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ABSTRACT

In this paper, we investigate the user scheduling, transmit beamforming, and receive beamforming of uplink space
division multiple access (SDMA) systems where multiple users are allowed to transmit their signal to a base station
(BS) using the same frequency band simultaneously. The BS performs a receive beamforming using the predetermined
pseudo-random pattern and select users with a specific criterion. Especially, in this paper, we propose the
threshold-based transmit power control, in which a user decrease its transmit power according if its generating
interference to other users’s signal is larger than a predetermined threshold. Assuming that the TDD system is used, the
channel state information (CSI) can be obtained at each user from pilot signals from the BS. Simulation results show
that the proposed technique significantly outperforms the existing user scheduling algorithms.

FIME | gEdEy et UEYD, YT, 1Y Ao, AHgA 2AET

Key word : MIMO, cellular networks, beamforming, power control, user scheduling

TpUXt: 2013, 11. 17 MARRAZ UXF: 2013, 11. 21 A RHEPH XL : 2013. 12. 08
* Corresponding Author Bang Chul Jung (E-mail:bcjung@gnu.ac.kr), Tel:+82-55-772-9171
Department of Information and Communication on Engineering Gyeongsang National University, Tongyeong 650-160, Korea

http://dx.doi.org/10.6109/jkiice.2014.18.2.289 print ISSN: 2234-4772 online ISSN: 2288-4165

€)This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided - the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



Multi-input multi-output(MIMO)+= $:417] 2} $=417]
R O QLS ZHAA RABAA £ glo]E
A% &g Sk 223 dxje] s WEY
32 TP R FHBA AL shte] A
o the] GRS dlolE AulAg Sgaoksta
eolle o B2 AvlaEs T8k & Aotk o
oot % ALEA Sl A 2wkl AbgR} B2 )
A= S A W I e AL 2 e A E Aol
ok AlEZe Y EHAY 2% A A4S
BARE7] §15ke] Wyner melo] 25 ALGEITHL[2].
Wyner 2d]o] 79 B35l 48k 07 BA5}7] of
2 A AEe] &7

F AT BAHE A4 245

g A Qe

o5 AREAE 2 ol 1 Shannon®] AJHo]22 &
oA 2 A o] FA WA A7 LA A] oF
th F, 2EH R 7MY BAIE st W F
U= 744 FE(1A) 7]<o] Cadambe£} Jafarof 2sf #|
0}51041;]_[3] 7]-/\4 7(4347]1%& A}Q.‘c‘ﬂ— 76]_?_ /\]tﬂ ;‘(HH
AlGE 2= K9] AREAF T Aid oA 2]4¢] X]"rr
55 25 ¢ rta dElA qled, 1] AE Vs

MO

sapr oz

21 9ol apsia) gk

oL 38 ot

Z_. ‘j ;(HHJ’}. /H]E—_'{-H ];”E_?,JH_E :,\'5‘6‘1-0]__‘5_ .‘:r'./\-]
DA ZERE W 71E 7)< Hivl

il ﬁ%‘—% ol Adeol T8 = AArH4-6].
b, & A sl Aol A Holg o] 5= ol 8=t
ez 7)8)Fol4 /\71123‘ 7l§1T—4
2 Rlevy, dy W=y 54 7] =0 A=At
&E A Aoj| A ARgAL A
2ol SH= U
HelS HohA

H| k7]

&

Of

o} 7] 1 = @OHXJ ¥

7)1 AR A= 4241 Al A 9 &5 Hl(signal-to-
interference-and-noise ratio, SINR)E AAksta 1 3H
S| =iy, 7)Aol A ALAIE F s gro] 7
% 2 ARgAE Aesich T g e A 2Elol A A
gyl 2HZF o2 13k T Ay o2t} 51ekY
39| Ao AFER7} thE ] 7ke] Stk SINRS A3
3] AAFSE 4= QA QO AFsFe F of| A = 2} AFRAE ZJAL
o A oo thE AMEAMS] AR AHES o
tHOJ. whebA] o ARgAREO] AR 7] Aol A w] 2]

fot r_“l

fr e ¢

J I A G ARAL o5 A=
AH&A i%ﬂé%‘ o] ob2) A QhE| ] kT
ol M= Al S YT A o) =
lﬂ?ﬂﬁ 2AEYE AL
& 7100 srFE Ao M Al
Al sE¥ 7] %(8]- SAlRel A 1
W2 Hghch AHGAHE S ARk Y WEYof Tk
g vigro g Apalo] AR AT WS Alata
A4lo] thE AbgALe] Alzel u] 2 7S eks] A4t
a4 QUck AL 1ol A AGAEL e Ha
AL TE AAlo] w2 1He] & A% Aol 44l
Heg EATh ASAEL Alofe Aol He e}
Alo] ALgE Nlo) MBS YA v sl 7]
AL =A% T Tl A HE ulelo 2 2|AFo] AF A
718 e AAgAE WER At B =RdAs
A|%-3k Duplex (TDD) AJ2:81& 7bgeict. ujeba 2t
AR S E TH sl A5 g Fate] YR A
Yol EXS wlols) 2= i},
=2 e ol ?L“QEP Al 2782 A B
3 A RS ATfSRaL Al 32 712 0] ARSAR &
A€ 7IHES T A 4ﬂ°ﬂ A g Aol d
AL BALE ALgAL 2AEY S Aoksk A 4
> AIFE AlEdeld A3E Rk Al 57ollA
A=tk

