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NUC non-uniform constellation

OFDM orthogonal frequency division multiplexing
0SI open system interconnection

PAPR peak to average power ratio

PLP physical layer pipe

PN pseudo random

QAM quadrature amplitude modulation
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RF radio frequency
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Collection @ kmou



Implementation of physical layer GUI simulation for
ATSC 3.0 broadcast system and performance analysis of
MISO system

Kim, Si Moon

Department of electronics & Communications Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

In this paper, a physical layer GUI simulator for ATSC 3.0 which can
easily verify the validity for various combinations of system parameters is
implemented. It is possible to calculate the length of the frame and the
data rate by directly setting the physical layer signaling information via the
implemented simulator. In addition, it is possible to know the required
signal-to-noise ratio under several channel models, e.g., AWGN, RC20, and
RL20, and indoor/outdoor field tests. With the simulator, outputs of various
functional blocks of ATSC 3.0 transmitter and receiver such as signal
constellations and frequency responses can be observed. Also, it is possible
to observe the bit error rate and the frame error rate to verify the
performance of the receiver. In order to support various combinations of m
ultiplexing schemes, the simulator provides the cell indexing method
according to various PLP multiplexing schemes. Furthermore, the
multiple-input single-output system of ATSC 3.0 is implemented in the
simulator and the performance is analyzed.

KEY WORDS: ATSC 3.0, GUI, MISO, Simulation, TDCFS

_Xi_
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o olstel 2tz B
ALgSt BE 82 3/15¢ 6/155 A&

PLPe] 747} Ao Ll-Detaile] »

L1-Basic
. Constellation
Scrambling —
BCH Bit
Encoding Demux
Zero Zero
Padding Removing
LDPC Repetition
Encoding /Puncturing

2o F5HO

% BCH &% Hz= E—ii}lﬂtﬁ,

Parity J

Permutation

Fig. 4 Block diagram of L1-Basic protection
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LDPC H35o} Aolith HE A-¢ Zolg Ae7] #3l <
2 2R= AEHA % E} )] g sjEE FiE
Al FET HolE FiEdAE FRHA Ge
2 7oA Ll-Basic == 13 Ll-Detal == 1] tiaj gt 712
E) o) zol4 L1 A3 Azo] et FARE w2 W3

5 1E

oh. =3 292 LDPC sfg]g H
il

x 9
rlr
>,
o
i)
N
52

L1-Detail
Segmentation
{ 1
1
Seramblin Constellation Constellation
9 Mapping Mapping
| ! 1
1
BCH Bit Bit
Encoding Demux Demux
| ! !
1
Zero Zero i
Padding Removing i
I I
LDPC Repetition Addlt!onal
2 - = Parity
Encoding /Puncturing CarErat o

L Parity

Permutation

Fig. 5 Block diagram of L1-Detail

protection
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g3t dAdAAE A4 B e A stue IF WY HE 99E Adusst
Bt} o] % Zzte]l dthFslE LDPC 58 A4 AE=Z vgdn.

L1-Detail B1 o] FIslofvt 35 =
L1-Detail A|lZ28% AR BEV} 7FH A7) W&o AA A2dd A4S 9
A Boo] et o] E502 3t 74 €9 Ll-Detail 552 $ollA
Am3 g os BEHEY. Ll-Detail A &F % ]
sl F7H <l d2E wEZE AEHT

I
n
ot J
>
U
lo
N
)
N,
2
o
)

312 REXEHY

2, 3% Zo. FREZEf] AE 19 ea wake up 13 REXE
ea_wake 2+ g A% AFE HeH= A12% AHolm 2719 HIEV} st

o] ARes Aadgh.

