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Turbo Equalization for MIMO-OFDM Systems with inter-site

CoMP

Student : Yu-Lang Wong Advisor : Dr. Wen-Rong Wu

Institute of Communication Engineering

National Chiao-Tung University

Abstract

In cellular systems, the ‘users in cell edge oftensuffer from the interference
from interfering cells. In LTE-A; coordinated multipoint processing(CoMP) has been
proposed to solve the problem. In CoMP, antennas between involved users and
basestations can form a large multiple-input-multiple-output (MIMO) system such
that interference can be either avoided or estimated as desired signals via joint
processing. In the thesis, we study turbo equalization for MIMO-OFDM systems with
inter-site CoMP. In our approach, the receiver consists of an MIMO equalizer and a
channel decoder. With the iteration between the equalizer and the decoder, the
detection performance can be progressively enhanced. The performance of the turbo
equalization can be further improved by exchanging data with other base stations
during its iteration. However, since base stations are located in different sites, data
exchange becomes a challenging problem. We then propose several exchanging
strategies such that the performance and exchanging data can have a good trade-off.
In many cases, we can have a great performance enhancement while the amount of

data exchanged is limited.
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TAPRALAREHRE Y Y g2 EY BCRFE FadeE o gL
AP L FACALT ARt jBF AL i 1 e {01} A4 N
(trellis diagram) ® % ¢ [ P A ciofk G (State) 5 5, > y 5 #5385 F e fTsl Bl > c i 915
g o B AP RE R PV [T e o - B P $ R
% % 7 (posterior state transition probability) P,.[S; = m'; Siy1 = mlc]> 7% ﬁi‘[}u? E

3 R PLYF] e Akt BB = Ofckhe

PI[L?) - 1|C] .\ Z(m"nrt}GS}j)“) PT[Sf = TTL’; SH-l - ’J’Tl'C] (230)

tipSYME - i) =1t P EERES,  =m = S, =mehk & o T
WA P e
P.[S; =m'; Sip1 = m|c] = p(S; = m'; Sepr = m;e)/p(c)
= p(Sy = m': Sip1 = micie e ) /p(c)
= plese|Se = m's Sy = micrags )
cp(Sy =m'; Si1 = micrers ) /p(€) (2.31)
Ui ERR B BLE AR R G PUR i 8 7 A i A7 (discrete-time finite-state
Markov process) > i i 5 347 & 321l 3¢ (discrete memoryless channel) » d *+ 5 #

-15-



% (5 (Markov property) » 24 i deig %t 4+ 1B AT AT U 2BN AR

PERV AR o AT0 F N T L i S

P.[S; = m': Sip1 = mle] = pleise|Sicr = m) - p(Se = m'; Sir = mi e ¢4) [p(c)

= p(cl>t|5t+1 = T”) 'p(8t+1 = m; Ct|St =m'; CI<r)

(8, = m': crer) o(c)
= p(St =m'; Cl<t) 'p(cl>t|5t+1 = m)

. p(SHl = m; Cflst. = 'nl’)/p(c)

e
P(St — T Cl<t) = Oft(m’)

€| Sie 1= m) =Py (m)

P(Sie1 =mnci| Sy = m') = A, m)

Afprw o d oG oendg EE

Pr[iij) = lfc] = Z B[Sy = m'; Sppa = mlc]

1
(?n’,:'n)ESEJ W

= — Z ar(m') « Brer(m) -y (m',m)
s
~t

m’.m
(

fe 3@ > e e 1H
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(2.32)

(2.33)

(2.34)

(2.36)



Pr[iij) = 0Olc] = Z B[Sy = m'; Sppa = mlc]

A0
(?n’,:'n)ESEJ o

= — Z ar(m') « Brer(m) -y (m',m) (2.37)

(4)(0)
es’

m’.m
(

Y (0 2 ’. (7 s . A= ' 2 N
ﬁ.Li:'??EJ_St(J)( g - B zﬁj) =077 ERAELES, 1 =m' = S;=mTEE o T

AR (m') 0 P (m)E oy (m/,m) - d i

Ye(m',m) = p(Si = mi | Sy = m')

= p(ci| Sy = m'; Sisy = m) - p(Seqyr = m|Sy = m') (2.38)

- AR A R 2L L R0 e A - R P E
1 ,
p(Sipr =m|Sy =m') = 0 QR EDR LA FS = aFRT > S QT

fo etk Rk (state) o B F 3 Bag(im/) 0 B (m) s 2 U vEae endaT e 8

arpr(m) = p(Sep1 = mi i)

M
= E p(Sipr = mic; Sy =m'icry)

m=1

Sp=m') - p(S; = m’;cie)

M
= E p(Sep1 = micy

m=1

M
= Z ve(m',m) - ap(m') (2.39)

m=1

-17 -



Br(m') = plesp—1)|Se = m’)
M

= Z plCist; € S = m|Sy = m')

m'=1

M
= Z p(cl>f|St+l =1m) 'p(cfi Sty1 = m\Sf = 'm'f)
m'=1
= Z Bepr(m') -y (m',m) (2.40)

M N L AR PG A MBRE o0 P e adeESE > AP

Tl REF A SLLR 40T

Pr[zf S 0|C]
E(m i GS(J)U at( ) ﬁt-}—l(m) : ";’f(??lr, m)

:]Og(ii(mf.m)esgw e Drma) o)) 4

» T RE B LLR 4o
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Pl = 1l
LLR(c |c ) = log (T)
Pile;” = 0]c]
] (Z(m ?n)e((k} (Yi(" )'dt—b—l( ) FYI('-'”/I-T”))
= log
” Z(n? myec MO ar(m') - Prpr(m) - ye(m!, m)

Z(m'.m)gc“ﬂ(“”’f( n') - Brpa(m) - v (m' m)

= ( log
( (Z(m;‘m)ecik)(ﬂ)at( ') - Brga(m) - ’Yt(m':m))

k
p(e =1)

+ ( log(m) )

— LLR.(M)e) + LLR(M)

tipin s (M3 AR B LR SBET 2 O edda) s P

Og- @it

(2.42)

= 00

“tF EHR S, =m =S, = mk £ o LLR(AY) 5 BCIR jams Bt % F

o LLR. (P |c)#-F 4 5] MIMO #z 2% i = f2p 5> & & £ MIMO # 5t =~

faph b en® B F A o
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¥

I
Sy
X
P
s
(»s.

