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Absftract

Nowadays, the wireless broadband access technology becomes the most influence part of daily
life. The nser requirements on convenient, fas:; and precise system are the main drive of new coming
technology. Alsc the system that can provide the more reliable coverage area gains more profits.
Consequently, the WIMAX system is on focus due to its performance and supporting to all user
requirements. Hence, this thesis aims to enhance the transmission efficiency of WiMAX by applying
MIMO (Multiple Input Multiple Qutput) technique. In fact, the open loop MIMO system 1s categorized
into 2 types including SM (Spatial Multiplexing) and STC (Space Time Coding). Both types have the
different benefits which the Adaptive MIMO mode Switching can integrate both benefits into one system.
o this thcslis, the performance of WiIMAX system when applying AMS technique is mvestigated. The
simulation results indicate that better BER (Bit Error Rate) is achieved by using AMS. Furthermore, this

thesis presents the coverage prediction of WiMAX system employing AMS techmique which is useful for

practical design.
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g} [ & ~ ) o ] P
MIMiuAEE M1559W subearrier YN ) subcarrier 191A0AY wazih lihumsiinsguaums IFFT

=] o Py " 4 T
(Inverse Fast Fourier Transform) ga1009211n151# cyclic prefix 191 lhilesivaanansynuanns
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s UHAIR IR {Source)

: - T L mn i . 2 P y o )
yasegnadwiududa 9100uAR91105 randomized FuFowaiiondunsidisie (Encryption)

at o at A 9 ur o 5 ] a A ¥ ]
sedpmwasusmusatoya aad nanvlassseninmsaniledoyaais q ndsmmiunzde 4
Fidaunssa
2. MIISHA (Encoding)
S o A A > — w1 5 % o o -
slumsminaNiretonasmulssAnTnmlumsiudstoyatsdosdiniuiuanuE D fay

[ 4

Jevunazud lvdoyaffanain udrumsnasvaizdszeeulldne madnsWanate 9 uuu

3 - Y o af ] o A e a3t o s;’
WITDUTAAIA mmmﬂsgmmmz mﬂﬁﬂmsmmw NU HIUNTBTITUTAIU

Reed Solomon

h 4
v

Convolution Encoder Puncture Interleave

hd

Encoder

2.3 Ny ﬂj1"l°]]f]\3ﬂ1ilﬂ?1§ e

21 nskhsiaBsa e lauoy (Reed Solomon Encoder)

v A @ au g e . . v v -] o o - =t
ainihusvadi laiile luudd (Nonbinary Cyclic Codes) Tududydnual sidunudidy m - bit Tagh
[ @ o * ' LY e o w . o =t

Hudunaaumnianannd 2 5%d RS (o, k) aseiuudydnyal m - bit FmSunn n was k 1zl

m = 24 o @ o L4 7 LI @ o 2 2
0 <k <n<2"+2 Tavf k Ao Snnudydnueivesdoyasuaulumssde uaz n fio S1aus

o w o o

ioadydnualsvalunfenmatisdadmiugduuumadisda RS (. 188 (o, 10 = ™1, 27
2 Tow 1 o Fadnuaianufenmafiannsond e iduoss i ok = 20 Susnoudydnuaives
Waun b (Parity) dmusHa RS § frzeering (Distance) 331714 2 Codeword e vuafiT I
Faudnyal fuendie ludidnes 1dszovintedga (Minimum distance) il d_, = n-ker 1 59at imunzud

[ &l
nmsaseaey ud luanufanaiamity t wisiidefananidoondy c awsauaasldeedl

(2.1)
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2.2 MSISHALLY Convolution

o g o y W =] af ar A - Z : w
ﬁa&‘i}ﬁlﬂﬁ!mfﬁ MU RS Hg? PINUY 511ﬂﬂgﬁﬂﬁ]:gﬂﬁﬂ‘iﬁﬁCanvolutmn DNAI Q‘Vi‘ﬁ\? ﬂ'ﬁ!‘ﬁ"ﬁ"ﬁﬁ

