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ABSTRACT

It has been known that multiuser MIMO systems have better performance than single-user MIMO systems.
However, multiuser MIMO systems should eliminate inter-user interferences which are generated by allocating
data to multiple users simultaneously. There is zero-forcing beamforming (ZFBF) as scheme used widely among
algorithms to eliminate inter-user interferences. But, it needs many feedback bits since BS knows quite exact
channel state information to use this scheme in real systems. Random beamforming (RBF) was propsed to cope
with a defect of ZFBF[1]. RBF is a multiuser scheme to send data to users who have optimal performance with
predetermined codebook, each receiver feeds back a index of codeword which has optimal performance within
the codebook and its CQI information. [1] assumes that the BS knows perfect CQI information of each receiver
but CQI information should be quantized in the real systems. Therefore, in this paper, efficient CQI quantization

scheme for RBF system is proposed.

o] =& Ee AMe ool 34 3740t 2007d ARSI E o] AP d=dtedTAGe] AUS ol 3
EJ A7) (KRF-2007-314-D00181)

* g —]'"’ A7HFE TR FAAEA Y A4, Tru]‘:]oi B4l F5ATA (smuff@wmspl.snu.ac.kr), (junglee@ee.snu.ac.kr)
=T KICS2008-11-523, H4YAF:2008'd 1Y 18%Y, HEF=THFYAF 1 2009d 2¢¥ 54,

170

www.dbpia.co.kr



=% /Random Beamforming A]Z2~¥]o| A 2] CQI ¥A}3} 7|9

I.ME

TSk} AJ2<8lE- spectral efficiency U diversity
o5 wZol HZol v B A7t o]FoAA 9l
tH2]. Sty AlzHeMe 7P 2 AldS
A2 ALgA RE A9e P Ro] HA
o] WolA3], HaetEHy AlxEedME teAt
§A01 AuE Bl G o] BUAER
oA ARE AR TS AwT O ke o)
41914 Z@Eh

i = r FIMEC B RIS
o7 AMgA} te] IHiAlsrE BAeHA Erk Dirty
Paper Coding (DPC)= ©]d ZHAEE A|ASH=
2o vdY =g 7oltls]. ey sl
AdulE FAlde] Sk ads dolof Ha Ql=ud
o] s ey uiimell Al Alsslel 2
371 s o™l o] A]xE ERw o] Fx|
£ 3 d3l7] fl3lA ZFBFY Block Diagonalization
(BD)°] [6],[7]914 A=Ak ZFBFY BDE DPC
oh= gE2A A9 Zejad 7esA Biwrt A
A Eel=e 3ol ok o H*‘%‘EO DPCol| Hla]
A ZEay PES wes whHo] e ket
Ak AHE] 2t FAlee %‘r‘iﬁi QS Lotk o
= wol gtk

7 slgke] Ade P olop He AL F
i B FEAL (FDD) AW A @
J}‘:H“ HESFE Q%) wlebA] fast fading
o X= ZFBFO]‘/]’ BDE A&  glok o]d

dg WY el 1 AYE ReF
olt). o] whe AdE AlgAe] Aol P
i%‘ 48 vk== ZFBFo|Y BDol= thEA,
A ZERe] A1 HH9) AAES Hess
ZAtho] &althel] Hujjo} wE
ws} 7}% A7e) A5S Uehle =8 e
AT RS ) ) FaX) S PALS) CQI HRZH mzu
o] e Aok webd AL fast fading 7
of Hge TEALEA AHolt RBFO] TR A
A e I S

[]elME Sage] 2} Saltke] cQl JRE
3] QTha 74ge stk Tel 441 FDD A
2ol CQl BHE st Hlo Sage] 1
Wol Aok drt. wehi] o =FolAE CQIE &
24 0% PSR Paol vl Ak Sk

B =2 vl BEe vs 2ol 7dEo]

o N [k oZ X rk?i r\o
£ @ M % |

ﬁ

s

MO_I.;

o
O

rﬁ

AT WS Axg e viEh 1 el
RBF Al2glo] MM AWEar Va4 CQl &
A5} A1l el Edth AkkE Q3eiEe] o
§ 48 29 vl dehda iAo vig
o4 Azoz vireld

0. AAE ZE

o T=RollAE ol =RoAe MY <FEIL
K St M) SetE Tkl e, el
K9 AF8AE 717 broadcast Al2~8lS 112
ey 18198 broadcast S v Zth

