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ABSTRACT

An LTE enhancement for licensed-assisted access (LAA) to unlicensed spectrum has been studied recently and
the first version of its design has been released in early 2016. As both 2.4 and 5GHz ISM bands have multiple
channels and Wi-Fi devices already support multi-channel operation, LTE LAA has also been designed such that
an eNB can access multiple channels at the same time. In this paper, we review several design variants of listen
before talk (LBT) procedure for multi-channel transmission in downlink and perform simulation to investigate

coexistence of Wi-Fi and LAA as well as the performance of both.

I.M B Access(LAA) 7|% A5 Fasl]a™, 2016'd 349

o slekl=z A4S EF313F Release 133 3-E3151

T s Sl A0S #2481e] LTE k2 LAAY} F OAbeR sl 9l u]wE el
Al AlE Algsl7] 918l The 3rd Generation 5GHz Fulrdjede ofe] 7o) A= A=,
Partnership ~ Project(3GPP)=  Licensed-Assisted T AF S5 2”1 9184 eNB7F o] Ad

2 QT VI 2 AR AR ] o Aol ROI27 161003, H14
o] o]% RAT(LTE&Wi-Fi) 358 913 $4 E& /Y

+ First Author: Seoul National University of Science and Technology, Department of Electrical and Information Engineering,
shk0787 @seoultech.ac.kr, 33|41

°  Corresponding Author : Seoul National University of Science and Technology, Department of Electrical and Information
Engineering, jhyun@seoultech.ac.kr, 4131

* Seoul National University of Science and Technology, Department of Electrical and Information Engineering, @seoultech.ac.kr,
a8l

#* WILUS Inc., {minseok.noh, jinsam.kwak}@wilusgroup.com, %3]l
F=rHE D KICS2016-05-083, Received May 1, 2016; Revised June 27, 2016; Accepted July 21, 2016

783

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-07 Vol.41 No.07

& BAel olgalel A4S FUsHe elfelel 4
ol EgEIgc”

LAAZ} HlRisieledoll ] Aulsl7] slajaie e
A ef|x] ds] o] 8= 9l = Wi-Fi 73] &
Lo] 27k 24o]7] wlel o]el Wigk A7} %18
1 ek Wi-Fie nms|dielA xtehe o}
£ Wik 4 o) 714 AAGSH GAo pES
71 Sl A% A Al A o3E ke
LBT(Listen Before Talk)& 3] ¥ 52 AAlghe
24 ke AAIste] el midolde] flolw
Z3} R 35 DAEla qlok ulebd, LAAS] v
AL o] 87 AFel sloM®E o] TS 3
esto] A% 71%0] AASolo} Ak

B =RelAE LAAYY tEEES ALgslo] &3
B3 AES Fstr] Slsf A A 7S A
Eapy, vlsel e 2 wiRsle] T
7Fs o5 Eelaly] S8l AlEdelxdS Esll A
o Agulas YTt & =i (719 Bkl
A, e TeR A 48] A el 14
gk,

o
b

. HEPHEI HS

wA] Wi-Fie} LAA 77he] el A4g 913
Sl 71 Aniek

2.1 Wi-Fie| He[z{d UM~ T|H

a3 13} 2] Wi-Fie 1A% 5 A (primary
channel)el| 4wt W 7ulke] LBTE 3fsh=t,
@<} (b)= 27 4 (dynamic) THF W23} A=
(static) THIF whAlel| wE FARS Hola glrh
Wi-Fi kB4 = Adol|A] Moz Faigict Moz

et 0ol = Aem ose Aduc

Primary channel

AIFS | Backoff
4‘ 10V P00 ‘7
1 oM s

PIFS
[ PF, Intererence |

(a) Dynamic bandwidth operation

Primary channel AIRS | Backoff | e Backoff
PIFS PIFS
PIFS PIFS

[ PIS Interference | PIF]