Table 1¢] min_time_to_next+ @A =g de] A|ZHE FL3 F/ F A
o] Thg YUY AAA L HAAZLS ov|stH SHIE glog Al1dd

o 2 DollA ZEd 2ol x3k= ol&sty A ZH Y Y HA §ME
5 Zte O Zgdd g Ha AR dolE ms 9 E A4kste YeRdT

t =50Xx+50 (0< x< 8)

4 — 1t =100% (x—8) +50 %83 X < 16§ D
t = 200X X—163+1300 8< x< 16
t =400 (x—24)+2900 (8< x< 16

Table 1¢] system_bandwidth:= FEXEZ o]F RIEoJX ALLFHE A|AH
godZe Yy 28 ERZ AadgHt. A4y
6MHz, ‘01’ = 7MHz, * 10° = 8MHz, 11 = 8MHz ©]’¢<= JERATH

_12_

Collection @ kmou



Table 1 Signaling information of Bootstrap symbol 1

Name No. of Bits
ea_wake_up_1 1
min_time_to_next 5
system_bandwidth 2

Table 2914 bsr_coefficient= @A EgAS ZH| o] REZEH S A%

of e ZE3&< YEhH THIER F4HEH

mo 1

Table 2 Signaling information of Bootstrap symbol 2

Name No. of Bits
ea_wake_up_2 1
bsr_coefficient 7

Table 3¢] preamble_structure:x SHIEZ FAHW wlxu} RE Ex] AE
15

ol AAskE ZYPE AEo te A geprgol tig HAR7F Al1d
=t} preamble_structure® Z BB AlEo] FFT =7], Gl Zo], ZgqL
U= ¢ 7H4, L1-Basic R=o th3 ARES E3sta ot

_']3_
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Table 3 Signaling information of Bootstrap symbol 3

Name No. of Bits

preamble_structure 8

3.1.3 L1-Basic
L1-Basice] Al1d® AR} HH BH|ES = Table 49 £om 7} 3=
ik AR A2 offolA o AT1Ed® EE ol C LIB. #e HF
7} gt
Table 4 Signaling information of L1-Basic
Name No. of Bits Format
L1B_version 3 uimsbf
L1B_mimo_scattered_pilot_encoding 1 uimsbf
L1B_lIs_flag 1 uimsbf
L1B_time_info_flag 2 uimsbf
L1B_return_channel_flag 1 uimsbf
L1B_papr_reduction 2 uimsbf
L1B_frame_length_mode 1 uimsbf
L1B_frame_length 10 uimsbf
L1B_excess_samples_per_symbol 13 uimsbf
L1B_time_offset 16 uimsbf

L1B_additional_samples uimsbf

L1B _num_subframes uimsbf

L1B_preamble_reduced_carriers uimsbf

7

8
L1B_preamble_num_symbols 3 uimsbf

3

2

L1B_L1_Detail_content_tag uimsbf

L1B_L1_Detail_size_bytes 13 uimsbf

L1B_L1_Detail_fec_type 3 uimsbf

L1B_L1_Detail_additional_parity_mode 2 uimsbf

L1B_L1_Detail_total_cells 19 uimsbf
- '] 4 -
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L1B_first_sub_mimo 1 uimsbf
L1B_first_sub_miso 2 uimsbf
L1B_first_sub_fft_size 2 uimsbf
L1B_first_sub_reduced_carriers 3 uimsbf
L1B_first_sub_guard_interval 4 uimsbf
L1B_first_sub_num_ofdm_symbols 11 uimsbf
L1B_first_sub_scattered_pilot_pattern 5 uimsbf
L1B_first_sub_scattered_pilot_boost 3 uimsbf
L1B_first_sub_sbs_first 1 uimsbf
L1B_first_sub_sbs_last 1 uimsbf
L1B_reserved 48 uimsbf
L1B_crc 32 uimsbf

3.1.3.1 L1-Basic: A|2¥ m}&}ln)E

B L1B version: dA g ol AlE%H+= Ll-Basic Al149d T2 HALS
U EATH

B L1B_mimo_scattered_pilot_encoding: @A Zgde] MIMO FHiZz o] of
" Bzl J=Zd 7IHEe AME SUAE UERES Sl Frel 09l A
Walsh-Hadamard pilot 7]1'{& A&7 MIMOS AME3HA] &E 290 g

H 3, 191 7% Null pilot7] & AH&3FHT}

B L1B_ls_flag: A =z U] g 7 ©]’de] PLP LLS(ow level signaling)
o] A F5& deile S92 vEe|H:

B L1B_time_info_flag: &) ZHJolA elol® AR ZEA FHE= Jehy
S HlEoIty. ‘00 oW AA =z YoM Blol® AT SAYSHA &
‘01’ o] msE9 o] AZF Fx ‘100 o] use e Al A

zeam ‘110 9 A9 nseele] A7 RS TR,

==

N S
il
|
QL
v}

Ll

L1B_return_channel_flag: & Z#d3 @A Fo Yy, I G589

Adel =4 §57-2 vehdt

©
T

- ’]5 -
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B L1B papr_reduction: &4 Z# Y oA HF Ag o HF AYgn & =
ol7] faf AHEHE V& AHEE UEhdth Y AEe A WA ZggE AE

< A 23 ZE OFDM A& Hg" < Qo

o] Hlo]E] OFDM AE9 H3E
A o = 09 ge 7ML A

2~

B L1B_frame_length_mode: & Zz <
o F7bE 23 WS wixI} A YW
zH UL W 12 AIEFHoh

H~l

e

<«

i
i,

B L1B_frame_length: L1B_frame_length_mode®] zko] 0¥ wiwt = 71A|H

A4 T Yt B Qe FE2ENS 3 AE AR vpA QEe) 27}
A o] ANZF A& YERATH
B L1B_excess_samples_per_symbol: L1B_frame_length_mode®] zko] 0¥ uj

W EAske] A4 Zegle] FEXE ol% HolE] OFDM 4% BE 73
Wl F7be Z3 AEe] #F vhebach

B LIB_time_offset: L1B_frame_length_mode®] #to]l 1¥ uwjwt Z=x]35}H,
Ao AR mse@9] Aol AglE AME A2 UERhd o] AlT1dd
ot

B L1B_additional_samples: L1B_frame_ length_mode2] #to] 1¥ uwjjwt |
, AMERE 25 A8E ol s ZEdY wiAe Frtske U A

T UEhdH. ATSC 3.08] #FEFollA+ L1B_additional_samples®] %< 0%F
=3

[

()
e Sk

>

]_

ofo
rok

L1B_num_subframes: &#] =& el

m 5
ANadgan, 44 A5HE Lzdeel ASno
o.

i

3.1.3.2 L1-Basic: L1-Detail #& w}g}v]g

oA 713 L1-Basice] A1d9d ARE AA Zgdy @y AR o
3 Y gola, B AoA 7]&€T &S Ll-Basicol A Ll-DetailS 3143517 <
d a3 Jro| F7Fe 7ol thsiA 7]&3)

_']6_
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gEe] = OFDM AE AFS vehyH,

B L1B_preamble_num_symbols: 3Z
AR HAEEHE AE Ry 1%

Ulﬂ

» _YE
fo o
g
2

>

.

i

o

il
_Q

N
)

[o
iy
o
B9
v}
o
4
e
)
X
rlr
Sl
3
2
[H

B L1B_L1_Detail_content_tag: dA Zddz & F wdz F wde 7
~EHAS zt= o)A Zy A nwale] A =T ool Ll-Detail &) Hf
AJE A5 14 F7HEh

B L1B_L1 Detail_size_bytes: L1-Detail Fx 2] ulo]E &9 7|5 YepATh

B L1B_L1_Detail_fec_type: L1-Detail Jx 9] ®EE 293+ FEC #3& e+
Wt

B L1B_L1_Detail_additional_parity_mode: 3.1.1&dell4 w3 37} sjzgjg =
=& uUehl™ Ll-Detaile 1% F7F 2y nlES] 9 oF ZH Y9
L1-Detail A 19 %S 98] F5sld HE < Axto] v S A3

B L1B_L1 _Detail_total_cells: @A) Z#ldeNA 2] Ll-Detail Al1d@H7} o3
=z o] Ll-Detail A1dHLS 28] Mz8 F71 vgg HEES 3 A4 =2
715 YERITH

3.1.3.3 L1-Basic: R WA =y stug
L1-Basicoll Al A WA FE =g Ao 3t ARE D1 9= o]FE= Ll1-Detailo]
A3 E A s
o)t

B L1B first_sub_mimo: R WA RIZg Yox MMO 7|Ho] AFEEAE=X]9
A5 Yehdo.
B L1B first_ sub_miso: A WA REZg Yor MISO 7|Ho] AFEEH A=A 9
& Uehdth
- 17 -
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B LIB first_sub_fft size: 3 WA Hxg Yo FFT Z7]E JEeRATH 2HE=R
TFA=EE, ‘000 = 8K, ‘01 = 16K, ‘10 = 32K’ o]t}

