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ABSTRACT

This paper evaluates the adjacent channel coexistence issues between LAA(License Assisted Access) system
and other system (e.g. Wi-Fi) system in 5 GHz unlicensed spectrum. LAA is a technology to achieve enhanced
data rate by aggregating licensed and unlicensed spectrum using CA(Carrier Aggregation). The coexistence study
is essential before deploying LTE in unlicensed spectrum to verify the impact of LTE on the existing system
such as Wi-Fi including system in throughput and regulatory aspects. This paper evaluates and analyzes the RF
requirements of LTE system using interference analysis of coexistence study when operating at adjacent frequency

channel of the Wi-Fi system in order to minimize the impact of LTE system into Wi-Fi system.
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Parameters (Z}2}H|eh

Wi-Fi

Center frequency (5% FIHp)

5.82GHz

Channel bandwidth (<% o)

20MHz

Transmission link (UL/DL <% wW}3h

Downlink (3}3F]=1)

‘ Uplink/Downlink (UL/DL rate: 50/50 %)

Pathloss model (7424 w2dl)

TR36.889 3%

Opportunity of Wi-Fi , LTE access

Equal Access opportunities

Number of UEs per cell

10 UEs

Tx power of small cell in unlicensed
band

23dBm

Tx power of Macro/Small cell in
licensed band

43dBm/30dBm N/A

LAA ACLR/ACS

Macro cell ACLR 45dB,
LAA UE ACS 27dB

N/A

Wi-Fi ALCR/ACS

AP/UE: ACLR 26.35dB,
AP/UE: ACS 22dB

UE Receiver Algorithm

MMSE-IRC receiver

UE Noise Figure

9dB
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Fig. 2. Cell layout in Indoor Scenarios between two
operators
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able 2. 3-Dimensional antenna pattern for Macro eNB

2! 3. Outdoor EH73olxe] A ujjx|
Fig. 3. Cell layout in Outdoor Scenarios between two
operators
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Parameters (Z}2}eh

Simulation assumption (A]E#|o]4 ¢1zh

2
Antenna pattern (horizontal) Ay(¢) =—min [12( ¢ ) ,A,,LJ
(4=3 olelL} v} gEl 3dB
T ]1/]' <] ]"’H ) ¢73d3 _ 700, Am=95dB
0—0,1 :
Antenna pattern (vertical) AV(Q) =—min |12 6— JSLA,
(5 kel Wk ) iz
0, = 10°, SLA, = 20d53

Combining method in Ant. pattern A(g,0) =—min{— [4,(¢)+A4,6)],4,}
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< wh=r, sz e 2he] A mele vkt 7k A

2

%] EAl(Device to Device Communication, D2D)
A AR el ARG 3ol d & B A
7re] Azl (d=30m), =& A} hdste] A 2 o
s} whk ko] 7 e, fo = ket S
224 LAA A|z=Hlelld= 5.8GHzE 7HY3Iich
LOS(Line-Of-Sight)¢} NLOS(Non Line-Of-Sight)<]
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E 3. A #4949 Al wd
b

shg-e 7t @l wel % 59} R,

o9} 7o) Fal|xl A2 £A1L TR 36.942 ol L}E}
H 73} ZFo] shadowing o33k} Sy4=A1et gleL) o]
=5 x3sle] HEHor Ay Ao 6] A
2 &2 Yepld $ glon 4] 13 o] it

pep.

PathLoss= max (PL+ LogF— Ant oy, — Ant g,

Ly + LogF'— Ant qp, — Ant gy, MCL)
M

Table 3. Path loss models for indoor scenario
Scenario Path Loss (4& £4)) [dB] Shadow Fading | Applicability range (3-8 *]9),
QRN Note : fc (GHz), d(m) std [dB] Ant. Height (Y} o))
MU [ | PL = 16900gl0d + 32.8 + 20loglO(fc) .o 3 3m<d< 100 m
InH o) = 16.9%1.477+32.8+20%0.7634 = 73.03 hBS =3-6m, hUT =1-2.5m
&D2D |\ o[ PL = 433logl0(d) * 115 + 20loglO(fe) o=-4 10m<d < 150 m
Indoor o) = 43.3*1.477+11.5+20%0.7634 = 90.72 hBS = 3-6m, hUT = 1-2.5m