oo
2
r
)
N
>.
i “Hé
=
of
SN
"
= 1

o
flo Hd

W

Y o
|
tlo

I, AJAR 2H

2 =wollAle o]EHe® thE <Y multiple-
access channel (MIMO-MAC)E- 1183ttt o] dlof A
£ ohte] Aol MAe] eheluE 7H 712 Ze) S,
A el Vo) Qleka 7 gRich vt 2k A AR B
o Qhelubg ZReicka sbgater ulebd, 2+ Abgabd
71 A e Akakel = A'E -2 single-input multiple-output
(SIMO) MAC .2 el & 2= ¢t} of 7] A No| M:.
o} "X Zohd BA 2g o] F2A] (randomness) ©]
30}0% 7185214 o] 55 & 4= Atk

E5(Ze9) B¢t *

OIE‘ A4 B gk 4
A YL T S YT RE A BEEO

Aoz s ot 7| A] =

290



ek M o) AHgAL 415 WS 4= 9t o] o] 54l
o W WEYS 95 M < M 7 2
o] ALGEITE. 71X e A Whe A% W] yeC = of

o Al o] EAT 4 e

.
o
ke
g
o2

y= Zh X, Tz (1)
U= [“17“2:"'7“111} )
y=Uy (3)

o]714 (1)ellA 2, E C = nHA ALEAFREE A

A3 E He T 7 AARs SR P, & 2
tf. z&CY! = Bto] 00]3L NI, 0] FEAL i EE
28 ZHe By Aol n $UG BE 34 Rl
4 AWGN #Ejoltt. h, € CY ' nil) AMgALR
RE| 7| XA ] g a A welo] 3 7t i
Rayleigh 325 7MA 3} (2 7] 7|3l 4] 441 <]
U Mol w2 M x M A7)0 Y ey Wy U
o] AE I o]= umEC‘quQJ Yag o]Zo]x
th(m =1,2, 52
gz Y US o] &3ste] AdlE Mrgo] 4241 Al
iwaﬂmaﬁq

aear

1

Jr
ol
A

Of

k]
J
ri
r

HPOE Al 37l A Ak vt 2AlEH S 917 7]
= Zk (scheduling criterion)-2 2§ AJ gt}
I, 71E9 AHEE 7IHE

3.1, SNR Z[ci3} 7| AH|Z2! (Max-SNR)

Max-SNR-2 AREAI7F A% 7Hde A3 1334
a1 @2 7 AMEALR] XS A|7| ARo] 7MY AR
A5 AEshs o) o] AAEY 7|
A =41 JS ARgSE AREAE ofef] =4S B35
ZAA )

TE AR ARBR AAZE, S 12 Ho], $40 WELo| 2si0f
Sihesvy = argmax, |V Pulh, (4)
forn=1,2,....NNm=1,2,....M
2t AREARE ARl A ARSE W MK sfigshe
A59] A7)15 B o=ttt (4)o A 2 AR
SR A S ARl 7 .

32, 2Hd x|23} 7|8 AHEE (Min-INR)

Minimize interference-to-noise ratio (Min-INR) 27|
FY ARRATE Ush A 4o A e
2okA) T 9.7 7k ALgATE A7) e Al B
w24 7o) AP e AL gALE *d‘a“d% oo,
o] 2% 7|W& Fotol muA) 241 WS AFET AL
G ofef 52412 ot AHHC

M

Sihang =argmin, 35 ‘\/ﬁuj?hn|2 ®)
n=1j=m
forn=1,2,.... Nm=1,2,...M

ZF ARgARE Al A AR Y MOl sigshe
el A7) B m =itk (5)0) M = 2 ARSARE
F YR S AR AL 7 gk

33, dlsr Mo ZHdH| X|cH3t 7 (g A7 EY

(Max-SGINR)

Maximizing signal to generated interference and
noise ratio (Max-SGINR) ~A| &% d1g|&2 ZF =41
Wl ARgAel Al o A4 THduI A1 2 AR
2 Al ol o] A4 7]HE Sato] mu

=
A A WS AR AR ofd) 441 Bato] A
et

m —

Max SGINR ~— (6)

|V Pu, b,
M

1+ Y VPR

j=lj3=m

argmax,,

forn=1,2,.... N, m=12,..M

2} AN 424l

woll A AR W MAo] sgehs

291



R 2718 B 5| stk (6)) 4 2 AR
U AL AT AT

3.4, AR 718k F4 ALZXL AFIER (TDUS)

