Cell Design for Energy-Efficient Wireless
Data Networks



Cell Design for Energy-Efficient Wireless Data

Networks
S R Student : Chien-Cheng Tien
hERR IR Advisor : Li-Chun Wang

B = 2 i~ F
R AR AT
N

A Thesis
Submitted to Institute of Communications Engineering
College of Electrical and Computer Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master of Science

In

Communications Engineering
October 2011

Hsinchu, Taiwan, Republic of China

ﬂ*i:g@ﬂ_’ﬁﬁ.Lg



F &

CFRAEFIAT R 3 d R R - A R A
T H A ¥ (Information and Communication Technology, ICT) gt 3 2< > 1§
WE2nA% 0 T EFH P o - #Hdp i #£ 5 3% e g2 (Cellular Network) #7742 2.
B RICTAR LAz - « F > FEFAT A FE AF R L5 M &) 422 Hpvo

% ¢ i (Green Communications) = e ¥f3F 3 @ Fip 0 £ - a2 i A qH R

\\v

e & pAiEE PR AR

b CESE SRR

P

Aottt HGV R o AR SAE AT b & L ARB R0 80% o Y de
Pt tm? ﬁ*%ﬁ%ﬂ%ﬁéé%&‘%@ﬁiﬁ#’%£Wﬁﬁ%%ﬁ%°&iﬁ%

2 ¢ NIRRT gy g é ﬁ“ (Traffic Load) ™ - ‘w2 ek F § Bl 4o P 3 3- 0 113k
BAMEE AR R g o P ithenid & o APT LR R R YA TR A G
ﬁ@%iﬁ’j%mﬁ%@%éﬁj%?ﬂ JRIESF o ikt im E Rl &

i

Foodkis o AL F - ﬁﬂﬁé?L~@fﬁ&w%ﬁ§ﬁ%$’&£$ﬁ%*ﬁ

FEELT R D T5% ennt g o it a Tt R B 9 15.6% it B4 o



Cell Design for Energy-Efficient Wireless Data
Networks

Student: Chien-Cheng Tien Advisor: Dr. Li-Chun Wang

Institute of Communications Engineering
National Chiao Tung University

ABSTRACT

With the rise in environmental issues, energy saving-oriented design becomes a trend. Ac-
cording to the current study, 2~4% of worldwide carbon emissions are caused by ICT (Informa-
tion and Communication Technology) industry and is constantly increasing. It further pointed
out that the energy consumption of cellular networks is one-tenth of the amount of ICT infras-
tructures. Therefore, many projects focus on developing new techniques that reducing energy
consumption, that is, green communications. In addition to a responsibility for preserving the
environment, it is also with economic benefits in cost control and thus dedicated by many service

providers and manufactures

In the cellular network, over 80% energy consumption is used to maintain the operation of
base stations. Hence, that is what we want to discuss in cell design for optimizing the number
of base stations and reducing the energy consumption. In this thesis, we discuss how to choose
the cell radius under different traffic profile in order to enhance the efficiency in the use of
bandwidth and energy. According to the results, we can decide the optimal cell radius base on
different situations. Moreover, we find that to determine the cell coverage, the QoS requirement
of cell-edge users is the main factor. In the end, we propose a less-overhead and low-complexity
operation mode to reduce the power consumption for 75% during time period with power-saving

potentiality and save for up to 15.6% of daily energy consumption.
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¥3F A RE3

~FELRAGAPARY DRI c AR KRERRP S BRY o REAP L
A& A B %% B (Radio Environments) ¥ #7% & (hF]F 5 #fd o dp ) Asdshbmie < ] B
Y TSI A

3.0 A REH

AP b R 19 Bl A BBEAET o hh Y B et )R KRR D
%%ojf,ﬁﬁmﬂwéﬁﬁﬁﬁﬁﬁ»&%;ﬁ%%@ﬁ%@’%@%ﬁéi%

% ¥ (Sectors) » 4 3.1%77T o

%

PR R RE Y ARG EY AR BARFPFE M ROCHEER (B X0

MmN LS TFRSRF NG A RRFT LR Y R T E

AL ER AR SR 5 25 gig] % ﬁ%l At engk s (MU-MIMO, Multi-User MIMO) » i&

BRRGET - MUK PR i o v B [13] Y F R 2 o AEI4G kP A
ka

“

P B EE BRI R P B M (Adaptive Antennas) 1/ % 5 & A] X S (Smart
Antennas) o g 6Pk ST LR B3 HHE A G RLIRA A ORI SIS 0 % gk R ks

