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ABSTRACT

In this paper, we propose an efficient superposition coding multiplexing (SCM) method based on power allocation in
descending order for fading broadcast channels in which per-user minimum and maximum rate constraints are considered in
order to maximize the transmission effectiveness. It consists of three steps as follows. In the first step, a user group is
selected to maximize the number of users with whom a transmitter can commmmicate instantaneously. In the second step,
per-user power allocation for each user is done in descending order of transmit power by determining a maximum allowable
interference power from all subsequent interfering users in order to guarantee its corresponding minitmm rate, and then a
residual power is calculated. The final step is performed if some power remains even after the second step. In this step,
additional power allocation is performed up to the maximum transmit power to provide the maximum rate to the
corresponding user, again in ascending order, starting from the last user in descending order. But, this method does not
require power reallocation to subsequent users because tentative power allocation in the second step has been performed in
descending order to guarantee the minimum rate for each user, taking into account the maximum allowable interference power
from all the subsequent users. Therefore, the proposed method gets more efficient in term of computational complexity when
per-user mininmm as well as maxitmm rate constraints exist, especially as the number of users increases.

¥ B dye FHAEAQ T A REAGFNEAR]e] ekl Talae] Ao aE|gls-

B dTe AAAAR 2 AREAATRIEA] g} T FAE AdAse] diked $3E %S (1ITA-2008-C1090-0801-0003).

* ol Fdatw AAlEER EA1X 2874 (minishow @ajou.ac.kr, oskn@ajou.ac.kr), ** FZHAREAIATY (bjjeong @etri.re.kr)
EEHE KICS2008-08-339, A=t 2008 84 114, HF=FAedxl:2008d 10¥Y 15¢

1072



e
g
o

£ MRS F dold #EAdE AT FH=H dFs

I.M 8

scM uhglle el S9"l AsEe i
A FAst AEsla 2 galr]ellA SIC
(successive interference cancellation) & decoding-&
Folo] ABSS Relsie OF AMA A W
o®, 2 ubie A AEST AY 28 39
of EARIS EEH0E Ao Ad &
% o AA Edsle AE 888 A& 3
o} a2bd, scM e Heold weAd % oF
A Adeld Ad 48 39S $Mske Fad
TFEA ol gET Yot (2] B 2 Ay D).
T4 A" s she] 718 Algel overlay
FE underlay W02 ohE Al3e] i AP
E=E Y gee] AxddMe ded] AEES
F3sl Agsle ceAle A% § &84
BAA] A ereg ol8sm o g
capacity-achieving constellation designd 1% W&
uRale AAlsl] flskd AMElm Qe 22
£ SCMe] sleld ugAdolr] AMgAL W ASE
At Tz vk 5" AMA AEES HY
B3 oipsigio g Foixl Baldde Ad 45
d9 AAe =Eshs F A$ES =S 3
= ZAEAQ o AR AE WleR 1 of8eo]
o=z U,

AHeAE H AEE ATE 7R o 559E
A5 EE SCM thEsishs & 7 Wielxe #
ol wigApdel el ARgAl H H4 AFE AR
g AAsta RE AHANEC] ARAL W Ha: A
$85 WSS AHA H S TAYE Edsly,
AR S & AEE FPo] Fr} H=F A 5
Aol 7 & AHgAlA &I e, o
ubiola] AdAtelrt Fof e $AAHS Yo
she ARSAME APl Apdakeish el w2
FAAYES o2 e £LF8 & $AAYe] o
Fakeo R Aesl AR A 7M€ w1t
of &fw AHgRle] A AFES RASEE Y
< o) o] AS, ZE AMRIEA Ha A
FEE ¥As s 87AYEe ¥9sky, A
2 ALage] 7P & L8AE 169 A=A
A RE AAHEE rle d3s & ASE ¥
o] Huir} A ¥k o] FrIEF FAAA LFA
& 19 AR $44Y FokR Qlste] veiA]
AHEALE] wbe A He] ERiRlER RE e

