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JSusandadnuainzonlums ldanuais gusmssunuuaiasaees ldannsai 1d

a

oy
Tumalfia

~ ' ) da ¢ ) w ¥ 9 o o
Llﬁ:ill’ﬂTJ’IMQQU’lﬂsluﬂ”l‘ilmﬂl,muﬂjﬂ'ﬁ LLﬂﬁlu‘I"INFINﬂ‘U‘U“I!Jﬂ‘I‘VHﬂ’I‘jI.ﬂﬂUWUH’Iﬂ

1 Qs

ﬂnmnquﬁtuuzg1mw'§'amﬁmmmmaammué’aﬁmuﬂa”m1ﬁ'tgﬁ’nyrﬁ'ﬂzdwﬂima:mﬂﬁﬂﬁrﬂu
maiiailduilegiu mumsldly EGPRS dmiunsdeasdoya GSM cellular 923IN13
J3usenng 8PSK naz GMSK azmisld GPRS dmfumsdomsdeyalu 1s-136 TDMA
cellular 921/§0521319 4, 8 1Az 16PSK 1fudu
2.2.3.2 manaMsUSuNaaau (Variable-Power Techniques)
asumdsenilddaiiumsyamed SR Ainunlfoulaaiiowinmade Tau

3 o Y A A o o q Y1 = w o
ﬂqﬂud'ﬂﬂ"lﬂﬂﬂﬂﬂﬁiﬂy'] PER °lﬂﬂawmamuaumjmim°[wm SNR A9N ﬂﬁ‘]J‘JU‘Wﬂﬂ\ﬂuilz

o a a 1 o v
azedhwiumaRavaaluresdyandingla

Sl e @.11)
y

S
H Vow 1 4 o o Y o ¢ - 2
Tauf o sxvhfuRAafives SNR #5014 B deiiiavesnt S szannsoudaslaiu

J.i(—gdp(?’)d}“f%f’(?’)d?’ﬂ (2.12)

snaumsd (2.12) w183 o =1/E[1/7] $azgnimualas p(y) luvmziided S o
o 9y ¥ — 1 dy (] o 1 w Y o Y] al £
i3 7 wufiranssnuvososdyymezdia lunaasaiudmiumsdiundanu ua

a2 14

= ¥2
i UP S Y g (2.13)
0

Y<%

A1 Cutoff y, YD
4

pcmr = p(y < }/0) ﬂ%aﬁuﬂ

>, dazldauiu S wld o=1/E, [1/7] udroe 1

a 9 b o oy
ﬂ'ﬂﬂ’]'lllﬂ@\‘iﬂ']i“llﬂﬂﬂ?’luu'mzlﬂum'lﬂmfﬂ (outage probablhty)

[

¢
1 @ < a o 5 VR as ol
U usaswimnananataithmune dniuezldseadyyialunsdi
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E, [l/7]= I%p(}f)d? (2.14)

Yo

3
@

= a 4 1 1d Aa 1
wonvniltaivatematinninig 1dauua luiufitomay  variable  error  probability,

variable-coding techniques 1n¢ Hybrid techniques Fludu [11.12]

2.3 maia MIMO
= y ) 9/ A 1 & a L] = | 1
Wums o 3meez 1¥ameoinmanioadaazinToaTUet Mas e ERICELER
. : ' o & v ad ] Y
32U SISO (Single Input Single Output) Lm‘luﬂﬂ@uumsﬁamﬁLmunaﬂmﬂﬂmmmqﬂﬂn
1 1 y o 9 a a 4
ms 1 ¥amedumsnats doldszuy siso mlilszaniamueanisdems 13aoldanld
1 A | i o i Ey ¥ v
Tiihiias  udasvuumsdens Imeiifaiumoeinaildudilymilildinignanng
v v o : ¢
aenanTuilegiiuffeszuu Multiple Input Multiple Output (MIMO) [3]
3 v [
Tuadeiivzaainorsunszurumsinuvesdyaaildsyuy MIMO TavaziFuniu
W1 lnsvadini-nan (Space-Time Coding; STC) W30n32UUNTU59i-19a1 (Space-Time
Processing; STP) TU@ILLINIZNAIANTI0ADIAYDNUUTIABITZUY  MIMO Taudnu
AEIRVANUYVDIT A IMIATNTILTZIANYBY STCs drune lazitlusivazidoaves
@ < a o : @ u’j o a
iHﬁUﬁﬂﬂﬂiQM-l’Jﬂ‘l (Space-Time Block Codes; STBCs) !’imil1ﬂuLﬁ]:ﬂ‘iﬂ‘||mi’Jl.?‘Iii‘I:’,ﬂ{ﬂ’I’ic[‘ls)’J
¥
maiinlanoian (diversity) sufUINUIHA (coding gain) TasaziFenniisvamsadasgi-
1701 (Space-Time Trellis Codes; STTCs) dumelaziiiuswaziBuavaanizuiumsves
Spatial Multiplexing UTAAITIWAZIDUAUBIOANDTNY Vertical Bell Laboratories Architecture
Space-Time (V-BLAST) sovimiunuziinfigafuanuquassesdynyialunsdind  cs
. 2/ o = & o v
(Channel State Information) tiazgaiuazidiunisuuziiunatia STCs guqivhaulag lila

° v Y dy
tnaueluviaton

Space-time
decoder

' Space-time
encoder
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2.3.1 520U MIMO ttazmsiinsiaif3gii-1an (Space-Time Coding; STC)

2.3.1.1 530U MIMO Uaznug
Tusguy MIMO azimuald N, Fuswaumeomaiosdang N, 1Hudmou
AwmmAntesu BT auaAaYL§1as NS iIYessEUY MIMO Tugiii 2.4 1
gﬂaa:1.mﬂa“lﬁ’l.ﬁua:n1Jmaqmmﬂhsﬁ'ﬁﬂ?nﬁ-nmﬁﬁmmﬂﬁuugﬂuuumséaﬁmﬁ’ayamn
mémmflummu (serial-to-parallel) LLa:mﬂﬂJmusﬂuwﬂm (parallel-to-serial) Tuduuden
euauﬂ'ﬁ'ﬂuwﬂimﬂuwmﬁm?aafmm‘flumsh’hsﬁ'ﬁﬂ?qﬁ—nm (Space-time encoder) LA
JuduveuniesduidumsnFounnuiveynsueziiudaoensiaigi-na  (Space-time

a o

c; 3/ o qJd—l J o A 9/ 1
decoder) UDNVINUNITIUITH A3 ni-a1dunnnng ﬂ'l'iL'llﬁUugl]ll‘l]‘ljﬂ"l'iﬁﬂﬁ'ﬁ‘llﬂgﬁlm

e
'

! o o | i =] 1 ] a 3/ w .
widudmdnanldlumsfomsfinainen lamudoad 1519159 (encoding)/M3
neAsHa(decoding), MINBYIAA(Modulation)/MIANDYIAA(demodulation), msifaRmand

. . aw a P . . & = o e
(multiplexing)/MIAUAALNDNY (demultiplexing) ns0n159a1 lalysu (equalization)

i = VoW o i 1 i o o H o w

wingilit 2.4 awseeTineldhdydnualnldde 5 Taoii Wy bimidy o
A 1 & o A 1 o oo 14 = .o ; 1 2 o
fiadstmuawommaioads N, uazdyanuiniuld » Tash j laidaun 1 Dedou
awomaniesiy N, dulurosdyguildlumsfomsszninmeoimmaiosds ith
faenwoimamasy jth vmiu k, luszuy MIMO wasuilddann N, sauianuane
wRouIgsundanuilddaluszuy siso Sautlu P wazwdsnuildlumsdausiaz

@ n’: d o o . . o a8 &
awoneziiy PIN, waamiuuesialawdy  (normalization)  vesduilszand
1 [ . 1 Y o " o/
FoadaInl (Channel coefficient) UARYAIWBINIANWAIUTY pziflumssfuveunu
L ¥ 1

Foaduyanavesmwemadudaimaiidd llimeomadsy  j uddygusunau

at

AWGN wwiiiududism 13fudazaoimeamedmsuiiu », TavauyATinsnsznezily

3
w A

3
a Pow o @ a 3
Sasernu waenminluszuy MIMO szannsananslujdmaind 1Adail

Ny
K :Zhl,f'xf +n
i=1

Ny
= e X. +
e ;hz Sl = R=HX+N

Ny
ry, = Z hNT 0%ty
i=l
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H . (2.14)

Npl hNR,Z hNR,NT XNy

LInEush (2.14) fmuald

o

o n’; o P 9/
® dlunnmosinndvesdyanuisula -, v N, x1

7]

s 3 ; .. i
¥ Sunnmefiuadenng N, x1 dszroudis x  idlugavesnguiymym

(Constellation) n1%da
¥
o Y [
N Lﬂunﬂmamu’mwm ﬂJi’ngﬂJﬂ’]u n; VU NRXI

a i o a & o
a7 dlumaingunn N, x N, fszaoulddedulszanyesdyyu 4,

Py V——————EE S el B

-t
Iz

Capacity (bps/-iz}

wf
=

w

31 2.5 Anmgvesszuy MIMO lild csi

Ty [4] 92na1BeAedszUY MIMO 1o 11U 1A channel state information (CSD)

v Y o
(A9 AN DUEAIAIINIVBATTUY MIMO AT

C =log, det(INR +A'f -H-HTJ bps/! Hz (2.15)

T
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— o v
NnEuNs (2.15) fmual
a o [ J
Fe, HhuwaSndlondnyaivuin N, x N,,
H Humas nsreadyniuving Ny x N,
a ¢ o i (Y]
HT Lﬂummﬂcﬁﬁamﬂﬁﬂumqs«‘l (Transpose conjugate) V83 H
p 1WuAnAY SNR 4949 branch 19MATY
=Y o o dqw
5.3.1.2. S5M51HVRI5ZUY (Methodologies) UazimaiinlanesBa (Diversity)
lumsdomsnleszuy MIMO ﬁag:ﬁmwﬁ'ﬂmiﬁ"lﬁ’%"nmsﬁmumdwimﬁaq”lui']ﬂfqﬁu
ad a da o -:{d 1 =y dy
a2 susnaemsiity lano S AYe e IMANS ofiiTen1 Spatial diversity HMaNEYRIITH
P o 1 :2'5 P | A'l 1 1 c;. r=| s
AomIHAILIANNU IR NDURINT HDANT Tasmsdatnaans lugduuuimieusunaz
al 1 d‘. & o :;. ' =) o Y a 1 1 9
fmamﬂimi‘ugﬂuuwnmsmwuauﬂuwmugwﬂmwmwﬂﬁmﬂmnmsgﬂtmumaq"lﬂ 210
dy [~ Y ﬂ a a n.: 9 = w Y o
asaiioziinlgndunmsanTomeansiiamadsvesdygia ldlunauasaiuais msimua
uusseet Ut AT veImadusziianuieidesiulanesda  Tasfidiuauvesdiniessy
; 4 o v o . . y
danmasuozmlann nulaneiTA (diversity gain)” VBIITUY LAZdEWINIA
madunsesdaazdnuaisafuluszuy MIMO Slumsaeasnidusaszondundiez1d
1 a’a.:! ad cadyci
AnnulanesFagIgaveds T S anoiaaning 1daufusialae 1 luaaifign (Base
Station; BS) TalumsAeasnasnnaniigiuiiimeoimaniads 2 YANTOUINT 2 ¥R
A 2 a ) A 1 A ' @
nazlumsdemsnduaniiigueziudoyaiidannnnioagnie  Tavilynmanyosssuy
w d' T z:{ 1 w [~ W [ o
MIMO ﬁafﬁgaptuwﬁwmmammﬁmmnmanuﬁ’m"lmﬂuﬁwﬁuwuﬁﬂu (Decorellated) a2
¥ ¥ 1 1 "
2INATIL AW INIARDININAULIAWD A UTI =1 19a 81N IARDININNIIATINTIIUBINIY