R (he D FEH ) B S S E N SRR T RipfR AR T 24 Bkl
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Data traffic daily profile for Europe
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WM pEY R 'ﬂﬁm,,rg’wbﬁ_i (6 AP RFRIIRFEZDPL, B Rk

G AT L SEE I R IR ST S ARG MBI URETS & S S L R
'?]ZT}BR ERLZWFE o B R AP oy A XM Py (9 21h 2 22h ) 60 Py
o B et B g5 50% pFFEL (9 1Th T 2hF 2 10h) ) # Py &7 AR A

0.146 X 0.5 =0.073 > 4-®] 3.27 #7515 o @ £ 3 1A NN PIFFH &7 B RFRFZN Py &0 d
W %4 EARTH F 97 * chF > S8y R g § i\%rb B3 Gt ARG
BaApR K A LB BRI AR B0 BT FHEG N SRS D
FEROE APAT AR e h kBT K GRS o 3

5L sz o
ookt H Ao

% 3.1: A P2 Py &

Time Oh 1h 2h 3h 4h Sh
Py 0.1168 0.0934 0.0613 0.0423 0.0277 0.0234
Time 6h 7h 8h 9h 10h 11h

Py 0.0204 0.0248 0.0394 0.0584 0.073 0.0861
Time 12h 13h 14h 15h 16h 17h

Py 0.0934 0.0949 0.1007 0.1051 0.1095 0.1139
Time 18h 19h 20h 21h 22h 23h

Py 0.1183 0.1241 0.1372 0.1431 0.146 0.1387

32 RRGGEHRR

20 HEFEH ARGBYTHHOARBERE > L0 Y B X M w B (Antenna
Pattern) 1 2 j& i< 4= 4 #3] (Path Loss Model) o 295 [ﬁ’% [23] e & 0 & - 5 E R
2R B e (3.1) #FF

A (¢) = — min [12( L4 )Q,Am

,in dB (3.1)
©Y3dB

B A, 5t RREQ5dB) 0 pagp NEE LW FAPEE EFE K 3dB hd B 0 2w
R Z B RFAS SR ME  BEEFET0° 0 A R BELS 5 AT
HE R RGO~ 21800 B33 L AF e en MM E B o B2 Banddm o A
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Gap (‘;0) = 10(AH(‘P)/10) (3.2)
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q
=T
A
ArS
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d
L(d)::12&1—%37610gu)(iﬁﬁa),indB (3.3)

dsiEjegeE Ay SapEiRiT > Him 3 % o iy > AP R Y Faea FE X
v H#c® e (3.4)

Gpr(d) = 1/10HD/10) (3.4)

Fot o ARCARE PP EER 0 T L BEA T RE N ens Ko F SN (32) &

(3.4) #3- B ehig
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o? MELF ABEOTT RE o EHF TR GIUGBHT Y 2 kY > £ T
S 22 mie & 54k B 30 Mbps 7% £ < (30Mbps/km?) ¢ iechE £ 4L T L AL
LR G xR K R R R4 R AR (SDTV) PR 74 o

o MinE A T ARFOFD TR R RFHIGBHT L S kg h o F T
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@A AR % B ER T % 2 (Dense Urban Areas) » % & 5 L5422 2 5 3000 i A
Aed Mm R R P BT ERRIN AT RARG M T ?Lf’w' TERT A

PR R

o %7 3 % (Urban Areas) 5 T35% == 22 5 1000 @ & = o
e iT3%# % (Suburban Areas) i Ti5F T = 28 5 500 B A X
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F AR AR R PR ded 329 [4]
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41 MHEBRTARE

EH R APIFH R F DR FA G BP0 L L AP RS- ]
ﬁﬁmi0)W%ﬁ&@%§ﬂi@*ﬁﬁ%%’jéﬁ—@%ﬁ%ﬁ°i%Uiﬁj

e ﬁ,ql% R 0 2k 2 IR G @ o 1345 Shannon % € 3 o

Pi/rs
cell _edge — Z wy 10g2 ( N({UJZ ) (41)

e K G wmre @ Roi® F Al w é%i%f%*—‘k/}ﬁaﬂﬁﬂﬁﬁﬁ‘—’:/y , P %
RESHEiBRY Eor@EanFo pEe: 2O PAFiBRY XA S
AL £2 5 TR o AR A el m**#ﬁwmy A A

