it BV RS RS i
A. 1 4 3+« (Partitioned Matrix)

AZ - BENXMEL  ptapd v % 3 452 (Submatrices) % 7 » #“ AL H 5
(Partitioned Matrix) » @& * » 2L i BLE 7 s & B3l § & St~

% (Element) & Bd® o 8 G| Fp 40T

A:(Au Auj
Ao Py

He o,

AL 5 NixX Mt 4Bt

A, 5 (N-Ny) x Mo+ 52

A, % Nix (M -May)+ &L
A,5(N-N1)x (M-My+ &L

do% AL E A, hF B (Inverses Matrix) AL & Ay s 0 Achs sEE 5 ATF &7

YT

Al :( (A=A ApPn) ! ~(Au A, A;Azl)lAqufJ A1)
_(Azz - A211A;11A12 )71A21A1711 (Azz A, Afllpﬁz )71
FAE-BIN-Dx(N-D=<L > A, Z(N-1)x1 column vector > A, &

IX(N-1) row vector » Az ¥ - i scalar > F|;%(A. 1)¥ % 77 4o [17]:

Al= (All_l + 5 All_lAiz A21A11_1 -p A11_1A12j (A2)
—-PALA; p

B4 B=(Ay - AuAL AL) T S (ADHRT hentt 4 5 et en- B35

A2 B7 RS BB B

M i 4p 7 4 % % 27 4% 8 % # (Jointly Complex Gaussian Random
Variables){z},i =0,,2---M -1, zi=Xi+ jyi - Z - B M x1 column vector # %

Z =[z] » mean: {(z.)} RE- #MxM £ % 2 4= (Covariance Matrix),
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R :%< [Z-<Z>)Z-<Z >} > (A.3)

2 5 ZT F 70 g ¥ 5=+ ( Conjugate Transpose of Matrix) » M %5 #c% 27

S8 (x,yi) o joint p.d.f ¥ 2 & 7 4o [13]:

1
Xi,yiY) = ————exp[-1/2(Z-< Z >)"RNzZ-< Z A4
p({xi.yi}) (22)" detR PI-1/2Z-<Z>)"R(Z-<Z>)] (A4)
z(n)=e 7/Ng(n) +w(n),w(n) = AWGNsz 31
E[ZOZ;] = E[le;] = E[Zzz;] e = E[ZM—lz;A—l] = O_é +O_r?

* 2 _j2mnIN
Elz.z, ., ]1=0e

Efs(n)1=0f  E[w(0)[1=0;
< Z > % Null Vector

Casel: »£Z% 27 1 1% element

Ri=1/2<[Z-<Z>}Z-<Z>}" >
Z =[z0]

1 .
RleE[zozo]

1
ZE(Ué +0§)

Ri—__ 2

(o5 +07)
= -12(Z-<Z>)"RN(Z-<Z>)
2
~[2d

(o5 +07)

Case2: w2 Z % 7 2 1 elements
Z=[z0 zi]
Ro=1/2<[Z-<Z>)Z-<Z>}" >

2 2 2_i2zeiN
_1|os+o, ole
2 —i2ziN 2 2
2| ole oe +0,
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2 2 2j27elN
4, 1 1 o +0, —-o.€

2 T 5 ;
2 detR> —0'528712”6”\‘ O'é + o‘ﬁ

2 2 2.j27elIN
2 O-S +O'n —O'Se

- 2 2 4 2 _—j2rzelIN 2 2
2050, + 0, —o.e os +O,

= -12(Z-<Z>)"R;}(Z-<Z>)

2 2 2 . j2zelIN
* *:I GS +O-n _O-Se ZO

:_— Z. Z
4detRz[ o

2 —j27eIN 2 2
—O'Se O-S +O'n Zl

- m[(ag +0?)(zo +]zf) - 202 Re(e**'Nz)z, )]

Case3: » & Z% 75 3 # elements
Rs=1/2<[Z-<Z>Z-<Z>}" >

Z =[z0 z1 22

2 2 2,)27eIN 2 ,i2z2elN
o5 + 0, o el
1 : .
2-i27eIN 2 2 2i27melN
R3=E o.e " os + 0, o.elT”
2,-i272¢IN 2,-j27IN 2 2
o.e o.e Os + 0,

SEET 1T R D2 R (A DRNR,

AuATA,

1 .
2.,j272¢IN
_O_Sejﬁ&‘

2 2 _ 2.j27IN
1 gle-2r2eIN  2g-i2miN Os T 0, os€
~ oL s 26262 + o 2 -j2zIN 2 2 _
sOq n|—0o.€ o5 +0, = oleizm/N
S
2
4
o
s
- 2 2
205 + 0,
-1
4
1, ., ) o.
B=|Z(os+0))——5"—
2 204 + 0,
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1 5 i

IN
2 2 2 2 j27zeIN by ree
2 o.e’

