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ABSTRACT

The aim of this research is to analyze the 5G communication networks, the downlink
performance improvements of MulteFire and Wi-Fi coexistence in the 5 GHz unlicensed band
UNII I (Unlicensed National Information Infrastructure (UNII)) for indoor deployment, in terms
of downlink user throughput.

The simulation scenario defined in 3 scenarios with one operator to one user
equipment (UE) using Network Simulation (ns-3) simulation platform. First, Wi-Fi has to co-
exist with MulteFire on same channel, Second, Wi-Fi and MulteFire coexistence on same channel
with Listen Before Talk (LBT) techniques Finally Wi-Fi and MulteFire coexistence on different
channel. The simulation results show that Wi-Fi and MulteFire coexistence performance on same
channel with LBT techniques and on different channel increases performance of total downlink
user throughput to be 44.72% and 174.30% presents, therefore respectively and yet, Wi-Fi
coexisting fairly with MulteFire for indoor scenarios have helped to improvements to the network

capacity, and for a friendly coexistence.

Key words: MulteFire, Unlicensed Spectrum, LBT, Wi-Fi
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2.1 MulteFire

v
A o

MulteFire [3]15umaluTlagniannainmalulad LTE 4911 lue13 unlicensed
band Ava1daWa (standalone)sluehumm?;ﬁ"hjﬁ’mmumgﬂmn,u,azﬂluﬁhuﬂ’smﬁﬁsl%’qm
3901’18 (Shared Spectrum) SINAIAMUBIIU 5 GHz 8198911 3rd Generation Partnership
Project (3GPP) Release 13 t1az 14 TagmaluTad MulicFire 50950madia LBT 1ileldinans
1Fuedramufioniu (fair co-existence) 10 WiFi viomalulagon o flFamedludm
alsnadufead vonnnisiansnldly private LTE 1482 Neutral host [4]

maTuTad MulteFire lisufudealdanuiidesiiluoyaa (Licensed band) [4]
Fhusnuwdn Fuaaddunmd 2.1 - 2.2 Smssainnasgunazdeimuanieg Tae MulteFire
Alliance FaflunsdnsiidlanaldustndquazdaulaunaTuTad LTE uag Cellular Tugh

] 1 I a
unlicensed {181¢ 81U shared spectrum wWhsmdluandn
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mITuaiuaNi
Carrier Aggregation %38 CA .
( 96re9 ! pe----- MulteFire
awiflaiflueyge
(Unlicensed Spectrum)
------- Wi-Fi

d‘ =1 1 d'd' L=} A . . .
awfi 2.1 maTuladlugiuanudn luiilueyna Ao Wi-Fi uaz MulteFire

= .
NU: https://www.qualcomm.com/media/documents/files/multefire-technology.pdf, pp.4
wAlulag MulteFire 9198unu 3GPP LAA ua: eLAA
< o Vv o |
adﬂﬂ"i WWGJHEQEVLN%E@‘LUH enhanced discovery signals RODUS! em—
MulteFire aaufigadlasy  |e— procedures:mobility,paging,RA1..
Alliance | ayiawiluinunan | Robust & efficient UL2 control channels
. e . A
3GPP Releasel14|eLAA :+Uplink Uplink waveform waz lasaanainsautaasmmin ‘
LLuuﬂﬂmju UL2 HARQ3,scheduling enhancements ‘
3GPP Release13|LAA : Downlink o Supplemental downlink+HARQ
14 LBT lielfomsannuludmanudnlifluougia

LTE Advanced LTE LUy
air-interface LTE TDD

H a 1o &
M 2.2 maTuTad MulteFire 81999UUNIATFIY 3GPP Release 13 taz 14 lusuiludoaly

ANUDNYluey YN (Licensed band)[4]

fan: https://www.qualcomm.com/media/documents/files/multefire-technology.pdf, pp.13
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’Lumamﬂ'mm TxOP 1iu 10 ms

mnin 2.3 Tassadumsdedoyanvugangudimsumsasdoya Uplink / Downlink ¥4

MulteFire [5]

fa: https://www.mfa-tech.org/wp-content/uploads/2016/1 0/MulteFire Radio-Link.pdf, pp.6

P P T |
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L L B BEEEE | |
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eCCA - 119 (cleared) eCCA- 113 TewiaTesatiayanias(D)

1 & . - . '
5 i 'E.(EIQ.&ILI&.EL&MLU%(HL&). Tasashawsanuuil sub-frame gaslag murniudayavi(downlink)le Tag'lai
dasraldiatrana (dranlaseaansuuuunsi)

o8 EEEEE 1 . w111

eCCA - 119 (cleared) eCCA- 113

Taw LBT 14 enhanced Clear Channel Assessment (eCCA): D= 'ﬁ'mgamm(Downlink: DL), U=°ﬁaqmﬁu(Uplink:UL),
S= Special sub-frame (HaUAUNY DL,UL uaz guard period )

a

d' 9 v 9 A 1 oAA a
MNN 2.4 Tﬂi\iﬁiNﬂ'ﬁﬁ’Q‘U@yja (Frame structures) LLUUﬂﬂﬂquﬂNﬂizﬁﬂ‘ﬁﬂWWﬂlﬂﬂ LBT

fan: https://www.mfa-tech.org/wp-content/uploads/2016/10/MulteFire_Radio-Link.pdf, pp.7
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@1 TXOP Airfwinaldus9v89 downlink

MR 2.5 B2932021001M589003A (Periodic TX opportunities) Y99 LBT

flan: https://www.mfa-tech.org/wp-content/uploads/2016/1 0/MulteFire Radio-Link.pdf, pp.12

PN 2.3-2.5 naaslnseadamsdatoya (Frame structures) §1MFUNITE
Foyarauuy Uplink 119z Downlink ¥09 MulteFire [5] Taoif3ouifion s msdauun Semi-static
switching 11 Release 8 UM wyylauin (Dynamical switching) 11 Release 14 Taons
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v
@ @

9 = o R ¥ ¥ vy 2 1o q 9
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AU meﬂmﬂmummmﬂumiumﬂﬁmmmuﬂu Wi-Fi @]ﬂﬁﬁﬁzﬂﬂllﬂQWﬂ Glelfﬂ'NiJﬂ'ﬂth
Y Yo . v Y Aa Y A
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[
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Tnsanndieodondluamwusiasuazuuyluly StM Tuanyaz U neutral host 3IUDIAINITD
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a @ I 1 { Aa A
1403 M5UDY enterprise service W umsadraTomalmilumsly LTE Wfidsz@nsnngs

TuE114AUD unlicensed spectrum D&V

2.2 LBT

Listen before talk (LBT) [1] A9 (NANANTATINAOUTDIULVOITDId QY 1 no U

] o

o 1 I { 1 4 '
ms5udsdoya iunalniddedoyaldiioasiaaeuaniuznisin (idle) vosresdynin

[

' Y = { { g’; '
(channel) N 91U U 2 ﬂizmumi‘ﬁugm A0 ATZUIUNITA 1 VUADUMTAITUNIY clear

g9

channel assessment (CCA) 2280153971 energy detection (ED) threshold 1113 a@n1uzveq
' @ v 3 Y1y v 3 & '
FoId 1M WINWDI1 119 nvzeynalidedeya ldagegailuszoziiaimiie aua
Maximum Channel Occupancy Time (MCOT) adud@adlua15199 2.1 uagnszuIumIsn 2
b
TuABUMITO AT M WInddyauneundulIFesdyaalaiing (busy) Aasvzsods
4
= (]

