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Currently, Multipath TCP (MPTCP) is a system that increases the efficiency and speed of
receiving and sending data at the same time by several paths on smartphone in an LTE network or
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Subflow l¥@eaAanINUNT IFNUDUIRDTITALYY TCP-friendly Taaihvueved Congestion
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a Y o X
Control ¥Nf 3 VoAU

e
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ng¥ef 1 : (“Improve Throughput”) M3d3UoYAUY Multipath Path Flow 111 92A04
= a a Y 9 A 1w 19 . Ao A o 9y
HlszansamIdeaarivengaminunisasdoyauuy Single Path Flow Nangaluduiudunia

d’d 1
naruanieg
v 9 1

n9¥ef 2 : (“Do no Harm”) M3a990yalUY Multipath Path Flow 1u 2203 ity
Capacity Tuniwernsniinislddoyasaunu lUurnnat msldnSwernsuny Single Path Flow
[l Y
Famsauiiumaguilazanniosulsziulain msasdoyauuy Multipath Path Flow a2 Lidawa
NIZNUABIFUNNMITU-detoyadu o619 lumimnzauy

ﬂ{,]“il}@ﬁ 3 : (“Balance Congestion”) ﬂﬁfc"msﬁ'agauuu Multipath Path Flow A59z61Y

o o 1y ) { & v & ) . % v ¥ \
W3eUSuMssu-detoyannduneaninanNUAUAIVeIToNa (Congestion) U 1udadumaluy

U U

¥y 9
v A

Ax 19 oYY = A ) Yy & Y A Y vw
T]ﬂﬂ’ﬂsl,ﬁvlﬂlﬂﬂ‘ﬂ’(,jﬂ muﬂmaaﬂmumqﬂmmmu“lﬂmuﬂmam 1 1A 2 AJUTUNU
9 v ) { o v a . @
ﬂ1ii%ﬂﬁﬂﬂ1i¢]1hﬂ§]ﬂlﬂﬁ 1 Uag 2 393UNU ﬂ$ﬁﬁwa1ﬁjlﬂﬂ Fairness NUIANDUIA

1 d‘ 9 1Y J  w 1 1
Tudruvesngden 3 swsaldndnnisvesmsurinswernsunldswld Tumsdedoyauvuy

v
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Multipath Path Flow tiielims5u-adedoyariudumneninnuauaiies nsianion1ssu-ds

¥ i
A

Y % ! ' ' '
doyaluATouneiy 921AaoUN19910 Congestion Area 130 NUNNTANUAVAL Fagailozae

2 a A 9 2 =
LWiJ“]J‘iZﬁTI‘ﬁﬂWWﬂJ’E]\ﬁ%‘U‘ULLﬁ%Wﬁ‘i’JlIGUfN Throughput Gl,ﬂiﬂﬂeﬁu@ﬂ@%}"lfl

'
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2.4.1 Baguanuaunsdmiumssu-asdeyanuuratadunia
o~ v oo w v 1y v g o
AIUANVAVAITIHTUMITV-davoyauUUraIedun1e iy 2 Jiluny dall
1. 35AUANANNAVAWDY Uncouple A JUtUUNNNFAY0INITAIVANANINATAS
dm5u MPTCP Taglimsdanmsuaag Subflows tilloumswenaetuudaszyes TCP Tugilunuy
1A g J o
Y93 TCP Congestion Control L§1#184911 Congestion Control Tununiifimsussninenslugane
' I 1 1 a @ '
129 39dawaly Multi-path Flow 1Ju'lod19ligfs551 @10819 Uncouple Congestion Control i
< % 1 1 o
Vegas, Reno, CUBIC, BIC, H-TCP, Hybla, Westwood 1 udu Fauaazjiuuuinnuuanaieanumns
Y A Y a A VW Ao A4 y= o A =<
Joa-vorde Nuanarenuly luanedsell ladnyaznageudanosiulugiuuy ves CUBIC 9
< ) A o v oo ax X y v o o ¥
111 Congestion Control N0 BIC waziludrsanssnuiiugiudiagiudmsumsly

41U TCP VU Linux 1agazins1418nn15vee Congestion Control ADNTAINHUATIUIY Segment

7 Tcp deldnFoun nu (@nymeReIny Sliding Window) BeszuUUfiiamsrzdtoyaniu
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[ I~ o [P=N . . o
1050918 1A TN Segment 11N UYUIAYEY Congestion Window (CWND) 1@3811UA
ATLUIUMSIANHIDAAUUIAUDIVOY CWND 1HaeandesnuanInaNuAuAIveLnToule

0o {2 A ) 1Y . . .
mm‘umumﬁmﬂﬁqmmzlﬂummﬁ’umm Congestion Window Ao 1 MSS (Maximum Segment

1w

I Y
Size) Fan15USVVIUIAVDS Congestion Windows Size ﬂzﬁuagﬂum RTT (Round trip Time)

A . . . a ' < {
Tag CUBIC 9218 UU1AY09 Congestion Windows  Size ludSuauineasssiasiluvusioy

a

Y
v =)

] A o . . Y Y 4 ] Y A o ' Y
HINIINIABNAT (Saturation Point) LLﬁ'Jﬂ’E]fJ"V]GBWQQLﬁ@@QiﬂﬁfQﬂ@NG]'J ﬂmaﬂymzumﬂiw CUBIC
= [ 9 Y Y & = v < A
ﬂlﬂWﬂﬂlﬂﬂ?’lNﬁ’lN’liﬂﬂJ@\?ﬂ’liiU-?Nm@yjﬁllagaﬂﬂ'ﬂmav}ﬂaﬂqﬂ Glf\isluw'l\uﬂﬂ?ﬂUﬂﬁ'lN'ﬁﬂLWM
< Y 1 o
Laaﬂiﬂ’lw uazﬂ’nm‘ﬂu‘ﬁiimmmﬂmiﬁmmm TCP Flow hlﬂmmﬂu
Aan v o A a A 9
2. AAIUANANUAUAILDD Coupled ﬂEJLLu’mﬂwugmslummﬂllﬁuﬂiywmam

"lliqa‘ﬁ‘jiiﬂlﬁlx‘l Uncouple Congestion Control uumﬂ%’w%’wmﬂifimﬁuumﬁﬂamﬂ Tﬂﬁlﬂﬁfﬁlﬂﬂ
Congestion Windows 18490 Supflows DUMTIFONADYDI MPTCP @281aNMS5IMNTNGINS
o A A = A A = A dyd U = @ a £
MINTIVABUNITUFINYAADVIA UM UGN FIFITUTIUNTIUDINTTANTUUUING
) [ . 4 1 a P 2 [ .
@151 Muti-path 1o Lil¥nan151sSN9an0UIATY ¥aNN13UD3 Coupled Congestion Control
¥18111 115 Tanealunmsvudeannsodsu/asuCongestion Windows U94UAAY Subflow LAz
Y 3 a < A ' o '
asndoulmilulUamnasgiuanugassssazanuilusisuluganeviauunionls 420619
. . < .
Coupled Congestion Control Ao LIA, OLIA, Balia, wVegas Hudu pl uvvves Coupled Congestion
9 ' Y i1
Control ¥ U uABUMSINNIUHT 0191 1nAUDIe 192 Congestion  Avoidance 1aZINOTZIYNT
1 4 ] Y 1
VHIIAUNNUUUDY Congestion  Windows 140 1831 Acknowledgement a1 luiuaoudug

AUUUMIFUAGINUNIATTIUUDY TCP
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Multipath TCP

F—E

Regular TCP Coupled Congestion Control

MNTA 2.6 LAA Coupled Congestion Control U4 Client 2 518 @@ Client 150 Gl%’midq%y‘mmu

MPTCP 1azdn310 Ao TCP Un@
fan: Multipath TCP W09 1 WP 2562 10 https://queue.acm.org/detail.cfm?id=2591369

2.5 manegraruuulasanglioe
2.5.1 NoguaruuuIATIVIY LTE’
msdsdyn 1 Inseiie LTE M3910 eNodeB 04 UE azApelimsiiuegasuiinig
o =) QJ d”
AU T1802108AA1
o Ia 4
1. MIMUIULUUAIAN
' ™ A v Y A A A
Foednyna LTE Aawnsnldauldll 1.4, 3, 5, 10, 15, 20 MHz Tasflinaunud
v < o w : Ja o
Number of Resource Block (RB) 11i900n1ilul 6, 15, 25, 50, 75 g 100 AINE1AY FILUAIAN

1 ] 2 % &
W1N3115 Throughput NYZBIGAYUNINY

° http://anisimoff.org/eng/Ite _throughput.html
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2. MIMUIUAVNINVDIFOITYYID! (Channel quality)
351 - 95217319 eNodeB DUE Hidou luhdawansznuaesasimsdadoyauas
[ 4 g‘/ 49@1 [ 1 é = v 9 d'
HAAWFYDY throughput UUIUADATMCS Feaziiaw)siumuanimadounazou luluns

51 - av wasgulumsdevesresasdaanagn1sds CQI (Channel Quality Indicator) tie ¥

eNodeB 1800 MCS aanaadlua1snan 2.1 uagaisnan 2.2

3199 2.1 %94 CQI 11ag MCS

Before Rel.12 Rel.12 and beyond
cal Modulation Code rate Modulation Code rate
0 Out of range
1 QPsSK 0.0762 aPsK 0.0762
2 QPsSK 0.1172 QPSK 0.1885
3 QPSK 0.1885 QPSK 0.4385
4 QPSK D.3008 16QAM 0.3691
5 QPSK 0.4385 160QAM 0.4785
6 QPSK 0.5879 16CAM 0.6016
T 160AM 0.3691 B4CAM 0.4551
8 16QAM 0.4785 G40AM 0.5537
] 16QAM 0.6016 G40AM 0.6504
10 G40AM 0.4551 G40QAM 0.7539
11 G40AM 0.5537 G40AM 0.85235
12 640AM 0.6504 2560AM 0.6943
13 640AM 0.7539 2560AM 0.7783
14 640QAM 0.8525 2560AM 0.8634
15 640AM 0.9258 2560AM 0.9258

