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ABSTRACT

The number of streaming service providers has been increasing
dramatically every year. Hence, users may prefer to publish their stream to multiple
service endpoints simultaneously to increase visibility. However, most service providers
prefer to monopolize their services. Hence, a study of a suitable architectural design
of a streaming service that supports multiple streaming endpoints has not gained lots
of attention. In this study, the effect of adopting different architectural design on
developing a live streaming service over LTE network which can supports multiple
streaming endpoints are investigated. Two major designs are selected which are a
selective forwarding unit-based architecture, and a non-selective forwarding unit-based
architecture. The results suggest that a selective forwarding unit architecture has an
advantage over a non-selective forwarding unit-based architecture on keeping the
overall average streaming end-to-end delay to be minimum., while a fluctuation in an
end-to-end delay occurs in a non-selective forwarding unit based architecture in our
experiment testbed. The results, discussions, and suggestions on future studies are

given at the end of this study.
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UE gnunviuglu 1 ensdyaad wiidu 0.4 waznsgeyidunisiane 20 dB Inuesiadlvun

o

a 6 A

Siadile FDD way TDD/FDD @111505UBRASIABLE1SAUeUNed +16.3, +29.1% AUaIA UL

g

Wiguiulvuaun® [14]

Tul a6 2017 M. Solera uazangliinauayanageudmsun1suseidiu QoE vas
U3nsansuifle 3 4@ legldiaue 3 aadUsznau Ae 1. W@iesnisansy 2. Sumesiis
lUslnAsavaimobile network emulator 3. laatoudvainisassy lngyinsnagaun1saag
Msunfsvesuiining dewadwivilimauinlnanveanetielasedsuasdumisldnely

sy IINaNSENUBEING QoS war Qo NElIRleUanennasuy [15]

Tul A.A. 2018 F Krasnigi khazpmgladnauenisusuldlusinaea TCP wag UDP
A1uSUN15ansUARLaUL VANET @l utas o188 0a158 19 us 1 unInusninis.aa aunie

anusgaieliiuslgmimunnudasndeuasnisiulegvaeninasuieBadu og1alsh

'
=

= 4 ! [ « U a
mudinsvimeseglulszinuissanmsuiulsmunin daiansananizlusinaea Transport

Y [y

Layer lngwUSauieu 2 TUslnmeane TCP way UDP fsdinfifasan aun

1. Throughput aastasuaukiniiafidsdnsanentlona Feinduinmneiuf

[

(bps) Hanseail

Recceived_datalkbytes]

Th hputl|kb =
roughput|[kbps] Simulation_time[second]
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AUTUIU UDP (396.75 kbps) gan3nAnu3unueiy TCP (243.76 kbps) @119
ndnvowmadwsiinewlofds TCP amamunmsgameveaufinifn asnininesnisauaua
uedauazansamaddeyaiioannssvonaiotieiilondnidsimunesn duiu Snvue
mavieuiazilugdnmnsluuudiais wasvinliuimanuanas asstudiuiudds

UDP #ilduuuminviognsauysal

2. Packet Delivery Ratio (PDR) tia% Packet Loss Ratio (PLR): PDR Aggns1diuueg

' [
a 1w [

winAndilasuleiSeuiisuiuduauniniindidsiavun tnelignsesil

Received_Packet
Sent_Packets

PDR[percenyage] =
Tumensaiudy PLR AednsdiuveuiniinfigymedeiSouiiauiuinuauuin

AnTdswanue AunlasauniIsealul

Lost _Packets _1_PDR
Sent Packets

PLR[percentage] =

PLR 484 TCP (31.45%) #ni7 PLR w93 UDP (43.35%) nadwsiiinainnalnaiim
Undefieves TCP dedwufiniAnigymednass sssfudruiu UDP Bsliaansadruuiining
aaeld U 9 uansdae91 PDR vas TCP (68.55%) tiugendn PDR 483 UDP (56.65%)

1i8991n PLR w89 TCP tusnin PLR e UDP

3. Average End-to-End delay (E2E delay) LanafiaNasanvoinIsnu9Ia1aduaay

' [
1w [

NIV AEN VDA NLA AT AT INUAN LTI UIUTINUAYDILANLAALEIT TUYENNITNU
1IALUU end-to-end VBILANLAMDUAIIIATENINIA N daaziia N e SUTaIwinLAN

ANRAYANNANTNAINGUNITIUA1EN1AIUIALAR 9T

Zjereceived_packets(Received []] — Send []])
Received_Packets

Average_E2E =
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TCP Wimsuirananandumsislatemalagiade (43.45 dad3unil) @anin UDP

(30.47 fad3ud) wadnsdiduanmnveanadianisdsdyarugiuaznalnnisaiuauaiy
wodnvesluslanea TCP Funiuanuatilumssudilayaiuiudaiuaiuaitlneaie
nAuNEa1en1e aseiudiuiu UDP dlidwiininaiiggymedinionuaudymiaiiy

Ll

[

4. Peak Signal-to-Noise Ratio (PSNR) 13 un1sianiuingUszase i 19 duse s

1Y v v

wnsuanaduisilseuiisununinvesn niidudauazindunmduatu PSNR 8331nAx

[

AANALARABUNSIEDNRAY (MSE) LazAuInlanadl

Vpeak
MSE

e Vyear = 2% — 1 wee k fodnnuinsofiniga

UDP wag TCP Wisunudalenuatyu UDP (22.96 db) 1% PSNR #8101 TCP (26.09
db) Uszansnnawmtianinues TCP diinann PLR Nennindawiauniu UDP feilansnasgng
wnseAMAINTeIAleNds nadnsTilawansliiiuin UDP Tinsdstayaiflolisanda TCP

Tuvaugn TCP inun1wiAleiigendn UDP insig TCP dauieiauinnin UDP [8]

2.2.2 nMsAneIUsEaNSAIwN1Tan N lukuUNISNAdaU LTE 939

nsAnwInguilidenilagyihnisageunisinuseaviamnisansuaseinuasedny LTE lngld

windgndlviusmsiasevne LTE file

Tud a.f. 2018 Fidel Krasnigi wagauglafnwinisinusza@nsninveunisdng LTE
983 Telecom of Kosovo (TK) 38 ulumiunuinsgiu 3GPP nialyl nadwsuansliiiiuii
UszANSNINUDILAT0UNUAINNITOTOITULONNALAT UNTBUTN1F61199) TADIUTNITARTUI

pg19lsAnL NMsiauianakaznsiandsilofimadfmadudetnadfynesssdnsy Talu

MydaeuUINIMEAUNINNITUTNTgeNsuld ialo1vuzderivaiiununmueIuinig
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NM5AN¥IUT wkugd1I1a 0eldiTnsTamTsuusnasi daunin [16] In15nanads
anUnenssulnesiuven3adng LTE HUAR18AAITULATEYY GSM wag UMTS (Seuy
InsanwiruAdouiiaina) lnendnnisudl wn3ediswusesniudiuaietieinguazdiny

w3enenan Aanandlugy

4 eNodeB \/ MME S PCRF\
- .
v S1-MME s11
Gx
£ Uu
A X2 S1-U $5/58 SGi
me | O\ Serving PDN IP Networks
UE Gateway Gateway ':MS
-Internet
(S-GW) (P-GW) -Apps
eNodeB
E-UTRAN Enhanced Packet Core (EPC)

gﬂﬁ 4 - aaUnenssy LTE @y 3GPP [17]

a819l5An1Y IuulrusesSav1swuvasdfalranadiavliantnenssulaesiy
187U NNTanANUTUGaUYasan1UneNIsUIETIwanA LG8 TUNITAIAUNTEULABAU

ANUatInesIuluASEU18[18][19]

S v oA

Tud A.e. 2017 Yanli Xu wazanuslaAne N unAMAINYDINISIANIUIANS (QOS)

q

= 1

Bnsdwsuuinisinduilomuuugunsalnegunsalinuesetns LTE naansiilawanslimiu
Nmsdawssuuinisnakaznalnnisuaviienidudsduduiioliuinisaie Qos Nvensuls
(WU low latency wag low packet drop ) Tutasadne LTE 934 [20] nsAnwgatiunises

\Wemangunsalsiegunsaliiiiiadnniui [21]

Tu¥ A.61. 2015 Song Gun Lee wavAnizldiauanisusuiasudve HTTP GET o8
Sevugunaaifld LTE annsoussgnsdsendandsnuiifinduogiann fensvha
Whlalawdnnslandsauvealuay LTE wavlduselovianfandiuiivesdralumve
HTTP Qﬁ?ﬁ’ammsaaﬂmﬂsffwé’amuaméwﬁ'jﬂmaﬂﬁzmwﬁ'aam?miﬂﬁ?ﬁiaﬁﬂﬂ 14

Indudedddasawaiifiavlag vuasotneniogunsalvesly uilugenduisnisula HTTP
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LUUII8ULLBDD A8NITIYNUAULUUUUENNSNINY Android kagn1sInEIuUSAIS LTE 139