A

ok

Yy = Hzx+n M

A7 ge 0N Me FAdeN WA At
o] Aol W] ze 0V e £ AF, ne oM
= o] 191 EHARI EA JReARE o]z wlE,
ECVE A gde) A A5 el &

A 9] Ag 23 El 2112 < P(P>0) O]D}

H9 AEL iide #ibo] 12 B 7}—,~/x]°1-
WY Wpol AQde EF5v SHARI Hold
et 7Pgsth = 7 Alehe ARl ZHL‘%%
el A8t DEws B wols dzie
o] {ickar 71gskch

&

-'E

¢

A]

. Random BeamformingS
0|85t ABAL MEd 7[H

ol =RFere 7 2l NAjo] ~Edfo]
ZAhL 7Pggity e Salde] FAle g
g F e AR F A= LM/N] otk
lz ] & 2Bt 322 o= o ggelth

4 K709 random unitary FH &, (MXN),
(k=1,+,K)<& A3ty a5d A7 tollHe] &

2 A% z(t) € v 2k
P &
w(t) =57 239, (1)s, (1) @)
k=1

A71A s, (t) = kA Faldel] 2l Vx4
£ dEolt. Ted WA AR Al Ase

17

www.dbpia.co.kr



st
A
oft
o
-

3] =54 "09-02 Vol. 34 No. 2

e
i
>

o}

P&
Yi = Mgﬁﬁ%&k +n, 3)

iR AR P o9 SINRS U} 2o
A 4 dok 2o A8 HsiM te Ak
Stk

(P/M) | HD, |1,
SINR, , =

e

+(P/M) Y | HS,

j=Lj=k

[1]"] OToﬂT‘:— =

S ol Ad &S SAFAT oyl =EelA=
QI AHEX SINRS =%
43171 %’4611*1, 7y A2 WA 7P 2 SINR

oo
N
u
r_>.: \A
:.:‘
>
gi
QL'
ot
ol
rr
Y
-
Iy}
N

=
arg,;maxlé,-é,(,‘smﬁ & A o| A1ex)

2
e 71HE ARSsk Al2RlY] sum-rate= Tt
2ot

R~ F zjlog(leraLXl<7<[S SINR, ) 5)
k=1
= KE{log(l +tmax, ;. KTS[NRi-k)}

3714 =7} ohla =9l ol AMgAL 7} 3
g olgel o8 Aud gl 317] wEolth
A K7 AR 29 GEE Ao glela.

_4_:
O
- -

o

ol

V. CQI 2=t 71|

o|H AollME RBF AlZ=glollX &8%Q1 CQI &
Zp8} 719ell il AWty RBF AlZ=EYA] CQI
= scalar #ko]7] W&ol Lloyd max condition[8]
£ o8N HHY I3} 3hE T3tk Lloyd max
condition[8]2 o]-&3lHW CQI RO pdfs} cdfZE

172

Sofof ek
(4)01]}‘19] SINR %S thed} o] thr] xS
T Sk

| H®, | 5, -
SINR, , = , =
COMLS e ey ©
P j=l5#=k B P
A7 zE Y2(2N) 9 BIES IR ye=
2(K—1)N) 9 BE2E 7 A% kS 7}
ey (k) BE pdfs T3 2ot
k/2—1 _—x
X e
=2 _° 7

I8 SINR,, O pdfe thed ol & &
Sl

fX(x) :/Oofxly(x‘y)fy(y)dy

1 ( M )” Ml
= — T
"/‘(J N 2 Y

W
(£—1)N*—1)!
< y(K*l)sz ydy

Xe

(&

(-1 )!(( 21!

> M v —(z+1);
X — rrY
/0 (P+y) e

y([x 1) 71d

[
f\ Py P
N

M
R
(V= 1)((B—1)N*—1)!

o N° [ 09 N—i
N\ M —(z+1)
S BTN e
0 i=0\"?

P
> y(k'—l)N‘+i—1dy

M
2 . T 5
wx\ 1 e P

(]X I((B—1) V1)1
E(NZ)(M)“

/ J+1)1/ R

xT

1& DN +i— ld

www.dbpia.co.kr



=% /Random Beamforming A]Z2~¥]o| A 2] CQI ¥A}3} 7|9

s ‘
N1, P N

_ T € 1)2

(V2= 1)((K—1) N*—1)1 =%
X(Ag N (E—)N+i—1)!
P (1+a:) —ON

N2)
i

®

714 SINR, 9 cdfE Fsha thay} 2tk
:/IfX(Jf)dLU:
0

B4
i=0 l P

(K—1)N*+i—1)! ©)