W0AAI05282121011 119 WAT backoff period of time FIUUDEND Contention Window (CW)

na'lnuea LBT [6] sauaasluning 2.6

nalnmIemvas LBT 81989 ETSI EN 301 893 V1.7.1 (2012-06)

CCA Period > 2QuS CCA Period > 20uS

— —
nsLnfTe IR
(UUT CCA) CCA CCA
> 20uS

m3gsdaya (UUT Transmission) / \ /

Fixed Frame Period

Channel Occupancy Time Idle Period

T > 5% apd Occupancy
(> 50uS)

@1 Channel Occupancy Time
2g3z1ing 1-10 mS

NN 2.6 Listen Before Talk mechanism [6]

l31: Performance evaluation of LTE in unlicensed bands for indoor deployment of ultra

broadband mobile network, 2017, pp.2, DOI: 10.23919/AEIT.2017.8240562


https://doi.org/10.23919/AEIT.2017.8240562
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M™15199 2.1 Channel Access Priority Class a1M5U LAA (3GPP LBT CAT4 Priority classes)

Channel
Access .
Priority Class m, CWpin CWax Trncot allowed CW sizes
(P)

1 1 3 7 2ms {3,7}
2 1 7 15 3ms {7,15}
3 3 15 63 8or10ms {15,31,63}
4 7 15 1023 8or10ms {15,31,63,127,255,511,1023}

131: Performance evaluation of LTE in unlicensed bands for indoor deployment of ultra

broadband mobile network, 2017, pp.3, DOI: 10.23919/AEIT.2017.8240562

M3l uAueg iR N WIEHINg Wi-Fi fiv MulteFire luginu share spectrum
MulteFire 1% LBT walwldamldaeaviniaunu

@aLdanusn: MulteFire iandasdygamunlavfnioudniass Wi-Fi %30 LTE-U/LAA %32 MulteFire fiug

e f®,
.............. el I TR, 20 MHz
.............. ot s 144 5GHz unlicensed
& —AS v v
20 20
MHZ LR N NN ] MHZ

o pai , ar ‘a | '
@aden® 2: fsesryynlidng azltowldedrarnfsudronsly LBT

MulteFire CCA ‘ Busy | Wait
Tx
CCA Backoff
AlFomdn 15 WiFi Wi-Fi
%38 MulteFire Bus) CCA CCA  packet
Tx

WA 2.7 MulteFire 19 LBT T8y share spectrum[4]

fan: https://www.qualcomm.com/media/documents/files/multefire-technology.pdf, pp.15


https://doi.org/10.23919/AEIT.2017.8240562
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2.3 malulat Wi-Fi

malulad Wi-Fi [1] @10u195514 802.11 14109n13 199 1uveeresdayn 1o

(primary  channel  access) Jud1uaudf lulilueynia Taeld1ls Tanoa Distributed
. . . = ) v o A A Uy ¥
Coordination  Function (DCF) Gl)’ﬂﬂlsb'm'iﬁi’aﬁ]ﬁmﬁﬂluﬂlu1mLW®LW3Jﬂ1 throughput 1414
A a { o @ <3 < o a
Yszansnmgegaluvmgiiinisdeosdumssunuvesuiamna Tas DCF ¥191ud90U
TsTanoa CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance) Tagiiio Triua
. . =) ~ 1 o < 9 1 [ R @ ~ Y [ 1 I
Wi-Fi Tdoyanazds sulludesdsdyan lUdivesdygrandosmsszdedoyanowmiu
AAVUITN NDATIVAOVADIULNITINVDIFOITYQYIUAI8F29981 DCF  Inter-frame  Space
Y
(DIFS) 11N¥oIa Y119 UUILAN Request-To-Send (RTS) TdaTnuatlarenie vniiu
Triua1la1en1992d3 Clear-To-Send (CTS) Winwionazsudoyaudl Tnua Wi-Fi vzdadoya
1 Y H
T daremaiie 1dsudenu cTS niulaien1aazaaAcknowledgment (ACK) navl1li
1 o @ @ @ io & 1% 1
Tvuagasdmsusudumssudoyandni91a191n%2919a1 Short Inter-frame  Space  (SIFS)
Tunendunu srvesdyaa 19319 THUAIZABIAAAMINATINADVIUNNEDIUZILIN A1Y
9 9
1781 DIFS 91n1UZ18901981 backoff time HUVFNIAZ 1T VD081 AT (TABMNIZTIUIUATILLY
[ < 4 1 A 1 i o 1 4
quuesdaeanaioglu cw fllveuaaluazyouauamfiuan 13aua1in) e
1781 backoff A d1Ingd 0 Tviua Wi-Fi vz umsdedaynuli laszeznaigegadions
o J a 4 = dy o A = .
MUUAMNITINNGST TXOP FanszuiunsiaaaadlunIni 2.8 Faaaalls Ianaves Wi-
. ZIJ dy . . 1 9 9 1 [ Y = 9 [] [
Fi MAC 091 Tviua Wi-Fi 01992 Iienmnsorin l5avsesdyana ldmniinmg ldauedeay
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[

] <] XY 4 { ] 1 @ @
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[EIRPES
(Tx node) | prs | Rts DATA
L

Tnuag5u

(Rx node) SIFs | cTs | SIFS SIFS DIFS
L

M 2.8 Haaasmssuavoyaved Wi-Fi

f31: Novel LAA Waiting and Transmission Time Configuration Methods for Improved LTE
LAA/Wi-Fi Coexistence Over Unlicensed Band September 17, 2020, pp.4, DOI:

10.1109/ACCESS.2020.3021511

Free,
LBT CCA7| | l_' Frame J Wait | Frame }

eCCA - 119 dydayasiyszaziaal TMCOT
(cleared)

Free

1 Backoff
Wi-Fi Wi-Fi Frame J Busy Busy 4 Wi-Fi Frame
«—>

—>
@1 TxOP SIFS

2N 2.9 nfSeumeunalnues Wi-Fi 01 LBT 1ue1 unlicensed band [1]

fan: KQI Performance Evaluation of 3GPP LBT Priorities for Indoor Unlicensed Coexistence

ScenariosOct.2020, pp.4, doi:10.3390/electronics9101701
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2.5.1 Performance evaluation of LTE in unlicensed bands for indoor deployment of ultra
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3.4.3 MIVOAUVULUVTIADINST IHITUTIWAUTENIN Wi-Fi N1 MulteFire tio15a1uang

oI YN
~ 9 J @ 1 . . v . A Y
M3oenuuuMNIJuUDN 3 MI1FNUIIWAUITENIN WiFi N1 MulteFire 1o 1%
Nuanyosdgyruny Iasldsduuvveunaiia DFS Tunmséresesdynra fivuald

I .. 91 A 9 1 [ [ <

Operator A 131 Wi-Fi 56112100 5.18 GHz Glﬂf%ﬂﬂﬁﬂluﬂlﬂm 36 @9U Operator B 11U
MulteFire 1961un100 5.24 GHz 1¥%0edayn sl 48 HazoonuuUNINATOUAINAIEIUDI

