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Methods of Adaptive Transmission Control for SVD-MIMO using Incomplete Weight

Matrices

Kiminobu MAKINO ¥, Takahiro SATO, Fumito ITO, Takayuki NAKAGAWA, and Naohiko TAI
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%72, SVD-MIMO B LW ATC ZEHT 2 2T A
ELT, m— FL—2HfkORERARE I T 7o ko
RSBk field pick-up unit (FPU)DAFSEEIFE 23 72 &
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bot [8]. LanL, WA FPU TiE, 4K/BK EDE
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ratio (SINR)IZFES T2 TH D, FA KU —LADIREE
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VTN RD D)5 1F signal-to-noise power ratio
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MER (LLF, T3R5 MER) SHWHNTE 2. D
L, BN EZEY oA M&MFH L7z SVD-
MIMO D %H| MER & SHET—873 2. — 5T, &£
BWEREECIE, #ME Y = A MTFNIHIEELES 7 ¢ —
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MTHITIFHEE MG 0=, FH5BETsIE L

“C minimum mean square error (MMSE) 175123 & 4
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W2 LT, BBYETE/RTX, 4096QAM 25 D &\ A
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6 FETIE, 4 EOFBEOHEEMERIC OV TR
Ralb—va kTS, 7 BT, #EIGEE
HIAMERE ORI E LC, FHEKEY Ia L —Ta itk
D FiEEOFTE SNR & &R OFTEE SNR O FFAff 4 52
Mg 5. WBIZSETRMIEE LD, SHOBAIC
DNTHRD .

2. SATLETIL
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BOLBEERENERSIND728H, 4X4 SVD-MIMO,
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V. MER| RS: Reed-solomon code I
. — . — 4,““'@:,%,{25&‘32C‘1~—=—| SVD I FFT: fast Fourier transform
Transmitting from BS to MS in DL IFFT: inverse FFT
I GI: guard interval I

Converting Tx weight matrices V"

Choosing total no. of modulation index N™¥(given in this paper)

] \  |Determining cach modulation index {7} (Zn=ymd)
Allocating power distribution {p;} (S, =1) RF- radio frequency

N\ P4 N, [Choosing coding rate R (given in this paper) 7

PA: power amplifier
LNA: low noise amplifier
IF: intermediate frequency

1 VAT AETAHET 0 vy
Figure I Block diagram of the system model.

downlink (DL) TiZ[F% O BIBEHEENRRD 55— o x1 /?‘RIB STD-fB75 #fi7G (UL)
T: 1 Speci i ARIB STD-B75 (UL).
HT, FRCAS O (% T ORI AE Sh b wiel Speciieationso b
7=®, 2x4 space-time trellis coded-MIMO (2 & B15%5H Parameter
RS0, ryna | 0
FTP, VAT LAETAONET v 7 #R I, G - : i

_ . . . Spatial 4X4 SVD-MIMO
JLER LIORT. 2B, R 1BV CORRm TG multiplexing
BT % Rl a2 RAT TR LI, RROBEREEIL7 S 1024 2048

X . - ubcarrier 19.97 9.99
L— AEAREEIC L > TR DA, KX CTHERT L% spacing (kHz) ) )
AR CIEA 190 Mbps Tl b, AR AT AOFE LT, Mode Half | Full | Half | Full
- ; ~ Occupied 847 | 1718 | 847 | 17.18
(RERE I 7 X v U T HOZA M) —A8#HE > b bandwidth (MHz) : : : :
BT Y S 2 25 3R Al D A FH A TR BN = xﬂﬁﬁ 44 | 860 | 848 | 1720
¥4 L B0 T IR B O LSRR & (SRR U No ot data T o oo
TEET 2T, BEOLREN L BEZ WY 2 Ss“bca;rier;
ATC BABES RTINS, 0O, i=0,1,23EA b orders (No) 10,12,14,16,18.20,2224
V=2 VT v I ATHDH. EEETEIN—FKy=T Mod. schemes BPSK (1), QPSK (2), 8QAM (3), ...,
S - "~ Mod. ord d 4096QAM (12
A AT ORI RBICBHIICEEY 5 = & EEE (tod. order) and 4036QANL(12)