] ' E ]
gIAAL (wavelength) vesARImiidY dnfuszuy MIMO Suiluiitiomnnluszuums

Ed 1
Add Ao

doagsitmuiieta szun MiMO Huszuuiidgesmamldmsems1¥1ddnga nmsdsa
1 o = u’nr;ci' k7 a’adyai E =] 9y 1
Foedyanmazizonam Tanuved lanesailyau oz laneiganldnuziimiliunnna
2 oo 9 ﬂ L] dy o 3 o 1 a c{’ " .
Wsomny 2 lamu o umuuumﬂ:‘lﬂmﬂuﬂmmmu Space-Time (ST) coding, Space-
Frequency (SF) coding 1a¥ Space-Time-Frequency (STF) coding Taomatinnsidnsiaey

@130 IAauia

E4

ad ] VA o a o o 9 1 a 2 Y
'Jﬁm‘sﬂauﬁmuﬂzgﬂumsm:Jmmuﬂlmmummﬁm“lwm SNR WAL AN INIVDY
1 1 ¥
21U MIMO or AL uaumseIMAn hilinsi1iaduIuaERINIA LAZNIHNA

¥ 1 1 1 H
iiluasmsendomsmunauguedszuy MIMO ﬁﬁﬂﬁ’ﬂmgwﬂﬁﬂmﬂﬁuuuﬂaa’lumaﬁﬁ

3

5‘ 1 ad & =1 A 1T B g ¥ a P a

vu umamﬁm'muwwmﬁmmwmﬁ:numm‘sﬁamumamh%ﬁwm Tﬂ&ﬂmﬂuﬂ‘u‘ﬂ
Vo
in

T¥anuaulolunsdinianmuadeudu Los uazluaulamanamada uAnundsu
¥
d

Iﬂﬂ‘ﬂ’l‘lﬂ’nmﬂu f© Spatial Multiplexing (SM) M350 Layer Space-Time (LST)
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' L4
Tuiegtufinameonunnueiisziimssauiaesds | 3daenusumndnns hybrid ms

w 1 da ¥ w a '
195 Wa Az tradeoff T2 lanesFALaz AT IAAWANT

2.32 mIhsiauaeni/3gi-1a1 (Space-Time Block Codes; STBC)

d A aa & . Hq v o v dqdy =
STBCs 1518 n33nilaves spatial temporal codes 71 141/52Tominn laneiaauaziluszuy

]
=}

PFawormadanaiwyn  Tavlull 1998  Alamouti 1&oonuuumaiinlanoFaothaie
Fmsumsdeas il dawemeadeaoayn () Sai ¥ lanoidagegauazitnuiiufadu
Fomamndanznndy udlunszuiunmdhsiduazoeasiauanslugilvesndon
Fydnpaidons 53laneSanmuomanadwes  Alamouti  (Hunquiforiums
eOMILUREIRIN (orthogonal) dwiumsldawomadiudssmaunayaldinaiiaue
T [6] Iﬂtli]ﬁg’l\i’aafT‘]J‘]Jﬂﬂ’HlJﬁLﬁU’JﬁJ‘U Orthogonal Space-Time Block codes (OSTBCs) uda
lusiadotinza 110333 vea Alamouti 1Az STBC fidann
2.3.2.1 ANV Alamouti

mniindalanesFamenadagminauelng Alamouti ldviuauemaiia STBC fivhims

sy 1gmuemafnad 2 g Tuduusndafidhnluszuvezgnuegaauazium

1 a o o

o . o & =
(mapped) Inssfugavosngudyan (constellation) ndanntiuezld 2 dadnuaniu x,

q

4 ar o o

Fd
] g o Y a a a (Y]
wag x, udrdadr lludndhsmligi-nm ditnsanlumueimaganiis dyanbunages
- o 1 Aa o g a ' [~ [
Fydnpaiazgnaseenlunariidaduiu ¢ uaz ¢, Tasilszoziiuy 7 lunanmives
1 o [ o [l
Alamouti seMinmamsndydnusl x uaz x, vgndeenldlumeoinia 1 uaz 2

1w “

o w — 40 o & ] ] Y =
AUl Lmﬂunm‘mﬁﬂmﬁtganymsﬂumﬁwﬂmwau Llﬁ?%ﬁulﬂ —X FanaeaIne |

a

kY W

war x vzdeficwema 2 swazdeamsidisiaaunsouaadlumei 2.1 21I5A31M3
domsMnuIZUY SISO
C Y v A _a . 499 Y | o Y
msidsa3gii-na1ves Alamouti MlFueIMAMIIAIUAITINIY 2 3R LAITANID

waaalugthuaing

X =" : (2.16)

a L4 U o
svazBunuDANATAT X, LandlAdemsg 2.1
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T v ¥
s 2.0 msihsiadSpi-naes Alamout fildmaiinlanesah

Antenna 1 Antenna 1
Time tl xl x2
Time 7, —x; —x;

o 1 3 @ a a o =1 Yo w o o oa a
fednvasnszuaumsdnsieadsgi-na duaasluglin 2.6 ledydnwal 2 dydnuel

wazldarweinieda 2 ¥a

y

Constellation Mapper

1 f t' LA l * @
dbpoiation. L_p |
Source q S P
wiw

—_— x, X

LI B ]
LR B

g
AWGN

51 2.6. 179019475 Alamouti

a

i STBC ansaneasid Taveauyadulszdnivesdyyiamanisyninerieuna 2

g A v
ATUAT £, LAY L Llazﬁﬂﬂ‘izfT“V]‘E‘ﬁﬂﬂﬁﬂlm'lmﬂ'lﬂﬁ'IUﬂTﬂ'lﬁLﬁﬂ’c‘l'\‘l"[‘ljﬂﬁ'lﬂﬂ'lﬂ1ﬁﬂ'lﬂ‘iu

2 L)

o d

it jidu b, uagvnmoeimdgai 21ilu &, @unsousadlddaaunts

b, =h, (t)=h;,(t+ T)=h,(t)="h, (1,)

(2.17)
h}.z =1, (!) = hj.Z (“Jr T) =h, (Ii) = hf_Z (tz)

o o

o o = ulyci o w o o ﬂ | 9 uly:u o uly
NNNTY TYYIUNTY anaweIMAfIALN j N9 2 1alY v Lo r W IATYYIUNTY IR

L‘ﬂu

1
yo=h, x+h B -x,+n

j 7.l 1 1,2 2 J

; . L, (2.18)
r :—h},‘, x2+hb2-x] +n;

w o 1 o o 4 o
naunsdyasunIL AWGN wiludwlszneuiigniannmwoimeadnuniosy

a o &
Tunan ¢ uaz ¢, annsouaalaiiiu n, AT #) AIWAIAY

Receiver ——1]>
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ATLUIUNITOOATHALLLE)921T2AO VAN TINTYRYI (Signal combining) 1AM

Y 1 ] . . . a d o =
aeATHAIUUAININUIZTUGIA (Maximum Likelihood; ML) Taviiuaensiudgygyiuozil

]
=] 3

o 1ot w a 9 a o 5
m'im»‘nuﬁnaﬂﬂmxtflmmmuuaxnmzﬂmﬁwﬂ (conjugate transformations) UBDITLYNYIU

=5

o o

21 8uazwan IdidunszurumnausmFy U Uidy (linear combination) YBIF YY1

oo

=n.

a2/
o

su'ldansanaaslugdvesaunis lasail

o Ny F * 2 Ng 2 Ng
Sl () =SS o3

c; o 1 .:; 9/ o a 1 a di W oa
v 219 hmildliiinseeasiauuuaimheniueiigagaiedaduly

o w ¢ 4w w s Y A v Y Yo 4
ﬁﬂluﬁﬂ'ﬂﬂl x, LA x, I’ﬂEmﬁﬂluﬁﬂ‘]&lfllfﬂzLﬂu@ﬁ‘ixﬂ‘lﬂﬂuuﬂ?ﬂzﬂ'mﬁﬂllﬁﬂ\i\lﬂﬂﬂu

b

i +|hj‘2|2)—1].|x1’2+d2 5.x)

Bl +‘h}'2|2)~1].|x2 () 220

|

o d? (x,y) AoszurmayndiRuuideaas (Square eucledian distance) sEMINdYIU X

-
Il

.
x, =argmin [Z(

=

X, =argmin (

—
1

way y Seamnsammaaldnnauns d? (xy)=(x—-y)(x*-y*)

2.3.2.2 mathsita3gi-nanuuAsnn (Orthogonal Space-Time Block Codes)
oA g 1 ] ) A A £ 3 o4
A1598ALULVEY Alamouti apduiludiuniliveunaila STBCs nsaiiunlignasinne

» '
Orthogonal STBCs miidsyia OSTBCs zlddoyanssaz km fin e liuoganld1d

o W o

{ o o o o 3 1w o o u,: o
wanual Tagiswouguunvesdydneaivuagiuyiiavanisuegian nageIniuii

@ W PRy y = w o= @ W L4 1w ' & '
winuan 18 dhwdensiafias ke dydnpal luszsznawiny p ¥ana Fwmas

ts o s

[ g @ 9 s 8 a ic;d
Snwalvzgninliegluumudsdygraudizannsadalioglugluaindhniiving - N,

L'l o

De
2

woAy p MAn sruvIzdedya ueanvInaweIMARnSuniou il Tugnawiiiy p
¥ ¥

ar 1 1 1w W a v ow v o e
Sumneailugianm p svuvezdsdydnuaioanliily ke dydnuel datudniins

14159 d STBC HANNINDY

R=— (2.21)
p
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nazfiasaniamisaanasy (Spectral efficiency) Y84A31915¥ e STBC M1y

