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Abstract: Antenna Selection (AS) technique and Virtual MIMO(VMIMO) technique have been widely used in

uplink transmission, where the User Equipment (UE) has two antennas but only one Radio Frequency (RF) link.

With a view to fully take the advantages of these two techniques, in this paper we apply the AS technique in the
VMIMO system, as VMIMO-AS system. However, when both the VMIMO and the AS are applied, always choose

the better antennas from the users to form the VMIMO could not guarantee the optimal performance. In this paper,

the UE pairing algorithms for the VMIMO system with antenna selection was studied. Different user pairing

algorithms are proposed and their throughput and fairness performance are compared. Simulation results show

that the first UE should be selected by using the AS technique. Comparably, the selection of the pairing user does

not need the AS process, considering the trade-off between the complexity and performance.

Key words: Wireless communication; Virtual MIMO; Antenna selection; User pairing

1 51&

Z i N/ £ % (Multiple-Input  Multiple-Output,
MIMO)HiA BRI ELAE 5 KK 5 R G AR Al 1, ff
FR A RETE AT R PR AT % 5 A i B v 0 2 P 0 M 5 4
FlTEoRE, 2T - ABIEFEHREEARL . R
MIMO FREuM 2k fUL S 2 R M S B M E A4
DA i A o TR0 B A T, 3X ANl i 7 el i 38 06 o IR
A P R ICA T, o MIMO 78 EAT R —
AR o 3X 7 BT —MCEESR P R BT SRR AR
JRAG S DHFER AT 2L, FrER TR kit 1642
LA ISR A, 7 3G LK B3G /4G B ahil s v,
R Pk el R —IROR &k (Bl 2R Rk, B
—/~ RF B 544, 1 H, BIMER] 4G BB, G & 570
SR AN K, T S R R Ze B AT 52 B R

2007-03-19 Y F, 2007-08-20 /Al

I MIMO ({3898 S AR e e 4 R 4

AT BTG, A PR R R R R R
LR PEHAR (AS), 5 Ah— b U7 8wk 4 B MIMO
(VMIMO)HEAT A E A4 o Lk I B A RF BEER A
HONTSEBRIREH, ETCLIH(RF) B AE P AT 1 R
e Wb, WA s et s P T R AT R MIMO
R, BRI R WA B 2 AN % 4% (UE)
TEFIAS s AL ST RO, SRR B ok 2R
T, TR B e et A 2 AR e Rk, 7E_BAT Rk
TR MIMO (B4 B, a0, R AR B
MIMO $ AT LLZE A 3 1 2355 ) 52 2% B R AR (AT 5 35
BN T2 Rekhobkae, AR 2 H T EATEE R
(0 ERT A b, X PREOAR AR TF N T R e, ERf
SCRRAR LR P TR 25 Al R B o SEBR b, X PR A
VA% AN AN A EL AP SR 96 R o DRI A SR Hx
PR S sk, R RN ATERES MIMO %



%510 39 W ESE R RO R PEAERE L MIMO (¥ H] 2455

b (ASCTRR A VMIMO-AS #%5), AImAEF AR AHE
FHLURAE

HAEREM MIMO i & T REIEFESIA, I How 22
PN A o by 15 25 FE OO P BRI (L i e R
AIEAAFE RPN, $EA UB SO ISR I 1 — RO
LA AU MIMO JfAN— 52 REF PR IT 2L B REAUL MIMO #
GEvERER . FEUN T SR 2 IR EAT I  EOR . Bt
TEASHEN], 1efe BA IEAZFE R AN 4L BB MIMO,
DA GRS 2 I oy SR 2t o BRULLAAL,  HEuh i BN b 75 22
G ST (KD, AELELAACR P (o b B U B ke T AR G B2
BN bR 2N T IRKRG R, FORA A,
HE L PIE R, e A R SE . HOATERGS
REAL MIMO (K1) B S0 R MR RIEFERIA . AT
EERII T A REEFBRI R MIMO REEH A
[L0EE AP
2 RFEBFNRWH LG