9] ARgALES] dig AY gES AHeE A
Falodo} jhek o] ell= 2 W 1 &Y A
oAl " ooz e ARG oM A
o] ZEHOR o4’ 4 §g Aotk A L}
W, A AHERE A o7 ASE = Hd 3§
£+ A AFe 9% aTAYEd & A
Ho| geds]o] Yuld 4 otk 7|E WA oF
XAl WA, AE AEXE flsed AHAL
W g #4 ALE ALE e AR 71E
wpelAe] Ay S gAsid, 284
& 159 AREAAl A A$ES ¥Ase #HY
7R FPdEE ggsla = i) ZejdHe] i
Asle 738 LEAESE o &4 ARl
Ho A4ES 2Ashs WA Hdgde 1A
HE dgsls S o 5 g Zlolch o] W
Alg wzd, FriRHe] ¥gE= v ARERlc}
g AHAfEcl RE T8 AAE] g A
H gEo] WAHLR Aol shrg, FrHA
Y dgzige] wle- HAsiA & Aotk & &
upgo g abgalr) 2wiel A AMgal ¥ FHA 2
Ho ALE A 3 $9AY A e 5H
Bollx] AHgAl W AYIRE 7l o)F FellA
Z A$E o] Hulrl He A¥IGE Adgske
W] ol e, 2 wpH-E AR H 8T
ARy ¥ FdH8 S o[ 4% 4 glor, AR
7} 39 o] 2 A o] ¥t

o] =RolAE SCM Adold A4 AEAE F
tistsly] ¢sle] ARl H A ZHSERR ol
2} Hd A4E AGE RE Fold wiAldel
Al &FQ SCM HRE-& Alokelit). o] w2 3%k
Az A=Y, B2 15 e Foix 2o
2 FA Afe] 7R AR Ae Ak, 2
WA A Y ARARRE $2 AR
A wo2 & $AAYHS] WHAeoR s AN
2k ¥ HAh ALES 24T 4 9de Y H4 7
AR E Ak oE BE ARAIEA A}
421 Ha AFE AT RAsle s7AHE
gdslm, FAAHE AxRIE v 3dAlE 2
DA ApedziHoe] WhAst sty HFEE
o] 7M T Wiy whAlT ARSAREE] oA 2
Aoz g AR Hd HEE AT 9
3 274 "eprA AdRE FoEE ¥l
o] Hhe AR} ol tiRE A’E o] AMSAF H
Ho A5 AZhe AL 5 slom, Uik &

1073



FZEAI83]|=F =] *08-11 Vol. 33 No. 11

Bl 7 ARgAke olFel ¥REE ARAES
A H L AAHS ARSI o) F AR
SellAls o] Y Wellxrt AHEFo] o] Foix|m,
2FAE F7F FRelM = ol 2Ade] BEH
A AR} o)F9] AMALEAl WY AY YR
< F8% 3] Herh o] =Felxe Alkd A
g il S o)y sisle] Extmst A
& ZaAS BHYt

I. AlARRE

3hte] slolw wgAdd chee] S5 AMeAL
AESE AYET oz dFssld] Adske
SCM P& ohErt o] 2% oA AAE ¢4
A% vE et 2ol vepd £ qlet

K
Y, =h,-(2 \/Pka)+wi, i=1,..K. ¢
k=1

714 X i-HA ARSAPIA $41E AlzolH,
P i-AA AHgal Ao dgE x| b,
© $A7I9k A ARSRE A7) Aleld] Adels
ole, ki FH AHEA}l olck w e i-WA ARSR}
FA17]ell4] AWGN (additive white Gaussian noise)
oln, FFo] 00] FAke] JLojrk A= BE &
Al71E2%€] SNR (signal-to-noise ratio) 52 SCM
A4e 3 AdAe ARE IS5 & glov, 7
FA e $A719 A9 AdolSE & & slvka
7R v eteg Al FAlA 2wl e] A
+ AFAS eisie] 7 bl EH Ha a7 A
3 A 34 A$E AE £k

SCM HHE $al7lsh 4719 A5 dEE §
o] ohgd) e AR o]FozTh AN
7150 A HRE olgsied, Foixl o]
9 oakRAdeld & SAAHEoR AR ¥ AS
E ARE WA hEsE Aol ekt At
421 AE AAsla, oS WeR F ASE
go] 7t BxF gAHd AHAFE i
o] ERelME F $AAHoR Fojal ARle] F
Alell A% 7Fes AHEAL 57 Azt He AR
e AL seM o3k AEE AEP)
$8led Zb Al8Rl FAl7)E FAHHe] w& AN
Ap Alsie] dAFeR AEsn AAske 34
Q] $AlPHEQl SIC & decoding HMH-2- ARg3c)

