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Abstract: The fundamental idea of relay cooperative technology is to enable single-antenna terminals to share their
antennas through cooperation, forming a virtual multiple-input multiple-output (MIMO) system, which is an effective way
to utilize spatial resources. Reconfigurable intelligent surface (RIS) technology leverages the flexible control capabilities of
information metamaterials to directly manipulate the propagation direction of wireless electromagnetic waves. It can pro-
vide additional transmission paths beyond direct line-of-sight, enabling full-duplex transmission without introducing self-in-
terference, while offering advantages such as low hardware cost, low energy consumption, flexible configuration, and intelli-

gent reconfiguration. Existing research indicates that RIS and traditional relay should not merely compete or replace one an-
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other. Despite their similar functions, they are fundamentally different, and there is a clear necessity and practical demand
for coexistence and cooperation between them. Active reconfigurable intelligent surface (ARIS) technology, unlike tradi-
tional passive RIS (PRIS), incorporates active components capable of amplifying or processing signals, thereby providing
additional power control and signal processing capabilities. To meet the inherent demands of future 6G communication net-
work such as ubiquitous connectivity, full-coverage networks, green and low-carbon operations, and inclusive intelligence
as well as to increase the transmission rate and extend the coverage, considering the advantages of ARIS such as flexible
beamforming and signal regulation capabilities, low overall power consumption, and cost relative controllability, along with
merits of traditional relays such as the stability, reliability, and widespread deployment, a hybrid system combining ARIS
and relay technology is investigated. The ARIS-assisted multi-antenna decode-and-forward (DF) relay cooperative multi-us-
er multiple-input single-output (MU-MISO) system model is established, where the base station (BS) transmits information
to multiple single-antenna users with the assistance of both half-duplex DF relays and ARIS. To maximize the sum rate, a
joint optimization problem of the source transmit beamforming vector, relay transmit beamforming vector, relay receive
beamforming vector, and ARIS active beamforming matrix is formulated. Due to the coupling of optimization variables and
the presence of non-convex constraints, the original joint problem is non-convex and difficult to be solved directly. Alternat-
ing optimization (AO) algorithm is utilized to decouple the original joint optimization problem into multiple subproblems,
which are then converted into semi-definite programming (SDP) problems for solution via the sequential convex approxima-
tion (SCA) method. Simulation results demonstrate that the proposed system significantly outperforms other existing bench-
mark schemes. For example, when the number of ARIS elements is 20, the sum rate of the proposed system can be im-

proved by 7.4%, 11.2%, 12.9%, 8.4% compared with the benchmark schemes 1, 2, 3, 4 respectively.
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K u, AARIS A V5% 5OE iU FE @ 1w, A4k b gk 4

WC I R 2K w, DU ) 5T P A8 R
K
P;:maxlzRka
w 2k:1

S.t.Cy Rpy> Ry g V=12, K, (29)

Clw| =1
FE L W=ww" 13 B B2 K& M rankW)=1
W=0. E XK
E, = (Huy+ HyOHy) f, f( Hy+ Hy OH,)" (30)
By = (Hy+ HoOH,)'S £ £ (Hye + H OH,, )" (31)
J#k
BEES DF Hr 4k AbXd 1 T HH P k155 593800 SNR Al 2k

B anX(32) Fis
tw(E, W)

(32)

S k(B W) ¢ W H0 oo
J#k
HE— 2L [P, 4 C i el S i an =R (33) fir s
u w'H 0 ”2oj +o;
Roy
w(E W)= (2 1)+2n@ﬁW) (33)
J#k
Sy HEsR RS e MRS TR B AT B AR & 6, WG F
W &, 14 24 o ) 151y

P,: max i&k

L=
s.t.C,: W0,
C,: rank(W kI,
[w'H,o [oar] (34
cﬁﬁEdﬂafw0+zuwMW) 0,
Jk

Vkel,2, -, K,

C,:0,20, Vkel,2,-- K

] B 3t , o A Ak 1) P, v i) Bk — 29 5 C, R AT A
st DA T el #5322 1) B A T 5 CVX & Ak T B SR g, 1l
FAEE TR B BELAL S AR FAS W IRR R 1 A fi .
3.3 ML ARISHREREHBEREOF P

