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Abstract

In this paper, we investigate the characteristics of power amplifiers and simplified memoryless non-linear power amplifier models
for energy efficient communication system. First, we present the transfer function of GaAs FET (Gallium Arsenide Field Effect
Transistor) that is widely used for high power amplifier. From those investigations, we introduce the instantaneous efficiencies and
methods of amplification by assuming that the saturated current is constant, while perfect linearity is exploited under knee voltage.
Then, we discuss four non-linear power amplifier models in a baseband signal processing. Finally, we explain the specified total
power consumption model in a base station to achieve the resonable analysis for energy efficient communication.
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Table 1. Characteristics of narrowband MMIC power amplifiers

Fol | Aeol | olS | mH | EE | g |
GHz) | = | @) | W | (%)
2.1-2.2 2 21 50 50 pHEMT | GaAs
4554 1 10 14 55 | MESFET | GaAs
8-10 3 24 12 40 | MESFET | GaAs
8-10 3 24 20 35 | MESFET | GaAs
12-15 3 18 8 25 | MESFET | GaAs
13.5-15 3 22 8 22 pHEMT | GaAs
29-31 3 20 4 25 pHEMT | GaAs
42-46 2 17 2.8 24 pHEMT | GaAs
95 2 15 0.43 19 pHEMT -

E 2. 0ol A== a8 5E7(9 s ni2loE
Table 2. Characteristics of broadband MMIC power amplifiers

A P I vl ol B B
2-8 1 9 1.4 18 HBT | GaAs
2555 2 17 2 30 | MESFET | GaAs
459 2 17 2 25 | MESFET | GaAs
4.7-10 1 7 5 8 Afmolo] | GaN
6-18 3 22 23 20 | pHEMT | GaN
0.7-2.7 2 20 12 22 | MESFET | GaAs
1.35-2.8 2 23 12 28 | MESFET | GaAs
26 2 15 10 26 | MESFET | GaAs
2-8 2 135 8 16 | MESFET | GaAs




Sl 9] 39 -

(Jae-Shin Han et al. :

R LERER L]

rr

2. EBR|AE| ZB7|9| TS =4

9 1 GaAs MESFET $%7]9] AF
epdtf!ll 9] a3le] o EAL HAog avAE =4
¢l(Drain)9] A% At FA 7= &) A A E(Capacitor)
= AR7RIA JAE A8 B A5 540 o
£ Z1& 1dB, 3dB YH(Compression Point) &2 H o3
Yk elE 5o A" 1914 Bl a2 Mgro] 8V7E
7hRIth M EQIae 429 2EdX Hujo $37] &
&5 7HAA "t} o]F RFY A€ F714S e
ool AALe ek WEko 7 whEks RS 1A

ot FZ7] M EYAY olgfdt SASS A ALf &
ol ofsl Ay HECE ko g 2xof vty A
A8 Az o] 279 S57] DCAY] 24Hnt. 19
a8 19 Hol= AF A TAL 7RZ Q)
g

At EAJL 1}

o of i
FIO e

A% Qo] vieled 2 Fsaie). ot 2 A4 29E
S0z dealaly] 915t EdA2EE Sl %ou
Mol AF A SAHe Aty pEaT. NRge
0.6 —
0.5 //////’l//
1 dB Compression L /,
< 04
g
5
&)
-g - | Imax
o
0.2
1
5ol
67,’ Linear Operation
0.1 éf
0 |5 1I0 1;5 20 25

Knee Voltage Drain Voltage (V)

2! 1. GaAs MESFET £%7|9| DC MF XM EM
7l5iXlE & (Dynamic) SS9 AN JM
Fig. 1. DC |-V characteristics for GaAs MESFET

Jef=olM 2=0f

A EEH AN BT 5L AT 3571
Characteristics of Power Amplifier for Energy Efficient Broadcasting Services)

EA3} N5 md 887

Efiy 14101]/‘1 ]
2

*1 %E%‘Hf %bﬂr z= ?Mtd.i—t— el RF
g ol FeE s FAgs] flste] YES A
2o AQHE Ay P, (Y 4%) & v o] Y9
g,

