Traffic Aware Small Cell Deployment Algorithm
for Wireless Heterogeneous Networks

Gwo-Jong Yu and Kuan-Yi Yeh
Department of Computer Science and Information Engineering
Aletheia University, Taiwan
$9150703@gmail.com

WE

FEBAE @ AR R O RHEURAR, ANE R AE
NG 2P /N & kL S TN B i N
1A OCREIEAFE K, Small Cell $%
7 R d A SRR A8 otk AR IR T ik o A DA 2
RARECA )77 AR A Small Cell, i3 R4t
REE B B K XRE fe —E i Fu i . 2
filt et — R, A SCHR Y —fE L Weighted
K-means Z7EE 2 Small Cell #fi i iE 5 k. 7%
T Bk B KB A TR FH i aRU R SR AR E
BYRE Small Cell S MMM E, (1349
(1) BE BB RE K A4 TF . Weighted K-Mean ¥ 5.
EAMERTHER K-means FIE R, HEH 2 1EH
EAFEMERT R HERERER, £
JIrd th 2 710 FL R ne i ] e A B A2 K-means
M TR SRS R T
i $# 7. Heterogeneous Network; Small Cell;

Deployment; Traffic Aware; K-means;

1. 48

BE 25 BRI 5 8, A Tl A A R AR
(Y o P e e Sz AT, S A5 A 5 1) 5 P 75 2T
PAE R KA o ANE A AR KT o [ B (IR
(FISRAT, SR AROE FRAR B M T ANAE . NI A0S
WA AT 2 S A I RAR, Bl TR
JE. B TEME. ETEY. |TERAT. ST

R

W S IR AME(E R N B AV 1 T8,
) B )38 A Y R 2 L (device) tH i 22 AR
AN B, PR R R R A
RO AER . 24, BT TS TRAGHE 2010
2 2020 4 A BOR E AN A2 500 E1E
HAerk e im g g 28— T/ULE J
T 2 BRI O AL

Ry AR IE IR PR R A AR, R
2013 F /LS. METIS 51 & (Mobile and Wireless
Communications Enablers for the Twen-
ty-Twenty Information Society) 1|t T & 2 f
Aot AIAR R TR B A PR R, 10 HLIR M AR
iB L T R R AT . . EE N
#& B il Al (Device to Device, D2D). £ K&FIE A
Z#t(Multiple Input Multiple Output, MIMO) f%
ANRUFEHL & (Small Cell) S5 BT . I8 Le i it #6 /2
2314 B s 35 5 b A B BT, i
SERBU A 3 R B, /£ LTE AR 2B
R, Small Cell 2 H AT AR RAA
BB Z —. Small Cell FIEEEEHE
FRAEAG, iAo HA RN, DREFAR,
LA BT A s R A, IR A R [ 3k ]
DRI URERNFAEMEG ., N
RSB R e/ BN G, a3t
it A =AM M 6 45, &I Small Cell
A LABGE SRR I s S BR R BN 3L A ]
F1R) 480 i i

FE B Srh, AR T R SE I iR AL
TEEE . LLAATAT 3 F ik fH 3 Al B 1 ) 44

N

H



BT A s R A ZE R e, T HLBE
AL A B NBPRE G, 3 R 1R 0t 2 S
FIEG T, Small Cell A PSR A 2 %0 K HAHE
RCARATH FH HIRTS, BB Macrocell 1T
BHENE, I EAA 2 BERL, RN 2 B,
It CAA & 0 bt 52 3 S A5

&y TIROEE 2 SO RO, A R E R
TIEEIG N Marcocell RIZTFHAYFRHE I Hh,
AEIE A EE Small Cell RIS IR B E R, #
A B N IR BN R A 2 AR AT BT
(Radio Access Technology, RAT), #1:3G, LTE
K WiFi %, Small Cell I Marcocell 4 FC i &
B 7 AT DA e i 25 7 3 R T A IO 0 A %
REJJAh, SR DA M AR A B AR T ZE FE B
AFEA R RE . AHERTA Marcocell 75 282K
FO 5 M, AR e S A D A AR AR R K
MR HEE, Small Cell AN B KM 2
], W7 RS 3 AR 200~300 A KT %
AR, T EBREE N EREMR, SR,
BRI OMI R I R L 4% S 4 % (Backhaul) 1] {3
AV, B S A BN