I8 175 VR % S ROE LR 2 f, P 4 S5 U SR e
R, AR AR WO RO iR 1w, fE Ak ARTS 5 TR D%
FIE AR 0 Fi e, (] 351 P AR A -

1 K
Psmgax g 2. Ros

LS 2
s.Co > |OHy fi | + 110 1ol < PR,
" i 2 (35)
CZ:EH YHyu, ” + ¥ | of < PR
=1
CyiRp 2Ry VEk=1,2,--- K,
C4:|@‘n,n<ﬂ q’n,nsﬂmaw vn:lvzv ’N

max?
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RETHR 5 LA B RIS S5 1) A

v= B, B0 ] o 0= diag(v) (36)

vy= [, @] o W=diag(v) (37)

ARIS 25 11 S S 1 AR 5 3 v 4 A b 4k 21 A
[ 0 3 15 T8 00 IR 4 5 1 5= [t ]" A B, =
(L] 4 v =5,5, 1 1V, =5,5, ", AT 37 24 o 4% 1
rank(V, )= 1 .rank(V; )= 1.V, = 0 Fll ¥, 0.

SE SCEF— I rp B GO T A LA A I
HiRIEN

e

w' H w' H !
Qri= diag( HHIR) fkfk diag(w”HIR)HBl
(38)
w' H w' H "
Zni= {diag( HHIR BI:';ff {dlag HHIR)HBI:|
(39)
0 01><N
B= 0., o diag(w"H,)diag(Hjw)
LI DF 2R o8 155 FH P & A5 5 42U SNR AT 2k
H A (41) Frs

} (40)

tr(QR,le)

- (41)
" Su(z, V) (B V) +0
Jj#k

— BRI Py Hr 2R C, AT N (42)
s :
tr(B,V,) +o}

tr(QR,le) > (ZRM_ 1) +ztr(ZR¢kV1)
SN

(1B SO AN B %

(42)

H

h! Koo h! "
Qo= diag(gf)HRI Zujuf diag(g,?)H (43)

J=
h} h
Z,,=| . 44
D.k |:dlag(gl{-l)HRI:|; uu; |:d1ag(gk ) R1:| ( )

H
0
B,,= 4
o |:0N><1 O'Adlag gA dlag gk} (43)

Y= (46)

Uk

PP kBT R S mT LB S i = (47) B -

Ry =log, (1 +75,)
ptr(Qp Vs ) 4yt ( By by ) +1
pite(Z, V) +y,te( By b, ) +1
=log2(yktr(QD_sz) +ytr( By V) +1)
—1og2(yktr(ZD,kV2) +ytr( By V) +1)

[FIHE, (3 W, 645 R, AR (] SCA RIEAE v, b
’?fx@]ﬁﬂ: ISR

Ry = Ing(thr(QD k

=log,

(47)

) +ute(Buba) 1)
logz(yktr( V. ) tr(B2 Vs ) )

{2l nl 1)
)

1n2{yktr(ZDkV +yktr(BZkV)+l}

(48)

EF' V, 2 kR AR

T AR K Py I 2 R C, M C,
HhY:
0 leN
(49)
Zdlag Hy f, dlag(fk HE];) UjIN
K ) ),
SleHus | +lefoi=u(sy,) (50
k=1
0 leN
zdlag Hyu,)diag(ul HYY) +021,, (51)

,ZHWHmuk|\2+||v'||ioz=tr(szv2) (52)
=1

BERT, S&F ARIS A U5 % SRIE B 1 @ Fil W R 231
)P, LIS
1&
’PG:I;I/}?';Z(E];RDJ
s.t.C: ¥V, =0,V,>0,
CZ:[Vl]nnsﬂélax’ [VZ]nnsﬂiax’vn:Lz?“'aM
cqv ] =[] =1
Cptr(S,V,) <Py,
Cy:tr(S,V,) <Pra,

(53)

tr(B,V,) +o}

+ >t (Z, V)|

jzk

Cotr(Qp, V) = (2%-1)

Vk=1,2,---,K,
C,:rank(V, )= 1,rank(V,)=1
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5329 I, R P Al Rk — 2R C,,
I D R = A2 ) SDP [R]85 5 [A) B R FH 2 T RRAE
SRR BEDLA L R 15 BB —fF v, RV, T is i
AR 0 Fn .

BARILF A0 LR L 1.