A . . . I A A
A0 1UYDI Wi-Fi 1182 MulteFire 1114 2 N3 Ao

v
o

o o 1 I
AN 1 M1uAliMaIa9v09 Operator A Wi-Fi 111 20 dBm i@ Operator B
g
MulteFire 1y 20 dB
dd' o Yo w 1 . . <3|
SN 2 MrUAINNa9ed9U09 Operator A Wi-Fi 1314 20 dBm ula2 Operator B
I
MulteFire 111 43 dBm
poNUUUNMINAaelsulasuiimuadunisvesdiu (UE, ,UE,) iienadou
<3 1 o 1 Aa 4 [ o {
UszidunmslFauiruiu Tagsigazdeamnisimosuuunidinlsaan aaaaaluasian
] a J LY { [ ~ | ~
3.2 tagAwamesuuumdmlsndsunlaswdlu ldawarsnan 3.5

d' 1 A IS Aq U o =
13NN 3.5 mwwﬁmmaim“lﬂflumsmamgﬂu‘uum 3

Parameter Wi-Fi MulteFire
Channel 11 UNIT T channel 36 channel 48
Frequency 5.18 GHz 5.24 GHz
BS Tx Power N3@if 1 20 dBm 20 dBm
BS Tx Power 37l 2 20 dBm 43 dBm
Auievesd5y UE, uaz UE, UE, ) UE, 5050
UE, .5, UE, 11009 49¢ UEy 040
UE, (11025 / UExq10.45) UEg 1005 7 UEgq104s)
UE, 1055 402 UE, 1010 UE, 500




35

o A ° ' Yo ¥ < A
Manaavdllsunlasudmiumuavesdsy N3 UE, uag UE, 1 4 uuu Ao w
A o ' = o Y ~ A o ' o
- 130 UE, NV UE, agyafganulndaniigiundiunua (30,25) A1 (30,25)
a1y 1d13aa throughput YoyauIasvesdsuil UE, uag UE,
A [ Y = A o ] 1 [} 1 ~ o 1
-1iie UE, aglnddn1iigiufiduniia (30,25) ua UE, og lnani1 Adunia
(110,25) uag (110,45) 1323AA1 throughput Foyav1A90975UN UE, uag UE,
i Y H
-1ijo UE, nu UE, sgyadeani lnavindniiigiunag Admmnus (110,25) A1
(110,45) 4823AA1 throughput Yo3yav1a9UeIf5UN UE, uag UE,
-1ii® UE, oglndaniiigiuidinniis (30,25) ua UE, oglnani1 Admmnia
(110,25) t1ag (110,45) ugriaan throughput %’agamawmé’%"uﬁ UE, uag UE, aanana
JUnNN 3.2-3.5
Y 4
o @ S o 1 Y ..
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9
3.5.1 TUADUNITINUVDLLUVTIA0
MIMUUewUDTIae9 1411159180952 VAT 018 MIT IFUTIWAUTZHIN
. Y . 1] J A J o 9
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$1009m5 19913 WAUTLHIN Wi-Fi AU MulteFire Tugoidanaa1any uagaiuueans
a J 9y Ay ¥ o & o 2 Y = 2 o A
Anszideyan lannuuuiiaeans 3 gluuuuhmsSeuieunu Tasliswazivoaasll
o a 4 o ) 1 [
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WOANTUNITIIA0INITHINUUDITLUUAINNDONULY M A28 a5 195U
A 1 o )2 [ a g d' o ]
inseteT1a09 IaelHlusunsy ns-3 mwasimeiag idvua I3 lunaaz sluun wans
o I [ dy
a9 1luaall
A 9 1 o J . . o . [ @ = o
4.1.1 JUuuun 1 MIlFNUTIVAUIZHIN Wi-Fi 11U MulteFire Tusaadyaafein
A o 9 Y a 3 QY ~ )
Wormualdd1¥u5ns Operator A 1Fu Wi-Fi 1961ua2100 5.18 GHz #azauniues
1 @ . < 9y a 3 . Y
Fo9d QYR8 (Channel Bandwidth) 1111 20 MHz ttaz 1415015 Operator B 111 MulteFire 14
] Y
§1UAIND 5.18 GHz AWNI9v0IFodyaIn 20 MHz Taeli l9sosdyna 36 Naaoeg
a 1 = P I~ ~
19u5ms TaesiiswazBeaueaaimisiimoinlgnaaoudlulaiuais19n 3.1 #aa1nns
118033201 Y3109
A ° Yo o 1 s
N3N 1 Mriua IHMad9ved Operator A Wi-Fi 11y 20 dBm wiag Operator B
. 3 o o A 3 ! I
MulteFire 111 20 dBm @A throughput Aio3av1aU0Id5UN UE, 1111 0 Mbps t1az 7t UE, 11l
25.3521Mbps
dd‘ o Yo o 1 . . 33|
NSIN 2 MrualimMasaIveg Operator A Wi-Fi 111y 20 dBm w1z Operator B
. < A 9 Yo A 2
MulteFire 1] 43 dBm 1AA1 throughput ¥09903av183v09H5UN UE, 1111 0 Mbps 11ag UE,

I [ A
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M15190 4.1 A1 throughput Y03yav1a3 (Downlink) vougiuluszuu UE, uag UE, A

silunun 1

y 18 9 @ 3| f throughput N UE (Mbps) | A1 throughput 3IUNI5E 1Y (Mbps)
silunun 1
(dBm) UE, UE,
N58I7 1 Operator A | 20 0
Operator B | 20 25.3521 25.3521
n5aIN 2 Operator A | 20 0
Operator B | 43 75.1164 75.1164

Y
HA91NN159100952 VDA UIUDY WU WasIN throughput  YITBYAVIA
9
1 @ 1 g
(Downlink) Y9551 TAe3mNIT2UD A uilu 75.1164 Mbps
A 9 . Y . 1 o = [ 9 a
4.1.2 JUuuwh 2 m3lFau Wi-Fi 0U MulteFire Tugesdyananfoanuaz Idnaiia LBT
J ! 3 = < 1 {
saaremseenuuuaugluuui 2 Mnualidd1¥dusns Operator A 1Hu Wi-Fi 14g1unnud
' ] 3 a <
5.18 GHz aAnundevesvesdayann (Ju 20 MHz uazi1¥1U3015 Operator B 11U MulteFire
v

] 1 1 o I 1
1¥e1unud 5.18 GHz AnunAvessosdayna (Hu 20 MHz Taoldresdnana 36 H9doq

a a U ' a 4
Al¥usmsuaz 1dmatia LBT saudae Taelisteaziveavosnimsiiimesnley
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AWAITIN 3.1 HADINMTTIA0ITEUY WU
dd‘ o Yo v 1 . .3
n3aii 1 Mviualimaedwed Operator A Wi-Fi 111 20 dBm 1az Operator B
. 3 o 9 Yo A 3
MulteFire 111 20 dBm 301 throughput Hoyav1a3U035 A UE, 1111 50.2184 Mbps 118y
= <
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dd’ o Yo o 1 P~ |
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I o {
Mbps t1a UE, 1311 50.8308 Mbps fiataadnaluaisiai 4.2
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M15190 4.2 A1 throughput Y03yav1a3 (Downlink) voudiuluszuu UE, uag UE, A

siuvuh 2

N throughput
. A1 throughput i UE TR ETATLT
siunun 2 Aa3es (dBm)
(Mbps) (Mbps)
UE, UE,
ﬂi‘iﬁ‘ﬁ 1 Operator A 20 50.2184
Operator B 20 16.2814 66.4998
ﬂﬁtﬁ‘ﬁ 2 Operator A 20 57.8742
Operator B 43 50.8308 108.705

Y
o 1 Y
HAD1NN13918895VVAINFUUUDN WD HATIY throughput  YBITOYAYIAY
. Yo g’/ = ~1
(Downlink) ¥93§351 1Ag3INNITzUY WA 108.705 Mbps
gl.: [ o d' YA 9 a
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] ~ ° 1 Yo g’.} < A
4.1.2.2 Nae35ur/asud 1 UIUIHTUNY UE, uaz UE, 11U 4 411 Ap
A [ [ = @ 9 = A o 1 [
- 19 UE, U UE, 8g3aaglnulndaniilg iunadmunug (30,25) nu
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M15199 4.3 A1 throughput Y9IH5D AR AIMUIALTZEZ1IIN5 1F91UY9 LBT A1

B

PRI[ISTSY
i
L dwmda @uvie | A1 throughput szogna19uvoanaiin LBT (LbtTxOp)
HUUN e . .