(2.22)

fm
n=—
p

T o = @ 3 14 o T
0 [6] £NAMUULUUNYINVNITOBALLLAININ (orthogonal) Tumsadsianuli

o

o o v o o 3/ @ a
INAVIUIUTIEDINA ﬂﬁﬂﬂ’]iiﬂﬂﬂ?qﬂﬂﬁﬁﬂ']ﬂﬁi"lﬂ STBCs ﬁﬂﬂ”ﬁﬁ’liﬂﬂ“\lﬂdluﬂﬁﬂ"g X

1 ¥ v
Fanquijveamssenuuudninamsondasldluauniii 223

X x" :p[i|x,|2J-INT (2.23)
i=1

¥
= A
cluﬁljﬂﬁﬁ X 171 Hermitian 409 X
I~ 1 a
p 1uaInan
a ' a e
7. huiuas ndendnunivuIe

Nr

= o o W P ' =4 a o
n Ll]Uil"IU’JUﬁJﬂ\‘lﬁﬂJuﬂﬂ‘Hmﬂﬁﬂ X; ﬂ@llf\i’]ﬂ‘],umﬂiﬂﬂh’ X

¥
o

AR WEIRInYes STBCs wwannsadunaldnnuaaimuavosuning x &
3 = 3 o ad % < o w 1 1
Sunyudaninezdeshifisdisu SniinilaRfedduveanisdadeyaurazyavesaunIma

q’a’ o ! =3 i o '
ﬂﬁﬂﬂﬂ'mﬂ‘]JlLﬁﬂ:ﬁllﬁﬂﬂﬁ%:ﬂW]ﬂ'ﬁ’cTi'l

Y " = = o @ W =
m3ihsie STBCs awsauteeniiu 2 wia awdnuuyvesdydnualii 1dnnmsueg

]
o [ g

lan A155UUNIMINOYIIANIANBNNAANID ASK (Amplitude Shift Keying) doyanyal P

o
v

=~ o a o @
Shuiauess uazdiszun¥msvequmanana PSK uiouun QAM dydnualildvzily
ST

Fmiudyanuiiluinoueianmadisiaezgean (Full rate) AUy 1 1Aans
1w o a Jdaa o w W do ] o
dadyanueen h/ ludnuuzmainsiliving Ny xe hdyansainuau ke ez u
dranan S maugnaidsie whusaumeeiniads sz liwesadiluivaon

v ow = a
a¥a uaasldiumnsng

X, = {x‘ Mﬂ (2.24)



21

wasndi 2.24) ifluszuuiildaeeiniads 2 o uazwaInd (2.25) LaznInaE (2.26)

Huszuuildmeeinie 4 uaz 8 yaawdwy

X ey ey =Ky
X oy oA &
2 1 4 3
X, = (2.25)
My =y & N
X % % %
% =k —% X % ~& B % |
X, X =X, X —X %X X X%
X X X 4 X % B X%
Xy =x X X ¥ X % K
4 3 2 1 8 7 6 5
X, = (2.26)
oW & B O£ —K X
X, W X o X % X %
By =K ~Xg Kg K ~%K X L
X X =%, =X X X X K

a

w o w

o Y o <3| { v w ! w
Pnaunimunimstagilnuudydnveliummaoudaie dszuudeansds 4 dadnwel
=

1 T 1 1 w
wasiimueiniads 3 ga 1zdesldianm 4 $alumsds aunsadadeyaldnmaunsi

@z

X,=|lx, x x -X (2.27)

o o e a g9 45 a ¢ w
TIHITUT YU BINOU Gl'm‘lﬂi]‘hlfjgllﬂﬁﬂ'liﬂ’t)ﬂllﬂﬂﬂﬁx‘lﬂ'lﬂﬁ'm']'iﬂi%i“ﬂiﬂ“ﬁiﬁﬁllﬁ‘u

o o

il duasiidasinsaeasdy 1/2 dmfunsdemsihldmeoimeuuy 3 uaz 4 9a

AR

2 _ * *
X35=x, x X X X X X X (2.28)
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* * * #

R R T T Y A

* * * *

oOoX X % X X X %

vz _| M2 1 4 3 2 1 4 3
X, = " . : A (2.29)

X, =X X X X X, X X%

* * * *

X, X =Xy XX, X X X

a3 (2.28) Aemsdhsiansasimsdeamaiiu 172 iile1¥avermadadmam 3 g 4

a

Faudovaluazlsriaar 8 saalumsda uazaunsi (229) demshsviandasimsdoms

1

i 1/2 iileldmeernmeadainm 3 ya 4 Fydnwvsinazlyginat 8 yelumsda
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§ ~ Y o A w o A
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k) o A

vinawnsh (2.28) Wuszuuildeaeenis 3 g Whsianeas 1/2 waunsonoaiid

Tadaaums
- Ng
* * 2 * 3 5 * ﬁ * "] *
% ZZ{hJJ ‘rJ] +hj.2 ¥ +hj,3 Y +hf,1(rj) +hf.2 '(r,' ) +hf,3 (r:l ) }
j=1
L& z o 5 6 7
* l * 2 * 3 * * *
:QZZ hﬂ' X, +Z{h}_] T +hj‘2 N, +hj=3 R +hj',(nj) +h),,2 -(nj) +h}’3 -(nj) }
i=l j=I =1
(2.30)
Ny

X, = Z{hjlz ¥ h;.'l -rf & hj‘.,3 )+ hm(rf')* -k, -(r;")‘ +h,,- (rf)‘}

J
3 NR 2 NR * * L] * * *
=7% hj’,.‘ Xyt D AR,y = 1 I By () By () +h ()}
i=1 j=1 j=1
(231)
- & 4 5 7 8
* 1 * 3 * * * *
X, = Z{h” ¥ th.,] g —hj“2 i +hj,3(1}.) il ) —h},,2 () }
j=1
= 3Nﬂh2 & h* 1 h“ J_h‘ 4 h Sy* h 7ot h 8y*
—ZZZ j.rl -x3+2{ IR R LR N U el R D R P U }
i=l j=1 J=1
(2.32)
s ut 4 6 8
* * * * 7’ * *
X, = {_h}‘,s r:j'z +hj,2 rj} _hj,l vl _hj,:;(rj ) ~E"hj,z'(r_,' ) _hj,l (rj) }
j=1
3 Nﬁ 2 NR * 2 * 3 * 4 6 * "T » 8 *
:221: |hj,,.] 'x4+§;{-hj.3-nj+hj,2-nj—hj‘,-nj—hm(nj) +h, () —hy, (1)}
i=l j=1 Jj=

(2.33)
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3/4 dmSuasdeasNa1weIn 3 uaz 4 ¥a

X, —x; x; 0

34 _ ' *
X %=lx, x 0 -x (2.34)

* *

xn 0 - X%

X, 0 = -=x

0 X x. X

3/4 3 -
el I (2.35)

o M 0

* *

% =% 0 X

1w

mIneaTavesaumsi (2.35) Afdnsudhaiminiu 3/4 Tavldasoinids 4 ga ds

w oW a

Ed
fiax 3 doydnual Tu 4 nan awsadan laded

T N * * . -
X, = {hj,l "}l Al -rf +h, -(rj) by .(rjq) }
Jj=1
4 Ng 2 Ny . | : ; - - (236)
= Z hj‘,’ ‘X, +Z{h},!l A, +h}‘2 H+ ,hf‘3 -(n}) +hj_!4 '(ni) }
i=l j=1 j=1
- Np
Iy* W 3 * 3 4t
XZZZ{—]’IJ‘J-(}"]) -hj,q'r} +hj,l'rj +h_;‘,2'(’})}
. (2.37)

4 Np Ng
Z[hj.,,f S N = I CH N R EY LY I CHN
=) i j=1

=l j=

;C! = Z{hm '(r,"l)‘ _h:.l 'rfz +h1v2 _(}}3)* _h;,l 'F;}
1
4y 2 N 1+* * 2 3 ¥ * 4 (238)
= h],;’ X +Z{hj.4 () =Ry hy, () —hy, '”f}
i=1 j=1 =

o, o '

Y = 9) = . 3 ] o
fsmFadusziussadmsunnat j lumsesnuuuainin STBCs vz liansoild

q

]
I-2-N 1

IndiRsafusasmsdeasinauiiiy 1 dmivdyanuiidhuFedou Tu 29] eziaasizms

voamwaimamaduiiu 3 uay 4 awanmsdemsgageindulyldfie 3/4 dwmsy
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2.33 iﬁﬁmiaaﬂﬂggﬁ-l’lm (Space-Time Trellis Codes; STTCs)

il
A A

swmmaiia STBCs Tiaunsavilisasimsdemsladfudasivesszuy siso il

o a L) o EY ]
Fyananfludedounazlfmeormauinn 2 ga udninliluszuy MIMO vz ldansoly
ve A o o & nya U RLEY a g o oA '
sunn i dniuddldinsmseenuuusiiai hilfmaiinlanedFaivieiunes ua
wldinusimdunldsmae i rsamiusuauiinmsfemisvesnsvegaiuld

cada 4 o ¥ w a Aga
maﬂszwmawﬁuamwummmwau’lm:w uaznAUAUNAD STTCs [7]

2.3.4 Spatial-Multiplexing

mnfin Spatial Multiplexing (SM) 920AMANANINTEMT AN aldmsyseum
T a | y Y 4 a { o 1d o a ¥ ¥
Fosduyruiiniessuieneasimilussuuiiilanssousg uatigaswIIG lumsaariu

i " { 1 o { o ! [
foyasm dauves sMiuszuufidunsadidoyadiodastiitanduiy STBC wanms

Bits Encoder l
# interleaver |
Bits ° modulation ®
Demultiplexer PY k ®
@ Encoder ®
1 interleaver I:
modulation
(n)
Bits | Encoder Symbols ® o0 9
| interleaver [ % Demultiplexer °
modulation [ ] }
(v)
Bits Encoder Symbols ?
interleaver
Bits @ modulation ®
~eudipl  Demultiplexer P ‘Stream ® o0 @
° T interleaver ° i
¥+ interleaver
modulation
(n)

g1 2.7 nszuaumsidsvia sM
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»
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ﬂ‘sztu:1um's‘umﬁmuzgmwmumﬁaugﬂu “qfU (Layer)” IFUUUTLUY SM 32T IWITDITUND
A & . o v A v a o 3 v o
F¥DH U1 Layer Space-Time (LST) ’i,um‘iwNmﬂumﬂ’.1ﬂuamwanm:mmmhﬂu"lﬂmﬁlu
= s a 4 s n’z’ a v a Cd 9 9 a‘d
UALDZAYANEY  AIUUNMTANAANANYYDI  data  stream szannsalyaula asiilaany
unnaasuveIRmtsdIATadmandlumads Taviisuil 2.7 uaaanszuiumsitnsie SM
wzflu“luﬁnymmmuau (M) HUIAY (V) UAZHUNNYY G
2.3.4.1 9an83Ny V-BLAST
3