ﬂAl_lAl _2(20-8 +O_n) 2 US +Un _Use 2
- 172 = 2 2 4 o 2 2 4 2, —i2zzIN 2 2
3050, +0, 2050, +0,|-cle’?*N &I +57 1 2gi2mIN
27
2 j272¢/N
205 e

T a2 2, 4| _j2mwN
3050, +o, | e

2202 +05%) 1

2 _2 4
3os0, +0, 2

_ﬂA21A1_11 =

2 —-j272&IN 2.-j2 N
[O_Sejﬂgl O_Sejzrg/ ]

2 2 2 j27elN
2 GS +O'n —O'Se

2 2 4 2 —j27eIN 2 2
200, to0,|-ole og +0)

-2 2g-i272:IN  [20-i2mIN
2 2| 9 Os

= 5 o.e
3os0, +0,
1 1
BALALA AL
2 2 2 qj2msIN lO'zejZ”Z‘E/N
2(20% +07) 2 o5 +.05 ~g-e'™™ s
- 2 2 4 5 2 2 4 2, 27N 2 2
3oc0, +0, 200, +0, | ele iy el Yot 1 ogizmm
2 S
2 2 _ 2. j2reIN
1r o ie2ein 2, —j2mIN 2 05+ 0, o.€
E os€ os€ 2 a7 4 28=i27IN 2 2
GSO-n +G’n —O'Se O'S +O'n
2 1 1 ej27r5/N

4
= . -U .
2 _2 4 2 2 S i
3os0, +0, 205 +0, e lz=/N 1

A+ AL AL AAL

_ 2 O'S2 +of —ofejz”g/N .
- 20l0%+0" —o2e 17N g2 4 o7
2 1 y 1 ej27rs/N
3oi0; +o, .205 +0o? s e izm/N ]
B 2 20% + o7 —olelN
B 30'505 + 0;‘ —o-Sze’jz”‘”N 20'§ + of

2 2 2.i2 N 2.,j272¢IN
202 +0° —olel N glel?ne
-1 _ _ 2,-j27IN 2 2 _ 24 j2meIN
=R, 30207 1o o.e 205 + 0 o.e
$n n 2,-i272¢IN 2,-j27e/N 2 2
—o e N —gle! 205 + 0,

Cased: & Z % 5 4 % elements
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Ra=1/2<[Z-<Z>}Z-<Z>}" >

Z =[z0 7122 z3]'

2 2 2, j2reIN 2, j272¢IN 2 j273¢/IN
o5 + 0, o.e!“ ™t glelte o.el
2 —j2melN 2 2 2 j2nelN 2 .j2n2&lN
1| oZe '™ o:+o0 oe'™ o-elree
Ri=—| ° S n s s
- 2 . —j272&IN 2 . —j2zeiN 2 2 2 j2zeiN
2| gle 1IN gZeTle® ceto" oze!?™
2,.—j273zIN 2 —i2726IN 2, -j27IN 2 2
oce 1R gle N glen o5 + 0,
-1
AnALA,
1 o iorseiN —j2r26IN —j2zeIN
=—cl|e e e :
2
2 2 2j27nel/N 2 .j2x2&IN
20¢ + 0, —o.el N —glelr
2
2_—j2zzIN 2 2 2, j2eIN
ﬁ —O'Se Jeme 20'3 -|'O'n —O'SeJ i
o 0. +0
S¥n n 2 —j272¢IN 2 —j27cIN 2 2
—o e 1 —gle N 200 + 0,

4
3o,

(30‘§ + Jﬁ)

1
2

ﬂ = (Azz - A21A;11 A12 )71
2 2y 30-;1
=2| (o5 +0)) —3a§+a§

2305 +07)

- 2 2 4
4os0, +0,

—BALAL

2 2
__2(3O-S+O-n) 1 or o i2236IN  oj2726IN  -j2zeIN
—ﬁ.EO—S e e e .
o0 +0o
S n n

20; +J§ _O_SZejZ;rg/N _o_szejznzg/N
30_20_3 — _O_SZe—jZﬂg/N 2(7; +G§ _GszejZm;/N
§%n n _O_SZe—j27r25/N _O_SZeijﬂg/N 20_52+O_§
_ _20'32 I:efj27z35/N g-izr2e/N eijmﬂ:/Ni'
40'520'§ +O':
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1
—o.€e

