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Performance Analysis of QUIC Protocol for Web and Streaming Services
Hye-Been Nam' - Joong-Hwa Jung' - Dong-Kyu Choi" - Seok-Joo Koh'

ABSTRACT

The IETF has recently been standardizing the QUIC protocol for HTTP/3 services. It is noted that HTTP/3 uses QUIC as the underlying
protocol, whereas HTTP/1.1 and HTTP/2 are based on TCP. Differently from TCP, the QUIC uses O-RTT or 1-RTT transmissions to reduce
the connection establishment delays of TCP and SCTP. Moreover, to solve the head-of-line blocking problem, QUIC uses the
multi-streaming feature. In addition, QUIC provides various features, including the connection migration, and it is available at the Chrome
browser. In this paper, we analyze the performance of QUIC for HTTP-based web and streaming services by comparing with the existing
TCP and Streaming Control Transmission Protocol (SCTP) in the network environments with different link delays and packet error rates.
From the experimental results, we can see that QUIC provides better throughputs than TCP and SCTP, and the gaps of performances
get larger, as the link delays and packet error rates increase.
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Table 1. Comparison of Transport Protocols

Category TCP SCTP QUIC
Conneqmn IP, Port P, Port Connection ID
Identifier
ACK Cumulative Selective Selective
mechanism ACK ACK ACK
Multi-streaming | Not Support Support Support
Multi-homing | Not Support Support Support
Connection three-way four-way | O-RTT, 1-RTT
setup process

TCPE AlE4S AFsH: 849 +445 T2ESR

A B8 Aol, Z& Ao, &7 Aol 59| vt /152 A%

STk g 2A9 AN WS 87T QB Auls

o F7k= Qls) TCPe| @AHe] Eejutn ek,
o

SCTP= TCPY ©3Z 7HAdstar QIEYl A3} 59 4AA|
7r 1FA ABlA ASE Ao EE 545 TEES0
t}. £5], SCTP+= HolB BAIE FE5H7] {3t HEHAEF
Y(multi-streaming) & 92 7§9] IP F45 Al&o= HE

£ Y(multi-homing) EXE A&3tct.

QUICL Internet Engineering Task Force(IETF)ollA]
RFEOE A 3 UDP 7|8t $6A4% Z2EZEA 7]
& £33 A% Z2EFEY S FE] Aol L=
ot @A +2(Google) FE=& EE/No] WP= L 9loH,
A A A T2EQ HTTP/3REE MY Aoz
QUIC Z2EZFE AT o go|rt.

Table 1914& A|7HA] 7143t TCP, SCTP 9 QUIC
LZ2EZEY EAE Husta gt BF ASAS 752
AsotAT A2 o2 £ 7Hth QUICY] 49 SCTP}
A B AlFstAn, A2 4K connection ID)YE
ARZSEIL 0-RTT @ 1-RTT AS 7158 ARgste] 27] &
A2 AA A7HE 9E Fole EAS AlFdlth
SHH, ol QUIC B84 #d =Fo] g% A=
O tREY] =RE0] 7HAgt ¥ AHlA FAHA A

pocs

o] =89 FA4L o3 o WA 2™8oM= 7E&
TCP, SCTP ¥ QUIC Z2EF9] EAES vH|w3lct} 3380
A& HTTP/2 2 HTTP/3 71519 | Ajv]A0] sk

< O HIEHD S501A vla Z243. 2= 539
A o] =&9] 28 Wtk

2. £4 A5 Z2ESQ| Y H|Z

TCPollA AHe} Z=jo|AEE 3tA|(three-way handshake)
IS B3l ddS AAsa Holg A5S Azt 43

H A2 AEE Edg 55 Ao, EF A H F Ao

[e)
ZF $4 72 dHAH S (sequence number)S X5}

7 T
FAA= 591 T (acknowledgement number)S E3 <
AR A sjH 9] =4 AdH FEE AFe) ol HAEE«=

SURZ= & (cumulative) & et

2.2 SCTP

TCP HolB 24 52 72471 A= 8 Zezd
JIEY Hlolg H&ol TAE Zb=r}. [ETFolA= 200097
of A A3} 5o AHARRE A= HAE A€AE st
SCTPE H&£022 A|HstIct.