WiU UE, W3y UE, i UE (Mbps) 5 ms 8 ms 10 ms 20 ms
UE, (30,25) UE, (30,25) UE, 59.0714 57.8742 57.604 53.0458
UE, 37.5021 50.8308 54.0231 64.249
UE, (30,25) | UE, (110,25) UE, 63.3167 60.3024 59.7533 55.7843
UE, 29.6442 38.4928 47.7019 59.0756
UE, (30,25) | UE, (11045) UE, 63.3167 60.3024 59.7533 55.7843
UE, 29.6442 38.4928 47.7019 59.0756
UE, (110,25) | UE, (110,25) UE, 59.0714 57.8742 57.604 53.0458
UE, 37.5021 50.8308 54.0231 64.249
UE, (110,45) | UE, (110,45) UE, 59.0714 57.8742 57.604 53.0458
UE, 37.5021 50.8308 54.0231 64.249
UE, (110,25) | UE; (30,25) UE, 58.8978 58.2223 57.8371 53.0458
UE, 43.0522 53.2324 57.5156 64.877
UE, (110,45) | UE, (30,25) UE, 58.8978 58.2223 57.8371 53.0458
UE 43.0522 53.2324 57.5156 64.877

A 3 v A ¥ A 2 I~
1NHN1T NN 4.3 fﬂzmu"lmw 11952821081MT %LU LBT INNAUIN 5 ms 1

8ms, 10 ms 1Az 20 ms uuaaza w5 1 19A1 throughput Yoyav1a9ueIlsUN UE,

I @ dy
tag UE, 11luaail

- @uMUaUUA 1 UE, 11 UE, 8§30(30,25) 5202192119911 LBT 5 ms, 8 ms, 10

Y A < A I3
ms, 20 ms Glfﬂ?n throughput N UEA LTJL! 59.0714, 57.8742, 57.604, 53.0458 Lo N UEB !‘]Ju

37.5021, 50.8308, 54.0231, 64.249 RERENT]

- @MU 2 UE, (30,25)00 UE, (110,25) 528212811997 LBT 5 ms, 8 ms,

1 H d v d
10 ms, 20 ms A1 throughput 1 UE, 11U 63.316, 60.3024, 59.7533, 55.7843 ttag N1 UE, 1lu

29.6442, 38.4928, 47.7019, 59.0756 RPSRET]
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- @umianuuf 3 UE, nU UE, 089a(110,25) 5282178119974 LBT 5 ms, 8 ms,
Y = = = ]
10 ms, 20 ms 1% throughput N UE, 111 59.0714, 57.8742, 57.604, 53.0458 L8z N1 UE, 11y
37.5021, 50.8308, 54.0231, 64.249 ANAIAY
- dundauuuf 4 UE, (110,25) MU UE, (30,25) 5282120119911 LBT 5 ms, 8 ms,
' = = = ]
10 ms, 20 ms A1 throughput 1 UE, 111 58.8978, 58.2223, 57.8371, 53.0458 tlagh UE, 11
o < J '
43.0522, 53.2324,57.5156, 64.877 AMNa19UAZAU 1411 WA3INAT throughput YOYAVIAIUDA
Yo 2
A5 Tagsaunaszuy
- dwmiuuf 1 UE, nU UE, pggadeanulndaniiigiui(30,25) nu dumis
uuUN 3 UE, 11 UE, ogyamedny lnadn1figiui (110,25) A Ao 117.2984 Mbps

o 1 ~ [ = ] R A
- AU ULUUN 2 UE, (30,25) NU UE,(110,25) WANTu 114.8599 Mbps HFIUA

o [l ~ [ A1 g R A
- AU ULYUN 4 UE, (110,25) NU UE,(30,25) Hanilu 117.9228 Mbps HINAT
MNNgA

o

4.1.3 3Uupvuf 3 M3lFausmAusznI1e Wi-Fi 01 MulteFire tiio 19auasgosdayna
AU M3oonuuUANFUuuu 3 M5 1HusIWAUTENIe Wi-Fi 11 MulteFire tiialda1uag
Fosdyarunu Inoldzluuvveunaiin DFS Tumsdesesduyara fvualddlnusog
I L L. qQ Y = 9 [ o < Y
Operator A 1111 Wi-Fi 1581102108 5.18 GHz A1un319vereadya I 1Ju 20 MHz uaz 14
' o 1 Y A I . 91 = Y
FoIdayn1a 36 AU 1HLUTN15 Operator B 11U MulteFire 1%611un2100 5.24 GHz AN
] [ I 9 [ =\ = 1 a P 9)
vourId I 111 20 MHz uazlgresdynna 48 Taslisioazidenvoan1nislmesnly
I A o ]
nadouilu lawmsed 3.1 masnmstiaesszuy W
aa ° Yo o 1 C e S
N3N 1 Mriua lvmMasdaves Operator A Wi-Fi 111 20 dBm uiag Operator B
I [ v A I A
MulteFire 151 20 dBm @A throughput Yoyav189ueId5UN UE, 11]u 130.928 Mbps tag 9
I
UE, 111 22.1878 Mbps
dd’ o Yo v 1 P~ |
N3N 2 MruAliMaIaIveg Operator A Wi-Fi 111 20 dBm i Operator B
I 1 1 [ { I
MulteFire 111 43 dBm 1510971 18A1 throughput ¥oatioyav1aIvefs DN UE, 111 130.928

I o {
Mbps 1182 UE, 111 75.1164 Mbps aduaadna lua1319i 4.4
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M15190 4.4 A1 throughput Y03yav1a3 (Downlink) ¥ougiuluszuu UE, uag UE, A

sunun 3

2 v o throughput N UE (Mbps) f throughput 3IUNIILVY (Mbps)
suuni 3 A9 (dBm)
UE, UE,
NSaN 1 Operator A 20 130.928
Operator B 20 22.1878 153.1158
N30 2 Operator A 20 130.928
Operator B 43 75.1164 206.0444

v Y
HBINN139180952 VAN UUUDA 3 1 WU WA throughput YBIVOYAVIA
9
. @ [ ]
(Downlink) ¥94751 Tagsaunsszuutiauilu 206.0444 Mbps
g A @ A o 1 Yo ¥
AMMNMUU Lll@inﬂf]ﬁigL]JL]JI@ﬂﬂﬂaa\iﬂﬁlﬂﬂaﬂu@ulﬁuqm@\“ﬂﬁﬂ W UE, uag UE,

I A
Wy 4 uun A

'
A o ]

A o ' ~ ) 9 ~ )
-9 UE, N1 UE, 8ggaaglnulndaniigiundiuniug (30,25) i (30,25)

AN

A o 1

-1ilo UE, aglndaoifigiufidinyius (30,25) ua UE, 8¢ lnana1 ddumnia
(110,25) e (110,45)