SR R R AR SRR ek L i K (T =) F
oo F g G sren +# * ¥ (EU, Effective Users) » {1 * [E5E N

FATiTehddk Pao
AT EI] e FOR Y Lo R PR R RIFNR Y A ke T SR 5T

EU =27mr-D- Py (4.2)

2e oy

7

Wi

eenL Aol o 2 SRR o RSN F P O APT M- BahAr BR
(Dusodin: 1/m?) + 8 > = 3t (Dyeain, 1fm) fimie ¥ o 0 vt P 2 0 it »
- Bl- Bl gt kglmig po AT gz R R & (1) AT E A DR BB mre LS K]
1% > 2 (DDonecdim = Diwodim FF > BIFEE T Kenfep » €8 R A3 5 2 V3T % o
HP ST (LR R iwme L G 2R
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- B- Bl sk e pm E A

Z 2775 - Dope_dim > 27 1i = {1 } A nBE

= 27 Done_dim Z T
1+ R
= 277D0ne,dim : il 'n
2
= TR*Done_dgim + TRDope_dim  »ifn =R @& * i (1) (4.3)
LIS S ¥ i N S
7TR2 : tho_dim (44)
}, 2 ]FB (4 3) IJ? (4 4) wb ‘\‘ #B \lJ :i%l' Done_dim - tho,dim v 5B 37\: #ﬂ 7}_ WRtho,dim

mg‘—ﬁﬁo d 7./\:;\‘ 'FBMT)_} mleE‘ 2 ‘%]ﬁl = > fi?l]{ir" é R:300m‘ thO,dim:
4000 1/km? = 0.004 1/m? ¥ » T RDjwodim = 377 * 2 TR?Dyyo_gim = 1131 4p14 > 7 12
EvEA R Flpt s AR e A T BREBRA MNP XA E > @ EEDFE

LR -

Tl S SR Y e M HARY S S S S R e B - &
T (Sector) } » AR AHEELT IR AU A AR B R Y KR 0 @ h g
Bt TR o F 0 AP EGRAS R AR f ok Al - AR T
BEST] R E P PR B AT kR ¥ A des EU BPF F - 113 Huen
L2 R
P P

P = = 4.5
‘" EBU 2mrDP, (4.5)

AE - B HRPN R 2 R FF SRR RS
w; =W (4.6)

He PAAE o8 m@@qﬂ <5 W L imEe W R AME R A ] e o r b Rk o A
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The Capacity of Cell Edge Users (One Circle)

—— D=4000 citizengkm?
300 ’\ :
250 .
r=1140m, Cap=299.59M bps
o
Q.
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2 200t
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8
8
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50 | | | |
0 500 1000 1500 2000 2500
Cdll Radius (m)

DEREETE § R S T N

VR R e 2 EV @ R Rk

P /rs
cell_edge Z wy 10g2 (1 + N/w )
0Ws

P/27T7’DPA 1
= 2mrDPy4 - Wlog, <1+ " 'NOW) 4.7)
410 Bk o) e g E
fj—é“f—!’ woAT mg{é& cell _edge ’ L TFB (RIS JEE %Egt'i 'Jﬁ BT '/.E'J; ’ g 3 :E*i
% o R T FH D =4000 1/km? > HENFTHAD AT RE L AR EFR R FIT#

Bk Py =0.146 3 s 5 @44 % P = 46dBm - .fsmf!é'at“;?%«’ ] W = 10MHz » 231
HAMEHBRE Ny= —174dBm/Hz » B3| % 4c@ 4.1 7 MR > fr = 1140m B
§F B o
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e IFB /f’*\:g’:% 3 5‘} S Ccell _edge = 2 D~ PA m;hl