—  B0MHz PPOU BOMHz POV —

(b) Static bandwidth operation
a8 1. Wi-Fie] deAd AEs 93 i E 48

Fig. 1. Dynamic and static bandwidth operation for
multi-channel transmission of Wi-Fi

784

PIFS(PCF Interframe Space) %FE-2] A7k Aol t}&
AdeA = sl Ade] AR o5 Felslr] $g
CCA(Clear Channel Assessment)S <=3t} 130
A= o] Al vl WA Aldel 74 Alsot EA1s)
an, weka] F A 7o Ade] A8 7bsslt sk
Wi-Fio] A'd Ed(bonding) el wlz} F Ad=}
LA [1, 2, 4, 4+417K9] ArdellAnt HeElAd A
o] 7}s3slEg, T4 WAF wrle] Hfele 9] 7
7o) Ardell At A& FstaL Al WA A2 vl
s AT A 8k =k AA Ay
Z 1Al o] Aolli= 27l AdA"E BE Ade] v

il el A5S salsta, N Adolek= A

Jo
i
2
¥
(o
2=
SO
o
tlo
+
Oo:lé
3
82
K
0
z
e
Qo
=1
a
g
=
=]

2.2 LAAS| ZE[RE MM~ T1Y
LAA+= LBT WAjell e} &7 572 572h& o
2} zro] Aejstar gick
Type A: 7 AdellA] /=2 LBT ¥ A$-2
it

:

Type B: Wi-Fi®} Al 17]] Ad-& Al=a}o]
o] AdoAut LBTES 533, Mo

7H-E7} 00] =7] 25usHol| veA] Ad
Eol4] CCAES F3)3lch
E =ellAlE WiFiehe] gt glox] ®r} e
g 7102 oAk=El= Type BE 3} Type B2
745, Wi-Fie} 2] Ad 24 132S A8skA] o,
wpeba] v A mRella] S-S s = gl
th ¥ LBTE 8sh= AdS FAZ MAd 4= 9l
o}l ol2gt AEe] Wi-Fighe] 3] glojA] ofd <
e XA vhE AelA] dolHEE gk

m A

oIr

2t

3.1 AlgaolM &4

Al B0 3L LAAS) Wi-Fie] F&4 e #5s}o]
F3=]gict. Wi-Fi AP2} LAA eNB(evolved Node
) ZF 107 5 SRl A=Azt 1779] AR}
w3}, 22k Full-buffer E28S- whlsic) 7+
F ) 4709 AD#0-#3)S AHE3ltl Wi-Fi AP
T AdL #0032, 7|EA o ® AA thoF WS
ARS8} LAA eNB9] LBT AL W2 FAZ}
of7]el FTP o ASAEE A 71 Wi-Fi
AP 2702 1709] ARl vt £3H7) A #30] =
gt g2 H7EE 918 APeNBE AHd A&

o}
= N

o

S
fo

(<

www.dbpia.co.kr



=i /A e LTES 918 Helzlo] dA~ 714

(Channel Occupancy Rate)® @& A8} 8
(throughput)& EA3v} Ad A8 ol 2]
Aelgi)

ML

A g = AA Aol AeAE F3D
Al 5 x AA Aol Azh

(€))

Wi-Fi®] A5 342 HelAd APl disixwt 5~
alsick ARl 8 A Al LAAS] = A
o2 Wi-Fiel Fdsiria 7PAge). R} Azl A
ol 72 919 T3tk

3.2 g 22 o g

I3 2+ LAAYE A B 73S ulE v} m=
2] 98 we] As3}E ®elth LAAS LBT A
#0-#3 Foll SPZ A =]e] gick A 29 3 A
43} #AAgle] Wi-Fit LAAZ} Ad #30]4 LBTE
S o o]ell= A AdE A3 F3kar 9l
ol o]= Ald #37F ASAE APEl o3 w9 =2
FE2 A= gle] FelAd AP7F B Ade] v
AfEo] 9l 47k LBTS £8sl= 497 =%
7] wiEelek. Wi-Fi®] ¢ 470 A& 25 ARSsl|A
HE3AY ofell AEE 3FA] Z3h= F AF Welm