-1ifo UE, nu UE, og Inado1figiu D@ (110,25) 60 (110,45)

A o '

-1ilo UE, oglnddn1figiufidumnii (30,25) ua UE, oglnani1 ddumnia
(110,25) e (110,45)
o d' [ 1 9 Yo Y d'
HAN1391a0952 U 1193091 throughput ToLAV19v0945 1 1A throughput A1 UE,

I o ~
ias UE, Lﬂﬂﬂﬁllﬁﬂﬂl&WﬁNﬂ 4.5




M15190 4.5 A1 throughput Y0950 Tundazdumisamgluuna 3
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j AL 60T A NELR 60T A1 throughput 71 UE (Mbps)
Hyun
UE, UE, UE, UE,
1 UE, (30,25) UE; (30,25) 130.928 75.1164
2 UE, (30,25) UE, (110,25) 130.928 75.1164
UE, (3025) UE, (110.45) 130.928 75.1164
3 UE, (110,25) UE, (110,25) 130.928 75.1164
UE, (110,45) UE, (110,45) 130.928 75.1164
4 UE, (110,25) UE; (30,25) 130.928 75.1164
UE, (110,45) UE; (30,25) 130.928 75.1164

Yo =

Wa%1ﬂﬂ15§1a@@33‘”‘”@]TJJEIILLCU‘Uﬁ 3 WU’j1 ﬂ"] throughput %}@Has‘]']aqsuﬂqaﬁu N
a0 1w ° oA Y1 A 3 A
UEA LUae UEB UAUNINU (lunﬂﬂ'lllﬁuq e hlﬂm throughput 7N UEA Lﬂu 130.928 MbpS Lag N

I o w
UE, 1y 75.1164 Mbps 214N

d o
4.2 INTITHNANITDIADITZU
d‘ o o o d' Y 9 A ]
1931175 91a9IN TN INIUYBITLU LA LNBNUUL 1 TaemTa3 1952 UunT 0
o 9 A a 4 ~ ) d‘ o A ] =
91203828 1151053 ns-3 NUAIMNINABTAWNMHUANDINADITLUIATVY 3 J1LUD AD
A Y} 1 o ' ) . A q9 ' @
stlupun 1 MslFnuIIWANITENIN Wi-Fi 71 MulteFire 1o 15911 Tuapadgyaa
ReINuABTOITYYIY 36
d' 9 1 [ 1 . . v . d‘ 9 1 %
stlupun 2 MslHnuIIwANTENIN Wi-Fi 1) MulteFire 1 1911 Tuapadgyaa
@eanuuaz lsmadia LBT
A 9 J @ U . . [ . A 9 v
gUuuun 3 M919uI AU WisFi A MulteFire 100 159114619
Foedaa Uiy Werhnstaesszuund1inn throughput Yoyaviasvesdiuluszuui UE,

o a L4 a A . o
uaz UE, M ldamnsndinsiziisz@n5am throughput ve39o3av1a9 (Downlink) ¥oag51

4 Yo dy
Tag5INNITZUY hlﬂﬂ\‘lu
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4.2.1 AM@Asad (BS TxPower)
Aaaa lunsain 1 1o Operator A (Wi-Fi) it Operator B (MulteFire) GH
o w 1 <3 { 4 1 o w 1
Masaaily 20 dBm 1agn3aif 2 1o Operator A (Wi-Fi) HA1A18984 20 dBm 482 Operator B
. ' o v v d 1
(MulteFire) A1Aa3a99y 43 dBm WU
~ v D) Yo o A
- gUuuui 1 14maT9W throughput Yeyav1asvesrdsulassaunsszuulunsaing
~ = ] o W = 49! a I A
wazh 2 BAndlu 25.3521 Mbps 118 75.1164 Mbps MUa1AY HIgIvUAATiY 296.2926% 11D
=\ % dd‘
MEUNUATAUN 1
A v D) Yo 2 A
- guupvf 2 TamasIw throughput JoyavrasvesdsuIaesmnsszunlunsaiii
~ = B~ o W = 49! a I A
wazh 2 BAnTlu 66.4998 Mbps 11 108.705 Mbps MUA1AY HIGIVUAATIY 163.4667% 11D
MEUNUATAUN 1
A v D) Yo g A
- 31upvf 3 lamasIw throughput YoyavrasvesdsuTaesiunsszuulunsaiii

= IS A o w = 2 a g
agn 2 llﬂ'”f]_]u 153.1158 Mbps U8 206.0444 Mbps #14A1AU G]f\“j\?ﬂll!ﬂﬂ!ﬂu 134.5677%

A A o ~ A =1 Y1 A o o . A X 4 o q ¥ 1
HDNYUNUNTUN 1 ﬂglfﬂullﬂfn LUDNANTIUDY Operator B (MulteFire) memilwawﬂw 1

Y
LY

throughput ¥03UB3@VIAY (Downlink) ﬂjawfﬁ"ﬂﬂﬂimﬁ’wzuuﬁgﬁu%u AU MU0
MulteFire 39nana1lszansamlnesavvesszuuTaodunalidszansomvoassunlund
ﬁumﬂmﬁ'ummgmmszumﬁwﬁu
4.2.2 szeznalums 1¥uveanaiia LBT

lugauuuii 2 1ile Wi-Fi fu MulteFire 1903 miulusesdyanaiResunaz 15
mATia LBT $20490 taznnnavesiasdaninde 4.2.1 sedms1zinaiiiol ¥ Operator A (Wi-
Fi) UA1118949 20 dBm W12 Operator B (MulteFire) JA1MA984 43 dBm Wan1331a0432uy
Taenlasumuosszoznanlums19auveamaiia LBT 511 4 /1 79 5 ms, 8 ms, 10 ms, 20 ms
u&23am throughput veatoyav1ae (Downlink) ¥8R5 LT UE, 1ias UE, uaas¥19sseziia
WU

- figwniauudl | UE,uag UE, 047 (30,25) uag uuud 3 UE, wag UE, o4
(110,25) 1aA1 throughput %’agamawm@’%’nﬁ UE, 11a¢ UE, dioszeznanlumslfauves

a < ' [ {
MANA LBT WU 4 A1AD 5 ms, 8 ms, 10 ms, 20 ms AAAIUATINAIWAINA 4.1
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aTluaavAn Throughtput fuszuzinaimsldnumaiia LBT

117.2948

TS 111.6271
TPsaulusyuy
100 96.5735

@
{=1
=]
=
2 64.249 UE
8 B
e o e 57.8742 ——
3 50,6308 O ——_ sause
£ UEa
=
= 37.5021
25
el 8 ms 10 ms 20 ms
9 UE- UEs TP Tluseuy