13n: How to calculate LTE throughput (194 1 10BI8U 2562 910

http://anisimoff.org/eng/Ite_throughput.html
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M151990 2.2 uaad MCS U1 1A53918 LTE

MCS Index Maodulation TES Index MCS Index Modulation TBS Index
o o i7 15
1 1 18 16
2 2 18 17
3 3 20 18
4 4 21 19

QPSK
5 5 22 20
GACAM

B G 23 21

T T 24 22

B B 25 23

9 26 24
2

10 27 25

11 10 28 26

12 11 29 QPsSK

13 160AM 12 30 160AM Reserved

14 13 3 B4CAM

15 14

16 16

#13n: How to calculate LTE throughput 19199 1 B84 2562 910

http://anisimoff.org/eng/lte throughput.html
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Y
LLTN"l]ﬂﬁii‘l/li‘l/\lﬂ”lﬂielﬁ}ﬂﬂﬁiﬂ%ﬂnﬂﬂu HINITNUUY ﬁu
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Y
% o

Y 9
UL NITOAIUIN Throughput ¥841A59U18 LTE Iamuiuaouaail
o 'a 4 § 1 (BN LY
1. fvua nuualian nagl¥auiegyaala 1.4, 3, 5, 10, 15, 20 MHz 1agATINY
Resource blocks 111

A 9 ] o Aa A Y v A 1 = o 9 ' Y
2. menuazAuyesduanunangalinunsiwouae 9 lumsmuiuaeansiunly

e Q

Y
U MCS ¥04'1vu MCS ﬂzﬁuagﬂu CQI Iﬂﬂﬂ’)'mﬁi]wu‘ﬁ'ﬁg‘ﬁ"lﬂ MCS nu CQI L‘ﬂuﬂﬁﬁTﬁuﬂ

d‘é’ @ Y Aa A 1 dy o U A [ U
nvuay ‘]Jmﬂﬂiﬂ'li Uag 117NN 2.1 LA 2.2 G]’t’]]l‘]J‘L!ﬁ'liJ'liﬂuanl%iuﬂ?ﬂﬁﬁ]ﬂﬂ“]fu MCS @9U

Y

%94 TBS (Transport Block Size) AD1uudafiau1sodene 1 TTL = 1 4aaiui

9 A 3 A 1A o 9
3. g¥oyanoglu Transport Block Size (TBS) tioasavaeuNinisdsriudoya 1l

a =~

1 1 a aa o Y ' v .
Page 1 TTL (1 Jad3uMN) Hazinsganley 1,000 (NN bps (bit per second)
2.5.2 UOQEAFUUUIATIVIY WiFi
1w ] . A o o a A @ v 9 v
ﬂWiﬁQﬁmUQ,l1mUuIﬂ§Qﬂ18 WiFi MW@Wﬂﬁﬂﬂﬂiuﬂ'ﬁuuﬂﬂﬂl‘W@ U -ﬁwauﬁaizmw

. =2 9 [ dy
Access Point (AP) 84 UE 1J5¢neualeaall

ks
1 %

- Spatial Streams (SS) (11N 51 - 99 dy v ogNAwa 1 -8

=2 v

- Guard Interval (GI) %79198152%7319 AP 94 UE 987 400, 800 ns

u

- Channel Bonding (CB) $odqyaias 11013 51 - 93 087 20, 40, 80, 160 MHz
- Modulation and Coding Scheme (MCS) ﬁﬂ'mgﬂwﬁaq 0-9

' S o @ 4 : (% {
TudauvesnnuEany Mcs nagauladug aunsogulasu lddeaisiei 2.3
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M15199 2.3 uaad MCS V1 1A5918 WiFi 521918 Type N 11 Type AC

MCS Index - 802.11n and 802.11ac 802.11n 802.11ac
HT VHT 20MHz 40MHz 80MHz 160MHz
MCS MCS 55 Modulation Coding Mo 5GI SGI Mo 5GI SGI Mo 5GI SGI Mo SGI SGI

0 0 1 BPSK 1/2 5.5 1.2 13.5 15 293 325 58.5 &5
1 1 1 QPSK 172 13 14.4 27 30 58.5 A5 117 130
2 2 1 QPSK 3/4 19.5 21.7 40.5 45 B7.8 975 175.5 195
3 3 1 16QAM 12 26 289 54 60 17 130 234 260
4 4 1 160AM 3/4 9 43.3 81 20 175.5 195 351 390
5 5 1 64-QAM 56 52 578 108 120 234 260 468 520
& 6 1 640AM 3/4 585 65 1215 135 2633 2925 5265 585
7 7 1 &4-0AM 5/6 &5 712.2 135 150 292.5 325 585 650
8 1 254-0AM 3/4 78 86.7 162 180 351 390 702 780
9 1 256QAM 5/6 n/a  n/a 180 200 390 4333 780 8667

2.6 IFMILANANNAVAWUY wVegas "

<R K 1

iesninmsdaunielu MpTCP lulddisd unmzvuiavesresdayananisiyouns

o A X P = Yy Y aow A a ) .
UAYIY MPTCP Congestion Control  [UINUNYIUVDINY ¥ AN 1Y Congestion control
LY wVegasd M SUNMIAILANAMNAVAIUDY Coupled Congestion Control F99zAuIBFUNIS
lums3u-adedoyanA1 Round-Trip Time (RTT) 11ag Delay 1¥0In1 lamangdmiunissuy -

9
m%gamﬂmmu AMUAUNITAIU

CHND CWND

DIFF

)BASE  RTT T,
BASE ., RIT -

&
CRND (RTT BASE  RIT ) /
S £ RIT

! http://mcsindex.com
® Wenlan Guol, Zhijia Wang, Yun Zhang, School of Computer Science and
Technology,Harbin Univ.Sci.Tech.,Harbin,China (2013.31.28) " Delay-based Congestion Control for

Multipath TCP "
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Tag1n (1)
Ad Y A ' A A a = o Y
DIFF = unanaNnInaned luAINITVONAWE1IVBIAY  LazlNITAIUIUNNATA
Y
NAININTUFAVDUAALTOY
1 :: A o 91& = ] v Aa o U 9
BASE RTT = migaved RTT #1a 14 d9vg lilimswinanarlumsdaniiuy - da Joya Iny
' A ' ¥ &
w1aunasluseunsununl
Y A 2 & 2 £
RTT = NAAWAITUTNNAVDYAVATIAY
CWND = mﬁﬂ’mﬂnmmﬁuﬁwm%}ay‘a

YUABUNTMU fnﬁﬂ'J‘Uf’!Nﬂ’J‘l?J!!@'E)Jﬂﬂ’J‘UﬂQNGIIEN wVegas
o { v o 1 1 o °
equilibrium_rates[r] 1/]']Wff’]ﬁ(luﬂ'lﬁﬂﬂlﬂﬂ’t’)@]3']ﬂ1§ff\1W']u“U@\'iLi%}u1’|'N r MNIINTUIU
P
UINUNUDY sub-flow
° Y v d Y Ao Y]
queue_delay[r] TIWTTH']V]GIUﬂ"Iﬁ]ﬂLﬂUﬂ'NNa']%']“I/l@]”li:fﬂsll'ﬂ\uffuﬂ'm

o ¥ A v < A [ v 9 Y
alphalr] Wqﬁuqﬂzluﬂ'ﬁ’ﬂﬂlﬂﬂlW‘IﬂLﬂﬂﬂﬂ’]ﬂﬁ?ﬂj’]ﬁ]gﬂQﬂWﬂULﬁUﬂ1\1 r

a Jd @ AR A v 1 dy
TaomsnsIzioanes NuNmmIzIzIIzLaAInIne 111
2 g
FTHZISUAY
total_alpha <- fixed number ---- 1A30UIBVLAHUAAIAINUBINT IHANIVBILNALNIN
Asmauaztiuiin 131U total_alpha

Equilibrium_rates[r] <- 0, queue_delay[r] <- 0, alpha[r] <-random number

Base RTT[r] - M33a RTT mgaveudunialaelufinisiand

ﬁi'l’uﬂaum‘mﬁmﬁmmnum1mmé’mié’wmudazsaummsﬁuma

RTT <- Sampled_rtts[r]/Sampled_num[r] = NMSAIUIUAUNAGUDY RTT 50UABUNIN

e

Diff <- cwnd[r] (RTT-Base RTT[r]) / RTT-- fUIMANAUITIVOLNANINAIN
I I 1 a o 1 o o
Tuduma r uazadluanuarnveaing i 1iwendansveedivesnuLesa
If Diff >= alpha[r] then

Equilibrium_rates[r] <-cwnd[r]/RTT
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Adjust weight[r]<-Equilibrium_rates[r]/total rate

alpha[r]<-weight[r] multiply total alpha

alpha[r]<-max (alphalr], 2) end if - fem3sUsulsmsaedoya sasnihminuay
AAMIBLNANIAAIAI VO UGN £