FATHERL MIMO f—ANRi A 1 s BATME
FE TG/ X PRl BN X I3 5, BV — AN R RTN X
WL KA URBfE, 84 UE WA R R, HE
A RF B, M3 T NRRE, AP N, =2, &K
S BFIOR PIA RZE I UE Bt 2H B0fs 8l MIMO # 3 i3k
e, BN, =2, XEEMECEEFFEIse B, thin,
3GPP LTE # 147 MIMO J7 £ A HERL & 52 FH P o — 4R
RIERLL, TP R AP, JF H % s wii R
LR(H AT A RF BEBRIOBCE . AR, A SCHTHE AR X v
ALY R ) 2 F AN F B LSRR MIMO - 3T A4
M5t

ZH R HERL MIMO [T P4 N,

i

1 2x2 B MIMO ¥

AR T8 AR AR TE, R E 78— A AL i 7] B
(Transmitting Time Interval, TTI) N, {5 &MEFATR. [F
IHEE AR AL T2 S8 AR, PR B o g 3K A5 56 4 R
HETEIRESAE B (CSL), HR LA HITE CSL. thabh, (BE &
AN [l 2 S8 SR Rl AR 1

i e4¥ N, 4 UE Box 4 o il MIMO &%, TR

FIH F ROR R S dnfid . TRHILL R TOEAGTE 5, el o
WA 5 TR e

y=Hs+n (1)
Horfrs = [sy,,8y |7 RN, x LI, FoRkH N, M
RIEET, A E{|sf}=1; y &N, x1 &, L5
N, RAEBCR L BRI 5 s H = by, by | AN,
XN, FERE, JLBS i U by = (B, [T REFSE (AN
el N, REBORZ MR . A S B P 1 g
AR, TAORRE H ¥ o s @R 52 S e A
W, BB} =0, HE{h,f}=1.10n &N, <1 &8
MR, S0 0, /7% Bnn®) = 81, . SELHITLAR
PUATE, T BRIZ I RN DA K 22 F 7 s/ TR T 46 10 5 R
&, NI R AN F PRS2 (Quality of Service, QoS)
ok, BRGNP RS SR T o s ekl B A
DRI 5CN, HRBIAFR ) QoS kUL Z )+
PR, WA FHI AR I AEA REPAME s, TR
(EELIEZN T

r=H\Ps+n (2)
i P = diag(py, - py, ) AR B, HTEEF A T AT
PLER AR BARFEIEIE . AHEZ T, fEARD R %
TR SR, R BRI A M o RIS A SR 3RAT
BRI BATAHIEIT QoS sk, HAXE FEH/NX (1137 5%
(BIAZE /N4, IR AL iRt s e 2 ok A AR
MRS —F, B P=I .

AR A /N7 1% 22 (Minimum Mean Square Error,
MMSE) 4 & HE )7 % 22 F $8 #K 78 (Ordered Successive
Interference Cancellation, OSIC) AL T % OSIC i
T 2 A Ak A v AL AT B e R T M LG (Signal Interference
Noise Ratio, SINR)MWIREKAG SRS MR, XFEA R
T T B 2 s % 2 (highest worst-case)SINRIS, 5 3
T = {m, My, } o HOCER IR T R IR R (H )
{1,--,N,} 7 OSIC HATMIRUTY o« 75565 L s, HA
7 SINR (WH = m, B e he i, Rl

™ = arg miaX Yosic,i,i (3)
o g, B UGBS § AP0 SINR, gl F 2t
WA

p, |wthi| (4)

Yosicii =~ T H
w; ZOSIC,l,lwz

Forb oy, XN T2 L UGEARH T OB R, T (5)
AR

w,; = piZ(;Sl,IC,Lz‘h 1<i<N,—-Il+1 (5)

i)

T Zgr, R TARMBE AR, & X

NLL
Zosic= 0Ty + Z

jelmem )

phh, 1<i<N,—1+1

(6)



2456 mF5F B %R

30 %

Ho {my,m it BRRES LN} THBRTHES R
{ry, e ym iy BRI T4 Bbilvt, ISR (1 — 1) Ya%fR
J& CARVEIIRE S A (v, S SRR ¢ AN
GREIALE S 1 UGEAER T

3 VMIMO-AS h B &%

SCRR[7] R AR T —FHEE X HERL MIMO R ST 22
S A P ECH 5 (Double Proportional Fairness, D-PF),
AR 1A A SIS P SR A T PE
JE e BARGEE T DUHA R I 2 .