3 A o & 1¢ MIMO-OFDM & stz /F#m <

fu—%;;

31UL #3#F CoMP 2 /i i

ok - BAeeTi s FEF COMP Td 5 B As D £ 4- BEE kg i
BHEE? > EFRBREF S22 FIPREH BE R TP T ﬁ*u—fl'\;fu EREE R
Ak Lo B2 BFE 5 OEM e 4 0 3R 4(scenario 4)[21] kBT
BB G2 B ] kg 5 SR T A & 4R e UL 3 F CoMP

i e

BS1

B]3-1: UL inter-site COMP -+ %, B
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Bt AP B 3-1 kP UL CoMP > Bl? = 43518 4 ¥
PoXEAIRR Y EO AW DG ko3 = BAs o BS1-BS2°BS3 >
Z A S PP BRI ERN o G - BERRY > 2 u 5 UEL UE2
UE3:» §% 1 UEl>UE2-UE3 X7 - 2 & B¢ &= BAK - BFRFIT X
E-REPRY AR AR EF FULSERE CoMP gl 327 12 - 509 2
A0 $ o F RS R § BRI 31 - 4 TP BAY SRR

lﬁi#ﬁué?i ’,E’ifl%i%ﬁié?'fﬁ? Bz AR 5oend B ERMTAT o

Fhk- BEAFUELE F @F % BS1> UE2 & + @ Fl% BS2 UE3 &
PATREES R T P QP " et TR e

v ¢ fcF] UEL » UE2 &7 UE3 8 4492 85+ ¥53¢ BSL % 3 UE2 ¥7 UES chid i¥ 21
B8 U & f2 UEL i ¥ B0 gE o iofa ™ i akim timre B ik ¢ Bt o 1
FEYpR B RIS AP R A B o COMP ehi® 2 o 3R

‘11

e

e 2 BT T AR TS - ik MIMO wla%rﬂt“q* ¥R
PIERUEL > dogt = R0 SABeHR * F h wbe @ g an B 5 v g eenfe S o b

£ BSL 5 6]+ o % #8012 BS2 22 BS3 kP 4 F R kel -
P AR A UL B8 e COMP ™ > 1% Z 487 b LT e
o REBERITP IR 0 S - BB FEERPIE > AL R RBEA

LR 32 2P 5 - BEF 2R ERY - REAPE R A

2 W R R AT

32UL S COMP 245 i - R Bl ¥ FTRERAE
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$h 7R 2 A B AR AT B 3-2 #7or (74 BSL 5 i - BS2 &2 BS3 1t #dE)

BS1 gets CSlIs
from BS2 & BS3

Antenna Selection?

NO YES

BSZ2 computes QRD

BS3 computes QRD
Exchange
all wl
observation Exchange partial

observation

v

BS1 iterate K times

I

Hard decision

R13-2: Tk i 3 FOAE LR E 2 95 3R A2 R

321 ik 2Rl TG 2 ARAE

LA SRPIBBIEL S MBEPIEE G AR E T NI AR
Fhad priFmE L El o vRi B (8 RS chds (T > R 3-1 RGP g o
BREBLPRT FG - RBEIM A E BRAR L F RS A LR
RIEBWEFTAI AP  FBAE S €4 7 H 3P MIMO kst %5
£523x9 IMIMO s 5o s d S sa Bt T MK SRR L4435 210 E BAE S
EfERMELTE VR ORE G 2 RARDPFiEL L 3F S o 3x3 7 MIMO 45t F

(3.1)#F % » 3x9 e MIMO 4 5% + (3.2) 77 o
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U1 hip hia his T 1

§2 hoy  has has| - 5?2 + EZ (3- 1)
Ys hgl ]1,32 Il.'g,j T3 g
(1] ﬁu f}l-z f}l;’. 7, ]
'Ifz hoi haa  has 1 N2
: IR T -
s hgl ]l-gg hgg ng
[ Y9 | hor hoa Doz A

F] 5 BRI E S g3 4 o MIMO W p| s » € 5 prenge A o BRI R R A kR

B2 BT R AT - AT

3.2.2 2k 2 el i T AL ELB)E

FUEOTHRE FEE T ERERIE o T T 7§ Rk hg R T
HE TR LR T3 € AL BB EnT A AL & I0e > Flyt 4o gt BLR
B A B AT o & MIMO K ESH bR e X 4K 5 sk § R € 4%dF > 7
W 7R TR T D R R A B BHArRUBLIE E0 R SUE R N R
&?ﬁyﬁm’ﬂ“*i g%ﬁﬁﬁﬂﬁﬁ%%%”mxﬁﬁogﬁéﬁw&
T2 AN EET B L DINAELRE 0 N IS SEBIE > £ F B
B P AL e E o FENIEE 4T o F LB AR SRR B 1S Bt
MR EFT AT AP 0 G B T AP X AEE 3% (antenna
selection)eni®2 > FEE L AP 55 G fleh— & X R(Kp |3 9) > AR Hap
AER DT RTPEREIT AP BFLRRHRE L @Y e B s
chfs (T X REHRT S22 0 3 FondRfeibt 2 Pk EH# o T AR
ML R BT iE 455 20 A & hiTi: EUE R X AT S il B
P QR & f& 5 35 0 AR B A B K T il lg«xf-“i‘_ Frmiex v 43 [4] - ™
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TAPEA B 3LE- BEAEHENHF o AL L BSL X ML E IR

1~3 ' BS2 X MmEL 5 T M 4~6 BS3thx MMHmE Z X R 7~9 BE4rBSL £ &
7€ BS2 22 BS3 :hx M 4~9 = X MY F hw T B F fIh3 M0 @ % QR
TAERS EFREDT PP IMEIML TR6 AT X R anE o A

%92 3x7 e MIMO & 5 § 4o 3t F (3.3) %7

(1] Eu ﬁ12 EIS (71, ]
o f}zl f}22 f}23 o
Us f}al f}g-z Eg:s T s
Ys| = |hayr hao hys| - |T2| + [T (3.3)
gb hei hea  hes T3 EU
yr [ - "7
LYs. E81 Esz Es:z L7

F2(3.2) 0 BRI 5 T A (B0 FIE R ke A 8 12+ MIMO Rl
deitd §EFTE 3B EL T ALGHER o oL T F T TR o

Feha s 7 e B SR TR R R il T - BT

33UL #3F CoMP 24> 2=- 123 LLR

JH ik 2 g SRR AT 4o B 3-3 “6% (14 BSL & & - BS2 2 BS3 14 4 42)
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BS1 & BS2 & BS3
iterate K times

