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Abstract:  In this paper, an model of adaptive multr user diversity based on random beamforming and adaptive modulation

MIMO OFDM sysem is esablished. An resource alocation algorithm and simplified algorithm of adaptive multt user diversity

combining random beanr former and linear QR receiver are proposed. The sysem BER performance is deduced when the system

throughput is maximal. Simulation result shows that the algorihm can make the system performance approach that of

eigerr beam-

forming sysem even the user number is small. Multt user diversity with antenna allocation can achieve better performance than that

of eigerr beamforming system. Finally, adaptive subchannel coded modulation is adopted to improve system thmoughput and BER

perfomance further.

Key words:  MIMO-OFMD; adaptive modul ation; multt user diversity

1 1101 OFDM (1 MIMO- OFDM
(s . MIMO
(SISO) . ’ ,
2,3 ’
MIMO : [4] [ 15]
£ 2 OF]]V[
\ MIMO 561,
) : . [4.5]
17 MIMO (& 9] OR
: 200703 19; : 2008 0420

(;No. 60272065),

[12~ 14]

MIMO-

SVD



7 :MIMO-OFDM 1325

. MIMO-OFDM , 3
’ ’ ’ 13 ’
5 . ,
MIMO-OFDM , /16/’
1 )
) , k i (SVD)
L, Hy(i)= U(i) N(i) V(i) (3)
V7 g(t) s l s IJA VA 5 Ak s
g(i) {gl(n)a n= Oa oty V- Hk . Vb(l<t QVL) 1
1);  MIMO-OFDM N,, .V, H,
M, OFDM ) OFDM H
2 2 IFFT ) ) k
(M, M,) MMO ) FFT o
H Mt
; FIT Yi(i)= Hi(i) ViXa( i)+ mi(i) (4)
. R : Hy(i)
1} xi(i), Vi»
FFT : ‘
re(i)= Hi(i)xi(i)+ m(i) (1) ’ Xk(i;: o) i) (s)
sm (1) . R . . .
(m(t)~ N(O,NOIMy)) , Ou(i) | B Hy(i)V,=Q(i)r(i), r(i)
Be) i ’ : Xi(i)= r( )Xl i)+ m(i) (6)
Hy(i)= Z():[ IZ@aR,,a%,gz(y)] A 6) ()= Ol (i)r(i), E(np})= oI, |
B l >, Qg Qp g l : i) 2
— 20 ~ Aci)- L“[,i) 7)
X : .

N

| e et

[BprE xa(1): Ne
e ¥ A IFFT

I xn(Ne) ’

\ /V
SNR Ky il o) FFT :

R > o1+ p(i)(r ()%

s : P o 25
S o, FFT Mgz Cp KN,

8
B 1 #T MIMO-OFDM R4 % Hl /5 R AR %




1326 2008
ot Dot
,Pj(l)— ('1/( )) ‘ (i)= e ( bits/ s/ Hz)
K . V2 4QAM 1 1
MIMO-OFDM 5 ’ 2”3 8QAM 6 2
QR ¥4 16QAM 5 3
(1) N. v s ' :
56 AQAM 4 5
67 128Q0AM 3 6
. 78 2560AM 3 7
(2) b(i).j= 1 - M, i
(3) , QR j , QAM
. - 16Gijr ] I )
(4 . BER(i) =~ C ap[ 21)](i)iz)1p (L] (11)
(5 M . , .C LG(i) . R
‘ (i) p(i) i J
m km; N,
k,= arg mdx[_k:% (9 7 ZJZ‘: pro= e
Ty
Ry m k BER; (i) SBER 4 (12)
> Tk k ; j
(10), M, (kv ko l ’
o k“w ), > '
, - 1L5GRP(i
b}(t):floa{logz[H Rl )] } (13)
2’ « B
(6) m, s |
(7) QR 2 24(i)
: FBr= TN
D Dlowo(1+ i 1)(ri(i))?) " Y-
(i) k i J 1. 5G.
K= m 2" = max(0, x).
4 >
’ kaax szk( i)
T =1 i= 1
o , B'T= : (15)
BER ’ ;“Z’m} / ’
/2 .
1. 2 NMI