11 Convolution Suanudusiusssnhadoyadunnissdidvedisaaiion Tnodoyardmsihug
i register (Flip - Flop) 1A% Modulo-2 adder (Exclusive or) Ao innusimiasis o ezt lnoh
yaRiedlu shift register 1INIHUL Modulo2 adder FaneTdnumedagifl 24 vnaemdhaiazd
ﬁi'i?ﬂ‘i‘m’!"liﬁ’ﬁ (Rate) W0y 172 1LAZAT Constraint Length (K) ity 3 leeszld Generator
ynomial ileuaasimnisvnsdoyaly shift register fngthumiAno v lasarsannuy
dulo-2 e g0 Y 58 uaz g1 i 78 Taolumsshewniu sxfsdoyaiisziiisimnafens |
(k= 1) dhnmoluases Gz lddeyniiogludumianie 9 T shifi register gmiernthanegiu
winiadalal dommiussiinsihidoyastanunfifin 11y shift register v1TINT UL RM 1N 2
(n=2) Fedasmansweniity 172 Rate = kv = 12) ifluwadwsdeosnlilanniadhsie
FrTemIauLenInaTsHauIy Convolution

s IsITELLY Convolution M3 Sudeyafivzvhmisdisde funmoluaesass
1 s S eihmA IR e Codeword fazgndseenlhilunadwivosnmdisia

it . o t 7 1 % & & = 1 . .

1y 2 Ja Taomsimmnial Codeword Tunaazaianu azlimsihdoyaiogly shift register
e o ; s o o o 3’-‘ =

1 3 3a (&) i1 lumsdiua SalunsTesgdmsiausease s Wanw azlimsunums

1 3 ar - 1 b ) = ar s &

UA1E 7 ¥9939938208 05 RIS oN1 Generator Polynomial Fsazttludulsiiduaasdsdnuuz
o v a o 0 o e oo ¥

amsfammeadns lunisdsfaves op uaazdd laolunsfivesisesas dadaoaisugy)

% 2z : Ty, T T ¢
UH ITHIUITAUTAINMTVTHIUAN 7} TOI399 1878 Generator Polynomial A9 1109

Y (2.2)
10 1) (2.3)

gudussasuasismsinm
L avvinaomalulatgsus
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Tt st Elip-flop Flip-flop :

A

31 2.4 mad1997d Convolution K=3
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=|input |* gi (2.4)
=1 0 0 1% 0 1]=14f, Tresjm fuf] (2.5)
2=[1 0 0 11*[1 1 B=1 T 1 1 1 1 (2.6)
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o Ir 1 - o ?x".r = = =% w w3
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Ed

LA o o wr 3 A a ot ) 1w .
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Y
Twndsiasidnuasdail P

10 1 -
. 2.7)
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3. Asviiued (Puncturing )
: a ar a“.ﬂyd @ = 5 L [ a9 o m
As=auMs lunsiaees i v lunsadiednnd nmsdswefivanvaioaiu
=y T = a4 5 =) oy =
m3 Taemsavidnsessdiailugduuy weldszuoianunanvaslunsud lynnubanma
: Y] ar a2 1 ar ed 9 M 7w s gl [ i
aoszauinvdasusifuanaenunld e 172, 2/3, 34 une 56 Tasnamoinaossiu lauaas i

" g‘ & e e oo my
¥ 2.1 $HA 07 HINUDIUANAand

= i & o o o W oo o o o dr
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172 [1]

2/3 [1110]
34 [110110]
5/6 [11011060110]
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5. MINDYATY

er 5

e o, L Z ] o 4
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H ¥ o " [ z d‘ or é 2y . '~ e € 0
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> o t e = - o & v f+ 2
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wanyal Pilot
. o ¥_a y = e Yo o
Pilot MWLM TUMTYRABY frequency offset NN1ASVTF wazensaldluns

164 (Chamu,l Estimation) l'ﬂ ﬁ'ivﬁﬂ‘tm! Pilot uﬂ"umﬂmﬂuﬂ'swmﬁmm OFDM

¥+l mnmmmsuamamum BPSK 'Wﬂ'l‘ii.lﬂr mmunum'lmnﬂ k1— 2w uaz 1-2w, Tay

2 z

: e_ Foyadifaen PRBS LAz W, Aomsnaudaved w, Fumiad pilot unsnegiufie
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=Py = P = Py =120, @11