MWA 4.1 A1 throughput Wo3AVAUBIATY HpA5U UE, ez UE, agyamernuuuylnduas

Inagortigiu audumidaund 1 ueg wuud 3

9100319 A1 throughput YoyAVIAOIHT VN UE, 1az UE, 1eszeznaimsldau
vounala LBT 9
Y1 = <
1981 5 ms o throughput 1 UE, llag UE, 1y 59.0714 Mbps kg 37.5021 Mbps
ANAIAY
Y = <
1781 8 ms laf throughput 1 UE, llag UE, 1y 57.8742 Mbps g 50.8308 Mbps
ANAIAY
Y1 = <
1981 10 ms JAA1 throughput 1 UE, llag UE, 1y 57.604 Mbps I11g 54.0231 Mbps
ANAIAY
Y1 = <
1781 20 ms 1AA throughput 1 UE, tta¢ UE, 111 53.0458 Mbps 11818 64.249 Mbps
RPSRLEM)
& < v A ) a 1 g
Favziiin 18 Weszeznan 1¥anuveaunaiin LBT HNAUN 5 ms 1DU 8 ms, 10
o Y Y = A 1 ~
ms 118 20 ms M 19N IMAUTUAINUAAIAT throughput 1 UE, 8089910 59.0714 Mbps aAad
11) 1.1972, 1.4674 uag 6.0256 Mbps muady Tuvazinsidudimaoafiuanea throughput
H ] Y ] Y
1 UE, iAunugauuein 37.5021 Mbps tindu 1l 133287 ,16.521 uag 26.7469 Mbps
o @ = ' Y1 Yo g’/ A d%' I
MUAIAY 9a9Wa i A1 throughput ¥9IHTUTAYTINNITTVWINV U U 96.5735 Mbps,

108.705 Mbps, 111.6271 Mbps Lia 117.2948 Mbps asiuaaslunsliduaih
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- M UN 2 UE, (30,25) AU UE, (110,25) 1aA1 throughput 9038189904

Yo A A 9 a I 1A
W3un UE, ag UE, Weszazna lums lsnuveunatia LBT 1y 4 a1f0 5 ms, 8 ms, 10 ms,

20 ms AALAAI TUATINA LMD 4.2

25

ATuaavAT Throughtput AusruznaINT IPumAila LBT

114.8599
&

107.4552
98.7952

92.9609

633167 60.3024 59.7533
L @& 557843
ﬂ

47.7019

38.4928
29.6442

8m Om 20 ms

MW 4.2 A1 throughput 4103av1@3 (Downlink) Y45V il UE, og1Indan1figiu ua UE, og

V9uNANA LBT 7

AN

AN

AN

AN

Trann eudmmuauuun 2

91003519 A1 throughput Yo3AAIVBIRTVN UE, 11az UE, 032821021015 19911

1 A I
a1 5 ms 1aa1 throughput 1 UE, llag UE, 1y 63.3167 Mbps I1g 29.6442 Mbps

1 A I
1781 8 ms 1AA1 throughput 1 UE, 11a2 UE, 1T1 60.3024 Mbps 1182 38.4928 Mbps

1 ~ I
1181 10 ms 19A1 throughput 71 UE, 118¢ UE, 114 59.7533 Mbps 1A% 47.7019 Mbps

171 20 ms @A throughput 1 UE, t1az UE, 1111 55.7843 Mbps 118 59.0756 Mbps

& < ¥ A v a A X <
“]N%m‘ﬁuulﬂ'ﬂ maizﬂxnaﬂmmmmmﬂuﬂ LBT INUUYUHIIN 5 ms L‘]Ju 8 ms, 10

ms 1ag 20 ms M 1dns1iduduasiudan throughput i UE, 8989910 63.3167 Mbps anad

11 3.0143, 3.5634 uaz 7.5324 Mbps muday luvazin i udmaesinanan throughput
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1 UE, UAUNNZUUIN 29.6442 Mbps tWuau 1] 8.8436 , 18.0577 taz 29.4314 Mbps
Aua1dy 3eaanalian throughput ¥o 35U Taosauneszuuiud Wiy 92.9609 Mbps,
98.7952 Mbps, 107.4552 Mbps 4a¢ 114.8599 Mbps fanuaadlunslidudih

- v uf 4 UE, (110,25) 70 UE, (30,25) 1aA1 throughput 9038189904
Yo A A 9 a I 1A
H5UN UE, ez UE, Woszeznalums lFauveunaiin LBT 114 4 A1 A0 5 ms, 8 ms, 10 ms,

20 ms aanaadlunsvlauainn 4.3

nswuaaven Throughtput Auszuznaimsiganumaiia LBT

43.0522

115.3527
111.4547 -
101.95
B
S 75
= 64.877
2 58.8978 58.2223 57.8371
5 — ® o) 53.0458
(=}
=
£
&

MW 4.3 Athroughput Y0115 UBR5Y UE, oglndaniiigiuna UE, og lnani

AMUAMHULDN 4

91003519 A1 throughput Yo3AY19UBIHTVN UE, 118z UE, 1032821021015 19911

vounadin LBT fi

215 ms 1AM throughput‘ﬁ UE, tag UE, 11 58.8978 Mbps LLe1g 43.0522 Mbps
WA

121 8 ms 1AM throughput‘ﬁ UE, lag UE, U 58.2223 Mbps Lie1g 53.2324 Mbps
AN

1781 10 ms 1AA1 throughput‘ﬁ UE, itag UE, il 57.8371 Mbps ag 57.5156 Mbps
WA

1181 20 ms 1Aa1 throughput‘ﬁ UE, ttag UE, i 53.0458 Mbps lag 64.877 Mbps

AN
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= < YA ] A A 2 <
Feazrula iweszeznar l¥anuveanaiia LBT ind¥u91n 5 ms Dy 8 ms, 10
ms 1ag 20 ms M 19N duduasuaaIn throughput i UE, 8AA9910 58.8978 Mbps anad
11/ 0.6755, 1.0607 taz 5.852 Mbps mud1ay Tuvazinsidudimaoafiuanda throughput
H ] Y ] Y
1 UE, ANNNgaiu91n 43.0522 Mbps 1iinau'l 10,1802 , 14.4634 uaz 21.8248 Mbps
Y ' Y
Aua1aD edamalia throughput Y095 U TASTINNITZDUNNAY 101.95 Mbps, 111.4547
o A Y A Y
Mbps, 115.3527 Mbps 11az 117.9228 Mbps adfittdad lunswliduaih
< Y1 o 1 A A 9 a
vinnswlaziulan Tunndumis Womnszez lunaimsldauveunaiia LBT
A 2 3 = o Y1 9 Yo
MUUIVIUIIN 5 ms 1)U 8 ms, 10 ms 1AL 20 ms VWA 1HA throughput YOYAVIAIVOIHT
Y09 Wi-Fi HaAranas lumandunual throughput 4038118990945 UU83 MulteFire A1
3 o o A I [
7991 1x11A7 throughput ¥oIH5UN UE, (Wi-Fi) 9zanauiienantios uan1 throughput ¥4
Yo A . A d? 1 R o Y 1 9 Yo
A3UN UE, (MulteFire) uanu1nn1 3371 1¥nas9ua1 throughput Goyav1advediiusuly
= 2 & g o .4 ) v 2
sxuU BAnNLnIY Fudunan1nnmsinauves MuleFire Aausodedoyalauinau
A Tnsaa31amsaedeya (frame structures Y99 UL/DL traffic )
dal a o 1 1 v A glz { A
UONIIN AIWITNVAITZH 1911A1 throughput YBIRFUN UE 5IMNI52UDAAY
2 2 2 9 Y A
WNVUH T UNaNIINMSINNTZE2I1M5 19910 LBT Tagnsasniszezial TxOP (lasdnd
9 v [
AIAININEAND3 W 3GPP Cat 4 LBT @WNIATFIUUEY 3GPP finvualineuiln
' N P I ~ 1 = ao & 9 v 1 A &
AM1310A035 TxOP Wuuuai) uansany1vesauIveil lanaassdSuaunuiy 10 ms
Lé = Y v 1Y 1 a & [
waz 20 ms ufievlanumsdSuarszesinal TxOP ved LAA uyvlauiiin $an15dsy
2o qua v o " Aa X ! AW 1 g ¥ LW
seezna TxOP U liinamstaduruanavusenieszezia luldl¥auves wi-Fi ny

v 9 Y
izﬂzna”lmsﬁ"emamm MulteFire c‘fmzaﬂﬁmauﬂﬁwmms%uﬂugmzﬁﬂﬁ'ﬂizﬁmmw?ﬁu

QU

[ ]