SCTP= TCPAYE AZXYF ZEEFo|ty. SCTP A2
(association)2 o8 7§9] IP 471 AAE 4 At TCP
ot 2] SCTP dZ2AA2 44 HAE AMgeltt &, 942
A7 IGollA FAIR ol F7](cookie) HHE mEHsto]
Denial of Service(DoS) &2& ®WA|sH7] 54 & A7}
71 At

T3 SCTPE ACK #AYUEFELEA Cumulative TSN
g3 A Gap ACK E5Z T AE5l= Selective ACK
(13] 7S ARGS9zl 2 9 ZREE 53 39
A, Hlo|E 7]8ke] TCPL= 28] SCTP= HIAIA 7149k w4
= ARERITE SCTP #2714 st et 3 o7 7}9] Aof
= (chunk) 9 Hlo|y A2 FAHh

TCPS} A E= SCTPY 1.9 E4L HelAEwY 9
HE]gYgo|tt. SCTP HEAEFY 7]5E Bol o9
SCTP A4 of2] 7]9] Hog] AEHEZ AST
& &3l TCP2 HolB #AIE &A1 4= 9ot °IE ¥
3 ZF "oy Fae 2 2E™-S 22 % Stream ID
Juet AEY Stream Sequence Number(SSN) HEE
Z3sto] glole AE wejo] &8ttt &, 54 AEHA
7l QF7F BAstE g, thE AEY HolHE2 o] g
FE A g A7 8o AEE £ Qe ARl Atk

gHH, SCTP HEEY 7Is= &3l o= /N9 IP 471
SCTP @2 AMHEE 4= ot o8 7|9 IP F4 FolA st
we] F47} primary F4E Z-EE 0] /442 Holg A
o] &85, YR [P FAEL backup [P F4E &g
Hot & Y EYT Zo 52 & primary IP F4AE AFET
= glE A%ole S4¥ o= backup IP 47} primary
IP 48 WA Eo] ARGHT. TCPY 4%, HEYA o7t
HgsHH TCP A244E HAl AlE6fof slis ZREF
Aol Azt AstE 7FH 2= ¥, SCTP+ HHEY

7Iss 8l S Hee AT + Atk

Ir g



SCTPE 99} 22 7|&3 ag&Adolx okl AA| Qe
S8 AH|IAoAE & 8T QA gt FH ofE= HE
3 123K ossification) EAIZ Qsto], w7l 2o H Ef
o 7] 52 {5 MEQT0] AAH chefst vlEEA(middle
box)oll4] SCTP #zl HE 75-& AUskA] ¢7] wiolrt.

2.3 QUIC

QIEHlo] 7t o] % ufg- thFst AH|AE] HLE O
o, 1 % tFES HTTP 7|8k ¥ Auj2olct. F2ofAe
201549 & & £=5 /WAsk7] s ‘SPDY 2he A =
FEZS Adsglty. SPDY TREZLS HTTP dt] U=, Hf
ozl Z2EF HWHEHY 59 EHS AlEsltt o= A A
H| 29 AL A S0l |-85HA AREEIleH HTTP/2
BZO| Z7to] Hutk. AR, HTTP/2L 39AS Z2ES
F2A] 0JH3] TCPE ARESIct weba TCPe EAI-E 71 d4
A A7t B4 9 HolB 24| 52 <k dch

71E a5 A% Z2EZ EA9 22 E2S 934
[ETF= 20139+E UDP 7[8t =4 Z2EZ?] QUIC &F
S ARSI QUICS 424 A% T2 EF0|XTF UDP 9
oA AL E AAE o] SCTPL= 22 Hjx 2 Kol
golsit.