# (Concave Function) » 5% — BE F S B 08> APRFEMENE- 8 AP
Ccell,edge f\;LT ‘7;"%2& ’ l é\ —,ﬂ té'; .;‘ ? ’ ]f,’ EIJT ] %3‘
dccell,edge
dr
P/2rrDPy 1
=2nmrDP4 - Wlog, (1 + " . N()W)
[ P 1 1 1 d P 1
=2rDPsW [lo <1+->—|—r- <1_|_.
_ &2 27DPANgW 15 1+ ppiy & 2 dr 27DPANgW 15
[ P 1 21 DP4ANoW - 10 1 P -5
— 27DPyW |log, (14—~ . — : R S
A _°g2< R DPANGW r5> T S DPANGW -5+ P 2 2xDP1NoW r6}
I P 1 5P 1 let
— 27 DPyW |log, (14—~ . = 0
A _°g2< T S DPANoW r5> T T2 27rDPAN0W-r5+P]
%A v
N P 1 5P 1
(0] [ —— i I — -\
&2 27DPANoW 15)  In22xDPANoW - 15 + P
P 1 5P
sh(l+—r—— — | = 4.8
n( 1 2 DPANGW 7«5) 9DPANW - 15 + P (4.8)
5 . sl
£ u= —ZWDP‘}NOW’” » P (4.8) F oL A
1 5
n(1+-)= 4.9
n( - u) 1 +u (49)
722 (49) @5
27D Py NyWr®
u = AT ~0.007
P
0.007P \°
Sr=rpr 4.10
(27rDPANOW) (4.10)
MR % A PRBEI % LS L AT R (D)2 YK I (PA) R F
L ﬁﬁaif%’é{; —jE_' ]E;Ig 7%ﬁd 4\‘(410)*\‘*5'1'11”:1] Pé’__/{ ___ Faéﬁl
B ﬁq,é'&f—%"f_’ﬁ BA g R Aeo
R f&g%‘? B4 A mre vt F 2 [F]} ehig * f Xzt 2R ﬁ' B mie engE &
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. 5x 10" Cell Capacity (Single Cell and Unlimited Antennas)

5 — D=4000 citizens’km?

| r=869m, Cap=48.97Ghps
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3 2 |
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0 | | | | | | | | | |
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Cdll Radius (m)

B42: wie 3 & (BXRE-we? 25 31xM)

Beeh X SR o PR Y KT L AR IR 0 X2 I e 3RS I P

ﬁa%ﬂjﬁ@%*ww’ﬁiﬁéiﬁﬁﬁ’ﬁﬁﬂ*%%ﬁgﬁg’?
ey 4 ApERS o SR 5 R T R e i o B 0 AP T LR
ﬁmunwaﬂmmwiﬁ’{@mn, Bt g R (EEE) FRpL

LERL I L —‘ﬁ ST Bl eniE) 2 e LT e (Max-Min Capacity) © itk ehE L A4y > 2
Wﬁﬁm%i*ﬁﬁ%ﬁﬁﬁﬂ(%@%gﬂ_nw% F) R Ak ey kg iE
i 2T o Flmre LT % (410) SRl 0 d 2w Bt Bl @ K ehg R R4

S e PR e F R TR LA T f R e R
B F 2z Flwreim R (4.10) #rE R hERE 0 Fl G R Jﬁ&,&&;ﬁtﬁw g -3
Mo VAR S - e X g e @R him R o A APREFY BB me D
FERBEDL G odnR] o JIN B G Aple a2 o - Bl Bt pohid b H o R

KE¥FLILT L p o PERm T FRT R E TN

P/EU 1 )
T;l N()W

C'=> 2mr;DP4y- W -log,(1 +

r;=0

(4.11)
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EU =Y 2mr;D- Py = xr’DPy (4.12)
r;=0
B APRY &2 Sk Rk e e L S RaE S > A A e
FH 2 LN (410) R ehiE o BRI SR 42 T UF RS (41]) B L —
i A = 869m FF 0 € F Bk hime 3R 0 SR R TRUIER B E# e
e LA (410) SR B G R GARBA] 0 A g R ENR A ad e
PN (410) R B wmr LG Rt FE o

42 BT

d R NPT it e REE w0k E B e e 0 DB R B BTR R 0 e
R P HE- R F %5'5']5”75 £ 82X gg@;ﬁc ) F) 5 e T PRIR A Y K B
IR R %sﬁﬂﬁi
% i ?jﬂz‘f‘? ’J*qu%fﬂm@ﬁﬂﬁ B e X e R
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&
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$5% HEiRAHK

Fo R EHR S o LR AR S RBLF O RIE A HES - R A AA 0 B
FERRT 0 L ER AR R FS 0 TR AP EHE R RS Hb e 4 [

ekt o e ER L 0 W B e o

50 FTRREFRT IRERDER

HED-REIHG A PIRS grwe R IR KV ELF R (B
BT UREHFEIE AP AR e ER # Y F T57 2055

5.1.1 #-% % (Sectors) A 3= % ¢ ¥ F (Zones)