If Diff<alphal[r] then cwnd[r] <- cwnd[r]+1

If Diff>alpha[r] then cwnd[r] <- cwnd[r]-] ~ -—- fAensUSuUFvIAvRINTIIA1IES

4 1 1

v {d v
GﬂiJﬂ’Hllf’fll‘W‘L!‘ﬁi%’H’JNﬂWﬂ’JHLWﬂLﬂ"ﬂ“ﬁﬂ\iﬂN

=

] Y
Lm%LLWﬂLﬂﬁ]ﬁﬁ\iﬂNﬂLﬂﬂﬁuﬂiﬁ

©Q

q<-RTT - Base RTT
if queue_delay[r]=0 or queue_delay[r]>q then queue delay[r] <- q
if g>2 multiply queue delay(r]
backoff factor <- 0.5 multiply Base RTT[r]/RTT
queue_delay[r]<-0 - Ai1 RTT 3¢ 1@5U91nAURABYDY RTT 50UNHIUL U@agA1 RTT
Yo A ' v ! Y 1 = :3 ==
i]gulﬂ'illLN@L!@]aZLLWﬂLﬂﬂﬁluﬁﬂﬂﬂ$@jﬂﬁ\‘]@]@hlﬂ 9101 RTT Nﬂlu?ﬂq@ﬂluﬂzlﬁuﬂ\‘lﬂ'lﬂ?'lll
1 A g o [ g}/ voo T 9 v A g’/ o Yo = 9
UANANNNIUUYA SEN'L!L!ﬂ'Wn’s:fﬂcluﬂ'Nllfl']eb"]sllﬂ\iﬂ']iﬁ]ﬂﬂ?sllugn %31@3‘Uﬂ13ﬂu°ﬂﬂll'3
M3NIUANIZAAAINIDIAVR IR UMUNBS Ity aDan I INUNANINAIA19AD 11)
9
cwnd[r] <- max (cwnd[1], 2) --- Gli’Jﬁ]ﬁf)‘]J?ﬂL’c’af}m/INllllgﬂﬂﬂmﬂ‘ﬂﬁﬁﬂm
‘ﬁ1ﬂ!ﬂﬂfn5giy!ﬁﬂ‘ﬂ!ﬂﬂTHiu!!Wﬂ!ﬂﬁ]!ﬂu‘ﬂ]Q r
Y ]
equilibrium_rates[r] <- 0, queue_delay[r] <- 0 - M3gaudenavuiordunisgnenian

vo9 g A = Y g o Y A A @ A a
HAZAIUDYANIYINA ﬁ]zgmaau"lﬂamﬁumﬁ HIUUNUDAUTUNNNYNADN GIAUVNDULAN

2.7 F5MILANANNAVAWYY CUBIC’

Y J
NuAsetiden 1y Congestion control 1111 CUBIC® d1115UN15AIUANAINAUAILY

? Sangtae Ha, Injong Rhee, Dept of Computer Science North Carolina State University
Raleigh, NC 27695 and Lisong Xu, Dept of Comp. Sci. and Eng.University of Nebraska Lincoln,

Nebraska 68588, “CUBIC: A New TCPFriendly HighSpeed TCP Variant”
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Uncoupled Congestion Control «?qqmﬁuﬂ'@ﬁﬁﬁmﬂm CUBIC flomstAuTnvod window size

Y X "o a ' . Ja 1 o ' .
@Qﬁuﬂﬂﬂm?mﬂﬂigﬁ’ﬂﬂ congestion events ﬁmm@msmﬁmmmu (59N congestion epoch

U

v
v v a

Y v Y
AaiUM31AD TAUe9 window size 39 1UYUAY RTT #93 window growth function mUaANNITAIH

W(t) = C(t — K)* + Winas -~ ()

Taga1n (1)
a 4
C =13 e3 CUBIC,
A Y 9
t :nammu'lﬂmﬂmia@wmmqqﬂmﬂ,
' { o Y Y y A A 3 4 ' o
K = 6]51]%’3@1%‘1/%ﬂ“]iuGUNG]uGI,“Mﬁ@LWMW nJu Wmax Lﬁ@"luﬁm@mim

= A A o Y [ dy
ﬂ'lif:’fiUuLﬁfJLWNm@Jngﬂ']u'JmI@ﬂiﬂfﬁmﬂ’]ﬁﬂﬂu

- 1! Ii-nn:.{
K=\ — '
! {

—- ()
3 A
Lag B Lﬂum‘iﬂmgmuaﬂmﬂw

TUADUM TN MIATVANANINUBIANIVANVDY
v 1] v 1 Y
SLOW START ---1J5U11)281%24 Slow start 118308143 19911 (11® cwnd Tavu)
2y
FTULIINAY
last max = 0; - ANTUAUYDIAGIFANHIUL
loss cwnd = 0 - ANSUAUYBIBATINTGAYTEVOI congestion window

epoch start = 0, ssthresh = 100, B =02,b=25;C=04

" Gulshan Amin Gilkar, Syed Yasmeen Sahdad Department of CSE Department of CSE

SITM. “TCP CUBIC- Congestion Control Transport Protocol”
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TUABUMTHANALIAINAIINUOOATIAIVO AT TOVVDATUMY

delay min = min(RTT, delay min-—f1usamgavesainnuariuaziuin 1l
delay min

if cwnd < ssthresh then cwnd++ else //slow start

if epoch start = 0 then
epoch start = current time
K = max(0, 3p(b _ (last max - cwnd)))
origin point = max(cwnd, last max)
{ =current time +delay min - epoch start — fuIBIIAT t Henulanmsaanshang
qaihe

target = origin point + ¢ _ (t - K)' - fudum target 91199 original point

1101850 ACK 11452%1319m15 congestion avoidance, CUBIC 32A1HIUOATING

o ] o 4 o <
YIAIVDY Window size 11433 RTT oa'ld Taeld aums (1) iemmualiilu target voq

congestion window

'
a4 A A

mnmamsgaaainatulusnamaduma r

epoch start =0

if cwnd < last max then last max=0.9 cwnd

else

last max = cwnd end if

loss cwnd = cwnd

cwnd =0.8 cwnd // backoff cwnd by 0.8
a a X2 A4 g9 a vy ke A a v
MSPUFYNAVULINDLAUNNYNINLAN LASTIVDYANINUA %zgﬂmeu“lﬂ@ﬂmuma

A v A

v H a
ﬁ”muﬂﬂjauélumﬂﬁﬂmaaﬂ PIANIHUDULAN

U
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2.8 Tsupsudraealasanneg (NS3)"
o A 1 3/ Y = 9 v a 3
TumMsWaLITLUUIATEUI8TY A IUNTINIATIAS 19UALTZUY HIUNITAAAY
] ~ Y Y @ A [ o a @ Y o & 9 =
gunsaiaeg Nagasalglumsnamuunsovts Tumsauiiumswannszuuiuduiuazdoalinig
1 9 g}.l =< I ~ o [ I 1 g‘l
NAFUNDUNT 1FIUNNATY FudunsernnagnadeumIiiaurIuglnIaia1e a1y
g’u A 9 ~ Y a 1 dy o Y a
NULDIAIANVTIIAUNTAINU W50 ANVHANAIAYINITINTZUY a1l 1ine
1 a o { o ] 4 o
PYaymaaauudnuinine Jufaanusuiluiededinissiasunievie imesiinsAnYINS
o A T 9 1 1 a gl.: 1 A Y a U Y a
MOUVeIszUUnTou1elua1uA199 neunsanaessuy Iasenaie 15a1uese danalvna
i o [ S 1 I~
TsunsunaslumssiaounIeu18YUNINUIE 19U NS3, Swans, Omnet++ (1 UAL
S A Y] A T =) 3’; Y Y
minadeugilnsalvieiauIszuumIevIelueaniuIzasd lsauilszua luns

'
[ a = %

I o ()] [ Y=t a 2 Ed 1 3’; a [
ANUUMIMUUTIUIUNIN llilﬂll@'l’t’)ﬂWia\Tﬂu uazmmmaﬂumimm@ﬂﬂsmmmuuaﬂ Lmﬁlu

o ) v 1 Aa oA
Paguiuldihszun NS3 wmageuuazduilu open-source gI0NIENATOD UUITUVUHTAMS
9 [

Linux, MAC OS X 184 1138120901 NS3 509501539013 111A309910 IP 1182 non-IP 5149 1u
dauIngjyjardiuldinmssrao s l¥a1e wireless/IP simulations Funea9ioeny Tuaanuy Wi-Fi,
. A o o s o 9 A A a
WIiMAX %30 LTE dwsuawes 1 uay 2 uazllslaneamssaduniannuainvse laudnmuy

< 9 = Aq ¥ = & ' a 9
OLSR 18z AODV udu #an1m1in1$aunu NS3 fie 0111 C++ Fadiesemsmeunazas 14y

Tutlagaiu

AI0YNMIVEU NS3 - tcp-pcap-nanosec-example.cc File Reference'

Network topology

/

/! nQ ----------- nl
/ 500 Kbps

// 5 ms

" https://www.nsnam.org/doxygen/index.html

2 https://www.nsnam.org/doxygen/dir_600cab24fe22a606254421806d2¢08fa.html



Tasrvualy 910 n0 ton1 19 BulkSendApplication.
[ 4
18 Tracing VYD queues 4O packet 7997 Ve 1ld "tcp-pcap-nanosec-example.pcap"

A . =\ o Y . v K
19 tracing YNI1T turned on 211N Trace file timestamps gﬂuuwﬂiu nanoseconds

GUduAMIU5EMA module
#include <string>

#include <fstream>

#include "ns3/core-module.h"

#include "ns3/point-to-point-module.h"
#include "ns3/internet-module.h"
#include "ns3/applications-module.h"

#include "ns3/network-module.h"

1/52MAl namespace Uaz a5 uRL
using namespace ns3;
NS LOG_COMPONENT DEFINE ("TcpPcapNanosecExample");
int main (int argc, char *argv[])
{
bool tracing = false;
bool nanosec = false;

uint32_t maxBytes = 0;

AUHUNIT run-time W11 command-line arguments

CommandLine cmd;
cmd.AddValue ("tracing", "Flag to enable tracing", tracing);
cmd.AddValue ("nanosec", "Flag to use nanosecond timestamps for pcap as default”, nanosec);
cmd.AddValue ("maxBytes",

"Total number of bytes for application to send", maxBytes); cmd.Parse (argc, argv);



A53990UM3i38n 1% nanosec cmdline flag, Lﬁ@ﬁ %14 nanosecond timestamp dmiy pcap traces
if (nanosec)
{
Config::SetDefault ("ns3::PcapFileWrapper::NanosecMode", BooleanValue (true));
H

a3 TnuaiiomslFa fmual3 2 nodes)
NS LOG INFO ("Create nodes.");
NodeContainer nodes;
nodes.Create (2);

NS LOG_INFO ("Create channels.");

Yy o o . Y 9 Y
3N point-to-point link A8 topology UINAY
PointToPointHelper pointToPoint;
pointToPoint.SetDeviceAttribute ("DataRate", StringValue ("500Kbps™));

pointToPoint.SetChannelAttribute ("Delay", StringValue ("5ms"));

NetDeviceContainer devices;

devices = pointToPoint.Install (nodes);

ANUUNT Install the internet stack U the nodes
InternetStackHelper internet;

internet.Install (nodes);

AUUUMIINY TP addresses.
NS _LOG INFO ("Assign IP Addresses.");

