20
IR T HOSZER AR P RE R RE I . Sy — 7, i
Bl K RIS S B A F i R o (AR 3G AL BRI
PAISTRE, XAtk Fh A A B AR MR N 45 AT
DRI, B TARSEMNAL, S ER R N AR RN B 5
(R BT ey ARy S An a1 XA
EG Lo P RIS E o T B HH 0 9 285 H 4 2 (1A
FRMED T 3ANWBE: LB LM,
FAS I A SRR TG B O P 25 B A

A7 LA b0 P 48 A3 A3 R ] 1 20 2 ARIR
gity, HARRPEREZ IR T LR A HAL R & 2R,
TR A o FESEPrrh,  Hih vho0 o 2538 R H =
TRV ey LU 110 25 A6 Sk 7 At e v D U ) AP T 55
ZJEHBLT LA Fat-tree® R VL2403 1y 2 At
RIGFMEEH, L Deell 1 BCube 12 M) 43 )2
B EER L L SWDC (small-world datacen-
ter) A1 JellyFish!™ g £ (OB 4 41 454
Ferp, SWDC TSGR ALBE BK A H A 5 N
AN, AR T M BHAR, SRR 2

T BB 0 DO B R A S S EUR 2 0L 4
PRATG PR A e e RTAN A ) £ 3 3 1l

S TX 2% A I 2 R T X 2% 2% o RN i kR
TR S RIAH L CA BRI, (AR UL M 45
S5 A PSS R AR TG, O T sl
St AR (B AE R, LA C-through®', Heliol®
A XFabric® A2 (16 A Bl & 28R 5 TN
Heg A (OCS, optical circuit switching) PASZIL AT
BN o HH TG HL S B AT LA AT A S K1 9 28 4y
B, AL RN IE I, o LLR R

AR O] DA A R 8 B B AT RS, AN ST
PP BRI REA AL . SR, BT A R e, HAUHR T
BIROR, BT RIUBESERR &R OCS A b LFKs
TG BRI AR R 2 6

FrRH OCS AZ#blah, Togkvess /R n]
AN RS 2 o T 0 N 25 484 B
RIAEAE R 60 GHz Joek fupbibhl®t 0% ag 4 2 1) o'
I %% (FSO, free space optical) ST Sk SLfliki b
HEATHE A, AN ST v R A I AT o (T
(R TC L E s b0 I 28 B vt v, & AT AT Bl
EAENLER TR, 52 B TCLk B 24 T HRFN L ZEMI BRI,
SRR A s R AR R 2 B . AR AR AR
RACH 22 2B~ 1B BRI 85 1R T S8 R B v S
RS R, (3K — 7 SR LA TOE0 iy 2% |) skt T
A, RS

h TR B, Wang 250 T £ SRR
AN EH RO T R EE A L 2 AR, LA
Wil 3 fror. FIAIBEEIRS 2 BT M,
AT TR Z A, SIS H bR R 454 (10 B
MATRELT 2Bk, ARURIC T RS EKR, N
T 3RE 4 T H ()AL 6 H PRI AR A B B 4

IR 55 5 IR G X

BAT R
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] AR PR PO P2 SRR R I BRI BRI
I IESR A T RE, (AR MR A B IE N R A
REFR 70 A 7 o PR ML & 0 /U Bt o 7
FETHE RN ks Z 4 ek, A kU
VAR MEREAEE . AL, xWeaver ™42 AT LR
IRBEF ) D7 R R B A BN Ah AT B AL E
LR E TR N, 7 ) A s Ui AR e
B [FIIZ 7V AT DLR T B SRR BN L
PN Z RO B AR, ALFE R 58 8 i B8 Hadoop
25 56 SN ) 45
42 5G M4

5 WA sh B85 A, 5G B /R4t =4
P n SRR I ZE R B IE R RS- 5G I E
B2 1IN S8 K5 3 1 mst®®, A IR 8 45 kA
) KA N | R S G R e VAR D A S P oY =1
A SEAG I SE 37 550 N 3 A7 A I RE 5 ] S P (R BUAE
teande A2 258, T BaeSER S, B TR
(N RO = T C) 5 ol wh oy A 3 E I B I (R T2
Hide. DRk, fRIXSe Ry B AN R o 21 5 5%
Ay S 77 ASEHUACIN &, 177 AV SR HH At 43 R 56 1k
I ZE 55 o] SEPE AR AL o AR50 IR 286 A 1 HE N
IR RE DGR ARIX 2 ADNTT M40 HT 5G9 45 24 SEE
AEACIN AT (R BT, IX e B TH 1 0 A IS 4E ) [] Bsf AN
2338 1R SEE B BRI
421 W% HEE