@
=1

w
=1

=
o

W LAALBTCH: O
M LAALBTCH:1

LAA LBTCH: 2

o
o

W LAALBTCH: 3

Channel Occupancy Rate (%)
= w
[=] (=]

Wi-Fi LAA

(a) Without a channel bonding rule

wu
=]

B
=]

ELAALBTCH: 0
ELAALBTCH: 1

LAA LBTCH: 2

[
=]

B AALBTCH: 3

Channel Occupancy Rate (34)
w
=]

=
o

=}

Wi-Fi LAA
(b) With a channel bonding rule
8l 2. LAA®] LBT Ade] me Ad Ai-5
Fig. 2. Total channel occupancy rate with different LBT

channels of LAA eNB (a) without Wi-Fi channel bonding
rule and (b) with the rule

2, LAAS Ad 2 57 A& o ol JE WA
o=t LAAYE A #3232 LBT A2 2183 oo
= A #3S ARSsle W AlEAE APl LAA
eNB7} 74 AE 3 =o] o] AXEL CW7t 718}
3L LAA® A Af-ge] "Woix g, HeAld AP
7F BE Ade] viAfrEe] Sl 7S 23S 7 A
o] ZolA|A Hr}.

g, LAAY A ARES Ad 24 3l o
g} 2 2ol & Halr) Ad E o] A=A &
oS wl= A #3S LBT AR AR3h= 7% 2
o= FUg AE Belv) o= LBT Ade] #0-#2
o o eNB7} A5 A Hf A= 0, 3, 47 A
Wolx 37l wa= 47l AES- o] gl A5 A= A
#32] A Aol o3l AA =] wlitelct A #3&
LBTE AHE1S 795 oM 533 AHH
Ade] A Ad APeRe] AAurel| A7 =
ol =rk A £ o] 8% A9+ eNB2 Al
A 7459710, 2, 470 Ade] =o, 577 A8 Aell=
37 AdE AMEShs A7 A A8 Sl 270 A
S AMSE A HEE AR R el &
o]Er), E3] Ald #25 LBTE A3 7390 A5o]
Z "Hejx]=d), o= A #30] AZAE APl 9
3 ALS- Folebd Ad B el o8 A 402t
#10] vIAfrEe] olvjete A #2nhs ARSSHAl =
7] wiitolc). AlEHolxd AR E, LAAC Ad =
W e Aeske AL Wi-FirF 98 o5 gle
", LAA®] A5 A3t F2 Axlviar & 4 gick

1% 32 LAA eNB2| LBT #d-S #03} #22 7
F Astoln] Wi-Fie] 52F WhAlel] ik A w3t
th o] AlEHelAd AAEHE] IH 40l &
Wi-Fi®] & A5 At A 3 whald

F= CW 71 dgke] 2 A8 #lg 4= 9l

- A oE kA (Static) o7 FAte= HEl A

S FH-EVL 00] HlE wf o} Ade] A
fr=le] 9led cwE Sl B2hE gl ¥ 34
Al CWE HEE FE AREH &E A

ol
0

o

e
[

o2 o o
1 32
o fr

>
lav]

0
Z o

2
Qe SHAIRE, oJA3] LAA din] k2 Aes 1l
th oke] Aol 4] B}elgh wie} FUA3HA, Wi-Firk A
At dF S AR 7l LAAS] A 2
T2 A-E8(Bond)& Wi-Fie] A5 ddelle =82 5
i

4, Wi-Firh 4t s A A
(Dynamic) 71 #}o]7} & FofEc). o] 75 oA
o] Aol slvlzhe vl ARk o] gaiA]