SR B F A T 2 1) Macrocell 1] LAFEFF
RHMREE, (HHE Macrocell i 1At
i B 5 H AT i B R A R R R s, PTRAAE
Macrocell 1 A\ A [ N %5 4R 0 4 22 1% 2h AR AR
A Small Cell WAL 1 53 B HEAR K X R REAT AL
T B RA BA R 177 %6 Macrocell 8
I N i Small Cell 1% IR & 487, &
Al 7 SR A (0 A 43 LU VR . Small Cell
F o B RS RGMRE A IR R .
JAE G Small Cell i & 3% Cell 2 [ 2 4215

FEOTH, BRI BEENERREAEER.

PRIZE 2 4 (194 B B Small Cell 2eaf T AR
PR ARE, BT LAVRAE Small Cell 42
o7 B & —{E E B[ . UE(User Equipment)Z!|

Small Cell FEEBE 528 0E 2, PR
R {8 T R A, P R R S . A
EANA UE W80 7 KA, W16 Small Cell
i % &3 UE MFEK, EFERKM UE BR
Bt Small Cell 8T, %7K/ UE @ Small
Cell #3%, A Small Cell {14 &K T ] B 3 2
KA UE HI75 K.

A o AN A, e )
Small Cell i 77 20 AT H IR RRE,
A R0 4 A FH 2 PR A TR SR R . & T
$EF+ Small Cell IRLEE, A SCHIH K-means #f
B VSRV v A B R AN B A O BB R O )R
INPAE R, PA#R UE i AR5 N Small
Cell g IR BLAl, AT AL 3 13E
AT RESINE R, 76 UE M E . @aE K&
Small Cell #&ECHHIEET, FHHEE Small
Cell SfEMMiEEAIE, = UE B RS2
T AR, TR v R A AN I 1 AR

AN SCHE R K-Mean B 5 R7 M 1)
Small Cell gt 5%, HEZEFRWT:
® A [ Ak K-Mean i A%, A

SCHTRE I T R R R T R STARE
® ARSI M AN AT DL 2 A

BRI R K, SR BLA /> 1) Small Cell

A St 65
® KT HTIRM T VEM T bR T R LU AR

LTE BRE3 T, 9 A] {5 72 HoAth 52 2 M AR

HERM R

AR SCAAR S IR SR E g e
[ 494t Small Cell i@ AHB 2 WFFT. B =N%
AL AR BERE, DR TR, RFRE
2%, BB HRA ST W-K-means
TSI DU R Small Cell {8 /8, 58 1 5 K
SR A R B R BUR I e, BN E
0 H AR SC AR PR 4 3 o



2. HABE LAY

A w3 H ) fe 78 LR AR (Long
Tern Evolution, LTE) 2 & B AT % 42k T 42 —
A Small Cell (197575, MM F2TH R B
IXRE. LTE A4 EE 0 2 M AR A7 HUA % B A% O A
A PN o AR HUAN % 1R R0 40 i A T A B
Hb ) % PR A7 HUH T (Evolved Universal Terres-
trial Radio Access, E-UTRAN), JL i F % 4&
B #§% User Equipment (UE), FriEfER3EH &
% %5 Evolved NodeB (eNB) FEHh & 2 i v LLi%
1t X2 interface B AHIERE . #% .0 #9#5 (Core
Network, CN)fL 2 PDN Gateway (P-GW)-
Serving Gateway (S-GW) & Mobility Manage-
ment Entity(MME)% 7t ff. eNB 1] i&i# S1 -1
B LAY %, o eNB E# 4 MME FA 1
W% SI-MME /1M, 1 eNB 42 S-GW 14
A% 4 S1-U /M 1H, UE 1 eNB 2 fHl (1947 T %
# Uue

MME 3 N P/S-GW

s1-MME | SI-MME
S1- S1-U
X2 é X2

0

Uu

@ @

B 1: LTE Basic Chart

X2
Uu

i Small Cell 7] LAXGIN LTE 498K (1 &R
LA . MRS Ty S 1) DK /N B A% i 48 B AT
Mz5, LTE &5l HeNB . Relay &
Picocell 57 J0f4. Picocell RJ BL&HAH A1)
RGN I 4 . Home eNB(HeNB)JE1E = N