Excahnge all or
partial LLR 7

All Partial

Set threshold

Y
Check what indexes
BS1 gets of LLRs are smaller
LLR from than threshold
BS2 & BS3
y

Ask BSZ & BS3 exchange
those indexes LLRs

v

[I.Rs combination

v

Hard  decision

B13-3:" 24w LLRZ 4 8 in A2 1]

331 g 2N LLR

LAY S RfTIIRBIEZS L ARFHRE L E L L et & B A
BAFMT R N EE A LIRS R T A LLR  F B AR ST 6] e
A S BERHLLR S » Mgt LLR#EE - d 2 LLR AR L ¢ 7 5 ik
Gk T A A A PRAF AR LS 0 i AP E R F AR O
(A LLR F3u4p4e 0 L #-55 B 48 4038 15 e LLR G388 chis it o 23 LLR e 4

A& E kA LLIR i it b 0 L NFORE FL T b |Rs o T AR

FI* - BEF ABRBEANGEF > WP Az BAR L2 Fioed 230
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LLR #a % $& 5 & o B BS1 4P| 4 B Sff =~ gz (5 > R 4 B %id =
A2 EL I LLR 4o38 3 (3.4) %777 » BS2 4 3| 4 B kG gL (8 o RF 4
B s B LLR 4058+ (3.5)#777 > btk > BS3 F 17 P 4 B Sns 2
B LLR 4ot F (3.6)%77% » = B AR S 2 FFE &3 LLR (3 4p e chid % ¢ 4ot

F R o s 2 AR SEREE IS RT)HLLR TR TR A H 2

FRLLR gt 3 2 chds 07 o

{ Lal Ln.? L(13 La4 ] (34)
[ Lyn Lpo Lis Ly | (3.5)
{ Lcl LC2 LCS Lr‘4 } (36)

| Lat + Lin + Loy Loz + Ly + s Lz +Lipg + Les Loa+ Ly + Ly | (3.7)

LLR eh i £ B it QAM &k B 4 B af b et > - 44 = LLR s 1t
BT L 5ehimAda o FEF QAMEE o b BELLR #12 2 f chenF 4L £

g BB S

3.3.2 #FEWMLehLLR

LLR ch@ g4 /) » P R 2 % i 1 & 0677 48R » BeEdrs &

RN g A dHE T o T - AR LA o dek gt B Serfa ik
BB LLR g iE e K5+ ,;'mﬁ%x 2R K AR L EBRIRE %FE
e LLR > FJpt A w2k - B P e (threshold) » # & & %08 =~ ch LLR =9
BRI AT PR > A & KRRl LB el g LLR Bt A

g iptRNIEE > TR AP S A ROTHRE oA P BE T E IR LLR 230
LHE - i o MT AP - BEG A BRBEOEE BT KEP A
ZBAY L2 Fhemde 304 LLR 2 3 4 o ¥ 1 ik 23 238 LLR 6] F ik
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- 4% > BS1> BS2 > BS3 £ 4 i Hnsh =~ LLR 4 & 5 34 5 (3.4) » (3.5) » (3.6)
“rop s A B BS1 & 8 _BS2 s BS3 EFIRA LLR chfiiw o PR L 40
5 (34)° 4~ (element) i@ ¥ &0 2 P HEE 60 Loy 22 Las 0 78 A BSL j
BS2 £ BS3 £ ##%A LLR #dp4ecni % » € 40T 0 (3.8)#77% o 4ok &4 B BS2

& BS3BE KT S BAR SEFINS LLR rfiim> » £ g B Rl - dke

{ Lal + Lbl + Lcl Ln.? Ln.?, + Lh3 + ch La4 } (38)

B EUs LLR 25 > A SRR S e - o TR kR Rk O F
BRI IMS BB LR d 35S B ¥ (% d o AT
R EARFEI R RN RNA e R ol 2 B Y e b = LLR v
B HFHEEARE NP LLR BF oA PRR G RIALLR  dok § R
%2 He MG i e LLR bSO 0 SN T 0 2R S e 0 B S B
L3 N0 F B EE SR log N Sk L bk dok BE F N, B %S =
AT R IR kBl RS & N, Aogy Ny =4 4o % LLR ¥ Lip

kAT 0 R RINHEF L N AL L F L Ny + Ny - logy (V) % o

BA4UL ¥ F CoMP 2 # = 2= i #HFig/EPER LLR

B 2 B AR AT B 3-4 #ror (74 BSL & B 0 BS2 &2 BS3 4t #fd)
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BS1 gets CSIs
from BS2 & BS3

Excahnge all or
partial LLR ?

Y

All Partial
Antenna Selection
Set threshold
) 4 l
BSZ2 computes QRD Check what indexes
BS3 computes QRD BS1 gets of LLRs are smaller
LLR from than threshold
\ 4 BS2 & BS3 ‘L
Exchange partial
observation Ask BS2 & BS3 exchange
i those indexes LLRs
BS1 iterate K times l
l' LLRs combination

v

Hard deeision

B13-4: i i [ELPIEE LLRZ H ¢ i 42 )
AT g P A BRI ERE A ASEY > LB AR S ERE
o ARBBEREEZLE TR AL GFRE L EE  BRFIHLLR RS

Bl MfEmad Fom ok BER D AFHAFTHE T NPT R RER

MAE R AN SLLR 2T R EH P LA F TR LA

35 Sk M2 2 TR A E A

T LT R S R R TR 0 R R R

Notation Meaning
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The UE number of UL inter-site CoMP

Nps The BS number of UL inter-site COMP
Nve_s | The number of bit streams for one UE in UL inter-site CoMP.For
convenience,we assume that all UE have the same number of
uplink bit streams
Nps_a | The number of antenna for one BS
Ras (Number of BS antennas which are really exchanged)/(Number of
total BS antennas which can be exchanged )
Rrir The exchange ratio of coded bits LLR from other BS; (Number of
coded bits LLR which are really exchanged)/(Number of
total coded bits LLR which-can-be exchanged )
Nione Number of subcarriers for transmission data.per OFDM symbol
Nperioa | Period for CSl'exchange (OFDM symbols)
Brrr The number of bits for quantizing-one coded bit LLR
By The number of bits for .quantizing real or imaginary part of observation
By The number of bits for quantizing real or imaginary part of channel
Hverneaa | The total number of exchanging data bits about channel which are from
other BS are retrieved by one BS
Yoverneaa | The total number of exchanging data bits about observation which are

from other BS are retrieved by one BS

LLRm'e-r'hem

' The total number of exchanging data bits about coded bits LLR which

are from other BS are retrieved by one BS

231 E R R TR Rk
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4 if QPSK
M={16 if 16QAM (3.9)
64 if G4QAM

T TR A - BRR AR ST R 3T R
UL 338 B COMP 2 #38 if T3 & BLip| i
AR APECEETRABPESLR Y AP

Hoperhead = Nup - Nug g - (NBS - 1) “Nps a Nigne - By -2 (3-10)