° A 1 AA ' o A a o 9 o AR & '
ﬁ’]ﬁﬁﬂlﬂﬁ@m’]ﬂﬂu@gﬁ?ﬂ ul‘ll@ﬁ_r%fJ‘]JW]fJ‘]JﬂULLUUGLGH@aﬂﬂiﬁ‘JJ 3GPP Cat 4 LBT %3IN135@4
9

Y 4
A 2

AR I Y J ! ' %
Poyaneuuanlunsaiinaihuanaveins lslse Teytveaarnalusesdyaraluns

Y
"9 Y- 3’; 1 I 1 2 3| [ a A
dadoya 1@ lagn1snanszezinal TxOP 1iuaigeruiuilunmsivlgelszaninimues
MulteFire 1ag'liv 1115z @nsamves wi-Fi anas
)
aaiu szezlunaimsldauveaunaiia LBT iinanetlseansninlaesiuves
I 9y a A ] A A ds!
szuuTaolunalilsg@nsamueaszun T uudveImsnuANLVOITE LN Y
] 1 4 Yo [ = o ] 1 d' )]
4.2.3 328 HNI21I9RU NI alve RS UA VAU U Tud MU 199 1le 11 Operator A
' o w 1 . 1o w1 0 o
(Wi-Fi) 4A17199¢49 20 dBm W@ Operator B (MulteFire) A1M1a4d41iu 43 dBm 1n1331a04

Y { o v R I
52U TnenaaesliunlasudumiiswesdSuns UE, nag UE, 1Tu 4 uuu Ao
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A o '

o [ d' d‘ [ ] = [ 9 = {
MUNUILYUN 110 UE, NU UE, agqm%aﬂuiﬂaﬁmu;ﬂ;m‘wmgmm (30,25)
AU (30,25) MUAIAL
o 1 A A ] 9 = A o 1 1 1A o [
AUHUILUUN 2 1D UEAagiﬂaﬁmugmwmgmm (30,25) u® UE, 28gNAUHTUS
(110,25) NV (110,45)
o 1 d' Lﬂl L3 1 = 3 = Lﬂ' L3
AT UILVUN 3 10D UE, NU UEBﬂgﬂqﬂ!ﬂﬂﬁﬂuUlﬂaﬁQWH;‘jiuﬂ (110,25) nu
(110,25) 1ag (110,45) N1 (110,45)
o 1 d' d' ] 9 =1 d' o ] ] ld' o [
AU ULDUN 4 11D UEBE’JgGlﬂﬁﬁﬂ1Llj§1UVIG]1LLWHQ (30,25) t1et UE, 9gNAMNUN
(110,25),(110,45) ﬂimgiw
A A . . W . 9 1 @ = o 9y a
- gﬂuuam 2 19 Wi-Fi 11U MulteFire GlﬂmuGlu%matyaunmmmﬂuuaﬂﬂfmﬂuﬂ
4 a < 1
LBT oszeznarldauvsaunaiia LBT 11y 5 ms, 8 ms, 10 ms L8 20 ms vz ldan throughput
[ g’/ o ] ~ ~ I
ﬂjmwj’mhﬂmumiguu AN UILVUN 1 uazuuun 3 10U 96.5735 Mbps, 108.705 Mbps,
o w 1 o [l H T g
111.6271 Mbps L4a1g 117.2948 Mbps $114A1A1 AUV 2 TAuilu 92.9609 Mbps,
o @ o ] $ [
98.7952 Mbps, 107.4552 Mbps L 114.8599 Mbps auaevnas ludumuanuui 4 Ianilu

101.95 Mbps, 111.4547 Mbps, 115.3527 Mbps 118 117.9228 Mbps A& 10U

1 = A

< o o g 4 1
22191 147181 throughput ¥9975U Tass1uNszUViiA1genga tiloszozrIg

U q

=<

1 o [ [ 1 o ' { [ (%%
sgniegUnsaivesdsunuaniiigiveglud vy 4 fie UE, 395udanimoin
. 1 9 = ~ o [} [l oA o 1
MulteFire 0g Inaa1iig1uiidnitia (30,25) waz UE, o Inanid e (110,25) , (110,45)
v v v 9
daud iU ui 1 uaguuui 3 191 throughput ¥09H5UN UE, 1ag UE, INUNT 2 LU

[ 9 A =1 (=} 4 1 Yo Yo
UHaadIN 3$ﬂ$1ﬂﬁ‘ﬁ'§@llﬂﬁﬁﬂﬂﬁﬂWui"lulliJiJNa@ﬂﬂW throughput UBINTU WINATU UE, LIAg

'
= o

9 ] 1
UE, oglugaifiennu tazal throughput 109751 Taesmneszuuiimamnga iWoog ludumiia

'
1 o '

A A ' Y ~ A o 1 '
LUV 2 Ao UE, og 1naeo igiundnnid (30,25) 16 UE, 0gNeH1a (110,25), (110,45)
- 31DV 3 1iJe Wi-Fi fU MulteFire 1§01maagosdynnany insiiaesszuy
o = o 1 Yo Z}, I Yy a 1
naznaaedlTuasudmiavedsune UE, uag UE, 11U 4 111 1aaWia1saneinal
v A 1 o ll 1 A I
throughput Y8450 UE, 1Az UE, WU Nna it 1ia throughput Yoyaviasi UE, il
1 { I o
130.928 Mbps 118% A1 throughput 1 UE, 111 75.1164 Mbps ¥111¥Ha 321 throughput 09
9 Yo g’/ a1 g = <3 Y 1 1
Poyav1aaueedsuInesaunaszuy Ianilu 206.0444 Mbps Feaziiu 1811 52021195219

4 [ [ o [ 1 ] v v o
UnsalvesRsunuaotsuludumuanis o lilinaaeal throughput ¥8IRs VTN IUTZU
2 ghp A

k)

)

o o 4 &
dwmTugiuuun 3 U

o <3 1 4 . . o . 1 [
ANTIA09Tz VY i 1aa1 130 Wi-Fi 71U MulteFire 19914 lusoaduain