1074

SCM i

o] Mol AMgAL H Ha 2 Hd) ALE A
327 slelld sold wiaAlde] F $XHHo
A 7Fs% AR 8 U2 FR8RA = A
%8 o] AW} HEE dF3sle 2844 sC
M d32|EL Aok} o] dmelEL SCME 9
g AR Ag AR WA, AR E H4e 8T A
5 2AL AT U YIS A, F AE
E § SdEE 3 AAY o3 g9 WA
2 7" ANE S8, 3R AR 3
§={1,2,....,K}, F-B. AMALEE] A8t W FHa g
Ad A$E AR At R ={R,.R}%
B ={R},...B} } 2 Jehich oleelx] Alkshs sC
M 438]Es AEE A8 7]E3ct

3.1 12 - ARSAH EE oY

o] A= FH AR AHielM F $AIA
How A8zl ¥ A ALE AYERA sy F
o1z 2l ez AL 7Fe3t AMAL 5 HYz 8
© AHAF AE ARt 7 ARl AYEE
ez oEstEe] 5P AMALEAl FAl6
Agse pAAlE2RE 28] A5E SIC & de
coding ¥WPHS |83l ZAEsof &tk o] SIC &
decoding HPH-2 $AIAHo] Z A4z} AlEHE]
FAAHe] ARlEct G2 3K AF MR AS
ol 23t 7]l EAlshe AslA AEs] AHAE
. pAAlEeNA] AlAsel jick o] A 7
ARgARE A ARlEG B2 AFE 89 w2 A
A AF A ASES TR AHE3l A
Aol et o]F HAsiMe A AP A¥she
A8 AlFE AFEAF Al5E2] SINR (signal-to- interf
erence-plus-noise ratio)o] 44 AZE AEA ZRIE
o] 18 AFE AEY W 27+ SINREC
ZAG A fAlE o} gt weid, SCME 37
Be2AL2 At £ ARAIA B S
AHE, Azt i ARAAl 22 $413Y
< edsjlo} A,
F FAAHSE AR H Hh ASE AR
A 3llA ARAL F HNE S ARAF A
AL M AY vl A4 28488 P =
A FABIA ok gt A oy] A4 agAE T




/RS E ATE F Aol wEAd e A% $H3H uEd

salr] SsiAe AddeEs $L ARSARTE vt
A AHAE SMR AMA A ASES B
sh= #4o SRS dsiol Aok webA, A
WA £ AR veixe 42 AT
ARgA} o]A7R] ] RE ARAL AEEe] A
< sl g AREAbe] H4 AEES EAS
E Az $AAHE 2 (F ol83le] AAs}
I, AfAdHe 7k

2
[
P*- = *—"‘*‘*‘
" (|h?r(l')|Z

Z]_P;‘(j))(?’;- 1), @)

od7|A, a(e)& AdAteizt vekxle ARAE &
A=A ‘hn(lllz/oﬁ 2 Iy P /o, L Kl
Zgic) olu o) 3G FA A AR Ak
He A AR o A AREAlA BUd W
Wog it o] Aoy AdHHe] oS &
A ARl A4 A4E 24 98l 2. 3
A Aol wAA] Zap, AHIFE FIE A
7 AHGGo] o]F3l AMAER AHA A
F FATL Ao Adakesl £& ARgA}
FE Vuxle ARl SAE AMARES HEEka,
o] &AM wet sl AbgAl o]x7A| Y] BE AR
2 AlZEel o3 ARG mEsld g AR
Ao Ha AFES MAS: Ha $AAEE 4
Asla, & $AAEeE HF ARANY] 8 oy
£ ksl AMgAl W 4 ALE HAe] sHed
239 AR K o)& AA

3.2 26HA| : UZIRKE AISAL 8 & T5E 2Y
SIS

of wAlelx = 19AlelA A" AR AN E)
of I AMALES WAoE ARl d Ha A
FES Ak Hae] FUAEE SAUIAHY A
ko gdicl wA o3t o] AAbelst
Vel 22 HYE FeF e €08 AHAES
eh-Li !