Cs

WU

a

A3deinlainanunsaUssndauunnedta 30-40% dwmsunadinteniludunu 39
anunsavenalifs 70% min DRX wieuldeu seniswaunaugUiuuiauedunionduu
gunsaldld LTE niaidudiunilawesuedaniudsuuauisvivuluewian §3ideasaiunse

Ussndauunnasisegrunnlumnanyueundindunisansuuuletonlasuainuilouiugy

1 annng 91931 dudestimsltauwavlunsainvuinfounuaUnalAtuy Wy HLS %58 DASH)

q

v = < 1 1 d{'
AT NUYUINLANNMVUINADLUDY [22]

Tul A.A. 2011 Mohammad A. Hoque HazAtzlAl@UBLUIAALT DINANTENUVDIN
Fandn1sdngunuunissudeoyananislindanuvesnisansudesdmsugunsniiiede e

14 WLAN ladunuinmsusendandsanunvinlafe 30% 89 65% Tusgiusseziantines

1 v ¥

TRIIN15ANTY FILUIYRINS NG wazanun1sain1ssudstanatnluesove WLAN Tu

Y

funt lunsalves 36 Mavsendandanuazuandneiulisening sulnsdniuagdainiiunig
YAANAN UL NI UTENIanasnulurusNyaaANaNBu Y LaninuRuLUTYeInNEa1th
RAUNARAZNGANTINNITAIVANNITINATDS TCP {38 MIUHUTIALATIARULRILANT 713

Yoanginssun1sAIvANNTivaiilinnAnves TCP Tunsilves 3G Bslundndu Tunsdlves
WLAN fideadlanazAumingidvanunsassyyasiardiinesimunzaunaainsondldlog

'
= a

doluiliodlalaadny) ZWA AlasU 1@sWnasu1ngsneasoladinsininansudsly

[y

sUsuuvenssstlnuds dedunsailudududedinsendidrununsnues dsiug 9839

dosnsimunlygduiionsandulaednludiindelainiendarstimunguuuunsansunay

Y o

dielaiduwuiu anvie §33uunuiiagveneniendidsniesveafidudmsuweundindu

[

nsansudnte (23] lneanddenAnvindsnuvesgunsabnfsuiiludanvauzderiunnulawn

[24][25]

NATesannanuluuniduansdiiuluuisnsnaasazlasias1weassuUansy

VA o o

fevuesevne LTE Feldiluunsagrungideazinluldluanidesul
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5¢UU Simulation LLag n1INnay

Weagneudymeanuwmangauvesanidnenssunisansudsludaliusnisvaieyn
YULASe918 LTE naitunisintiudsldidu Qos TnsluunilldesuisUsehuvainisnnassuy

sEUUTaewienIskugtn Simulator Munlglunisnaass nsesnuuukazn1sIENULNBENS

[y

nAaewEnUnenTIuigduaula Larn1IRrINImeaeUedLl

3.1 53Uy Simulation

¥

aufisyylineunthl msfinwidaduluinisfinwanuuansimisannenssuly

]

n1sidaueuIMsansudiswuvanludgauatenatsgansoniu anrdnenssuiidaniiie
nsAnwde () andnenssuitld SFU wae (i) andnenssuinlaild SFU iieannansenuain

NTTUNIUNINEAMN TN snaaedluanmiindeninae ity

%
= A

FANHA WIS b @1NTUYINIINAABIIUNITANYIL A OMNet++ v5.6.2 (

https://omnetpp.org/ LTuganiiisinanin1syiiauniatsianianudndedsluaina 4

gunsaliaseveuarin3eve LTE gndnasslaglduandudmsu OMNeT++ ¥ @ INET

Framework ( https://inet.omnetpp.org ) WAzt 89310 INET Frameworklu'ﬂiaUﬂaqﬂu

Reuluafaviy LTE fidedwenslugaielimnsauiuinuresidelagld SimulTE iy

=D

Tun

nsdnwianiunismeassassyn lawn () n1snaassanidaenssuwuuldld SFU

[

wae (i) MsneassaaUnenssunly SFU sneasidenilaall

3.1.1 nsneaasdantnenssuansusiawuulily SFU

Whnunglunisnaasadain QoS MAnTUaINE1UAYNITUNITENSY LNBYIINITNARDY

dwsvanUnenssuansuiisuuldly SFU d3dedenisviheuainuauninlugunini 3 dan
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' '
= =

29NLUVAIVUIUTHATUINEDI OMNet++ A2889AUTENBUTUANANNAI5ETTUSLUUTBINIS

9

[y [

ansuilauuAseY1e LTE Wedwsannmsfinuiud fiduaslinadnsaadl

#

] 19y
ChannelControl ad
, rvicel
.

tingR d

outingRecorder E@E
< >“’ service2

configurator # < ) P vy FiLL
L4 . &

\ 2... = =L // a!/
binder ue[numUe] o router Switc T
eNB &
eice4
? #
S
service5

5UN 5 : anndnenssunisansuuuuldld SFU uw OMNet++

Tugui 5 NMsimueA1ATeYe LTE 9g1edeiuainauuuinaeanisly OMNet++ Jseaniuy
Tileeguniaawhidululd ssuuisszneudie

v

1. Inséwivsegunsainnn (Ue) unugunsaliigldanubladansy

Y

N

wensdeyau (eNB) dnsuinsioseninalnsAnsikudoye s LTE
<@ @ G4 o [ (3 <

wnLARLNALIE (Pew) dUSUTANIIWANLAS

Router dwisussyidunianisaadoya

Switch @USUBUABLAUNILALAIIUAINTA Broadcast

o AW

Service wnugliuinisansudiaiuled

FepsAusEnaumaiiesaiunuUn 4 lneagldiansdyyin LTE (eNB) ieanilagndaay
gnidaureiuuInTg LTE Packet Gateway (PGW) 8819418 2101 PGW i@eusiafiu Router
waz Routen@ousiefivaindegnieiousoriuuinmsingaiievhaulugauatenisdmsu

watunsansNandInsilousiediina1aundifinarntu Lan uay ue Toiluaasudulunis
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1 [ 1 1 Y

Suwatunisansunzdasatouad eNB U1udna1dunay Lte Network lagwisiiineos

Y Y

vosgunsaluazinaslunsdsdyanammuavzgniiuliluanneimuean

A

3.1.2 nMsnaassdartUnenssuansudauuly SFU

#

ChannelControl

outmr & ) <( )j py

Pt

binder VRO pgw

eNB

configurator ' o /1 g 6,,, ’
) Sdh x =
router switc

T
>
servicel
~

L

service2

service3

Ay

D
service5

U7 6 : annUnenssunisaniuiuu SFU uu OMNet++

gan1snaaesiifulumuanilnenssudenesuielilugui 2 mameaeulagdiaed

v o w =

dmsuganimmaaadlusun 6 danuwanasiidedfyieeg1uied Ao SFU @5nash

ey sErinTineikavaindneluaninuindeninasniodwiusun 2 @innesilasu

v a

nstmuaAIAsLeUndduidntindnassusznis Ae () Suwiniinansufisrndiain
gunsalindeuiivesdld (i) Anasnuiniiauazdesioludsalenisuinisansud i aiium
uugUnsaliadeuiiwasnsdwesnisinazmileuduiunisnaassildld SFU el

AUSOIE U UNAANS ST IR SRR sUsas YA La
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3.2 NINRUAALAZNIINAADY

n1sdnaesanlnenssuisaasgnneaeulugunsalyaiidinisaealimieuduiie

Wiguiguanznanmsidsuaalaenssy gansmaaesilisudulaesudunisnagey

Y o

nsPaesmegUnsaliniounduiuinluegeiltdeey f33ulaldn1snaaswinyalaeysuly

Y

gunsalidauiidudiuau 10, 20, 30, 40 waz 50 LATEI FUNBINDTVLAINITAAIALAINIT

Wasuwdasle

gunsalindiauiiusaviaIeaziinsidnuueundinduansuiisdnasily TCP walsy
watuansulagliaulatuneulunsdslayamiuiiaensaneunisdionvesansy wey

(%
1%

waledunsansuluusazgUnsaliudoyalidinaznin des w3edu o sggninnulunguiou

wiinifin Falgvinisimueelidaiiniewun 1,500 ludluyn 20 fad3undt duaviisnad
msldnuaswaseundintunisansuniivuadadiifeuniganinnesitululiuagyasa
] o w < = = 9 v ¢
MIufinkAn 20ms dwsunnuiinin(26] ddlunsdlvesanilnenssunuuldly SFU aunsalus
avdvzAaRnaenuazdraruiniaLuuistuilygavatsuinisiaineenlyeig
wiauiu Tudnduniefeandnenssunuuld SFU 1u gunsalusaziasduwiinineanluds
as ¢ ° a 1% (3 [ [ as s ! ! L !
@snnesiiesduideduinfinazgninaenineidsiaesuasdwiolUdunazaadatenng