E 4. As] B7ol4e] Ak 29

Table 4. Path loss models for outdoor scenario

Scenario Path Loss (& <4l [dB] Shadow Fading | Applicability range (%-& *|9),
AUl Note : fc (GHz), d(m) std [dB] Ant. Height (Y =o])
Los | PL = 22.0log10(@) + 28.0 + 20logl0(fc) .- 3 10 m<d<580m
ITU- o) = 22.0%2+28+20%0.7634 = 87.27 hBS =10m, hUT =1-2.5m
UMi NLOS PL = 36.7logl0(d) + 22.7 + 26logl0(fc) 6 =4 10 m < d < 2000 m
o) = 36.7%2+22.7+26*0.7634 = 115.95 hBS = 10m, hUT = 1-2.5m
LOS PL =22.7log10(d) + 27.0 + 20log10(fc) o=3 10m <d<60m
D2D_o o) =22.7%1.3+27.0+15.27 = 71.78 hBS =1.5m, hUT =1.5m
utdoor NLOS PL = 43.75logl0(d) + 19.41 + 23loglO(fc) o =4 10 m < d < 2000m
ol) = 43.75%1.3+19.41+23%0.7634 = 93.84 hBS =1.5m, hUT =1.5m

¥ 5. 7 el w2 Los }E 2
Table 5. LOS probability based on ITU model

Scenario (A-}2]2)

Probability as a function of distance d (72| d<] <ol W& 5

1
ITU-InH & D2D_Indoor

Dy

Pros= {c%p(— (d—18)/27),

d<18
18<d <37
d=>37

ITU-UMi & D2D_outdoor

Pros= min(18/d,1) x (1— cxp(f d/36)) +oxp(f d/36)

ITU-UMa

Prog= min(18/d,1) X (1 —exp(—d/63)) +exp(—d/63)
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o714 LogF + 21 A5HEE (log - normally
distributed) & ZH= shadowing, Antgp,, Antgp, &
Z; ygAleke] gl o] 5, Lfgl‘ A2 AR &
ARA Ly, = 20logl0(R) +20logl0(f) —27.63F 3*
o} 4 A% <4 (Minimum Coupling Loss, MCL)
& qen} shollA] SAsRe Gy4Als A Ao 3
agrelr] el A, ot oS53t AlolE S £
el zro g ~AE Al 3Pexe dubdow 4
dB, "j=2= A A= 70 dBE 7P

V)]

- 3fsl2la ACIR 2
3GPP LAA &IollA] #9459+ vds] gL

(Adjacent Channel Interference Ratio, ACIR) d
;L_—L/K]':g}b:}‘:]‘ ACIR% X]—/;_]_/] —6—/_,_ 1_1_‘:’}_‘/] T'_}E] Oﬂ "]%H
21 A w9 igk 914 Jd Alvto] wk= 7
Repe] iz, 2] 28 2P

ACIR= —101log,, (10 ACLA/N0 4 1o~ ACS10) ()

4] 26]J4] HEo0] ACIR & 7A5F 27| A Al
Fa9lell ozt < Ad Pd =19 w]el ACLR
(Adjacent Channel Leakage Ratio) ¥} wH#e] Q1%
Ad Al gk 2] Ad AdEl 44l vlE<l ACS
(Adjacent Channel Selectivity) 2] &<polw, 7]|A|=
2] ACLRo] whde] ACSHT} vil$- B2 4] 20
o8 ACIRS wH#e] ACSol| 93] F2 295,
LAA-to-LAA®| 7% 27dB & 2413}t & 5= glc} &
2] 22 o]gspd 7+ A}e]$ W ACIR & % 63 3+
o] T& = 9l QA3 A2 AlzHlol| 23t 7]

AlzEl o 20 74 F88 ACIRNew = ACIRCument
+ X [dB] & e of|, =ik A Zg- Alxwlef] ofd]
7)& A2 A gko] 5% o|WE zhaEch o

E 7. LAA 9} Wi-Fi 2289 2= 4% sjejeeh
Tab

I 6. AL ¥ ACIR 3t
Table 6. ACIR for LAA and Wi-Fi coexistence scenario
Case ACLR ACS ACIR
(Aggressor/Victim) [dB] [dB] [dB]
WiFi /| WiFi 26.35 22 20.65
LAA |/ WiFi 45 22 22
WiFi /| LAA 26.35 27 23.67
LAA /| LAA 45 27 27

