2020

A% LDM-MIMO A|2¥9] F7F A% BER A5 4

3
29, ABA, AR, A, 1A
S et S AR AT

hnkim@pusan.ac.kr"®

Middle-Layer BER Performance Analysis of Three-Layer LDM-MIMO System
according to Injection Level

Soon-Young Kwon, Ho Jae Kim, JaeHwui Bae”, Namho Hur", Hyoung-Nam Kim®
Pusan National Univ., ETRI"

oF

8 ¢

Fulo] A v E WA 2~8 352l ATSC (Advanced Television Systems Committee) 3.0 A]228l9] A 742l
A% #3 t}=3}(ayered Division Multiplexing, LDM) A% WA1& ©d RF (Radio Frequency) do|A thg=o] AH]~
PES Agstes Waolth, =3 ATSC 3.0 Al ~Ele] Byt Aeix g2 ALg5 = 2x2 MIMO (Multiple Input Multiple Output)
& WAL g QHUE AMSStY] HAE 7S F7HAIZITH ATSC 3.0 Al2=Hlel= 2 A5 LDM Al="lo] B2 AT
o=z AYso] AT [oT (Internet of Things), AH& T8 T3 Z2 v 7|& EHo| w2} F714 HAE &%
B7F Q% AR oiHr). oo B =2 A T4 AddA a8 AE & FgRE 93 3 A% LDM-
MIMO A8l the A5 Ay, o 5 A8 53 a8 oz 2 A 23k 4ylel o8 delxe T3 AF9
BER (Bit Error Rate) A%& #4]gtt. 2ojddg A3 345 LDM-MIMO Al2=¥1e] F3F A% BER A% 343 v
29 w7 e wegl WH (Walsh-Hadamard)-Linear, NP (Null Pilot)-Linear, WH-DFT (Discrete Fourier
Transform), NP-DFT 42 58 45 BAth a0 491 ATk 2 AT A3 Zol, a7b F3 AZ 349
AZe A8 Zolgta & ul, ay,a,7F 22 3dB, 2dB ¢l 7% NP-DFT & A&7} H3F52] dA v, a,a,7F 272 2dB,
2dB %1 4% NP-DFT 4Als7} AdA o s B4ue As Gl

ATSC 3.0 Al=81e] =95 o= gy g

I.Ae LDM & A7k Agol} F34 A9 o] Algait

H 2uFA AHI2E AlFste OAYd wEd oig 7129l TDM (Time Division Multiplexing), FDM
Aol molx]H A, A4+sk 8K-UHD (8K Ultra-High (Frequency Division Multiplexing)3}+= 23 21359
Definition) W&ol g A= AAxHA Zopxa AEs o] AREE7] wiie] HE &8l H&
UTH L], -Evtetet HrldA= olg s Fo BEEo], Alz="lolt}[3]. ATSC 3.0 FFoE= 2 A% LDM o]
1444l UHD &2 o554l HD W&ol A YA Aoz AYHo AT 0T (Internet of
A2 7hsek Bl Mgl AT W 359l ATSC Things), A& F3 T " 7|& o] ot
(Advanced Television Systems Committee) 3.0 1A HAE &8 IHy Fad Ao=m gatyn,
A=dS AASAG[2]. ATSC 3.0 A|=ge 7]&E9] ddE Foge ALdE ©E Z2&5FSE ANEET

ATSC 1.0 Al28nth Hx 30% o e 44832 felds 3 AF ool thlF LDM Axgd d@
Agsel, 2 Al OA" gE EFA KU DVB-T2 A7} BasrHd),

(Digital Video Broadcasting — Second Generation w3 ATSC 3.0 A|adHd+s= 7 AUx2 g9
TerrestriaD®Eth o Fdd AHs L G&5HA AMujx= SHRIUE  AME38H= MIMO  (Multiple Input  Multiple
AT HxE Frh[2]. Output) 7]=o] A== At o2 g MIMO A =g
A% #3 o453 (Layered Division Multiplexing, 3 AlZ LDM A|2=®ES Adste 3 A2 LDM-MIMO
LDM) A% WA ofe Mo wE 2E"S st RF AN2ds F58 ZA$- 7129 dY Alz2dBy g¢&
(Radio Frequency) gl BuU7] ¢33 th53} wh2jolm, FgE AE 8FE 48 5 Ad6].
Stream A — BICM
(Upper layer) (Upper layer)
Stream B _| BICM
(Middle layer) |(Middle layer)
= ] Injection level | T\ Injection level | T\ Power |
g g | controller o, L controller «; L/ normalizer 8 TX1
Stream C == )
O = -
(Lower layer) @ 'g" o
] = Injection level | Injection level ol Power ||
= S [T controller a; NV controller o, N normalizer sz
LDM Combiner

