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5l B ) AR E 333 S Sl

471 Erlol| A AT H kel Zo] NAL §-41-2 VCLel A A4 ¥ RBSP| u}e}
VCL NAL £+ # Non-VCL NAL %5 © & %% 5= 9]t} VCL NAL 41
ol tlgt QR (&efol 2 Hole)E EEslal 3li= NAL 512 9n| & =
431, Non-VCL NAL F51-& @7-& v st7] flete] e g 4B (atetn g
AE = SEI WA ANE E8H8kar 9l NAL §-451& ovj st 5= gl),

74428 VCL NAL £, Non-VCL NAL -2 &9 Al 228 9] t]o]¥] -4 9|
et Fv] RE ZoAA WELAE Sl AEE 5 Ak o7, NAL 45
H.266/VVC 3} 3 RTP(Real-time Transport Protocol), TS(Transport Stream)
B3 g 24 A volE HHj Mol b Y ENAE Bl 459
T ATk

g% %k vkel o], NAL & 3l g NAL -4 of] 33 := RBSP ] o] €]
T-Z(structure)®ll Wk NAL F% BF) o] EA = 4= 9l o, o] 23t NAL -1
EFQoll gk 4 K= NAL 4 dlujel A7gx o] Al1ddd 4= Aok

o & E0], NAL fr5lo] el ti gk g 5 (&eto] 2 dlolE) & E§sh=4]

ol o] e} =7 VCL NAL 2 BF4 3} Non-VCL NAL 3 B}l 0. = -7
4= 91t} VCL NAL #4! EF]& VCL NAL f-41 o] sz 3o A4 2 &7
ol whel ¥-72 4= 912, Non-VCL NAL % BFl-& slelnl g Al EQ] $57
ol wpet R = 9

o}l = Non-VCL NAL #4 Bb§lo] E3tat= stefu] el Al E Q] F7 sl uhe}
574 % NAL 74 BF9l 9] ddojrt.

- APS (Adaptation Parameter Set) NAL unit: APSE %831 NAL - of] of g
B

- DPS (Decoding Parameter Set) NAL unit: DPSE 3 3}8F= NAL -4 of] off gk
B

- VPS(Video Parameter Set) NAL unit: VPSE ¥ 3F51= NAL f- ol off 3+ e} <]

- SPS(Sequence Parameter Set) NAL unit: SPSE 3 §H8F= NAL F- 4 ¢

- PPS(Picture Parameter Set) NAL unit: PPSE 3 3}8}= NAL -4 ¢l Q

- PH(Picture header) NAL unit: PHE- ¥ 3$}5F= NAL -4 o] tf ¢+ g}

[e]
=g
rol
Kullls
jind)
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[107]

[108]

[109]

[110]

[111]

Bl AR E T, A7
T AUtk A, A7
1L

al_unit_type

A4 3 NAL 49 Y ES NAL 4 89S 9at Al
o] o

AN 2 A H 3= nal_unit_type
Gom B4 5 g

W, G vhsk ol shpe] HAE B50] oo 2 EHY 5
hyA

stuol ool L= Sefol A HlY R EEfol A vlolHE 2 ¢ 3l

45, shke] F A Wl Ho] Setola(Eetol & F Y B Sefo] & HloH
Haol thate] shrbe] A dlE7E g 770 5= o 471 A Sl E (3 A &t
AElZ)= 7] A e er A48 = AR/ EHE 23S 5
Ath & MM Setol A= B AF o R 8 T tiAE ¢ ok B, 2
A olA Eetel 2 Fu = B Y 15 U 2 8 i Al 5 9l

=
47] <zeol 2= el (ekol = At 82, Zrefol 2 ale] Az 4]
Zefol o) FE Ao R A8 5 = AR/ EE X8 5 ) 3]
APS(APS 21 B ) 3= PPS(PPS A1 B 22)3= 8l o] o] & efol & iz 2] Ao
FEA L A8 5 g Au/sfelule s FHe 4 Ak 4] SPS(PS
A8y st ol o] AR BEA 0 A8 5 ol ustebu e g
F3Hed 5= 9leh 271 VPS(VPS A Bl 2= thg glolofo] 54 o= 283 5
A= G B/Iev B & X3Sk = St 7] DPS(DPS A Bl 22)3= H T @ A kel
AR A8 e AR/ HE £33 5 vk 37] DPSE
CVS(coded video sequence)2] 7 ¥ (concatenation)l] ¥ H A H/v}elu| g &
e G Q. B A ol A A9l Al A8l 2~ (High level syntax, HLS)2} $H-2
%471 APS 21822 PPS 4181 2~ SPS 41 ] 2~ VPS 41 8] 2~ DPS A1 8]~ ] & ¢
AE 2 Zeto]l 4 F U] A B A F Aoy shbE 23S QT