) . mod gy Z5 T 1 [ < C RE ST A2 S0 Inner code Turbo code (Code rate: R=0.33-0.92)
Tho. E N > > Outer code Reed-Solomon code (204,188, =8)
KO THD. 25 LHENS, N™EEE LR GI length (1s) 626 | 939 | 125 | 125 | 188 | 250
BE GRS MEICE U CRAET L, RCBIETE A Sym. length (1 s) 563 | 595 | 626 | 113 119 125
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%, &AM —LADEERBEIISCT, EARY —
L DT SIBLSY B (p)) R0 2 7 2 (TR B ™) % T
ETHNELEEND. ZhbD ATC AL, TDD
L= ABICHIBAER SN D, KT, N
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BEOREEE LIRIET, &2 MY —LORTLER “mwmml s
NS . ) 42 TDD 7 L-— i
ETHEMICTOVTIRE - 5HliT 5. 72k, N™LR Figure 2 Example of TDD frame configuration.
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b VT, 4 2ORETTFHICHH LTI Fv Y
TTONRKAIZE DB THRD. UL IZBWTHEMT
% ATC OEHILRERERE Y =4 MTFIDOIERIL,

BETH—ORD UL 7L —2D A gy VR L
ZEMAL, BSRITERTS. 618, Thboift
LU =A MTFNIE DL % U T MS 252 S A
Ehd. ZHLI-EEND UL BMEFAT 537 A—X
R = A MTFNZT D 72T (AR TIEDL Y 77
L—ARETH 5 0.28 ms UL LO)HIBRILESFHEAET D

3. SVD-MIMO & E

AIROIE Y SVD-MIMO {Bi%1%, &2 U —AITHK
WRBENZHY L TD ATC LPFETHAT L2
LT, BWIBEGEKAENRLIAENS[2]. &Kl ATC
BEMT DI, B & AR ER
ETDHIENMBETHD. £I2T, EZET=A IR
HARAY 2 TERAEAN 72 SVD-MIMO {5k ], 38 X OVEREREO
EREICEIL CEZIE Y = A M RsEade [FEERN R
SVD-MIMO {53 BT HERESE, BIOMEE
NOFWEN 2 EOITBEBIZONTEET D.

EFT, ELLDERICBVTHEIURILD, £k
ZET T TRIOBIEITEITH 5 MIMO BIkEEAT
BIH € C™*% SVDIZ X W kKD X 2 12yt 5.

H=UzvH 1)
ZOWE, U, VeC*MIz=FV1TH, X e R™ 314
B 2 ERITFFOXIAITHITH Y, IRFO H T~
NI— MRETHD.

3.1 IHEAEM7E SVD-MIMO {&ik

HARRY 72 SVD-MIMO {mE DA X 3 1R, 1%
ZREOU = A MTFIE LT, BENREZEY=A b
THHVEBIOUIZHERAL TS, ZET oA M7
FIUNERE L%, VoA MMEZBEREXY ML
Yol

yo = URH(VTx) + n] = ZTx + U'n )

Tx signal
X

Weighted Tx signal Rx signal ~ Wighted Rx signal Equaligfd signal
VTx x+T'27'n’

HVTx+n ZTx+U%

~
2]
=
o
o
R
g
#
=

T'Y
Rx-side (BS)

Rx weight matrix U"
Equalizer matrix

Tx weight matrix VT

Equivalent channel
U"HV=X (diagonal matrix)

R
. Noise/

3 FARM72 SVD-MIMO &% 7 7 —
Figure 3  Procedure of ideal SVD-MIMO transmission.

b, ZOW, x={x, e CHIEEREE, TeR™
XA OIRIEASY {\/p} & SRS ISR OB
By %t fA1741, n= {n, € CH¥ additive white-Gaussian-
noise (AWGN)X” M Th 5. 723, EERFEFEIL
42N —LBFR—ETHIVLERDHY, Yp=1IC
filF s s,

FeALH 72 B 71T d B EAE Fyldyy I H LT 8 =
F OB WA THIT ARE ST

y=T'Z'3Tx+T7' 27U n=x+T7'2"'n" (3)
Lid. ZoFr, EEEMEFNZ b, o' =0T
HY, UNI=2=F VITHITH 572, nk RO
HFRT ML ERD. Eie, yO%EFEy T

Vi = X+ nlEp) “
Thd. DFEY, PIRESxICU(Ep,) TR S T
MEENIEMBEE S L L TUNbo TRIESND [2]. £
7o, T TCREOEDEEMICUTE S T2 LD T
BEENEHTIIW = Z-lU % EHRT 5.