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-07 Vol.41 No.07

WW: Static-Doubling
L: NoBond

BW: Static-Doubling
L: Bond

=W: Static-NoDoubling
L: NoBand

HW: Static-NoDoubling
L: Bond

User TPUT (Mbps)
IS
B

=W: Dynamic
L: NoBond

HW: Dynamic
L:Bond

Wi-Fi LAA

(a) LAA’s LBT channel is Channel #0

70 WW: Static-Doubling
L:NoBond

mW: Static-Doubling
L:Bond

B W: Static-NoDoubling
L:NoBond

WW:Static-NoDoubling
L:Bond

User TRUT (Mbps)
&
g

mW: Dynamic
L:NoBond

=W: Dynamic
L:Bond

Wi-Fi LA

(b) LAA’s LBT channel is Channel #2

a2l 3. Wi-Fig Bﬂoﬂi /\]_9- Wzl LAAS] A Be) -
3 A gl mhE A e A3}

Flg 3. User throughput with different bandwidth
operation types of Wi-Fi and channel bonding rule of
LAA: LAA’s LBT channel is (a) #0 and (b) #2

7Fe3tRE LAASKY] zteo|7} EolEct Ad
19 48517 ¢S LAANoBond):= 37 |
L3l AET 7 glemg, o]efe] Aol of
wol ik LAAZE A'd #0014 Ad £+ 413
Gato] FAEl(*1% 15lel4] Bond) &4 o
15 *F&EF Wi- F19Jr A E}EW e Ao

o mols
AA7} XH” #20% LBTZ sﬂz} o= &
ﬁ% Ao R FAShs WikFigh 2fo] & HolA|
, o= A #3el] EASR= AFA AP A
% o) HelAE Wi-Fie A2 #0371} #12] 270 A
S AR S e b, LAAE A 2 5136
ol A #29] ] AR AR 4 9)7] o]
ol = LAAZE A B el o3 Ald #2nks
AHg31e] sk F1F WicFis ZAgle] A #o<}
#12 2 ARS3Ee R Qe & 2 gl o
7FE9l S A=k

oL OI?
fd

o @l rfr X
o L

o

i

18
e
%4

o J

:>|4__|"
=l

o

4

=™
o &

oMo
fr
=,

f

al o

e %

3.3 LBT =2 gl d&t

LAA eNB7} LBT A'd2- v NHe] A4 o]F =l
HeA WAsks 792 welgeh A By 73
< A431A] d=rh LBT Ald W73 Al CW e <4

N

786

HLAAIBTCH: 0

[0
=}

WLAAIBTCH: 1

I
)

W LAAIBTCH: 2

w
S
I

M LAAIBTCH:3

N
o
I

M LAA BT CH: Random
(Option 1: CWS reset)

Channel Occupancy Rate (%)

[
S)
I

B LAA BT CH: Random
(Option 2: No reset)

Wi-Fi LAA

T2 4. LAAS] LBT Ad WAl b Ad AH-{-8(Wi-Fi
o] A 29 1 LAA A8 45

Fig. 4. Total channel occupancy rate for different LBT
channel schemes of LAA (without Wi-Fi channel bonding
rule)

S #lsly] ¢ CWE 213k A9} 71
e Ak A5 gk

a9 4= 1 AIE Boli glrk aflellA] Hele
ZAXE, LBT AL sk #Aske 3%
(Random) Wi-Fi¢} LAA 2% 7|& Zhx|2} A%
o] F2k Aes A gl ko] HlellA Bl AA
A, LBT7F 54 Aol wA= R 485 739,
A Ade] Al wle} 7 7lse] o e #HA