QUIC ZR2EZL2 b4 AFS SPDY 7|63 &
(Transport Layer Security) 1.3 ®EQt 7|5 2golo] 4
A=t o]HH QUICS trdet EHS Algsiy
o] =RolA= o] FollA Ad 47 Hel, HEAEHY 7|
4 97 Ao} 7|5 AmEc)

1) 92 44: 0-RTT ¥ 1-RTT

TCPS} SCTPAE QUICS S-&ofAA AgH-e dlo]g]
D3 Qo So|AE-AHTt AZHRE FHTTH14].
QUIC AH e} SetoldEE Ad44 B4e 53f glojg A
S 9 g5slo] "WAst JRE w3t

QUICY] 7HF & 54 ¥ shthes TLS 1.32 Wiidos &
Fchs Folot. AT, desh F24S ATdhe TLSE UH
Yl AujAoA "4zl T2 EFo|t TCPo TLSE 94 =
HZQl T2 EFo|7] f&o] TLSZ ¢ shd FAS 38 7
9 TCPS| 9472 74 olF kst w4 4 ¢ 45} 718 &
o171 gt TLSY A2 IS BE= AAof ot sRA|qt
QUICY AL 2 EZ Yo TLSS Zg5l0] HAA] Agol &
a3t Qs we ¢ Fsslo] "ast "t BAl] SPHck

Fig. 1 TCP+TLS1.3 ¥ QUIC+TLS1.3[15,16] H4]ol
A9 AAHEA P& HojE Fig. 1(a)2 Zeto|AdET}
Aol A5 &(first connection) H&ote F--5 vt
o} o] 4% TCP+TLS1.3 WA]olA= TCP AZ2AHAT TLS
S 98l 4 2-RTT(Round Trip Time)”t 8%}
HiEo] QUICHTLS1.3914% TLS1.3 7I%5°] QUIC Hj¥e] =
giElo] Qloma 1-RTT Fo dlolg Zo] 7Ms3ict gh,
Fig. 1(b)= 5 WA A2 (subsequent connection) S~ ©]d]
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First connection

[ cient | [ server | [ ciient | [ server |

o

TCP + TLS1.3

QUIC + TLS1.3

(a) 1-RTT
Subsequent ¢
[ cient | [server ] [ ciient | [ server ]
Sy
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(b) O-RTT

Fig. 1. Connection Establishment of TCP and QUIC
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I glo] & HIZ tlo[ElE AHolA AFE 4= Utk wHHA
TCP ®W4lol= TCP 92474 IS s 1-RTT7 &84

o|-g TLSE EFRF QUICAHA = HAIA g E 45}
U5 LAt JHE 3§ Hof| w3t & o] aE&FQl I
A AAE 7HItE RS & 4 ok E3L QUIC oA S
o|AEE= A WA dIE Foll X = A5, d53t 7|1E Alkst
=l A== A9 Diffie-Hellman #2 A, 3%
AZolA dlol AT T o] FES AHE HEol| i
ol 0-RTT 4Z0] 7Fsoltt. ol2fgt 542 ¥ AH| 204 Ho]
A 29 AZRE ol dlof a3t oz ARgE 4= Qi)

2) HE|AE Y (multi-streaming) X

SCTPS} vRR7FAI2 QUICHA] shte] 1282 =9l o
olg] 2AEYOoZ FA4E & Qtf. AEYLS ThuieF AEYIL
FLF 2ER 5 2709 EHo=w Aod 4 Stk

QUIC AL long header &2 short header EFY Y
712 g2 714t long header® 79 944 44, HA
Fgat 2ol BT Folt AR EH, A2 AF olF v
A HZE&2 short headergE ARESHCE

Fig. 2+ Hlo|g dgof AREE= QUICY] short header?}
AEZ(STREAM) 29| FEjE HofErh. STREAM L
S 21 7]E 3Hof Q1= Connection 1D} B/HZE Stream
D7} S ERIT 4= ok QUICS ¢ A2 Wof thg AE
g2 AFsta, 8 AEY Yol E5E Alofd 5= J=S T
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0 1 2 3 4 5 6 1 (1) - Header Form  (6) - Packet Number Length

(2) - Fixed Bit (7) - OFF Bit
mf@(@ @ (BG)f © | (3)-spinbit (8) - LEN Bt

(4) - Reserved Bits (9) - FIN Bit
Destination Connection ID (5) - Key Phase

01 2 3 45 61
o [1]m]efe

Packet Number

Stream 1D

STREAM Frame Offset

_—
N

Fig. 2. Short Header and STREAM Frame of QUIC
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3) SACK 7|§F F Ao