Y]
[ = o :i‘.] £ o o

U3N1579%1 Ban1svinauludneuzililaduwsnanudadndudosadianisyinauidiugnly

AuatIIndunaiatengnlddunsdnesnisin nsmMINIaILUL end-

to-end ATIAINANULANANVDLIATTENINITILANARgNARINgUNTaliadaunIunse

(%
a

Mdlonfegedugauesuinisiiieades metatvilalaanisld Timestamp wWhluluniiniie

Lﬁagﬂﬁiﬂaaﬂﬂ’]ﬂé]JUWWQLLéjDLﬁ@LL‘ﬁﬂLﬁﬁm’]ﬁﬂﬂﬁ’]&mﬁﬂ‘\]gﬁ’]ma’]ﬁLLNQ@J’]ﬁULLﬁﬂLﬁ@LﬁSUL’JaW

Uagtuwibilaanusnswaanaussrdmvaauiiniintiu 9

3.3 ANSNUUAATIY simulator

wenanlasIaIIvesnIaaeszgnaslulusunIudasuieldnaaauundl duves

i Ao S 2o o o o 1 1% a v = &
Anmvuatudluazgniiluivualulusunsudnaesedegndesdniig Fan1smaaeng 2
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[y

An1UNYNISUTULFIUNLANF A UN

Ya o

AITevzAseanwuulaslulusunIisiud lua

1Y

pduelandl
3.3.1 n13USuue Applications

Applications A1 wduzvuuunsvinauiignldiuduuinssgiuegralusuves

[
Va v v

Hadeuuazilu tcpapp 91019 inet Ludponuuuld Felaeiugiuaunsaldinnisansule

VA o [

witllosanauveaideiisuuuunlifiluiugudidedsdndusen Sulsmseasaiiudadl

TcpBombApp LugUkuunIsumsansuwiainlaglsseau1a1n TepEchoApp iy
JURUUNITYINNUNITAAT UL UVALTRUTDAIUNG UL UUN UF U T 3T8Usuns el
donAAa IR UlATIAT 19NV UVRIENT NENTTULUUT LT SFU Tagn1svneI1uyed

TcpBombApp Wug¥1IN155U package wwawhduuwienszaensludatenianssyld

va o 1

TcpBombApp azgnldiisumus sever Fandnquaiazd 2 dwfe L.a1sdanisdlalasunin

AR 2.n153ANN5KladseanuinAA ANuaInsaldesurelanuil

- edeyansouiiniNngnsusinuntiedasinuni server 929NATINEOUNATLALLIARIN
nanfiuiniingnasisuaviuiaiundaielddmiuasiaaeuninuatiiadu

wennuuluszuvIghdnuwininal iiewseunsyaieesnludgamuneyatems

Va o

Felunisnaaesll fIdeldssyusdunislatenslisgisdniaulaunisne socket TUds

D (lun1smeaeavesy3de 1D vasateniede 14, 15, 16, 17 uag 18)uaauaren1awi

[

5 fnaaaal Ingn1sesuneeuLu R sulusknsu et

void TcpBombAppThread::dataArrived(Packet *rcvdPkt, bool urgent)
{
echoAppModule->emit(packetReceivedSignal, rcvdPkt);
int64_t rcvdBytes = rcvdPkt->getBytelength();
echoAppModule->bytesRcvd += rcvdBytes;
auto data = rcvdPkt->peekData();
auto regions = data->getAllTags<CreationTimeTag>();
for (auto& region : regions) {
auto creationTime = region.getTag()->getCreationTime();
auto delay = simTime() - creationTime;
cout << region.getOffset() << region.getlLength() << delay;
}
if (echoAppModule->echoFactor > @ && sock->getState() ==
TcpSocket: :CONNECTED ) {
Packet *outPkt = new Packet(rcvdPkt->getName(), TCP_C SEND);



21

Packet *outPktl = new Packet(rcvdPkt->getName(), TCP_C SEND);
Packet *outPkt2 = new Packet(rcvdPkt->getName(), TCP_C _SEND);
Packet *outPkt3 = new Packet(rcvdPkt->getName(), TCP_C _SEND);
Packet *outPkt4 = new Packet(rcvdPkt->getName(), TCP_C SEND);

outPkt->addTag<SocketReqg>()->setSocketId(14);

outPktl->addTag<SocketReq>()->setSocketId(15);
outPkt2->addTag<SocketReq>()->setSocketId(16);
outPkt3->addTag<SocketReq>()->setSocketId(17);
outPkt4->addTag<SocketReq>()->setSocketId(18);

long outBytelen = rcvdBytes * echoAppModule->echoFactor;

if (outBytelLen < 1)
outBytelen = 1;

int64_t len = ©;
for ( ; len + rcvdBytes <= outBytelen; len += rcvdBytes) {
outPkt->insertAtBack(rcvdPkt->peekDataAt(B(0), B(rcvdBytes)));
outPktl->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));
outPkt2->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));
outPkt3->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));
outPkt4->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));

if (len < outBytelen){
outPkt->insertAtBack(rcvdPkt->peekDataAt(B(0), B(outBytelLen -

len)));

outPktl->insertAtBack(rcvdPkt->peekDataAt(B(0), B(outBytelLen -
len)));

outPkt2->insertAtBack(rcvdPkt->peekDataAt(B(0), B(outBytelLen -
len)));

outPkt3->insertAtBack(rcvdPkt->peekDataAt(B(0), B(outBytelLen -
len)));

outPkt4->insertAtBack(rcvdPkt->peekDataAt(B(0), B(outBytelLen -
len)));

ASSERT (outPkt->getBytelLength() == outBytelen);

ASSERT (outPktl->getBytelLength() == outBytelLen);
ASSERT (outPkt2->getBytelLength() == outBytelLen);
ASSERT (outPkt3->getBytelLength() == outBytelLen);
ASSERT (outPkt4->getBytelLength() == outBytelLen);

if (echoAppModule->delay == 0){
echoAppModule->sendDown(outPkt);
echoAppModule->sendDown (outPktl);
echoAppModule->sendDown (outPkt2);
echoAppModule->sendDown (outPkt3);
echoAppModule->sendDown (outPkt4);

}else{
scheduleAt(simTime() + echoAppModule->delay, outPkt);

}
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¥
¥
delete rcvdPkt;

- fndruniefenisdseanuiaiinazyiinisdseaniiad e dntun Il Ssnnus

Ya o

socket Uanannafisey Fe3duaziiudoya byte i 1un1e Socket #ilasialiialy

£
= o [

ASRAOUNMIAMevedayalindy dinndeulusunsulanail

Y

void TcpBombApp::sendDown(Packet *msg)
{
if (msg->isPacket()) {
Packet *pk = static_cast<Packet *>(msg);
bytesSent += pk->getBytelLength();
emit(packetSentSignal, pk);
}
msg->addTagIfAbsent<DispatchProtocolReq>()-
>setProtocol (&Protocol::tcp);
msg->getTag<SocketReqg>();

send(msg, "socketOut");
cout <« "==—================================="' << endl;

3.3.2 N15A9AT init

v Y J

waNIINNI5 WY Application TuN1500NKUUNNTTNINUYBITEUULE HIT8ERRIAMUA

'
a Ya

A1Asiieing 9 N3l lunInaaes nsAsAnsudud s 2 andnenssulaun sseviianly

NINAADY AINANNTONUFINTBIGUNTAIAN 9 VWA Szeznnesan agliunnsneiuy

v @A

AanazeanufAedIsuNSIaunaTILan ALl

3.3.2.1uuuiilaild SFU

[
VA v v

AI3eeAlH sevice M195v11n151UA port Usedndliuag ue awilousiariu port 113 5 Lo

network = Node

num-rngs=1

image-path=../../images

output-scalar-file-append = false

sim-time-1imit=30s

HHHHHHHH I Statistics #HHHHHHHHHHHHEHEHE

output-scalar-file = ${resultdir}/${configname}/${repetition}.sca
output-vector-file = ${resultdir}/${configname}/${repetition}.vec
seed-set = ${repetition}
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** vector-recording = false

HAAAHHHHHHHHAAAA Mobility parameters #HHHHHHHHHHAAHHHHHHHHH

** mobility.constraintAreaMinZ = Om

** mobility.constraintAreaMaxZ = Om

** mobility.initFromDisplayString = true

HARAHHHHHHHAAA#A Number of Resource BLOCRS HHHHHAAAHHHHHHHH

** .numRbDl = 6

** .numRbUl = 6

** binder.numBands = 6 # this value should be kept equal to the number of
RBs

HHHHHHHHHHEHHEE Transmission Power #HHH#HHHHHIHHEH T
** ueTxPower = 26

** _eNodeBTxPower = 40

** ue[*].numApps = 5

** mobility.constraintAreaMinX = Om
** mobility.constraintAreaMinY = Om
** .mobility.constraintAreaMaxX = 800m
** .mobility.constraintAreaMaxY = 400m

** ue[*].mobility.initialX = uniform(300m,330m)
** ue[*].mobility.initialY = uniform(256m,260m)
** ue[*].app[*].typename = "TcpSessionNew"

** ue[*].app[*].active = true

** ue[*].app[*].localPort = -1

** ue[*].app[@].connectAddress = "servicel"

** ue[*].app[@].connectPort = 3099

** ue[*].app[@].tOpen = 0.2s

** ue[*].app[1].tOpen = 0.21s
** ue[*].app[2].tOpen = 0.22s
** ue[*].app[3].tOpen = 0.23s
** ue[*].app[4].tOpen = 0.24s
** ue[*].app[*].tSend = 0.4s