X1 ETAOMBEEREEAENEE

BN A5 Hy . Hy . Hy. Hy. Hyo by gl MIRGSHM,.
Mp. N K. P2 Ryin ¢ Nige
W A0S u. w. O

L WA £,(0) . Yk, u,(0). Vi, w(0). v,(0)Flv,(0),i% ik
&Gt =1 ¢t,=1,Vk

2. repeat

3. AT DA TR b 2 2 B e RO I

4. Y EAR R W™ = (2), v =y (1) FvI=v,(2);

5.for k=1:K do

6. S BB AR £ = f (1= 1) kR = 1,- 1), 2 k2
RS = f (= 1) A =y (8, 1);

7. A8 R R R0 A 0 e L R ] AR 235 3(16)~(20);

8. FHIE IS, kA ™ j kR AR (28) 1850 F (1, ). U(1,):

9. i FHBENLAL 7 1 B (1) B (2, )

10. t, <1, +1

11. end for

12. AeAb R gk B2 OB ISt

13. B R BB R = (1=1), Viu™ = (1= 1), Vi =
v ()P =y (t) R B w e =w (1 - 1);

14, o FET 4 5 0 JR 3 s o' AR s 2 e K5 R (30) MR (3 1),

15. KA B4EE W (1),

16. 18 FHBEHLIE 7 75 A w1 );

17. fe b ARTS A5 V5 5 SRV U -

18. 2 A i £, = f, (1, 1), VP = u (1, 1), VE R w=
w (1) LA BJR  voe = v (1= 1) FI v =, (1= 1);

19. i SRy a5t wiee Rl wie DA K [ A8 i 5 2038 )~ 20(40) . 20(43)
F=t(45);

20. 3R (S3)AFE WV, (1) TV, (¢);

21, BN A v, () Filw,(£);

22 ffi FH v, (¢) Flv, ()R H © Fil P,

23t t+1;

24, until HARMEYLEL

7% AR 5E 35 CSI, RIFFAE AR T AL TR 22, LAk
B4 I8 SROE 2K 8 F1 RIS AH S TC 12 78 B 517 38 v se B e
RO 557 K S8R SRR S TR, —
ERERRRG RS . N T X THR 2, W]
FESEAR S A B Be g | A e e A S A
RN L IE B AR FEE R HUCR “ IR LT
FIFNEE AR, (Xt 2 i 15 AO 553 v 7 5] S ) 2 A
SRAGARAS TN AL Z , Bk e IR A s n

4 HEEZESHT

TEZ B A5 IR A i O Bk 1 dk & i
e RO AR i | P g O RO B S i T ARIS A5 YR I
A RUE P55 45 A SDP [ U6 AR A . MR SClik[ 22 ]
ALAL, T CVX T H R A e RIS 300 T 38 FH SDP [n] 81

1
G248k O max {m,n} " n? log, (1/0) |, o, m R4

B, n R PSD AR RN, Ol CVX SRR B H 48.

TR AO AL, SR A=k (28) Hh A4 I8 I AR E 1
AR FOE iR i 7R — B AR 14,
Flw,, 5 B3R % KA SDP A G345 004 £, Fl u,. 3
TR AL £, i B E A H , SDP 43 3l €, .C, FILC H Y
L LRI KAS YRR, DA f, 19 SDP 2 BN Kk m =
K+2. LY n = M SR B0 R & 24

O(Kmax{K+2, (MB)}4(MB)§1og2(1/C)) (54)

[R) B, ZEOEAL u, WA UGB, SDP 439l i C, FlC
FRR R LA RN, BRI E A w, 1 SDP 2 5 ke >k
Fm=2,%n= Mﬁdﬂ%%’%ﬁ?ﬁfﬂggﬁ

(’)(Kmax{Z, (MR)}4(MR);10g2(1/C)) (55)

LA Hh 2k 3 AT AT IR i ) B I LT A2 2%
&

O(max{ZK, (MR)}4(MR);10g2(l/C)) (56)

DLt ARIS A7 50 AR AR B A9 5 R A% 00 52 2%
&N

O(max{3K+2, (N)}4(N);log2(l/é)) (57)

B (54) . 2K(55) &K (56) Fn= (57) A, M 15
PR B F AR AN
K+2, (M, ) MB%
of k| "1 4)} R
+max{2, (MR)} (MR)E
1 (58)
2K, (M, ) M,)?
iter. max{ ( )} ( ) 1 10g2(1/C)
+max {3K+2, (N)}'(N)?

Hrp N, REIEEEL.