Ipv4AddressHelper ipv4;
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ipv4.SetBase ("10.1.1.0", "255.255.255.0");
Ipv4InterfaceContainer i = ipv4.Assign (devices);

NS LOG _INFO ("Create Applications.");

a3 BulkSendApplication 2 install UU node 0
uintl6 t port=19; // well-known echo port number
BulkSendHelper source ("ns3::TcpSocketFactory",

InetSocketAddress (i.GetAddress (1), port));

g’amﬂ?mm%y’aﬁ%duﬂu bytes
source.SetAttribute ("MaxBytes", UintegerValue (maxBytes));
ApplicationContainer sourceApps = source.Install (nodes.Get (0));
sourceApps.Start (Seconds (0.0));

sourceApps.Stop (Seconds (10.0));

a3 PacketSinkApplication (101 install YU node 1
PacketSinkHelper sink ("ns3::TcpSocketFactory",
InetSocketAddress (Ipv4Address::GetAny (), port));
ApplicationContainer sinkApps = sink.Install (nodes.Get (1));
sinkApps.Start (Seconds (0.0));
sinkApps.Stop (Seconds (10.0));
@%’lﬂ?‘h tracing Lﬁlﬁlg]ﬂ enabled
if (tracing)
{
AsciiTraceHelper ascii;

pointToPoint.EnablePcapAll ("tcp-pcap-nanosec-example", false);

}
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AUUUNIT run UAE clear UU simulation
NS LOG_INFO ("Run Simulation.");
Simulator::Stop (Seconds (10.0));
Simulator::Run ();
Simulator::Destroy ();
NS_LOG_INFO ("Done.");
Ptr<PacketSink> sink1 = DynamicCast<PacketSink> (sink Apps.Get (0));

std::cout << "Total Bytes Received: " << sink1->GetTotalRx () << std::endl;

o

a d' d' Y
2.9 UIVYTUNYIVDY
2.9.1 Performance Comparison of Congestion Control Strategies for Multi-Path TCP in the
NORNET Testbed
dy 2 Aa A . .
TuynanuifSeumevdseansnimues  TCP Congestion Control Multi-Path
VW Fiber-Based Internet Connections 1482 ADSL-Based Internet Connections TCP 1tag (1/5euiiey
N15%191UV09 Congestion Controls for MPTCP UL ULIA14) Y04 Uncoupled 1ta Coupled 1agns
ﬁ”lﬁﬂ\iﬁ]”lﬂﬂ"liﬁ%ﬂuﬂuIﬂi\‘ﬁhﬂ Internet Service Providers (ISP) DER IﬂﬂﬁWNTﬁﬂiﬂQ%’UﬂTiﬁ%ﬂu
Y~
144
Aav A 9Y A v dy
ﬁ?ﬂ\‘ﬂuﬁﬁ]ﬂﬂ"llf]ﬂ JU
v b
1) UM3Inagey MPTCP Congestion Control NMa N1y NV Uncoupled gty
Coupled
2) 1Wseumeulse@nsninues TCP Congestion Control U Fiber-Based Internet
Connections 40 L1aZ ADSL-Based Internet Connections L& Uuqﬂﬂi ﬂ?l'iﬁﬂ
Y @

99100

) lifimsnaaey MPTCP lumsledanuInsaneg LTE/ WiFi
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2.9.2 Delay-based Congestion Control for Multipath TCP"”
Tuunanuiinaaounisl#au MPTCP Uy MATLAB lulnsevne LTE uag WiFi

Tagmiuns 151UMIAIUANANNAUAIUDITOYANUY wVegas T3 T1a0991n0 1151050 NS3

v
aw Y v A

R INRTRRI R LI
= d' % [ 9J a 9 . d'd Y o
1) UNINARINFAUAUNIT IFIIUITIAY network  topologies NUNIT IENTWYINT
FINNU
= = . A
2) UMsnf3euNey Congestion Control (11U1 Coupled) 11 2 3luuY Ao delay-based
(wVegas) 1182 loss-based (Linked Increases)
Y o w
VoINA
12 = @ 9 ! .
D lulimsuSeuiisumsuedavesdoya 521319 MPTCP Congestion Control L1l
Uncoupled ttag Coupled
= Y ' JRN
2) lifimsnageu MPTCP Tumsl¥arulnsevie LTE uaz WiFi
2.9.3 Performance Evaluation of MPTCP Protocol over LTE and WiFi Network
Y
Tuunanuil Wieuneun1siiaIuves MPTCP nu TCP UuIns9U1e LTE uag Wifi
TagdiladamIaruauaNuALAIvestoya  nazifieufionainal Throughput, DAIIAIFIAD
¥11017a1 (Delay), ©ATINTFYNIBVDUDYA (Packet Loss Rate) LagAINNULOUUUYDING

! . o o Y
HUWIA (Jitter) Iﬂﬂﬂ'”lll"I'iﬂ'i@\ﬁ‘]_lﬂﬁ‘ﬂ"lﬂuklﬂﬂ

Y
[} 9 =

PR ISR IR IO RAY
1) Imsnaaou MPTCP lunisldauTnsevie LTE tay Wifi
2) IMsifFeuMeun1synaIued MPTCP N1 TCP U1 1AS9918 LTE 1ag WiFi 1ag

MilDIMINIURUANNALAIYDITYA (WVegas)

" Yu Cao*t, Mingwei Xu*+, Xiaoming Fu§,*Tsinghua University, tNational Data Switch
Center, China Tsinghua National Laboratory for Information Science and Technology (TNList),
Institute of Computer Science, University of Goettingen

* mae walwyad nazsiiny 9133me 10N, (2559) « Performance Evaluation of MPTCP
Protocol over LTE and WiFi Network” nm3iszgmimnisaseatedsinssy Iiihumineds

d A < a Y [ a o
maluTagasuena ATIN 8 (W) gia: umIngdema lulagrenasauInduns.
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1) lutimsnfSeuieunsuesaveddoya 531319 MPTCP Congestion Control H1/1)
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2.9.4 A First Study on Using MPTCP to Reduce Latency for Cloud Based Mobile
Applications15
Y
Tuunanuil Weuiney Packet Latency ¥94n1135%1191409 MPTCP 11 TCP 2145
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Taseune
Aav A Y A o dy
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= 9 1
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Aa d Aa 9 [l a v o o = = v @
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YA
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" Karl-Johan Grinnemo and Anna Brunstrom, 2015 7th IEEE International Workshop on
Performance Evaluation of Communications in Distributed Systems and Web based Service

Architectures
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Congestion Control FEHIN

Uncoupled/ Coupled

Performance Comparison of Performance A First Study on Using
Delay-based
o Congestion Control Strategies Evaluation of MPTCP MPTCP to Reduce o Ao
AUANUA Congestion Control LUIVINUUTUD
for Multi-Path TCP in the Protocol over LTE and | Latency for Cloud Based
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NORNET Testbed WiFi Network Mobile Applications
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Throughput, Delay, Throughput, Delay,
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Delay
A A .
3509l lumsnaaey NORNET Testbed NS3 NS3 Linux kernel NS3
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1. Twuﬂﬁugm (The basic mode)
1.1 Tnaaaam@nl51190619v84 Bake
hg clone http://code.nsnam.org/bake bake
export BAKE HOME="pwd /bake
export PATH=$PATH:$BAKE HOME
export PYTHONPATH=$§PYTHONPATH:$BAKE HOME
1.2 a%19laisnnesdm DCE tazina1ne Bake
mkdir dce
cd dce
bake.py configure -e dce-ns3-|version
bake.py download
bake.py build
Gluﬂﬁa%ﬂ‘ﬁsl% version 1.7 , dce-ns3-1.7
1.3 asdeuiimsanseauysal wieli
2. Tmmﬁy’uq 1 (The advanced mode U84 Linux kernel)
2.1 a¥lasnngsdniy DCE uazinnalag Bake
mkdir dce
cd dce
bake.py configure -e dce-linux-|version
bake.py download
bake.py build
Gl,umﬁﬁlwtlﬁﬁl%} version 1.7 , dce-ns3-1.7
2.2 Aad1 DCE using WAF AlFdmsumsfviuamnssausunaznsaasalalsunsy

a (2 o ' = s A . ~ ~ Y1 g
ﬂﬂiﬂ@mimwuﬂm%gmmauiu"l%lawamw wscript  138NNT9U WAF uamiﬂﬂ"lmnﬂu

URUAMST waf
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# Download pybindgen (optional)
# Download ns-3
# Configure
# Build and install in the directory specified by
# --prefix parameter
2.3 m’;ﬁiwammzﬁﬂﬁy’a net-next-sim and DCE (net-next-sim includes the linux stack
module):
# Clone net-next-sim
# Select a kernel version
# Configure and build
# Download, configure, build and install DCE
Output NS3
- NS3 naaawaoonu1 14 Tugiuu Tracing and packet tracesl Tagars1alndunldau

< 4 o = 1Y . H
(Fu peap Nawnsavziir luhitla 11 wireshark A5 18821080 AINA 3.2

File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

aAmJ®| N Res=TeElHaqan 7
R [ 2pply 2 display fiter . <Ctrl-/> [0 -] expression..  +
No. Time Source Destination Protocol  Length Info