** ue[*].app[*].sendBytes = 819B
** ue[*].app[*].sendScript = ""
** ue[*].app[*].tClose = 60s

** ue[*].app[*].dataTransferMode = "bytestream"
** ue[*].app[1].connectAddress = "service2"

** ue[*].app[1].connectPort = 3088

** ue[*].app[2].connectAddress = "service3"

** ue[*].app[2].connectPort = 3077

** ue[*].app[3].connectAddress = "service4"

** ue[*].app[3].connectPort = 3066

** ue[*].app[4].connectAddress = "service5"

** ue[*].app[4].connectPort = 3055

** service*.numApps = 1
** service*.app[*].typename = "TcpSinkNew"

** servicel.app[@].localPort = 3099
** service2.app[@].localPort = 3088
** service3.app[@].localPort = 3077
** serviced.app[0].localPort = 3066
** service5.app[@].localPort = 3055

** ue[*].masterld = 1
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** ue[*].macCellld = 1
** ue[*].mobility.initFromDisplayString = false
** ue[*].mobilityType = "StationaryMobility"

3.3.2.2 WUUTle SFU

Ya o

13389l sever Wa port Usediild udmna sevice uag ue Azdaidun

[General]

network = TcplLastTest
#*.numTarget = 5
total-stack = 70000MiB

*.visualizer.*.interfaceTableVisualizer.displayInterfaceTables = true

** server.numPcapRecorders = 0
** server.pcapRecorder[0].pcapFile = "results/${configname}-${runnumber}-
server.pcap"

##

*,client2.numApps = 1

** client2.app[*].typename = "TcpSessionApp"
** client2.app[@].active = true

** client2.app[@].localPort = -1

** client2.app[@].connectAddress = "server"
** client2.app[@].connectPort = 1000

** client2.app[@].tOpen = 0.21s

** client2.app[0@].tClose = 30s

*,client3.numApps = 1

** client3.app[*].typename = "TcpSessionApp"
** client3.app[@].active = true

** client3.app[@].localPort = -1

** client3.app[@].connectAddress = "server"
** client3.app[@].connectPort = 1000

** client3.app[@].tOpen = 0.21s

** client3.app[@].tClose = 30s

*,clientd4.numApps = 1

** clientd.app[*].typename = "TcpSessionApp"
** client4.app[@].active = true

** client4.app[@].localPort = -1

** client4.app[@].connectAddress = "server"
** client4.app[@].connectPort = 1000

** client4.app[0].tOpen = 0.21s

** client4.app[0].tClose = 30s

*,client5.numApps = 1

** client5.app[*].typename = "TcpSessionApp"
** client5.app[@].active = true

** client5.app[@].localPort = -1

** client5.app[@].connectAddress = "server"



** client5.app[@].connectPort = 1000
** client5.app[0].tOpen = 0.21s
** client5.app[0].tClose = 30s

*,client6.numApps = 1

** client6.app[*].typename = "TcpSessionApp"
** client6.app[0@].active = true

** client6.app[@].localPort = -1

** client6.app[@].connectAddress = "server"
** client6.app[@].connectPort = 1000

** client6.app[0].tOpen = 0.21s

** client6.app[0].tClose = 30s

##

** server*.numApps = 1

** server*.app[*].typename = "TcpBombApp"
** server*.app[0].localPort = 1000

** server*.app[0].echoFactor = 2.0

** server*.app[@].echoDelay = Os

#H#LTE

image-path=../../images
output-scalar-file-append = false
sim-time-1imit=30s

HUHHHAAHH A Statistics HHHHHHHHHHHIHHI

output-scalar-file = ${resultdir}/${configname}/${repetition}.sca
output-vector-file = ${resultdir}/${configname}/${repetition}.vec
seed-set = ${repetition}

** ,vector-recording = false

HAAAHHHHHHHHAAAA Mob1lity parameters #HHHHHHHHHHHAHHHHHHHH
#*

** mobility.constraintAreaMinZ = Om

** mobility.constraintAreaMaxZ = Om

** mobility.initFromDisplayString = true

HHHHAAH R #E Number of Resource BLOCRS ###HHHHHAHIHHHHIH

** . numRbDl = 6

** . numRbUl = 6

** binder.numBands = 6 # this value should be kept equal to the number of
RBs

HHHHHHHHH . Transmission Power #HHHHAHAHHHHHIHHHHIHHHHEE
** ueTxPower = 26

** _eNodeBTxPower = 40

##1-5

*n =25

description = direct stream.

*.configuratorLTE.config = xmldoc("demo.xml™)

** numUe = 1 # ${numlUes=1,2,5,10,20,50,100}



* X%
* X%
* X%
* ¥

* ¥
* X%
* X%
* ¥

* ue[*].numApps

* X%
* X%
* X%
* ¥
* ¥
* X%
* X%
* X%
* X%
* X%
* ¥

.ue[*]
.ue[*]
.ue[*]
.ue[*]
.ue[*]
.ue[*]
.ue[*]
.ue[*]
.ue[*]
.ue[*]
.ue[*]

-app[*]
-app[@]
.app[@].
-app[@]
-app[@]
-app[@]
.app[@].
-app[@]
-app[@]
.app[@].
-app[@]

.mobility.constraintAreaMinX = 300m
.mobility.constraintAreaMinY = 200m
.mobility.constraintAreaMaxX = 800m
.mobility.constraintAreaMaxY = 400m
.ue[*].masterld = 1

.ue[*].macCellld = 1
.ue[*].mobility.initFromDisplayString = false
.ue[*].mobilityType = "StationaryMobility"

=1

.typename = "TcpSessionApp"
.active = true

localPort = -1

.connectAddress = "server"
.connectPort = 1000
.tOpen = 0.2s

tSend = 0.4s

.sendBytes = 819B
.sendScript =

tClose = 30s

.dataTransferMode = "bytestream"
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an1Unenssulunsansuludmategaumaietie LTE
4.1 HANITNARBY

nsnmansansuwuululy SFU Tinadwsaad

A15197 2 : wan1sveassantnenssualily SFU

UIUVBY Aedsfladigaaenisvesnsania @adiuni)
gunsal | gauatevne | eadanenns | gauanenie | gadatenng agmﬂmamqﬁ
\Aei i1 i 2 i3 fla 5
(Ue)
10 8,313.66 161.75 449.26 1,205.23 2911.26
20 6,954.93 711.96 1,033.98 6,290.58 451.31
30 4,801.40 2,545.29 4,996.15 675.94 16,689.47
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VBN Aadsfiadiigauaeniswesnisania @adiuni)
gunsal UaIen e | eUatene | adatene | auatenie | gauaienig
\euf i 72 73 74 7i5
(Ue)
10 117.43 117.44 117.44 117.44 117.44
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30 1,391.32 1,391.32 1,391.32 1,391.32 1,391.32
40 1,052.24 1,052.24 1,052.24 1,052.24 1,052.24
50 1,733.24 1,733.10 1,733.11 1,733.11 1,733.11

ausAWINARRELATA T EUUUINATIIUYBILAAEYAN TVAGLARWT 19N 4

AN 4 : AINNEDFYDINANITVNABINEBIEN1URENT U

FIUIUYDY wuulyls SFU wuuly SFU
gunsalndoui — = 3 3
y ALY ANDeaLUY ANLRAY ALTegLuu
(Ue)
UINIFIY UIRIFIY
10 2,608.23 3,363.72 117.44 0.0009
20 3,088.55 3,241.38 217.15 0.0008
30 3,337.89 1,783.02 1,391.32 0.0005
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3,462.76 2,902.12 902.28 0.0128
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TcpBombApp.h

#ifndef INET_APPLICATIONS_TCPAPP_TCPBOMBAPP_H_
#define INET_APPLICATIONS_TCPAPP_TCPBOMBAPP_H_

#include "inet/common/INETDefs.h"
#include "inet/applications/tcpapp/TcpServerHostApp.h"
#include "inet/common/INETMath.h"
#include "inet/transportlayer/contract/tcp/TcpSocket.h"

#include <vector>

#include "inet/common/INETDefs.h"

#include "inet/applications/tcpapp/TcpAppBase.h"
#include "inet/common/lifecycle/LifecycleOperation.h”
#include "inet/common/lifecycle/NodeStatus.h"

namespace inet {

class INET_API TcpBombApp : public TcpServerHostApp
{
protected:
simtime_t delay;
double echoFactor = NaN;

long bytesRcvd
long bytesSent

0;
0;

protected:
virtual void sendDown(Packet *packet);

virtual void initialize(int stage) override;

virtual int numInitStages() const override { return NUM_INIT_STAGES;
virtual void finish() override;

virtual void refreshDisplay() const override;

public:
TcpBombApp() ;
~TcpBombApp() ;

friend class TcpBombAppThread;
}s
class INET_API TcpBombAppThread : public TcpServerThreadBase

{
protected:

TcpBombApp *echoAppModule = nullptr;

public:
int i;

virtual void established() override;

virtual void dataArrived(Packet *msg, bool urgent) override;
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virtual void timerExpired(cMessage *timer) override;

virtual void init(TcpServerHostApp *hostmodule, TcpSocket *socket)
override { TcpServerThreadBase::init(hostmodule, socket); echoAppModule =
check_and_cast<TcpBombApp *>(hostmod); }

}s
}

t#tendif

TcpBombApp.cc

#include "TcpBombApp.h"

#include "inet/applications/common/SocketTag m.h"

#include "inet/common/ModuleAccess.h"

#include "inet/common/ProtocolTag m.h"

#include "inet/common/lifecycle/ModuleOperations.h"
#include "inet/common/packet/Packet_m.h"

#include "inet/transportlayer/contract/tcp/TcpCommand_m.h"
#include <iostream>

#include "inet/applications/base/ApplicationPacket _m.h"
#include "inet/common/lifecycle/ModuleOperations.h"
#include "inet/common/TagBase_m.h"

#include "inet/common/TimeTag_m.h"

#include "inet/common/packet/Packet.h"

#include "inet/common/packet/chunk/ByteCountChunk.h"
#include "inet/common/packet/chunk/BytesChunk.h"
#include "inet/networklayer/common/L3AddressResolver.h"
#include <iostream>

#include "inet/applications/tcpapp/QosParam.h"

using namespace std;

namespace inet {

Define Module(TcpBombApp);
Define Module(TcpBombAppThread);
#tdefine MSGKIND CONNECT 1

#define MSGKIND_SEND 2
#define MSGKIND_CLOSE 3

TcpBombApp: : TcpBombApp () {
// TODO Auto-generated constructor stub

}

TcpBombApp: : ~TcpBombApp () {



// Auto-generated destructor stub
}
void TcpBombApp::initialize(int stage)
{
TcpServerHostApp::initialize(stage);
if (stage == INITSTAGE_LOCAL) {
delay = par("echoDelay");
echoFactor = par("echoFactor");
bytesRcvd = bytesSent = 0;
WATCH(bytesRcvd);
WATCH(bytesSent);
}
}
//change
void TcpBombApp::sendDown(Packet *msg)
{

if (msg->isPacket()) {
Packet *pk = static_cast<Packet *>(msg);
bytesSent += pk->getBytelLength();
emit(packetSentSignal, pk);
¥
msg->addTagIfAbsent<DispatchProtocolReq>()-
>setProtocol(&Protocol::tcp);
msg->getTag<SocketReqg>();

send(msg, "socketOut");
Cout << "==—================================="' << endl;

for (auto socket : socketMap.getMap()) {

}

}
void TcpBombApp::refreshDisplay() const

{
ApplicationBase::refreshDisplay();

char buf[160];

sprintf(buf, "threads: %d\nrcvd: %1d bytes\nsent: %1d bytes",

socketMap.size(), bytesRcvd, bytesSent);

getDisplayString().setTagArg("t", 0, buf);

void TcpBombApp::finish()

{
TcpServerHostApp: :finish();

recordScalar("bytesRcvd", bytesRcvd);
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recordScalar("bytesSent", bytesSent);
}

void TcpBombAppThread::established()

{
}

void TcpBombAppThread::dataArrived(Packet *rcvdPkt, bool urgent)
{
echoAppModule->emit(packetReceivedSignal, rcvdPkt);
int64_t rcvdBytes = rcvdPkt->getBytelength();
echoAppModule->bytesRcvd += rcvdBytes;
auto data = rcvdPkt->peekData(); // get all data from the packet
auto regions = data->getAllTags<CreationTimeTag>(); // get all tag
regions
for (auto& region : regions) { // for each region do
auto creationTime = region.getTag()->getCreationTime(); // original
time
auto delay = simTime() - creationTime; // compute delay
cout << region.getOffset() << region.getlLength() << delay; // use

}
if (echoAppModule->echoFactor > @ && sock->getState() ==

TcpSocket: :CONNECTED )

data

Packet *outPkt = new Packet(rcvdPkt->getName(),
TCP_C_SEND);
Packet *outPktl

new Packet(rcvdPkt->getName(),
TCP_C_SEND);
Packet *outPkt2

new Packet(rcvdPkt->getName(),
TCP_C_SEND);

Packet *outPkt3 = new Packet(rcvdPkt->getName(),
TCP_C_SEND);

Packet *outPkt4

new Packet(rcvdPkt->getName(),
TCP_C_SEND);

outPkt->addTag<SocketReq>()->setSocketId(14);

outPktl->addTag<SocketReqg>()->setSocketId(15);
outPkt2->addTag<SocketReqg>()->setSocketId(16);
outPkt3->addTag<SocketReqg>()->setSocketId(17);
outPkt4->addTag<SocketReqg>()->setSocketId(18);

long outBytelLen = rcvdBytes * echoAppModule->echoFactor;

if (outBytelLen < 1)
outBytelen = 1;

inte4_t len = ©;
for ( ; len + rcvdBytes <= outBytelen; len += rcvdBytes) {
outPkt->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));
outPktl->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));
outPkt2->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));



outPkt3->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));

outPkt4->insertAtBack(rcvdPkt->peekDataAt(B(9),
B(rcvdBytes)));

if (len < outBytelLen){
outPkt->insertAtBack(rcvdPkt->peekDataAt(B(9),
len)));
outPktl->insertAtBack(rcvdPkt->peekDataAt(B(9),
len)));
outPkt2->insertAtBack(rcvdPkt->peekDataAt(B(9),
len)));
outPkt3->insertAtBack(rcvdPkt->peekDataAt(B(9),
len)));
outPkt4->insertAtBack(rcvdPkt->peekDataAt(B(9),

len)));
}

B(outByteLen

B(outByteLen

B(outByteLen

B(outByteLen

B(outByteLen

ASSERT (outPkt->getBytelLength() == outBytelen);
ASSERT (outPktl->getBytelLength( outBytelLen);
ASSERT (outPkt2->getBytelLength( outBytelLen);
ASSERT (outPkt3->getBytelLength( outBytelLen);
ASSERT (outPkt4->getBytelLength( outBytelLen);

—
I
1}

if (echoAppModule->delay == 0){
echoAppModule->sendDown(outPkt);
echoAppModule->sendDown (outPktl);
echoAppModule->sendDown(outPkt2);
echoAppModule->sendDown (outPkt3);
echoAppModule->sendDown (outPkt4);

}else{
scheduleAt(simTime() + echoAppModule->delay, outPkt);

}

¥
delete rcvdPkt;
}

void TcpBombAppThread::timerExpired(cMessage *timer)
{
Packet *pkt = check_and_cast<Packet *>(timer);
pkt->setContextPointer(nullptr);
echoAppModule->sendDown(pkt);



NMANUIN U

Init Sourcecode

41



LUYU non-sfu

[General]
network = Node

num-rngs=1

image-path=../../images
output-scalar-file-append = false
sim-time-1imit=30s

HUHHHAAH R Statistics HHHHHHHHHAHHIHHIH

output-scalar-file = ${resultdir}/${configname}/${repetition}.sca
output-vector-file = ${resultdir}/${configname}/${repetition}.vec
seed-set = ${repetition}

** vector-recording = false

HAAAHHHHHHHHAAAA Mob1lity parameters #HHHHHHHHHHHAHAHHHHHHH
#*

** mobility.constraintAreaMinZ = Om

** mobility.constraintAreaMaxZ = Om

** mobility.initFromDisplayString = true

HHHHAAH R H#E Number of Resource BLOCRS ###HHHHHAHHHHIH

** . numRbDl = 6

** . numRbUl = 6

** binder.numBands = 6 # this value should be kept equal to the number of
RBs

HtHHHHE I Transmission Power #it#itH#tHitHHHHtHtHtH
** ueTxPower = 26

**_,eNodeBTxPower = 40

** ue[*].numApps = 5

** mobility.constraintAreaMinX = Om
** mobility.constraintAreaMinY = Om
** .mobility.constraintAreaMaxX = 800m
** .mobility.constraintAreaMaxY = 400m

** ue[*].mobility.initialX = uniform(300m,330m)
** ue[*].mobility.initialY = uniform(256m,260m)
** ue[*].app[*].typename = "TcpSessionNew"

** ue[*].app[*].active = true

** ue[*].app[*].localPort = -1

** ue[*].app[@].connectAddress = "servicel"

** ue[*].app[@].connectPort = 3099

** ue[*].app[0].tOpen = 0.2s

** ue[*].app[1].tOpen = 0.21s
** ue[*].app[2].tOpen = 0.22s
** ue[*].app[3].tOpen = 0.23s
** ue[*].app[4].tOpen = 0.24s
** ue[*].app[*].tSend = 0.4s

** ue[*].app[*].sendBytes = 819B



** ue[*].app[*].sendScript =
** ue[*].app[*].tClose = 60s

** ue[*].app[*].dataTransferMode = "bytestream"
** ue[*].app[1].connectAddress = "service2"

** ue[*].app[1].connectPort = 3088

** ue[*].app[2].connectAddress = "service3"

** ue[*].app[2].connectPort = 3077

** ue[*].app[3].connectAddress = "service4"

** ue[*].app[3].connectPort = 3066

** ue[*].app[4].connectAddress = "service5"

** ue[*].app[4].connectPort = 3055

** service*.numApps = 1
** service*.app[*].typename = "TcpSinkNew"

** servicel.app[@].localPort = 3099
** service2.app[@].localPort = 3088
** service3.app[@].localPort = 3077
** serviced.app[@].localPort = 3066
** service5.app[@].localPort = 3055