EREERT AR SR ABERLF Lo RIS 2 G APERKR
7120 B0 e X AR e TG A 5 = B 5 F (Sectors) © Aol 51975 o e PE o A
e Bk AR S* 5% 2 ’33&%]% %3&%] PR BRY FAFEERY PR
HE B o

B 5.1: 120 & = w { % JM-mve & 5 = B % % (Sectors)

APERF - BERET BRI R - e p RE EF K =3k M FAK S
_g@}@ﬁglﬁ: 5P R TE - RAAT AR m@ﬁﬂé_’;« EY
P
pt:? (5.1)
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BIS2 k(o E=2)1xA#¥- ®¥Fds~» 5 K =3k B F (Zones)

£
- B %HAEZEBEF (Zones)» A F - AP FIRIZ- BEA o dopt- Ko E -
R T K =3k BxF o eBl 520 F o R F = F AR BR300
flmme p o AT R G- B R RIRIE ] ki Y K 4 sk

-l

R E - G RF AAR T UREREBRY F T g (TR kI AU

72D - Py
E zone — 52
U = (52)

$33%H > > AP FA G A (1r?) kB e g E

i

IR YL S

PR

512 %%FLA2ERHEERT?AZ

i%i%fk‘ Fdsh-we N > 2 B HRFRY - 27 FAER A2t 2R i
ﬂOLEL}Hg Ngfimjf‘_’fﬁ'r_]wt""é"\i—;(i” AARB T o wmie g R b oanig
O e Rl AR
B RREET R 2L RAPLAN  RF I%?JF‘{W’JSINR - R Jt”r’@ﬁﬂ”“

&
fmmﬁ@’@wbuﬂwtﬁ G F AR LT o ik F R AT A E G B
Bk - G LS R SR Y AR AR 0 ) T 5 S S S 2 e
;Hrﬂ'a_ufg I L R . ) %’Kﬁ‘; Br- R F2 0 EnRFA T AR
oo E - BT R AR AL B A D A B o Ao G E N T

W , if using the same spectrum
W.one = (53)

5 » If using different spectrum
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e AN 3B ST o

52 #rE¥ITVEFEATomEEE

YR - ESER S APREFH RN R X THT FHE R A RFR Y ¥
e SINR » £ 4] * Shannon % € 3235 ¢ * F]sb)jé.a A ] ENEN o A —fﬁ
PRI AR B R TR RTINSl RE R Y FERAN 02 3i1TE AR
Bend bt B o APIT 1 - Radhens 2o #- e KA B v N A - B Bk
Foodnst o Ko R ¥ KU A SERH (dsy, 0 S A TR Y IRIRhme) G oy (H
o) s RRE SBkh

f(ri):% ,ri=0~7r (5.4)

r2
R Sl o PR s BT FAERAR AT B o R S

g0i)=-= ,0i=0~27 (5.5)

WA APE AT RO R BLREF (U= (13,0)) TRERT FDBREE

Bk dmre S fhfk e o At R B @Y SRR S
(z; , y;) = (r;cos6; , r;sinb;) (5.6)

FHmARSHE f(r) gf) PP AR AP TT REEIAF L E L]
Bl R Ao 5390 0 @ FE ATk T

1 SZs - Sﬁz

T
J52si ]|

R SZSIPS Wi k- B d o AWML S 0dB e £ AT o

¢s,u; = cos (5.7)

Tt d B2 R AT UE IR FEOTIERAY 0 4o RS 00 R
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SZ.. =(—, —r
S (2 2 )
SU, =(x;,y,) =(rcos6, , r,sinf)
¢ -1 SZSl'S—Ui
sy, =COS | T
[5,.[[su]
B 5.3: & % ‘ﬁkE’%’s‘?{E"m" %
Y3 ez 5L R 5
P.s-Gap(¢su;) - Gpr (dsy,) (5.8)
HY > Pg BIRIAAR SHRT X @@szu, Ao HiEE mué;ﬂiﬂﬂ % b & -
o g ki H A KE % P/EU,ppe > 7 GAp(go) R R ATHRIDE I M

H % > Gpo(d) Bl 5 % scepe o 45 2 H & -

BY dhe r FoL et g cEFEE PRSI e X mat | §RER
PHGmE TR R E B REARHRREY 2T R ERCIHTEE - b