TR MR PF AENENRCE 1 AN K

ky = argmax[R“(t)] (7)
kef12, K} | Ry ()
Herb R (8) Fom ¢ WWZIH P kSR nE &, R () Rom il
kAR BB B 5 At (IR e P pent
R(t)=Q1-1/A0R,(t—-1), k= K'(t)
Lﬁ@%—ﬂ—l/ﬁﬂ%ﬂﬂ—D+@/Awﬁdﬂ

(8)

P2 HUEUEEN PR AENESERCN 7, BRSO

H
_ R, (1) + R, (1)
[[TEREER T iR =@ 3 liEvll N /S
R(t) = log,(1 + (1)) (10)

oy (1) For t W ZI SINR. X HLFF B, Sy
I, Y1 K SINR 2 BE AR BAT HoAh H 7 TR 50
RIS, AR 2 th SINR [ H 5 2 2% & 3 HAt H /-
3, JERIEA RIS, 4 3GPP LTE
W A R RIS T IE RV ST, SRR (4]
AR T MMSE+OSIC 4588l L SINR (1)t
I (4).

MRAE R ZEIEREI RN, B4~ UE ARHE AR R 28 23 W) 4345
B 5 AN ), SRR (W R B AT A5 4 BRI, >4 48l MIMO
REPEG T REEHEHA, BT HEL MIMO K512 H
PG, SANAPIES T — g REERE MR,
B SV ARSI 2R o AP AN ) B, 75 R SE R R
EBEIEFL MIMO PR ST 3Ems (bl BRTR), Al
PEH T LR VMIMO-AS RGP S 7 . MR
MIMO H ST 5 % —FE, VMIMO-AS RSB 7 R th
LA WE Ak, SRR 1 AN, RIEEIEREE 2 A,
{2 VMIMO-AS R4 1A ol o] LT R 2k +E, it
MR 2 s, PP LR UM E A A, B
R

(1) MRS 1 AN, SRR 1 FFEN A, H
JT A SINR £ LA R AR ol fig:

M11: WIRZIEREIRIN—FE, IR UE & H 1 Bir
REH SINR.

M12: R#FEEA UE IR RZE T3 SINR.

(2IEHEE LM G, MR P e, N R b
B2 FRIFEI AL, (R FOREEREMN T, K BLLL T Al ik
177 3

M21: K2R 1 A& A UR B B R TN 5
TEIECRT B, AR /N X SRR P (R e R e b b AT DL
g

M22: AR 1 AN UR A i R AT Rex 5
JEIECKT P, AR/ R IR P BT R 2R R AT UL AL
HER.

M23: XFEE 1 MEH A UE MPTE REARHH TR %
B P B, AN/ DX IR P R e R e T AT UL A
&R

M24: $FEE 1 ANEH T UE BT KRR TION ; E
IR P g, AR ILA T P T R R T IL R R .

BAR, M2l JEME 2SN A%, T M24 MR 4RE
e, ATCATUL M24 M ke S imdr. 5 4 7, &
¥ FIRIX 8 Frl BEM AL A AT ELRILLER . O 5 B4tk
i, AKX L)y RS A ST Rk 2 -8,
Hr o REMLL, M2D)F—F, 3 RFT(M21, M22, M23,
M24) ) —Fh. Bln, J57% M11-M21 FoRIEREE 1 4~ UE
B, RARYE T M11, BEEECK P B RARE U7 % M21.
4 AEZERFMERELLE