FHMEME, HAZ2mEHHRMEH Internet
AR, 4. Y64, Cable Modem J ADSL %%
SEAERS . Relay RIJEFHTA S Fh i Ak 5 B 4 % 1)
BEAE . Relay BRI H w4 DLIRAR 1077 20
LR eNB. AR MR, A0 5%
Hp R A 2 4E 5 AN Picocell 2 M o AT i 45
N Y 2 T

@
1 A
& 4 ,8 Macrocell
1
U
\.%/ . ﬂSmall Cell
B--APT 7
P N @ Fixed UE
P Ay Y
P [~ AN
& ]

Figure 2: Without Small Cell

AFRSCUA—E eNB (¥ 18 58 B 5 S ot
BWR, wnlE R, REREAHE Small Cell,
T R A —1E K& E ) Macrocell 2R ik % UE, HI
FIENFTA I UE REEE R — G . @
A\EIE N2 UE, MKHFZE)IERT 5> % Fixed UE
S Mobile UE W¥H. 7331 #3555 o [ 7€ f4E P
B B R A AR EEE A AR
UE sl s KR, 7] e & K 2 kb & 1) IR 355
AR, TR A 2

UE #ff Macrocell (155 it & 5 2 1] UE
T, B G R) UE, JLIEEHE
o BESH G BOE, @RS, WRE
M AH FE#R 18 2 UE #5 B i 22 Small Cell 224
HRRE, S EEBEA RS T 2 UE a2 45 3
$eTte Bt ASER SO # Small Cell 2 Afi 2K,
¥ Macrocell A1 Small Cell 1 FH [ SERE [ B L
TE36, AHMT#, iz Small Cell HH 12
BLoRMLTE Macrocell [N UE HJRRSEE &%, ATLL
TE3 5t N ) Marcrocell A1 Small Cell {# 7] LA
HAHT#.



EIINT Small Cell 24, HJi* UE n]jg
FEFEBR I 2 Small Cell #ATIEA, FrLl&R
(L i o 2R e T e Ly, i HL A R
Macrocell #E1T & #}#1 & (offload), LARHLEF
BRAER M, HE ik A Ge 2T 4 Small
Cell #f#iBhi#EEN 2 Macrocell i ER35 s nlE 3 fr

N o

’éMacrocell

b Small Cell
Q Fixed UE

B 3: With Small Cell 3F 5

A2 i 8 Small Cell, —1# Macrocell

i FH B 5 R P A 3 2% 38 AR AC B AT 45
UE tH A S — o B IR A B i Al
TR G NI E 2 Fint &, wif
AR /N 1) A AR B B i K 2 B A A e e AR
AOCHIRE T B AR, — HE A i Small Cell (1)
A B DL BRI E 2 4%, AR Small Cell 2
H & FIEUR B4R E AL E E & UE URES .

{1 3 AR ] TN T A AN [R5 R B UE
1

R LFREER
FFoR 4470 FroRE s
6i Ji B R R B AR
k Small Cell & %X
x; " UE MIhi &
z 7" Small Cell fJ47 &
w; i" UE ({038 51 7 >R

3. Traffic Aware Small Cell De-
ployment

A G SCHR 1 = 2L RE ) Small Cell i g
BEE. B R A E B ol T R E
CRIZIER T, AR BT g o
i L E M 5 WOR A B, (1S R A R
BE AT LA 4 T B R A B 4E 2E 1 1 U0 AT DL ek

Ei

>é1k:

X

i

3.1 B — Small Cell #iZ

EY R R a2 UE H ¥ % B MER
okE, 2 UE BRI & I8 AR B B R
JE s, T LA B A A A B B E AR R oK
5% UE AL B 4 x5, xs..., X B FEMI G 2
B %y z, R UE 23 & BE 2 48] KR
Fif(2) =X x — 2|, HAI% Euclidean
Distance. FEML G M 2 17 & z JEREE flz) 2 1H
BN, A REEAHE UE BiE3EH & 10467 B il .
& TR BERE flo) /N z M8, FRE flz) ¥ z ik
oy — BT 25 0 ZIEPTEHEH fz) 2 Aidd,
WAL BI85z = 3, X W f (2) R o
UL/ H1, MG AL E,
M UE M8 FRT, S Ee
% UE i gl RE h & o 48 it dm

