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Phat hién tin hiéu trong cac hé thong MIMO ghép kénh khdng gian

Nhitng hé théng MIMO (SM- MIMO) ghép kénh khdng gian c6 thé truyén
dir liéu véi toc d6 cao hon cac hé MIMO sir dung ki thuat phan Iap ang-ten
trong Chuong 10. Tuy nhién, su phan kénh khéng gian hoac phéat hién tin
hiéu & phia bo thu 13 mét nhiém vu tuong déi khé trong cac hé SM MIMO.
Chuong nay s& dé cap dén cac ki thuat phat hién tin hiéu trong cac hé thong
SM MIMO. Xét h¢ MIMO N x N trong hinh 11.1. Ki hi¢u H la ma tran
kénh cua no, entry thu (j , i) h;i cua do loi kénh gitta &ng-ten phat tha i va
ang ten nhantha j, j=1,2, Ngvai=1, 2, ..., Ny. Dt li¢u nguoi dung
ghép kénh khong gian va nhitng tin hiéu nhan tuwong tmg dugc biéu dién I
X = [ X1, X2, ooy Xn7]' VAY = [ V1, Y20 oo, YaR]'» trong d6 x; va y; lan Tuot biéu
dién tin hiéu phat tir ang-ten phat thir i va tin hiéu nhan tai dng-ten nhan tha
j. Gia sir z; 1a nhiéu Gauss trang c6 phuong sai 62 & ang-ten nhan tht j, va h
— chi vector cot thir i cia ma tran kénh H. Bay gio, hé MIMO Ni X N, duoc
biéu dién duéi dang

Entry: cong vao, muc, ddi tugng
y=Hx+z

=hx; +hoxo + -+ +hyxy, +2
TI’OIlg doz= [Zl y Loy i ZNR]T

(11.1)

11.1 Phét hién tin hiéu tuyén tinh

Phuong phap phat hién tin hiéu tuyén tinh xem tat ca nhing tin hiéu phat 1a
nhidu ngoai trir ludng tin hiéu mong muén tir dng-ten phat muyc tiéu. Do do,
tin hiéu nhiéu tir nhitng ang ten truyén khac dugc giam thiéu hoic vo hiéu
hoa trong qua trinh phat hién tin hiéu mong muén tir cac ang-ten phat muc
tiéu. Bé tao diéu kién thuan loi cho viéc phat hién tin hiéu mong mudn ti
mdi anten, anh huong cia kénh dugc nghich dao bang ma tran trong sé6 W
sao cho

X =[5 -~ Xy, ] = Wy, (11.2)
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Wi MMSE arg max N (11.8)
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Xy = argmin ||y—Hx |2 (11.19)
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Figure 11.5 Illustration of the sphere in sphere decoding.
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Table 11.1 Complexity of sphere decoding in each step.

Multiplications Divisions Square roots
x=(H)y 16 0 0
R_'r:.n in Equation (11.33) 14 0 0
Step 1 0 1 1
Step 24 each 1 2 1
Rg,, update 1 0 0
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Figure 11.8 Two sets of basis vectors that span the same space.
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QRx + z (11.72)
QuirRu T.:.l._i -z I
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I N N ;. I
Qriey = Ru T X+ Q1 2 '.r]]-?-j':ll
|

|
L
) = 0, .78 = T, Az = Q7. ZA
I A N

v=R X +Z (11.74)
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I -
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Xomse = (R Rope +o21) Ry ¥

(11.75)
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(11.78
I ' 7:II

I /] B D N N
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|

[X—x]
|

] 3
= — 3+:mp(— . ) (11.79)
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- /! |
I
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S, TS, | N
- !0 /1 |
I . |
S, ={-3+3,-14+3j,14+3.3+3, -3+, —1+j, 1 +/.3+/j}

S; ={-3-3/,-1-3j,1-3j.3-3j. - 3—j, —1—j. 1 =j. 3—j}

(11.80)

Z ) D fEp()/fi(3)
] e,
1
2:muh > HEPPEO)/fi(%)
= Y=t
I R
I N

LIR |‘ f),l

(11.81)

I.l Z falx|x)
LLR(b) =
| Z fe(X]x)
| g
: max fx (i) (1182)
| = nax fi(X|x)
I xE5;
] ) 2 .2