AT, FRATTR I SR B BLUPAS AN [ 6,
FLMERE. MR, e s N IREE, JE B
FEARF I IR, 42 T T ot i . A L E BT
2x2 L MIMO ECE . 50 P (A2 2 g i (X B —
MR —A TTL(0.5ms ) 1 A]) P8 BE— VK, [R5 1 i 3
B, AERRKRBE R, MRS 3 TR 1) 45 R P e
R SRR MIMO AR . AisEd, RAT 12
#2109 SR X (Typical urban, TU)MEIE, P8
J& 3km/h, (ARG ARG AR, Bl s A AE CSL.
IR VER R D AR e S RIAN e R R 5, BT T AN
B S SV (R e e B R P A BE R e o AEVPAN P A1
B, A SR B R 5 A B 28 (Cumulative  Distribution
Function, CDF) 2P REHEN], X AN K E N % TEEES02.20
sl o i R 1

X F o B AR RS R, BRATEE N X PR
UE $ K =120, A A UE 753l (a0 sh % —FF,
#IE 10dB, 1 FE 2 4l T DhERE AR SR U
HAR, £1P, TRRES 14 UE M5k, SIRRER
STk 58 VATRORIERE S 1 iREN, &4 UE 7
SRR R LI PSR I T S dF IR 2R, 1365 2 47 A AR A
fA UE BIR RN T4 SNR. MR, ATLLEH, %147
AR S 24T, KR A 1 e AT e B AR, PR



%510 39 Wro FEAE: iRl AR R g b REGEFEAE REFL MIMO N H 2457

% 1 TR T RO It B 4 88 LLE (bps/Ho)

% 2 IEIAERSHIR TR I8 485 L (bps/Ho)

} Pt 1 3 3% ) Pt P )3 %
FH P B s FH P R s
M21 M22 M23 M24 M21 M22 M23 M24
14 M1l  4.1017  4.2182  4.0835  4.2231 H1A M1l  4.8581  5.0163  4.9108  5.0241

JAF R MI12 4.0637 41262 4.1340  4.2123

FH A I M12  4.8178  4.9502 4.9511 5.0147

90 e
: e MI1-M22
70 V4 '// —— MI2-M22
3 / —— MI1-M24
= 50 i —— MI2-M24
g - MI1I-M21
_ — MI2-M21
B0 oo —— MI11-M23
¥ —a MI2-M23

10/ Pt
088 092  0.96 1 1.04

Normalized throughput(bps/Hz)

Kl 2 BARD RS T Y CDF 21 22k

UL AHTERE RS 1 AROR RN, AR R e b 8 S JU ) I e >k 77
M. (HEE 3 FIRRRE, B LATHME I RLILES 2 T HF
2, BI(MI11, M23)J7 R (M12, M23) 7 E%E, XZH
F M23 Lhidhesk, &5 2 AHAE, EERAX P HAH
FINBAERLE S 1 Ak T RS TICH,
R, LT M12-M23 BIHEREOL T M11-M23 &R . B
M24 HR2FREHE 1 ACIEA S MITE R, (H M24 R
SN AR A R, AT R B RO AN
FIFTE RERIEAEA S, LR M23 HIRKHIX A M24
Xof I B I B AT EL LA B AR — R 2E, (HEAR M24
T RIE AR EAPTE B L= 1 B 2 K FRI5 E K CDF
ANPEEHZE. WK, ATBUE S M11-M21 f1 M12-M21 77 &
Mk b o B, T Al 7 AR Bt b . R M11-M21
A M12-M21 XFF TS, Barfiz ek 2kt
ZERIREK, BB 1 CDF A VR 2. Kk,
PRI P BT, AR IC A P R 5 4 I R R HE AN R
{REEL MIMO-AS R LEITH CDF AP MR, #
W, HAr 6 FIEEK T EK CDF 2R 2k X A IR
Wtk . RGP . CDF A P AE DL KX el 5t 7
FWEIRENATTIEREHIE, WRIE S M11-M22 5%
MISHEF AT