7.9 bl Traiming Sequence
: % & B g t o oo = = 2 g
TuszvyTawwngun  Tumwmdusi@uila  (Preamble)  VOITOYAVIUULAS UL
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E . o 4 & v ) ; Lo
Sequence Hozn1 180 ndoyanienmui Fadoyaiitiiiuiu 201 subcarrier (Pan) Tumsaaveyavias
:j:":::'.sr = o - > & d . 9 a s o 3’.« 1 P o ar
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lﬁ'ﬁmaﬂﬂﬂfﬁmiummw BRIV Space Time Coding (STC) Fans mimmum;u analeawenia

'i,};{maﬂu daiu Sedeadanidmdal Inn q geemawiew 9 i

8. mﬁﬂm’fwa (Assembler)
Tuszuyluundd 256-point FFT dalsznoulidie 3 dau fio doya pilot tazgagud (null)
_200 subcarrier 1¥dhmiudoyauay pilot Tu 8 subearrier 111 pilot @21 192 subcarrier Sluteyadaud
maanJuﬁﬂquvwl‘yﬁmm zero DC 182 guard carrier Tun13585 19dydnyal OFDM v FumeunINY

}:Jimﬂ It 2er0 DC asenarautisdoyneaniluassdaunmiufunsn pilor Wl Famsmdr i
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({11149 subcarrier 71 13 38 63 88 114 139 164 (a2 189 MINUUAVLUYS guard carrier Ta 139 eniine
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o
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snzdeyAnual OFDM &4 guard interval HiunTsAAABNA MovBsFainysl OFDM 11
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PE = A+10ylog[di}+Xf+X,,+s (4.1)
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WIA A 91
4 = 2010g[4“,d°) ' 4.2)
472100 '
A = 20lo = 804 (4.3)
g(3x103/25x109)
WAl ¥ 110
y = a—w@)+ﬂi) (4.4)
I‘fg?
17.1
y = 4—(09065x80)+(-§6—j = 3.69 (4.5)
nIM X, 00
=
X, = 6lop| —f— 4.6
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WA X, 1R
h

X, = —IO.Slog[?’} (4.8)
10

X, = —IOASIOg(-é-] = =-7.55 (4.9)

anuu M uaun1si (4.3), (4.5), (4.7), (4.9) wnuluaunis Path loss 92 18

PL = 80.4+10(3.69)log [?——g-a) +36.58-7.58+8.2 (4.10)

g)‘ i =1 k L = v 1 Aa a a:%l '
2NTUAIUN 3 3z 147191 SNR finoandosnuamsinualife SNR = 12 dB 113971 SNR 1311

ar LR Y o
%@QWﬂQQTuWﬁUllﬂ (I IRTIFSIRNIE:

SNR(dB) = P(dB)- P, (dB) : (4.11)
ﬁ'] nrnse %’iﬂ
P = —174dBm/ Hz +10log( BW (Hz)) (4.12)
P = —174dBm+10log(5x10%) (4.13)
= =174dBm+66.99dB
= —137dB

11191 SNR = 12 dB unuarluaums (4.11)

12dB = P.(dB)~(~137dB) (4.14)
P(dB) = -125dB (4.15)

NTUNITUDN Path loss

PL(dB) = 10log(P)—10log(P) (4.16)
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i B uaz P uvulueums (4.16) 95 1490 PL(B) ASH

i

PL(dB)
PL(dB)

10log(40)~101log(3.155%x10™"%) (4.17)
16.02—-(-125.0) = 141.03dB (4.18)

11191 PLGAR) 1 T&umua luaumsh (4.10) ve'le

141.03 = 80.4+]0(3.69)10g[%)+36.58—7.55+8.2 (4.19)
0.634 = log(-d—J
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- wosnunldde 46 dBm

- dy= 100 1UAT

d = 550 A3
VINANNTS Path loss voIdoedyma SUL Hldnuaimisiimeiatg 4 luaun1sh 4.10) unuan

524 (d) Anmua T 3asluauns o2'ld

FL

80.4 +10(3.69)log [f—;}qj+36.58—7.55 +8.2 (4.20)

£k 144.95dB

a1 PL # ld lhinawes P aneums

PL(dB) = 10log(P)~10log(P) {(4.21)
144.95dB = 10log(40w)— P.(dB)
P(dB) = -128.934B

NAUMIVEI SNR Ao
SNR(dB) = P.(dB)-P,_(dB) (4.22)

dia P

s

uaasTsnsave Budrluaunmsf @.13) o -137 dB shwwmun luaumsh (4.22) 218

SNR(dB) ~128.93~(~137.01) (4.23)
SNR(dB) = B8.08dB ~ SdB < (4.24)
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Adaptive MIMO Switching of 2x2 MIMO System for
WIMAX Technology

