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ABSTRACT

In various countries, the development and standardization of next-generation terrestrial broadcasting systems
for transmitting digital broadcasting contents having ultra high definition (UHD) quality are underway. The
North American standardization organization, Advanced Television Systems Committee (ATSC), has established
ATSC 3.0, the next-generation digital broadcasting standard. Although ATSC 3.0 includes a two-layer layered
division multiplexing (LDM) system and 2<2 multiple-input multiple-output (MIMO) system, it is necessary to
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increase additional transmission capacity for 8K-UHD TV. This paper describes a three-layer LDM-MIMO

system made by combining a three-layer LDM system and MIMO technology to increase transmission capacity.

Through simulation, the reception performance of each layer of the system according to a pilot pattern for

channel estimation and a pilot signal interpolation method is analyzed. Simulation results show that the lower

layer targeting fixed reception has excellent performance with the use of the Walsh Hadamard - discrete

Fourier transform (WH-DFT) method, and the upper layer and middle layer targeting mobile reception have

excellent performance for the WH-Linear method.
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SFN Channel Estimation, SNR 25dB, 0.5Gl

18 -
—E—WH-DFT
19 —B—WH-Linear|
—E—NP-DFT
20 —E— NP-Linear
-21
1]
et 9
m
o
o -23 b
(7]
=
24 b 1
251 7
26 o—o—6—6—60—6—6—~6—6——=9
—27( 3
28 ' . \ . . s | | :
0 2 4 g g 10 12 14 16 18 20
XPD(dB)

O3 12. XPDeJl wkE SFN A Ad 34 A%
Fig. 12. Channel estimation result for SFN according to
XPD.

3 A 4 e5vE SRRk 2 Al AR
=% XPD el 18 dBollA, Ad Al A7t =4
oL TdEl Alele] x5 ZHAo] F wl & Alakw]A] oF
+ NP-Linear ¥|&19] Ao] 71 o]
Ak

I3 132 A A& A7ke] 05X GIel 752} 0.9
XGI&l 7A52] 319] A% Al5°| BER 4] Z¥o]
ot Ad Al ARkl 05XGI )l Agelle
NP-Linear®] 41 A%o] 7P sk, Ad A
ol AIZke] 0.9XGIQl 7$-olli= NP-Linear®] 4137}
ET7EA] ¢ko} NP-DFT9] 4l 5] 714 97319
c}.

a3

A 54

14= Ad Al Azdel] w2 Ad 34 s

ATSC 3.0, SFN Channel, 0.5GI, Lower Layer

Channel estimation

-10 T T T T T T

T T
—E&—wWH-DFT
—B— wH-Linear| ]
—&— NP-DFT
—B— NP-Linear | 1

8 o
i - ]
w
=
)
0.1 0.2 03 04 05 08 07 08 0.8 1
Delay
T3 14, A2 A A7del wE Ad 4 A w4

Fig. 14. Channel estimation analysis for SFN channel
according to channel delay time.

& FAR Aol ¥4 A, A4 A< Azl oF
0.55 X GI®|3}el 73-$-oll.= NP-Linear®] 541 A5<]

71 gstedAlEL, A Al A7te] F7tsle] 055
X GI o|Ao] =W NP-Linear2] A%o] d3ls]7] A
#ste] DFT Hak whe] 41 Aol 718 531
th. SFN Adellis Fua AalA] sfo|elo] Lays)
u, A A Azte] Aol 734 ol AdelA o)
ol gato] oe] Fulr oA vhehdelldl o] 7
G AY B Ze o] o] ol
g z)de] w2 937} 2ol AL BelE 5
t}. b, DFT ®7ke] Ad 34 wkale Ad x)al
AlZte] GI W8] el Eo1& 74 A= -

031 = 2]

2e o] A= G A F4o]

ATSC 3.0, SFN Channel, 0.8Gl, Lower Layer

10° 10°
—&—WH-DFT —O—WH-DFT
—HB—WH - Linear iz} - - - = | —HB—WH-Linear m
—E&—NP-DFT [ o . T = |—e&—nP-DFT
5 =) =) B B— —H&—NP - Linear ] iz} = =) =) B —HB—nP-Linear ]
10-1F 101F E
é 102 F 1 % 102 F 1
103 G% 1 103F 1
10-4 ! - : 10-4 . .
24 245 25 255 26 26.5 27 245 25 255 26 26.5 27 275
SNR(dB) SNR(dB)
a2l 13, A 2l A7kl whE SEN A9 3] A% BER £ A3
Fig. 13. Lower layer BER analysis of SFN channel according to channel dellay time.
2064

www.dbpia.co.kr



=5 ATSC 3.0 7|4} 34| =

LDM-MIMO A|2=#le] 7} A% $41 A5 #4

sk

TU-6 Aol 4] Az} 71 AlZe] $2417]2]
Sreel whE mOAY Az, A9l FE7F 60
km/hal 74-$- WH 53} NP Bl e] 4] Also]
/\]—s]—oﬂl’/} FAl719] 457} 120 km/h, 300 km/hellA]