QUICE TCP ¥ SCTPAH 27fAlo] 7l5& AlFTtt
QUICZ 77l ¥AstH AAEZ Bdf oldE Eot=
Automatic Repeat Request(ARQ) HA]3} $=A1Z04 of
g A& 9 $£3L +Y5= Foward Error Correction
(FEC) "4l 25 18U o, FECY F840] 45HA
Koo dA EEolE ARQ HANH ARgSRIL Ut

SHH, QUICS 27 "AIE Y3l Selective ACK(SACK)
WA ARgRITh SCTPA™ QUIC E3t 714 g7t ofd
Hrol ACK ZFYS Fdl ACK "iAYEE ATslich
ACK ZH YL 35F9] Largest Acknowledged®} th=9]
ACK Range =2 AL} Largest Acknowledged®
AR 5719 packet number & 7P & Fto] AAHh
ACK Range =+ tHA| Gapd ACK Range Length Z&
2 e o] F g o9 FgHoR 418 packet
numberE ZF HITCE

4) Connection ID ¥ Connection Migration

o] 9o QUICE T4 EJELS AlFdltt QUIC &
AL 4-tuple(Source IP, Source Port, Destination IP,
Destination Port)?] oFd ‘Connection ID'ZE 2]&3tc},
Connection IDE AMESHH [P 4 2 ZE HS 7 HA
Hie Ao A&HoR AZE FAE 4 Ut

A& £01 o554l oA QUICE ARESto] oS the
2T 3R STo|AE TEo] WikiZh AYEE o= olsst
AolE, Z4 glo] WiFi EYZE & d= Y& A
-2 4= ]Itk 0|3t 7152 ‘connection migration 0|2}
ohH, gollA g%t 1-RTT, 0-RTT 942 24+ 7 QUICY]
qxHl EX oIt

g i

connection migration 7152 E3 NAT(Network

Address Translator)& AH&ote A& AEHUHIAZ 3-8
SHA AHEE 4= UTH &, NAT AHloA E8o]AES] IPF
A ZEHS I F71H o2 HAE 4= Ql=d, olHg F¢
o= ZEto]AEE Connection ID 7]5& &850 AHet

A&H AAS RAY F Ak

HTTP/2 HTTP/3
TLS auic
Congestion control
TCP Loss recovery

TLS 1.3
Multiple streams

Congestion control
Loss recovery

UDP

IP

Fig. 3. Protocol Stacks of TCP and QUIC for HTTP
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I AEE o AHES Z2EFE A" JIXE HoEL
A, TCPE &8sl HTTP/2 HolE & ASdt= A
oL, o8 QUICS ARESte] HTTP/3 HIolHE A%
= AgES F93it

QUICZ C++, Golang, RUST, Python & TH¥sH =21
Y doj2 FEE golEay] ¥ ATt EA6h
[17-19], o]n] &2 AHEo] QUICE Boll | AH|AE AlF
o3l t}. £3], Google Chromed} Mozila Firefox E2h$-
AofA AlFHoZ QUIC ZREES AYUskal qlth. = &
JAof| oJstH QUIC ZREZS AARR] AfH|Aof 283t At
oF 3%9] ¢ Hlolx] 29 AZkE Ao, fRE AEDY
AH| A9 AL 30% P2 HT o] At WIS,

R )

]_

ot

o] =RojrE HTTP/29} HTTP/39 Page Loading
Time(PLT)S H|2 £451= AH-S $d, Fig. 49+ 2ol 7t
g3t HAEHES &390

Ao Awel ZEto|AEE 77t Wireless Access
Point(AP)o| A= 0] glom, AuHel Zelo]AE Ato]9] |
HAAIZ 200msE AAstAth 2 A4 ¥ g g3l
Caddy[20]2 A¥] =730 AFR3F9 o, HTML, CSS,
JS =3} 5719 ojmA &2 FAE 9 Ho|AE +A5klH
E3H Chrome BE#-A9} ‘quic-go’ Bo]EH S 7|8t

AP

Client O Server
200ms
‘. HTTP/3 over QUIC @
Chrome Caddy for HTTP/3 |html * 1

css*1
js*1

> F img*5
k HTTP/2 over TCP
Test p!