by /0h <IhoPlel < <k, P o,
G={v(1),v(2),....,v(0)}, L< K. )
A71A, w( )2 W-EzRKE AMRE Edolct o
o2 Wgagoz b ARl A AR H A

AEE ATE BBk Hae] SAAHE 99

ok olul Zh 9] ARgAlel Hd AHIRLE A

ARk FA4 ALE ATE BASe A 34
HAHE AHsle WA oR ol A we o]
Foizlc

(234"_1) o }
Piy=— 5 g (P NPl @
“ 2”"" h.mfz ! J<i v

AN P & $UAHeIT A7) 4 290l
Ao B4 ARE 3 SAAHGN 15907
% w9Ae] AeAEAA TR & A9 @
& A pegEoz ok w9 o1Fe AAEe
A g Fsd & Aol i w9l AHeReA
w14 4 gl o A4AHel o] WAL ol
A3 FYe WA WEs 2E 8RS
oA AR W A 0T A4S ATE wAsE
40 Mg YoslE, iU AN

3.3 30| : 2EAkE ToIMH 7t g

o] wAlolM & 29A AeidH o R F AEE F
S FiEsl] $sled AY o] AFEEe] 7
PR EE AHIFS FPUch wEA, WAk
olx|et AgA(HE] olA] B 2 HAlHY
23 4 rhsg WA dd £ ARAe] #H
A HEES BASte HY WA Hde A¥E
F712 goddich wof AedxiHe] g &9 A8
kel o AgE B2AE Hae] iE s7EHe
AHE z3sbd, g & AgAtdAe Ad A
48 BAS AT AL ol Aol wet A¥S
Lis=H

P, =(i2+ ER,(J))(.‘ZH"" _1)~ (5)
ol <

olzigt AL o] #fF 9 AHERN
HAd A4-E 2L H3sle] F_F Fv1 Al v)
2] Zsle] AdAHE dFd &Y AREARA =
5 ety webr F $AxEHe] mF AxE o
74X ubEEch o] A9, ZF £9lelA Skl A
HyFL 3G &4 olFe] AHeAe HA HFE
BAS 3% AW 88 7™ Welat o]
A7) wiol] BE F5$) AMERIE] digh A Ay
e HashA] drh

3.4 Y2|E

Aokl Gdwel=e Aulshd thew Bk

od7)4, size(G)e AT Gol &3 Ui 45
ehdct

1075



A2

’08-11 Vol. 33 No. 11

Initialize

1% step:  While

P,

If

m

Until

v(i)

I=1+1

7(l) =argminn,

ies

Pin = ( ) "’Z r(k») 2
S=S—{z()}, G=GU{r()}
Until ZP.(,) >P or S=¢
ieG
G=G-{z()}
2" step: L =size(G)
For i=1..., L
v(i) = argmax n,

leG

=Y,

) {”u(i) + (PT - Z L ]}
i

39step: m=1L

=P

u{my)

Un)_[ Togom \+Z 1(;)) une)

Jrem

+1:ES

P

vimy

F,

L)

> P!

vim)

P'

v{m}

Endif

L
= f;' ZPU(H

=l
=m-1

P,.=0 or m=0

1es

1076

V. S8, & SSE & ASK 4 NEE

o] Aol Aehe I
3 Bgwel AL EsAS

49 ScM kel o
qgick oA71A At

Al Baln Bilg 9]3fe] -g’—t] dakre meRlch
A2 A5E ARRAT EARE A4 AL
£ el A AR AT A, o5

e $AAH WAL R BE ARl
ARl A4 ASES RAsE Ha AYe ¥
33ta, AoddH-g WHAE vk ARgAlelA] =
5 sk Aolrh olF sl LEAELE A}
42} 4 L9F 4] (F 2 s, oA )
ez #4 @E LHF I FdEtee 3
207 Fe] FAle] Basicl 71E whelMe WA