Yovm‘head = RAS ' (-‘NBS [— 1) I NBSkA : ANtone < A'rperiod ’ BY -2 (311)

§ Ras = 1m0 e B3R 2 Bl o § Rag 1Pk is o g2 48300 o

LRI E

-ﬂ/fethf()d101'(ir‘h(iad - H()'(:(f'l'h(f(;d + }/()z.‘r:’rh(md (312)

UL 338 & CoMP < # LLR :

d CLLRE- Blogenid » § LLRNG i f = » 7RA T “Hk B4 1 e

T

eSS RIREER A ECER SIS RS 44

ILLRA 32 e engsn » Ayt >

AU 2 gr[5] ¢ HLLRf & R 12 32
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A(x) = tanh(L(x)/2) (3.13)

Lix)f % 4 LLR > RdeenL(x) 2 & § B 5 (0o, —oo] S8 F 5% e 15
Az)en e m a[—1 1] AP HA()R3eg B2 8 F4I% F w0

LLR3] 3¢

— . f T 7 f .
LLRO'{-‘&"}”}?&’LI(!' — [RLLR * AUE * *VUE_B : (ABS - 1) ' Atone * iV-perwd

. logz(w) . B[_.[_.R] (3.14)

EFRLLR = lE‘f’JEﬁfl;? ’ i&{flﬁ-’i%&%ﬁ% =~ LLR > fﬁl;'RLLR < ]_Eﬁfé’:ﬂ? ’ i}u{i‘!\
LHIA G R LLR 0 LR R AT R R kBT R 2 i

S d LR B Y e ¢
i ET’J;}'FI #i:“ > ;itb -E\ﬁ’l— E & IC,()L‘E.’?':’LEG(I o @ 1»\1,57 IC-()l.‘t'T'hB(td » F IFE "Z’\

I'= jVUE ' ATUE,B : jvtone § Nper‘iod . logz(ﬂ/[) (315)
I7=(Nps —1)-I' (3.16)
L = [([logy (Y- iy “ Rrrr)] (3.17)

7R -

0 if Rop=1
Io overhead = 8 11 i Ripp<l.and Iy < I (3.19)
L i Rrpp<loand < i

LR AL A

-ﬂ/fethf()dQ()l'm'h(iml = LLROI‘GT‘ILG(I!]. + IC.()'U(’TI),(’(MI (320)
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UL 338 F CoMP 2 kil g /BBl EL LLR :

ETS

S AT kg

ﬂ/jethOdSO!:erhea(I = Hovf:?'hﬁ-ad + Yovm‘head + LLRot‘erhead + IC_OUF.I?‘hF:ad

= M(ithocllo-vm‘hend + -[weth'()dgouﬁrhrﬁa.d (321)

RasM 3 LLR PHEE GRK 2> B dtaaa R TR E 2 B enfefir > & if

e & Sk Sl i) S T N S
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Fri WERES

EAFE Y o AR R KT AT O i B COMP G B2 chviar o

(=T T

\\\f;r

Bk AT & Ao

Parameters Setting
CoMP Type UL inter-site CoMP
Channel Model SCM Channel Model, Uncorrelated
Number of channel taps Successive 6 taps
Encoder Convoluational encoder
Number of UE 3
Number of BS 3
Number of UE antennas 1
Number of BS antennas 34,56
Number of layers per UE 1
Equalizer MIMO soft-bit demapper
Decoder BCJR decoder
OFDM size 64
OFDM symbols per packet 2
Period for CSI exchange (OFDM symbols) 5,10,20
Quantization bits for LLR 234
Quantization bits for observation 5-6
Quantization bits for CSI 5

% 4-10 TR g S
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H ¥ g gE 4 = %38 3N (generation polynomial)4c™ #45

gV =142+ 22 +2° +2° (4.1)
g =142+ 2% +2° +a® (4.2)

» Output data A

Input date

» Output data B

W4-1; 5 5o F

2 45 B (interleaver)4r™ #7157

>
>

- XIS
1= ]\"YROHI . (Jl{f mod ATCOL) + [AT/JIVCOLJ

k=0,1,.... Noppss — 1 (4.3)

>
~

Iy

TG
J=8lis)|i/sliss)] + (i + Neppss — | Necor - i/Neppss|) mod s(iy)
i=0.1.... Negpgs — 1 (4.4)
N G
r=(j— ((flss—1)-2) mod 3+3-|(iss —1)/3]| - Nror - Ngpscs) mod Negpss

J=0,1,.... Neppss — 1 (4.5)
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(4.3)5](4.5) 5% B P 4o

Notation Setting

Neppss The length of coded bits
4 for QPSK
16 for 16QAM

Nppscs
2-loga, M , M =
64 for 64QAM
Nrow 4- Nppscs
Neor 13
Nror 11
N The number of UE
i 1.2, ... N.,
max(LiNppscs/2)

$(igs)

2

242 2B LK

Ty TR AR § 0 R B4 32 (block errof rate;BLER) > fpt A i i * — B
B Rl IS FE E RS

TP LB BT T DR &

it (packet)d M d - B ®R M - B FH

s AT BT PR AR
TSR I LT ARE L ook EE A A P g T B
5B As e okl FUGRP s AR AR BHEKL 3 B 422 F
4-3 5 WA EFAfORBIEL > FmE ke - & 2 %o = X eh % B 42
Bl 4-3 % 16QAM % > d B°® APe @i p bt R
cerck £ B 4 o v 16QAM dhiw cri % £ it QPSK 45 - it

vhiw -

3

5 QPSK 1 % »

LI F ==

FREY P oAk BRPREILGRR > AT ERLE - T o
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BLER

BLER

10

10

10

(CIP=K) Exchange channel and observation

T T T T T T T T T T ..

| —&— lteration number=10 |:
| % lteration nurmber="1 |:
[teration number=2 |

lteration number =3 |:
1|:|'3 T T ] i 1 1
-2 -1.5 -1 .5 d 0.5 1 1.5
EbilO
Bl4-2: QPSK < 3% 1 g B2 iRl e
. (1BAM) Exchange channel-and observation
10