3 0016000 10.2.0.1 HPTCP. 82 59410 - 5080 [ACK] Seq=1 Ack=1 Win=59936 Len-@ TSval-1254 TSecr=1253
4 0.016001 10.2.0.1 HTTP. 197 GET /file2@nb.np4 HTTP/L.1
5 6.616601 7.0.0.2 HPTCP. 62 5088 + 59410 [ACK] Seq=1 Ack=124 Win=28576 Len=0 T5val=1257 TSecr=1254
6 0.016002 7.0.0.2 WPTCP 1502 [TCP segment of a reassembled PDU]
7 0.e16014 7.0.0.2 Tcp 1502 [TCP segment of a reassembled PDU]
& 0.016026 7.0.0.2 Tcp 1502 [TCP segment of a reassembled PDU]
9 .016038 7.0.0.2 TP 1502 [TCP segment of a reassembled PDU]
10 @.016850 7.8.0.2 T 1502 [TCP segment of a reassenbled PDU]
11 e.616062 7.0.0.2 TP 1502 [TCP segment of a reassenbled PDU]
12 e.616074 7.0.0.2 TP 1502 [TCP segment of a PDU]
13 ©.016086 7.0.0.2 TP 1502 [TCP segment of a PDU]
14 ©.616698 7.0.0.2 Tcp 1502 [TCP segment of a reassembled PDU]
15 .e16110 7.0.0.2 TP 1502 [TCP segment of a reassembled PDU]
16 ©.632000 .0.0. 10.2.0.1 HPTCP 62 59418 + 8080 [ACK] Seq=124 Ack=1429 Win=119848 Len=0 TSval=1258 TSecr=1257
17 ©.632000 0. 7.6.0.2 TP 1502 [TCP segment of a reassembled PDU]
18 ©.032000 7.0.0.2 10.2.0.1 HPTCR 62 59410 - 8080 [ACK] Seq=124 Ack=2857 Wi
19 e.632601 7.0.0.2 10.2.0.1 HPTCP 62 59410 > 3080 [ACK] Seq=124 Ack=4285 W.
20 ©.032001 7.0.0.2 10.2.0.1 HPTCP 62 59410 > 3080 [ACK] Seq=124 Ack=57]
21 e.032002 7.0.0.2 10.2.0.1 HPTCP 62 59410 » 8080 [ACK] Seq=124 Ac|
22 0.032002 7.0.0.2 10.2.0.1 HPTCP 62 59418 » 8080 [ACK] Seq=124 Ac|
23 0.632603 7.0.6.2 10.2.0.1 HPTCP 62 59410 > 8080 [ACK] Seq=124 Ack=9957 Win=47936 Len=0 TSval=1253 TSecr=1257 5
© Frame 5: 62 bytes on wire (496 bits), 62 bytes captured (496 bits)
© Point-to-Point Protocol
b Internet Protocol Version 4, Src: 10.2.0.1, Dst: 7.0.0.2
b Transmission Control Protocol, Src Port: 8888 (3888), Dst Port: 50410 (53410), Seq: 1, Ack: 124, Len: @
G000 00 21 45 00 00 3c 2d a= 40 00 40 @6 fc 09 0a 02
9010 00 @1 67 00 00 02 1f 99 5 12 of @1 29 47 18 51
6026 9a 31 a0 10 83 7d 97 6d 80 B0 B1 01 68 Ga 6B 6B
0030 @4 29 @0 @2 @4 o6 le @8 20 @1 2f Se b9 21

O 7 mptpp2p-1-0 || Packets: 9145 - Displayed: 9145 (100.0%) - Load time: 0:0.559 || Profle: Default

MW 3.2 31111 Tracing and packet traces
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Y
Tunsateil 1190 file  wwana pacp  1a8ld  wireshark  lupisdiuauman
Throughput, Loss, Delay, Jitter
®  115%1 Throughput' %30 8A51M35U-dvoyauu InTaAe
1 A @ "9 1 ] 9 A . 2 A o ¥ 1
® N15%171 Delay 139 903181919191 1281901 ApIQNAT Timestamp” (WB11U0ANIHIA
DelayﬁWiuﬂﬂ'W Timestamp A0 1Y column N wireshark AL 1INT Export Packet
I o a 4 o ° '
Dissection 111 AS CSV.. 11m1511)@ Excal t@n13%11013814IUN1AT Delay
' . A o 'Y 2 P LY !
® MsmIA Jitter 30 oATIANULTUTIMVEIANNAEIVEITEYE F91d91nA1 Delay Tao

° 1 <3 9 .
ﬂ'lﬂ‘l!ﬂgﬁﬁﬂ'liﬂ'lﬂ'lclu excal = STDEV ﬂﬁ]gllﬂﬂ'l Jitter

' aapae e Inyad (2559).msdszidiualsz@nsamTis Tanea MPTCP yuTns4%1e LTE
az WiFi.EENET.1Jszmalne

? https://www.youtube.com/watch?v=QqKAnZnHss0
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M3¥1ve3 MPTCP 1fguny TCP Tagnsnaaounsiiauiinis 1435msniuauanuanues
Glgllﬂiql,a (Congestion Control Algorithm) UV Coupled fdanes iy wVegas i8¢ Uncoupled f
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>// X
)5
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Delay =2ms
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MW 4.1 TA59978 4G LTE tag WiFi 1191191139
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A ] [ [ o g I A 1 9
MSIFOUADITLHINIATIVIENT 2 HUzHunsiseuae Iaaly 115 Innsaves MPTCP
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4.2 Tupeulumsnaaey
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TumsnagevanudIvenyaily 2 Tunou Asil

Vumouil 1. MINATOULNDY1 Throughput Y TCP,,

o 9
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TCP,,,, o131 umveInuana 19 1uon1Mssu-deteyaszninelnsanie WiFi/ LTE uag

Ma;
3o UANUIANANTENIN TCP,, 1N8UAUAT Throughput Y89 MPTCP
Tuaauil 2. NMINAABUNIINNUYEI MPTCP

Tasmsaetoyan1uInsuie LTE 1D WiFi weunu 1agd1uiaia1 Sum of Throughput V09

U

¥ v < 1
MPTCP #41UunfAeA1 Throughput Y89 MPTCP
9
Tumsnageuiiulai@enld Congestion Control 11111 Uncoupled (CUBIC) 1ag Coupled
Y vy aa o =
(wVegas) HAZNATOUAIBNITAITOYAIA 1DVUIA 229.4 MB (ANNANFA 720P (1280x720)) HIN13
9
WfSeuMsuANIANAIIZHI TCP,, . 1M@VAUAT Throughput VY03 MPTCP 1 92gniiiu
a I’ o 1 A o Ao = '
AnIzr lugdupuvestium Tae@ondns 1MiuIu 1 999 1
= a o Y 1 a A 1 1 dy
Tasnamsany1ITeasianana1lseansninlasee aelii
- AOATIMISU-dedoyaunIngeu1e (Throughput)
- MANNAINaNAT (Delay)
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4.3 MInAaeU
[~ s A

MInaaey uuwily 3 3l Ao
Msnadoun 1: M5152iu Throughput ¥99 MPTCP 1#ouny Throughput 484 TCP,,  lagld
Uncoupled (CUBIC)
Msnagou 2: M3Uszlu Throughput Y99 MPTCP  52%70 Uncoupled (CUBIC) 11gun1
Coupled (wVegas)
MsnAdouR 3: M35zl Throughput U9 MPTCP 1figuRD Throughput Y84 TCP,,  1aald
Coupled (wVegas)

= = [ dy

TasiliseazDeanall

~ a = @ 9y
Msnageun 1: 13132100 Throughput U89 MPTCP 1MUY Throughput 403 TCP,,  Iagld
Uncoupled (CUBIC)

MISNATOUT 1.1 NMINAAULNONI Throughput Y89 TCP,, 19051 - datoyan1u
Ias9918 LTE %39 WiFi [eudunamen
2 9 o Yy o 1 y . o A o 1

lumsnaaeuil gI9elaninsimuaar MCS vosids WiFi Tagdutiumsisuni MCS
~ o v A gy 1 A = ' Yy Y A oy Yo '
1 0-9 Tamdey e 1d ldnaais 01 109 9 1 awszy 1dedu vazileds hildoaianuuanaig
o ' A Y o o 1 = Y o a [ ] 1 A
(3 1U2U11) NAeans arduae e ldauiiun1sdsuszee 1952119 UE-AP %50 UE-eNB
3 o W v g Yo 1 1 @ o ()
Wudrauasll Tagoinmsnadeviulasiiumassnnuuanaisludasinissu-dedoya
5241719 1A59918 WiFi/ LTE @ULandaandasnad 4.1

M1319% 4.1 uaasdoya TCP,, Throughput W11 1ATI418 LTE W30WiFi isuduniunen Tasld

Max

Uncoupled (CUBIC)
TGERM WiFi | S28gHI FLYLH AURAY Throughput (Mbps)
(F191M1) | MCS | UE-AP (m.) | UE-eNB (m.) WiFi LTE TCP,,,,
1 0 5 12065 28.36 20.24 28.36
2 1 5 12065 50.42 20.24 50.42
3 2 5 12065 70.47 20.24 70.47
4 3 5 12065 89.22 20.24 89.22




50

5 4 5 8000 142.42 25.96 142.42
6 4 5 12065 119.19 20.24 119.19
7 6 5 12065 150.10 20.24 150.10
8 8 5 12065 165.35 20.24 165.35
9 9 5 12065 176.48 20.24 176.48

. { . 1 g < 1
Fa0na13199 4.1 92 1AFenn TCp,, Tasdoyaninaisiaiu uaaeliauat luns1d Uncoupled

(CUBIC) Tumsnagoviiuasnalid TCP Throughput deilamnga Aedsveslngsite WiFi aq

A
NINN 4.2
TCP Throughput of CUBIC
200.00 3
B i
180.00 - 2 =
160.00 k: g -
:
~ 140.00 - = N —  .TCP
a = u LTE
£ 12000 —
p i TCPyiri
3 100.00 5 —
< =
g 8000 < B -
£ 3 .
= 6000 = |
b4 0
4000 +—F5—3 B % % o = = = =
g g g & " 5 & g g
2000 - —
1 2 3 4 5 6 7 8 9
nassrasdrmsT-didoyaiswdneTCr, . /TCP . (S1uauwi)

MNA 4.2 N5 MaALAT TCP Throughput Y94 CUBIC luaoiumsaifniinnuuana1evedsnsins

Su-detoyaszninlnsedie WiFi/ LTE
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1NN 4.2 ueAsA Throughput 114 vesdlaTasadre WiFi waz Tasawre LTE Avild
iRarar1aueesasIMssu-detoyaserinelnsave Wiy LTE i 1- 9 i1 uaz lumsnagoniioy 14
11 TCP Throughput ﬁumﬁt:m iiori IS ouideniu Throughput Y94 MPTCP Taeld Uncoupled
(CUBIC)