** ue[*].masterld = 1

** ue[*].macCellld = 1

** ue[*].mobility.initFromDisplayString = false
** ue[*].mobilityType = "StationaryMobility"

Uy SFU

[General]

network = TcplLastTest
#*.numTarget = 5
total-stack = 70000MiB

*.visualizer.*.interfaceTableVisualizer.displayInterfaceTables = true

** server.numPcapRecorders = 0
** server.pcapRecorder[0].pcapFile = "results/${configname}-${runnumber}-
server.pcap"

##

*,client2.numApps = 1

** client2.app[*].typename = "TcpSessionApp"
** client2.app[@].active = true

** client2.app[@].localPort = -1

** client2.app[@].connectAddress = "server"
** client2.app[@].connectPort = 1000

** client2.app[@].tOpen = 0.21s

** client2.app[0].tClose = 30s

*,client3.numApps = 1

** client3.app[*].typename = "TcpSessionApp"
** client3.app[@].active = true

** client3.app[@].localPort = -1
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** client3.app[@].connectAddress = "server"
** client3.app[@].connectPort = 1000

** client3.app[0].tOpen = 0.21s

** client3.app[0].tClose = 30s

*,clientd4.numApps = 1

** clientd.app[*].typename = "TcpSessionApp"
** client4.app[@].active = true

** client4.app[@].localPort = -1

** client4.app[@].connectAddress = "server"
** client4.app[@].connectPort = 1000

** client4.app[0].tOpen = 0.21s

** client4.app[0].tClose = 30s

*,client5.numApps = 1

** client5.app[*].typename = "TcpSessionApp"
** client5.app[@].active = true

** client5.app[@].localPort = -1

** client5.app[@].connectAddress = "server"
** client5.app[@].connectPort = 1000

** client5.app[0].tOpen = 0.21s

** client5.app[0].tClose = 30s

*,client6.numApps = 1

** client6.app[*].typename = "TcpSessionApp"
** client6.app[@].active = true

** client6.app[@].localPort = -1

** client6.app[@].connectAddress = "server"
** client6.app[@].connectPort = 1000

** client6.app[0].tOpen = 0.21s

** client6.app[0].tClose = 30s

##

** server*.numApps = 1

** server*.app[*].typename = "TcpBombApp"
** server*.app[0].localPort = 1000

** server*.app[0].echoFactor = 2.0

** server*.app[0].echoDelay = Os

#H#LTE

image-path=../../images
output-scalar-file-append = false
sim-time-1imit=30s

HUHHHAAHH A Statistics HHHHHHHHHHHHIHHIH

output-scalar-file = ${resultdir}/${configname}/${repetition}.sca
output-vector-file = ${resultdir}/${configname}/${repetition}.vec
seed-set = ${repetition}

** vector-recording = false

HAAAHHHHHHHHAAAA Mob1lity parameters #HHHHHBHBHHHAAAHHHHHHH
#*

** mobility.constraintAreaMinZ = Om

** mobility.constraintAreaMaxZ = Om

** mobility.initFromDisplayString = true
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HHHHAAHH#E Number of Resource BLOCRS ###HHHHHAHIHHHHH

** . numRbDl = 6

** . numRbUl = 6

** binder.numBands = 6 # this value should be kept equal to the number of
RBs

HtHHHE I Transmission Power #it#tH#tHitHHHHtHtHtH
** ueTxPower = 26

** eNodeBTxPower = 40

##1-5

*.n =5

description = direct stream.

*,configuratorLTE.config = xmldoc("demo.xml")

** numUe = 1 # ${numles=1,2,5,10,20,50,100}

** .mobility.constraintAreaMinX = 300m
** .mobility.constraintAreaMinY = 200m
** .mobility.constraintAreaMaxX = 800m
** .mobility.constraintAreaMaxY = 400m

** ue[*].masterld = 1

** ue[*].macCellld = 1

** uye[*].mobility.initFromDisplayString = false
** ue[*].mobilityType = "StationaryMobility"

* . ue[*].numApps = 1

** ue[*].app[*].typename = "TcpSessionApp"
** ue[*].app[@].active = true

** ue[*].app[@].localPort = -1

** ue[*].app[@].connectAddress = "server"
** ue[*].app[@].connectPort = 1000

** ue[*].app[@].tOpen = 0.2s

** ue[*].app[0@].tSend = 0.4s

** ue[*].app[@].sendBytes = 819B

** ue[*].app[@].sendScript = ""

** ue[*].app[0@].tClose = 30s

** ue[*].app[0@].dataTransferMode = "bytestream"
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wuulyly SFU

ar

package one_to_five;

import
import
import
import
import
import
import
import
import
import
import
import

inet.
inet.
inet.
inet.
inet.
inet.

1te
1te.
1te.
1te.
1te
1te.

node

networklayer.ipv4.RoutingTableRecorder;
node.
.ethernet.EthleM;
node.
node.
node.
.corenetwork.binder.LteBinder;

ethernet.Ethl0G;

ethernet.EtherSwitch;
inet.Router;
inet.StandardHost;

corenetwork.nodes.Ue;
corenetwork.nodes.eNodeB;

world.
.epc.PgwStandardSimplified;

radio.LteChannelControl;

common. LteNetworkConfigurator;

network Node

{

parameters:

int numUe

= 30;

//@display("i=block/network2;bgb=991,558;bgi=background/budapest"”);
submodules:
channelControl: LteChannelControl {
@display("p=50,25;is=s");

}

routingRecorder: RoutingTableRecorder {
@display("p=50,75;is=s");

configurator: LteNetworkConfigurator {
@display("p=50,125");

}

binder: LteBinder {
@display("p=50,175;is=s");

}

router: Router {
@display("p=804,274;i=device/smallrouter");

}

pgw: PgwStandardSimplified {
nodeType = "PGW";
@display("p=629,275;is=1");

}

eNB: eNodeB {
@display("p=472,275;is=v1");

}

ue[numUe]: Ue {
@display("p=260,305");

Switch: EtherSwitch {
@display("p=928,275");

servicel: StandardHost {
@display("p=1031,126");

}



ser

}

ser

}

ser

ser
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vice2: StandardHost {
@display("p=1031,201");

vice3: StandardHost {
@display("p=1031,276");

vice4: StandardHost {
@display("p=1031,351");

vice5: StandardHost {
@display("p=1031,424");

connections:

ser
ser
ser
ser
ser

Swi

vicel.ethg++ <--> Eth10G <--> Switch.ethg++;
vice2.ethg++ <--> Eth10G <--> Switch.ethg++;
vice3.ethg++ <--> Eth10G <--> Switch.ethg++;
viced.ethg++ <--> Eth10G <--> Switch.ethg++;
vice5.ethg++ <--> Eth10G <--> Switch.ethg++;

tch.ethg++ <--> Eth1l0G <--> router.ethg++;

pgw.pppg++ <--> Eth1eG <--> eNB.ppp;

rou

Uy SFU

ter.pppg++ <--> EthlOG <--> pgw.filterGate;

package onetoonetofive;

import
import
import
import
import
import
import

import
import
import
import
import
import
import
import
import
import

//

inet
inet

inet.
inet.

inet

inet.

ned.

inet
inet
inet
inet
1te
1te.
1te.
1te.
1te
1te.

.node.ethernet.Ethl0G;

.common.misc.NetAnimTrace;
common.scenario.ScenarioManager;
networklayer.configurator.ipv4.Ipv4NetworkConfigurator;
.node.inet.StandardHost;
visualizer.integrated.Integratedvisualizer;
DatarateChannel;

.networklayer.ipv4.RoutingTableRecorder;
.node.ethernet.EtherSwitch;
.node.inet.Router;
.node.inet.StandardHost;

.corenetwork.binder.LteBinder;

corenetwork.nodes.Ue;
corenetwork.nodes.eNodeB;
world.radio.LteChannelControl;

.epc.PgwStandardSimplified;

common. LteNetworkConfigurator;

// TODO auto-generated type

//

network TcpLastTest



parameters:
int n;
int numUe = default(1l);
//int numTarget;
types:
channel C extends DatarateChannel
{
datarate = 16Mbps;
delay = 0.1us;

submodules:
visualizer: IntegratedVisualizer {
@display("p=50,50");

}
server: StandardHost {
parameters:
@display("p=475,200;i=device/pc2");
}
configurator: Ipv4NetworkConfigurator {
parameters:
@display("p=100,110;is=s");
}

netAnimTrace: NetAnimTrace {
@display("p=100,208;is=s");
}

scenarioManager: ScenarioManager {
@display("p=100,256;is=s");

}

client2: StandardHost {
@display("p=557,50");

client3: StandardHost {
@display("p=557,125");

client4: StandardHost {
@display("p=557,200");

}

client5: StandardHost {
@display("p=557,275");