1 o 1
P = SRe( V,I) = EIILIQRL (1)

(A Vi 1, 2 g sl i A
£ Uehle] £,& 25 A5 4% PGS ojnjd),
ER A (+) B . | & A Ze (Conjugate) 2
Ak Ak Yehith 4 (1) ol ZEe) AgEt 9
& 3 Wt Aol o3l oAl 2 5 glow] 1 et
3} o] Yehd % gtk

PL out [1 |F] } (2)

2] EQ=EETY o)§ 7}ed Al RF
=83 Uil I = 220X 2AH = v Alss

Wit} wek WAl Al ZECIN EAfelAl i 4
RF 282 ') = 00l|A] #AsHA Hctk oje|gh 8742
25 gulgzrt YEND 9 duldad $9E 0 g
AEH ol WA Rdew 7, =7, 2 58 715t
o2 Ea| HAHo| 7le)2 FE7)9] & PAE (Power
Added Efficiency)S +& 4= =t 1 22 v} 2ol
39 & gk

o PL - ‘P'z'nput

%100 ]
PDC

A B P& MEAZ (357 o A 4

input ‘—-



888 WFeE=EA I8P A6F, 2013 11¥ (JBE Vol. 18, No. 6, November 2013)

Uehdth o7 B =72 %%—7194 31%*3% PAEZ %
A3 A ~£7lfﬂ a8 T‘Jr% Hc}%'.,ﬂgi %8 7Fs3h

3. B&7|9| & 2~

a8 1904 A AR A SAS o A 0199
Aol X< A3 AR/ (Sink Current)7} 50| 3L A| 01594
Aol A olstE WolH e W AF7} 9ds] Ag
otk 7Hgetal 23RS AFE L, 2 Fol A% JJr
ISP Abele] 98 AdH 29 AFe AFALES 7K
thal Mg ske s EE%’B‘} Loojet W2 B4 o)A
3}%Y (Harmonic) Al #-5-%

F837] A% Yo FEo)E

R

[

fr
i
it
O o
rg

fr ooy ®

,
5N
i_,

agHog Xﬂﬂ =

o] & Wl we} Class ARE Class S 744 thksiAl A9
o] il SR BE ZZ BP0 (Class A OF BE &
3t 45§ JormE B =72 Class A% BYF =S
Eig=3

3.1 Class A
Class AZ T35k 7 L& oY A5 =77}
£ A8 (Quasi- lmear) Ao A Z=g E}. A &4
& 7M7) fEiA A=

po{c

L PR W P ]

L. Vi IV,
p - x _Ypc_ “pcVpo @

21 (4) A DCZ A7t e WYL Ppo= Lo Voot
gt $27] 5842 7&%61 171 f1ske] =21 Eapt
18 o3 2ol Yehd 4=tk

o
olN
t
N
10
i
L)
]:01'
rlo

Gl

21 @E (5)°l gzt A4k Class A2l 82
120] HEZ 50%7F H& & 4 Atk Class A9 5
+ IBO (Input Back-off)E /\}’Q“ stogte e Alse) 14}
g BAlel A7) Wl aeAS A 72 < Ut
OFDM (Orthogonal Frequency Division Multiplexing) =
AREStE Bl Al2goA] Wz ﬂi-‘l] PAPR (Peak-
to-Average Power Ratio) ©| ¢} 6dBA = 7} H, Class
AR ABE FFE] HeliMe EH &) 50%14
20~25%= 7HAadTh WEkA Class AS ©]83H 8 SZ
7Ie A BA AlEEA A EHAE et