INMINATOUN 4.1 WAavYe9 TCP,, 3 Throughput, Delay , Jitter ATNLAAIAIAITINN 4.2

Max
MmN 4.2 uaasdoya 6n31N155U-d990yauuInT9919 (Throughput), A1AUAIFINIGIAT
(Delay), AANNL3UTIHveeAIA NN INaIaT Uitter) 1mas W11 IATU1e LTE

W30 WiFi iisadun1aded Tasld Uncoupled (CUBIC)

WA AUnAe TCP,, Throughput AnAe Delay (ms) AnAg Jitter (ms)
(FWIUN) (Mbps)
1 28.36 0.293 3.923
2 50.42 0.162 2.244
3 70.47 0.116 1.847
4 89.22 0.092 1.507
5 142.42 0.069 1.696
6 119.19 0.069 1.696
7 150.10 0.055 1.646
8 165.35 0.050 2.522
9 176.48 0.047 2.001

{ I L o 1 1
1INA13 199 4.2 11 umsuaaInave9 A19ATINTTU-a9903au1 1AT9919 (Throughput),
MANUAIFINIIAT (Delay), MANULU5U5IUYRIAIANNAIFINIAT Uitter) Taginag ¥o4AT

[ vo9 ' = e A Y =2
iﬂ-ﬁ’ﬂﬂl@uﬁﬁ‘ﬂuiﬂid"lﬂﬂ LTE #1590 WiFi IWgUaUNIAYD
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nMsnaaeuil 1.2 M3NAToUIWONT Throughput Y83 MPTCP Tagi1 - dedoiyanin
Tn39%918 LTE 1az WiFi n3ouny
S Y o Yt ° ' y R ' 1A @
Tunmsnageuiy §ive latinsiuan MCS vodds WiFi 1oz szoziiusunedny
» 44 o d 4 24 o lma
AUMINATOUN 1.1 FaANUUAnaNIuN lumsnageui 1.2 1 Imstszdiulszansnimves
TCP NiimsSu-dedoyariuinseiie LTE wio WiFi wiounu tien oasimssu-dedoyaun

TA53918 (Throughput) Y83 MPTCP Tag 1% Uncoupled (CUBIC) mutaagnda1s1ai 4.3

M3ah 4.3 ueastoya MPTCP Throughput Wiu1AS9%1e LTE uag WiFi wieunu lasld
Uncoupled (CUBIC)
HAA WiFi | 28219 FLYLH AURAY Throughput (Mbps)
(319191) | MCS | UE-AP (m.) | UE-eNB (m.) | WiFi LTE MPTCP
1 0 5 12065 26.14 | 19.94 46.05
2 1 5 12065 41.28 19.41 60.64
3 2 5 12065 4502 | 19.68 65.26
4 3 5 12065 45.63 19.37 64.31
5 4 5 8000 64.88 15.40 101.57
6 4 5 12065 76.06 | 17.00 81.78
7 6 5 12065 77.19 | 11.90 89.81
8 8 5 12065 78.05 11.78 87.70
9 9 5 12065 8634 | 1139 88.43

%¥991NWAVY8Y MPTCP ¥ Throughput, Delay , Jitter AMULAAIAIAITIN 4.4
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M3 44 udaatoya 6A5INISU-detoyanuIA59918 (Throughput), AIAINAIFINILIAT

(Delay), A1A134151/59Uv09A1AINEIFINIAT Jitter) tRAY WU TATIVIY LTE

waz WiFi w¥eunu Iasly Uncoupled (CUBIC)

HAAN AnGY MPTCP A1nGY Delay (ms) AunGY Jitter (ms)
(31U2UM) | Throughput (Mbps)

LTE WiFi LTE WiFi
1 46.05 0.373 0.379 1.498 3.255
2 60.64 0.400 0.231 10.186 1.979
3 65.26 0411 0.192 2.002 1.503
4 64.31 0.425 0.185 3.625 1.394
5 101.57 0.456 0.133 4.861 1.188
6 81.78 0.474 0.142 3.880 3.015
7 89.81 0.667 0.116 4.287 1.217
8 87.70 0.691 0.110 4.183 0.940
9 88.43 0.723 0.104 4.255 1.685

Fanamnadou1dons1ns5u-detoyaun1nsaate (Throughput) Y83 MPTCP tHiau

11 TCP Throughput Tagld Uncoupled (CUBIC) Hudan1anan 4.5
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M13199 4.5 11AA3A1 Throughput Y93 CUBIC MPTCP 118U Throughput 494 CUBIC TCP,,

oA 1 o o 1 1 '
Tugoumsainlinnuuanaavedns IMsiu-dsdeyaszrnineInseig WiFi/ LTE

HAAN ?’hméﬂ MPTCP Throughput (Mbps) | 1m§ﬂ TCP,,,, Throughput (Mbps)
(T13UM)
1 46.05 28.36
2 60.64 50.42
3 65.26 70.47
4 64.31 89.22
5 101.57 142.42
6 81.78 119.19
7 89.81 150.10
8 87.70 165.35
9 88.43 176.48

A
UagNINN 4.3
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TCP,,.. And MPTCP Throughput of CUBIC

200.00

176.4

180.00

165.35

160.00

140.00

=

o

& 120.00

=

S 10000

=] Il TCPMax
ES

g soco

=

= 000 -TCPM“

40.00

20.00

0.00

uasirodnI N Iiv-dedfioyassnineTCP,,  /TCP . (§ruumin)

7NN 4.3 n519udaeA Throughput ¥99 CUBIC MPTCP 118U Throughput ¥89 CUBIC TCP

Max

P 1 [ 1] 1 1 1
Tugaumssiniinnuana19e99As 1N Su-detoyasznina Ins9a1e Wiki/ LTE

= Yy Y P
NANN 4.3 uaadliHiug1 1519914 Uncoupled (CUBIC) ludaiumsainiinany
H 9 H
LANAIIYDIOATINTSU-d990yauu InTa1e MPTCP 7 1M1 uag 2 1M1 1ull Throughput @de
1ganI1 TCP,,, 18 MPTCP 1 Throughput RagogNilszuia 46.05 Mbps Uag 60.64 Mbps
MUAIA tag TCP,,, U Throughput (RAEDEN 321191 28.36 Mbps HAT 50.42 Mbps Mua1A1ILAL
H v v 2 ~ A o ' = A 1A
agua 3 1M1l MPTCP 1 Throughput #1131 TCP,, 1A MPTCP 1 Throughput InAgagh
UYT20101 65.26, 64.31, 101.57,81.78,89.81, 87.70 LA 88.43 Mbps AINAIAU 1AL TCP,,
U Throughput 908N TENIY 70.47, 89.22, 142.22, 119.19, 150.10, 165.35 1AL 176.48 Mbps
1 H ] Y
audRy TagA1naeund Throughput 1n21WH19Ina91InA1 TCP,, tazligasiunIuau

8A3IANULANAYBINITTU-dtoya
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msnaaeuii 2 : M31lsziiiu Throughput W99 MPTCP 1ReUAY Throughput Y84 TCP,, Tagld
Coupled (wVegas)
MIsnageUi 2.1 NMINATOUIWON Throughput ¥09 TCP,, 1AL - A990yan1L

TA59918 LTE %30 WiFi Meadunia@en

2 YA o Y o 1 y . 1 1 = @
Glumi‘inﬂﬁa‘uuu Q'Jﬁ]ﬂ"lﬂllﬂ'ﬁﬂ']wuﬂﬂ'] MCS GU’ENPQJQ WiF1 Uag 588 IUYURAYINU
[ d' = a a A d‘d [ 1 9J 1
AUNITNATDUN 1.1 TﬂEJIJmS‘iJﬁzmuﬂis:ﬁmﬁmWﬂJm TCP “I/nJﬂﬁi‘UﬁQﬁUfJaJ“muTﬂiww LTE
A e A Y a oA an v o g A
1130 WiFi (WgUTUNINLAYD LmLﬂaﬂua‘ﬁmamuaummﬂuml,ﬂmmu Coupled (WVegas) WD

9A5IM3TU-d9oyauU1AT910 (Throughput) Y84 TCP,, AWLEAAIAIAITNA 4.5

Max

M3190 4.6 uaastoya TCP,, Throughput H1u1AT9918 LTE w30 WiFi isuduniaien Taely

Max

Coupled (wVegas)
Waal | WiFi | 5282H9 FELEAAN AR Throughput (Mbps)
($119UN1) | MCS | UE-AP (m.) | UE-eNB (m.) |  WiFi LTE TCP,,,,
1 0 5 12065 19.11 20.20 20.20
2 1 5 12065 31.35 20.20 31.35
3 2 5 12065 40.57 20.20 40.57
4 3 5 12065 48.88 20.20 48.88
5 4 5 8000 61.99 25.90 61.99
6 4 5 12065 61.99 20.20 61.99
7 6 5 12065 76.01 20.20 76.01
8 8 5 12065 72.05 20.20 72.05
9 9 5 12065 71.66 20.20 71.66
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[ v v v

Fa1nm15190 4.6 92 1dndaan T, Tasdeyaninasretiu uaaaliiiui lunsld Uncoupled
Y v 4 v

(CUBIC) lumsnaaoutiudinald TCP  Throughput Hedldaminga Tasdiunin Aedves

TA539v18 WiFi 99011 4.4

TCP Throughput of wVegas

80.00 3

72.05
71.66

70.00

61.99
61.99

60.00 —

458.88

50.00 —

40.00

I_
4

m TCP ¢
TCPwir

313

f=l

it

6 7 8 9

Throughput (Mbps)

30.00

20,20
20,20
20,20
20,20

20.00

10.00

0.00 -+

1 2 3

HAR19Y999RT NI U-datoyaseningTCP,, /TCP . (31uwi1)

H 1 o~ v [
MNN 4.4 n319UAAIAT TCP Throughput ¥ wVegas IHADIUMTUNTANULANAIIVDIOATING

Su-dedoyaszyaalnsane WiFi/ LTE

F¥991NHAVOY TCP,, 3 Throughput, Delay , Jitter AMUUAAIAIAITINN 4.6
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ueastoya 6n31MISU-detoyauu Insaa1e (Throughput), AIANAIFINILIAT