FE Bl A5 W 45 ZE A S I A B ka #, Thfe
(AN W 73 B A8 40 D e ] AR G638 N I &2 5
S E DR VA W & I iy AR DS )i & ) R
HEMBFEARPI LRI E o X TAZ O, 7 3G Mg
BB ER A (DT, direct tunnel) U, a5 11 5
JUR A, Bt A iy 28 ik % GPRS  (general
packet radio service) CFFTT (U (SGSN, serving gprs
support node), FIH] DT ¥kl 5 k5% GPRS SCHF17
11 (GGSN, gateway GPRS support node) L #AHE,
XFEAZ O M B IF UG . DT BRI K H ke T
SGSN W Hds (AL B 537 Sk B, A T I 4E .

755G AR, FET 4G 0k, 5G K% M 4kE:
T 584045 25, SGSN. 55 M 5 (SGW, serving
gateway). PDN PJC (PGW, packet data network
gateway ) 25 W4 TCHE A A P T A5 42 I e s 20,
vy R DR TR S O DN TRl Bl
AT DA (9] A% 9 A i s 7 45 400 D9 6 v Ak B A7
1o VRS AAE RIS 20 A0 BRG] LA 4

P ToTE BRI R A% O Y, AT SIS R0 204 1 ) 9iE
Hbro

XM, 5G ¥IEui s EF It (CU,
centralized unit). 734 #.76 (DU, distributed unit)
MEPWE R B IL (AAU, active antenna unit) 3 >
AU, Jhr CU XTI T 4G 045 s phy R b 1 2
Jt (BBU, building base band unit) [15Z N A EI5
5y, DU X SEI %% . # BBU 23 BJ5, ) LUR A
Yy s AT K GG HUGT CU F DU #EAT 3058, DA
5G HANIE RN IR R, R B 4 75 K i B 77
K, WTLKE DU 8 T8 H - S b 7

H T IRTPEAAL R AR I AN AT, ST 0 2
— AN EEZMILERE. HErEsh@E e r 2 3 GHz
PR BT, 3T 56 T AR AL P A K
BB, T U AR N, R il
15 LAKE S Sy v (1) A o] DA R 4 LU P oA
4, Bk fE 4 Frs. BRI, AR [ 2%
HT AL, T EKE S S N R gk AT S
TEXFME LT, 2T 5G ZKPEMZ i 4G 41
Ji%, WEFCETHE SG-LTE 1R 41 7 % B A3
TR FE i (h s 4 Ty U,

(&) P R L 4
B4 AR L DU bt

4.2.2 AKATIE XA R

BT 4K LIRS, 5GBS T 2ROk
ARKIACITZE, QIR PRI, KRR 2 i
VNEZ I % V& RS R YN % P
FIRACE, AR 5 380G 2 (M 2% I 4E, SRR
AL . 5G BN B AR i AE LAk
R ZEARREILRIER M4 R
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bR SEUH P BN B A, ZHEAFAR—
BT SEIUAREESNEE (4G) R IEASHI
7 % i C(OFDMA, orthogonal frequency division
multiple access), ATRUE(E 5 IEAC T ENAE 5 1%
Byt a] A] R (TTL transmission time interval), f£4F
AT ACRAR . B AR I 28 RSS2, oIR8
PV 255 I ZE PR T 3K, B L 1) 22 ik R T 4
e 5G TUEZRHAM ZHFEALR, Lk
1IEAZ Z 1 (NOMA, non-orthogonal multiple access )+
Fiihd 2 1 (SCMA, sparse code multiple access )% .
X LG 2 HEBoR W DL THIS A H %, b 34
e TN 2 A

NOMAV 5 % 45 1) 1E 48 £ 1k 05 543 45 A I 14
XJll, & NOMA H, D51, 2 M 0f
DALE[R]—Wf ), i —f 0, [F]—e, AN[A DR 45
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15 18 G B 2 5 4 4 JEURH) A v 1R 06 I A = AT 1 4
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SEIARE ) 2 (R 4
43 BHIHE
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VTS IR W0 45 55 IR S5 SR AE LA T o (ER Bt
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P ALEEE B, TT BB TG AL I L BB T Y 1 75
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(A BT NN B 45 1, TRV 38R i 0 S 1) ) 8 R 0
TR A . MAUI (mobile assistance using
infrastructure) P AEIE 17 IN BEAT 20 B e S 10, &
H4 I ) R ARE Ry — AN PR ) R, HR A
B PR IR & — A NP-hard [o) 80, SRR B A fig
20 . Hermes ™ i A — il 22 3505 i ) 3 AL 7%,
DA /MG EN S SR I I 48, (R e HGEH T4
B KA O