Pattaraporn Khakbai

School of Telecommumication
Engincering
Swramurce University of Technology
NakhenRaichasima, Thmland
MmiILGHHE g rutacah

Abstraci— The grow th jo 1rsfTie veluyne snd the increase in prmy
new services have foreed the change of wivcless configaration and
iransinission schems. WiMAX (Worldwide Enteroperability Tor
Microwase Acerss) spstem Is considered xe one fechnology o
prownd the bropdiand aecess focility by providieg 3 soriety of

fulatiun snd transmission schemues, MISHO (Mulliple bapa
Multple Output) teehinigue s emploved in WIMAX system to
provide a higher data rale pndd Improse o speetesl efficloney . The
MM schemes based on WIMAN stmulard gre determined by
various cholees  of  either  spoee-thne  coding  or spasind
multipleaing In which cach chuice offers o different systenr
perforpwance. B this paper, the adaptive MIMO swliching has
been proposed o omaintain the best BER (Bit Error Hale)
eflicteney of dato transmission ameng vorions cloices of MIMO
schoimes In WIMAX system. The cesults reveal that the proposed
sysiem achleves n sipniflcant Improvement whes vsing adaptive
MO switching Instead of using enby elther spathal mudtiplexiog
or space-tinwe coding.

Keypwords; Multiple-inpat moltiple-ontiput $MIMO), space-time
vading (STCL spatief sepltipiexing (8303, WiAfa X, ©

|3 INTRODUCTION

Curremtly,  the  wircless commanicaion  becomies  an
imparnt aod neecssary port of daily life. Therefory the service
providers have to develop the advaneed technadogy o suppert
user teguitements such ay o higher dats re, refiabiliny aod
incrense of coverspe aren. One of e most inferesiing
technologies is WIMAN T1R[2] tWorld Wide imeraperability
for Microwuve Access) Wobnolegy base on IEEE 302.16
stmdard which provides higher duta rate up o 75 Mbps. s
coverage is 50 Kilomgrers. The aperating froqueney betwaees
20 Hz- G Tor fined asd bersecn 26 - 6GH: for wobide
applications. The stmdard sopports single carder ransmissiog,
Orthogonal Frequency Division Muliplexing (QFDM 3} with
250 subcarriers and scolwble OFDMA ¢Onthogonal Frequency
Dhivivion Muliple Aceessy suh 1250 8120 1024, or 2048
subcarriers, The modulaiion sechirigues are suppoiied by
BPRK. QPSE, -QaM. ond 61-QAM. For OFDM
teehnalogy, it is pow widely recognized as the method of
chatce for nutizating muohipath tiding for broudband wireless.
The OFDM modulaton ransforms o broadbond, lrequency-
sclective chansel inle a mulliplicity of parael saraw-band
single chamnels, A poard fnterval {ealled Uyvelic Frehix: OP) s
inzeried between the individual symbats, This guard Interval
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st be solving imer-svmbol interfereace (5] in teansmission
channel, Hlowever. there are alse technigues that can increnss
the eificiency of the sysiem,

Muattiple-tnput maltiple-outpar AMIMOY s e we of
muliple omeonas sl both e tnosmitier and receiver o
mprove communication performance. It gives bigh daee rae
through spatial mpliplexing or diversity using spacc-ting
codes. T spadizt moliplexing, 3 hish rawe sionaf is spln s
muliple Tower fale streams aad cach strean is trapsmitied fromm
a different transmit anenna i the same frequency chanael. B
thexe signalzs prrive ot the receiver amtenma amay  wihih
rutliciently  differemt  spatind sigmatures, tht receiver can
separste these sireams inlo {elmest) pasaile] channels, Spoatiat
mulliplexing is a very powerful iecheique for Enercisimg
channe! capacity at hiphes signahbo-neise ratios (SNRh e
diversiyy metbods, g single stresun s transmitted, bat e signat
s woded wsing lechrigoes callod space-time coding, The signal
is emitted frem each of the trunsies amennas with lul or near
orthozonal coding. Diversity coedine explons e independent
Tading in the pwliiple antenns ks 1o enfiunce signal diversity,
Both wehnigues bave their advantages and  disadvantagpes.
Hence, the  switching  wehnigue  beiween  diversity  and
mupftipleaiag 171 s inoduced w mainlain e advanlages from
bonh diversity and muwliiptesing. This tecl will bring 1
acdvamiages of bmh formats come togcther which will give
beter performance than the choice of any one sixbe. However.
there are many choices of diversity and oaudtipleamy (o be
cmployed in WIMAX wmdard, Hence. the choice of using
switching technigue horween ol of thew might be diffical.