(Delay), MANUU51U59mv04A1ANNEIF NI Jitter) 1098 W1uIATIVIEY LTE

A .o Aa Y = Y
W3OWiFi 1ieudun1une) Iaels Coupled (wVegas)

Nan1g ?’hméﬂ TCP,,,. Throughput ﬂ'nﬂéﬂ Delay (ms) ﬂ'uﬁéﬂ Jitter (ms)
(F1UIUN) (Mbps)
1 20.20 0.405 1.461
2 31.35 0.261 0.929
3 40.57 0.202 0.619
4 48.88 0.168 0.613
5 61.99 0.133 0.860
6 61.99 0.133 0.860
7 76.01 0.108 1.240
8 72.05 0.114 1.272
9 71.66 0.115 1.393

Msnaaeuil 2.2 MsnaTeUINoN Throughput Y09 MPTCP Tae1 - a99oyan1u

Ta59918 LTE 71 WiFi Wiounu

9
% [

Tunsnageiu fIve latimsiuan MCS vouds WiFi  taz szoziiusumedny

[ % d‘ = a a a d‘d (% 1 9 1
AUNITNATDUN 2.1 Iﬂﬂilfﬂiﬂi%LiJUﬂﬁgﬁV]‘ﬁﬂWWGU’EN TCP “VliJﬂTﬁ‘i‘Uﬁ\‘i*Uﬁ)iJﬂﬁWlﬂﬂi\i"lﬂﬂ LTE

A Y o Yasy ] A o o '
I NIDUNU L!ﬁ&i%?‘ﬁﬂ1iﬂ’)ﬂﬂhﬂ’ﬂﬂﬂﬂﬂQL“]J’HLL“]J“]J Coupled (WVegaS) IWONT BRTINTTTU-E

Woyaun1n59919 (Throughput) Y99 MPTCP ATHIAAIAIAITINN 4.8
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M5197 4.8 uaasoya MPTCP Throughput W11 1A59418 LTE wag WiFi wiennu Iagld Coupled

(wVegas)
TGERN WiFi | 528gHN FLYLH A1RA0 Throughput (Mbps)
(@1W2UN1) | MCS | UE-AP (m.) | UE-eNB (m.) | WiFi LTE MPTCP
1 0 5 12065 17.11 19.82 36.92
2 1 5 12065 27.33 19.61 46.90
3 2 5 12065 35.75 | 17.98 53.69
4 3 5 12065 4226 | 17.05 59.27
5 4 5 8000 50.74 | 25.46 76.15
6 4 5 12065 54.15 | 16.36 70.46
7 6 5 12065 6430 | 18.04 82.23
8 8 5 12065 7097 | 17.93 88.76
9 9 5 12065 73.85 | 17.54 91.27

%¥991PNAVBY MPTCP & Throughput, Delay , Jitter AMLAAIAIATIIIIN 4.9
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M3 4.9 uaasdoya oATIMISU-dadoyaunTATI918 (Throughput), AIAIINEIFININIAT

(Delay), AAuu1l51/5 Uv09A1ANNEIIMaNa Jitter) 108 W1 TATIVI8 LTE

wag WiFi wieunu lagls Coupled (wVegas)

HAA N AnGY MPTCP An@e Delay (ms) AURAY Jitter (ms)
(314N | Throughput (Mbps)

LTE WiFi LTE WiFi
1 36.92 0.387 0.720 1.452 1.095
2 46.90 0.409 0.449 1.458 0.969
3 53.69 0.450 0.347 1.596 0.724
4 59.27 0.481 0.297 1.585 0.826
5 76.15 0.323 0.237 1.460 0.617
6 70.46 0.513 0.233 1.607 0.483
7 82.23 0.471 0.188 1.642 1.171
8 88.76 0.469 0.170 1.773 1.275
9 91.27 0.480 0.163 1.857 1.375

Fawamsnadou14oas1mssu-dadoyauuInseate (Throughput) ¥oe MPTCP Tagld

< =
wVegas 11UA1519% 4.10



M990 4.10 LEAAIA Throughput U®3 wVegas MPTCP Moun Throughput Y93 wVegas TCP

oA 1 v o 1 1 '
Tugoumsaininnuuanaavedns1Mssu-aedoyasznina Insane WiFi/ LTE

61

Max

HAN1 AnAs MPTCP Aunds TCP,, Throughput (Mbps)
(@1UIUN) Throughput (Mbps)
1 36.92 20.20
2 46.90 31.35
3 53.69 40.57
4 59.27 48.88
5 76.15 61.99
6 70.46 61.99
7 82.23 76.01
8 88.76 72.05
9 91.27 71.66

A
UAgNINN 4.5
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100.00
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80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Throughput (Mbps)

TCP,,.. And MPTCP Throughput of wVegas

88.76

82.23

2 3 4 5 6 7 8

HaRUBI8NTINTTU-AedByasININTCP,  /TCP ;. (F1uami1)

91427

= MPTCP
m TCPMax

MW 4.5 n51uaaea Throughput Y99 wVegas MPTCP MgUNL Throughput Y94 wVegas

A 1 [ [ 1 1 1
TCP,, TuanumsaininnuuanaueIsas1nssu-dedoyasyninalnseie Wiy

LTE

J

\ L. .
NN 4.5 uaaaliifiugn a3 199U Coupled (WVegas) luaaiumsaininwy

9 1
Lmﬂmwmemmﬁm-m%ga UDY wVegas UU ‘]J‘Lliﬂixi"lﬂtl MPTCP 1l Throughput m?m

=

NN

TCP,,, 198 MPTCP 3 Throughput (R a80gNszu1as 36.92, 46.90, 53.69, 59.27, 76.15, 70.46, 82.23,

88.76 1% 91.27 Mbps @N@1AY 1@z TCP,, 1 Throughput IRA8REN1IZUI 20.20, 31.35, 40.57,

48.88, 61.99, 61.99, 76.01, 72.05 LLA% 71.66 Mbps AMUE1AY 1ABTIOATIANUUANAIUDINITTL-

' A A 2 ¥ o A 2
dav0yaMNuINTU Throughput U1 MPTCP 1iudansldminlndifes TCP,,

msnageui 3: n15UsLU Throughput Y09 MPTCP 321719 Uncoupled (CUBIC) 1gunU

Coupled (wVegas)
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A ~ A a 9 .
MInaaoUNe/iouney Throughput U039 MPTCP  1191N15 191U Congestion
Control 52%7319 Uncoupled (CUBIC) 1figun Coupled (wVegas) 1ag51 — asvoyariulnseiie
o R Y Y = = dy I = [
LTE nU WiFi wieunu d9lumsnfFeumeviazitlumaSeuneunuaiite MCS 49 LTE tag
WiFi Tag8199991A913199 2.1, 2.2 tag 2.3
4 o I [ o
1119991MIMMUA MCS Y09 LTE voeszuuiluunuen Tuaia Tagainnanisnagouas
~ = ] ] A = 9 a A A A
U MCS =12 #99¢11%239 16 QAM (WA MCS = 10 D3 16 91999910013199 2.1 1ag 2.2 ) uagiiioll
M35u-dedeyalugi 20 MHz v SISO vz danaliiin Throughput gegavgn 30.576 Mbps 1Az
1 o 1 4 4 < [ [
Tugiu MCS ved WiFi agiimsmvuaainisnaaeui o — 9 e 1HIHUAINLANAIIVD 1A
~ a g Yy a A
Throughput NINAUVUD19DINWAITNN 2.3
= Y . 7 A &
s1eaz0ealuns1d MCS vo9 WiFi ag LTE 1uaziin1 Throughput gage 1luliany

H 1 E4
M3197 4.11 Fedeyatiz1¥lunmsuSeueumsnaaenludauseli

@1519% 4.11 1@AIA1 TCP Throughput FIFA YBIMIWAITNUAAI MCS VU IA59918 WiFi 18y LTE

WiFi LTE
MCS Throughput g3g@a (Mbps) MCS Throughput g4ga (Mbps)
9 4333 12 30.576
8 390 12 30.576
7 325 12 30.576
6 292.5 12 30.576
5 260 12 30.576
4 195 12 30.576
3 130 12 30.576
2 97.5 12 30.576
1 65 12 30.576
0 32.5 12 30.576
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1I0A15197 4.11 9z aawald MPTCP T Throughput 3 1ndiAesw3emiin TCP,, 130

Throughput ¥84 TCP 7131nga 1asll MPTCP Throughput Hula1ua13194 4.12 #9910 TCP

Y Y D v
Throughput #ana121u1 1¥1NANAA1S TCP Throughput Naaeafle Aauaaaluaiasein 4.12

A15197 4.12 u@AsA1l MPTCP Throughput U4 IA59%18 WiFi uaz LTE lunsaiiszuulval Tcp

Throughput gaga

NaaNS Throughput (Mbps)

WiFi Wam1a TCP
MCS WiFi LTE MPTCP (WiFi/ LTE)

9 4333 30.576 4333 14

8 390 30.576 390 13

7 325 30.576 325 11

6 292.5 30.576 292.5 10

5 260 30.576 260 9

4 195 30.576 195 6

3 130 30.576 130 4

2 97.5 30.576 97.5 3

1 65 30.576 65 2

0 32.5 30.576 32.5 1

A 9 A 1
uaznnraluasnen 4.5 M3190% Uncoupled (CUBIC) Tuaaiumsainianuuanaia

v Y v
Y9I9AT1M5U-dedoyaunInguie MPTCP aaua 3 14w 11 U1 MPTCP & Throughput 61071

' v Aa X2 L a Y ) 2 A A Y v
TCPMax I@EJN’QGIN 3 MMNUNAYUUY lﬂ@ﬁ]']ﬂﬂ’]ﬁﬁl(’]f\‘]’]u WiF1 978 MCS 2 G]NL?J?JWIEJ‘IJﬂ’UﬂTiGIﬂNWM

Y
Coupled (WVegas) @28 MCS 2 14U Ha¥®3 MPTCP Throughput §eng¥iraulaanin TCp

Throughput AdUEA9IUA195197 4.13

Max
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M3197 413 udasvoya MPTCP Throughput 51319 Uncoupled (CUBIC) (#iguiy Coupled