a3 1.3 A= LDM-MIMO £ A|&H B2¢,

0017



2020

a8y 3 A LDM-MIMO A28E #5344
2 A= LDM A|283 7o AHS ] Be AZ=om
vaaty] wiel, AW Ay £Fel 7 AFe Al
Aol 2 Qg foh 53, F3 AT 4§ oe
AZzRnt AZdE A" wE F£A Aol 7
Rigksith, ¥ w82 3 AE LDM-MIMO A28l
=2 FyEr EASE TU-6 AES A48 7
AY xy Fd8 wx 2 QY By W ulal
g A= FF A5 BER Bit Error Rate) d5<

II. 3 A% LDM-MIMO A|2-#

2 Mol Al Qe 2 Ao Al AdEYUE A=
2%2 MIMO /\]i‘%‘:]. 2 SISO (Single Input Single Output)
Al~glie dE &Fo] A 4 Alzdory. ¥
1 & 3 A% LDM-MIMO Alx®lo] F4 ESEE
yebdict 18 1 9] injection level controller = Z+
Asel AY F£& AASY. F¥Y  ASUpper
Layer)®] dgo] =7} AZEMiddle Layer)®] HHHT}
a, dB A AAEHIL, I AT dHo] g9 AFTY
AEHEY a,dB A AAE}. s LDM Al59
HAE-& power normalizer ol o3& A F3}E o] AL},

2x2 MIMO Al2=®l& 2 J7j9] AlE =& A& th27
At AFsr] wEel] 4 dEUE 1@5]0%
aaxo=7 FAFETHS A2
74]%% AE &%l 39 AF °ﬂ 313}04

ox= O]% FA AEl =g BERZE g} ols 71y
A9 e =& nAHsY] AHFER, A9 ASH
1t AT MISO A~'1S A&gtt) 319 AlS(Lower
Layer)< 4% AlS= F3F ASol nl&l dE 850
5 ERE v, MIMO
A 2B A 83t 5 glr),

SISO A" 25 E E337] fd shte] Adwt
A AW, 2x2 MIMO A28 A5 4 A9
NS 25 FAS o gt 4719 Ade E"Cl‘ FA38H7]
$3 g E* v X = WH (Walsh Hadamard) 8]x]¢} NP
(Null Pilot) ®ix]17} doH[7]. 3Lz A9 QLS
FAS F delE A9 Zﬂ%}% FA8oF s, F4
o g2E= A¥(Linear) ®IF W3 DFT (Discrete
Fourier Transform) HZF ®WHol itk 2 7fe] Id=A
=] whH e 2 Re] AjdE B3 il % o] &3, 4 79
spd gl v %] WY AE 2F e x3o] A4 H

Middle layer

—%—WH - DFT
—}—WH- Linear
—E—NP-DFT
—HE— NP-Linear

%&%s%%

o
W o402k
a0

102

10 ' T : ; - : : :

8 9 10 M 12 13 14 15 16 17 18
SNR(dB)

a9 3. 3+ A% BER 1HE. (a; =3,a, =2)

0018

BoAEE 2 74 d¥ g 4 7HA ddF A
W 2 oY B2 W wE $3F AF9 BE
AeS BAEGT. 3 AT olF A AHAE

KN

E3xE 37 wifed E=Ze “I"J']'Tﬂ' EAzE TU-6
AES 7FAHE . OFDM  (Orthogonal Frequency
Division Multiplexing) A1& ¢ FFT #A7]& 8K, E3
T-3re] Aol FFT =719 1/16 & AAsSiTh 49
Ao Z=&3% WHx aAFE 2/150 ¢ 4QAM
(Quadrature Amplitude Modulation)©.2 A3} a1,
S AFTS 1/4 I 4QAM, T AT 2/3 ¢
64QAM o= dAsiqirh. wAk W3k EEEE 6dB &
ARG, FA 9 600MHz, 217 SEE
100km/h = 7P4ete] o) =Ze F345 555Hz =
A3l