(M= 1)1((K—1)N*—1)!
o

©)°lA
T 3tk

(1 +x)([(71)N?+i =

N—1
x

(1+x)(A'—1)N2+z‘
 (Q4z-1)V !
(1+x)(A'—1)N2+z‘ (10)

5 NQfl) _ N—1-k
e (Y

=0 (l+x)( DN +i—k

Zjar (91l ol (1) 2 HiEAle] et o]
A I'(a,2 )€ incomplete gamma 3KroTck 2299 (11)0]
945H Q= (12)9F 2o] vepd 4= ok e} et

= max,; SINR, , #& BH7] Wizl max; SINR, €]
pde]- cdfE ©18314 Lloyd max conditionS- o83k &
otk 229 max; SINR, 9] odfE F,(x) = Fy(z)%o]
T pdfe f,(z) = KFy(a)*fy(x) ok ol@A
R F (), f,(z) oIk oA 31 £, (2), f,(x)
£ o]83)4 Lloyd max conditionS ©]83PH (13),
(14)9} 22 2o gyt

M
. 67?’5 M
——dz=— 14g) e
/O fgetr=—e " (14a)
(M(1+x))”*1 11
>< -
P

Xf(l_a’]V[(l;)—x))

)
(M=1)1((x—1)N>—1)!

2

1\ {\M-1-k
)( L (12)
m)1—(1<>1)NLi+k
M(1+z) )(K—l)N#i—k—l

P

X IN1—(K—1)N*—i+k,

X

m 3
-

~

N

=

—

+

M(1P+z))

a; :l(z/:i+xi+l) 13)

~ ., (14)

(13), (19N o, A, =5 FAsE ol
I 1<i<2%|g BE = BESH). AL
A2 9 7,2 AL (13)9) (14)S =)
A ANt AN T 2,9 BAjeln T
2,9 Ael7k ol AL gk olalrh HY 1 @Eol
AART dAgE ghoz Hah

V. &g 2o

E(z),f,(z)E M N, K Poll 9J&3t} wehA]
1 FkEo] WHekehd cQIe AAIRE FAEkE ghel
o] Wslelop vk 28" 12 M = 4, N = 1, Kt
= 100 W SNR¥} A5} HIESo] w}E sum-rate
agjzolt), Eln 1S M=4 N=1,B =3
o4 Lloyd max conditions ©]-83} T3k CQIY]

21 1. M =4, N =1, Kt = 100€ =] SNR¥} A3} H]
E<eo] W sum-rate Bl

173

www.dbpia.co.kr



S22 A3 =54 *09-02 Vol. 34 No. 2

M=4,N=2Kt= 1uo

T T
—oe— Perfect SINR |
ibit Quantization |
—+— 2bit Quantization
——+— 3bit Quantization [ 1~
—= abit Quantization | |

|

r

|

|

| |
35 — —F — — + — —
| |
|

! \
44,44“

|

|

I

|
|
BF-—b-—t-—+-—+-L
|
|
[ U T
|
|
Il

AT FAstE e vt a"¥s 2Y
CQIE 2HIE ooz <fxs}l gt 790 <hxdsh
CQIE F=9 3 799} sum-rate®] FARIAI 3
HIE ooz sl sl Ao dAg the AS
& 7 Aok

OP 2= M =4, N =2 K = 1002 w] SNR¥}
OOkZ]'fﬂ' B ESo]] W2 sumrate 1#3Zo]x E 2 B
=3 9 o Lloyd max conditionS ©o]-&3l] T3+ 7
A% Ur $AE E Fs etk o] A= 19 1
I vEIRAR 3HIE ooz xlE) sk %‘r‘ﬁfﬂ
CQl T=1 A9} nlusix Ao YU 5 7
A e RS g 9 ok

-

E1. M=4N=1 B =3 <% 9 Lloyd max condition
o]g3gk CQIe] AR FAkstE 3k
<A

SNR 0 5 10 15 20

0.1863 | 0.4057 | 0.6566 | 0.8261 | 0.9612
0.2722 | 0.5716 | 0.9567 | 1.2741 | 1.5835
0.3609 | 0.7595 | 1.3388 | 1.8915 | 2.4995
747A1%k | 0.4648 | 0.9922 | 1.8556 | 2.7704 | 3.9449
0.5953 | 1.2967 | 2.5892 | 4.1267 | 6.4233
0.7750 | 1.7280 | 3.7561 | 6.5846 | 11.0905
1.0627 | 2.4428 | 5.8264 | 12.0491 | 22.6639