4z
I
&
a1
=2
>
!
!
H
I
N
]
u

2
1o

B L1B first_sub_reduced_carriers: & ®H=
g Rigste] AASFE FaAsr] A% DES FUlae dehi,
B LI1B_first_sub_guard_interval: 2 WHaA HE-Z#JolA OFDM Al Eo] Al&H
BHE 318 Aol& yehdth A WA F=Hdde s 73 Zol&= £
o Bs T3+ Aolet e e JHITh
B L1B_first_sub_num_ofdm_symbols:

OFDM 4129 & vhehlin] Rxe|) 47 422 T3 ARl gholth

PR
i
)
A
K
&
a1
=2
>
rh
2
of
ok

Ir
n)
o
An)

B L1B_first_sub_scatterd_pilot_pattern: & W& FiZzg| o] AL&H E4b 3
dzo] HE-S e

B LI1B first_sub_scatterd_pilot_boost: & W# Rz Ui ALLEHE= EA
vdzle 395 Yepdth

B L1B_first_sub_sbs_first: 3 W& BEZH oA A HA AEo] BRI
A AERJAA obdA o thet ARE LERATH

B LIB_first_sub_sbs_last: 3 WA Rz el npxjut AEo] Ry g]e] 7
A AEJAA opdA o tht A FE ERAT

B L1B_reserved: L1Basice] x| dol& gr7] fJ3lA4 APA= #d HE
o & Yehit

B LIB crc: L1B crcd] Aad8 AHRE Asta Um A Ll-Basice] kol
tf&ted A4+E CRC(cyclic redundancy check)gto] Al1@#% At}

3.14 Ll-Detail

Ll-Detail] A1d% BRE fEaoln Aade Fue Pn wES F=
Table 59} Zt}. Ll-Detaile] Al1ds HE= o] ‘LID_’ & HFo7F &

=

_']8_
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Table 5 Signaling information of L1-Detail

Name No. of Bits Format
L1D_version 4 uimsbf
L1D_time_sec 3 uimsbf
L1D_time_msec 32 uimsbf
L1D_time_usec 10 uimsbf
L1D_time_nsec 10 uimsbf
L1D_bsid 16 uimsbf
L1D_reserved o uimsbf
needed
L1D_crc 32 uimsbf
L1D_num_rf 3 uimsbf
L1D_rf_id 1 uimsbf
L1D_bonded_bsid 16 uimsbf
L1D_mimo 1 uimsbf
L1D_miso 2 uimsbf
L1D_fft_size 2 uimsbf
L1D_reduced_carriers 3 uimsbf
L1D_guard_interval 4 uimsbf

L1D_num_ofdm_symobls 11 uimsbf

L1D_scattered_pilot_pattern uimsbf

5
L1D_scattered_pilot_boost 3 uimsbf
L1D_sbs_first 1 uimsbf
L1D_sbs_last 1 uimsbf
L1D_subframe_multiplex 1 uimsbf
L1D_frequency_interleaver 1 uimsbf
L1D_sbs_null_cells 13 uimsbf
L1D_num_plp 6 uimsbf
L1D_plp_id 6 uimsbf
L1D_lls_flag 1 uimsbf
L1D_plp_size 24 uimsbf
L1D_plp_scrambler_type 2 uimsbf
L1D_plp_fec_type 4 uimsbf
- ‘] 9 -
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L1D_plp_mod 4 uimsbf
L1D_plp_cod 4 uimsbf
L1D_plp_TI_mode 2 uimsbf
L1D_plp_fec_block_start 15 uimsbf
L1D_plp_layer 2 uimsbf
L1D_plp_ldm_injection_level 5 uimsbf
L1D_plp_num_channel_bonded 3 uimsbf
L1D_plp_bonded_rf_id 3 uimsbf
L1D_plp_channel_bonding_format 2 uimsbf
L1D_plp_stream_combining 1 uimsbf
L1D_plp_IQ_interleaving 1 uimsbf
L1D_plp_mimo_PH 1 uimsbf
L1D_plp_start 24 uimsbf
L1D_plp_type 1 uimsbf
L1D_plp_num_subslices 14 uimsbf
L1D_plp_subslice_interval 24 uimsbf
L1D_plp_TI_extended_interleaving 1 uimsbf
L1D_plp_CTI_depth 3 uimsbf
L1D_plp_CTI_start_row 11 uimsbf
L1D_plp_CTI_fec_block_start 22 uimsbf
L1D_plp_HTI_inter_subframe 1 uimsbf
L1D_plp_HTI_num_ti_blocks 4 uimsbf
L1D_plp_HTI_num_fec_blocks_max 12 uimsbf
L1D_plp_HTI_num_fec_blocks 12 uimsbf
L1D_plp_HTI_num_cell_interleaver 1 uimsbf