IR Small Cell i 67 B 5t 5 R kb
fEl UE (i@ s 75 R E#AH E], (H 2 5 B B
UE il s WA . 48 i 7 R ik
UE it Small Cell 53 & 8T, 187 K &2 g /b
2 UE B Small Cell JEHh &80, 7 AL
s Im A A R I R R T

& w; FoRBHE UE AR @ k= H
UE #| Small Cell Jh &5 2 IIHEEE Bl 48 F v &
NEg(z) = X0, lwix; — z||. RIAERE g2l
/M z, BIZy% & UE BT R ER 2 i
£ Small Cell H:th &S MidEME. KEHHZZ,



Wz = -3, wox Hg(z) RN, BB UE
Fe HE ST T 349 5 B 2 B e 2 A B

3.2 £ E Small Cell i

e T P M2 2. UE I8 V& (SR Hh 5 11 4b
[, 184 UE 7 a8 HE L fE UE MR L
WIS —HEATI A RN . 3E fIE R RE AT & 3 k-means 43 Ff
HEVE[6]1R N Lf# VR . k-means 43 BEVH VA AT
5 UE AT 708, RN UE A7 & 2 5T
SPIE BB A A L B AR 2 K O B
BARFE O IR P 2 A%, ATIER R E R
BB R Z AL ETEL 2 Small Cell JEiE 2
SR AL P

B8 UE R TR KSRy, nli@idfEE
30 k-means ¥ VLRGP0 . HEE A
k-means 7 B 505 FEE RS 5N K] UE
i — 838 5 1) oG, AR — IS 2 A e 3
PREE B oL i & AR AR, BRI RAE
A5 0N B ELAEE A 2 Rl AN R R R A e A
o K# . KA k-means F514:, FERE—BEAT AR
S RO R BE AR A . BEEEMRER I E
Foe AT @RS 1 path loss & Lhig /. #20
i A A R e AU b A AR R

7% UE #EEHEE 4R E, B8 UE 7] LAY
AFREE TR E. KA HEAMHN &R
iX, AAFKHERSER, ARMEHE R ERS
(R E Y B b B B, ] DARRE LK)
REE A, Small Cell ffi i I5  & 85 {f UE b

—Hh. B, AR AVE F B4 5L
WA KRR EAT K, RS ERAL, S
0] AR E [P EL#R /N, %06 k-means 71545 &F
fiEl UE & 13 3] — {1 Jir J& i B 4k
k-means VHFEIAB LM T . CH— n (HES
FIERHES X={x;, x2, X3..., X,}» HLHEEE

<l

LR — 1 d-AEE WA &, k-means 5L
T n (H RS E 7 2 kAL S (k
<), AEAFAERAS B BIRE 0P 7 ZEIE R RN .
k-means FF ARV BV H EE R 20RT 2R 1R 41
AW

k n
minzz5i.j||xi - ||’ (M

j=1i=1

Hor sy, AMEMEE, 6, = 137
B . by = 1R o TR
J e ARz FEE UE @l 75 K& 1)
Small Cell i H LA A EHE X k-means
(w-k-means){# 55 E B EAA B R EME w
IR, IR AH w (B BLE x, A E b, HE
BRI A RoR R

minz Z 5i,j||Wixi - Zj”2 ()

j=1i=1

3.3 w-k-means 8 &£

;xn}iéj/ﬂ;/‘\% n 'f
& B UE #l AR DL w, 2R .
oz E AR AL AR

Let X={x1,X3,X3, s ser ouv
UE 7 & 14
& Z={z1, 23,23, ...

I
= o

(1) FEAE R AR b S BE R PRt & BE1E 2 k
O I AE A,

(2) A S AF R B B 2 2 R B B B
||xi - Zj||°

(3) & B} Bl x; 43 T 4G BR At BE B AT 10 2
VE AL R B B 50

1,
&JZ{Q
(4)  EFrat AR O AR

n
7 = 2l=1 5l.jx1Wz
j =T Nyn
2ie16)

Zi = Xj, for i=1,..., ko

||xl- — Z]-” = mlinllxl- -zl

otherwise



(5)  WIERG) MR B I A R oy I P A
FERIREELIF I, A RIEE(2)-(4).