10

10

10

| —&— lteration number=10 |:
| =¥ lteration nurmber = 1
[teration number=2
lteration number =3 |:

0

0.5 1
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B14-3: 16QAM 2 4 i if &2 pLip] (&

W44 MA55 L BAS S AWERE e 2 B E T4 LIRS %
B 4-4 % QPSK# % > B 4-55 16QAM A% > d B? AT 1 f 0 &3 # LLR
2% dhie - F 0 =0 2 ARG B ok o kAR R g

®
L’%ﬁfcﬁ") » £ 16QAM hit crvck g v QPSK 4% - & > @ &7 # LLR 2 {3 3%

(CP=K) Exchange LLR when itertaion number = 3

=5
...... T o I B

10

107
[« T S \ PO < e T,
I T~ \W. ¢ - o~ Y/ SO
w L SN CEETEYY N
W\ h gt A NG
1|:|-2 :ZZZZZZZZZZZEZZZZZZZZZZZZéZZZZZZZZZZZZEZZZZZZZZZZZZEZZZZZZZZZZZZ.'EZZZZZZZ
| —&— lteration number=10
| —#— Iteration number = 1 : :
|tErati|:|r| nUthr: 2 . ............ .............
|terati|:|n numher: 3 . ............ .............
3 Exchange LLR when iteration number =3
1|:| T T T T | |
1 1.5 2 2.5 3 a5 4 4.5
Eh/MO

W4-4: QPSK # > #8LLRY fiv S #c 3 3
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(1BCAM) Exchange LLR when itertaion number =3

10

0k ................. LNl ST i

BLER

| | —&— lteration number=10
=¥ lteration nurmber =1
lteration number=2 e S i
lteration number = 3 :

) Exchange LLF when iteratian number =3 :
1|:| T T T |
4.5 5 5.5 B 5.5 7
EbilO

B14-5: 16QAM R & > S8LER S it = #c % 3

I

= ﬁ‘% it

B 4-6 5 QPSK 3 % ™ Ll i Fou{oppliafs - jF % it

I

P BRI E g S o d WY A PTG N e 6B Ak R 1 R B
AN RN AR RR] e B R - fRehe B1 47 5 AR E ki = %

o * 2 itimadickE it LLR Y A6 L 23 23NLLR e % > d BlP A

3

PR AN @ 3R ABEAKE N LLR > T 2 F skdit LLR A KGR 72
e il 0 e PRSP T (B AR B TR (15 rkal < IR BT R g

LLR > vz BLER 5 10° &4 £ %%} 3.5dB -
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BLER

BLER

[GFI'JSKJ Exchange non-guantized and quantized obervation and non-guantized channel
10

10

10

| —&— Mon-gquantized observation

-| —#%— Murmber of quantization bits for observation=15 |- o B
a Mumber of quantization bits for obseration =B
1|:| T T T T T 1
-2 -1.5 -1 05 i 05 1 1.5
Eb/MO

10
0L
0L
|| —&—Mon-guantized LLR :
r| =% Mumber of quantization bits for LLE =2 e P 1
Mumber of quantization bits for LLR=3 - e 1
A Murnber of quantization bits for LLE = 4
'“:l I I I |
2 25 3 3.5 4 45
Eb/MNO

B4-7: QPSK< & it &2 § it 2 23TLLR
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B A4-8 W49 5 BT FEFTAERNT RQRXMNEFEF QR X RE
Pt o TMEFIEE LA SRR FHIN/EAPA RS
BLRIE - B 4-8 5 QPSK A % > B 4-9 5 16QAM 23 % o (%P & e 3 chpLiR| &
St 3 %;Q:Q‘E;T‘%‘ug‘@% D JEAEA WY T Ar o B3 349X Skar < L

15dB - E# 443X Roci < g 4 1 0.50dB - :}%ii\nra*t PFE S T

ZTRAOFTAIHE APRYSBEARCHETN 6 B kR BB
IR R L HERE A N 23 (3.12) ) QPSK #2 16QAM T R F 2 R 4

4355 o ok o HORUR A DR HC 2 83 (BAD) L RashiE g 4 0 SRR

RHERT OGRS ARG A A 43T T R W TRE ke

DIVFHE At R H i ) OB ke G R e X SER T A F R
LI DFTHE o £ 44 L P e B gt s QLA Y AT g BN

R ET O ARER NI AGIBRGH S OE A TP EE LR

L e166.7% @ § i LHFH R L2000 HFRALHEE L R A T55.6% o

Effective antenna number Number of bits for exchanging bits
9 ﬂ/fethOdeerhead(RAS = 1) - ]Imﬂerhead + Y;)verhead
= 9360 + 18720 = 28080
(3+3):6 Meth‘o‘floz:erhead(RAS = 1/2) = IIaverhead + }/m:erhead
= 9360 + 9360 = 18720
(3+4):7 ﬂ/jrethOdloz:erhead(RAS - 2/3) - [Ioz:erhead + )/;)1.‘(?1‘}1(?(161-
= 9360 4+ 12480 = 21840

4.4-3: QPSK 16QAM = #1:F % 2 2 35§ (i if 2 $#¥ 5 5BOFDM# =)

Effective Period for The total (The total exchanging bits) / (The total
antenna channel number of | exchanging bits when effective antenna
number exchange bits for number is 9) at the same period for
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(OFDM symbol) | exchanging channel exchange

9 5 28080 100%
(3+3)=6 5 18720 66.667%
(3+4)=7 5 21840 77.778%

9 10 46800 100%
(3+3)=6 10 28060 59.957%
(3+4)=7 10 34320 73.333%

9 20 84240 100%
(3+3)=6 20 46800 55.556%
(3+4)=7 20 59280 70.370%

% 4-4: v FQPSKe 16QAMA SUE ¥ A il f L P T2 2R

(CIPSK) Antenna Selection

BLER

| —&—9 antennas ......... ......... ..........
H{ —#— (3+3) antennas |- ......... TR W ..........

(3+4) antennas

-2 1.5 -1 0.5 0 05 1 1.5 2 2.5
Eb/m0

B14-8: QPSK % L% ¥ 2. % i 3 &2 LR (E
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(1BLAM) Antenna Selection

BLER

"_E'_BEIFITEFIFIEIS ........ ......... ......... ..........
H —#— (3+3) antennas |- ......... SRTIREIRY ..........