SNR 0 5 10 15 20

0.1423 | 0.3252 | 0.5217 | 0.6349 | 0.7059
0.2303 | 0.4861 | 0.7914 | 1.0173 | 1.2166
0.3140 | 0.6570 | 1.1219 | 1.5308 | 1.9504
0.4078 | 0.8620 | 1.5556 | 2.2521 | 3.0487
0.5217 | 1.1225 | 2.1556 | 3.2887 | 4.8410
0.6688 | 1.4709 | 3.0228 | 4.9647 | 8.0055
0.8812 | 1.9850 | 4.4894 | 8.2046 | 14.1754
1.2441 | 2.9007 | 7.1634 | 15.8936 | 31.1523

gk

E2 M=4 N=2 B=3 % 4 Loyd max conditions
o]-83 CQIY| AART FAkstE 3k
<A

SNR 0 5 10 15 20

0.4840 | 09116 | 1.2511 | 1.4720 | 1.5488
0.6130 | 1.1433 | 1.6715 | 2.1094 | 2.2749
0.7413 | 1.4144 | 2.1891 | 2.9576 | 3.2801
Z37A1%k | 0.8895 | 1.7457 | 2.8666 | 4.1548 | 4.7788
1.0719 | 2.1727 | 3.8202 | 5.9276 | 7.2506
1.3181 | 2.7658 | 5.2572 | 8.8943 | 12.0636
1.7003 | 3.7355 | 7.7979 | 16.3183 | 21.8360

SNR 0 5 10 15 20

0.4159 | 0.8030 | 1.0593 | 1.1942 | 1.2381
0.5522 | 1.0201 | 1.4428 | 1.7498 | 1.8595
0.6739 | 1.2666 | 1.9002 | 2.4691 | 2.6903
0.8087 | 1.5623 | 2.4780 | 3.4460 | 3.8699
0.9704 | 1.9292 | 3.2552 | 4.8636 | 5.6877
1.1734 | 2.4162 | 4.3851 | 6.9916 | 8.8135
1.4628 | 3.1154 | 6.1293 | 10.7969 | 15.3137
1.9378 | 4.3557 | 9.4664 |21.8397 | 38.3583

OY8 32 M =8 N =2 Kt = 1002 w SNR¥}
GAEl WES]| w2 sumrate IEo]ja X 3
B = 3 ¥ 9 Lloyd max conditiong ©]&3} 3t
BART FA3k € %kg Uehdth o] F¢% 3HE
ooz A3} s FRIIE S ¢ F AUtk
agja a2y 29 99} vlwsid Kk7F =27) wEol
M AlE BRo] AXA sumrate”} 7FAFCk

9 49} I9 5% Lloyd max conditiong A &
1EY OE dnEHe] Aes Hlug Aotk
H|W5k= €318]E-L Lloyd max condition X HITS
o] ofd FEEES AMEIA FHEE WES
ARESIITE T8 4= M = 4, N = 19 A|25)9ld =
2 SNRoIA Aloke dare)Eo] F5ES Akl

—6— Perfect SINR
1bit Quantization
[1 —+— 2bit Quantization
——+— 3bit Quantization
—F— 4bit Quantization
T

M =8, N =2, Kt=100
|
|

Sum Rate

J21 3. M =8, N
E<eo]| w2 sum-rate

www.dbpia.co.kr



=% /Random Beamforming A]Z2~¥]o| A 2] CQI ¥A}3} 7|9

E3 M=8N=2 B=3% 4 Lloyd max conditions
o]g3t CQIY] AR FAketE %k
<A
SNR 0 5 10 15 20
0.2550 | 0.3846 | 0.4530 | 0.4813 | 0.5004
0.3028 | 0.4556 | 0.5410 | 0.5782 | 0.6101
0.3510 | 0.5311 | 0.6373 | 0.6847 | 0.7365
ZAA1%k | 0.4058 | 0.6202 | 0.7526 | 0.8118 | 0.8966
0.4735 | 0.7324 | 0.9008 | 0.9755 | 1.1235
0.5629 | 0.8856 | 1.1164 | 1.2143 | 1.5100
0.7007 | 1.1357 | 1.4865 | 1.6261 | 2.5769
<t E3k>
SNR 0 5 10 15 20
0.2302 | 0.3491 | 0.4096 | 0.4336 | 0.4478
0.2797 | 0.4201 | 0.4963 | 0.5290 | 0.5530
0.3259 | 0.4912 | 0.5856 | 0.6274 | 0.6672
NEg 0.3761 | 0.5711 | 0.6890 | 0.7420 | 0.8057
0.4356 | 0.6692 | 0.8163 | 0.8817 | 0.9874
0.5115 | 0.7957 | 0.9852 | 1.0693 | 1.2595
0.6143 | 0.9756 | 1.2477 | 1.3592 | 1.7605
0.7871 | 1.2958 | 1.7254 | 1.8930 | 3.3933
woh o & 5 TRt A ¢ 471 Atk M
- 8 N =291 GEEIL Aol A )
o] 8T YASIIHEY A9 EE SNRoJA
o #2458 e RS 19 58 F4 ¢ 51
Atk