I ~ 242 (|'T_'T'I'*”"' _‘-T_-T'I'*”"' ) |

+ —_
I BN o,
| I Xfopt = urg;nm |_r—_r|’
I o ,J (11.83)
I Xjgp = Arg min [x—x|°

x5
| - '

HH - N
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r)

LLR(b)) = [¥=x,, (11.84)

- ‘ 'T_'Tn'. ap

I R N = < + /7
-——— 7 ,
. - -5
0| [

Ir\; HH —|r\; (— ]” = —8\; F8. 2 <Xy
3 _ _ < o D
: \‘r—” —I'\; _—] 1.|:| —1—'\';. —2 < Xy < 0 :
Ir\,r—” —h; ’-H = —8_1';—3. _'_r; < =2
(=3 —(3—1)7 = —4%; +8. 2 < 5y
e a2 (v 12— A i e
LIR(by) = { F173) —(a—1)7 = —4%+8, 0= <2 (11.86)
/ (= (=3 —(%—(—1))" =4%,+8, 2<% <0 /
(3= (=3)) = (" —(—1))" = 4% +8, X< -2
(Xr—(—1)) —(3—(3))" = 8xg—8.  2< iz
(xp—(=1))*=(Xg—(1))* = 4. 0< g <2
LLR(by) = (Xr—( ,'-'flj (Xr—( ‘,U Xk 93 (1187)
(Fp—(—1)) —(Fp—1)" = 4%, 2 < X <0
(Xr—(—3)) = (Xp—1)" = 8%g + 8. Fr < —2
(¥r—3)" —(Xp—1)" = —43g + 8. 2 < ¥
(g—3) —(%g—1)" = —d3g + 8, 0< iy <2
LLR(b) (Xp—3) .)\R ) ;‘R | Yr (11.88)
(Fr—(—3)) = (Zr—(—1))* = 43p + 8, 2 < ig< 0
(Fr—(=3)) —(Fr—(—1))’ = 4% +8, ¥z < —2
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(11.89)

y=hx +hyx, +z

I | N N N
- 1 1 X |} |
Wi nmse )7 I N
I N . ;- |
I

XiMMSE = WiMMSEY

= Wise X + Winnseha X + Wi ygerZ | i (11.90)

px;+1;+Z
|
I
I Qi =w;umusehixill [; = Wi,MMSEhjij- Z = w; umseZl
I N ;s =1 o | E I N N
I; = wimumseh x| I - = v; - Z] I
-I_-_-I-I_-
| 1 ]

e{leif} p/’E,
E {|f;|2} FE {|':|3} |“'r..-H.-H.':-'.'-.'l]_.'|3E.\' | ||“'r..-w.-u.w-.'||zﬂfI

SINR, = i

(11.91)

I N A | A
l_-——l_

= |WL',MMSE j| E, + ”Wi,MMSE” o/

5
| | |

(11.92)

| Xi MMSE — PX; | 3
2o}

. |
[ (XimuselXi) = ——==exp| —
X [ MM SF | ;I ym P
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> Sy (Fanse )

ve S

LLR(b;;) = In———
) Z i (% puise|x)
xeS
.:_:"dlﬁl fic (Xiamase|x) e
= n . —
max f5 (X ase |x )
=8
1 /]. - .
= 2{‘-’?’ (|-‘-‘r..-'|-‘f.‘1’f_g.f-_' _'Tr_n'.u.rh' — | X MMSE — 'T,-_,l_UJ-,I- ) i—1.2
' o |3 2
X = argmin [X;amgse—x|
xS,
. 2 (11.94)
Lo = Argmin |%: parase—x|"
XES I
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S S S | S SR
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y=Hx+z (11.95)

z =y—Hx (11.96)

Al ~ I
./ | ||
] 1 _—
= Enﬂl’qm{p —E[I—p.f.l L (z—p)

l
| > | I N N
oy

fz(z) (11.97)
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1Al P 202

fz|z) (11.98)

||3.r—Hx||3) = fy(¥[x).