2 ,j273¢/N
S

1 .
2,j272¢IN
O_Se] mlE

S2ej2zz(s/N




20_; +O_§ _O_SZe]st/N _O_SZe]27r2£/N
2
2, —j2zelN 2 2 2, j2zeIN
:_ﬂ-B — | —oce 205 + O, —o.e!™
oso0s +0o
S n n i _i
_GSZe j272¢IN _GSZe j2zeIN 20_82 +O‘§
ej27r3£/N
2 2
_ 2(30 +O—n)‘ 2 -(EO'ZO'Z) gi2r2s/N
- 2 2 4 2 2 4 sYn
doio- +0. 3oioci+o. 2
S¥n n S¥n n ejz,,g/N
gi2r3eiN
2
_ —20¢ | gizr2siN
40262 + ot
S™n n ej2;rg/N
1 1
BALA, AL AL
ej27l36/N
2 2
_ 205 | @izr2ein Og [e—jzzsg/N a-i2m2z IN e—j27z5/N}
2 2 2 : .
4oi0, +0, oi2m N 2
2 2 2, j2zeIN 2 j2n26IN
20 + o0, R " A b
2 - \
2, —j2zeIN 2 27N
— = .| ofe N gl HsP Zolel!
3clc? + ot * k. ¥ -
S™n n i i
_O_SZe j2r2eIN _O_Sze j2melN 20‘; +O'§
1 ej27z5/N ej27r25/N
202 1 - -
—j2meIN 27N
= 225 2’ 2 zejm 1 el*
4oio; +0, 3oS+o0,

e—j27r25/N e—j2ﬂ5/N 1
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2

2

SZej27r3g/N
2 j272eIN
Se] i

SZej2zzs/N




A+ BATALAAL

2 2 2, j2ze/N 2, j2x2¢IN
20¢ + 0, —o e —glel
2 _ _
2, —j2zelN 2 2 2, j2zeIN
=——— | -oe’ 205 +o0 —osel ” +
3cic? + 0o * S " *
S™n n 2 —j272¢IN 2 -j27eIN 2 2
—o. e —oe '™ 205 + 0O,
\ 1 ej27z’£/N ej27r25/N
208 1 —j2zeIN j2zeIN
4622 4 '3 2 2| € 1 e
050, T O, Os T 0y e—j27r25/N e—j2;rg/N 1
30_2 +O_2 _O_ZejZﬂ'g/N _GZejZn'Zg/N
S n S S
2 _ _
2, —j2zelN 2 2 2, j2xeIN
R —o. e 3o¢ + 0, —o e’
ool +o
Sl n 2 -j272¢IN 2 -j2rzeIN 2 2
—o e 1N —gle 30¢ + 0o,
(a2 2 2, j2zeIN 2, j272¢/N 2, j273¢IN ]
3o; + o, —o.e'"" —o e —glelr
2, —j2zelN 2 2 2, j2zeIN 2, j272¢IN
R-1 2 —o.e 3o¢ + o0, —oze!™™ —oze!
= = -
4 2 _2 4 2 -j272¢IN 2 —j2zeIN 2 2 2 j2xeIN
dogso, +o, | —oie N —gle 30;+o0, -—o.e'"
2, —j27z3¢IN 2, —j272¢/N 2, —j2z/N 2 2
—o e TR _gle o -oe’'" 305 + o,

4 RLRLRSE RIF 4 L & RyTEASR] 1

B 2 2 2 j27zIN
(k-Dos +o; -o.e
2 —j27cN v 2
R—l: _Gse (k _1)0-3 +O'n
k Kk 2 2+ 4 :
O-So-n O-n
2 —j2z(k-1)e/N 2 -j2x(k=2)e/N
_Gse j2z( )& _O-Se j2x( )e
o—é +0'f 652e12ﬂs/N O_SZeJZﬂ(k—l)elN
2 —j2zeIN 2 2 2 . j27(k=2)e/N
1 O'Se j2nel ol +O_n . _O_Sej w(k-2)el
R ==
2
O_SZe—JZE(k—l)E/N GSZe—]Zﬂ(k—Z)E/N O_SZ +O_§
-1 W , 1o s o
R.R=1, » #Ft R 2 R eidi 5t fgeh o
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_ O_SZeJZIr(k—l)s/N

24i27(k-2)e/N
—o-SeJ z(k-2)e/

(k-oi +0o°




-1 .
B ?[ZO Z, 7, "'Zk—l] )

(k -1o’ +0o? —ole!?/N _ gZgiztkbe o
o-sze*jZme/N (k _1)0_52 +O_§ _O_SZejZH(k—Z)g/N z,
2 .
VA
koo’ +o0 A , 2
s¥n n _O_SZe—JZH(k—l)slN _ O_SZe—J2zz(k—2)£/N (k _1)0_52 n o_s
_Zk—l_
| Sl (k=202 +o7)-207Re S
= zZ -((k—l)a +o )—20 Rele!?®NN"7'7
2 _2 4 | S n S i T+l
kolo,+0,| = =
: k=3 . k=4
—202Re e 7NN 7'z, t—20 Re e NN 717, e
i—0 i—0
—1 §| |2 2 2 Zi 2D /Nkil
- 2 4 zZ, .((k—l)a +0 ) 202 Relel?mbe z'z,,
2 2 4 S n S
kolo?+ot| ' o s
1 2D [N, R K1
— j2zmDe _
o 207 ZRe e Z Ay, —k 4Z|zl| ((k=Do? +07)
i

independent of ¢

k-m-1
= £ =max arg{z e{ @i27mDs /N Z ZZ }}

Pl m=1
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