WA EA T, TR P SRR
M ERARIHE, , BIAEARATT R R D3R —FE, FEifom %A F
PR SNR tBSANH . O THEBLIX R 5, #AX
rpE L K=120 AN 545 1 4 41, B0 SNR 4351k« 5dB,
10dB, 15dB H1 20dB. % 2 F& 3 25 H! T DhZa 4z h Ak # AR
LN, 3X 8 FhECK T R ELAE R TR 12 ATLLE R 1
AL E5 R 58 L AT IO 45 AR I EE 2 4780 — e s 2,
T 352 J — 41 1 2 AR T A 470 1 &85 SR i 5 a1 o fHR 2

90

M11-M22
M12-M22
M11-M24
M12-M24
M11-M21
M12-M21
M11-M23
M12-M23

70

50 - i

30 74? -

10 -4 -

CDF(%)

SERRERE

0.5 0.7 0.9 1.1 1.3 1.5
H— i (bps/Hz)

3 ARBALTD AR L T CDF A-F 2k

FRABIT SR RE R IR 1 AN S R K28, X T
18 5 E SRl T DA P AR BARS SR 2 P AR 2l
B i H, B3 TS BIIX 8 iy %1 CDF 2
V- RE A DX A AN RARGE 2, R WIAE D) AP AR BLAR R 3 55
N, XEEJFEN) CDF AFEEZERIA K.

5 ZERIE

AT R REIEFEBAR N HIE AL MIMO - & ¢,
FWEFT T IXFRGS & B EON 5%, St T 8 R RAL & .
IR A RO R, 5 1 AN T N AR
b eI, RIREAS UE MEREHARR AP R L T AELE+E
55 1A BN I, AN R Ze b o (H A
REME R EIT PRI, Sl KA 2 M11-M22,
HGERESS 1 AN, N TR R RN, e AR H]
FURI T RS TR P R L K BexT

2 % 3 Bk

[1]  Foschini G J and Gans M J. On Limits of wireless
communications in a fading environment when using multiple
antennas. Wireless Personal Communications, 1998, 6(3):
311-335.

[2]  Chen Z, Yuan J, and Vucetic B. Analysis of transmit antenna
selection/maximal-ratio combining in Rayleigh fading
channels. IEEE Trans. on Vehicular Technology, 2005, 54(4):
1312-1321.

[3] 3GPP TSG RANI1#46, R1-062074, Link Simulation Results
for Uplink Virtual MIMO, Tallinn, Estonia, Aug. 28 — Sept. 1,
2006.

[4]  3GPP TSG-RAN 1 #46, R1-062052, UL System Analysis
with SDMA, Tallinn, Estonia, August 28th — Sept. 1st, 2006.



2458 oA OR R 5530 %
[5] 3GPP, TR 25.814(V710), Physical layer aspects for evolved multiple transmit and receive antennas, [IEEE VTC ‘03 (Fall),

(6]

[7]

(8]

Universal Terrestrial Radio Access (UTRA), 2006.

Yang L, Cheng S, and Wang H. Partial decision ordered
successive interference cancellation detection algorithm for
VBLAST, In Proc. IEEE PIMRC’2004, Sep. 2004, Vol. 3:
1564-1567.

Chen. X, Hu H L, and Chen H H. Double Proportional Fair
User Pairing Algorithm for Uplink Virtual MIMO Systems,
submitted to IEEE Transaction on wireless communication,
Dec. 2006.
Park Taewon, and

Shin  Oh-Soon, Lee Kwang Bok.

Proportional fair scheduling for wireless communication with

Orlando, Florida, USA, Oct. 2003: 1573-1577.

[9] COST 207, Digital Land Mobile Radio Communications,
Luxemburg: Commission of the European Communities,
1989.

[10] 802.20 Evaluation Criteria — Ver 06, IEEE C802.20-03/94.

Mk & %, 1980 2k, MR, MFHARRB MRS Z H P

MIMO [H#FJ.
Bk 9, 1975 4RE, WEE, RIBFCR, IEEE 2R, TN

HRS B 5 WU KT