3.14.1 L1-Detall: 718 S}tag

B L1D_version: @A} Z# doA ALEE+= Ll-Detail Al18% FZ9 H

< Yehack

B L1D time sec: AlZF AKX %= o Efdth o714 L=
BE FAEH FEX2ERY A WA AEo] AFH AFS YERTH

do
Ll
v

o

_20_
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B L1D_time_msec: A7t FH 2 msE9E VeERAT
B L1D_time_usec: Azt AR Q] ustHel S YERAT
B L1D_time_nsec: A7+ AR O] nsthel S YERAT

B L1D _bsid: &) RF =d<] BSID(broadcast stream identifier)S e dAT.
BSID+= stue] RFE A WjollA] W4 A5 e] AA Zl=xE F¥Esl= 160 EQ]
ol L1D_bside] k& L1D_version®] kol 1¥ wiiE ZH&dm Z+ gy
2 179 @S 7HE Utk

B L1D_reserved: L1B_L1_Detail_size_bytesZ X &HEF = Ll-Detail®] F HIE
Aol & Btx7] flajA P or AMEEE HIES] JiFE YEITH

B L1D crc: L1-Detaile] H®B HE tha] A4tE CRCZLo] S0ttt

3.14.2 L1-Detail: A8 £33 vz}idH
B LID_num_rf: A 248 Fa542 A AA Ax"He Ad Bz 7
H F359 N4E YERdL

B L1D_rf_id: L1D_rf_idE &3l A3 £P34 #AHE o4& RF Ad9 DE F
gt =W A4 UHDTV =8AlS AlZz"lelA L1D_rf_ide] HAgS 10]

J

i

o

B L1D_bonded_bsid: &4} RF z1d3} z1d £Y Ho] 9 L1D_rf_ide] D¢}t
AA=E o2 RF 22 BSIDE vrebdch

3.14.3 L1-Detail: 3=# < w}2hn)E
B L1D mimo: @A) B=Z#H YA MIMO 7]Ho] AFLEAE=A o 3 JBE
e T

B LID miso: AA FZg oA MSO 7]Ho] AFLEHYE=A o] tha 1=
UEhA T

_21_

Collection @ kmou



B L1D_fft size: @A F=#H Y FFT =7]

Ll

U

B L1D reduced_carriers: &4 FzgdoA ALgsta 9= FFT =7|dE ui

Evtel Ao A4E #aAA7] A AEE FUHES Y

)
EY
&

B L1D_guard_interval: & FZYolA OFDM A Eo| ALLFHE HE T
Zte] Aolg yehit

B L1D_num_ofdm_symobls: #A| Bz oA HA AES =5 x33
OFDM 4l &4 745 et

B L1D_scattered_pilot_pattern: &#] B oA A== B4 gdlo
S vERATH

B L1D_scattered_pilot_boost: @A FZ# doA AL&HE B4 U] 3
71€ Yepdt dB3 e Asitoz #7134

B L1D_sbs_first: A} FEZJolA A HA AlEo] Rz HAA AL
Ao g AFE YERdTH

B L1D _sbs_last: &) Fz@ oA mpxjup AlBo] R
of that o FE YepdTh

B L1D_subframe_multiplex: &A] FxZg<do] AHS F gy AES o

<3 FHoldeA o td AFE yebdn. MEZH I Jrt 27) o] 3l
TAEE "o

[kl
=

°
ol
)

>
e
[-'0
XN

B L1D_frequency_interleaver: @A Fig dolA Fa AEHZWHIT AMEH
A=Al thgk AFE e

B L1D_sbs_null_cells: A FZadollA A A& x3gE G A9
S Yehdt. wkeF AA AlEo]l EAsHA g s iy
A Eerh