= Aol =) maph 2 Ahgsiel ezl y
Z 7FAo] T wE AlE= NP vl o] ASo] g3}
=7 wiitell, WHe] Ad-so] $=rslsiek. SEN A
1= Ad Al Alzte] 1S Ad o] 9
g 2AEY d=o] ZrRItE A o= Ao <l
stol sk Fule AlEA lolde] 79 vl
AA N FATE A g2 ol-83te] dloe] $1#]9]
A 34 e A¥A R Ak ¥ BAES o]
B8t Floldo] WARE $iA|ellA Ao WdE +
AapA] S-ghek Whdell DFT BAke] 74-9- sadel 914
oA 4% A & ol8sto] IDFTE a3 +
A=z A2t DFTE asto] dlole] 9129 A +
A e nRkeleR A=y soldo] risitiEtE
Ay wzkuct Ad 4 Aol skt

>

= LDM-MIMO A]2~El-g- A]e
5= ] Asl A
o] o tiekst ks HP°3%}°4 oA E S zle)s)
TJr ol Al Ads HxE = A

o
U E
A2 F7 74]’0‘ 2 WH- Llnear«] FA Aol 7

32 Ak F-‘-z

25 SRR e 3k AlSelA
= Ad #]ad A7be] 22 7J$-ol]:= NP-Linear®] =
Al 935} WH-Linear?] A3+ B2
HAl skl Ad Ad ARkl E Al
NP-Linear®] 4137} B-7%#] ¢fo} NP-DFTS] 54l
Aol 7P 3raigich a4 A Aol Al Npe)
_I—/\] /H__o] 3].1/]_ _’,‘7____:1— O]E_ /KI—E]—oﬂ/H“ NP_,] A]
37} BEA] 937] wiitell 3715 LDM-MIMO 4l
A1 A ghadg] 8|S WHE AHgshs 7o) A3t}
=4

28 LY ATE S 9, 15 P
EE S A g
o mers o Foh, 8 S L S
S92 WH.DFT "hie] A3tsiaich. mheb] 37

o] 7 2

-12
AN

= LDM-MIMO A|2Hlo] &x17]dA= WH Il
Ael& 288l A5E $Alsk, A9 Ass 3t

Azl
g, 3k A2e] 4417)

TA7= A BA AL ol8sl] A

(<]
of A FA4L sk Alo] 4l el fdke 2l

sk

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

References

E. Stare, J. J. Gimenez, and P. Klenner,
“WIB: A new system concept for digital
terrestrial television(DTT),” IBC 2016 Conf,
Amsterdam, Netherlands, Sep. 2016.

E. G. Larsson, O. Edfors, F. Tufvesson, and
T. L. Marzetta, “Massive MIMO for next
generation wireless systems,” [EEE Commun.
Mag., vol. 52, no. 2, pp. 186-195, Feb. 2014.
ATSC Standard: Physical Layer Protocol
(A/322), Advanced
Committee, Jun. 2017.
L. Zhang, W. Li, Y. Wu, X. Wang, S.-I. Park,
H. M. Kim, J.-Y. Lee, P. Angueira, and J.
Montalban,  “Layered-Division-Multiplexing:
Theory and practice,” /EEE Trans. Broadcast.,
vol. 62, no. 1, pp. 216-232, Mar. 2016.

H. J. Kim, S.-Y. Kwon, H.-N. Kim, J. Bae, Y.
Kim, and N. Hur,
capacity for three-layer signals in layered
division multiplexing system,” in Proc. IEEE
BMSB’2019, Jeju, Korea, Jun. 2019.
DVB-T2, “Digital Video Broadcasting (DVB);
Framing Structure,

Television  Systems

“Analysis of channel

channel coding and
modulation for a second generation digital
terrestrial  television broadcasting system
(DVB-72),” ETSI EN 302 755, v.1.3.1, Apr.
2012.

DVB-NGH, “Digital
(DVB); Next Generation broadcasting system

Video Broadcasting

to Handheld, physical layer specification
(DVB-NGH),” Draft ETSI EN 303 105,
v.1.1.1, Nov. 2012.

S.-Y. Kwon, H. J. Kim, J. Bae, N. Hur, and
H.-N. Kim, “LLR
performance analysis of the three layer LDM

calculation and its

system,” in Proc. KICS Summer Conf., pp.
714-715, Jeju, Jun. 2019.
T. Shitomi, E. Garro, K. Murayama, and D.