B2 4 2)F ARl & LUE g 5
s3] AR W A AL E yﬁ—e— HEE I3
3o, ARG AdAdE) SR 2 2EAE 1
Y ollA 25 I3t o] AS 22k 159
AR Ao stz 259] olF BE AMAIEC]
g 7HAdAEHe] WslA o 249 olF EE 4}
L2158 S AY APDe] dasich g,
FA" wlelxe £ (L4 L+2)/20F9 FAlo
g asiA Ao,

thee 2 2w opdet Hd AHEE AYEA
= 5= A% AR v AR A3k ARst
a1, o] Fghell oh3le ma‘i}—’Fﬁi 2E ARER
7“ A}-%—X]— ‘ﬁ ﬂ}\ 2<] ),—l_zk_- 1.]?5]- x-]a:lO ﬁ—a}
23k, AARHeZ 4 (5)el ofzt oAl 283}

o2 F FAAH] BF 2Ad d7ix] ARAl
H FH Xdo WA 7 AHE It o]

e o 29 olF] AHgATe HE 2 A
e Y82 A W] WEel, NF AHgRbIA
Ao] 2vlz YIS, MAY FAR )2
Laskch W A1 PP A A6 A

£ e BAE OFA QAT AdRE ¥
G4E L8R 9 A e HEE ADE AL
B2 W, 28AE 159 Al )
AEEE BARE WA lEe eIska

= oh RRFe] MRk 3S, LEAECE
4-‘ﬂ4x%wmm1am W45 w3
S Hejae) FEe Peke BAE BE
& 1% Zeleh Webd 4T wEdlE N AL
Al egAeeR AR Fvle YT,
2oA%e] gYslE W gl A ¢9] o]



R AEE A £ Aol H4Ad e AT $H2Y oH5g
1. Aljishs st 713wkl Ay 99 Alge ¢ £ 2. Hx 2 Hd AEE ATE A0 = A 4
g 34 4 4 AEE AR e Al o 3 15E g9 AHA
W A4$E [bps/Hz).
AR ~
e 1E W e A 1o nse e
Axr Aae 5 g ALE P,
AR F= |2 Lot A = Ae -
A Z}1 &
Can Fertel 4.5000 9.6061
Az 2 A A5E
A58 Ave DI+ & MRS 44928 5000
+ '——+ - - A B2 M >
i B e e I e
A =]
an }.%i}i’] 3.4921 1.5000
H5E
_ N N - A8y e
Fo wE AgAES] U olF ¥R B BE ey 1.5296 14984
= - - - L%
& AEdeer smE, 4 &9 nel di3lo = SR 3
¥ = HLE T 14.015 14.104
BlL-n-1}7, & 3 {B-n-1pde] 3714l
n=1

FAe] dgshA k.

Aokgr whgsl /1& wpEe A B3R E % 1
ol Aelslgck Elold Be ulel ol Ak
He 71E by ujsle] AHIPFE Y3 Aol
Zhdsith= A4S 4 4 9o, 53] FHaWl oy
2 Ho A$E A= e A 5= M &
= wi$ =k

o] Folx= HAamut opz) o HEE Al
ARe Aol HAE ZEAE v
ekl mo A S asisich o] oA £
Al7)eh Zb AHgAE A7) Alelel] Hqte] 0ol ¥
Aol 14l iid Qe #Heold Ad-& A= 47
9] AMALEA SCME FEslglon, RE AR
252 i 4 SNRS 40dBE AdAsigich =
g AR FH4 g o ASE AR 2E A
L2150 FUsA 747 1.5 bps/Hz9t 4.5 bps/Hz
2 ARsd mo)Adde 100049 FAQ
Adel] diste] AR} ¥ A4EY F A5E ¥
Takn Hg Fslgich 2oAld A9 e HAa
2 Ho AL AL B sk A9t A
2 ALE ARE ke Al vlsle] F A
5 PollAe A9 XM= AR H HsE
& 224 FEAYL F US4 7 sk wel,

A AFAT AREAL 3 3ol 2A| SR

V.4 B

o] wEldle AE AT FUHRE stel 4
g2 Az 2 Ao A5E AR FE A
S ol WA WA AEIY S
@ 84 SCM HPEE ARbskch Al Wy