= &% 4 olrk v, LBT XH”PJ gk w7y
= 22 opAmE, A AeE A% 5 3l
= AollA F e =& SlF E‘r?‘fé@ﬂﬁh 7
3 4 9lvk g, LBT A WA cWE 27]3ls}
H(Option 1: CWS reset) eNBE A 22 2 dol|x] 7}
A} 2L CWE 71| 2 AALS Az Eo] 7|& A
A ER}) 2 FER A SRElRE FA3HA]
33 A9E U 4 olvk v, CWE R AF&
3= 7d-Option 2: No reset), 74 Jo] Algt Ad
o4 LBTE 3315 eNB7| A #1 == #2=
LBT -5 &4 welli= A4 A7} dlgell=e
stz cwrt S7be Az Azl 2 esi 71 W)
Lxs F3Y3HA ok

18] 5% LAA eNB7} LBT @S WAsh= 5]
Mol e d 3L Holar girk o7]4] Wi-Fie A
A g F wrler F2Rgel Noj 1el 4% ND=
v Hg o]F LBT A& W73k, Ne] 100! 7§
(N100)+= 100119 A5 =H3] ¥ LBT A8 WA
shA Flok el geldk 4= glRe] N=12] A9+
CW 2713} o 5ol AAIGlo] Wi-Figl LAA Z5ol|7
AR ofedaks Frt o= A A et 73t
s AAE CW S 2= eNB7F vl A28 Ad
o A3l A FE FES =L 7 Uk & CWE

(

[ed

www.dbpia.co.kr



=i /A e LTES 918 Helzlo] dA~ 714

W Static-Doubling
50 L: NoRand-PCHO

wW: Static-Doubling
L: NoRand-PCH1

mW: Static-Doubling
L: NoRand-PCH2

0 4 W Static-Doubling
L: NoRand-PCH3

W: Static-Doubling
2 | L: Rand-N1-Reset

Channel Occupancy Rate (%)

W Static-Doubling
L: Rand-N100-Reset

W: Static-Doubling
L: Rand-N1-NoReset

W: static-Doubling

0+ L: Rand-N100-NoReset
Wi-Fi LAA

(a) Without a channel bonding rule

mW: Static-Doubling
50 L: NoRand-PCHO

mW: static-Doubling
L: NoRand-PCH1

mW: Static-Doubling
L: NoRand-PCH2

20 mW: Static-Doubling
L: NoRand-PCH3

W: Static-Doubling
L: Rand-N1-Reset

Channel Occupancy Rate(%)

= W: Static-Doubling
L: Rand-N100-Reset

W Static-Doubling
L: Rand-N1-NoReset

W: Static-Doubling
0 L: Rand-N100-NoReset
Wi-Fi LA

(b) With a channel bonding rule

T2 5. N3 A WA A CcwW
ool whe Ad A8

Fig. 5. Channel occupancy rate according to different N,
CW reset scheme and applying channel bonding rule ((a):
no bonding rule, (b): with the rule)

e EELE

%7133H4] = 7d-9(NoReset) A'd #3 == #0°ﬂ/‘1

A #1 == #2F LBT AE-S WAshd =2 o)y

o8 Z CWE A ) o] 71 ARE weEw

slulaprl] =ek olejdt o] N=1o] 3 53] CW

Z‘FJ]il—ﬁ}Z] ?%—t— 735l LAA®] A50] A== 7
p:]—o 3} glu}

)

PR

v.d B8
B =ellAE LAASH Wi-Fizh WA A A
235 Zhol| sl oJ8ke- 7)x= XS }]%zﬂo]}q_@

Eal lelgich WA, LAAS] A%
Yol 159 A5 AP oletel 2, 4 ojel
Ho]'/ll—?i %‘31 ]”_‘ Wi-Fie A% <38 74 i=1

Shee wldh webd, WiFirh A9 49el di
LAAS) A1 £ 728 2831 ek Zlo] o

FAsjckn & 5 Slck 5 LAAS] LBT A& %)
Sl A A 54 Ade] Bl @ 4 3

::4

24 Holrkh webs, LAAS] LBT A4 H
& A 7|7 AR aEate] WA 7S Al ok

3 38

=
oy e 2~
e o 5 99l

(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

References

3GPP Technical Report, 36.889, Study on
Licensed-Assisted  Access to
Spectrum, v1.0.0, 2015.