99

=

~ o 9 a ~ A = Yo . 1 Y
lﬂﬂﬂﬂullazﬁl%’lfﬂﬂuﬂ LBT Gnllgﬂllﬁﬂ'ﬂ“lﬂ 2 1UD UEB G]S\?L‘]JHZ\!TLVU?N MulteFire @giﬂaﬁﬂWuﬁﬂu

a3
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J { g o o ' . [
11NN UE, Mitlugiuves Wi-Fi finaii1i a1 throughput ¥9990389189 (Downlink) U975
g A A 2 o ¥ ' ' o Yo v ~ =2 o '
TagsWMITLVUTANNVAY AIUY 5282119511991 NI alveddsUNUanINgIU 2alManD
a A 3 Y a a ] A
Yszaniomlagsuveszuy Tagumalnilszd@nsnmvessz oy luudveamsimunug
] Y
VDITLVULWUAUY
A A ) . ) g A v
4.2.4 1/52@NT0IN throughput 99YAV1A3 (Downlink) Y9IV IA8IINNITLVY 1014
Operator A (Wi-Fi) JAINA9E9 20 dBm Az Operator B ( MulteFire) 1AIAE9e 43 dBm 19
1 a :{.d' EY o dl 1
M eesN1alunsiaoese Uy Muas1en 3.1 wun
~ Y1 9 = < '
sUuuud 1 1471 throughput vo99oyav1a9h UE, 1I1 0 Mbps 1182 A1 throughput
A I o Y Yo g A
1 UE,, 1111 75.1164 Mbps Y1141 throughput TAg5I0U9A3 UNIsz Uy UANTY 75.1164 Mbps
P~ Y 9 = I '
gUupva 2 1471 throughput  voaToyau1aIN UE, 111 57.8742 Mbps 1Az
A I o Y Yo g ]
throughput 91 UE, 171 50.8308 Mbps 11#A1 throughput TAg3 I Up9A5 UMz U BA Y
108.705 Mbps
A Y1 9 = < =
sUuuud 3 1881 throughput vesdoyav1asi UE, 1111 130.928 Mbps 1az 91 UE,
S 0o q Y1 Yo & a0 g
111 75.1164 Mbps 11%A1 throughput  1A83IWVOIATUNITEUD WA Y 206.0444 Mbps

o ' 9 Yo \ A
AL ANAN throughput sll@\jellaua"lnﬁ\ﬁlaﬁﬁﬁﬂclullﬂag Operrator GlUﬂ']W‘VI 4.4

Downlink Throughput (Mbps)

suuuui 1

200 | 4 operator A ,B Ch.36
suuui 2

150 _ operator A ,B Ch.36 on LBT
suuuuil 3

- operator A Ch.36

Operatior B Ch.48

100

50

__ B

Operstor A Operstor B

MW 4.4 A1 throughput YBITOYAYIAY (Downlink) Y0945 1 1uIAAL Operrator
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1Az A1 throughput YeITOYAUIAL (Downlink) Vo9d5 U5 IUsZUY AwdaslunIni 4.5

#inThroughputdayawias(Downlink)waveFusinTuszuy

206.0444

7] wi-Fi + MulteFire Ch.36

200 200

B iFi+ MulteFire Ch.36 with LBT

[ Wi-Fi Ch.26 + MulteFire Ch.48

160 160

120 120

108.705

1 Throughput 9avef4u (Mbps)

80 75.1164 80

40

o
Wi-Fi+MulteFireCh.36Wi-Fi+M Ch.36 LBT Wi-Fi+MulteFire DFS

MW 4.5 A1 throughput ¥09903aU13 (Downlink) YoH5 V5 IW UV

INANA 4.4 UATAINAN 4.5 WUI1 1D Operator A (Wi-Fi) NU Operator B
(MulteFire) T a1usaunu Tugosdgyarandedny lda troughput vofSusanluszuy
I 1 4 a [ 4 a 1 [ ] ]
Fu 75.1164 Mbps aeuuilelFmaia LBT wWhusamsiie 1vinansldausiunuediami
~ . . A A o Y J Yo
1fiow (Fairly coexistence) mmiou lyvosgiuuui 2 vihlinavesn throughput ¥oIR5UTIW

A A X a < a & A A Y A A
Tuszuufiaunnyuonau 1iu 108.705 Mbps Aaiilu 44.72% iiefieuiugUunui 1 vaziile

1 [ a v I 1 4 4 a 4 o 4
devosdnanmlasldimatia DFS Fuilunalnildinenannesnsdumaeiaiuszuudu

Tasmnuald Operator A (Wi-Fi) 14 Channel 36 ta¥Operator B (MulteFire) 14 Channel 48

= 1 1 Y] 9 Yo a0 A2
“]N'ﬂf]el.ufnu UNII Iﬁ\iwaiﬂ f1 throughput ﬂlﬂyjaﬂ]qaqm@\ifﬂiﬂijﬂ‘luigﬂu UAUNUYU
I

U

1§11 206.0444 Mbps Aaiilu 174.30 % Werenduguuud 1
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MIWANIT1a095z U WU Tugiuund 1 e Operator A (Wi-Fi) 182 Operator
B ( MulteFire) 199 1usaunulusesdyaianfodny Ao sosdynis 36 1aa1 throughput U9
: ) .
doyav1asN UE, 11u o Mbps 11109910 tnalulad wi-Fi 19115 1anoa Distributed
Coordination Function (DCF) lumsasavsudayanaunemnianmsldauvessesdyaianie
o @ 3 g ' LAy 1 o a
Yosnumsyunuvesuiamaluduanudn lidlueyana Tas DCF amdsuuTlsIanea
CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance) 339908 UNDIUSNIT M4
YDIFOIFYQYI1UIA0H291981 DCF  Inter-frame  Space  (DIFS) HINFOIT QY1019 92 a 4
v
Request-To-Send (RTS) lugaTmualarenia aniuTrualaren1aazad Clear-To-Send (CTS)
[ . . X U 9 g’; 1
nauN Triua Wi-Fi 399z dadoya lUidarenis 91ninilaien1anzads Acknowledgment (ACK)
@ A o @ @ @ Ao o 1
nav 1l Tvua WiFi d19508udumssudoyand11591a991n42919a1 Short Inter-frame
Space (SIFS) lunsnaunu srsesdyana liie ThuarzaosaamuasIndoUIUNITDIUL
' Y Y . ' o 9 . . H L
923194201701 DIFS Tagld1a1 backoff time nuvgu v11% Ivua Wi-Fi 1992 ldawnsosdn
THusesdyaa lamindinsIdaueeruanion lsanu ldaneu TasmaTuTadoun 14
Nuegluresdyanafsany
luvazh TisTanea LTE MAC hiliwlsunlddmsuasiadumssunu Hnede
upnandaysziana u1ad LTE 1oy Wi-Fi v1nlins 1993w usenane LTE 7Y Wi-
. 1 A a v = A o Y a 9 1 1 =% [
Fi  luguanudi@eanulaglusinalnfiihldmanis1davedianiiisunudiuisoan
dszaniawnmsinuves wiFi 18 iiesvinuana’ln LBT Tu LTE v Ivide Ida1uasa
. . v 1 ] [ [N U d‘ 1 9 9 dﬁl =
Trua Wi-Fi dnsgwunvesdyia 1y neunazwenewadoya aramatima luTad LTE

U q

MulteFire 391915 Tanoa LBT lunisdedoyaludiuanudn lidlueynia ¥e6aneity
9

g v @ P o a A 3
3GPP Cat 4 LBT uunawnulisIanea Wi-Fi DCF lagluoanaisull 1291981 CCA iy
msasaeuanunionldaiuvesresdyanunoumsditoya Iaeh eNB vzoyaalnds

F
AoYANAININATIINDNFOITYYIUUUIN A29F291907 initial CCA (ICCA) (15U 34ps)

Y v Y
LY TATNYITZ8219a1 extended CCA (eCCA) LIFTUAUIY ué”u%qﬂizmumﬁnm

9 & Y1 g Y < & ' .
ﬂl@yjﬁ%ﬁﬂ%ﬂ@ui‘ﬂﬁﬁlm\m @QQ@@!“]JHE%EJ%L’JQWWHQ #14A1 Maximum Channel Occupancy

U

Y H r Y
Time (MCOT) 41081 Channel Access Priority Class Mi@0n 1o dugaaziingnizuiunmssoe

vy Y & 1 < i . v
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