WPy AP0/ Y) Ry Ixop(xi) (11.99)

p(xily)  AORIPE)AY) AP '

I
I
I
I

IN&U Tat ca]fac vector symbol phat co Kia|pdng nhu nhau (xac sudf]
I () = 1/1C1Y ]V |

thanf]
W PY) | fr(y]x) (11.100)
I.I'.J'r!i'.,-|"r:| f‘r /%) ?
I
I 7
Diing PDF trong Phuong trinh (11.98), chung ta tinh dufpC 1§{§5]I0g]
iop 1€ (LLR) ddi Vigi hai vector symbol 1a]
| :
exp oz v~ s
(x;y ( 202
P o (11.101)
pRIY) |

1
e |
[Chu 18, chiing ta c6 thé don gidn hoa (11.101) thanh|

mpf&b’ﬁ ]

p(xily)

-__--Ii.l
.-__—__—

cly = M P 5y — Hx |

2oz ' 207;

(11.102)
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I
=]

plb ;= Lly) _ nﬁ'[-}'”).'.r = 1]
p(bii = 0ly) fi (¥|bri = 0)

> Klylx)
xS

= In —_—
Z Fely[x)
xS

(11.103)

Z exp

xS,

H!illz)
Z exp

|
22
1 )
r— Hx||”
22 I
x=S) <0 )

_ [
frong d6] ;" val s, [l tp hop C4C Vector cung Vi gia Wit thi ]l diial
Symbol thir bag 0 hoac 1. Dung gAn ding max-Iog sau day]]

log(€“ +e™ 4 ... + ") = max X (11.104)

=In

p(ylbri=1) |

1 =1 _ — lv—Hx|? Hy |2

ol =) ™ 2 5P| gzl B poing 2 exr 7oy~
< Ind max exp — 5|y~ Hx|? | b-In{ max exp( — 5|y~ Hx|?
B o P 202 s, P 202

(11.105)

St Eng] A chatlg™ [ mal] ___-J
A(x]>U, phuong frinh (11.103) ¢ thé|duoc]xac dinh gan ding dudf]
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£l

b= 1ly
LR(b;,ly) £ (Pi=1ly)
p(bri=0ly)
= nin ||v — Hx||"— nin ||y — Hx||
o7 it 1 || [ s I3 | (11.106)
= min D(x)— min D(x)
AL S s S.“ I
[Trong do]]
D(x)= ||y — Hx|".
I1.7.41H¢] Suf dung tap hop vectorfung vien]]
|
|

Po1_Vvolil_he] MIMO, s6] phan 1) frong tap _vector] [ifg) Vien,]
|5: ;18 <.,/ [l INUZC Va0 S6] [ighg dngren] phAt] eling nhu Kich]
[fwi6C chom tin(C- Luu v rang sk pAiic Tap cua Aua trinh tinh toan]]
[CCR 0 the|qua caokni sd])ang-Ten]phat]va 7 hogc Kich|thudt chom]

_-___--
|C| A L

|5 IWIS;| = =5 = 16% /211 1 I N N

__---

QIS1ENung fajpan vé]cach finh LLR muc DIt Clia cic phuong phap]

phat Nigh ML gigim dp phic tapnhu SD vd QRMAMLD. ]]
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[F4U Ta_Mgm Noc|eac gia tj] CLR, Nigl suat SD kém hon phat hign]
ML, bdji vilehung ta chijxet mot tp hop nhd jcac vector, [Gidlsir B 1a]
fp Ngp cac vector]iing Vi thu duoc tullcac phuong phap phat hign]
ML gidim d6] phise tap.] NG [a) | <"Vl ., B digh tp hop cac]
\vector ma gia trifipit thill dua symbol thitr il Tugf 1a 1 haiic 0. INgu]
chillco mit tap higp con cac vector phat co gid tijMetric ML, jchung]
fa coJthg]finh gan dung cac gia & |LLR mic bif trong phuong trink|
(11,106) duGii dang

LLR(bi;|y) = min D(x)— min D(x)

(11.107)
[

S_--a XE S,,a

frong do| S,g=9S,NBand S 5 =5, N B-l

S p=5,NB=4¢ S;ig=95,NB=4d (11.108)

or
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S;'..Nals, , [IKnong the] lajcac Tap fong cung mak 1uck] §6i vl mot 1]