3.4 AEE A Small Cell Z UE

15 S AT 2 o A ) B B VR AT A
R, ERGHENY, StRfE UE #a 7
B3 —{i Small Cell FI7#¥, 1 H & — R K
PR EAN L B R R DR, 5t
e AR AT HE AT R R W AN, A
. —EZH AR ERE. WREAE
FEIG UL, wib 2H 255 2 5 Rl e A H 0
Cell H[1] Marcocell JEHh & iy, EHELAH
% 1 Z AR UE M0 2 ffid— {8 Small Cell.

& UE #5A & B RO a4t iR %k
7E LB SE AT Marcrocell 18 A8 [& (1) 487 FH 2 7] R
& ELE Macrocell (15 5% & LU 4p i 31 (1)
Small Cell #fAH ORI GRE EARGEFRE, A
PLUTER 2% JE ) Macrocell 1E3 5t NG, b
JAAE Macrocell 38 &fU#E # 9 HEFR B4 2 Small
Cell HJFHENE, ARBIGFEHMA ATREEE Small
Cell FSRIRZ KRk, 182 R0 icks UE —1{|
AVGEANEF HE 0. E R UE AN 5)
I8 A HE R Small Cell [ I8 FE i oK IR i,
BT B A2 1 75 2 Load balance, K435
UE 73 #i AN EJ R IRes, 23 e H AR AL A 2
e AR, R R B A AR R
FIRE S IR SR 7 K -F 1 70 2 %l BS
b, AAEE R AR BS K AEE
50

i

4. Simulation Results

& 1 BEES AR SCHT R H B SLVERLRE, AL
B = FE 7 .k, Fixed ,K-means ,w-k-means, 1F

ANTR] 35 55 TP ARG, 3236 LU i = 7V

] Throughput 2R g 55 A SCAT 3 2 J7 %o
e B, FAMEGER T Uniform, Cluster.

Cluster-Variate — i 15 5 5 i | & B IR 15,

41 ERBRE
FEE SR SRR T, [F &y UE f£— P55
SRR BB MA RGN, (HRAENFHR
ZWMRRIZZ, HEE. KES. ABEAFM
BEL, UE W X oar SEBIRERN IS,
PASCA AR SRR R R 2 AR, sl m] DLSE AT
& BRI
(1) EEKE UE i B ER, BT =
FEAN [ ()35 557 AR A8 B -
I Uniform 3. BI85,
UE FEBEI 7 i AE 35 5
1. Cluster 55 JBRFIMNAELY 5,
UE i B BER IR, 2
Hifiag UE 13540 A £E o K/ A
[F1) ) i [ Y
III. Cluster-Variate 35 : BRI
5, UB it A RERIE R, H2
RERFFEE AL, BB R UE
S 19 4 At AE T AE AN R K 0N 1 6
W

RUEBZIHEBESH

ST #E
788 | 500m x500m
R SR 10MHz
Small Cell Zh# 23dBm
Small Cell 43 2GHz
SR -104dBm
Path Loss Model ~ PL = 140.7 + 36.7log,y, R inkm




4.2 Uniform BRI EE&E R
4.2.1 &4 UE f Traffic A7

(a) UE BU&E 5540 % Throughput 15 2

In Uniform Scenario

Small Cell Fixed(K=5),UE Random Kmeans(K=5),UE Random

w-Kmean(K=5),UE Random

510
500
Z 490
g
S 480
= 470
3 460
® 450
2 440

=

= 430
420 UE (fi)

410
50 70 90 110 130 150 170 190 210

Figure 1: 7E Uniform 35 5 %, UE Traffic A [ i
BT, UE BE%{LE Throughput # i H .