(wVegas) Hu 139918 LTE uag WiFi niauniu

waé‘fwﬁ Throughput (Mbps)

WiFi | #1% Index 2IDMINATBVAIEY CUBIC INMINAADUAIY WVegas
MCS MPTCP TCP,, MPTCP TCP,, MPTCP
9 433.3 176.48 88.43 71.66 91.27
8 390 165.35 87.70 72.05 88.76
7 325 157.49 89.81 74.50 84.25
6 292.5 150.10 81.78 76.01 82.23
5 260 142.42 25.54 72.43 78.43
4 195 119.19 101.57 69.99 70.91
3 130 89.22 64.31 48.88 59.27
2 97.5 70.47 65.26 7057 33.60
1 65 50.42 60.64 3735 7690

0 325 28.36 46.05 19.11 36.92

nnralumsei 4.5 wag @15190 4.13 WU31 M3 199U Uncoupled (CUBIC) Tu
PR 1 o o 1 9 1 g’.; [ 1 da}
ADMUMTANTANVUANANUDIOATINTTU-dIToyauu Tn5au1e MPTCP  aaua 3 tmauluu

Tag MPTCP ¥ Throughtput 117 65.26 tag TCP,, 11

Max

MPTCP # Throughput #1¢11121 TCP

Max

Y
=

J H Y 1 v
Throughtput 11171 70.47 TA8HAA19U84 Throughtput A4 WiFi/ LTE tnaduil 1803170 3 191 Fana
T ] v
910M35 1F0U WiFi @28 MCS 2 Fauiloifieununis 19911 Coupled (wVegas) A28 MCS 2 HU Haved

MPTCP Throughput §3a3v1911 18@n31 TCP,,  Throughput

Max
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4.4 aAseawanmsIve
o 19 < ) d ' ¥ g o
MITU-a9v0yavYU TCP WUy UaUNINAY 1aUY MPTCP  Huiunssu-aauyu
1 v
Wa1etduUN 1 (Subflows) 1HaINAANUIANANYBIBATINMITU-detoyauu Tnsesvieung Tuduaon
<3 <3 9 A Y 9 9 o 2K 1 a a
masmuianavetayanilatenisazdesldnarlumssmvoyanviue Wdawanelszansam
VOITSUVUASHNATINUBN Throughput U1 MPTCP
MINHANTANEINUI oIRAAAIUNTAI NLANULANA1NYBIOATINT T U-dIToya DY
[ 1 9 d' a J 43! 1 9
TA5991952%71901U MPTCP Uun13 19911 Uncoupled (CUBIC) Aigatnu 3 w1au ) azdewald
MPTCP i Throughput #9111 TCP #9913} Throughput ¥INEA 1110991NANBI NUUUY Uncoupled
= 2 . . Ay 2o . . ' 2 5 P
(CUBIC) 13181 Tauea window size N 1UVUAY RTT (Round Trip Time) UAVEUYUBYNULHANITU
v R Y Y =2 A A y < 1 YA
ANUUDTAAITAN I AZAIBUIATFIU TCP N3 15914 CUBIC 390 RTT NaUun Badama 11l
Yo s X2 o 2 o Y . . =2 a v .
M3 A3 ACKs 9215701 AIHUAINLDOATDINIIA19(congestion windows) Va1 Ta 1a15In 1015

D] an o A A = X 2 3 A =X a
1%@1143‘15m‘UﬂiJmmmeLmeJW] Lll’t‘]f]\1SUu@?)Uﬂ']ﬁﬁ'JNlLWﬂLﬂ@V]ﬂa1ﬂV]']\1 ITUVWIUNANITIID

3 I 9 Aw & Y ] ] A A a . A
LLWﬂLﬂ@]‘U@J;I‘ﬁ‘VIEJ\‘]FIQﬂ?ﬁ@giﬂjﬂiﬂﬂﬂﬂﬂﬂﬂﬂa1ﬂﬂN(Wii’)ﬂﬂﬂi’)ﬂl’)ﬂ) JULINA Congestion Area NEIND

T¥5@NTMNYRITTUUUALNATINUDY Throughput aaad liiazadanalial Sum of Throughput
& o A Yy Y . L o q Y =
Y04 MPTCP 14 CUBIC HuiifN Throughput NUAINUNIITII (Aggressively) Fam 1A unfeved
A ' ' A P P Ao A A
Throughput #2119 InavInA1 TCP,, (W50 TCP He#ill Throughput ¥1NgA) LAz ioATIMNLNIN
4 H [
YUAWBTATIANULANATVDINTTU-dtoya A9 INA296191UNTTU-daoyanIni 4.7 Haya
Y Y < < 1 o 1T g 9 A 1 =
Poyalsznoualsuninng 1,2,3,4,5 4az 6 9UINMISU-duu 2 1| duN13 Aovu AT LTE I
' 3 ' R = ' 3 A 2 3 A U
MsaANng 2 uay 5 UIATINIE WiFi  UMsaaunaneg 1,3,4 uag 6 wauininangnaaniy
[ <3 < { 1 ] 1
Tas9a1e WiFi 1dadateniadn szuusgdessesiuuininadoyafignadsriuingeite LTE aqe

o 9 '

4 4 Y 2 o a o 1 3 1
o doyamaniuuvaizesyatoyalnudnasinoudugamsaniums anvuzruldsdanald

YszanTamuesszuuLazNasINYed Throughput Tanas lUnduy msleau Coupled (wVegas)
WUIBY 11AT VU5 15974 Coupled (wVegas) i MPTCP Throughput igan31 TCP #9711} Throughput

=

[ H Y
) 1B TANUUANAIUBIBATINTSU-d 90 yaNgIuINUY Throughput U MPTCP

Max U U

unnga( TCP
(% = d‘ 1 =) d' Y A 9 ] [ é [
§4A9%IA1 MPTCP Throughput 1gan91 TCP,, tazlAIN Inafes TCP,, AIuIFuAUFMaAnA1991N
Uncoupled (CUBIC) 1W5123in139AN15 Congestion Windows U941 Subflows UuMItFouae 1%
I a I = 1 =K o Y
dullammasgiuanugasssutazanuilusssuluganeviauwaiotie 3evih 1iaanainisse

4 3 & A ° o ' \ .
Lﬁ@i’JﬁJLLWﬂLﬂ@ﬁﬂa”IEJTIN Iﬂﬂ wVegas i]zmmmt%’umNclumsm—m%'ayjamﬂm Round-Trlp
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. 9 <] 3 Ad Y a ' a = o g o 2
Time (RTT) Wﬁ@uﬂﬁ?ﬂﬁ@U!LWﬂ!ﬂﬁﬂﬂQﬂ'l\ﬁ’]@QGlUﬂ'JIﬂﬂﬁ]gilﬂ'ﬁﬂ']ujﬂlnﬂﬂi\jﬂa\ﬁnﬂﬁu@:ﬂﬂ15

[ a

ANiUNTvoIAazIoUINDATI AU NToIN I langd S oSSy - dedoya awwald

YszANTNINVOITTVUIAZHATINYBY MPTCP Throughput g4n3114U1 Uncoupled (CUBIC) @41u
[ b H v H

n3fiNa23189AY09 Coupled (wVegas) 1M 92 1% Throughput N1ndiAeany TCP A9l Throughput

WINGATUIDA

Internet
LTE

a eNB
N () WiFi

Access Point

3 o ] 1 3 < ] o
ﬂTINﬁ 4.6 uﬁmmaEmmsﬁmwmﬂwﬁ}ay’auﬂmww LTE tag WiFi 910 UE Ul‘lJfN Server

9 1
Tagnnwamsnaaeuluauitedl iWenseuieulse@nsnmues MPTCP Throughput
P AR EAG] Congestion Control (1111 Uncoupled (CUBIC) tN8UNL Coupled (wVegas) HAINDN
A~ ' @ o Vo9 ~ " 2 Y 9
HDNANVLANANUBIDATINITIU-AIUBYA N 3 mwu"lﬂ ﬂTiiﬂN']LlLL‘]JlI Uncoupled (CUBIC) 11’1

Throughput 16131 TCP,, . Throughput Fuieoiiennun1314911 Coupled (wVegas) HANTINIWY

Y A

1 9
HANANYDITATINTTU-datoyaNged 3 1M1 M3 1991U Coupled (wVegas) 11w 9219 Throughput

Y

v
= 1

tazilszansnnuesszuuNgInI TCP

U Max

Throughput



a
unn §

Y
‘lJ‘VIﬁ'?]J taguatauatiue

5.1 azdmwamsive
Y ]
NIl ANTNNYRITAIVANANNALAUUY Coupled g Uncoupled
P 1 o [ 1 1 ]
Tuapiumsainiinnuuanaeuesdnsmsiu-daveya Tulnsate MPTCP (uudunieinsaiie
1 ) [ Iy} 1 4
LTE uaz WiFi lag' il 5197 Background n1391a39918 LTE uag WiFi) aemssu-aelud
as = U A 1 [ [ T 9
78 Tou11A 229.4 MB - Wam3Any 1My Tuaaumsalninuuana1auedsns1nssu-aaioya
' A = 2 2 < ¥ = v )
VU TATII8NINY WodITuABUMIIINLAAINAYRIToyanlaten1rzdealdarlunisso

9
v

A o a P} =R Y} Y Ao
all't’)llaﬂx‘]ﬁllﬂl‘waﬂﬂlﬁﬂﬁslgﬂﬂlﬂig‘a(lﬁu ﬂﬂﬁﬂwaiﬁﬂa"’l}@\‘l TCP Pq\f\ﬁ/lll Throughputll”lﬂ’e:fﬂ

U

2

)

U Throughput UINNIWATINVDI MPTCP

111519979 Uncoupled (CUBIC) 111 1A59%18 MPTCP fi1AM1UANaA19U838A51013
%’u—ﬁa%’@gauuﬁmd 3wl vrdanalrasauiianang1 sum of Throughput U84 MPTCP
wuia LTE 1@z WiFi 3 Throughput 719131 TCP #afii Throughput WINgA TaoAunaouns
Throughput 92311113 1naanaA1 TCP Aditl Throughput WINGA RN A IEATIA Y
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