Sanesiiy V-BLAST al¥msidnswanuifnaund SM Mi1231015052990 (detect) 1u

¥ ' '
umﬁqi}:qwﬂfnmmianwﬂaumym"luummm LaguIuou mﬂgﬂﬁ 2T ﬁagaﬁﬁ’fmwzm

= o' 5 9 o o ' o n’j o oo o A v a
nsoumesan  (interleave) uazﬂmmwm"lﬂ“luﬁmuaﬂym HasnInUUaUanyuIZANaN

o ]
INANFNTIWDINANIATL N,

a1 A - 3/ 1 w o a
auyANimTIEinsueganiivg 14 Tashinsneasvaezinaindaneiiu v-BLAST Tu

3
a =

ot [ w 1 o J
SM 1uRaziinsasiesunasmslsznaduydnusivzeglugiinonmey tazupaznnnesee
Ed v
w w 1 o . o a o
uduvessva sM TasuAaznnmes iz nuuUFydaNainin1sMIATITUILDAUNDS
a |a o w o & 1 an = a A
aWdsuarmsisanadydnvainnniosds Tasezauy@inliimsaa 1s1 uasiiszouii

= o o a & o
quasi-stationary 1292 IAaT ndveaduilseanivesdyay i

b
=) 0w

a a a Yy 5 = o
fJﬂﬂi’)i‘ﬁllu’\l?dﬂ'ﬁ]ﬂﬂﬁlm'iﬂﬁﬂﬂl‘b’ﬂ!ﬁu (Linear interference) uaz“l%’“luﬁmwumé’awﬁ

o o @ e oW o | o )
waredldudrihmstumsaseivdydnualifiige Tavaluuds v-BLAST wzilumaiin

v @ o

MMUUAINNATYYIUUNTNTDA

ar

o A = Y W oo 2 o Yy o Aa g g 1 ar o =r-!
AndniRssnsunsnaeaudddyg iy Idesih I dyananidlauanieiu - dygiuia
= ' P & v

igaszagluzl SNR Mannsaidenlavinmsasnaoudayy

a b

Ed
pon 1y Tavll 3 nannisaail
o nuunsnaoaFadugnivalag Minimum Mean Square Estimation (MMSE) 130 Zero

Forcing (ZF)

a o W = o Y
® yNIANNITUNINHDAUDITTY ﬂflslm{'ﬂﬁi’}%i]ﬂuﬁl

® 1i1n15uNNAIZYIUMITATIIVUNFIUATS SNR HADINN1TATIVEDY (post-detection)

1
s A v = 1

5034-17813 CSI nanad (Space-Time Coding with CSI Knowledge at the

9 W

2.3.5 sviail
Transmitter)

Tumsdoans 2 nmesuiiudesil cst imnads Taomslfandiaiigadons-fames (pre-
filter) w3om3-on10 lalwes (pre-equalization) C‘I?ﬂﬁ"lmiﬂﬁﬂmﬂﬂ?ﬁ Singular  Value

&3 a o1 o IS ¥ g
Decomposition (SVD) Lumﬂcwaaﬁnujnﬁmmmﬁmwuulmﬂu
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H=U.-D.Vv" (2.39)

o o =~ . 1 t.v
Tuaunsasns U uaz ¥ Hunnmasie1zad (Bigenvectors) ¥DI0d Il LAz D

L]

a " " " . ar { o
Lﬂumm AR U4 (diagonal matrix) YD4AA1£ (Eigen values) H uﬁ"sammumﬁmmﬂm

U"-R=U"(H-(V-X)+N)
=U"((U-D¥")-(7-X)+N) (2.40)
=D-X+U"-N

521 MIMO 92019103211 SISO Adauuvvuuiiuanalugy 2.8 uazudaz SISO 9z

o aoAIeIzIves D 1AL MIMO willumsnissauniugrosdayyio

o 4 ' " v s H0 0w
(IS IR URIAFRAARINOR SISOTﬂU'ﬁﬂ']U’]HﬂIE’Nﬂ'liL‘H?JNﬂ’E)lLlJll"lJu'IU'ﬂBmTﬂﬁi]']u’Juﬁ]wiN'Vlllm‘lﬂ'lﬂ‘]J 0

CT T oo T =TT )

| Transmitter ’ Chaiiiel N | Receiver |
|
sre X v )y | ¥ (=R ge i

W =

it 2.8 nszuaumsidis SM
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BRI eenILY STC H35unuiona1eis uaistulduniiganae STBCs
add S gy 12 w 9 A o v an Y @
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o/ ' & 1 awa o o L= .
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o a ot ! I o & 7q o v
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5211 MIMO '18 119915507 1819597 Low Density Parity Check (LDPC) A2
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o @ =] w A 1 o (Y
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2.4 920U
a 3 ya o 79 ¥ E] 1 P ) H
‘i:ﬁ‘U‘JJﬂ’Julﬂlim‘iu"lll'l‘ﬂi&ﬂ‘ﬂﬂcl‘lﬂ"luclui$1J‘Uﬁﬂﬂ’l'ii]ﬂ'ldﬂ’3‘l~‘l‘l]’.]’l\3 U NITATUIHI

=Y a ' 4 H g { = v a’d. a
ﬂsmmmwwﬂn‘ums:uuimﬁwmﬂﬁaumuﬁuﬁmnmmn:maam:uummiaiaaiu"lﬁ’f

o

a a ™ ] - 1 H 1
Tagidafaunmluszauisuld wsensmarnheziluvesmsuaen dynminnginain
¥

q

;‘: =] a 3 ] a 1 =] a a
Famuaiiaunseldnguifndundielumsinuuasiinsed IRedeiidszaniam  Tavlu

3
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unuynilszasal enduifleausszuuiidnauvesiidmsulidliuins lunssensviiia
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25 u‘uuamawmmiﬂavlmmumsﬁamﬁ"l%’mﬂ (Markov model for wireless
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' o . = a 2’ a 3
TuvosdanolminGoud  (ime-varian)  AamAanaAveslindumgmsoififiaiu
¥ v ¥
tosnsaluisnsiiisad (bursty manner) Tuvazitesdyyaiimadisde dafuiahmsdu
a a [ 4 o a = o .
mosania (interleaving) tatloamudnly ietlosiuvindyaasuniudsaa (noise burst)
a Ja (a1 3/ a1l g ¢ o u,: a 4
Tumssumesandidnnaudangmn@inilunuuauy ol AiumMIANNANNTIDIDUNDS

4

a 1a & 1ada VO ogy ° ifﬂ = Y = ' o
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a -:s’J o ER o y % ' o
wavnndszdana vingativildresdygisainsalsnms predict daaugyosdyy o uoe
dyd o 1 o a 4 .
unﬁa;ﬂlmumaawaqaf.lumpmwlﬂﬂwmmiﬂaw (Markov fading channel model)

TunsararsseidnanldiauiseninnsinsdoasTaolfuvusaeunsaed  lu
M3AAYITILTN Gilbert 1Az Elliot WinwldiimsAnvesdyainmninod 2 doiugyie
Funigeedaynyin Gilbert-Elliot o Ialuuniiinamdudeninniniua hidden Marko

° 1 o . . 3 < 1 w a 1
chains TunuusaesvedyaInves Gilber-Elliot uaazadamzazmilouiuvosdya il
a o a & 3 ot at o ' o a1 ¥ A
Idngsunuiaiy punsilunsainuuusaesteadygiut hidisawe Tumslganiie

was P ' I & A . .
auaianmsasunlasediannau msaomsnigluiios (urban wireless fading channel)
10 [8] uanIreadyne finite-state Markov model Taglumsfinuuneaiy finite-state

] i " £ o
Markov channel (FSMC) ﬂzumu‘lﬁmsaﬁmmﬁn@as:mnmmgnmaauazmmw%’au
9 ) o W a o 1o
uawzlan S = f0,1,....K -1} Hhuaasidaduiuvesaniuy Taenn1sHUI¥9v0d SNR 9%
r o o 3 v v dow 1
aglusnnuamuziidmuavouiva udrinnuveuyn S duiusAUIIOUINAYEY SNR
¥ '
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v o o da - T . : i a
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posPr(S, =s'|S,=5), n=0l..s, s'e{0l..K-1} (@41
5’1ﬁuuﬁminmﬂ?;ﬂuuﬂmmsamiafizwiwﬁmuxﬁag:ﬁﬂﬁ'uuﬁ"mz"lﬁ
pe =0, |s=s|>1, ss'e{0L...K-1} (2.42)

{ ' v a o o L) o
Tuanminadeuiimaumsiduiafnm udrduaaisy e 1d5unanssnuan AWGN oy

ogluzimsnszaroneada uds FSMC azaiuumuivesdyyiomads TagiTuAuINMg

] 1 ' ¥ Y
U1l aveuIUnaee SNR vilunsninunsslaasvuean SNR v¢ ldilu
}/B=O<yl<y2---<ykzoo (2.43)
[ .f; ] o/ ] Y ' U o o
wdantiuyesdaamezegludaiug & 91A1 SNR BYTEHIN ¥, UDT 7, THMIUITULAS

y < an Z [ ° [ [
ﬁﬂﬁ']ﬂLWmnmmwmﬂumuuiramiﬁ&mu’luuummm%:mﬁﬂuﬂumiﬁmu:mimmu

' o . w 2 P 4 g P
Tueadayny1nl (channel state transition) ndsmivegldiasamidadnnmiy 7, uda
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[ 1 o =
mssudinina luaonsgesdaynaiu s, k=0,1..,K-1 dwenwaves SNR 1y

[0 74 uéTuns i Tomananitziiu seady-state vpsraTuzrosdayaauiiu

Pr(k)= [: p(Ndy, k=0,1,..,K~1 (2.44)

e

a w ¥

Y LI = o A
woonliiimsdeihuninaouen i llds 2 aauziogdaiu uad
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Tunwusiass FSMC i