1% Figure 1 HA] LLSANFE UE 245073 Aii [
Zi5¢ N, Fixed , k-means ,w-k-means — f& J5 V%
FE A — 8] A5 FH 2 () BE =5 #SAH [R]RF {5, k-means
M w-k-means EIAHHE B —£K, Fixed 1)
R EE HB EE HAD I & A, H1 2%y Fixed J7 ik
ALFRBE L, RAAE UE £ 150 [
R, H R RLREIE R AN AR N E, BEE
UE (& 5C5% 1A AR ) Throughput 84K, K
B € % 50

(b) K # & % {t ¥} Throughput 1) 5 %

In Uniform Scenario

Small Cell Fixed(UE:100) > UE Random

Kmean(UE:100) » UE Random
w-Kmean(UE:100) » UE Random

Throughtput (Mbp:
@
S
S

2 3 4 5 6 7 8 9
K ({)

Figure 2: 7E Uniform 35 & 9, UE Traffic A [F f
BT, KHEEZILE Throughput B B fE .

i Figure 2 H1 7] LUF BI7E UE 355010,

88 F & 1 RE AR [R) LRI BRER A 100 (4
UE MIEE T, i K A, Fixed ,
k-means ,w-k-means = Ff J7 V¥ R REH & 1 15
bt i8S H A% Small Cell 2R HR# UE,
8 UE #rBeB v g R e bk, bl
B HR 2 ViR BTt

4.2.2 Traffic A 4H[E]

(a) UE % & % 1L ¥} Throughput K 5 2

In Uniform Scenario
‘ Small Cell Fixed(K=5),UE Random ‘

Kmeans(K=5),UE Random

w-Kmean(K=5),UE Random

3000

2500

2000

1500

1000

Throughtput (Mbps)

500

0

50 70 90 110 150 170 190 210

Figure 3: 7E Uniform 35 & 9, UE Traffic /£ [F #
5% T, UE FJELE %1k B Throughput [ 5 & .

& Figure 3 22 2| 7E UE 5 0435
5, w-k-means H4&:{E UE & A —EFEHE 1-5
PR K&, #ESRAE 50 | UE IRefik = Ff 77 7%
BRARHER ZR, H2% 210 il UE KR
Throughput 5ERAHZE T Tifiz 2, 1B K E
— B R 2 & 5, k-means [1JRUAEIE 2 0% LK
Fixed 4 — 252
(b) K # & % b ¥ Throughput [ 5 £

In Uniform Scenario

Kmean(UE:100) » UE Random
w-Kmean(UE:100) » UE Random

Small Cell Fixed(UE:100) » UE Random

1200
1000
800
600
400

Throughtput (Mbps)

200

0
2 3 4 5 6 7 8 9

K (fiE)

Figure 4: 7E Uniform 3% & ¥, UE Traffic /S [F {4
BT, KHEEZILE Throughput B BifE .



1% Figure 4 13 B 3£ UE 5704 (1135
&, w-k-means W2 REfH UE #B8A — i Fg ik
1-5 FFEATR RS . oo K ERIRE, F&
Small Cell % [r] & HE S8 ey (1) BESEIT,  FRE
MR, R, SRR L, LA
PAAERRAE — 88 ke, o3 41 P A RO R A1 T
PR —ER1EDL, UE $UE34 4 100.

4.3 Cluster FE KB B4 R
Traffic AHIA]

4.3.1

(a) UE #(&E %1% Throughput 5%

In Cluster scenario

Small Cell Fixed(K=5) » UE Random Kmean(K=5) » UE Random

w-Kmean(K=5),UE Random

ughtput (Mbps)

Throl

50 70 90 110 130 150 170 190 210
UE (&)

Figure 5: 7E Cluster 355 #, UE Traffic A [ i
15 T, UE BFJELE %1k B Throughput B 5 & .

1 Figure 5 FAMA FI1E UE BHEE 7041 103
5, Fixed , k-means ,w-k-means =& J7VE7E
5 — {18 {7 FH 2 1) RE = AT AH [R] K5 %6, k-means F1
w-k-means ¥4 — B —#k, B k-means M
w-k-means RS & L35 50 (1) FIRA AR IR 2 5,
K & s (1) UE CE&H BRI, b
UE #&E 8 m A A [E Y Throughput 84k, K
B[ € % 5

(]

(b) K B &% 1k ¥ Throughput M52 £

In Cluster Scenario

SmallCell(UE:100) » UE Random Kmean(UE:100) * UE Random

w-Kmean(UE:100) » UE Random

2000

1500

1000

500

Throughtput (Mbps)

Figure 6: 7E Cluster 33}t 9, UE Traffic #H [7] §
BET, KFHIEEZIE Throughput & 5B E .