AT B T AR R R B 6 g E B AR AR
B, THRVRRE IO, T DR 4R B H R AT
THEEE . VR RGA M N EEK, A T4
VR WA HLAT LA A3 oA A8 B2 s R n] e ()
Jo PRy, T A b e T SR 2R
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TE G A7 A8 1 T S5 IR POV e RN AT 25 D 4 B =
Ui, 11150 T AT S AL HL YR QLA FS Bl AN HL Y GPU
(graphics processing unit) 52, LLEEIL 4% AL 4
R, AT RGN ZE DA P AR

S RA A B A L SRt B S — AN Y
M5c. ST S5 R 2R 5 P AT H.
BE BT NRG, P AT S S . [
I, AL T AT v 0, IR DR R PR AR A
KO A 2 20 A B AR AT AT ™), i 2 v
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PR3 BT 1A — ORI HA B AT45, 1 o iE
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A B A = FAH AR
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VR 2 W58 T AE G S IR A 43 Bt 400 358
VideoStorm™* 2 4 v MU 43 7 J& 42 A AT =5 b= 58 Ak
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B THEH B4 246, BARAE T 2015 AR IR T
SDN SZHL (K8 Fr 0 B4R, 2017 4E4

JET SDN {02530 2k i ALt 4™, 2018 45
2 L0 0 2% T B S AL AR

H AR SDN/NFV HARSEHE T AL, (HE DURE L
AT SEILAEAT Dy Re 1) 77 AR [FI A4 SDN/NFV
T ) 25 B e L 3 S 39 I A% /0 Y 4% R s s
W25 IR A BR IS AE o AT RIF S HH IR S5 P T S35 1] fig
it 1) I P Rk KPP LU RIS 4R R 4%
AEHATAL I [P 575 NFP (network function paral-
lelism in NFV) P2, %073 n 4 g U3 NF HaioC
2, I A B s g B P R S5 ] SRR X HE
BN PR AT R B A AT
AT Ry HRIA ) 8T 5 FF, LASCRE NF
HATIE, B SIAE R AR A IR 2 I O R AR
PRI AE o AT A SR A A S AT I S PRI A Ak A
WU, X HES) SDN/NFV BiR 20 R R
KEEITAE o
5.2 HIEREAYRE TR EE

THDO RN 2% (1) 75 SR A AT 55, DAL
2 UGB IR EE 2 21 R B I8 71 B & A
FARSETE T T2 N, AR T 2 s Tk 5t
ARG S P B30, o TR LRI T, 75
B0 K B S AR AL AN B2 i) AT SR A . (RAR S
SR AT AT AR AN B S PR IR T 45 A B AN T A 1)
5L, SR T SR 1 3 A N, AT AR AE AT
A Z LI E AW IAEE T ORFF AR E T RE . WIS
2 ) R ) e e B D ESCHE v 2 o ) R A Bl
B IS AL B2 ) AT RS, T A il X
A A TR T 1)

W 28 R (19 ) Can i e 5 L A R RS )
AJ CUERASER P B P Sk 1) R, 4R A R b 256 ) A1) 5
2 SJEORW A N B 28 R 2 A5 1. LA
Skype MK B LM L% (Internet telephony) &
JRIA, AFHT AT 99 28 1} Aty >k 1 B 1R Re Pk ik,
AT SHb 1 ] 3 36 5 3 110) 4071 ke AR AL 38 14T I B 31X
— Al R R A AR vk Jiang SECMIX il BB &2
T2 PRAILIR L, SR L PR X R) 592: CUCB, upper
confidence bound) S I A 45 X0 18 15 e HE 4§ B ALY
oAk R T ARG T A1 R I A

THZER IR Jk > P 2 1 TE . BRAICHE A IS SE 53 5K
BB, B NSRS, T (R A
W] 5 PR e 11 1 SRE M AN m e B 1) 7 AR PR R R B
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AR, SR SRAG A o) R 2 o) I SRS B B 1

2019175-10



3D . i@ {I):T

¥ R o540 &

Jr W, AT SEBLARRE B RS R Y. 555

[fii, PCC (performance-oriented congestion control) ©7

A PCC vivace™ R #E L2 2] Jyvdk, X % ER 8
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K Fp R R R FEE T N P i K
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