¥
anuieilulumsdein P, aunsosmuans 1o ldnnaumsil

Gt
P, =—2L i k=0,.,K-2
’ Pr(k)
G.T (2.45)
P, =—L, if k=1,.,K-1
L Pr(k)

i g 4 <
Taoh T, = L,/ R, ilunmmsdoarsveauiining
[ o 4
R ilusandadnyel
o
1, iluvinavoadining

ar

3
u& G, il Cross-rate duilunsdi s150 dmfvurmmilivadsozuaad1ddati [12]

m=1 -i’ff—"
G, = |2x ”‘%’k T{;)(”’fn} e( 7 (2.46)
¥

Tauh Fa Wi mobility-induced Doppler spread@u13 a1 1dnn
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3.3 33msaea13IHI9AIe A3 (Cross-Layer interactions)
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e msldgudeyasunuszrinuawes (31N 3.3 ()
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o yuranuAalnufauyseiuuy (310 3.3 ()
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4 ¢
3.3.1 mit?amﬂﬂﬂmﬁmimawm (Direct communication between the different
layer)
d't o o 9 1 Y] 1 o 9
mmamsTﬂﬂma‘lunammuﬂmmnmimuﬂuizmmaweﬂﬂaﬂaﬂwms
¥ E ¥
a 9 o o [ ]
domsinaundouatu aunsouaalugili 33 () sezamnsmhldyfulFouldnu lu
v g o ¢ y oA i > =
mMseonuULnTedawes nEuadeeumesalni wsemsUSumeunuafauuaouutlag
1 'Y 9/ =y ° g) = 4 s & 1 1 a’d'l
DUINAIN Tumsldaussafumsmisms e veuawes nilsagnundnawesoulu
° ] 1 o H o ° o v
AN umé’faaagma%’f%mwuﬂsumﬁmﬂmaﬂsmﬁnmLmaamzmmmﬂmﬁnu
a s o A v w oA
WISIADS VDIANDIE MNYITOIN VI DT DY
= ad A " o 1 ol o
SnawSiluntsdemavesseniaawes i lunsdiiieanes (header) v04 11 Innoavou
V=] ' 1 4 A A ad & [~ a 4 o a
195 ms lvavestnassennaawes vioonisnieaziily “duineiiawes. (Inter-layer)” N
f @ a o g/ o = a ad 1
desasasamsnuuinnanieluld Ty [20] MmslTouheuIsuuna19vee cross-
& i ¥ L4 ) o
layer signaling shortcuts (CLASS) fitflun1sffoensves 2 @wesnaea1snu launsa
o dy A d 4
msduaueiiansofsganuaule Tuaauiitivnasueensoedalwes U ileansn
o ad «:1”I ﬂ 9 9 o 4
Waguisnsuessuy nazizitumsesnuuuliaeandesnuamidaoni sy
n’}. a 1 1 o ] u’)’ o
gy Taodumsnzdlllugeshaluauaniiaunsonuguldie udassiulaoialy
Y Y a o o ) A v o o
ugad s iimetuaraouzmoluniianuuanavueawesnimI lrus iy 91U
4:} a d;’ 1 o s 9) Y df d' o 1
mmﬂmummmﬂwmumﬂmﬂumifmmiﬂumﬂeﬁmusmnwmwuwmmmszmma
I v
WO NABINIT

33.2 m'ﬂ'fs’§m‘i’l’agnﬂuﬁ’mzﬂimmm‘5 (A shared database)

o w ! 4 ' ¢ 3
matiauedeiifergmdoya (Datbase) Amsnddaninawssiaua 411170

i = 1 9 =] o' | dq ¥ & ' q’: g
uaneldlugili 3.3 () vy hgudeyaszmilowiuawed Insl nlAusasvesnany
uawwmmﬂmawas

ﬂ’]'iclﬁ]ﬁ'Iu"ll'ejlm‘i’mﬂuﬁ]“’(lﬂﬁEﬂUx‘lﬂ‘ljﬂﬁﬁjﬁ]Qﬂ’li‘lJ‘i‘lJL‘lfItl‘lJﬂ'liJu,u’!GN‘U'lﬁJlmtlB‘iLmvﬁlﬁ)\‘m

Q}dd.

Tsunsufimnsfansosumeiatusznhaawesiuinins ldnugudeya

3.3.3 ummmm’lwmummsmn (Completely new abstractions)
‘lumum‘ﬂumimmuaummmm%wauusmu‘uu mmmuﬁm”lﬂ”luiﬂm 3.3 (f)

amusietie Idauely 211 WumsinauemsiaszuuTylanealuiludn (heaps)
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Wireless Channel

!

Wired Networks

Buffer Radio Tower

Subscriber

server

1 A ' ' g 5l
gﬂﬁ 4.1 N15159 A end-to-end TEH I server (source) LAY subscriber (destination)

| I
| |
: | : 3 Channel |
. »
| Transmitter I Estimator Receiver |
I I [
| . I ) 4 \ 4 |
| b |
Modulation Mode STBC " STBC Modulation Mode |
L’ Buffer P > P> P Buffer
| Controller Encoder (I Decoder Selector |
| b
I

Feedback =
<
Channel
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Higher Layer Higher Layer

A _—jt———f

\ 4

Packet as unit
Data Link Layer g&— — — — =%  Data Link Layer Buffer
N 7/

\ 4
A

% \ Cross-Layer [
) 4 / oA h 4
,  Information

rs R\

Physical Layer Physical Layer

A Frame as unit A

Adaptive modulation and MIMO

= ¥ ¢ o v o Y
:i,'l.!‘l"l 4.3 Tﬂiﬁﬂ'ﬂ\?‘\lﬂﬂﬂiﬂmﬂiﬂﬂii'JiJﬂ‘]JﬂﬁNﬂ%lﬁﬂllﬂﬂﬂiﬂﬂ?qﬂllﬁﬁ MIMO

mngﬂﬁ 41 UAAINITITOUAD end-to-end 3EMAN server (source) UAY subscriber
(destination) ‘lugﬂﬁ 472 finite-length queue (buffer) Lﬂuﬁauﬂa:nauﬁm?mﬁa naziinig
FhauEaieueeniou (firstin firstout) Iauiideyaiigndioenu191nia (Queuing) 1
w35l ludimunuuegan (Modulation mode  controller) finsosda uazludiuves
in3pasuazifAonuogian (Modulation mode selector) udiuweslassadruveanisosiioz
famsiasziuaadluglil - 43 molunszuumsiiaddsdiawesazihudinnad
U320 UA0AYIATTIUIUNIN duilandaoamweszilunszuaunsveasyi
dsznenldududnualfinimsozds

Tusnuriinug ez 1 Tnuansvegaalunsdoms iy Taveldanuaulalu
NINOAAANTNNINTTIU HIPERLAN/2 uaz IEEE 802.11a [22] #14 cst lumsilszanud
nsesunasiidufonuegaailufiimuanmsuegan wdsnmiudanandy i

[

Foadyaailoundy (feedback channel) THanuquuegaan/dsumsueqaalnug

[~1
4.2 sinupveavlsuuazuvininn (Frame and Packet Formats)
4 o o a ¢ o a 1
msdemilussdumsy (Frame) vvhmsiinsieanandnonmwes Tasuanzmsuaz
v o s o o y A
Uszaenhidredadnuaiifiuaiaulined (fixed number of symbols; Nj) uazli
i X o ' d = 4
¥r9aunlsy (frame duration; 7,) 9zAh TunAazsueziimsus squitninan o
A a2 dyy ¥ Y o o T~ BT <

snnimiuRmnaild uddsmuavavoainna lda udauaazuiininaaziliznoy
N&aiiansmuasiuiulinei (fixed number of bits; N,) midumssaufuvousamesvos

L (packet header), payload Hiaz CRC (cyclic redundancy check) MAINTUNINITUDY
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aalvuafi n 18A31 R (bivsymbol) uAIuAasuinNAIEiIAIUNW (mapped) Huuden
dadnuaiving N,/ R, dydnual ndanttuti sy husdsududnou ¥ udni s
N1 N, (pilots Ll control parts) LLg’Jil?.:ulﬁ)%m’mﬁ‘)iyﬁﬂan (number of symbols per frame) L"ﬂ‘u
N,=N_,+N,N,/R, 1ufhuﬂW’fﬁqﬁmma{ﬂzmmmﬁmuﬂmmgﬂlmﬁwmﬂu K umining

uaaalugiin 4.4 [9]

Nb bits
————— e — ———— +
Packet
structure Header Payload CRC
Adaptive modulation
with rate R,
(bits/symbol)
N b / Rn symbols
- ————————_—————————— = >
Block
structure Hx
@ Framing
Nc symbols ” blocks
- —————————— = P —— —————————————— — >
FEilte Pilots Control parts #1 #2 #3 - #N
structure ’
e o e o e, o e i e i e i -

N,=N,+N,N,/R, symbols

. o
51l 4.4 Tasaadavoaumninauazivsy

4.3 Foadyana MIMO mmmiiWafa (MIMO Nakagami Fading Channel)
Ms3insieszuy MIMO azdmualil N, umeeinisnsesdwaz N, duaeind
mapasumuld quasi-static wimmiaas TavezauyAaiiesdyyin MIMO sy lugdyas

w33 (frame period) ztaraIng luzivesmas nfiNAINY N, x Ny Aadums

By By,

hNR,l hNR,NT
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$X)3) H aouasnvadrodanyis MIMO

o
4

hj_kﬁaﬁuﬂnﬁwﬁvﬁmﬁmqmsxwiwﬁwmmﬁm?mﬁq K fuaee1mAniedsy

= ' o
ay 11U path gain 52198 &7 AU 7

]
Yo A

¥
annsaisulugifediaduladsil

Np.Np

H=|a,e" | (2)

J k=1

Taeh i =-1

o o a d a ' Y o
ﬂ'lﬂiﬂu']ﬂ'lﬂ']ﬁ-l'ﬂil!Nﬂﬂﬁﬂﬁﬁ']u’]iﬂllﬁﬂQﬂ"l PDF Vlmﬂu

e ™ a20 (4.3)

m
Pay =2 o | I'(m)

Taoh  T() 1111 Gamma function
Q, =E[a}|=m uAundundanumaa
Phase ¢, 1Hugiliumsnszaiszning0,2z]

¥
=4

9 &l 1 1 ci = ci 9 zﬁ
EI'I'L‘TBHGI’JTS3831’1"N'i3ﬂ?14ﬁ18®1ﬂ1ﬁﬂWUﬂlWUﬂW'ﬂ‘ﬂfl"i'lJ'Iiﬂcl‘]fclliﬂ'l'iﬂ"ﬂﬁﬁ uag

' 1

a 41 o 19 A ' 19 A w A2 o o o W 9l
mmnwmﬁmumu1tuﬂz"lug!.ﬂ'saaﬂauﬂgmsaﬁwuﬂumimmwmuaﬂmmmuﬂiumulﬂm

1% STBC [24] Tasoziimsuunudas N, vesdunavesdydnsal QAM ld v, fianwem
fu T Taeht T=N/R uaz R iiludasiwes STBC udmudimiuiresdyaudunn

c

4 E Ry dy
tazWnaLaa ladatl

Y= HX +¥ (4.4)

& ar

Taoit ¥ iHuuaTadduaiaunIeaiuuia Ny xT

'
& 1

x S nddyaaunioads vua N xT

v dhuua3nvesdyn1usunIu NyxT
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Fanuzvesesdyy I auyAvesdyymnnsesiuioundulilfunseads ilu
r o o i a a 1 o
Fosduanuauysaiuy Taoes lifimsdssTaauazanuianaanivlusesdyy A

w 4 dq 9 ) Yt 4 1 i o
P, dluwdsmumdeilFlumsds udrezladundo SNR AedweInenI sy

_A_m'Pr
N,

y (4.5)

1 i 4 o o el = 4
910 [25] dgu@aIA1 SNR Niemnaveanineasia STBC »*™ numisumos mK uasaz

wiloudti (y)= N, -7/ R, daiu PDF vz 14 [28]

mk =1 mK  mNpRy
14 mN R, -
s ()= = e ! . pl (4.6)
P e (¥) l"(rf:K)[ . J Y

Tas K =NgeN;