3GPP Technical Specification 36.213, E-UTRA
Physical layer procedures, Rev. 13.1.1, Mar.
2016.

Qualcomm, Multi-carrier LBT operation for
LAA, 3GPP R1-152784, May 2015.

A. M. Cavalcante, et al.,

Unlicensed

“Performance
evaluation of LTE and Wi-Fi coexistence in
IEEE Veh.
Technol. Conf., pp. 1-6, Dresden, Germany,
Jun. 2013.

S. W. Lee, Y. Yang, and J. Jo, “A coexistence

unlicensed bands,” in Proc.

study between LTE-Advanced system and
current mobile communication system,” J.
KICS, vol. 35, no. 10, pp. 1019-1025, Oct.
2010.

S. H. Lim, M. Y. Jung, and S. W. Lee,
“Adjacent channel coexistence of LTE in
unlicensed spectrum,” J. KICS, vol, 40, no.
10, pp. 1879-1888, Oct. 2015.

L. H. Vu, M. Noh, J. Kwak, and J. H. Yun,
“Multi-Carrier Listen Before Talk Mechanism
in Proc.
388-389,

for LTE in Unlicensed Spectrum,”
KICS Winter
Pyeongchang, Korea, January 2016.
Broadcom, Discussion on LAA DL Multi-
channel LBT, 3GPP R1-155547, Oct. 2015.
WILUS, Consideration on Multicarrier LBT
for LAA, 3GPP RANI
R1-157330, Nov. 2015.
Ericsson, On Channel Access Solutions for
LAA Multi-Carrier Transmission, R1-156033,
Oct. 2015.

Conference, pp.

contribution,

187

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-07 Vol.41 No.07

Z A 8 (Sanghyun Kim)
20144 24 - A2 E e
A7 HgE) 29

20169 24 : A3l )sdst

1 e L Rt
- 20164 3Y~3A : AL}slr]

t&" A sieta 2714 mgstst v
Ei g, A Al

<ol FAMEN, wse 4

g &5 2 E (Long Hoang Vu)

20124 74 : 3lo| T Elw
=4

2015+ 84 : AetElr| e}
3L A7 gt At

20154 9U~3A)] : ALy
st A7 mysts) w)
AR

<Al FAMEYS, nEse B4

r
=l
1z

(Minseok Noh)

2003 29 geEbEsla
asAlg R sty 24

2005 29 :KAIST FAE4

- 23t 44}

2005 2¢~20124 59 :LG
- . A} AA BRI AT A1S)
& A7

2012 549-~2015'd 7¢ (KT 3719 d=zfad
T Al

2015+ 79~3A (P AR Ed TR T
:|1,_C,ﬂ

T ol FAMIESZ, ulEsiHe FA

788

= Fl A (Jinsam Kwak)

199811 29 : A2diga 217]
S &4

2000 249 :Agdiga A7)
ZAFElEEH AAL

2004 294 AEgdiEtal Z7]
ZAFFElFEH uab

20041~2005 : Georgia Insti-
tute of Tech., "I A4

2005%1~2006%1 : Univ. of Texas at Austin, AR5
A7

200711~2012  LGAIA} AR EAlATFA Aslad
74

20123~3A : B ~F T EA T4, NFE A}

<IHAlEel FAVIES =, vHE

& X| & (Ji-Hoon Yun)

ZAF M EFARI A Al
20129 3Y~EA) g et AR
st} Fwg

<ol FAuES =, wlRs el E4)

www.dbpia.co.kr



	비면허대역 LTE를 위한 멀티캐리어 액세스 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 멀티캐리어 전송
	Ⅲ. 성능 결과
	Ⅳ. 결론
	References