Yoo 4 19 Bt 2 EHE 0 € F A FE K chT 4f (2-tier Interference) » BE e po% E R
@A RIR 5S4 Bamtenh - BARY FEXINKA S - (w2 Al
% F) 2 Sk (w% G 3w R) 2+ 3 o ¢g§¢\:r°?*)§ L& e o H e
TR ERE o d R FHA L IPR G HIMAAE S ARHE ] HFTL
WA o RA 0 FREFFSIRAHEERY > Pl R p sk * ¥ LT kg R

- PR (e B 3w D) 2 ¥ 2 P (e 13 % M) n® 3 ar%l 5545 o

S0 NP E kA6 e T 4R R AR 5.6%T P 0 R 6 AP I o
E A J‘ﬁf 5 (zi, yi) = (ricosb;, risinf;) » P& wme A Fhio 5 enpedt 5

day; = \/(xz - 0)2 + <yz — \/57”)2

= \/(m cosf; — 0)° + (n- sin§; — \/57“)2 (5.9)
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B 5.6 & * K pikimre hpt 52 pEREZ M

LR SR

| Az, AU,

by, = cos” (5.10)
o
WE R F U RFIRD we AT IET 0 T I E A
Pia-Gap(pau,) - Gpr(day,) (5.11)

H Py a Zhme A chE e SPRGRH e pofR R ;ﬁamggﬁ]ﬁq;é E Lo F]p o, ApE

J‘l’é‘l‘;‘: e % ’?‘]‘ Uz = (T’i,@i) v Hoep s I mre FE’:&_'W/’JJ‘% f—;.»

F R

Yo Py Gap (ov,) - Grr (do,) + D> Pip- Gapr (dvu,) - Gpr (dyu,)
b=A =G

, if using the same spectrum

1(U;) = (5.12)

D M
Y Pip-Gap(ovu,) Grr (dou,) + 2 Py - Gap (dvu,) - Grr (dou,)
b=B b=I

, if using different spectrum
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Pis-Gap(dvy,) - Gpr (dsu,)

IN ) =
SINE(U:) Nowe, + 1 (U)

(5.13)

He > U VR E 3 0, chdndicr Ny 20 FHAHFRR > wy, » —‘ﬁ&pjaﬂﬁv
RS :inr;}fg;t (53) AP A PRI T EBEF TR GHEE A 04 d SN
(5.2) @R AR PEL > & - 2 F T30 DG onié K Bl BN P T I5A fAf
BooR A RS PEREDERT & R i ﬁﬂﬂﬁﬁﬁ%

Wzone o K - Wzone

_ _ 5.14
YT BUL T arDP, (5.14)
1% Shannon 7 & 32 > AP {F I Almre LT 5 r pF o @ —‘F%—Iira Feg £ 5
27
cmwmmﬂu):/w F(rs) ~g.0:) - wydog, (14 SINR (U)| dowdr;  (5.15)
0 0

AV o r smdime Rolkim o FAPERSFEE? EFE > BIR (5.15) %
Cunrrr 1= [ [ 3
(wg,per,user 2 s 7T7“2DPA

EUzone -Gap(¢suy;) - Grr (dsu,)

LA+ b;q Py Gap(ovu;) - Gpr (dvu;)

log, |1+

dez-dri (5.16)

RF Gy B dyy, how R TR B 820, o A LR 6 BB AT UFR S AT
BRI K IR S M PR F oY EaE L] P
LA SRR ot B R KA TR @Y B B P X jneh

AR e

I{L/ ;IJZ P‘_:, ‘\TJ”?—‘/{_—,_T ) fé W —'lﬁ.li’]? f,, m,& Lf; ) /\. IFBJ,] ¥ ol ?E’?“E#’a—_,ifp?mpé

TR L m E RPN G o KD (BUsy = mr°DPa) F b 6% % 132
FE2EER AT AR

Cavg (’I") - Cavg,per,user (’I") . EUcell

= Cavg,per,user (r) : 7TT?ZDPA (517)
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dm G dH e T A P aERERT R X T 2%

(Cavg,per,user) ’fr}m’?é’ - ii:"g :!é_ (thg) ’ %‘}\“ ifaﬁfs i B‘Eﬁ fl; ﬁ'{@- ’ ;-9;.;(

T LG R ERE 2 S RTI D o AP B E P2 F AR G ] 2 i
2oag] (1) ime B R AL T AT R AR > 2 E (2 F TS 28V PR
-_!,i o