4.4 woquanuuuiuaala (Adaptive modulation)

' o/

o 9 o Y o 3 o [ a o
A aminsusaagaanuLliuAl Idnonsiinansveyag Taviimsdsumaniimes

A

4 = a o w =4 a '
TumsdeaisTaold csi smnmiinmnsuitesnmdasuiinnaiiawain (PER; £) ieg
! { o ) o > o o
Tugaideans unzdmuald N Wusmon Tnuaiaualunslfusegian Taofmuald
[ i ) [ . o +
wEselumsdoained ugaee Idveivavesnssuneqian (rate region) iu {y} " [23]
FER ' 9 o a q) a P
dledan SNR daandzamnsoimuaveuvavesmsiliuuagian1d Taoli Tnua n 92
Y (F=1 4 a H .::{ o
vouuadu (n)e[r,.7,a) 18I 7(n) <z, whiimsdomnaniulavi y, W cutoff

o 3 Y o a 1
SNR  nazndammiuszannsolszmdasuiininarianain  (PER)  Mildyanmsuniu

AWGN 'l@dail [19]

PER, ()= ' o<y <Tm 4.7
"I g exp(~g,0)s 727, '

Tauit a,,g, 10z 7,, JAvIMsdszinat Least square fitting Y99 PER (4.7). Tagfimuald
=1
AMIVRARNAA N, =1,080
T a A a o a s in 1
Sumazdaivssadn Tl luuiininaaziviloudy  BER wazAnuAawaIRvestan ity

g
andniutudanuduusszrnine PER fiu BER azuaasldaail
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PER=1-(1—- BER)" (4.8)

Smsuusazufinnaiivssy N, e udrlunegasiininassaiaiymonnamuand
voaTemaRanmadmivaveangy QAM Miuiialug [30] uazvinmaradind1d PER
szannsotlszduldnn BER Tu (4.8) o199¢ higndeaaue i dfuszamnsayseiiiu PER
YuFpIFY I AWGN 7ldinauonisdiman BER T [30]

Tavozdmualdl M=IxJ v QAM fuiludafa udrzamnsoweslditiu 2 guuuy

¥04 PAM udrTomafanataveatai & th lu 7—ary PAM Tavil ke {1,2,...,log, I} T

i=0

xerfc((% +1) - ]l—ﬁ_gizgi'gy ]}

m:}“‘z'z (e {2*‘ {f‘z“%ﬂ

(4.9)

vasnmivezldTomatianaiavosiing 1th lu J—ary PAM Tagn e {1,2,...,log, J} A

K (1-2"")s-1 }2 u " 1211 1
P(=— 1 2 +—
=5 % {CD { -

xerfc((flj 31 [o-oBaCRE ;?isz); J}

Wdrieinasly T-ary waz J-ay PAM ifludaszawniuudy 7=|M/2] uay

(4.10)

J=[M/2] Taui |.] 11U Integer floor g [.] (511 nteger ceil dmARZITININAYO N, TR

sty N, /log, (I-7) Fydnuel 1d1 PER v09 QAM v 1didlu

log, / (M, 1oga (1)) 1og,s (Ny/toga(1+1))

PERW_l—H[l— (k)] xH[]— 0] (4.11)

PER fiaaa lden @.11) Tavszannsauaaslugli 45
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¥ 1
o o o a d a ad F o w oo
wEanntutimiSiaseiidauayTagis Least square fiting tMom1Alsmaliudves

Y a o o §
maveAgan  1avez lAMIIABIAINITTIY 4.1 uA291n3UA 45 PER U0332UUIINATI

U3 (4.7) ugauiuduiy aunsainanen (4.11) dvnaauiiudule

A15197 4.1 awsmadivarvesmiveagan

Mode 1 2 3 4 5 6 7
Modulation | BPSK QPSK 8QAM | 16QAM | 32QAM | 64QAM | 128QAM
R, (bit/sym.) 1 2 3 4 5 6 7

a, 107.95 109.06 93.44 85.01 74.41 67.46 61.07
g, 1.0224 0.5117 0.1706 0.1025 0.0394 0.0244 0.0097
P (dB) 6.7 9.7 14.7 16.7 20.6 22.7 26.6

4.41 anheziilue1ning (Probability of Outage)

! g 1 i1 9l 4 r § o ' s [
Junsaifusinnaliaunsoddldifesr SR Asuldiiadmindunsslen y, uion

9
' 1 = a o o
Tomani “mthezdiuenion (2, ) duilumslfumaiansvegammulivdald

183 QAM nd1oz Idilu
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P.(w)= [ p,(dy

F[mK,———mNT_RC}/']
1 Y

F(mK) (4.12)

Junsfisredzmanfisuiouszuui ldmoomaanaiaiu Tavazldaoomei
uAnAaR sl IR e ed ey INAAT BT UBE19as 1 1 19z3und Single Input-
Single Output (SISO) MuoIMAIRST0Id 2 Wdaz e MAINFeasy 1 1aaziiunin Multiple
Input-Single Output (MISO) uaziwum‘%’mﬂmﬂmm?ﬂaf'huazﬁmﬂ1n1ﬂm§im§nmﬂn'51 ;)
oW 2 1192138091 Multiple Input-Multiple Output (MIMO) A1 fruamIInes N
mi-Sulans m=1 §nauTnuaveansnsueg@a N=8 iz target PER=10" AN

SINTIZHRAAANRAY SNR UDIT2UL

Probability of Outage

T T TTTT

—A—SIS0, Ax] [ESREERcT oo 2N InTE
—%MISO, 2x1 |
—t— MIMO, 2x2 ]
e MIMO, 2% | -2 A DIIIIICIIIION IIIIE I

TTTTIm T T

5 10 15 20 25 30 35
Awerage SNR (dB)

= 1 < '3 =) = °
g1 4.6 Anninzueming TS sunouInINEeeIMAl ny x

=1 1 4 ' z 1
yingtlezuaasliifiui diedr SNR vosszuuindiu szuy SISO vzl
imalisnnfiganazszuy MIMO filFmunimmaiosd 2 LA EDINMIAIATEITY 4
sldatinsfuenineiianiosiiga  szannsoaqllduilemiuinaumeeimai

] o A A o A A t ° £ ' 4 9
T]'i]ﬁi!.ﬂu‘ﬂlﬂﬁﬂ\ﬁ U}’TiﬂLﬂﬁEN'C'Nﬂ31/1']11’1ﬂ'l‘lllu'm%ﬁlﬂum’!‘mﬂﬂuﬂﬂﬂﬁ
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froteee leziflugiedeszuy MIMO  WldeuernisiaTesdaiaza@ue1nIeIATos Y
atheaz 2 irazsuau Tnuaveamsmsveqian N=8 Tasi/ssunsunansenunmmans 9z
Yy a a ' a d a A v a T Y
Zasenmsiiwesuimmi-oumlads  (m) eanimslsuljenunimvesvesdy I
Tapmsimua m 1ag 7 =0.5 9LNUIWHINIINTLIVULLINTFUUT ALY NITNTTWAIMY

dt EY ﬂ o W e a d
seadn m=1 uazd1 m>1 wilunszaouuy 159 target PER=107 a1 1nsins1sHan

A7 SNR U09551/1

Probability of Outage

vooam

e
01

0 5 10 15 20 25 30 35
Awerage SNR (dB)

H " < = a
a1t 4.7 anmbhezifuewime TaonlFoudsusansznuanmads
o Y1 A ] o x:hg ! a ! o 3y ]
nngUeziiuldilonmnmvesosdyg matuniomini m szl Ay
'3 9 )
minvioyad
o 1 ' o siq o & 1 4w
frad1aae llezifiudetneszuy MIMO  AldmeeinimaTosduaa100INIAMATOITY
] o 9 a a o a
gtuaz 2 imazsnuTnuavesmImsvegRa N=8 udaaiineinani-oumaag
m=1 Taun/3ouifioy target PER=10" uag target PER=10"° HAIINMIIATIZHRAA Y
' i 1 =] 1 = ° 1
Aunde SNR waasz1 19 ngUil 4.8 vzifiud1 PER Aideantsifavasezinlianmninaiiu

7 a 1
DIMAVUNNNINUVU
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n orrtne
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Average SNR (dB)

51/t 4.8 mnuinziueiine TavafSouiiey arget PER (F)

4.4.2 ﬁwmﬁuﬂszﬁn‘ﬁnmmﬂnm%’u (Average Spectral Efficiency)
o a e 3 ar a a o & [ 4 A
15 Salse AN nmvasszuum1donms Talszant nmvesanlaaiusamauainag
a 1 g 1 o a a Y
sandoyndouuuaing E[R/W] uu%aaﬁmﬂm‘nmmmmnMcﬂmwﬂumﬁmamﬁanﬂa

b

(log, M, = n) LazUaUUAved THUA # Fazansouanaldaail
R N

E {ﬁ—] =Y R, Pr(n) (4.13)
W n=l

Tauii Pr (n) annsouaalaiu

Pr(n)= " p, (1 )y

F(Ker(mK@’R_rJ

= 4 4 (4.14)

F(mK)

Taii '(m,x)= Jmt'"ﬁl exp(—t)dt (3] Complementary incomplete Gamma function

y Y] ] r = a a [ a 4 i
FevrauTovadiesaundolszanimmanlnaiunnmsInIEYszUy. MIMO ‘ﬁ

A ) i o ' § a F a
1%?(']Eli]1ﬂ'lﬁlﬂ?fl\'lﬁﬂilﬁ:ﬂﬁ'lﬂﬂ']ﬂ'lﬁkﬂ%lﬂﬂi‘LI@EJ'N'GS PAGE TﬂEJﬂ'lﬁuﬂclﬁw131ﬂtﬂﬂﬁ'u1ﬂ'lﬂ'm-
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Wumlefs m=1 uay target PER=10" TauSouifiouilszAnsnmvesszuui 1o
Twuﬂf?wmmiminagmm N=2 1¥msueqaaiun BPSK, QPSK &1 N=4 zldmiveqian
L1111 BPSK, QPSK, 8PSK, 16PSK &1 N=6 vz1#in1sueganiiuy BPSK, QPSK, 8PSK, 16PSK,
32PSK, 64PSK 11az&1 N=8 2z 1¥n15uoquanuuy BPSK, QPSK, 8PSK, 16PSK, 32PSK, 64PSK,

128PSK 1102 256PSK LaAdHan3IAT1Z1 1aaag1i 4.8

Average Spectral Efficiency (bps/Hz)

Average SNR (dB)

v " o
it 4.9 Aundulszdnameanady TaonFouisuinnuTnuaveamsuegianiinug

yinguaundolszangamanlnasueziiud Lﬁmﬁuﬁmmiwummm‘:‘uaamﬂﬁ’hwuﬂ
s lisvansnmanasuduniulunsdifiat SNR fage mufininds SNR=30 14
Twuﬂ‘lumiuaﬂmmﬁfwm N= 4 Tnuavzliaundolsz@nsamanlnay 4 bpsiz uatly
N=6 2z A Auszant nmainnsu 6 bps/Hz udu