Caddy for HTTP/2

written in Go-lang

Fig. 4. Testbed Configuration for PLT Analysis
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Fig. 5. Page Loading Times for Different Error Rates
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AtH21]. o] =&olA+ Hd 200ms] A A& 7= HE
3 A WAL FE(packet error rate)S 20%7HA|
Z7 X171 A HTTP/2 over TCP ¥ HTTP/3 over QUIC
o] PLTE &4sto] Bl

Fig. 5& oFst sjZl @ F&of thgt HTTP/2 over TCP
e} HTTP/3 over QUIC 42| PLTE ®|agt Z¥foltt. 11
oA @77t gl A= F 7HA] A9 450l v
SHARE, @F&0] =2 oA QUICO] B £2 8=
Hol&E gl 4= itk 53] of21&o] 20%Y - QUIC
WAL TCP #A]of Hlsto] 2u HL o] 45 Zpo]E Holal
it} o]t A5Aol= QUIC ZREZY 0/1-RTT &2
A7 715, SACK 7|9t @ 7Ao] & e AEZY B/ 7]
Q15 Ao g EA=E}

4. AEE|Y MH|A I 45 24

41 A8 o3 14

o] Aojxj= Hem|o] AEHY EffjuS g TCP,
SCTP ¥ QUICY 452 thet HENA oA Bl
Agteh, HA mtlo] AEo] tigt s A4S sl e
HAEHEE F@5H

Fig. 62 HAEHE 74 HojZth HAEHEE A
H, S2olE, YEYA 34 viyA & 27]9] APE 4
=o] Atk AH= vt} TUE s, SEolAEE A
gk mitjo] g @s5ta, AEwkd nitjo] ntd-Z Ay
gt YEQA 4 wiyAE Boi JAAA(ink delay),
Q=& (error rate) @ AAZ 2F(reconnection request)
59 Ad AL HASIUS. A= HA3E PCE, £

eIchA

10

Environment
Manager

Fig. 6. Testbed Configuration for Performance Analysis
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A& Alof QIEHo]AR AdEo] Qlth. HEYA A8 ¥
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AsloA P3 AT 2 FL&L Traffic Control(TC) =
I8 B9l Aloistaict
Zeto|dEE QY v|to] TU-Z @7gstar AT ol
2 A= =2 A, $A HE(receiving module), 1]t
o] A47|(media player), 4833 Ao] AEHo|AR
J=lo] Ut

A SAE oS Zo] XY= WA A HES
AT vlgo] sdS Ao gttt ojn P Aol
100ms 2ot Zchd QHD mltio] #U-Z, 100ms~200ms
2t FHD vldo] mtd-S, 200ms Eot Athd HD w]to]
d-g 943t A8 A5 = Seek7l WAH Foj= vt
EA] HD "ltjo] wtd-S @33ttt AHe} npi7ir| = St
o|UE E3 Y EQF &4 wjUAERE SHHSE $4l5t
of AA el H-83tct.

bu rfe

42 d5 28 Zit

s HE=2A Total Transmission Delay(TTD)E 743}
Aot TTD= EEto|AET} AHof] AHIAE 85l AHE
R oS WA AQEE HA AZRE 9§t TTD=
et MERT oA Z2EF9] AZ|&(throughput)@t
" A #olt}t. 2 TTDE &35 Yl 1GB Ato]=

Adet7] QoA Bt B3 A AAIZHAverage Link
Delay, ALD)& W733] 7} 2} Z2eZ¥= TTDE &35}
Stk ZF AgoA NSCi= F01% ALDE BHHUCE k=
ATEL 45 0|85l Link Delay 3+S ZA3Ih