Al gkl X=0 7} H]e, 712 ACLR 32 ACS 3=
AARESHA A, A2 A8 7Rl o3l 7]E
A|2do] fafo] 59 o|AF 7ha|EichH =4 XE %
At A2l S8F EAES 5% VTR FEsh=
ACIR 2ZAl & zholof gt

- Wi-Fi Alag] 2
TR36.9420l41= A|2~8] Al E#Ho] S Sl A=
Alzaele] 7H4] ogekel] o)gh w7k Al~gle] A &
#F 7ha elld 7H s Brsla, AR Al
gle] iAol gkt o] Wb U= RF 74S
AR 917 Zle® siXE 5 Qlck ol E flsl 7]
& AlzHle] Ba Aes aEsof s, o] = A
oo Vel ® A Alzw SeFe] A ds A
7] Hc}. % 7S LTE o WiFi A2~8lel] 0t 9=
758 el Folt}h. Wi-Figl 7% IEEE 802.11ac
% 7|%E 20MHz AF S 7AEkd S o
/\ o 1]—/}[10 14]

ol =
[ 1 o

2.2 oIF xd 7k BEA mojAls Zu}

2-1404 71&3 2] g 37 slollx] Az
732l LAA Al2z=El7} 7703418 Wi-Fi A2l
ZH #Ae] 271A1¢] M) AlYR] L (LAA-to-WiFi,
WiFi-to-LAA)ol|A] S=ai=gie) 27149 A% 73]
7} Ax 7]& TR 36.942 <} U35 7HIdq]
o5t Tz o] AlaEl S8F SAZ Jehle, i
“&(throughput) <=AEF 5% 74 2+ I

able 7. Parameters of link level performance for LAA and Wi-Fi system

LAA Wi-Fi Far
a (attenuation factor) 0.6 gifi;gzﬁ uf,? ]/xg_; lossg -El;l_lti agerili?_on
SNIRwn [dB] -6.5 I\;VTiEFiA]Tin Q;E?Sf l/ﬂg ]H A
T-Putmax [bps/Hz] 4.4 %iixlfjﬁ‘ 64(2)5}:31(\24:1312(:;2) iz b
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e ool LTE A2ee] QA dled 2y A

(Cumulative Distribution Function, CDF) <& <4
ol H A 38191 5% OMPVF— A3 7]
£ RF 87418} AAgoiR-g ZAA3c) & A4
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A ZE RF 874 o] 7 EOV% [ =8

o] & {13l TAA R v 7|Fe] H= Wi-Fi Al
28] 7] ACIR kel wh& s+ ﬁ"% AT 5%
CDF &&48S 73 2714 2 Mﬂhﬂw
oA Ad A B R ARS8 PO% =4
5 AHA R vl FAg)

a8 4= 2 A AlvE] el wE 1A Ad 22
7Hd (Adjacent Channel Interference, ACI) #-¥£5
CDF 2 el Zlolvk 17 4ellAe} ZFe] 7H4i<lo]
LAA Al2®lo]x F7Hd%e] Wi-Fi A|l2=Elsl 7
Ao 2 el = 7149 ofo] 1A 8-S o
e} gk vl a hAte] == WikFi 7H] 7H4e] &
oi¥] Wi-Fi 7} ZHid o2 FAslal LAA 7} 9714
A A5 7P 2 7] ARk o ¢ slvk ol=
Wi-Fi = AZPSRE 50%/50% EE= Add==e)
slake=3e] Bk w7de] 7Fsdlr] witelth S Wi-Fi
A8 A= whte] A A7} At & 2] Wi-Fi
AT E AE P 7 2 Zéoﬂﬂ 4l 3= LAA 541
el Al = Ao o] AiH R AR o
TOE A % ? AD}.

18 5 AW 3ellx LAA AJ2=Elo] 7Hi<le
3L Wi-Fi Al2aglo] w7l wle] 5% A 73A] AL
k8] 8 SAET 50% W ARALY] 8 EAE
A Aelrh. 17 5-(a)ellx] B 3t 3Ee] A
7ol B 4 oﬂx% T-81% ACIR %} (0dB 2-ZAll)
N 5% AHEAF T SAES T 7] e =

i+ 2F 0.08% A=7E =M, o= ¥ 7] #E 7}
T A"l 8 SAE 5% olsfelct wElA] r]E

o

Kl

—

ACI Distribution

COF (%]

ACI [dB]

T2 4. Indoor oM 7+ AlUe] L 37l w2 ACI +E%
Fig. 4. ACI distribution for deployment scenarios in
Indoor environment
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