Frotuszunildavoimananaedy  Smuamniwefinmni-dumads m=1
$117u TMUATEINIMINDYIAN N=8 l1a¢ target PER=10" udimsiinszikan AR aY

SNR 999350
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di. [ P=} d;l ] o 9 a a [ A:’\ g
w5 asunsemsoedenzi ilssans el nasmnunyu

e ldvzidluaunaolszanimmalaasuiimua fvualisiuouTnuaveants

n’j 2 ) 4 1
nsuegIAAanLA N=8 UAz target PER=107 uazlFmeeinisinseadaazaueIng
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(N+ Dx(N+1)

-Po,o B, &
Ro H, B, :
B =| 0 ) 0 (4.22)
: PN—I,N—2 PNul,N—l PN~],N
L 0 PN-N*' PNW NN +1)



a
UNN 5

= ¢
N1 AUAINZHANIIOUSUDIICUY

°I,uﬁ'a%’ﬂﬁywﬁumswmammﬂﬂt}smﬁtﬁﬂﬁﬂﬂmsﬁwruﬂmmmwmﬁmazﬁmﬁ
Ysudgalszaninmuessyun Taoldmaiin MIMO wazmsuegaiuLLLF i 14 s
19UV end-to-end Juszuufinmseuasuunldmoiay 13aw Tasagiiimsvi Temad
uRninaazase1 (packet dropping; P;) 1uf2 ué’aﬂﬂﬂﬁmummﬁmﬂmiqﬁuumwaauﬁmﬂ@

(Packet Loss Rate; PLR) Lmzdmmﬂ (throughput) Y037V

5.1 mﬁmswﬁizwﬁa (Queuing Analysis)

Sein1s STz U39 TUAY (Queuing arrival process) N3zUIUMT IHUTAT
(service process) Llﬁ:’;ﬁﬂ‘!l&ﬁ?Lﬂﬂfi{‘lﬂf}uﬂlﬂﬂﬁj (queue state recursion) wﬁwmfuﬁ%’n FSMC ‘ﬁ
p3sqammzAmAra0 Iz IHUTNITAY (quee server states) 1&9AINTOAIUIN stationary

5 . . 9
distribution it

5.1.1 NIZUIUMSIVITOU (Arrival Process)

o < 4 9 g9 Y % w oA

SuauveuRnnaid1Fou anar sty 4 udinszuaunives 4 Wuadinduings
w 1 o =] a a [} [
fuaundoves 4, wldilu  E{4}=1T, nardn AT ud AT HITWALIA YA UL
1 o 3 4 @ W a
yosdaion wdimuald 4 unsznonildrsiusanmsidrldveusinng (packet

et v

] 1 1 dj
arrival rate; AT,) wdramnheduiidldwidhgszuuTuaan s wuol

u

(11, (1)

P(4 =a)= = ;¥ a2l (5.1)

0, otherwise

90 E{4}=AT, udne1d 4 e A={0,1,...,0}

5.1.2 nizmﬂﬁ’u‘%mwaaﬁa (Queuing service process)
y = A Aq ¥ | o {
Tunszuaunsiesiimmuanaennszuuitldmsegaauuuasiifuszuuiléniueg
v W 9/ @ ow 9 “ﬂ o [y (] 1
aanuudiuild Tasmsuogaauunliuda 1dezlumsnuauIuunaIn. 1A92aIHAND

Y = a Ao w =1 Aq Y1 3/ 9o
ﬂizll']uﬂ'ﬁvlﬂﬂiﬂ'li‘i!'f’)x'iﬂ’l'ﬂ’\‘]']u'.]u“l.lENW}]H'IJS‘UB\?LLWﬂlﬂﬂ'ﬂi‘]ﬁﬁﬂﬁﬂHﬂT Llﬂ’.)fﬂxllﬂi!"lu']u



60

=3 i v . . v o do 4
souinnaflddaionm ¢ dlu € (packetsitime-unit) duiusiumIdemsvosinue »
§ E i o o { 1 v o
Taoh ¢, (packets/time-unit) Laass U Lninafivzdaesmanagaauuulfuda 14

Truadi » deviavnal uddny 1ditu

C eC, C:= {cn:n=0,1,...,N} (5.2)

!

o

Tavit ¢, fhuinwauesauan uarlunsdindanmsdems R =1 w1 b ansadaliing

fumsuudans 18
¢, =bR (5.3)

Ed
o 1 w = . ]
gals b susgiumsiaassuiinnaluszuy (system resource allocation) Aoffl¥ 1tazemn
o o' o o a a
(5.2) sxansadmuanus lumsiansueamanuiuda 1dezg A g liuinsf
=T v < o
(queve server) (Hudau N+1 uazaamzamoudaslditu {e,}) Aunszuaung

a aw 3/ a 4
Tusms ¢ inu3SannnisvesdomzAlRuSMS  (server states) lazfinuagIAALLY

Y30 188 Tnun » Tunisuegan silivesdyanandr legluangi » udgliuuves
aszuumIiusns ¢ My FSMC wasngarinziuvesmsuldsunlasaoiug

10 (4.22)

d =
5.1.3 @01U=3IN03FUVDIAI (queue state recursion)

o T

&lsnnuianavesnszuaums usmsfnudidyezegnns ldnufnzaunse

a 3w x: A a o o a a : A
osueldail Tael U, uaasanuzvesia Gnauvosuiininaludid) Ngadugaved ¢ n3e

saiuduna ¢ +1 aunsouaasIalugali 5.1 udwzld
v = ={01..K) (5.4)
al w1 { o 1 =1 a a a
TavszaAnddasninhimsdafinnasenandrfinaniudu « vumsldaanizuing

(=1 A a 1 @ 3 i =] a d o
(8 llwmﬂmmi’fmﬂuﬂ’mxagmaﬂnm ¢ indNINUUTILNAING C, 99N01NAN Tﬂﬂ'ﬂllwmﬂﬁ

Hedhoaowdn 1y udezilu



61

U
4 : G
s I f
Number of Arvrival Packets: A 4
Queue State: Mg Wi U,
Time Index: -1 t
Queuing Sexver State: Cua £
51t 5.1 nupdraedtinei Tuvosf
L =ma{0.U, ~C} (5.6)
3 o g a a d A v
LLEI’J%1u’luﬁﬁﬂﬂﬁ)ﬁi$1uﬂ’mnﬁ’lﬁlmu t L‘]d]u

F=K-L=K-max{0,U_-C} (5.7)

=] n’; ) = v = =1 = 4
& 4 < £ dludinnaianeeiidinlufudidozinmn U, =L, + 4, ¥300nNTANTI

1

d o { a < i
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5 5.2 ununawangaevlisn (Markov chain diagram)
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5.2 Tomanusinnaasel (packet dropping probability) 82 M5IINHYBITZUY
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ABSTRACT

This paper analyzes the performance of the adaptive
modulation system for Multiple Input Multiple Output
(MIMO) over Nakagami-m fading channel, which
utilizing four modulation modes. The optimization of
modulation switching levels are set for maintain the target
BER which is desired by many data services. Under this
condition, the performance analysis of the throughput and
the transmission outage probability of the adaptive
modulation for MIMO system are presented. Finally, the
simulation results show that the adaptive modulation for
open loop and close loop MIMO system can theoretical
achieve good performance with high throughput and low
transmission outage probability.

KEY WORDS
Adaptive modulation, Multiple Input Multiple Output
(MIMO), Open Loop (OL), Close Loop (CL)

1. Introduction

Recently, MIMO systems have emerged as one of the
most promising approaches for high-data rate systems. In
[1][2], is compared the performance between the open
loop and close loop system with MIMO over fading
channel has been studied in Nakagami-m fading.

Adaptive modulation [3] is proposed as an effective
measure to maximize the spectral efficiency of time-
variant channel, its attractive advantage exists in its ability
of increasing the average throughput of the system by
switching between modulation mode, depend on the
current quality of the wireless channel. When the channel
environment is favorable, modulation mode of dense
constellation is used to increase the transmission
throughput. On other hand, when channel condition is
poor, the modulation mode is switched to the one with
sparse constellation in order to reduce the error
probability. There are several factors which are important
to performance of the adaptive modulation system such as
the choice of the modulations and the setting of the
modulation switching levels. For simplicity, the
modulation has adopted several conventional modulation
modes in our study such as QPSK, 8PSK, 16QAM and
given as [7]

561-129

40

64QAM [4][5]. For setting of the modulation switching
Jevels, to utilize the criterion for maintain the target BER.
The remainder of this paper is organized as follows.
Section 2 describes the adaptive modulation system.
Section 3 we present close loop and open loop maximum
ratio combining, performance analysis is shown in section
4. Section 5 is the simulation results. The conclusion of
our work is shown in section 6.

2. Adaptive modulation system

Adaptive modulation is a very promising technology in
the future land mobile communication system because of
its prominent capability to maximize the channel spectral
efficiency. The modulation mode is changed adaptively
according to the channel measurement result. The receiver
assesses the channel quality through the received signal
and then decides which modulation mode should be used
in the next transmission operation. If the channel
environment is fairly good, the system adopts the high-
order modulation mode to maximize the channel spectral
efficiency, if the channel environment is not ideal, the
low-order modulation mode is employed ensure the
transmission reliability. The receiver will inform the
transmitter of the modulation changing mode through the
feedback modulation switching signaling. Once the
transmitter gets this signaling, it will use the appropriate
modulation mode for the next transmission.

The constellation role design of the modulation plays an
important in the system performance. Many contributions
are dedicated to improve the robustness of the modulation
in wireless channels. However, for the consideration of
simplicity, can be adopted four conventional modulation
modes: QPSK, 8PSK, 16QAM, and 64QAM.

The channel measurement result is obtained by form of
SNR for every modulation mode, its error probability is
related directly to SNR. The approximation of error
probability is good for all size of constellation point

M =27 When the Gray code mapping in AWGN as
function of » (SNR) is approximation BER for MPSK is



2 .
BERMPSK (}/) ~ m—g(\fzy ]0g2 M sin %] (1)

The BER expression for MQAM is approximated, express
as

BERy o1 2
2(Va -1)
) Jﬁlogzmg{

Adaptive modulation system, the receiver decides which
modulation mode should be adopted according to the
measured SNR. The modulation switching level can
define from the target BER, in order to adapt the
modulation according to the channel variations, switching
levels should be set as the table I [4][5].

)

3ylog, M
M -1

TABLE 1
The modulation switching level
Region SNR y Modulation

0 ¥ < No Transmission
1 Nn<r<n QPSK

2 Y2 S¥<n 8PSK

3 Y35y <ry 16QAM

4 ¥ 2y 64QAM

B, denotes the target BER. The modulation switching

level (yl,yz,}@,n) should satisfy for requirement of
maintaining the target BER.