Class A= AEA o] uf-$ Hojjal g2
& da 7} glolA GHz F3l4=o A 3
AY Class B 2Z 719} Agste] A "

o
=
xy ]
=

3.2 Class AB, Class B

Class A9A] Class ABZ A5 H& 2 52 9
= 7184 2 dEe 7“"4 EWRA2H F2 vio]of
2> (Quiescent Bias) T&2 ,, 2 10%3% 452 A
Z o] gto 2 XAsle] o] &3t} o]E]dt W& FET AlY
o] 75 Alo|E ulo]oj A5 AAFKOE ZTHAIA Fd &
T Atk wEA ERAEE O 2 AA AIRE 5 Anket
L. B Wt A5 S2 o] ARk AL
Q1 FAY S FES GAM o= Hrb] whEel A
F7F @2 Class ABOA] 0 mpo]o]2 Q1 739 Class
BE EFdth Class ABE ¥ &3} Class BY A% %% T
F712 AF7F AEH 7] Wil v} 2o 1hdgk 2o

2 19 7Fssith



Sl 9] 39 -

(Jae-Shin Han et al. :

]m ax

[DC: (6)

Class A9} PIR7IAZ 2] (6)S ZEo] 718|A= RFS}
DC g9l 21 Class ASHE T 59t 8 7Fssich

P I/DC'[m ax
! 4 o
_ VDC[m ax
PD(‘ - -

2 (5)%} e WM AFESH Class B H84S 08
3} o] verd 4 o,

2 (®)olX E8 BEE n/47F HH oA 71 0|2
2 32 ¢F 78.5%7F Bk w2 HEe] 215 00|A Class B
Class ART TS0 &840l i G842 Class AR
o} oF s J= FHoJuth Class B= HF (High Frequency)
ol’del By FE7|E AHEHTh

33 12 5% 24

I o]9je] FZ mdL Class A9 BE AT o] HHE0]
7l Bdlojn 7] FZ Wi E = §840] Hojutth &)
2wk Qukz o HelM= AHHA 371 W
o] B =R e 7] UEEE 3t} Class CE AlOE
= YA RO g nlojolx XA FFE7]9 AF ATt
Class BET} 217 o] &5ty AgAde x|t iz%ml 5
He= S4ES 7 glon o] el &
t}. Class C= 313 AEToA AREEU A=
= %=t} Class D& 27l &2 1 ojite %—‘;‘2‘7]7]’ M=
Wty FYP 0] A5 vtk o] Ao R 2913
AlZFo] W=t Class D= 100%2] &8-S Holx|vt AR
23l 29 29 A, =019 ATAE FE o5}
of o &alo] WS Class B2 749 T Edix|~
E7} vpx] 29X 48 A5} w}EW =gl wofl A it
e 39S DC AR RF A7 59 o g 339t

il
rz
E

AR 2 Y HET 752 AT S
Characteristics of Power Amplifier for Energy Efficient Broadcasting Services)

EA3} A5 =d 889

oAl A% A E TEAo] 100%S 7HHIth

Il SSEAAAES 93t M2f a0 Mz
EE”
=

AN FEAN EYHE s 2ew Agu 3
o B9l Quog 2Eo)e 24 2= gy 2

g gro] MAHEZ IHoX =95 &9 s A7t
HoZ v 2ol 19 7hssith

/2

0 u = (9)
! T T/2

P, out P

input



890 W4FeE=EA AI8E A6F, 2013 11¥ (JBE Vol. 18, No. 6, November 2013)

)9 GS 28 Ak HFHoE Zrlshnz 4
5

2 AN g8 & 5 Sl

B
ry
=
i
i
o o\
"
N
rr
B
=2 2
fofs
o
é
H‘l
B
>.9,
i,
_3;
.{
é
o

oy K (Phase Shift Keymg)ﬂr 751% =

719 Wz W }—\12 ARESIE RS ] Uil A A
AlE e ogt S Byt dAste] i Zgo] A Al
H $83% 9471 dvh. WA Hi 5&

& A (1) HFH ghoR Aol 1 A& Thew o]