i Figure 6 & ZI/E UE BS540 135 5¢
N, Fixed , k-means ,w-k-means —F# /7 ¥ fE 5
— {1 {5 FH 5 1 HE AT R Re i, AE R BRHESAT
100 fiil UE HIEREE T, $GINAS R BORE ) K XhE
PR BT, DA EEZ Small Cell 5
k4% UE W55, 4E UE %% 2 e] HE &
tbik %, PrAsiee#s 2 FiE Eob, B
SRR
1% M Fixed [13HEZ% 1

k-means A1 w-k-means tH/2
18RS —2, AL
my—BEE,

4.3.2 Traffic A AHA

(a) UE #=51L ¥ Throughput 1522

In Cluster scenario

Small Cell Fixed(K=5) * UE Random Kmean(K=5) » UE Random

w-Kmean(K=5),UE Random

50 70 90 110 130 150 170 190 210
UE ({8)

Figure 7: 7E Cluster 355 ', UE Traffic /4 [/ i
15 T, UE FJEULE %1k B Throughput B B & .

i Figure 7 W] LLIETH UE #4501 135 5¢
N, w-k-means "E:E UE #A —EFERE 1~5
[RFEE, 7E 50 {E UE H5f w-k-means BEFR L —
X k-means XAAEIE L2, H2E [ 70 il UE 2
1% FF 4 LT k-means (IR REH /2 M8 L Fixed



o —BGEL, KAERIES 5.

(b) K #&E# 1L Throughput 1522

In Cluster Scenario

SmallCell(UE:100) » UE Random Kmean(UE:100) > UE Random

w-Kmean(UE:100) » UE Random

2000

1500

1000

w
o
=}

Throughtput (Mbps)

o

Figure 8: 7E Cluster 3% 4, UE Traffic /1 [ 1
BT, KFIEEZIE Throughput & 5B E .

¢ Figure 8 W] LU %2 ZI7E UE BFEE /10
sat I, w-k-means W& &EE UE #H —{HFE
B 1~5 (REEE 70T, 7E B0 K EIIRK, B
ff) w-k-means 1 2Bl —FL-VFEEI AL, (Ha2fE
K % 7 WIF%, k-means F1°F¥3%50RE & 88
w-k-means, Fixed RIJi& & JE 72 8K 1 25 R,
BR324 100,

4.4 Cluster-Variate 5 8 ) & 5y &5 £
Traffic AHIA]

44.1

(a) UE #(&E %1% Throughput 5%

In Cluster Variate Scenario

Small Cell Fixed(K=5) + UE Random Kmean(K=5) » UE Random

w-Kmean(K=5),UE Random

1200
2 1000
< 800
2 600
=
2 400
£ 200
£
0
50 70 90 10 130 150 170 19 210
UE ({&)

Figure 9: 7F Cluster-Variate 35 5 %, UE Traffic
MEKERET, UE WEEZILE Throughput
o B

¢ Figure 9 & FIFE UE #EHEE DA 1035

5, Fixed , k-means ,w-k-means = f& J7VE7E
S —fIE A5 FH 2 PR ME B #OAH [R]IR3 A, k-means Al
w-k-means B — L —#%, BEH k-means A
w-k-means [JRAE LY ()M RLAE S EUF, BE
# UE ¥CE 05 11 A AR %) Throughput 844,
K fH [ %€ % 5

(b) K B &% 1k ¥ Throughput M5 £

In Cluster Variate Scenario

SmallCell Fixed(UE:100) * UE Random
Kmean(UE:100) * UE Random
w-Kmean(UE:100) + UE Random

__ 2500
£ 2000
2 1500
3 1000
% 500

= 2 3 4 5 6 7 8 9
K ({E&)

Figure 10: 7E Cluster-Variate 35 5 &, UE Traffic
MARAKERT, KKXEEZ4LE Throughput B
[

%€ Figure 10 AT LAfSH17E UE B RERE 5L 43 A
K355 T, Fixed k-means ,w-k-means — f# 7%
FE A5 — {18 A5 FH & O HE S5 A [R)PRg e, E [R) AR
19100 fi UE FYERET T, SEINAS R 1 K 2%
REHR &P H8 bk b, S8 ) R Ae ERAE 1 5(2)
PRk P K58 381 8¢ B 1) AU Re TR A IR W BRI 22031
k-means 1 w-k-means /2 & Lb35 5 (1) 3L RE
BEGRTE L, PrilmZ M Fixed HIRAHEL 1Y
Ty —BEE.