2065

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-12 Vol.45 No.12

[10]

(11]

[12]

[13]

[14]

[15]

[16]

2066

“MIMO
performance and optimization for ATSC 3.0,”
IEEE Trans. Broadcast., vol. 64, no. 2, pp.
188-200, Jun. 2018.

C-H. Chu, X. Lu, A. A. Awan, H.
Subramoni, J. Hashmi, B. Elton, and D. K.
Panda, “Efficient and scalable multi-source

Gomez-Barquero, scattered  pilot

streaming broadcast on GPU clusters for deep
learning,” in 2017 46th ICPP, Aug. 2017.
S.-Y. Kwon, H. J. Kim, H.-N. Kim, J. Bae, Y.
Kim, and N. Hur, “Performance analysis on
division multiplexing
transmission,” in  Proc. ICEIC 2019,
Auckland, New Zealand, Jan. 2019.

E. Garro, C. Barjau, D. Gomez-Barquero, J.

three-layered

Kim, S. Park, and N. Hur, “Layered division
multiplexing with co-located multiple-input
multiple-output IEEE  Trans.
Broadcast., vol. 66, no. 1, pp. 9-20, Mar.
2020.

Y. Wu, et al.,, “Cloud transmission: A new

schemes,”

terrestrial
broadcasting  transmission IEEE
Trans. Broadcast., vol. 58, no. 3, pp. 329-337,
Sep. 2012.

S. Coleri, M. Ergen, A. Puri, and A. Bahai,
“Channel estimation techniques based on pilot

spectrum-reuse  friendly  digital

system,”

arrangement in OFDM systems,” /EEE Trans.
Broadcast., vol. 48, pp. 223-229, Sep. 2002.
X. Dong, W.-S. Lu, and A. C. K. Soong,
“Linear interpolation in pilot symbol assisted
channel estimation for OFDM,” IEEE Trans.
Wirel. Commun., vol. 6, pp. 1910-1920, May
2007.

Bernard  Sklar,
Prentice Hall, 2001.

Digital ~ Communication,

A &= A (Soon-Young Kwon)

2018 24 : FAabstaL At
37 Ak =4

2018 3~ Falesta
A7 AR gE AkEas
A

<Al oY Bl A
2], #eoly Az A=

[ORCID:0000-0002-7280-8549]

2 = M (Ho Jae Kim)
20154 24

AxzAEEst A =4
20179 34~&A] : Ak
A7 g wat
14
<Al Fol TiAY HRgAlE AR, dloly AlsA e
[ORCID:0000-0002-6665-7078]

Hi X % (JacHwui Bae)
" 19919 34 AEdgw F=}

gt Hxpget) skl &<

19931 34 A& gt
A At Ak £

199341 549~2000 124 :
kel 74

20109 39 5ot o}
A Azt vl 24

2001 19~3A) : F=AREAIGTY BAlWT o
A4

. .
<Eob A WEHE %, 2TEAE A

7E
[ORCID:0000-0002-6209-9857]

www.dbpia.co.kr



=1/ ATSC 3.0 7]4F 374]% LDM-MIMO A|Ele] 7+ A

I~

ol

W A A

3 14

s
s

2~
T

5] & & (Namho Hur)
= 19921 24 : 2gIjeta
AR 7)58 At

1994 29 : F g}t
Rl R b e b e s
AF

20004 24 : FfFIestaL
ek AR )ge) vt
A}

20031 10%~2004%] 9% :CRC Canada Visiting
Research Scientist

20004 4Y~FA]  F=AREAlA T AR
A

<Iliel TR wEAsE] 2 S8, F2wEd
HEA| 2], AT s

[ORCID:0000-0002-0437-0047]

Z 8 Y (Hyoung-Nam Kim)
19934 24 EalFasta
AR ge 3 sl 24
19951 29 E3rFaesta
AR g5 AL &4
2000 24 : EIEIEke
AR 7 g-e vl £
2000 59 sk
AR FE TS aal 3 A7

20001 5%9~20034 29 : F=AAEAA T A
el s Al A

20031 3¥~2007d 29 : FA g AR EAl
- 2l

200743 394~20129 29 : FalEky AxpA71EA

Ay M= = | 2~
FIH Hal

2009 2<%4~2010%1 2% :Johns Hopkins Univ.
Visiting Scholar

20151 9¥4-~2016d 8% :Univ. of Southampton
Visiting Professor

2012%d~3A) Ak s ARt wg

<Ailtel AgAlsAe], el 2 v AlsA
o], YAE HE Al A, A s A

[ORCID:0000-0003-3841-448X]

2067

www.dbpia.co.kr



	ATSC 3.0 기반 3계층 LDM-MIMO 시스템의 각 계층 별 수신 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 3계층 LDM-MIMO 시스템
	Ⅲ. 모의실험
	Ⅳ. 결론
	References