B LID_num_plp: @A F =& A4 AE=+= PLP /M5 Jepdth

=
[T

rlr
>
I
(I
o,
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3.1.4.4 L1-Detail: PLP w}&}m]g

B L1D_plp_id: &A] PLP7} 7}A|aL Sl&= IDE YERALE o] & o] &3t &
AT A" ZF RF 224 PLPE A8 3oh

B L1D_lis_flag: @A} PLPo] LLSA X7} E3tg o] glE=Xo] that o 72 }e}t
LU=

[ |
=
—
)
o,
ho)
3
@D
ol
2
U
=
av}
2
o
ot
Al
__(‘,(_“
o
X,
lo
=
-
Ll
AW
o,
Y
v}

B L1D_plp_scrambler_type: @] PLPo| Wi 38 w21S Jepdch &
A= 00 ¥ ARSI, U A= vHE 9 dekd gholth

B L1D_plp_fec_type: @A) PLPS] F53lo] AL&E = o] AA W2 (FEOS

sEAgT} L1D_plp_fec_type stekw| g A 1d8 8] gholl @& FEC %42 Table
67 Zoh 9F R} R HTo X webA Al1dEH, 16K LDPCe
E2 16200 H30o] HMEES AA3IE= LDPC #3385 YeER) 1, 64K LDPCE
EE T 64800 ¥-50 M EE AA43t= LDPC F5385 VephdTh

Table 6 Signaling list of L1D_plp_fec_type

Forward Error
Value .
Correction Method
0000 BCH + 16K LDPC
0001 BCH + 64K LDPC
0010 CRC + 16K LDPC
0011 CRC + 64K LDPC
0100 16K LDPC only
0101 64K LDPC only
0110-1111 Reserved

B L1D plp_mod: @A) PLPel AR&EH+ Wz WS Uehdo Wz
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QPSK(quadrature phase shift keying), 16QAM, 64QAM, 256QAM, 1024QAM,
4096QAM©]  9om, 1024QAM3}+ 4096QAM === L1D_plp_fec_typeo] 64K
LDPCE YErd 7-5-<lvt AHE-H T

B LID_plp_cod: @A) PLPo| A&+ H35&S Uehdth H3582 2/15%
B 13/157bA] EA g+t

il

B LID plp_TL mode: @A PLPe A&5& AlF AW R=E Yehdth
‘007 91 A A AW E AREEA ke A golx, 017 1 A CTIE
AHESEE 9, 100 9 A HTIE AHE3ts %ol sigen

B LI1D_plp_fec_block_start: &=} PLPollA A WA FEC B¢ A& YA =
ettt dA PLP tloly Aol PLPS| A2 9IX27E A ®A FEC &
=9 A WA A7 AW fAAE UEY. Y SdEuEHe
L1D_plp_TI_mode = ‘00’ & wiwk Al d= =}

3.1.4.5 L1-Detail: LDM =}&}=]E]

B L1D_plp_layer: @A) PLP9} AT #HHs YT AF 3 53 2
uj L1D_plp_layer = 191 A% &4 AlZolx, LID_plp_layer = 091 A$ o
Aol et Al &2 Bs37F A8HEA &< w L1D_plp_layer2 02=
A1 "

M L1D_plp_ldm_injection_level: 313 PLP7} A% £ t%3 2 u = 7
3 st FF AFY AY dEe dAHoE AT AY gy &
9= dBE FAFT
3.14.6 L1-Detail: A4 &% v2tvg

M LID_plp_num_channel_bonded: @A A& Fy+E Al Ad £9 PLP
o #HE" Fuo AFE UERth Ad BYES A s A

155 |
L1D_plp_num_channel_bonded= 022 A|1d & H o}

B L1D_plp_bonded_rf_id: &4 PLPS} AjEd EQL 3l= x1'd RF9 IDE v

_24_

Collection @ kmou



bt} L1D_plp_num_channel_bonded”} 0Bt & w9+ A 1@8 Aot

B L1D_plp_channel_bonding_format: &=} PLP7} Al&3t= Ad £
Uepd o B9 RF QoA Ad 292 & A% 2 49 PLP= &
A By F2S ARg3oh ‘007 €1 73 plain channel bonding &41S A

3taL ‘01" ) 7% SNR averaged channel bonding g2]& A}&3kt).

ofl
1>
flo

e
o

op

3.1.4.7 L1-Detail: MMO =}2}ug]

MIMO Z}E}ujE & MIMO 7S AFE3HA &S wj, = LI1B first. mimo = 0

o
7 L1D_mimo = 081 A$oleE AaddEx et

B L1D_plp_stream_combining: &A] PLP<] thg+ MIMO precoding®] %3+ &
AL vehdt 28 A4S AASSke B5 12 AadEEa, 194 ¥ 4
T 0% A1dgHT.