BV R X L AE % JE PRIS S B DF R 4k (1 B
MU-MISO 7 ¢ 4 B4 7 28 v, 8 X0 A U R v 4k k559 i
HOIE %R 2 DA T PRIS 9 80 5 oROE 180 5 047 56 A4
b, [V H Aok AO R4 T AL, 4 JRLEE A A Ak ) R
it B A [RS8 T R0 U8 & S RO R 2
FR 2k K ST % TR S % R R PRIS 30k ok B il i 4 B 4

+O| N,
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SDP [ 35 AR A, TS B R IR B0 T AL
GRS SR

1

Kmax{4K+2, (MB)}4(MB)5
O Mo +max (3K+1, (M)} (M,)? |log(1/C)

+max{8K,N}4(N)%
(59)
R4 AO Bk HEe , J ik SIS FE &5 5 ) R Gk
B, AO SRS B2 U 8 By, I 2 3R S8 B AR A5 0 i 1) 1
MR HJE AR M BE IR B TR E T 2

ISARURE, S (58) AT LA Y, X I S0k (Y B (A 5 2 1
KRR T . WA SEBRI v, IR S PR Bl 308 AR
USSR L ¢, LIORTE RGEMERE 5 R R 2 [ S —
MR

5 FEERSITE

A543 38 1of Matlab 475 20O S [ & £ T ARIS 4 B
Z KL DF 4k HME MU-MISO 2 4 i Fld R P BE . B
FRER UL AT, 15 B2 B PR B L 36 1. A4 s B ) A
R P =32dBm, HAY PRis=0.2 P, 7E 55— AN
Wﬁpgn;x:ng_PKETS_NPRIS’/H\:EPPRIS:_S dBm;Z’f%
ZABHBRNA PR =Pt — P~ NPs.

*1 HESH
PiSH SREN G
{HIR AL AR (0,0,1) m
DF rfi 4k Ak bR (15,0,1) m
ARIS A6 F5 (15,5,5) m
Ji PN FEHLAT A ZELL(30,0,1) m ARLL . 24224 1 m (B P
FIERLRE M, 2
DF 4k KZHA M, 2
ARIS U TCHEEH N 10
HFEHEK 2
T BRI FESR B p —30 dBm
BEAEBREH T [ a0, | [2.8,3.2]
AT K, 10 dBm
DF P4k ab F 7 k R B E R, , 0.8 bps/Hz
BRI R gl =02=02 —80 dBm
PR USIORE 1 ¢ 0.001

BT ARIS $ Bh 2 K4k DF R4 BME MU-MISO £
4t (Active-RIS) 5 DL F MR G L . TR
(Passive-RIS) : PRIS ff§ By DF o 4% (1 PME 2 55, 763X Ff
LT Z ARG BTR S I Active-RIS RS BT F—
B, FEXHE IR A 4k 2 S OB R = DL PRIS 8 8h
W AT B W AT B A DR AL 5 3 UE T %€ 2 (Random-
RIS) : B AL PRIS I 9OJE ARG T A9 5l B DF Hh 4k (4 P E &
G5, e BUAE LT, PRIS A9 45 8l i o0 B B BE AL AR 1
AHLAAT 5 FN 2 09 e 5 I8 RO B8R it B v 44k 1 12 0K
PRI K o 5 FEME T %8 3(Non-RIS) « ¥4 RIS 4l B i
PMERSGE, B HUA rh 4k i Bh AL 5, 04k 5 WA gk i) &
SRR R AR A A % Hh 4k (1 2 YA RO R Ak 5
75 % 4 (Random-ARIS) : Ffi L ARIS U BOJE 10T 14 56 1
DF HR 4k EME RS0, 7B BL T, ARIS [ J5 % P
TR P B ATL A B, AP AR A TR T rp 4 1) e S50 RO
O R rp kBRI FROY UK B
5.1 "EIRISTEZHEH THREAGZSEERFRM

R LB
LA T4 R G R LA b 44 JEME 7 SRR M R

FEiE 25 HT RISTTR B B X R G bEresgm . thE 2 0]
DU Y, T8 R G000 R R RE A 4 1 oA 4 A )y
% M RIS L EEH B/, BT R G0M Lo HAth 4 43
HEJT S M BOR M RE L ORI (H B % RIS TR A H
Hahn, P i 28 G 00 R R B G P A 4 S FE i
W24 N =5, T3 2R G0 Fk 3 5 4 4 Ffi R 350
2 NHEINE] 20 B, T3 R G800 AR 21.9 bps/Haz, 111
FEHETT S 1.2.3.4 A E 5 51 20.4.19.7.19.4
20.2 bps/Hz, Fll #5388 T+ 24 7.4% . 11.2% . 12.9% .
8.4%. X E N S5 HMET R 1.2 3L, AT AW
ARIS £ AR W] LUA 850vw % 4t PRIS 19 “ etk 3 3 7 3000 5
5 [RFER A ARIS 36 E T 22 4 AH LG, 1 T BEMLECH (1)
P AR 0 FL Al PR BBE ML T, T4 R gl i Ak
ARIS A A7 I A0 U [, AT A B4~ A P A O 1
B P PR T, 32D T T R G0 AR
RE . AR, 38 0T LU H 4 2R G i R R B 25 N (48
TR R R . 0> NS S 30, fir g 3 48 19 Fi s 2
M 20.1 bps/Hz 3 K F] 22.4 bps/Hz, 345 1 12% ()£ fE
High . R T RISTCRE HB K, b R G4 AL 4 B
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FR 2 | REHAT I 2 () 0 S i, DT 3 4 o R
GEE A R RE .