Fig. 82 tjfgt ALD Adgtell w2 TTD 4% Bl dits
Hojo}, TIolA HEAEHYSZ A Ysk= SCTPLF QUIC
14l TCP ¥H4] Bt ARHH o= v £2 TTD ds= Hols
< 313t 4= Qit}. o]: Link Delay’t 145 RS o WA
EfY 75 ARESt] gl g Tl ASZ 3T 4= 3l
7] 2otk &8 AFolA /iEE QUICE S-8o=%H ¢
AIgE glofe, H7 ME, o HE FIMTU), TLS 7] F&
52 SAHo] AEste] &g&FQl BAE AYsith E3h
QUIC SCTP 22 Hlolg % ol Yo uet AEFQ]
FE FH 52 5 ol A Aol et 71E AE-0]
ofd N2 AEY O R HolHE ALTo =N Y& Hl=A A
ol AT 4= Ut ol EAT} A 0/1-RTT B
A Lslo] B2 A goA SCTP H} U 452 &2 AY
oA Hoj5=qith Link Delay’t 245 S5 T2 EZt 45
Aol A o AXIL U AT & Utk

Fig. 9= ¥t Bzl eF-E(error rate)ol] Hg Z2EZ
9] 5= gt Aotk Ao & 4 Rl HHLF
7} gl FAME ZREZL s Afol7t 34 g2 &
4 Stk kAR A F-go] FUFEE SACK 715 oF
Ao & HE]AEYS A YsH= SCTPLE QUIC 4jo] £
A5-S HolZdeh E3L QUICS HlolE AEY 2415 9l O
A9l 719 AHE 5 B9 o A 7He Assh,

o

-= TP
115 | _a-scTP -

— -
105 | —e—Quic e .

Total Transimission Delay (second)

Average Link Delay (ms)

Fig. 8. TTD for Different Average Link Delay

-- TCP
A= SCTP =

160 | -e—QuIC

Total Transmission Delay (second)

o 5 10 15 20
Error Rate (%)

Fig. 9. TTD for Different Error Rate

0/1-RTT 9Z24H o= AFHA ARtE F7|H oz &9}
QUICZ o]=3t 402 w7l F{-&o] 7otz Aol
M £2 H5S HAFAH. ™A HRleFEo] 5
+5 Z2EF 45 o7t o AJES T 5 ik

Fig. 102 AAZE g0 2 Z2EF| 45 v Ay}
ojct. AgolA AEZY g Fetol Aoz HAd
For LYoty HAsSI o= QUIC ZEEZY
0/1-RTT 71’6014 Higt AsE4S Fst7] ol 1
oA & 4= J=o], QUIC ZEEFO] 7P 22 52 B
of 211 Qlrh. 53], AdE vt SUMdE ZREF 1
A Aole HS AAL YSS & 5 AU

S, HT AEY AHIAES ARSAREONAl FE Quality
of Experience(QoE}E Al&3t7] s, Au|2o] thgh A4
gaA7t obd g "gst 8 fAAE WA g7gsto] Ay
o2 BREAIZES Eol 7|HEC] 87" QoEoll tigt 4
SEAS A8 Fig. 11, 12, 139ME 29 A ARt
(Loading Delay)& H|®5F3L it} Loading Delay= E&}0]
AEZ} Ao =7t AP v|tjo] IS 33 & FAT
f7kx] 4299 tf7] AIRF 2 AS A7ke] oz 45t
LDE Fob7] 9ol AR wlto] o A vltjo] IS
A Ui mdR oF 4~5 MBY] Alo]2E 71t} E3E AME
A7t QBT NS 71 S AlEG0lAsH] 8l sz
ottt 30%9] SFEE Seekd AE FAAR AUt

Fig. 112 thFst J3 AA 3004 Al 714 Z2EZ
9] Loading Delayg Hoj&Eth. IHAA & 4 %ol
3 A o] @2 oA TCPO H|5t] SCTPF QUIC

Palo] 2L HHe BoIFA ZYL AU 02 =S




20

Total Transmission Delay (second)

10

Number of Reconnections

Fig. 10. TTD for Different Number or Reconnections

1,400

-m -TCP

1200 | ~ASCTP

—e—QuiC

Loading Delay (ms)

Average Link Delay (ms)