va ijnhat dinh. Gid St Xwe/ dUoC dinh nghia 13 |
Xy g = arg min |ly — Hx||> = argmin ||y — Hx]|’ (11.109)
x=B xS g LS, g I
I
I
I
I
[
[
[ L ‘
Chuing ta hay bigu digh tat ca cac gia i bit cuaXwsbang]]
Primee brims:bimes bioms - -birws bisawp-coeo bi.ny mL8)
(11.110)
frong d6 Bymce]la gia T bit thifj[igua symborl thuli, = 1.2, ..., K,,|
L2, ..Ny.
[
[
[Trong qué trinh finh fodn LLR frong phuong frinh (11,107), |Ag[thic]
sau day dong:]]
min D(x) = ||!"-H?i.-~.»u..Ei||3 or  min D(x) = ||!"'H3‘=‘ri‘a’--Ei||3 (IL.111)
XES) g xeS g
[
[
[
[
| L :
D€ gidi quyetivan ¢ 1, chung ta thay the|gia trijjmetric ML Khong co]
5an dali Vil mot bit gy the bang s T 16 tuy Vi |

[
[
1
] Ryrede] Rypege] ] |
fwong]izng €0 theKhong chinh xac|doJiap vector iing vien gim. |Daf]
K] [@ vector nghigm ML frong SG6|Eat ca|cac vector phat Kha]di va]
Mgl [@ VECTOr nghigm ML trong §deac vector]ing vien trong]iB.]
[Cwong 1, [0S By VA Dy Erong i 18 cac gia DIt glid| X
Va Xw IKAIT= 1, 2, ..., K, T= 1,2, ..., Nyl Truid]Rgt, ching a Xet]
Q& 1] LR MGC DIt KN X E Xe, va do d6 By ] E Brwe? D]
Ml 1720725, O OO TN Bl o el
ELRmiteC bit ¢ dang]
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LLR(bi;|ly) = min D(x)— min D(x)

XES, 5 xS g

(11.112)
= D(xpy)— min,, St o D(x) < 0.
|
|
|
|
|
I
I
I
[ , 7
I A ol o N A 1. D (%) =
min,, - 000 [Cdia 1] LER frong_phuong trinh (TT.T12) ¢6 thE(
Khéng déng tin cdy. Bay gio, chung tajxetCLR muC bit KN X - [
Xwre! IChung fa cling gid|Su NG Pimms] = 0, [ (i LLR]mac]pitco]
dang]]
LLR(bi,|y)=D(xy.8) ~ min D(x) <0 (11.113)
XES) g I
I
I
I

||ly-Hxpep ||’

< min ||y-Hix | and ||y-Hxy,g||* < min |ly-Hx|> (11.114)
X3y im 5

ALQE I

-- H>“ MiNyest, P () 2 Mineesy DCONIR
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arg min ||y—Hx||* = arg min (x—x)" H'H(x—x) (11.A.1)

[
[
[
frong d6| ] la] nghigm) LS Khong] rang bupd [(frc la]
t={H"H] H'2)]B6I Vi g nay dung doi Vol chltac ng(imuc]
va phiic|va thuc 1€, |H, 1y, valXlan Iuigt|duigle stidung]thay chd]l//,]yL]
A[Xe&t Khal trign sau: |

ly — Hx||* = [ly — Hx — HX + Hx|
[ = (y — Hx—Hx + Hx)" (y — Hx — Hx + Hx)
—{(y —Hx)" + (Hx — Hx)" }{(y — HX) + (HX — Hx)} (11.A.2)
— (y— Hx)" (y — HX) + (HX — Hx)" (Hx — Hx)
+ (Hx — Hx)' (y—HX) + (y — Hx)" (Hx— Hx) I
Vil.[la nghigm]LS, | )
(Hx — Hx) (y —Hx) = (y — HX)" (Hx — Hx) =0
ly — Hx||* = (y — Hx)" (y — HX) + (Hx — Hx)" (HX — Hx) (11.A.3)

l_-(HHH)_lHHJ’_-l-l
Iy — Hx||* = {}'— H(H'H) ‘H"'g.r} {y—H(H"’H) ‘H"'y} F (% —x)"HTH(X — x).
(11.A4)

y—H(H'H) 'Hy {I—H[H’Hj ‘};.r
ng da |

- H(H'H) ‘H"'}T{l—H(H"'H) Wy

|

y'

——

—y'{1-nmn) "w H1-nEn) wy
—y"{1-H(H"H) "W - H(H"H) "H" + H(H"H) "HTH(H'H) 'HT }y
_ 3."{1 ~H(H"H) ‘H"'};.r.

(1LAS)

arg min ||y — Hx||* = arg min (x — x)H"H(x — X). (11.A.6)
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