225

—O— i R%
—A— R
ESTVIE S

2 [ —de— gy %3
—e— SR

5 ¥
20.0 1
i
p

19.5

22.0

o
n

S
=

G5 FE 2 /(bit/s/Hz)
0
2

3k % % %
¥ ¥ ¥ ¥

19.0 : : :
5 10 15 20 25 30
RIS/ G e & HA

2 RISJGE AL H X R G0 H FIHCR A2

5.2 BAEERERZTERUEZKRGIERED T

W5 T & 2R GE B G OB e B A ik AR
UEU R G0 1 RN PR RESZ IR, Hoh ARISOCZEBH NV
3904 10,20.30. B3 HL#R T ORIA ARIS TG ECH T fr
P& R G I OY 28 B O A B3k i W S i, mT L
BT RS B AR R B N, R 5
PRI R A T 1 A, FLAR PRk 31— r e siE .
MN=100F, FEL 0L 4 ARG I 2 22 G0 1) A ek )
20.4 bps/Hz, 4% I WS , & W it $2 505 DL AL IBORE A2
BB B RISt | 38 FH RIS 42E (1 w5 5438
fEY . BT LUE L BEE ARIS ST R H B934, ir
P& R GE RN R I SIE il 2 1K

B0~ T T T T T T T T T T T T T T T T T T T T 1T

—o— PRt A% (v=30)
—A— FiiRYE (N=20)
RS (N=10)|

RYGFITH A /(bit/s/Hz)

IS}
S
73

20.0 -

19.5

1 2‘ ; 4; 5‘ % 7‘ E; ; I‘[]l‘l 1‘21‘3 1‘41‘5 1‘61‘71‘81‘92‘02‘1 2‘22‘32‘425
FLHFIBARUCE/
3 ARDTEEH A EAROE RSB AR R S

5.3 AERIETEREZEWIEREEELLE

WFFE 2R G0 1 T 2R PR b T 2 28 46 04 R R P i 5
M, Hop ARIS TG B H N4 51 5.10.20. E 4 LT
AR IR T B R G R R YERE . T UG Y B2

PR FBETIN, BT R G R AR R 2 B K. 4n>Y N=10
i, %5 P 26 dBm 1 1) 36 dBm , T £ 8 45 11 Al
R 17.6 bps/Hz 1 K 5] 23.2 bps/Hz, 3453 T #3d 30% HY
PEREE £5 , FLBA ARIS ST A H M3, 42 WME R4t
R S BRI R 2 38 K . #5A ik 3] 20.0 bps/Hz Y il 3
R TE N=20 I T R G 7% (0 S DR 254 29 dBm , 75
N=10 I} 7§ 22 45 0 5 09 BTl R 25 8 31 dBm, 1fi7E N=5
i T R GE T A PR — 23 K F 33 dBm.

25

24 -

RYGRIH A (bit/s/Hz)

26 28 30 32 34 36
ARG A T)F/dBm

P4 BN R G AHR L R A5 R

5.4 AEREEZSHREHBE TRENFIERMRE
A efir3

KIS BIFFE T {5 IR & 56 RE&ECE M0 T4 R e i il
HARMRE . AT LLE  BEE (IR RS R H M,
B, T R G 4 A LU T ZE 0 R R I R T kg
K, B VR & S R ECH M, 38 Im I F AN BB BA (2 48 T
P& RGN A AT E T SR R PR RE IS £5 . = K R
PRERGM AN FEAME T R R R AR . B
PRI 5 A B ELAT L P i 1) 30 £ B, v 4
T U8 56 R M A B T3 i 55— B B 45
S DF rh 4k ik i B P 320 SNR, 45 P & A
DF H 4k b (20 SNR BB 2L A2 1) B pigesho'd, iy %ot
S5 AT B P S R I SNR B A R
5.5 AEIDFHH%EHRELHME T REHNMEEE