B, = BER

OPSK
=BER = BER

160AM — BER @)

8PSK 6404AM

According to (3), the target BER B, of the modulation

switching levels can be calculated from the inverse
function of BER are express in (1) for MPSK, and (2) for
MQAM.

3. Open-Loop and Close-Loop Maximum
Ratio Combining

MIMO system is employed STBC with 7' transmit and
R receive antennas, subject to independent Nakagami
fading. Under these assumptions, the MIMO channel can
be represented within a frame period by a matrix

i, 1R 2 .
H=[hjk:ajke’] , where i’=-1 and «, is the
k=1
path gain between the k" transmit and " receive

antennas, channel modeled as Nakagami random variable
with parameter m and ¢, is uniformly distributed across
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[0, 27]. Without loss of generality, the avgr%lge fading
power E [afk:lcan be normalized to m where E[]

denotes the expectation operator.

3.1 OL Maximum Ratio Combining (OL MRC)

In open loop scheme, space-time block codes are
employed at the transmitter in order to improve the spatial

diversity gain at the receiver. The instantaneous SNR at
the output of the RAKE receiver is given by

R T
yﬁz;,yj':z‘
=

Where T denote transmitter and R is receiver. PDF of y

it can be shown as
mK -1 mK m
M (m) T
= | = e ,y20 5

r<mf<)(J s

Vij )

P, (7)

Where 7 is an average SNR, K =T+R, p, (7)is PDF of
the SNR.

3.2 CL Maximum Ratio Combining (CL MRC)

In the closed loop case, the weighting of transmit antenna
are quantized versions of the optimal weighting,
determined by the receiving mobile terminal and then
feedback to the transmitting base station. Since a
theoretical analysis of the performance is complicated by
the quantization operation, by use the subsequent analysis
on unquantized weights (perfect feedback information).
The SNR at the RAKE receiver output can be
approximated by

R T R
yuY Ty, =Y > Ty, ©)
j=1 k=1 j=1

From (6), it can be observed the performance of CL-MRC
is equal to the performance of OL-MRC without the
transmit power penalty. The PDF of y can be shown as

ymK—l mT mK _£
4 =4——|—=1| e 7,y20(0)
4. Performance analysis

The average throughput of the adaptive modulation
system can be expressed as [4][5][8]

N-1 Jin
T=Yk |p(dy ®)
i=0 7
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5. Simulation results

The simulation results of the throughput and transmission
outage probability of different target BER. In Fig. 1 and 0
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Fig.6 Transmission outage probability for system with
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6. Conclusion

In this paper, the analysis of the performance of the
throughput and transmission outage probability of
adaptive modulation for MIMO system over Nakagami-m
fading channel. When compare between OL and CL. MRC
system for different target BER. The results shows that
the CL MRC system for adaptive modulation can be
achieved higher throughput and lower transmission outage
probability than OL MRC system.
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Abstract— In this paper, the performance analysis the
cross-layer model in physical layer adaptive modulation
(AM) over MIMO Nakagami-m fading channel model
ispresented. The simulation results show impact of finite
length queuing upon to queuing at the data link layer. By
focus on minimize of the packet loss rate and minimize of the
average throughput in adaptive modulation at the physical
layer, and combined with a finite length queue. Then
compared between Open Loop (OL) and Close Loop (CL)
for MIMO system is investigated.

Keywords— Cross-layer, MIMO, Adaptive modulation,
Queuing

I. INTRODUCTION

It is widely accepted that future wireless systems will
be equipped with multiple antennas. In order to fully take
advantage of this fact, adaptive transmission policies have
to be extended to encompass the features of the MIMO
(Multiple-input Multiple-Output) fading channel. In
MIMO systems, the use of multiple antennas adheres to
one of two distinct approaches that seek to increase either
the diversity order or the information rate of the system.
These two approaches are commonly denoted as MIMO
diversity and spatial multiplexing. Herein, we consider the
former approach as we analyze the performance of a rate
adaptive policy consisting of discrete-rate adaptive M-ary
quadrature amplitude modulation (M-QAM) used along
with STBC (space-time block coding) in MIMO
Nakagami fading channels.

Many Adaptive modulation (AM) techniques have been
proposed to increase the spectral efficiency including [1],
[3], [4], [5). Currently, AM is widely recognized as a key
solution to increase the spectral efficiency of wireless
channels. In 3G wireless systems, the wireless LAN and
the wireless MAN have been included AM to provide the
higher data rate. In [3] an adaptive modulation for cross-
layer analysis and design, at the physical layer and the
data link layer is the analysis impact of the packet
dropping (overflow or blocking) probability upon
queuing.

In a recent contribution about adaptive modulation, the
performance of rate adaptive M-QAM in conjunction with
STBC in the presence for cross-layer model. In this paper,

978-974-8308-56-2 ©2007 KMITL

the STBC over MIMO Nakagami-m fading channel was
developed for a cross-layer model with adaptive wireless
link. After that, the average packet error rate is analysis,
the average throughput and compared between Open
Loop (OL) and Close Loop (CL) STBC [4].

II. MODELING
A. Adaptive Modulation System

As shown in Fig. 1, illustrates a point-to-point wireless
packet communication link between a multiple-transmit
multiple-receive antenna system. At the transmitter side,
we assume N multiple modulation modes, such as those
in the HIPERLAN/2, and the IEEE 802.11a standards [2],
are available. Several traffic flows are fed into a buffer
with the first-in-first-out (FIFO) service discipline. The
packets drained from the buffer are modulated before
being embedded into physical layer symbol frames and
transmitted. At the receiver side, arriving frames are
demodulated. Then the demodulated information bit are
mapped to packets and pushed upward to upper layers. At
the same time, based on the estimated channel state, the
modulation mode selectors selects an appropriated mode
accordingly, and inform the transmitter about the decision
by a feedback channel. Similar to [3], the feedback
channel is assumed to be error-free and instantaneous.

Generally, for Nakagami-m fading channels with Gray-
mapped M-QAM Modulation, the packet error rate (PER)
can be approximate PER in the presence of additive white
Gaussian noise (AWGN), as [3]

1, if0<y<
PER (r) = YO<Y <Vm (1)
a,exp(-g,7), 727,

where » is the mode index, y is the received SNR, and
the mode-dependent parameters a,, g,, and y, are
obtained by least square fitting (1) to the exact PER. With
packet length N, =1,080, the fitting parameters for
transmission modes are provided in [Tables I, 5]. Based
on (1) and rate region, the mode will be chosen with
probability ( Pr(») ), [3, eq. (4)]. In practice, we have
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Fig. 1. System model.

¥a > 7 and thus obtain PER, in closed-form as [3] The
average PER of AM can then be computed as the ratio of
the average number of packets in error over the total
average number of transmitted packets [1].

— 3" R, Pr(n)PER,
PER = &=t

2
S R, Pr(n) @

B. MIMO Nakagami Fading Channel

We consider a MIMO system employing STBC with
n, transmit and n, receive antennas, and a stationary
fading channel that varies at a rate much slower than the
symbol rate, so the channel condition remains roughly
constant over each packet transmitting time. We adopt the
general Nakagnami-m model to characterize the fading
channel.

For Nakagami fading channel, the probability
distribution function (PDF) of SNR( y) is given by
PDF for OL STBC:

mK -1 mK  mR,
¥ mR, —
— _— e 3
Pa.(?) r(mK)[ z } 3)
PDF for CL STBC:
mK -1 P mnp R
b4 mny R, Ty
= —_— e 4
where y=E{y}is the average received SNR,

I(a)= [, 1""e"dris the Gamma function, and m is the
Nakagami fading parameter (m=1/2), K =ngny . [4].

C. Finite State Markov Chain Channel Model

Assuming slow fading conditions so that transition
happens only between adjacent states, the probability of
transition exceeding two consecutive states is zero [6],
ie.,

P, =0l-n22 (5)

528

The adjacent-state transition probability 88an be
determined by [3]:
Nn+l‘Tf %
P ==L, if n=0,.,N-I
’ Pr(n)
(6)
Nan .
P, ==L, if n=1,.,N
' Pr(n)

where N, is the cross-rate of mode n (either upward or
downward) , N, which can be estimated as [7] and the

PDF of MIMO Nakagami-m in (3) for OL STBC and (4)
for CL STBC, N, can expression as

For OL STBC:

o/

T(mK) @)

mK-0.5 [ mR.y,
N mR_y, 5
n,OL il e

/4

For CL STBC:

S
T'(mK)

mR.ny,
Y

mK 0.5 [_m-“’rﬂrr.,]
N, o =2rm- ] e !

(8)

|

where f, denotes the mobility-induced Doppler spread.
The probability of staying at the same state » is :

l_Prr,nH_‘F:i,n—U {f 0<H<N
B,=q1-F,, if n=0 9
=Py v if n=N

In summary, we model the channel as a FSMC with
an(N + )x(N +1) state transition matrix, which is
banded as

P

[

(10)

(2]
LN +1)x(N +1)

III. PERFORMANCE ANALYSIS

In this section, we will quantify impact of finite-length
queuing and AM. We are now ready to evaluate the
system performance with a finite-length queue and AM.
Let P, denotes the packet dropping (overflow or
blocking) probability upon queuing, we can readily
compute 7, as illustrated in [3,eq. (31)]. A packet from
the source is correctly received by the subscriber, only if
it is not dropped from the queue (with probability 1- 7, ),
and it is correctly received through the wireless channel
(with probability1-7,). Hence, the overall packet loss
rate, defined as the ratio of the number of incorrectly
received packets at the destination over those transmitted
from the source, is:



§=1-(1-F)1-K)

The average throughput can then be evaluated as

n=(AT,)-(1-£)-(1-R)

1V. NUMERICAL RESULTS

(11)

(12)

In this section, we consider a full rate space-time block
code (R, =1) and SISO channel. We assume that the
frame length is 7,=2 (ms), queue length X =10 (packets),
Doppler frequency f,=10(Hz) and Poisson arrival rate
AT, =2 (packets/time-unit).

In figures 2, 3 and 4 depict the packet loss rate with
different number antennas, average SNR and m-
distribution, respectively. In figures 5, 6 and 7 depict the
normalized throughput with different number antennas,
average SNR and m-distribution, respectively. And we
compare between Open Loop (OL) and Close Loop (CL)
STBC.

Packet loss rate
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Fig. 7 Normalized Throughput (m‘iTj) for ¥ =15, nyxnp=2x2 and

different Nakagami fading parameter (m).

V. CONCLUSION

This analyzes impact of finite-length queuing and
physical layer adaptive modulation for transmit diversity
systems employing orthogonal space-time block coding
(STBC) over MIMO Nakagami fading channel model.
Results of the packet loss rate and the average throughput
depend on buffer scheduling for number of transmitter
(n), receiver (n), and different average SNR. The
compared between OL and CL STBC with different target
packet error rate. Results shows that the CL STBC will be
minimize the packet loss rate and minimize the average
throughput then OL STBC.
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