Fig. 11. Loading Delay for Different Average Link Delays

7H g b2 AEYS B9 Aoy] wiiEo B 33
P 4 QUIC %49 £& g
HojFqloh, AAA oz QUIC Aol 7MY £2 H5= &
T =
Fig. 129} 132 27t bt fizleRg 2
w2 Loading DelayZS Bl25}al ot dutzlo g o554l
342 ooyl T WiFi 830 vl8) @7-80] =11 A
S7F gt & 5= Qlot AEE Bl S olssA 3
A o £2 QoFE AlTshs TREZS wols] 2 4 itk
Fig. 12014 QUIC WAL RE 078 A A 714
A5S HolF1 glon Q{80 HS4E IRES
5 Zole H AXL Y-S FAT 5 k. 0l &
& QUIC ZEEFo] TCP @ SCTPo] H|5te] HEA4
Tk ofyel QoE SHoIAME 53t 7HAS & 5
Fig. 132 AAZ Slo7t 716l 490l Higt QUIC Z2E
29| 84S HojFal Ut} QUICS IPF4A W7o & Qlslo]
AAZES FHfof sk= FPolx, TCP ¥ SCTPRM= €]
O-RTT 7I'6-Z E8slo] A d5 2 =2 QoEE AT 4= 9L
t}. ojggt EXJ o2 Qlto] AjdFo] H o554l TFoA =

QUICE "¢~ 2 QoEE ATE & a2 &I &+ Stk

<

24
e
ih)
ot
iy

iih)
=2 3 ol 2

o

1k

ol

FIE‘, -[O ox, rlO
or

5. &

T

o] :=Rojx L [ETFOA 02 /g1 Q= QUIC
DREZOA gt JeE4E oL AEJHY 59 o
&St QY MujArt 53] wet, V& A 22 EZ0]

# 2 AEY AHIAY CE QUIC ZRES A

1%

143

or
HI

= -TCP

== SCTP

1,000 | —e—QuIC

Loading Delay (ms)

o] 5 10 15 20
Error Rate (%)

Fig. 12. Loading Delay for Different Error Rates

-m -TCP

—a-SCTP .-

—e—QuiC L

Loading Delay (ms)

Number of Reconnections (ms)

Fig. 13. Loading Delay for Different Number of Reconnections

SIS FESIL Bt 22 F49] QIEY AMA TS $5)
QUIC Z2EZo] 7fEle}. QUICS TCPY Ex3st 244
74 E HolB &4 & =551 ol A=A, 0/1-RTT
4 He|AERY 59| ot EAS ATt

o] =0 A= HTTP 7I5F ¥ AH|A & Heju|t]o] AE
2 Mu|AS giog 7]1& TCP 9 SCTP ZREEY}
QUIC Z2EF9 A5 Hlu B4t 7 <dof, e
A= 5ol Yol YT & e A5 Xolg £o17] Y
$E= 74 ZREZ9] Go o] 7|5t i gtolB eyt &&
sto] 7St HAEW =S Fdsto] ZeHnE sttt
H IS B $Ee B XA, HHeRE 2 AdE 3
47t =2 3404 QUIC T2 EZo] thE maEZ| v
o £2 45 EoEde AL FAT & 9T

FE AT olFEA QUIC ZEEZFO] 7|22l 4
3t A% 89 olYel, connection migration 59
ot EAE digh A% HREAo] gt A= FPE
g487F Ut

References

[1] Behrouz A. Forouzan, “TCP IP/Protocol Suite,” McGraw-Hill
Inc, 2002.

[2] R. Stewart and C. Metz, “SCTP: new transport protocol for
TCP/IP,” [EEE Internet Computing, Vol.5, No.6, pp.64-69,
Nov, 2001.

(3] J. Posetel, “User Datagram Protocol,” STD 6, RFC 768, IETF,
1980.



144 HEX2[SIE=2X/ZARE 2 SA ALY H10E M565(2021. 5)

[4] J. W. Shon and S. M. Hong, “Provision of Responsive Web
User Interface Service for Wireless Router Network Setting
in IoT Home Hubs and Devices,” Journal of the Korea
Institute of Construction Safety, Vol.45, No.2, pp.368-374,
2020.

[5] B. H. Andreas, A. M. Tim, and G. Tor-Morten, “Progressive
Web Apps: The Possible Web-native Unifier for Mobile
Development,” International Conference on Web Informa-
tion Systems and Technologies, Vol.2, pp.344-351, 2017.