B L1D_plp_IQ_interleaving: @A) PLPo| thsk MIMO precoding®] IQ(in-phase
and quadrature) QTEJE] o] AR o5& Yepdth 1Q JIHIY S AHE3= 4
T 12 AOdg9y, 083 4 A5 002 Aad"ddEn

>
il

]_

)_

B L1D_plp_mimo_PH: @A} PLPel tjsk MIMO precoding®] 974 =3
oAFEE vUehdn 9 33 AH&ste A 12 Aladddy, 12A ¢
A 002 AladEg T

3.14.8 L1-Detail: A t}=3} w}2hv)g

4 TE3} stebules PLPZL s ASE 4% A Ese A8HA o
St

B L1D _plp_start: & HFxzgJoA s PLPS A WAl dolg Ao 9%
= YeERdt

W L1D_plp_type: 315 PLPo] A th53} E}}-S el L1D_plp_type = 0
2l A% PLP= A B &gtold HXA g1 2E Holg Alo] A& 07 mjx )
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LID_plp_type = 191 #A$ =E Elo|E] o] A& oz WA= %3 AH &

ghol4 Ht}.
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Fig. 8 Example of Cell multiplexing (TFDM)
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Fig. 9 Example for the case of EL size = CL size, (a) case 1 (b) case 2
(c) case 3 (d) case 4 (e) case 5 () case 6
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Fig. 10 Example for the case of EL size > CL size, (a) case 7 (b) case 8

(c) case 9
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Fig. 12 Example for the case of EL size < CL size
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Fig. 13 Example for the unavailable case of EL size < CL size
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Fig. 14 Example of TLDM and LTDM combination for LDM_CL_ID
generation test, (a) case 1 (b) case 2 (¢) case 3 (d) case 4 (e) case 5 (f)

case 6 (g) case 7 (h) case 8

_37_

Collection @ kmou



TLDM# LTDMel] thafjxlE tiEH o2 Fig. 149 e 23S Az 5
A Case 13 o] F 719 CLeol| 3slbe] ELe] LDMES A& A
LDM_CL_ID¥ PLP#037} PLP#1¢] IDE =5 7}1A 1 9t} Case 2 T+ case 5
oF o] stute] CLol o8 7§e] ELe] &Alst= 749 ELS Ay #@d
ol A% 3709 ELe] LDM_CL_ID+= =5 PLP#0¢] IDZ 7}A 1 §lth Case 4
o} case 74 H CL¥ ELo] AHHA ¥+ 4§ ELO A% #ddo] Zod &
7 =5 &=t Case 83 o] 270 CL3 270¢] ELol| thaljA B3] H4
o] Qlow, 7 ELo| A¢ #ae Zetd & glown, 7 ELY AL 3l
CLe] IDE A3t s EL] A9 dds dolErh

Fig. 15& LDM_CL_ID A4 HZEZ 93 TFDM, LFDM %=%< uvehdth
FLDM, LFDM9] 7+ TLDM, LTDMA ¥ Tk 23S Azs) & 4 QU

_38_

Collection @ kmou



PLP#2

- PLP#2 -
2 g g
g ] H PLPH3
g g g
PLP#O PLPHO PLP#0 PLP#2
» Power _» Power o O
Time Time Time
(a) case 9 (b) case 10 (© case 11
PLP#3 z >
z S PLP#3 g PLP#2
g ?',‘ %’_ PLP#0
PLP#2 5 PLPitL
”, Power
Po r 4
. ANIJ /]
Time Time Time
(d) case 12 () case 13 (f) case 14
z z
< PLP#3 § PLP#3
g g
k2 & PLP#2
PLPH2
PLP#1
Time Time
(g) case 15 (h) case 16