(3+4) antennas : : : : :
10 T T T i 1 I 1 1

a 0.5 1 1.5 2 25 3 3.5 4 4.5

B14-9: 160AM = SUiE & 202 dik i g 22 BLiR|

B 4-10 2 QPSK# ®#7 Si ¥ FiR® =518 > L4 230 LLR 22384
LLR thik % » 23204 LLR chP fEm A bl 5 25354 LLR* = =~ k&
tod BlP P IS LLR chi R ™ PHEER 5 4 chFiz &2 23 230 LLR

ST B b 3T 0 2GR VOB R A NS LLR R T 0 PHEERK S 4

Wi

FFLLR § & 2 et 5> Ry PHEER 2 SR B 0 FI RS ch2 3§ A (%)

o LT AP R G P A LLR PR 5 4
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. (CIP=K) Set threshold for exchanging LLRE

BLER

I —B—Exchange all LLR i

L _’_E}{Chang8 Flar“-'al LLR[thrEShDIdzzj ........ ........ ........ ]
E}{Change Flartl-'al LLRl:thrEShDId_Bj ........ ........ ........

. E}{change pamal LLR[threshnId fl]l : : 5

1|:|' T ] 1 i

2 22 2 4 2. E E.Ei 3 S 2 34 3B 38 4
Eb/d

®l4-10: QSPK =% £ »3¥RLLRE & 7% Eenf4fieE & < #384 LLR

Bl 4-11 5 & QPSK 23 %7F o 24 19 % SUBLRIE > i 118 e 3% ML 4%
BURITE » 12 R X SUEH L BLRIE B 3 2300 LLR iy v i 24
LLR 2z ¥ A 2 - e 4t EH = 92 Mepfinecd ) 5 o B 4-12 27 §) 4-11
o2 Al E B 4-11 BRI E R INE RN 6 Bl gt > P A LLR

S (PHEER S 4 LLR B e s 3) 4z s BT 11 0 wdna 1 LLR

‘ml

T H A B DR AL W s RF AP BR 4127 M2 20T & eh 3
£ 0 1% £ 3(3.12) > (3.19) > (3.20) KT 2 B 4o & #tw 0 d 3t A A P SNR
Bim™ o 233A LLR v F Rppp g 3 — 0 #i § BBFIF R e 8 >
P HEERBET 0 AREH- 192 £/NO=[123]+0.242PF - LLR e v F 4
5[0.3883 0.1572 0.0517] > % SEHE = 1372 [,/NO=[0 1 2] + 0.242P% » LLR #%
Fet F % 5(0.2964 0.0854 0.0215] > < REH =3¢

Ey/NO=[-2 —101]+0.242p% » LLR eh2 3 F 5 %

"
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[0.7188 0.3499 0.0947 0.0178] > @ % SEH w432 [7,/NO = [-2 — 10 1] +0.242
P LLR 2 0t % %) 50,4918 0.1604 0.0332 0.0047] » % 4-5 238 53+ 8

B E/NO= 124200 2 3 2468 5 5% OFDM # =~ > &t BREE T
R MBI B AL 5eod 45 RS EAPT IIAE > FE,/NOB T -
TPAR R R € BE Ol 0 Yt 0 I HLLR B F i ch TR R
ARIMER-PRIARNETERE PN IASEF - PR IAIHE T RFIRBIT £

4-6 v fRGEiE R 5 5-10020 B OFDM # AR T ehi g - d £ ¢ 71U
BRI AET - BE/NOET » A SEREF T AF > LHA LLR
TP :ﬁ%g A% FRAPRIME- L LIS LLRh2 3 § 2 1
TREZPRARDIBEELR S e AR o e R BRI AR A @
AR ME - N Fer i PRI LLR o & SEE L GE Y
OFDM # = %~ » i i & DIBR R G A0 e 2434 LLIR#F £ 2
FEVFIrRE T 0 AT FWE IHEYH OFDM -~ g« J%ﬁ%%s& g7
FAkEET R LLRE b o pldod Wi LW 5 5B OFDM & A pF
B AAMERFEFIIML LIS LLR > 2 A LLR 3 B 4c 2.77%% 3#
Eom b EHEFY L 203 OFDM @ ~pF > @ % X EHE = NI RE L

F84 LLR > 2 4304 LLR #r 3 3 4c 4.22% 0% 3% & o

Effective Exchanging Number of bits for exchanging bits
antenna number | partial LLR
9 NO M ethod1 pperneaa( Ras = 1) = 28080
(3+1)=4 NO Methodl pernead(Ras = 1/6) = 12480
(3+2)=5 NO Methodl,perneaa(Bas = 1/3) = 15600
(3+3)=6 NO Methodl ypernead( Ras = 1/2) = 18720
(3+4)=7 NO Method1 yuernead( Ras = 2/3) = 21840
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ﬂ/f(ﬁth()dgm,ﬂ-head(RAS = 1/6, RLLR = 03883)

(3+1)=4 YES = Methodl ,pernead + Method2,perhead
= Methodl,,erhead + LLRoverhead + Lo overhead
= 12480 + 3635 + 3120
= 19235
_ Method3,erhead(Ras = 1/3, Rppr = 0.0854)
(3+2)=5 YES = Methodl pernead + Method2,perhead
= Methodl,erhead + LLRoyerhead + Lo overhead
= 15600 + 800 + 2931
= 19331
_ Method3,perhead(Ras = 1/2, Rppr = 0.0178)
(3+3)=6 YES = Methodl ,pernead + Method2,perhead
= Methodl,,erhead + LLRoverhead + Lo overhead
= 18720 + 167 + 611
= 19498
(3+3)=7 VES Method3,erhead(Ras = 2/3, Rppr = 0.0047)

= Methodl ,pernead + Method2,perhead

- ﬁ"feth'()d-101.1€r'head + LLRoverhead + IC,o-t!e?'head
= 21840 + 44 + 162

= 22046

3.4-5: QPSK = %1% 48 87 % 45304 LLR2 2 36# (5f 2 ¥ ¥ 5 550FDM =)