Poutave
e = (12)
A (129 P, = A (1008 V, B4 AZE] e 94
250 TFAE Yeplle A(t) Y =2 2de AS U
ERdth dubdog A(r) 9 F59 g 2 5w 7
7l 5714 Z %%~ UA Al?&%o} AF%P Fo = HojHct

e

2

) = A5t
TER 5 5 Qdth 3 494 IBOE 183}
%8}04 'Z;]‘:H ?:}E:} }‘\—]‘ioﬂ }E’]—Z':% %@- Bnpuf :Pinputrrlax§%
ol 3I71E et 3714 ¢

e S5719 A@Ee 74

IBOE 1183 4%

O 1 17]],;(] /\1 LOi
15171 18l 2H=e gholoh
= 124800 =¢] "tk

FEHoR e ¢ 4 A wde %7 54
o we Wge] Yolubl Tk T4 S A2 1
A% ool wok we tjejZa a4 Ae waw

o
St QAR 2B/ @ e, 29

A &3 (Trapping
Effects)sﬂr HJEXH Uiiell EAlske AsAlEe] sl oS

= UehiA gk olEg a3 Al
go] 5MHZ°] 0}94 B B2 AlZEel A YEh=d], o

23t &3+ Wiener-Hammerstein Z &3} 28 113} 1WA
/\1 oz :ruﬂ 5]01 o) ;(]1:!} ANTE é}t—tﬂ %}jb\g o]
T, g A 4 A 1 EE v A
3o GFS 7AA Fethe W27 EAEHA] S B
dof| st A7t 18 HJAck W22 E3E A
B2 HY FE7|e 59AQ gE Fx7F 48HH v
g a3E a1 71‘_@' *70:“‘;'2‘ |9} Rlaste s d3te] 5
ARE-EL mEbA] 71 Ag S F
< 7 %;:;'57]-4 HIA A st de] A7t 5
9 durA o 2 AJLEE HAFAS JERE 2 d
& Rt 2o 47b) TAEL A% e AR

2.1 Saleh P&

Saleh BE& v Re] G nesiA] e ZZ |9
HAE S A3st7] A 7Hd g2 AFS-E W TWTA
(Traveling Wave Tube Amplifiers)2] AM (Amplitude

Modulation) 2 PM (Phase Modulation)] H&-S % &3}
= AR Saleh REE ARESe B4 54 ¥
A28 = AR 7)eox] Bt ekt S A A8t

= ARE T 2789] g sjFehs V1A e &
T Ued Zo] #d¥n

A(x) = L'a:'
1+o¢2|av|2 13
2
@(w)ziﬁllwl .
14 Byl

A7 A(x) & 6(2) = PSS 2 o] ¥ B 91 W3t
e MY oy, ay, 3y, B BIEA ﬁ]—?i 1 gkl
et FE719 NP ES A3t o
AHEE AFE o, =21587, a,=1.
B, =9.1047} Utk olElgt 5 2AHS ‘?i Ei‘r Xl%‘M X*

S S F Jon Aqskd 29 g
T#3l= d o] &-Erh

2.2 Ghorbani 2

Saleh 29-& GaAs FET Z7]9) AM/PM E4<& & 1}



Sl 9] 39 -

(Jae-Shin Han et al. :

HHH TWTAZZ 70|t 34 5 o]
= 2HOlE 5E7]9 AMAM A4S F Yeh)A] £t
t}. wehA Ghorbani 292 Saleh B9S2 745153 e
A8 FET %710l o] A al=s AA=o Jdor 1 2
< o #Zo] Yehd 4 Jith

7] Wl £

||
Alz)= &a aylzl
1+ aglz ™l
8l ﬁ2| (14)
xXr
= —————+ gl
1+ Bylz™
A71A a6, (1=1,2,3,4) HIAEA AFE YeERIH
AREEE e A (133 AY T A-ET 4
(14004 7 ] AMSEE EF TS o, =8.1081,
a, =6.5202, a,=15413, «,=—00718, [, =4.6645,

B, =10.88, fB;=2.0965 L3l 3, =—0.0037} 3Uch.