in Whis puper. ihe proposesk switching scheme of 2x2 MIMO
swstegmes s been prosemed, By obsecving the performanees of
sl schemes determined in WIMAN aondard, the ndaptive
MINIO swilching ¢an be wilized. The reselts contlrm that the
proposed swirching sehemes gadn the hetter BER performance
than using only cither diversity or multiplesmg. In the nest
sectivn,  the details of  spacedime  coding  and  spatiol
muhiplexing are described wnd then followed by the results in
Secgion HIL Finally, the conclosion is given in Soction 1V,

Hoo 22 MIMO Sysress

In the WIMAX stundard, the MIMO teehnigue is dofined
by bowl Spanial Muldplexing {SMX} and Space-Tine Coding
(80 Spatial maltiplexing s o very powerfwl techoinue for
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ingreasing  channel capacily @ higher signablo-tome ratios
(SNR). In s, a space-time soding techaigue in used w
improve the performance of MIMO systems by explohing the
chotmous diversity offered by muliple  ransmitting and
reeetving aptennas, As o resull, the mode of MIMO operations
depenids en the number of which it deseribed in Table
I The marices semarked in the Table ] am defined ox shown in
Tuble 1. When there are 1wo ransmil antenna, 1wo wransmi
modes are speeificd mateix A for Space-Time coding and
mateix B for Spatial mubiplexine. For four transmit omennn
case, three tamsmit matrices are defined 1o sepport Mairix A
frate 1} space-tine coding, Matix B {rate 2k combination of
space-time coding and spatial mubiplesing and Mawria
(rate 43 pure spatial mulipicxing,

As seen in Table L there are only Four cases which have
rwe modes operaing borh SMX and STC. However, hetween 2
and 3 receiving antennus, the dula rate transmissions are the
same. Hence. the focus in this paper is paid o endy 2 receiving
anlennas. In addigon, to keep a compact antenna instllment,
the numiber of ransmiting antennn 3 selected o 2 antenoas, In
sununal'y; onfy 2x3 MIMO systom i considened.

A Spuadie! Mudtiplexing

Tn spatia) muliplexing [4). a high sate signal i spdn
multiple streams wad each strewm is tronseitied  Trom o
ditferent trznsmit antenna in the same freguency chamnel
Muliplexing selicmes are wore robust al low SNR conditions,
A mabile wser lovated close to the base slagon benefits from
multiplexing  schemes.  Spatial - multplexing  scheme s
implenrented  wsing VBLAST  aschitecwre. The  sevond
mulliphe amesna profile included in WIREAX systemy in the
2% MIMO rechnigue also known o Transmit Divensiey eate =
2 base o mawiz B = ts.sn’. This system performs spatial
wmultiplexing and does oo offer any diversity gain from the
trunsmitter side, Bt it does offer a diversity gain of 2 on the
seceiver side when detecied nsing masimuem-likclmod (ML)
detectioe. A pencric spaial moltiplening MIMO system {3,
transmilting antennas and Nporeceiving antenmas) can be
written as:

r=H-t+n i1

Where 1 s the received signad vector (N, efemenisy, 5 is the
transmitiesd signal srcam vector (N, elementsi, Hovepresents
the NN, channel mateix and the N, clements vecior n is (b
aduitive white Gaussian noise from N, receive chains.
B, Space-Time coding