4.42 Traffic AAH[AE

(a) UE #(&E %1% Throughput 5%



In Cluster Variate Scenario

Small Cell Fixed(K=5) » UE Random Kmean(K=5) » UE Random

w-Kmean(K=5),UE Random

3000
8 2500
% 2000
2 1500
£

@ 1000
500

Thro

50 70 90 110 130 150 170 190 210
UE ({E)

Figure 11: 7E Cluster-Variate 35 5 ', UE Traffic
ARAKERT, UE MEBEZILE Throughput
I 0

1% Figure 11 7] L35 Bi7E UE B RERE 550 A
355 F, w-k-means H 4 UE #H —{HFE
B 1~5 MIREE, 7E 50 {f UE FF{% w-k-means
HEIR L — M k-means R REIEE 2, (H2HE [ 70
il UE Z A& BLFFAEIR T, k-means FIRLREH 2
W% LE Fixed 4F —248h, KAERIE S 5.

(b) K B &% 1k ¥ Throughput M52 £

In Cluster Variate Scenario

’ SmallCell Fixed(UE:100) » UE Random

Kmean(UE:100) * UE Random
w-Kmean(UE:100) * UE Random

2500

2000

1500

1000

Throughtput (Mbps)

500

0
2 3 4 5 6 7 8 9

Figure 12: 7E Cluster-Variate 35 § 9, UE Traffic
ARIBET, KKEEZE Throughput
i [

¢ Figure 12 1% 2| 7E UE B RERFEEE 7> A
K135 5, w-k-means 2 5HE UE #8H —1#
BEME 1~5 MREE /I, 7EC03% K {H 1R,
(BSOS RE AR, [ROTTAERRAE — €
(I3 EE, (HARTME K 25 7 K%, k-means 3K
E e w-kmeans, Fixed HIJiE /& 52 i K A
XAE, UE $E347% 100,

zm]>

>l

5 4EER

TEARFEH 7 — 1 3 A #E 5 50 k-means #4E
L Z Small Cell figiE %k, B E]

JEFI S UE 2 i AN¥2) HARA A & 28 &
REAFRHEL. Ehss REPAiE T2

TIEHIHERT SR TR R AE . AL R AR T
VE s i — 385 A SC Pt 2 O 0k A
Mobile Relay F.

6

Ve O S 5 0 S V- -
MOST-104-2221-E-156-001- 3} A< SCHfF 58 22 #
BT T T 2 SR

Reference

“LTE Z&H&. g B2k

SRR E A TR R, 2011,

[2] ZR0E. BRIRMAE . HIRME. SREISK, “1E
3G S LTE [ 2 B 4% T 2 5 M AR A7 DU ihy
L2 57, Journal of Computer Science
and Educational Technology, Vol.2, No.l,
2012.

[3] 3GPP TR 36.814 V9.0.0 (2010-03) Tech-
nical Report, 3rd Generation Partnership Pro-
ject, Technical Specification Group Radio
Access Network, Evolved Universal Terres-
trial Radio Access (E-UTRA), Further ad-
vancements for E-UTRA physical layer as-
pects (Release 9).

[4] A. Osseiran, V. Braun, T. Hidekazu, P.
Marsch, H. Schotten, H. Tullberg, M. A. Uu-
sitalo and M. Schellmann, ”The Foundation of
the Mobile and Wireless Communication

System for 2020 and beyond,” Proc. IEEE



77th Vehicular Technology Conference (VIC
Spring), 2013.

[5] A. Osseiran, F. Boccardi, V. Braun, K.
Kusume, P. Marsch, M. Maternia, O. Queseth,
M. Schellmann, H. Schotten, H. Taoka, H.
Tullberg, M. A. Uusitalo, B. Timus, and M.
Fallgren, ” Scenarios for 5G Mobile and
Wireless Communications: The Vision of the
METIS Project ,” IEEE Communications
Magazine, Vol. 52, no. 5, pp. 26-35, May
2014.

[6] J.MacQueen, “Some Methods for classifica-
tion and Analysis of Multivariate Observa-
tions,”Proceedings of 5th Berkeley Sympo-
sium on Mathematical Statistics and Probabil-
ity. University of California Press. pp. 281—
297, 2967.