2.3 Rapp &
Rapp =9 9A] Ghorbani =23} 7+0] Class AB2] 4-¢]
T ~HolE Y] xS Bdy sted &olsiAT

=

%3
Aol e 0|59 e FATT. Rapp 2 01 2L
A

AZE gk AYAS 7= EAL e A9 o]AkE <)
Ag A4 BAe AHHAE FETh Rapp 22
A F4e g5 2ol 1 Fok

o17]4 p= HEA (Smoothness)S YN = A4=0]m
A8 - A T3k 2 A Alolo] WASH= 3]o]R o] EA
< verdek Aoz p- 30] 714 de] ALSET. 1
A& o 77 £33 9o =Y

2.4 Soft Limiter 2&
a9 194 B npe} go] FE7)9] HY EAL A

A a4 Y HET 75 A% FF7) SAF Az 2D 891

Characteristics of Power Amplifier for Energy Efficient Broadcasting Services)

ﬁ

A3} 23t A ow vl glon k3 A3 o) Htol
=93}l Saleh =¥ Ghorbani X &7} 2] 94te] Wslrt
Stk 71 skd 2 (15) 8 Ao A g2 3o &
F 9k AR 227) A BRNN TRAHOR £

~

she Qo SE7] AA dAolN Fas FEOE
2] 7] Wil SHHes AF A3 a2a TAA
02 7F43] Vs 4 UE Soft Limiter=@ o] A= 3ok
Soft Limiter =92 T2 29} b2 A 7hdstiar F57]

o MAFHE 2 ez o] 5318 ol ol
AHSHE Weln] 1 Ao et go] AT

, if lzl<z
A) = {97 Lot 9
Lot s otherwise

A7 g& TF71Y |5 e z,,,2 4 (15)°]
CEECIC

& 2 o

# m Ak % AHFe A9 A% 24T nefe)
A1 A9 Soisie

TP,

P.=(1+ Cpg)(1+ Crp)(Pyp+ Prpt+ Ppy) 17)

2 (1A O F F5 355 el gk o
2 0.13} 0.1540]9] ghe AR, B3 5 5 W
7] 2 e AR 04 o] oz AYEh Py,
Ppp 183 Py 71X e AR RF 259 2
g 180 AY FF7)AM ARREE AgEs 44 o
ERdiTh 2] (17)9l4] e uhe} o] S3 7)ol ARS-E= 2
o] 2 JEE SHHoE 74 & 9loH PLF
(Power Loading Factor) £ 5Z7]2] 440l 97 2=4%
T Atk AR o] vk wEbA F4IT)A IBOE w8t

7] At ML1-AA AAIG Py = P £ 4

input inputm axg =



892 WEsa)=wA] A18P A6F, 2013 1% (JBE Vol. 18, No. 6, November 2013)

(17)0] Yol thea} 2o A3 A 4n| ZuS AAT
F A

P(¢)
=(1+ Cpe) (14 Cpp) (Pyp+ Ppp) +

Prax (e, +e,v/E) 19
2] 8)Z (10)914 BoJA Class ¥ FF7] §82 o] &
St W ¢, 3 ¢y = Class AQl A% nc/29} 022 YEL
U3l Class B 03} ¢, "FA| 2 S & [-way Doherty %42
(=e/l, (14 1)e/1) = U3k 78 = Aok A71M 1/1F <
£ <19 SHS vehie, 45 o A4 43 A%z ol
21 gtole 470] AHE-HT) Doherty H41& 7} ClassE 18
sel ZEIAQE ) HY APNE ol83}el FFNS 2
947 she o A g dEl AeEE 353
W % sholth 4 (19)9) T e 71AFNA A
AEes) 2710 AR AEHoR 5 ¥ 5 glo
H 32700 AEe a0 BT 5 Yok AL W

oE
4. M SEI|Q} of|HX| 2=l 2

A (18)7 22 Ay S5

FEE ouA] &9 5
o #AE AsiA A

‘EL 71 gk sfuatbd

5} A% Ao Ay
Ehﬂﬂ% O &l A dloly A A1x
7] wolti whebA [12] E=RolMe Fal4
% % 712 AHEEHe] oA é_’r

rr ﬂﬁo mlo
o n:si' o

of é

fol o lo &
ol
oE X Mo
zE JL‘ =t 2 o
:—4 )