VI 2 2

o]¥ =F-ol X RBF A28 CQI ARE &8
Ao A3} she WS ARFSHATE CQIe pdf <F
cdfE 3}l Lloyd max conditionsS ©]-8-3F H|H5 &
g bl oaiA CQIE WAs) stslth A7 A=

M=4,N=1,B =3, Kt=100

—e—Perfect SINR ! !
6.5H —*—Lloyd 3bit Quantization
—+—Uniform 3bit Quantization

Sum Rate
S
@

|

25— — — — — — -

| |

2 | |
0 5 10 15 20

SNR

J21 4 M=4 N=1 B =23, Kr = 100¢ = SNRo|| &
Aoret duE|Ey} FeET FA3 7'M sumrate Blnl

w

2.8

2.6

2.4

Sum Rate

M=8,N=2,B =3 Kt=100

—e—Perfect SINR | ¥
——Lloyd 3bit Quantization [
1 —+—Uniform 3bit Quantization

|
|
1
5 10 15 20

Kt = 100¢ ™} SNRe| w2
d218) 7199l sumerate H]nl

A5S 48 F L 38E oo U3 i &
W3k CQI F=ul gk Ao 2 s Ve

(1]

(2]

(3]

[4]

(5]

(6]

ik
|_

HO
rot

M. Sharif and B. Hassibi, “On the capacity
of MIMO broadcast channels with partial
side information,”, IEEE Trans.
Theory, pp. 506-522, Feb 2005.

E. Telatar, “Capacity of multi-antenna Gaussian

Inform.

channels,“ AT&T-Bell Labs, Tech. Rep.,
June 1995.
R. Knopp and P. Humblet, “Information

capacity and power control in single cell
multiuser communications,”
IEEE ICC, pp. 331-335.

N. Jindal and A. Goldsmith, “Dirty-paper
coding versus TDMA for MIMO broadcast
channels,” IEEE Trans. Inform. Theory, vol.
51, no. 5, pp. 1783-1794, 2005.

M. Costa, “Writing on dirty paper,”
Trans. Inform. Theory, pp. 439-441,
1983.

C. B. Peel, B. M. Hochwald, and A. L.
Seindlehurst, “A

technique for

in Proc. of

IEEE
May,

vector perturbation

near capacity multiantenna
multiuser communication - part 1: channel

inversion and regularization,” [EEE Trans.

175

www.dbpia.co.kr



S22 A3 =54 *09-02 Vol. 34 No. 2

Inform.  Theory, vol. 49, no. 7, pp.
1691-1706, Jul. 2003.

[71 Q. H. Spencer, A. L. Swindlehurst, and M.
Haardt, “Zero-forcing methods for downlink
spatial multiplexing in multiuser MIMO
channels,” IEEE Trans. on Signal Process.,
vol. 52, no. 2, pp. 20-24, 2004.

[8] J. G. Proakis, Digital communications, 4th
ed. McGrawHill, 2001.

[9] “http://integral.wolfram.com”.

176

1 4 #F(Kyeongjun Ko) A3l
P 20061 2€ - AE s 317

B\ o=
’LE“I‘ Ec‘d

2006 3Y¥~EA - st
A7 AFE1 R AukEslay

<Tiliol olF T4l AjxE|
MIMO, UEAE2 MIMO
AlzH] Ag F= 7

0| & (Jungwoo Lee) A3

1988 29 s Ajgtigta A}
T 4

19903 249 :Princeton TSt
AAT I} A}

199413 249 :Princeton TSt
AAgsta) vh

2002 9Y~FA : Al EtL
A7 ZE w

<BaEol ol B4 A2E, MIMO, H¥ 4
T4 ESA 29, F4 HERHo]

>

www.dbpia.co.kr



	Random Beamforming 시스템에서의 CQI 양자화 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. Random Beamforming을 이용한 사용자 선택 기법
	Ⅳ. CQI 양자화 기법
	Ⅴ. 실험 결과
	Ⅵ. 결론
	참고문헌