7 :MIMO-OFDM 1327
. N M, ; 8 M,
s 2 4, 16, 1 4
(14) . , QR
. b()< b(2)< < b(N,),j=1, s M. S , 1
s . 4 (4, 4)
bi(1), s b(S), . (44 (2,2)
N b;, s = m?xé s QR
(s)(S— s+ 1), b= b(5). | )7 o
5
MIMO OFDM ’ ’
: 1 4
2 ) 2 4 18
4 . A — bound(WF)
£ 17r -%- antenna allocetionl
1: (2) % - @4 -i-::;:r:::y ?(I)I;;etlonZ |
1 , :E.-: 1sk
i) ® 155
eI‘,l [_ 67% 5 E 151!_.* A ot *
T &% 145
- 5> 0 s s
. [ 3 ] K S M 2,2)
2Hs . g(t) 135
51']'5, 0 35 . V 130 5‘0 160 15;0 260 2;0 360 350 460 450 500
3 64 user number
) R ’ B2 ARARKEBERZEZHT , RETFH
10”~. 20, 12dB. 2 FHREHPBOXRLE
(44 (2
2) QR
2 5 2 >
2 s ~
w
. (22) , QR = . ..
(4. 4) .4 10° 1 3 anenna all oction 1100)™
--+-- antenna all ocation 2(16)
10’8 | —*— antenna all ocation 2(100)
-+ QR(16)
4 5 —— QR(100) ?
10-6 A i A A 1
-4 -2 0 2 4 6 8 10
Mean SNR/dB
2 V=8, B3 FHB—2EZH4T, FRZHAPERRENRLEE
g 1 RSP £45 W LG B X 2R
6 10 |, QR
3 .
2 2 1 2 ’
MIMO-OFDM
, QR
, 100 16
R SVD s



1328 2008
1o° mulkt antenna transmission with channel mean feedback| A ].
L}
~ 9\\ . IEEE ICC[ C]. 2003, 4, 11— 15.
Ll 8 AN (9] S ME
5 \ MO 1] ,
» \. 2004, 32(9) : 1556— 1559.
2y \\\ [ 10] Severine Catreux, Peter F Driessen, and Larry J Greenstein.
1% o scons st ocmiontia ) Data throughpu using multiple input multiple output teclhr
+A):L:L(-:n;x)-xll<‘c;|||unll~t4) niques in a noise limited cellular environment [ J]. IEEE
5| ~@- QR(4,4
107 ['—+— eigen-beamforming(4.4) b Transaction wireless commu, 2002, 1( 2) : 226— 235.

| --@- antenna all ocation1(2,2)

| -+ eigen-beamforming(2,2)
h .

10—2 0 2 4 6 8 10 12 14

Mean SNR/dB
B4 HFHE-EXFHT, FRARERE RS FHRLEEER
RSP EIfE e HE R R

QR

B

; MIMO-OFDM

? ?

[ 1] R Knopp, P Humbler. Information capacity and power control
n single cell muliuser commnication| A |. In Proc of Int. conf.
on Commu| C], 1995, 1: 331- 335.

[ 2] Wonjong Rhee, Wei Y u, John M Cioffi. Utilizing multiuser dr
versity for multiple antenna systems[ A]. IEEE w ireless conr
munication and netwoiking conference| C|, 2000, 1, 420— 425.

[ 3] Robert W. Heath Jr, Manish Airy, Arogyaswami J. Paulrg.
Multiuser diversity for MIMO wireless system with linear re
ceiver| A] . IEEE conference on signals, sysems and compuers
[C],2001, 2, 1194— 1199.

[ 4] Pramod Viswanath, David N C Tse, Rgjiv Laroia. Opportunistic
beamforming using dumb antennas [ J]. I[EEE Trans Inform.
Theory, 2002,48(6) : 1277- 1294.

[ 5] J Chung, C S Hwang, K Kim, Y K Kin. A random beamfornr
ing technique in MIMO systems exploiting multiuser diversiy
[J]. IEEE J selected areas on commun, 2003, 21 (5) : 848—
855.

[ 6] L Dong, T Li, Y -F Huang. Opportunigic transmissions
scheduling for multiuser MIMO systems[ J]. IEEE icassp,
2003, 1: 65— 68.

[7] Lan Tang, Shu xun Wang, Ying chang Liang. Variable rate
adaptive modulation in MIMO systems exploiting multt user
diversity[ A]. In TEEE ICASSP2004[ C] . Canada, 2004. 693—
696.

[ 8] Shengli Zhou, Georgios B Giannakis. Adaptive modulation for

[11] T Nekanishi, S Sampei, H Harada and N Morinaga. An
OFDM based adaptive modulation scheme employing variable
coding rate [ J]. IEICE Transactions on Communications,
2005, E88 B( 2) : 526- 534.

[12] J Gao, M Faulkner. On implementation of bit loading algo-
rithm for OFDM systems with multiple input multiple output
[ A]. VTC2002[ C]. 2002, 1, 199- 203.

[13] s R MIMO OFDM

LJ]. . 2006,23
(9): 63— 65.

[ 14] s , s .

— MIMO/OFDM [J].
,2006, 33( 11) : 10- 13.

[15] ) , , (MIMO)

[J]. , 2005, 33
(4): 629- 633

[16] D N C Tse, et al. Transmitter directed, multiple receiver sys

tem using path diversity to equitably maximize throughput
[ P] . Patent filed, 1999.

, , 19714 2 , 2007

E mail: hufengye @y ahoo. com. en.

[ R U , 1970

, 1982 ,

( ) L1998 , 2005

> s 21
F mail: sunxy @ jlu. edu. en