Fig. 15 Example of TFDM and LFDM combination for LDM_CL_ID
generation test, (a) case 9 (b) case 10 (c) case 11 (d) case 12 (e) case 13
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Fig. 17 Preamble item of GUI Simulator
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Fig. 20 PLP INFO 2 item of GUI Simulator
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Fig. 21 Extended interface of GUI Simulator
Table 9 Simulation Parameters
Simulation Parameters Description
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Table 10 ATSC 3.0 Parameters for S-PLP Simulation

FFT size 16k
Guard interval GI4_768
Preamble Pilot Pattern SP_Dx = 8
L1 basic/Detail
parameters Signaling protection
mode 1
# of preamble symbols 2
FFT size 16k
Guard interval GI4_768
Payload OFDM Eﬂot pattgrn SP16_4
pilot boosting 1.82
parameters # of payload symbols 36
Time interleaver CTI (Depth:1024)
Frequency interleaver on
Inner Code 10/15-LDPC (64800)
Payload BICM
Outer Code BCH
parameters
Constellation 16QAM
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Table 11 Simulation Parameters of S-PLP

Simulation Parameters Value
MaxNumSim 1
NumFramePerSim 3
MaxFEC_Errors 100
SNR [dB] 10, 15, 20, 30
ch_model AWGN
speed [km/h] -
Fc [MHz] 892
chEstscheme Perfect / Linear / DFT
TimeWindowSize [pre/post] 100 / 100
Numlterations 50
PacketType [Pv4
SIM_OPT random
ALPHeaderGen ON
ErrorCheck PLP )
Save option None

Tx Constellation

Quadrature
o

Collection @ kmou

1]

In-Phase

Fig. 23 Tx constellation of S-PLP
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Rz Constellation

Cuadrature
-1

In-Phase

(b) 15dB

Rx Constellation

[

Cuadrature
= =

-

L5
L

In-Phase In-Phase

(©) 20dB (d 30dB
Fig. 24 Rx Constellation of S-PLP Simulation in AWGN channel (a)
10dB (b) 15dB (c) 20dB (d) 30dB
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(c) RC20 (d TU6
Fig. 25 Frequency response of S-PLP Simulation (a)
AWGN (b) RL20 (c) RC20 (d) TU6(120km/h)

Ad F4 71 g ARE BEE7] s 5H Aol frequency
responseE &<lsAi T} Fig. 26 RL20 ={doA2] frequency responseS e}
Ho Fig. 272 TU6 Adolx FAl7]9] o]lF& %o wWE frequency response
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m i

3 4 5 6 2 3 4 s 2 3 4
Frequency [MHz] Frequency [MHz] Frequency [MHz]

(a) Perfect (b) Linear (o) DFT
Fig. 26 Frequency response of S-PLP Simulation by channel estimation
scheme
‘600 ! ’ Fre:uem:y [Nilzl \ 2 euﬂ ! - Fre:uency [A;Hz] : ¢
(a) 40km/h (b) 60km/h

1 2 3 4 s 6 0 1 2 3 4 5 6
Frequency [MHz] Frequency [MHz]

(c) 80km/h (d) 100km/h
Fig. 27 Frequency response of S-PLP Simulation in TU6 channel
according to the speed of the receiver, (a) 40km/h (b) 60km/h (c)
80km/h (d) 100km/h
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Table 12 LDM parameters for GUI Simulation

Inner code BCH

Core Layer Outer code 2/15 - LDPC(64800)
Constellation QPSK
Inner code BCH

Enhanced layer Outer code 9/15 - LDPC(64800)
Constellation 16QAM

Injection level -1dB

HEE AT F 9tk Fig. 80% FA7NAM Az #4089 A5E Yepd
o HxE A" A5e Zo ASH P ATl FAR AR Jehde
K 2159

Fol A% AB7 AAR Fo $4 AEE Fig 28 @9 2ok AL
AWGNS AH§3H9I ud Ad 53 8L Agstart

_59_

Collection @ kmou



Tx Constellation Tx Conaiellation
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Rx removing core layer

Fig. 28 Constellation of LDM Simulation
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Fig. 29 Block diagram of MISO system in ATSC 3.0
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