3.2 SEEMMA SVD-MIMO &%

2 BETHRAREZVAT AET DX ) REBD SVD-
MIMO G2 TiE, & R & » TR R %EZ(E
Tz FEERTDZ L3S CRETH D [4,5].
BlbxkZ T eRE Y =4 MTFIV', BN SVD-
MIMO {5553 BEATHIW H &AL L7245 5oy BiEA T I
E VWD T RERTR T = A MTFIEER T 2 FEAR 72
S OWTHRFTT 5. EEHMZ2 SVD-MIMO {5i%
DWNER 412577, ERRIEITH D% E Sy
i

y =T 'W'[H(V'Tx) + n]
=x+T 'Wn+T'ATx
L. ZOWE, AXTWRITHTHY, WHYV'
LHAATHI € CYDESTH BT,
A=W HV' -1 (6)
Wk vkobng. HIERZ SVD-MIMO {RixEFER,
FTEEFICMACHFEETAZEEND. B, I

&)

i Weighted Tx signal ~ Rx signal Equalized signal
Tx ignal cighted "X signal S signa q g Interference

V'Tx HV'Txtn x+TW'Tn+T'ATx

[y | T e N°
[

Tx-side (MS)
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Tx weight matrix V'T}
Signal detection
matrix 7 'W'
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iy Hy L Py
o IR S s/
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Figure 4 Procedure of actual SVD-MIMO transmission.
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TR BT3B B BT AW 12 L 0 SRR S i e
T 'W'niZinz, W' O 5o ICZINT 5 T3
AT ATx 3N 5.

321 FEEIA MTIIIDEIE

B2 2T IE T 1iE ARIB STD-B75 [9]IC H#EH#L 9~ 5
7o, EATHIERFEY =4 MTAIVIZEELT, 32
OLACBERNFET D.

1) B ER

EEY = A MIFIEERT 2BRCEHT2H
EHEERIEATAIHCTH Y, EBICERT D
MIMO F % /L & Tl 2. 2 3Tk~ 7 il i
FERL, NAmy bR EER L iR
e A EET S Z lIc kAT S.

2) =E{biazE

REIEY =4 MMTHNE BS TYERR S 7=#12, DL
FHELTCMSIZEEEND. VAT AET AT,
DL DREFIRICB T 2 EEF Y =4 MTFIOT —
FREVRLS T O, FERITEBELL L
123 bit &L L TIRIET D [9]. FIICPEViRZE
BRAETD.

3) REFEEET=A ML D%

DFEFRIZER Y = A MTFIOT — X &%& D72 <
THD, § KOV TXXx VT 52T a—TF 1
s7uy st LTEED, RETDLI—DDERE
v x4 MIFIMER S5 [9]. i kv Ef
HI7R3R(E U = A MTH & L_FRENRAET D,

322 FEESETIOEIL

321 HOREE Y = A MTAIOLLERTHH o7
DEHEIEHEE R EIZ K 2P LD A, SVDIZ X
DEMTIEZRL, BESBEFEICX VRO EN D175
DEMENDTD, BETHTINEWHLENT 5.

FEEaBFE s LT, BELGTERw = 271Ut
LRl — D75 % i 9 5 zero-forcing (ZF) Wy =
HV)™' I n %, MMSE,
successive interference cancellation 72 E23MER I LT
% [11]. ARIB STD-B75 “CI3MEd iR O IHIGES) & 4L
FOMS X5, MMSE 1781 & 515 B2 B2 il 7~
SNTEBY, KX THRIFRNZHEHT W =
Winse): Wamse! S EEE T = A MTAIV' L HEER
Wk AT 4 H % FIC,

maximum likelihood,

— v \S gy _* ]_1 ~ n\H 7
Wisuse [(HV) By 1| (V)"0

LEFRSND [9]. ZOKF, SNRY 1IZET T I
BIFHIFEE SNR THDH. ZhIT Xk WIESHEEITIN,

FFIZIK SNR CTIIW &b TRELS LT S,

4. IEBRMBEETEFE

2 BETRREZV AT LAETAD L D RERD SVD-
MIMO {2 TiE, #E LKA MY — ADEERKLE
IZHEASE, ATCEEMT 5. FFIZV AT AET LTI,
ZEREFICBITHHLER LHFLEZOHETHS
MER IZ & W ZER B LA RBLEND.

41 A MER

BERIDOREE B & ZEE 2L Y MER #3HIT 2
2 MER M ER™"" {3

MER™™ ¢ =3 (|t [)/Z(|r, — 1, ®)

EERINTWD. ZOF, t, BEL W r, eCiztTh?
N TNA T v I AsDEZDERREFB LR
FEFEZERL TS, FH MER IMEEEMLEZDH
DOERILLTEY, Mt 72k SINR & [FFE
THDH. UL, EERNCHEA MER Z3HEIL, ATC
AT Z LA RETHD. 2T, HEEIRE
1151 SNRY- 25 5l MER % #7295 5 MER O
FIF BB SN TS [6]. #5 MER 2392 MER %
ELLSKRBTDZL1L, BERMEZELIHET D
ZELRIFELERD.