Effective | Exchange Period for The total (The total exchanging bits) /

antenna partial channel number of (The total exchanging bits

number LLR exchange bits for when effective antenna
(OFDM symbol) | exchanging number is 9) at the same

period for channel exchange
9 NO 5) 28080 100%

(3+1)=4 NO 5 12480 44.444%

(3+2)=5 NO 5 15600 55.556%

(3+3)=6 NO 5 18720 66.667%

(3+4)=7 NO 5 21840 77.778%

(3+1)=4 YES 5 19235 68.501%

(3+2)=5 YES 5 19331 68.843%
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(3+3)=6 |  YES 5 19498 69.437%
(3+4)=7 |  YES 5 22046 78.511%
9 NO 10 46800 100%
(3+1)=4 NO 10 15600 33.333%
(3+2)=5 NO 10 21840 46.667%
(3+3)=6 NO 10 28060 59.957%
(3+4)=7 NO 10 34320 73.333%
(3+1)=4 | VYES 10 29409 62.840%
(3+2)=5 |  YES 10 29679 63.417%
(3+3)=6 |  YES 10 29727 63.519%
(3+4)=7 |  YES 10 34760 74.274%
9 NO 20 84240 100%
(3+1)=4 NO 20 21840 25.926%
(3+2)=5 NO 20 34320 40.741%
(3+3)=6 NO 20 46800 55.556%
(3+4)=7 NO 20 59280 70.370%
(3+1)=4 |  YES 20 48858 57.999%
(3+2)=5 |  YES 20 49998 59.352%
(3+3)=6 |  YES 20 50355 59.776%
(3+4)=7 |  YES 20 60219 71.485%

%4-6: v QPSK=® sUE# 2 & 7 A HMALLRAD Pl F 2P T2 2% E
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BLER

BLER

(CIP=K) Antenna Zelection and exchange LLR no quantization

...................

....................................................

—&— 13 antennas
| —&— (3+1) antennas
| —#— [3+1) antennas and exchange LLE
(3+2) antennas
(3+2) antennas and exchange LLR
(3+3) antennas
(3+3) antennas and exchange LLR
(3+4) antennas

)

3+

antennas and exchange LLE [ : : _
T ] 1 i 1

..............................................................

2 15 1 05 gn5 1 1.5 2 Zh 3

Eby 0

F14-11: QPSK % 4% 20 % $8 A Bib iaf [BLip) % > 3LLR

....................................................

—&— 13 antennas
F| —&— (3+1) antennas
| —#— [3+1) antennas and exchange partial LLR [
(3+2) antennas
{3+2) antennas and exchange partial LLR |
(3+3) antennas :
(3+3) antennas and exchange partial LLR i
(3+4) antennas

)

3+

antennas and exchange partial LLR

2 -18 -1 04 1] 0.5 1 1.5 2 245 3

Eb/MO

B14-12: QPSK=® #:E 2 2 & it i 3 [P E &34 LLR
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Fl4-13 & & 16QAM 7 %7 > 4 473 MUBLRIE > A 0% SUEHE = 49
Zo AT AR HBLRE 0 12 RR T SUE S LRI R 2 230N LLR
it v e @ B 4-14 21 R 4-13 50020 > A I h AR 4-14 F HBLIR] E g 208 h 3
* BB AR A LLR(PHEE® 5 4) 0 15 #LLR* 3B g -
APy PP ERAL4T B R T R AR 0 17 23 (3.12) > (3.19) » (3.20)
FEUERIT £ 4T S 0 9 2 a7 e SNR R T 5 2 3304 LLR dut %
Rrip§ 7 - # > F g BFPF R HE > AV HRERT > SRERH= 1
® /N0 = [1.5 2.5 3.5] + 0.2428% » LLR £ 314 % £ 5 [0.2498 0.0733 0.0147]
Fobmd B i A 0 F By /NO = [3.242]0F LLR e 0t % 4 5

(0.0288] » @ % SMFEH T 42T E,/NO = [1 2 3] + 0.242FF > LLR e #0543

3

[0.2215 0.0589 0.0131] = % 4-7 HAdR £ R G H, /N0 = 3.242500 2 ¥ i L 3# &
#H 55 OFDM # A T8 Bk ¥ 5 A g Cdf Ty Ing g
o £ 48 AP T ILE 0 F By /NOR I = AR R L Ripp € % F 1%

o FR 0 ER I AT QIS LR EEE - I AP L AINA LLR 602
HEERE T MMHERRE T E,/NO = 32425 b KSR RIS
LLR )= 3% S 3 #2040 LLR > SV 215 &3 ¢ 5.876~6.906% 9% # £ > 2.7
YU ok TR AR RS (A PR R 4-14 0 L LY 5 2 B OFDM # ~
pEo s fE 2 g AFE07dB) > ¥ - B g kg o AL R RIS PRI AIHENRA

LLR » 822X ¢ § & fiesiocic £ FE(t L EE 2 P iR Bl 4-14 0 § @ L&

5 21 OFDM & ~pF> & f6 2> ;2 ) L £ 0.3dB) » 7 i 47+ 14 5 18~23% < 4%

=k

o

Effective Exchange The total number of bits for exchanging

antenna number | partial LLR

9 NO chfhodlmlf.,‘heud(RAS = 1) = 28080
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(3+3):6 NO jwczthOdlr)l.lerheud(-RAS = 1/2) = 18720
(3+4):7 NO jwczthOdlr)l.lerheud(-RAS = 2/3) = 21840
_ ﬂ/f(ﬁth()dgm,ﬂ-head(RAS = 1/2, RLLR = 00228)
+3)=

(3+3)=6 YES = Methodl perhead + Method2perhead
- ﬁ"fEthOd101.1€r'head + LLRoverhea(I + I(f,o-t!e?'head
= 18720 + 427 + 1708
= 20855

(3+3):7 YES ﬂ/f(ﬁth()dgm,ﬂ.head(RAS = 2/3, RLLR = 00131)

= Methodl ,pernead + Method2,perhead

- ﬁ"feth'()d-101.1€r'head + LLRoverhead + IC,o-t!e?'head
= 21840 + 246 + 931

= 23067

24-7: 16QAM = SUE # &7 L 330 LLR2 2 3 £ (L L # 3% 2 5B OFDM {3

)
Effective | Exchange Period for The total (The total exchanging bits) /
antenna partial channel number of (The total exchanging bits
number LLR exchange bits for when effective antenna
(OFDM symbol) | exchanging number is 9) at the same
period for channel exchange
9 NO 5) 28080 100%
(3+3)=6 NO 5 18720 66.667%
(3+4)=7 NO 5 21840 77.778%
(3+3)=6 YES 5 20855 74.270%
(3+4)=7 YES 5 23067 82.146%
9 NO 10 46800 100%
(3+3)=6 NO 10 28060 59.957%
(3+4)=7 NO 10 34320 73.333%
(3+3)=6 YES 10 32614 69.688%
(3+4)=7 YES 10 36937 78.925%
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9 NO 20 84240 100%
(3+3)=6 NO 20 46800 55.556%
(3+4)=7 NO 20 59280 70.370%
(3+3)=6 |  YES 20 56476 67.042%
(3+4)=7 |  YES 20 64839 76.970%

#4-8: v R1I6QAM* SEHH T L HEINALLRAT P L FH 2 2 E

(1BCAM) Antenna Selection and exchange LLR no quantization
1|:| T T T T T T T T

........................................................................................