Space-Time coding {STC) |5]-17] is scheme io kaprove the
seliabilily of o message signal by wiilizing twe or mwre
commuication channcks with different characteristics, i plays
an Imponant cole o ocambating fading and co-changed
inteefveenee and nvoiding ercor hamis. Morcover, it med so
obtain gains due w spatiad diversity vin moliple transmie und
roveive snlenna, A diversity gain proporticoal 1o the muomber
of antennas ot hoth ransmit and receive sides can be achicved,
One popalar represenialion of these codes is the Alamosi
scheme [5] for two trapsmiting anmtennas. §n the WiMaAX
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standucd, this schemue is referrsd woas Muteiy, A with a transmit
diversity rale = F Lol Isp8) represent a group of two
copsective symbols in the input data strenm o be transnsitied,
Doring & fust symbol perivg L, fransinil (1x) antenna J
tmnsmis symbnd 5y and Txoantensa I oimnsmits symbol s,
Neat, durtag the second symbol perid t,, Tx antenna J
ransiix svimbel 5" and Tx antenna 2 transmils symbul - 5a
Deneting the channel response From Tl 1o the receiver (Rx)
by hy wnd e channed response from Tx2 o the receiver by by,
the received sdgnat samples corresponding e the symbuol
periods 4 and iz can be written s

rr = Jigsy & Boso 4 omy
ry= s = hany e (%]

where oy and 2 are additive noise teans.
Usang zero foreing cencepis, the receiver compuies the

foltowiag signaly Whe symbols s and

A= - h:r_-‘
Ar= b by 13

These expressions clemdy show that &) and %, ean he sent 10
a threshold deecter te estimate sviabol & and sy without
mderlerence from Hie other <ymbol,

O Swarehing bevween Moliplexivg cnd Iversine

The switehtng  between  moliiplesing and  diversity
wechniques [V1-I8] i @ rechnigue shun combipes the advantagss
of both the above echaigques, 1t can be wsed effectivedy when
comparcd with the vsed of onby vie seheme, The ehoice of
nanleiplesing or diversity depemds on the mans channe?, the
constellution and the desired rare, We compute the Evelidean
distapee for cach of spaial muliplexing and space-iime
coeling.  We compute dhe mmigun Euvelidean distance by
using the channel estimation wnd  modelation  parmmoner,
Criterion miskmem Buclidean distance based switcking il
mimmnanm Loclidean distance tor space-time coding mone thio
mimam Euchidean distance for speidsl muliplesing chooses
spaint muBiplesing. oiherwise cloose space-tine coding.
B MM Schemey in WiMAX Syslemy

The H02.06 specificution alsa supports the anicnma as
shown in Table |, As mentioned coarfier in thes seetion, the
choice of 2a2 MIMO & suitable for inplementiog in mobile
applications. In Table 3, the seheme of 202 MO offers with
bhath SMX amd STC wehnigoes, Heove, the use of ndaprive
MM switchiog o wtiliee bolk benefits across the dilferent
types of modukations,

HE SIMULATION RESELTS

The BER peeformance of both MIMO weclingues wih bwo
teansmbting pod two receiving amwennas seconbing m WiklaX
siendord shown in Table 1 are investigated, The modulitions
based on fis sandard are BPSK, QPSR 16-QAM, and B4~
AN 10 s interesting thar e wotal sowber of alF possibhe
schemes for 232 MIMO 5 8 cas®s, In gomersd we hinve o
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Frgure 3, LER perloniznce of sclivine C descrited in Tabiz il

Fipure 3 presenis the BER performance of scheme A
described in Table M. For criteria of switching between SMX
and STC 1wchnigues. this paper uses the minimmn Eeclidean
distance 10 be the condition parametes or ciroosing SMX or
STE, In thos figuee, buth techniques uvse the differem
rroduiation aypes, BPSK and 16-QAM. As seen in this figure,
e best BER performance can he achieved by wsine the
switching method.

Figure 4 presents the BER pedonnance of scheme B
described i Table 1L The modvlaions bejween  bath
technigues are BPSK and G4-QAM. The results still point that
the Best BER performance s obtained by the proposed
switching seheme, For scheme C. presemied in Figere 5. the
resufts stil] show the henelt of using adepiive MIMO
switching. However, whep the power rativn of Eb and noise
per Herte is high, then the BER performance is almost the
samie as the perfomance of 64-QAM,

In summary, the scheme A In Table BT, provides the beat
BER performance while the scheme C offers the feas: BER
performance.

IV,  CORCLUSION

This paper presemts the adaplive MIMO swikching 1w
musintain BER efficiency of dain ransmission among various
choices of MIMO schemes in WiMAX system. The resulis
sevcal that the proposed systom achicves a  sigmificant
amprovement when using adapiive AIMO switching insicad of
weing only cither spatiad multiplexing or space-time coding.
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