[6] C. Quentin and B. Olivier, “Multipath QUIC: Design and
Evaluation,” Proceedings of the 13th International Confer-
ence on Fmerging Networking Experiments and Technolo-
gies, pp.160-166, 2017.

[7] R Minakshi, A Shamsh, K. Gaurav, and V. Ajay, ‘Implementa-
tion of Quick UDP Internet Connections,” International
Journal of Engineering and Computer Science, Vol.9, No.1,

pp.24921-24924, 2020,

[8] C. Gaetano, C. D. Luca, and M. Saverio, “HTTP over UDP:
an experimental investigtion of QUIC,” Proceedings of the
30th Annual ACM Symposium on Applied Computing, pp.
609-614, 2015.

[9] A. T. Saif, “Performance analysis of Google’s Quick UDP
Internet Connection Protocol under Software Simulator,”
Journal of Physics: Conference Series, Vol.1591, No.l,
pp.12-26, 2020.

[10] QUIC Working Group [Internet], https://quicwg.org.

[11] S. Floyd, “A report on recent development in TCP con-
gestion control,” /EEE Communications Magazine, Vol.39,
No.4, pp.84-90, Apr. 2001.

[12] M. Matthew and M. Jamshid, “Forward acknowledgement:
refining TCP congestion control,” ACM SIGCOMM Computer
Communication Review, Vol.25, No.4, pp.281-291, 1996.

[13] S. Floyd, J. Mahdavi, M. Mathis, and M. Podolsky, “An
Extension to the Selective Acknowledgement (SACK)
Option for TCP,” RFC 2883, IETF, 2000.

[14] J. “QUIC: A UDP-Based
Multiplexed and Secure Transport draft-ietf-quick-
transport-29,” IETF, 2020.

[15] K. Hugo, P. Kenneth, and W. Hoeteck, “On the Security
of the TLS Protocol: A Systematic Analysis,” Annual
Cryptology Conterence, pp.429-448, 2013.

[16] E. Rescorla and T. Dierks, “The Transport Layer Security
(TLS) Protocol Version 1.3,” RFC 8446, 2018.

[17] The Go Programming Language [Internet], https://golang.org.

Iyengar and M. Thomson,

[18] Rust Programming Language [Internet], https://www.rust-
lang.org.

[19] Welcome to Python.org [Internet], https://www.python.org.

[20] Caddy - The Ultimate Server with Automatic HTTPS
[Internet], https://caddyserver.com.

[21] S. Cook, B. Mathieu, P. Truong, and I. Hamchaoui, “QUIC:

in Proceedings of IEEE
International Conference on Communications (ICC),
pp.1-6, 2017.

[22] lucas-clemente/quic-go: A QUIC implementation in pure
go [Internet], https://github.com/ishidawataru/sctp.

(23] ishidawataru/sctp: SCTP library for the Go programming

Better for what and for whom?,”

language [Internet], https://github.com/lucas-clemente/q
uic-go.

g of tl
https://orcid.org/0000-0003-0943-3024
e-mail : hb1212@knu.ac.kr
20198 A= ATk

Sl B/ SWH AR
20219 ZAEostal FHFETE(AAD
20219~ A FEHE AFE

HRAHY
, ZREF QUIC, gAHA

2

u
ol

T Bok A2 IEY

g 5 g
https://orcid.org/0000-0002-5828-9551

e-mail : godopulG@gmail com
20169 AEHEw AF 1°“:'(°”})

TARok AEdHY, Z2EE, HAdHU, A HFY

Z &
https://orcid.org/0000-0001-5437-8656

e-mail supergint@gmail com

5

201748 A ARckt BRE
et

P4 R0} AHEQIEY, QUIC, A AHY

ISR

https://orcid.org/0000-0003-3429-2040

e-mail : sikoh@knu.ac.kr

1992¢ KAIST Q3384

19944 KAIST 7 3a-stuh(F3H4IA}

); 1998 KAIST Ard3stah(F-sHatAh

4l 19984 ~ 20049 ETRI E&ATAIH
A

20049 ~d A AEASE AFETRE e

FAEof: AHERIEY, HEJF|AE, SCTP, QUIC, 7HHEAl

)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