LD SR S UP IR §

RBASZ RATTRS L EE L e ) BIcRRERAE KL N10% T3 0 2
BT OEENEAGE G AR BRI o FP > AP LMRAor T TR L

10% % & | °

THEERA G o A R AR BT O FERAR SRR R Y X R @D E
Al 5@l 5 (54) -~ (5.5) AdrariE R K A S FIEEITL R EWF RS
Flpt o FAPT A e B B (=) AR R F LT R AL AL
R TR F G 10% O E A R 2 @IEE RS R L R
B ELM I APT I GRERBSTE TRLn10% FE | TS AT 40T

2

Pr (7; € T0%.worst.areas) / f(r;)-g(0;)d0;dr; = 0.1 (5.18)

Tcell_edge

IR Teelledge %\,fpfj_—%?‘fgmﬁééﬁ’r%]glj\_lgjt BoL ko] BEHE o H T 2 o
AR EF SRS

T'10%_worst_areas — {Ti Z Tcell_edge =v 0.97”2} (519)

Pl @ X L 10% ®E > Towe B3R c LR FH> 2 APF

MR T —“Ff Frwmre g R T E G

)
CI O%,worst,m‘ea /
r

cell_edge

—.D

or 1
/ = %-inlogQ [1+ SINR(U;)| db;dr (5.20)
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4ot — ko NP enimre LT (r) 0 % JR R s tReniE I L

ClO%Juorst,area (T) Z COU,RGQ (521)

m

FEa LELOTRLET 22wt R R B
._xqﬁqorﬁﬁgggﬁ—%;;_kp—r DAV d {:‘f #Eﬂlmngmli—,ﬁ <o) ggxﬁg_}_gmyg?

*@E%E’W?%§{?ﬁ$°$§ﬁ%ﬁ%T

Cav
Cpe'r’,a'rea (T) — g (T) ) (522)
7 (r/1000)
He H renE =5 2% o iy > NP aime X T 0 &R R
Cher_area (1) > Cap_Req (5.23)

3 2 ZRETAF R

i

;$ ¢ e Cap_Req »

54 FRAERPTARAGREA LR

SFEederdm o RAAPT ke ddameinF R il GE2 R
ﬂwg“ﬁé ?*%%“ﬁmﬁﬁ%ﬁﬂ§¥F3,¢zkmm§§§1,§ga
LRl g2 AR B FAPE - REA AT RR (D) RY F R

PR AT (Pa) ~ ] o ~4F"4+”$§“"-”wpf;mffv’*L AR AT e
7 E & i 2 (Cov_Req ~ Cap_Req) 5 £ 1% 3% (5.15) ~ (5.17) £ 4w
F¥ 7 BFRETOwE F R (Cogperuser © Cang) » 2 158 3% (5.21) ~ (5.23)
Eme b VA SEAEFEE TS 28T RSP E LT R AP
B

Femie LS L ] o B 5.7 HE AT LR
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Output: ropt

A fixed area

?

Input: D, P4, and users’ traffic
profile (Cap_Req, Cov_Req)

v

Calculate Cavg _per_user(l‘) and
Cavg(r) for different r

Y

Calculate C10%_worst_areas(r)
and Cper_area(l‘)

v

Check:
1.Capacity Condition

2.Coverage Condition

Yes

Both of the
conditions are
satisfied.

-
If one of the
No conditions is not
satisfied, go back.

Cper_area(r) = Cap_Req

&&

C10%_worst_areas(r) = Cov_Req

B 5.7 AT B Fwmrie XS5 ) (i ART 7 B
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F6F HERoE

M AP - Rtk o HN A R R T o A e LT
SRR SHESTEE LR SR XY S5 F S 2RI R

S T =Ll

F 6.1 1 B iR S

Parameters Values
Number of Cells 19
Deployment Hexagonal Layout with 3 Sectors per Cell
System Bandwidth 10 MHz
BS Transmit Power 46 dBm
Noise Power Density -174 dBm/Hz
Antennas per Sector 2
Antenna height at the BS 32m
Antenna height at the UE 1.5m
Minimum Distance between 35m
UE and BS
Antenna Pattern Ap (¢) = —min {12 <¢ 3)2 7AmJ
Ay, = 25dB, ¢35 = 70°
Path Loss Model L(d) =128.1+ 37.6log,, (1) .dinm
Area Type Outdoors
User Distribution Random with Uniform Probability
Population Density (D) 4000, 3000, 2000, 1000 citizens/km?
Probability of Active (P,) 0.146 (Peak Hours)