10"
o
I
N S S T T 7 W | L N
e T | DS N L TN ST SN
1|:|-2 ..ZZZZZZZZEZZZZZZZZZZ;ZZZZZZZZZEZZZZZZZZZEZZZZZZZZZ.'éZZZZZZZZZEZ.'ZZZZZZEZZZZZ.'ZZI:ZZZZZZZZ..

[] —&—19 antennas : : :

[| —#—(3+3) antennas i RIS
|:3+3:| antennas and E}{Change LLR ......... ,_ ..........
|:3+-4:|antenn35 ......... ,_ ..........

4 (3+4) antennas and exchange LLR : :
1|:|- T T T T T 1 1 1
a 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Eb/MO

B14-13: 16QAM * F:EH 2 v A & (4 3 (Rl B2 23°LLR
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[15@Ahﬂ] Antenna Zelection and exchange partial LLR quantized channelfobservation and LLR

107
g
w
—
@
10° .
[} —&—10 antennas
| —%—(3+3) antennas [
[(3+3) antennas and exchange partial LLR [~ ----------
(3+4) antennas~ peeeee ..........
5 (3+d) antennas and exchange pamal LLR :
10 . I T ] ]

a 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Eby 0

Fl4-14: 16QAM R St 4% 2 2 Ji & (W3l o LR £ 27 384 LLR

G e % K F o AP de % L ATGUE D R amE W T
EoH-g (et > 23k LLR i e A g T3l > Roamic g o LLR #rik % ch
WG E AR N SR e A e BP0 B - A
TREH AP 5 4Tk 4 G RAAR SRR WG il T
(T E px 3X9 )k B)— H 0 o B 4-15 5 A QPSK 3 % T 5 % 5k 3x9 i1,k ki
ZHMW OSSNSO 2T T4 2T M L DIMLLR 60k Sz skar v
Fo @ B 4-16 22 ) 4-15 #5000 > £ %] ot B 4-16 B 2 34 LLR i B F
CUETLE AR S F SRR APF > T4 LLR 2 ska 32V 0T R L 3x9 0k
Yoo ] 4-15 22 B 4-16 SpLip] B eh R 3RE B3N 6 B A R 1 o i FF
BpIRt 5B AELOLLR Y 3B ARt o 2 HHINA LLR (0 K
d 3372 e SNRFRT » L3R4 LLR v S Rippé 7 - 1o ¢ BT F &
PR AR R T OAE 5F A RIARY B/NO=][-2 —101]40.242
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FF o LLR e 30t 5 5 5[0.8454 0.5044 0.2072 0.0410] ° % E,/NO = 0.242F% > &

oo IR SRLEBELR B 2 R

G4 MRS LLR 24§ 4o

TAA49H T o d PEET o AP AFERY P T IR LIRERPE S R

A LLRi&d f873 2 FI#7& aotiy » THBEPIET LR O

Y
r R

s

BN LLR R R0 e AR 5 f S R s 4 R AN P LA BT

P AR 5 X Al B RO

Antenna | Exchanging Period for The total | (The total exchanging bits) /
number method channel number of (The total exchanging bits
exchange bits for for exchanging observation
(OFDM symbol)-| “exchanging | when antenna number is 3)
at the same period for
channel exchange
3 Observation 5 28080 100%
/channel
6 Partial LLR 5 5060 18.020%
3 Observation 10 46800 100%
/channel
6 Partial LLR 10 10119 21.622%
3 Observation 20 84240 100%
/channel
6 Partial LLR 20 20238 24.024%

%4-9: 1t FQPSK A #

v =

TR DPVER B AR SIS

LLR %% fe il if 2 4 ) T 2 2 46 8




BLER

((AP5K) Compare methodl and method2(all LLR)
1EI Froo

for different BS antenna number

L] —&—Exchange channelfobseration(Murmber of BS antennas = 3)
10 —#*— Exchange LLR(Number of BS antennas = 3)

F Exchange LLR{MNumber of ES antennas =
Exchange LLR(Mumber of BS antennas =
Exchange LLR(Number of BS antennas =

4)
5)
E)

-2 -1 1] 1 2 3 4
Eb/M0

B4-15: QPSKA M S =R ML HFEF I p/BBIEL2EF 5 - P2 M2

BELER

4-16: QPSK f #

I L 2FRLLER

partial

rrrcdrore

|| —e— Exchange channelfobseration(Mumber of BS antennas = 3)
it -| —#— Exchange LLR(Mumber of BS antennas = 3)

Exchange LLE{Mumber of BS antennas = 4)
Exchange LLE{Mumber of BS antennas = 5)
Exchange LLE{Mumber of BS antennas = B)

-1 1] 1 2 3 4
Eb/M0

-

v =

THE CIRALLR

-53-

PR A2 R R (R B AR

LLRY for different BS antenna number

Ell N SR



AR @m2 Y o AT MIMO-OFDM kst UL A 5 2 fF éh CoOMP Jiw

A

T AR AR Y R R e b R 52 BT R 0 R
BARI G AR A PRI Z B R R R E TR LR
F Al g o KR Y AP T o ?1 COMP FEH 7 14 3 4¢ trim®e i 55 £ 4578

—?gm g Fla ARG ET URY AA4AGHERE LTE-A 2 g ¢ o B8 -

ul
48

BE R4 2 0 F2A 22 30A LLR Rt 5 - fE2 2 54 b3

LR AT UG R gt o Vb KR 415 ks Fae, ARE

~=h

\F‘

R SRR & ST A LA Rl Nt

MRS R AR AR B AR kA R 0 R T 4 B - BAFSRA R
B P F MIMO Jk Susgenfi s PrH AR e R B eniiF > 4o § satd M4f
3R E - BT UEFT RAL o A COMP UL ¥ o S AR S BT LT
TR EERE AR DOt BT TP AR R A RERY
QR LLR e ir ke '8 M B 5 — BT 0% K B e A7 5 B HARQ
(hybrid automatic retransmission request) % i & » %JLT‘E[L;L N G e
1 RF R A iEr 7 LT ] GNRAL o B 1S (B ¥ %8 (precoding) 0 7 BF
Sn#8 (space -time coding) # $rjirs 77 & COMP i iz & it @ i * » & /¥ 10 g

TR RWEF2 7D -
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