}

client6: StandardHost {
@display("p=557,348");

}

channelControl: LteChannelControl {
@display("p=147,33;is=s");

routingRecorder: RoutingTableRecorder {
@display("p=277,31;is=s");

configuratorLTE: LteNetworkConfigurator {
@display("p=410,33");

}

binder: LteBinder {
@display("p=100,156;is=s");
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}

router: Router {
@display("p=400,199;i=device/smallrouter");
}

pgw: PgwStandardSimplified {
nodeType = "PGW";
@display("p=331,200;is=1");

eNB: eNodeB {
@display("p=500,300;is=v1");

}

ue[numUe]: Ue {
@display("p=354,339");

}

connections:

//clientl.ethg++ <--> C <--> server.ethg++;
client2.ethg++ <--> C <--> server.ethg++;
client3.ethg++ <--> C <--> server.ethg++;
client4.ethg++ <--> C <--> server.ethg++;
client5.ethg++ <--> C <--> server.ethg++;
client6.ethg++ <--> C <--> server.ethg++;
pgw.pppg++ <--> Eth1eG <--> eNB.ppp;
router.pppg++ <--> Eth1leG <--> pgw.filterGate;
server.ethg++ <--> Eth10G <--> router.pppg++;
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of a Live Streaming Application with Multiple Endpoints over
LTE Network

Charlif Prapawit
6210220095@email psu.ac.th
Faculty of Science, Prince of Songkla University
Songkhla, Thailand

Chinnapong Angsuchotmetee®
chinnapong.a@psu.ac.th
Faculty of Science, Prince of Songkla University
Songkhla, Thailand

publish their live media feed to their desired audiences directly
from their computer or mobile device. Significant streaming suvme
lude Facebook Live, Youtube, Daily

ABSTRACT

The ber of st g service providers has been i
dramatically every year. Hence users may pmfex to publish !heu
stream to multiple service ly y to i
visibility. However, most servme providers prefer to poli

ders nowadays i F
Vimeo, and Twitch. The significant advantages of adoptmg live
g services donot only allow users to interact with their own

their services. Hence, a study of a sunable ardmectural deslgn of
a streaming service that supp

has not gained lots of attention. In this smdy the eﬂ'ect of adop(-
ing different architectural design on developing a live streaming
service over LTE network which can supports multiple stream-
ing endpoints are investigated. Two major designs are selected
which are a selective forwarding unit based architecture, and a
non-selective forwarding unit based architecture. The results sug-

designated audiences, but it also significantly boost their businesses
invisibility which leads to more to their busi [4].
One major limitation of most existing streaming applications
or streaming services is that a streaming client of each service
can publish a live stream to only one service or now more than
two simultaneous services. In order to allow users (ie., streaming

publishers) to reach their audi on a broader scale. a i
servnce that allows users to multiple streaming service end—pomt
ly is required. On top of that, since most of the devices

gest that a selective forwarding unit architecture has an advantag,
over a non-selective forwarding unit based architecture on keep-
ing overall average streaming end-to-end delay to be minimum.,
while a fluctuation in an end-to-end delay occurs in a non-selective
forwarding unit based architecture in our experiment testbed. The
results, discussions, and suggestions on future studies are given at
the end of this study.

KEYWORDS

St Archi Multiple End; Live St g Selec-
tive Forward.mg Unit, LTE Nelwork
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1 INTRODUCTION

A live streaming service is one of the most popular services on
the Internet nowadays. A live streaming service allows users to
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that users are used for ing to the I days are
mostly mobile devices[9] (e.g., smartphone), it is preferable that
such a streaming service must support a case where users publish
their stream from their mobile devices over LTE cellular network.

Since most streaming service providers prefer to allow users to
use a single service exclusively, such that the provider can monopo-
lize the service, only a few studies focus on the architecture design
of a live streaming service that allows users to publish their streams
to multiple end-points. The architecture design of such a service
is briefly discussed in [8] [6]. Lots of existing streaming services
rely on the usage of a Selective Forwarding Unit (SFU) for handling
streaming data from users, processing, and routing them to their
appropriate destinations [12]. On the other hand, some streaming
service prefers to keep their architecture simple through the usage
of peer-to-peer video streaming [3]. Hence, in general, there are two
main categories of an archi | design of a st g service
nowadays which are (i) SFU-based architecture and (ii) non—SFU-
based archi Both archi have their advantages and
disadvantages. However, to the best of our knowledge so far, none
of the existing studies focus on compmng both architectures in an
asper:tofde loping alwe g service capable of supporting

In this study, we invesu‘gale the difference between adopting
an SFU-based architecture and a non-SFU-based architecture in a
live streaming service capable of supporting multiple simultaneous

dpoints live ing. B to date, most users prefer using

mobile phones over PC hem:e this study focuses mainly on a case
in which clients use their mobile phones for mnnecnng !he Inlerml
of an LTE network. The study is conducted using exp

using a software network simulator. The results and discussions
on whether SFU-based or non-SFU-based are more preferable are
given at the end of the study.
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The outline of this paper is as follows. Section 2 describes in detail
the SFU-based and non-SFU-| based streaming architecture, their
major diffes d dv ges, and what is needed
to be investigated further. This section follows Section 3 which
describes existing studies related to our work. The experi

Charlif Prapawit, PSU.

As depicted in Figure 2, this i hitecture that
the streaming application on the chenl s machine can support live
streaming to multiple end-points. The advantage of this design is the
cost-saving feature because the usage of a separate SFU server is no
longer y. However, to date, most devices that can connect

setup and experiment methodology are given in Section 4. The
results and discussions are given in Section 5 and Section 6. Section
7 concludes this study and describes our future work direction.

2 STREAMING SERVICE ARCHITECTURE
OVERVIEW: SFU BASED VS NON-SFU
BASED

Most existing streaming services nowadays rely primarily on a
simple TCP-based[11] socket connection for delivering streaming
content. However, due to the fact that there are lots of streaming
services nowadays, users may want m publxsh their In'e content to
more than one service si ly (e.g.. broad

to Facebook Live and Youtube at the same time from one machme).
To do so, the architecture of a streaming service and related ap-
plications have to be well designed. In g |

service architecture, which allows users to pubhsh thelr conkenls
to multiple services at once, can be categorized into two categ
which are (i) SFU-Based architecture and (ii) non-SFU-based archi-
tecture. Their details aere as follows.

2.1 SFU-based Streaming Architecture
A selective forwarding unit (SFU) is a unit that manages the trans-
port of multimedia data. A streaming service that adopts an SFU

to the Internet are primarily mobile devices. Hence, it is still needed
to verify whether mobile devices can support live streaming to
multiple end-points. On top of that, most of the devices are mostly

d to the Internet through LTE networks[1]. Hence, it is still
needed to be verified whether multiple end-points of live streaming
consume too much bandwidth or ing too much ion of
the LTE network to or not.

3 RELATED STUDIES

Several studies are related to ing perfc

Previous studies which are related to our research can be catego-
rized into two groups which are (i) studies of streaming perfor-
mance in a simulated environment and (ii) studies of streaming
performance in a physical test-bed. Studies discussed in this section
are limited to only studies that conduct experiments using the LTE
network only. The details are as follows.

3.1 Studies of streaming performance in a
simulated LTE environment
This group of studies ch to conduct a
measurement experiment over an LTE network m a simulated
environment using a network simulator software suite. One of the
significant studies in [2]. This study conducts experiments using NS-
3 network ﬂmula!al This study focuses on testing the difference

o

uses the media relaymg capalnmy of an SFU to relay from
users to a desi blishing live ing con-
tent to le services simul ly, an SFU is ible for

receiving packets from a user (ie., content publisher), copying pack-
ets, and relaying them to designated services. This functionality of
an SFU is depicted in Figure 1.

The architecture, as depu:ted in Figure 1, is also described in
[12). Such a design is proposed mainly b it cannot d
multimedia contents and send them to multiple streaming service
end-points simultaneously without relying on a high-performance
computer. Such a challenge makes an SFU-based architecture prefer-
able when we deem that the client’s computer performance is not
enough. Thus, the usage of SFU is necessary. However, to the best
of our knowledge so far, it is snll argu.able to date that if the client's

rfc were imp ically over time, the
needtouseanSFUstlllbenecessary

2.2 Non-SFU based Streaming Architecture
A non-SFU architecture, in contrast to an SFU-based archi

g 720p and 1080p video over an LTE network.
Another critical study is in [5]. This study focuses on a Voice over IP
(VoIP) application. This study f ond ining whether the
usage of a mobile voice packet relay mechanism affects the quality
of service or not. The result reveals that adopting a mobile voice
packet relaying mechanism leads to a better quality of services
despite the additional 40 bytes packet overhead used during the
relaying process.

3.2 Studies of streaming performance in a
physical LTE test-bed.

This group of studies chooses to conduct an actual physical stream-
ing perf experi over an LTE network
using a network from an existing LTE network provider. A signifi-
cant study is in [7). This study measures the performance of the
LTE network of Telecom of Kosovo (TK) whether it has complied
with the 3GPP standard or not. The result shows that the network
perfi can support any applications or services, including a

refers to an architecture that assumes that a client’s computer has
enough performance to support multiple endpoints live streaming.
Such an architecture is depicted in Figure 2.