O 2%E a,a,7t 2447 3dB, 2dB 9 Ao 2o
Aylolt}, 41719 o] 54 %7t 100km/h Q1 3o A=
WH-Linear 2] &7 SNR (Signal to Noise Ratio)©] ©F
10.5 dB & A%so] 71 4389t 1 tf& o= NP-
Linear, WH-DFT, NP-DFT A2 A%o] $435F3t}.
SFA 9 NP-DFT 9] A% A&9 H37F HX] sk
29 3 & NP-DFT o A% B3E 753 87
AsA T AT AEEs TV Ao RyAE
Aoty F3 AT AHE F7HAIIY] A a0, &
zvzy 2dB, 2dB & AAsrh. 37k AFe AYo]
S7F7] wiEel  AAA<Ql BER “4d%Tol °F 2~3dB
FFE AL NP-DFT 9 237l AAAe= EFye=
RS geld 4= 9t}

v.a&

B o=Ee A FIos AddA mgEAH0 AF
4% guE 98 3 AF LDM-MIMO Al&=8e 74
B, g et sl wx 9 AE B2iE Aol
91811 geiA= S A BER AeS Z4sHiHh

gdgl wix] 2 AQd K Wi wE RogAdd Ay}
WH-Linear, NP-Linear, WH-DFT, NP-DFT <A=
58 s ReY AE o g 2odd A
ay,a, 7F Z¥ZF 3dB, 2dB ¢l AS-, T3 AlSe Adgo]

W] wEol NP-DFT o A37F Bex ek,
a;, 0,5 Zt7F 2dB, 2dB 2 AAste] T AT AES
+91 9 WH-Linear, NP-Linear, WH-DFT, NP-DFT
BE N5 AgH o RTEL B,
0 Middle layer
10 : .
—%—WH - DFT
—}—WH - Linear
—EO—NP-DFT
—— NP - Linear
107" F -
§ 102 F
103 W\\ Xy
104
7 13
SNR (dB)

a2 3. 7 A% BER 2. (a; =2,a, = 2)



2020

ACKNOWLEDGMENT

o]

2017 W% AR} AREAN)Y oz

(i
Hd
rlo

ARFANNGAAWTDI  AQe  Bol FaAE AT

[2017-0-00081, 231% % UHD(UHQ) A$7]E 7Hd]

abdol o)Ay, Yxm, AEE “ATSC 3.0
AT BTV WEId myo@aws vy
333)), vol. 20, no.4, pp.17-27, 2015 2

re
>—AF
(e}
mL

[2] ATSC Standard: Physical Layer Protocol (A/322), ATSC

(Advanced Television Systems Committee, Jun. 2017.

[3] Y. Wu, B. Rong, K. Salesian, and G. Gagnon, “Cloud
transmission: A new spectrum-reuse friendly digital
terrestrial broadcasting transmission system”, IEEE Trans.

on Broadcasting, vol. 58, no.3, pp. 329-337, Sep. 2012.

[4] Soon-Young Kwon, Ho Jae Kim, Hyoung-Nam Kim,
JaeHwui Bae, YoungSu Kim, Namho Hur, "Performance
analysis on three-layered division multiplexing
transmission," in Proc.International Conference on
Electronics, Information and Communication (ICEIC) 2019,

Auckland, New Zealand, Jan. 2019, pp. 1135-1138.

[5] Yong Soo Cho, Jaekwon Kim, Won Young Yang, Chung G.
Kang, “MIMO-OFDM Wireless Communications with
MATLAB,” John Wiley & Sons, 2010.

(6] A=A, dAcd, A9, gz, #dd, “3 AS LDM-
MIMO  AJ2~Hl¢] ﬂmﬂ Aol me Ad F4 e
4,7 2019 9 =T AFH LRI =A,

A%, 2019 6 %J, pp. 711-713.

[7] Takuya Shitomi , Eduardo Garro , Kenichi Murayama, and
David ~ Gomez-Barquero, “MIMO  Scattered Pilot
Performance and Optimization for ATSC 3.0, IEEE
TRANSACTIONS ON BROADCASTING, VOL. 64, NO. 2,
JUNE 2018.

0019