°
4y 1> -1N Hir

gt AR5 dojul7] st 19 2= FF7] 280
217 60%, 50%, 40%, 30%S] F%7)1E 54 HojHES
HEA7)7] 9130 oA &) dep dAshe AR
S B33 Qlok oA 3 W AT 4709 SE7)7F
F&o| v2ves 474 FE7)7t AR 7he e AE8%
A

7] wo] <ol A e uiel o] A58 o

1.8

1.6 ﬂﬁ?ﬁﬁﬁﬁ%
,fé’#ﬁ ]

14 # &

Energy Efficiency (Mb/J)

Practical 4 amplifiers
#— Optimal 4 amplifiers

2 4 6 8 10
Spectral Efficiency (bit/s/Hz)

J8 2. Folr 220 X 229 a2 2
Fig. 2. Trade-off of spectral efficiency and energy efficiency

H oY B&0] Hshke AS & 7 Utk AR L &
& SEV|E 7 diolH & HE ALSSHA "hd olA
el vk o] A8 FHE oyA &5 SHAZ
T Ae= Hola k. ol ¥ 29 2 oUA] a&4
I Fur 3849 e T AYHFs v AR 7
3lar U] ar FE71¢] IBOS 1123 HIA A Doherty
%719 54704 E3ketar 7] Wil A Z&40]
o)A Ythe A Rtk tiRE 232 £4 ®

© HoAAS BolatA 7] Y18t Rapp Bl E= Soft

Limiter 28] '92] A5} 44] $Z7]9) 914 o] &
©ovze GuE aed BRI U4 B&Ad BE
ATE WHE grolth. 13 $% V1A% & AP
& 4 (17004 2E7)9) EATE Tsle] A HEL

ARSI A 78 B A9 25 D W e
K5 S zeq ahof ouix] EEL Huls) s
AT oA BaEA G k. webd A gl B
At WEA) A9 cuas A 8sE delain 45
# mde S slof oA o152 B 2HS F 9le
< HR]Ith



A 9 39

(Jae-Shin Han et al. :

Iv. 248

oM ovA a4 WEFA ALE AAE
A=A 2Bl TS ARk SF719 5400
AR E ERNA2E Y 72 ZAE A
Tiok TF a8l st oFlH
1A Az 1\“401] 019“ 7]”—51 HW@ =%

{0 ri.u;
i

o P b
olX -
I3
N
12

& 11 2 3l(References)

[1] C. Sum et al., “Is two-way relay more energy efficient,” IEEE
GLOBECOM 2011 Proceedings, Dec. 2011.

[2] S. Tombaz et al., “Impact of backhauling power consumption on the
deployment of heterogeneous mobile networks,” [IEEE GLOBECOM
2011 Proceedings, Dec. 2011.

[3] G. Koutitas, "Green network planning of single frequency networks,"
IEEE Trans.. Broadcast., vol 56, no. 4, pp. 541-550, Dec. 2010.

[4] S. Tsugawa, et al., “Energy ITS: Another Application of Vehicular
Communications,” IEEE Commun. Mag., vol. 48, no. 11, pp. 120-126.
Nov. 2010.

[5] “Cognitive Radio and Cooperative strategies for power saving in mul-
ti-standard wireless devices (C2POWER)”. http://www.ict-c2powe-

A a4 Y HE 752
Characteristics of Power Amplifier for Energy Efﬁc1ent Broadcasting Services)

[10

[11]

[12]

[13]

[14]

[15]

[17]

(18]

S 3 SE7) 549 As =d 893

r.eu/

S. Tsugawa, et al.,
Communications,” IEEE Commun. Mag., vol. 48, no. 11, pp. 120-126.
Nov. 2010.

Y. Aoki et al., “High-power GaAs FETs,” in High-power GaAs FET
amplifiers, pp. 43-145, 1993.

J. V. DiLorenzo et al., “GaAs power MESFETs: design, fabrication and
performance,” IEEE Trans. Microw. Theory Tech., vol. 27, no. 5, pp.
65-74, May 1979.