BELL &2

K6 5% T DF ik &k S R H M % T4 R 48
F R M RR R . o] LA BT R GR 3L T
ZERHCR Y BE M A B RS i oK . BEE M A H
2 3G E] 7, Fr e R GE 0 FEE 2K 20.9 bps/Hz 3 K F)
28.0 bps/Hz. H120(12) AT, X4 DF gk & 5 R4 5B
M BTN, AT DL G s T DF 4 ) & St RO R
T T ASETBR R DF AR gk 2 P om0 2 A5,
AT T P S 42 Wi SNR. i o] A& 30, Bt M 50 H
B34, T R GE AR AT Ik BB 25 35 09, 40> M, 1 2 3%



4374 R - 2025 4
21.0 ! . ! 22,0
W
20.8 SV 1 215
206 —o— R ARG (N=10)
. —A— BHETTEL (N=10) R 21.0
"S 204 F HE T 52 (N=10) 5:
E —k— SRS £ 05
8 202 —— T R4 (N=10) }:
bl )
® Z 200
] 200 | ﬁ 4
W& &
N 19.5 F
19.8 & ] /
3 .
19.0 —O— RS (N=20)
19.6 * —A— JHE RS (N=10)
ak\*//t\*/“ —O— iR (N=5)
19.4 ! . . . 185 . . . : :
2 3 4 5 6 7 0 5 10 15 20 25 30
USRI R LHH /AR ARISTEJS B AL A7 /m
5 AR IR KSR GEE X 5 GE R AR 52 [E17  ARIS #2557 B X0 52 0 ) 8 14 52 T
> R X247 > S hY
INE] 3 F, TR R G RER 2K 18%, Y M, 33 6 ZEig

JNE] 4 1], I P 3 2R GE I PEREHE 25 T FE ) 6%. 32
NAEMIMO RGEH, B G M 38 T 2 Gt BER i) 22 A4k
{73 Rk 32 W2, DT IR 1) 2% 8 F) 1 4 £

28

—O— R 5 (N=10)
27| A 3R (N=10)
ek T7 %2 (N=10)
26 | —f— i %3

—— LT R4 (N=10)

)
G

24+

FBE I/ (bit/s/Hz)

4 5 6 7 3
DF kR RZGELH /AR

6 DF a5 REHH b 2R 58 IR 52

5.6 ARISAE{IETRSGHIFIEREMRELLE

5T ARIS 7 E % BT 4 52 G0 F R PERE A 52 IR, 3L
T ARISJCR A H N3 5l 7 5.10.20. B 7 XFEE T
AT ARTS v B F AIr i R Ge i FIBORPERE . nT LA,
4 ARIS 7 B AE DF 4R s, Bl ARIS 55 DF 4 Ak
BRI B BT 4 22 495 00 3G 2 de R . AR UG,
2 ARIS VW25 {5 W5 18] DF 48 7 [0) B sl i, Bifi 25 328 147 5
I DF Rk, BT RS0 s R B BT S, 2
5 DF rh 4k f A6 b5 8 G B, 38 40 R0 T8 08 B I AE 5 2
ARIS 4k 22 [m] FH 72 7 [m) B8 sl s, BT 4 28 6 i A0 0K 528 87
TRE. B, SN =5 B TR R G FEORAE ARIS 1
AL FRAE T DF A g fik Ak b e 35 21 e KA 20.0 bps/Hz. [F]
BF AL Z R, ARIS FE 3 H P S i) R 48 0 Rl R 2R T
SR AEURET Xt T T R G0 i HA B H P o e
B A BRI BT BRI R

4 ARIS S1E G Ak UMEF AR LS &, 857 T ARIS
B B 22 K2 DF R 4 B E MU-MISO R oA AL . 3 it
PRI A DAL ] AR Ak T 15 TR e 5905 RO 1 %
TR R B RO R i kBRSO RO R RN
ARIS A8 Wi 3 RO B B, DA Kb R G R AR . )y
FLES LRI 5 AT A L, RGBS BT
AT T A R R R A R R T L 58 PRIS
HISRANETETR RN . HET AO L IMBEA Ak Iy 2 B
TR R AE ST AR AR 4 YR BB IT OB . oM
BT R gt — 4 R B P B £ K 2R MU-
MIMO &I , IRER B 12 N st e it 7 2 5
PERE.
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