Threshold-Based Distributed User Scheduling (TDUS)
YareES ZF AREARS] AT Fofl 3204 AR TF
A9} ¢ (INR)o] mje] AR E UA A Het 2o Al
39 2717k 7P 2 AHEARE AEishs ol tH9).
o] 2A1EY 71MS &stol miAA Al WIS ARSE A

B of) 4412 B3tel AR

Stpus= )

argmax, |V Pulh,

mtn

forn=1,2,....N, m=1,2,...M

M

5.l E |\/ﬁu’jThn‘2 = 771 (8)

ji=lLj=m

o714 71% (8)2 At n, ol 13l ZF Abg AL
A7) 21419 ok vle] AR Al o5 A}
87 Ale] WlE Algsks Aok wheby 2k g
% (8)419) 2 WEalA o A ARE A EY T
ol Aol EIch. whebd TDUS o4 vle] 25 7t
A191AIgEe) Aol vl$- Fashh U He 1111
glo] AAE|W 1H419] abo] B7ste] kAl AEA)
Aelo] B7Hsaha, U5 B QlAlgte] AgEw AR
A% QARG 2AE WESHE A8 471 Fol
187 TRl AlE] F 37} Zol =k TDUSHIAE AL
84459 Hele mAole} pgh

IV, H2tEl 2o o
ALEXL AAEY

AR 715 24t

3.44 )| A A3t Threshold-Based Distributed User
Scheduling (TDUS)= M 2] Alg-A}o] B4 =41 Hloj
sto] 53] 2 AY 0|57 /A MA BAl) che
G40 o] kol FE3] 22 7 2] oFe] Al
= ARARE AdEshe W olth of 714 JAIGE A=
ol¥] AE Heof ] 2H ol Aol dA
0y & WA 7= AREARE 2A & S H 7L ok wet

292

‘iéﬁ} | oot *ﬂlzaow Asleie 4Hapol
3 o) gAY 47} He4s AAEY
27} 9= ~A|49 Outage FAfo] T W3] Why3H
o= Utk wEpA ARgARS] ot B FA Al 540
ke AAGEE A15-5] 27 = ofof gtk

2 =2oA = olEg 2A & Outage A4S 2
o=z 9lo= Threshold-Based Distributed User
Scheduling with Transmit Power Control (TDUS-PC)
Aare] &S ARRIeh At $A41 A Alo] darelE
& 34 A AgHE (8)A ol 7INkeE 7H4] AR =1
2 WHESHE ARgAHE 2pAle] A Ao Hole S
A 45}7) 3haL wkek (8) 4] ] 28 ukEslR] Hah= A}
AR A4 Al HES o] (@)A1 S S
3= Blol k.

TehA] 712 (8)F A7 = Hoohe AR ARECA
ofgfj o] Alof wie} M AL 3] o] AAET
7| Skl mA A S ARG AR A o
FAE Esto] 2R

Stpus- o= ©)
argmax, | v P'" u,ﬁhn\Q
forn= N, m=1,2,..,M,

Ty 12
Iu/ h,|
j=lj=m

P™ =min {R n,/

} (10)

o7\ 2k ARGAPE R AT A1 Wo] whebd 41
Aol Debd 4= Qg Fusteh w3 7 AgA
A4Sl Al o 2} AL g A7t AR 2

© 7159) A o] 2k AR HAH O 2 A
e Aok ohuelFe A e AAge 44
afxjofof e,

V. AlZdlo|d Axt

ol A 4 oA RIS SA1AE 9 ¢

74k BAE ALg A 2AEY O] AL obi] 918)
el A Bdol e Stk WA T
TDUS-PC tite]Zo] 259] 452 2

g
C
w
mO
Kl
o
TN
i)




&k

o?!

23

U]

2t

i

A

& AT 1Y 13} 1 2= 7] A= AT SH|
U7hA7Y, 87031 79 Al & AREALSY] = B 1007 Q1
Jg ol A “FFE L SDMA A2 Hlof A 9] dloJe] HEE
S HolFa Qlrk AljbE 71HE 7|E 714<] Max-
SNR, Min-INR, SGINR, TDUS &} u]ma}gich. % 1

T} 717 20014 & 4= gl50] AIQHE TDUS-PCE F=01 %]
SNR & &of| 4] g4} T2 RLE 7]&o] Blal Y53 *é‘ il
S8 Uep 2 9ot 71X =] S o] F71eE A

SolE T BE 7)5o] H8] $& A5S BT

9 3L 7|45 U} 47 o] 3 AL AFE O] W
SNRo] 20dB &, A1 o] A7} 427} Z7}to] whe
A AES-S HojZr)

Achievabls mtes per oell (bisMz/osl)

f i i i i i i i
0 2 4 3 & 10 12 14 16 18 20
SNR(E)

a2 1. M=4, N=100¢!
mE HolE &S

Fig. 1 Achievable data rate of the proposed algorithm
in uplink SDMA systems for varying SNRs for M=4 and
N=100.
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