P. Sauiner et al., “A heterostructure FET with 75.8% power added effi-
ciency at 10 GHz,” Int. Symp. Digest, pp. 635-638, 1992.

John L. B. Walker, “Handbook of RF and microwave power ampli-
Cambridge, U.K.: Cambridge Univ. Press, 2012.

R.J. Trew “SiC and GaN transistors-is there one winner for microwave
power applications?,” Proc. of the IEEE, vol. 90, no. 6, pp. 1032-1047,
Dec. 2001.

Joung et al., “Trade off spectral and energy efficiencies: impact of pow-
er amplifier on OFDM systems,” [IEEE GLOBECOM, Anaheim, U.S.,
Dec. 2012.

M. C. Jeruchim et al., “Simulation of communication systems: model-

“Energy ITS: Another Application of Vehicular

fiers,”

ing, methodology, and techniques,” Springer, 2000.

A. A. M. Saleh, “Frequency-independent and freqeuncy-dependent
non-linear models of TWT amplifiers,” IEEE Trans. Commun., vol.
29, pp. 1715-1720, Nov. 1981.

A. Ghorbani et al., “The effect of solid state power amplifiers (SSPAs)
nonlinearities on MPSK and M-QAM signal transmission,” In Proc.
Inter. Conf. Digital Processing of Signals in Communications,
Loughborough, UK, Sep. 1991.

C. Rapp., “Effects of HPA-nonlinearity on a 4-DPSWOFDM signal for
a digital sound broadcasing system,” In Proc. Second European
Conference on Satellite Communications. Lihge, Belgium, Oct. 1991.
J. Tellado et al., “Maximum-likelihood detection of nonlinearly dis-
torted multicarrier symbols by iterative decoding,” IEEE Trans.
Commun., vol. 51, pp. 218-228, Feb. 2003.

0. Arnold et al., “Power consumption modeling of different base sta-
tion types in heterogeneous cellular networks,” In Proc. IEEE Future
Network and Mobile Summit 2010, Florence, Italy, Jun. 2010.



- 19754 ~ 19814 :

LG B Sl

- 19874 ~ 19894 : IDC, Canada #2l0oi2g)

- 19904 ~ 199214 : AMEFD|E

- 199214 ~ 1995 : CAL, Canada 2{2loi72

- 19954 ~ SRY : QiM|cHstn M7 |MAlSstn me

- RO}

CIXE SR/EA AAE] CIXE Ma

= oo

2~ HIA|
S o

S I
s A Al
- 20114 24 . 7EEH%—. MAIGstnt st
- 20114 33 ~ S : MTHEL MYIHAISED) A, BiAL SETA
- FEEok: TR ﬁ" Al2E
MY s
- 20054 8 : oiMCHSl L BnicHEr M7 MAFESHE BakstiAt
- 20074 28 : odMCHEm UHICHERl XMy |MALRSD) S AL
- 20074 38 ~ X : KBS 7|&0i7A Feloirel
- 20114 38 ~ SAY : oIMCHEt L UBICHERR] MT[MALSEN D} HhALoEY
- FIAEO0L : UHDTV X|ATH MEAIAR, MIMO-OFDM XN& 7|=
o
- 20104 23 : MSntEP|=tistn Soicst MANESEn S6kstAL
- 20124 88l : olMCHEm UHICHERl XMy |MALRSD) S AL
- 20124 93 ~ SR} : ciMCHEI L LICHEHY M7 [MARSED} Sl
- FEEOE CIXE S AIZH
NE %
- 19754 : piMcHstn MARZStnt ZakstAt
- 19834 : University of Ottawa, Canada M7|33tn} Z&H44A}
- 19984 : University of Ottawa, Canada M7|3stn} ZiHiA}

2 B ALY o7 SAoiRe

OFDM, CDMA