42 HEEMBME MER

PERIENT K % #A5E MER (HER#A5 MER) D E #6113 3.1
HilZ BT DS TRFAD AN HZJE S iz

MER®™ = SNRA-&p, )

Thoi.

43 RE#E MER

AEL T, MEETHBFAOEN, THRSEHBE LI
#a% MER (GRE#HF MER)ZIETS. 9, KO
Bl D HE AR T W nix

T™'W'n =T (Swouny ... T eng )

- T, 10
=T 1(\/Ek|w0,k|2"'\/zk|w3,k|2> n'

LRBIEND. ZOM, w JIW OATKFIOEHRTH
v, AEEICk=0,1,231ZA PV —AL VT v 7 X,
n|3HEERY PV, IRFOTIFRETH D, Fio, F
VAR THDnDORLEDRET T AHMTHY,
VE w1 w, oy D 2> S DIRIBEB R TH 5 7=
W, 0= {n'NEInk AU EFD. £12, RAO)D
R AU NURSFNGY- 535 A= URY0 M I b
Vpknh, 22T, @OHEANZ SVD-MIMO 15
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T B R R L RIERICHR DL LT, Z7p LA RMHEE

%
& = 15w, P an
LEERTD.

FERIC, FOWCBIT D THROT ! ATxiX
T-' ATx
= [(CBox VXN Pos - » b3,V Prx )V 3] 12
LRBLEIND. T I T xADATAFIOBEHRTH .
EEEBExITENENEYENN 1 I LS TE
EINHD, EFLEHOMMHENS, REHRK
MER MER!" %

MER™ = [(SNRMp) ™ + @ 8%p0p) " (13)

LERTD.

431 FHEHHEER

K(11), AT B T W ITHEERIREE OB B K
Wi, LnlL, WEW Oz, HEBIEITHIEE
ORI T OB OB B RNAT 5720, ZET
BERNRINTHD. 2T, HEEIEEITHHIC
WTEIE % 0 2 72 A TE AR AT AU H O % A, fR3%
HREAHET D, BIREHEERZEIL, AWGN (ICi
Wt 2EHE, 7%y U 7EE-CHIEEE AR
%5 AWGN IZBIE# L7 WEERH D, EHHHEEL
TARE IR SEHEE ] O MMSE ¥ = A b Wyiors &

HO = H + Dgyp+de1

P— H——
WI\EI(\)/[rSE — [(HCor. V') HCor. v’ (14)
4 = H
b 1| (HY)
SN RAvV.

LD, ZOWE, Doypl XM & F— D5 % £
S AWGN TH Y, diZ AWGN IZERTE LAV ESR, 13
ABFE 1 OITHIE RPN THD. ZOWames & (1),
H(12) ITBT D Wy POV ICW & LTHEAT S
w' = Wh%l(\)/féﬁ)'

5. BILEEFBTILTY XL

SVD-MIMO (2875 ATC 7/ Y X AL LT, i@
ERAF LI IE S S AFIBERARL RRILT D
ARG AL LT, HKEHREE IS 035 b AL
TW5 [2]. BARDpREE>TNDHLEEDE X |
U — A0 BTG & 72 » Ol E A EC IS A b
J —2 MER MER; % VT

C; =log,(1 + MER;) = log,(MER)) (15)
Ths. ZZT4EPLEBY, HERETIZ
MER®™ = SNRAE2p, T 5. F£12, 1 LA+
BV MER, TIER(I5) DA R T 5. il zEd
IZEFHBE AR C &k Kbd 2 BB TEKE
BT, SERZRRESM L LEESA I EE R Y & 72
% [12]. EBOLGEICHAVDEEFER TR H2cED
MER;&72 Y, SVD-MIMO 231 DK EM & %E S
Bl OEEEAEE S DR LD, RimSU TR
WO OSBRI D Z R FEE LTERTS.
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Abstract

In this paper, new adaptive transmission control (ATC)
methods for SVD-MIMO using imperfect weight matrices
are proposed. Combined systems of SVD-MIMO and
optimum ATC are expected to be the optimum transmission
for channel capacity. However, it is difficult to use ideal
weight matrices for actual transmission. A conventional ATC
method was optimized for the ideal transmission quality.
Proposed ATC methods include new transmission quality
indexes and algorithms also optimized for using incomplete
weight matrices. The evaluation results show that the index
estimates actual transmission quality within 2 dB and the
algorithm decreases SNR required for quasi error-free by 6
dB.

key words
SVD-MIMO, Adaptive transmission control, Adaptive

modulation, Field pickup unit
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