I(musedwnmasmgledmoetotnndle alldalahand.lmgand
output. It is the most ly used with
it being straightforward t.hal one streaming on !he present side will
have to pre-p i for one service. We can
repeat for send to multiple services.

g service. However, package drop and atacell
site is still a significant concern that has to be careful on delivering
service with an acceptable quality of service. To overcome the qual-
ity of service concern, some study suggests that quality of service
provisioning method has to be used. One of the significant studies
is in [13] This study focuses on the quality of service provisioning

" https:// www.nsnam.org/
Zan SFU-like mechanism &s@\nrd flor routing audio packets
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Figure 1: An SFU-based Streaming Architecture

streaming
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Figure 2: A non-SFU based Streaming Architecture

methodology for a device-to-device content delivery service over
an LTE network. The result suggests that good quahty of service
P g and is y to pro-
vide a serw:e with an nccepuble quality of service (ie., low latency
and low packet drop) in an actual physical LTE network.

4 EXPERIMENTS : SFU-BASED VS NON-SFU
BASED IN A LIVE STREAMING
APPLICATION WITH MULTIPLE
ENDPOINTS

As stated mhel this study focuses on studying an archl!ectural dif-

fenmcem ing a live g service to multipl

ly. Selected archi forstudymgls(l)SFU-based
architecture and (ii) non-SFU-based architecture. In order m mini-
mize the effect of physical interfi we condi

L

g—
Servicet
streaming
«SW”
Service2
b
QW
i service3
-
Serviced
—
Service1
«Ww”
Service2
-
Servicel
-~
Serviced
solely in a simulated The software used for conduct-

ing experiments in this study is OMNeT++ v5.6.2 *. Network equip-
ment and LTE rks are simulated using plugins for OMNeT++
named INET Framework®, and SimuLTE([10). This study conducts
two sets of experiments which are (i) non-SFU-based architecture
experiment and (ii) SFU-based architecture experiment. The details
are as follows.

4.1 Non-SFU based Streaming Architecture
Experiment

In this set of experiments, a non-SFU-based live streaming archi-

tecture as depicted in Figure 2 are modeled within OMNeT=++. The

simulated environment used is given in Figure 3.

hitps://cmnetpp.org/
“hetps.// et omnetpp.oeg/
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Figure 3: Non-SFU based live streaming architecture: OMNeT++ experiment testbed

In Figure 3, a simple LTE network configuration is modeled b
within OMNeT++. One LTE cell site is deployed and connected to a
simple LTE Packet Gateway (PGW) service. The PGW is d

of mobile devices and measurement parameters are kept
the same as the non-SFU-based experiment such that the result can
be compared between each set of experiments.

with a simple router. A router is connected with a simple switch
with ﬁve service terminals attached to work as endpoints for live

The ue[numUe] within Figure 3 refers to mobile
devices of users. These devices are u.sed as ongms for initiating
streaming sessions. All device and

5 EXPERIMENT RESULT

The experiments as described in Section 4 were conducted in this
smdy The experiments were conducted five times for each set of

are kept in an ideal condition such that signal delenoraxmn from
other interference factors is kept minimal.

The simulation of this set of experiments begins by initializing a
simulation testbed with specific numbers of mobile devices. Five
sets of experiments are conducts using 10, 20, 30, 40, and 50 devices
consecutively. Each device is impl d with a simulated live
streaming application that used TCP to initiate a streaming session.
The streaming application in each device is configured for sending
1500 bytes of a package for every 20ms. This reflects the actual usage
of a streaming application with the largest possible multimedia size
and 20ms of packetization interval duration. For every packet, each
dev:m must mpy and send each packet to all five service endpoints

d-to-end delay is used as a measurement
parameter. The end-to—end delay is calculated as a time difference
between when a packet is transmitted from a mobile device and
when it has arrived at its corresponding service end|

4.2 SFU-based Streaming Architecture
Experiment

This set of follows an archi as described in

Figure 1. The simulated testbed for this set of experiments is given

in Figure 4.

The only significant difference of this experiment, as depicted
in Figure 4, in comparison with Figure 2, is the SFU server placed
between the router and the switch within the simulated environ-
ment. This server is confi d with an appli that has two
primary responsibilities, which are (i) accepting incoming stream-
ing packets from users’ mobile devices, and (ii) copymg packets
and relaying them to all five st g services end,

oP

The end-to-end delay of each round of experiments is
averaged and recorded. The non-SFU-based streaming experiment
results are given in Table 1 as follows.

Table 1 shows average end-to-end delay at each streaming end-
peint. It can be seen in the Table that the delay between each
endpoint in each set of has heavily fl d. The
result of the SFU-based streaming experiment is given in Table 2.

Table 2 shows the average end-to-end delay at each streaming
endpoint in the SFU-based streaming architecture experiment. In
contrast with the non-SFU-based architecture experiment, the SFU-
based experiment reveals that the average delay at each endpoint
tends to be similar. It is to be noted that the average value at each
endpoint within Table 2 are mostly similar. The results reveal a
minor difference in average delay at 4-5 floating point digits preci-
sion. We deemed that such a difference is not considered significant.
Thus, we round the result two up to 2 floating point digits precision
to keep the result snmple for readers.

To the p of end-to-end delay results between non-
SFU based and SFU based experiments, we conduct an additional
is by lating the ge end-to-end delay at each end-

point for each expenment and depicted it using a line chart. The
result is depicted in Figure 5. The result shows that the end-to-end
delay for SFU-based architecture is considerably lower in all cases.

6 DISCUSSION

The result in a non-SFU-based architecture case reveals the fluctua-
tion in average end-to-end delay in all experiment cases. This means
that despite the fact a non-SFU-based architecture may have an
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Figure 4: SFU based live streaming architecture: OMNeT++ experiment testbed

Table 1: Experiment Result: non-SFU-based Architecture

Number of Mobile Devices Average Delay at End Points(ms)
End Point 1 | End Point 2 | End Point 3 | End Point 4 | End Point 5
10 551381 114.77 98.72 112.01 12497
20 584.56 163.93 2,875.11 18,590.94 731.14
30 581.77 7,304.57 182.12 3,982.69 66.59
40 5,161.31 4.356.85 4,724.22 3,553.40 6,257.58
50 23,781.00 1.456.37 50.97 65.76 80.66

Table 2: Experiment Result: SFU-based Archit

Number of Mobile Devices Average Delay at End Points(ms)
End Point 1 | End Point 2 | End Point 3 | End Point 4 | End Point 5
10 117.43 11744 117.44 117.44 117.44
20 217.15 217.15 217.15 217.15 217.15
30 1,391.32 1,39132 1,391.32 1,391.32 1,391.32
40 1,052.24 1,052.24 1,052.24 1,052.24 1,052.24
50 1,733.24 1,733.10 1,733.11 1,733.11 1,733.11

advantage over an SFU-based architecture in terms of a cost-saving
aspect (ie., a separate SFU server is not required), the quality of ser-
vice in a non-SFU based architecture may be a major disadvantage.
This comes from the fact that, in a non-SFU-based case, the number
of packets sent to an LTE cell site is considerably higher than in
a non-SFU cased. Thus, the average end-to-end delay fluctuates
because each mobile device may need to wait longer before the
radio medium can be ready to be used for transmitting packets.

On the other hand, the SFU-based architecture experiment re-
veals less fluctuation in an average end-to-end delay. This comes
from the fact that the network contention at the LTE cell site in
the simulated experiment is five times lower than a non-SFU-based
case. This means that controlling the overall quality of service for
a streaming service can be easier if a service chooses to adopt an
SFU-based architecture over a non-SFU-based one.

This study assumes that mobile devices are not mobile. They
stay stationary during the whole experiment to keep the simulation

model simple and free from cross-layer interference. Furthermore,
only one LTE cell site is used in the simulated experiment. Hence,
the result may differ in a case in which mobile devices can move,

and more than one LTE cell site is used. These aspects will be
investigated further in our future study.

7 CONCLUSION AND FUTURE WORKS

This study focuses on studying the effect of architectural differences
of a live streaming application over an LTE network in streaming
to multiple service endpoints simul ly (e.g., live ing to
Facebook Live, Youtube, and Twitch time). The study is conducted
using experiments using OMNeT++ with INET Framework plugins
and SimuLTE plugins installed. Two kinds of architectures are
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Figure 5: Average End-to-End Delay: Comparison between non-SFU and SFU-based architecture

studied, which are SFU-based and non-SFU-based architecture. The
result reveals that despite the economic factor of a non-SFU based
architecture, an SFU-based architecture reveals that it has more
advantages in providing less network content at a cell site of an
LTE network, which in turn, making the quality of service control
can be done more accessible than a non-SFU based case.

The scenario of this study is limit to a case where mobile devices
stay stationary during experiments, and only one LTE cell site is
used. Hence, our future work will investigate further if mobile
devices can move and more than one LTE cell site is added. Tbe

effect ofoo-enstenoe with other appli such as conducting a
live g while another client is playing online games,
may be anoth iting aspect to i igate in our future work.
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