< Fojzl ARl en AF rhedt HAe AHgA A
& sty M Ao AReAE
Hx ASES Bke Hd 8 MA¥e 2
Hihe woz AMgAL ¥ Ha 37AYHE 99
ot v e Ay ez WAk HF AR
e o] 2EAEe R AR W A HEE
Aghe s ] A¥e F7h2 g
AR wbEe WAk A¥gd M 2ZE
AREAEo] olm] A9 Ha o7 HEES EA
TEg o] F ARl &8s Hd A
zate] AHde] o] Fx]7] wfel, F71H
25 AHgFeR A HF w4 ol
AR dig A AgFe 82 A
Fech wlebd, Al whe AE AR Idis
5 gisted AMEA} E FHaw olet A HEE
Aghe] FAlell F= A-fel, 53] ARAF 47} HWol
AGFE Ao] TgH ot

o ok

q 2

k=

Ko

)

it &2

#

=
(1) T. M. Cover, “Broadcast channels,” IEEE Trans.
Inf. Theory, VolIT-18, No.1, pp.2 - 14, Jan. 1972.
N. Jindal and A. Goldsmith, “Capacity and
optimal power allocation for fading broadcast
channels with minimum rates,” IEEE Trans. Inf.
Theory, Vol.49, No.11, pp.2895 -2909, Nov.
2003.
D. Kim, F. Khan, C. V. Rensburg, Z. Pi, and
S. Yoon, “Superposition of broadcast and unicast

(2

(3]

in wireless cellular systems,” JIEEE Commun.
Mag., Vol.46, No.7, pp.110-117, July 2008.

1077



FLE A3 =EA] '08-11 Vol. 33 No. 11

(4)

(5]

(6]

(7]

(8]

(9]

(10)

(11)

1078

B. Li, Z. Ruan, X. Zhang, Y. Chang, and D.
Yang, “Throughput analysis of TDMA system
forward link with superposition coding for
location-based sets of users,” in Proc. IEEE
WCNC 2008, Apr. 2008.

Z. Ding, T. Ratnarajah, and C. Cowan, “On the
diversity-multiplexing tradeoff for wireless
cooperative multiple access systems,” IEEE
Trans. Signal Process., Vol55, No.9,
pp-4627-4638, Sept. 2007

C. Wang, Y. Fan, I Krikidis, J. S. Thompson, and
H. V. Poor, “Superposition- coded concurrent
decode-and-forward relaying,” in Proc. IEEE ISIT
2008, July 2008.

X. Wang and M. T. Orchard, “Design of
superposition coded modulation for unequal error
protection,” in Proc. IEEE ICC 2001, Jun. 2001.
H. S. Cronie, “Superposition coding for power-
and bandwidth efficient communication over the
Gaussian channel,” in Proc. IEEE ISIT 2007,
Jun. 2007.

3GPP TS 25.308, “High Speed Downlink
Packet Access (HSDPA) Overall Description,”
Mar. 2008.

IEEE 802.16 WG, “IEEE Standard for Local
and Metropolitan Area Networks Part 16: Air
Interface for Fixed and Mobile Broadband
Wireless Access Systems,” IEEE STD 802.16e,
Dec. 2005.

C. Ng and A. Goldsmith, “Capacity of fading
broadcast channels with rate constraints,” in Proc.
42nd Allerton Conference on Communications,
Control, and Computing, Oct. 2004.

3
20060 849 olFdistw Az}
3 E<)(3h
2006 99Y~FA olFHE
AR A
<A Hol> MUMIMO precoding,
superposition coding, resource

0 2 (Min Lee)

management

2 M 2 (Seong Keun Oh) FA13)Y

1983 249 AEHsdm Hx}E
sk} 24i(3p

1985d 249 d=ERb|ed] A
719328k 244D

19904 89 s=aslrled A
7193 Ag3 = E40h

1993 94-&Al ot
ARFgIHE 24

<BAlEok 4G A|2E, MIMO Al~H, 53 74

9 24 B

& 4 F (Byung Jang Jeong) 3
S 1988\ 24 AEdw Azl

gkt &a}

1992 24Y =H3rled A
712Axg8k7) AAL

199714 29 =sbed A
71D g5} upat

199443 5%4~2003 59 A
el AR

2003 64~3A| ETRI o} 5-5Ad74 Adad

<Flol FAAZAR, F41%4], MIMO

P