B L RN AR T A T BRET S AL R4 4000 B AT 5 KA

m'rﬂl
l’éfidﬂ%}i—’x,J, ‘J:f.ﬂ,:- %r]’#g"f’]&r%ao

R vanidh > bbbt ga  APFL iy Nafpm, nx T3
BAop A BORUEROTOR A @a BIUHIE RS § IR F R Y HiRA D o

B8 BT ORGP AA PR T o U B ok Rih e d B2 f o Ape
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AP AT PR R BB RS (4 3.) 0 FR o 24 ¢ %R D=4000 4 /km?
SOl AT EER My > & T3 22 &4 584 (1% x 4000 x 0.146 = 584)
i# '%FE'F%QB’»,?&E; SLIEAR AREILENTIS A N S Pl = S if_'rfvfé * AL TE
@ & Rahh Mg 55 0.5Mbps (SR F = R P o A AP Rk

AT s dmee A ) T B R A L

-

1. Cov_Reg : timief B b | T eniz~d 5 > HE 5 0.5Mbps ;

2. Cap_Reg : & T3 28 ¥ % #EepRirinE > 2 & 5 0.5 x 584 = 292 Mbps/km? -
3 62%77| T L A v A 4000 A /km? s Py =0.146 3 6] 0 R B AR GRS $
f

T o Z R ONERRFE AR T AR P, BERATRAET 0 AV dficiE s
s

GES RS 2 &S T RSN R R S TR SERTE A

%062 4 EEH A R RE 2 F E U (L D=4000 4 /km? 5 B1)

Traffic Profile Cov_Reg Cap-Reg
High Traffic Profile 2Mbps  1.168 Gbps/km?
Medium Traffic Profile 0.5 Mbps 292 Mbps/km?
Low Traffic Profile 0.1 Mbps  58.4 Mbps/km?
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(Mbps) Average Capacity that One User Can Have
80 | | T T T
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1 s 2
701y ‘= =1 D=2000 citizengkm* |
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a
o

User Capacity
5

30 d : '® 7
20 il g 7
10 it -

l : II‘,IIIIIIIIllf"-/-I-'-‘ ---------.
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Cell Radius (m)
M6l 7k Ar RRTR? X357 @2 5§
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WEEERE 0 AT HRARGE 0 FoRAR Y B S TI0E @ ¥ E T AT i

RO R RN SRABEPEAPLBRL D AR RS REHARY F 4
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5 B0 R E

i eimre L E 4] o
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(Mbps) Average Capacity that One User Can Have
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(Mbps) Cell Capacity
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(Mbps) Achievable Bit Rrate at 10% Worst Areasin the Cell
5 T T
‘| Cov_Reg=0.5 Mbps
45 " = sectors with the same spectrum
A “ = = = gactors with different spectrum
.
'
o 35 ) |
B 1
o 3t 1 . a
Z ' Having larger allowable
5 257 ' ‘ cell radiuswhile 1
g ol . , sector s allocated |
< . different spectrum
15¢ Yo r=167m —208m 1
. r=208m
1r i
0.5 ==
0 I I I I 1 =
50 100 150 200 250 300 350

Cell Radius (m)
B 6.6: /% &k F Bk 2T A AR R * 2 N ST uiFihmie LT

BEERVHEIR > B CovReq hif 27T » SR F R ¥ IR G L3Ffk s mie LT
Fafd*dRHEEZFN kg c 22938 d L I EF SRR pRIEER P A
gﬂiﬁﬁwﬁ’ﬁﬁﬁéﬁﬁ@%ﬁl%gm%,ﬂﬁ%%¢@%%@f%@’ﬁﬁ
i F TIN5 R R F SINR £ o % KR Y F FURIEE R I 1R

TSR e BT T 5] 0 L T de ] 6,757 o

40



D=4000 citizens/km?, Satisfied capacity Satisfied coverage
Pa=0.146 condition condition

Sectors with Max allowable cell radius: Max allowable cell radius:
the same spectrum 363m 167m

Sectors with Max allowable cell radius: Max allowable cell radius:
different spectrum 282m 208m
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Sectors with different spectrum 404t (\296m)
P
o Capacity condition | Coverage condition
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