Al A 1y A Hay FA R dadHo R EAEY JH e
= QAT AR A W MY B AR, QIEZIE

SAR, AAFE AR, JAFEZ Y AH 55 £33 ¥ ol A7
Eetol 2 Frol] 231 BE, 7] I A Frlo] £3E FE, 7] APS
e A H, A7) PPSoll 328 A1, SPSoll 328HE A H, VPSol| 32¢E AR
/= DPSell 9 AR E E9he = vk gk 3] QmIT e AR =
NAL % &t o] GHE v %9 :

g, st 5 S P st AA oA A S ol # ol ©f & 9 - (original)

3

=, $hute} ol B MEE
E= H9d Ao 17 FEl " Ay paE 5 vk g g vhe) ol
A7 Fe 2 Qlay Ax o] e D vay x| o] He[FoA 34
Ao, YE57] FH, SAO R/E= 254 £33 JE[(ALF)7F 484 5= .
ol & E°, ALF dat= v E57 JH Y daF 2/E= SAO Ea7 g
T 7 Qlrh vk o] Fg-ol k= 557 HE ] A 9= SAO A At
gk F5 gt
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[e]

=

2 2xnW 7
EL__

KeN
=

1
1.

L
=

],

S
PR
o

_]

=-9] =W (neighboring) F3 MEE

Q1 E] ¢ o] A (interpolation)

[

(top-right)°l] ©]-%-

= 1709

o

(<)

[e]
9] H.7K(interpolation)

(left) 72 Aol

}o] e

ES

o]

ES

% 2xnH 7

[

=
=

1
1.

o

(bottom) 74 A ol <1

o]

FS

=

=

st

(top-left)l] ©]

A

] (substitution)

=

=

=9

(bottom-right)®l] ©]

)=
=

=

nWxnH =17] 2] dA) E52] ¢Z(right) 7 7] °]

of 24
@)
$50) 93

(bottom-left)ol] ©]
252
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=

el
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I (average) =
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=
=

L Juto g A 2n} 4
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}\UE =

(Linear interpolation intra prediction, LIP) ©] &}

=

=
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[E]

b

[}
_"

ANEL} o

A



WO 2021/118293 PCT/KR2020/018160

20
WEGol 4AE otk o 495 M B 29 & oleh 4,
dEYE A Z 2 MEZES 7|02 A7) 84 5o 9] o= BES
LEshal, AU 71 R P2 AEE, S ZHEHA 2 FH A AEE
T A7 JAEDG o 5 Brd npef REE Aok s Fx AE 4] A
o & MES 7 F(weighted sum)sto] 7] @Al 559 &5 AE5S =5
5 Qi) 4<%k 4 9-3= PDPC(Position dependent intra prediction) 2}al &4 4=
SIch. @, WA LB FH b B2 AE 9 F b A S AT} e
W A el eIkl A epelolA] o % gl 9 sk HhE BES
olgatol ol WEL wEe L o] W, AHEE B AE 212 12 4o
XA 2d st WHO R JIE oS Ha3E 73T = ). J+=d
71 9-3= multi-reference line (MRL) intra prediction == MRL 7| ¥t 91 E &} o Z 0]
etal B Qv g A4 E5S 2 EBiE o] MEStE A ER U
TUSANET o F ZEE VRO 2 QIEY o 58 G851y, 4] A B atEl A
@l® A Jx NEES SEste] o83 AUk =, ol A5 AA EFl
e JAED o 5 ZE=7F 7] X

=
Z3oto] o] 8¢ oM 7 §-of ufet
ANET o3 Aes A 4 At} o] ¢ o = WHH-S intra sub-partitions (ISP)
ISP 7| Q1 EE o Solghal B2 4= Qi) =3t QI ET} o & W EL
57} 1204 2] SIE e} oS RSk Fiatol SIE e oS eheloleb 24 4
Ak A7 JED o 3 EFYS Q1 E

fuj
o ¢
?‘
rr

: ¢
N
o
[t
 off

thekst gol& 5 4= 9t} o 2
o 5 BT 5)& 443 LIP, PDPC, MRL, ISP 5 # o] & 8l & $£8het = gt}
‘471 LIP, PDPC, MRL, ISP 5-¢] 574 Q1 E2} of 5 B}l & Al o] gk Ak A E)
oS e = Qe oS Eleld B 5 Atk = A EG oS
B2 7Ish 22 54 A ED o5 Brglo] A8 HA G A gk ow
AgE g oo, Fad dEG oS REE ViR o Fo] e 5= 9t}
gt A Qo mepA mEE oS Al Sl e A HE o] #3E
At

[116] TAA R QIED o F Aab= 1 Ed o 5 BE/Er] 24 A, i Fx
MEES O, JEG o RE/EY 7|uk o5 S B3 dAE X33 5
ATt w3, Ao whebA EEE oS Sl o T4 2] B E ¥ (post-filtering)

(1171 Q%2 AE 4712 Eoko] 474 Hmodified) 29 HA7F 44 5 g o,
e PRy R EEFE PP ECEEEERE S
Edk 3y AR ay gxe] 55 I v i v Rl A7gE o o] 3
2 o] UG/ /e G A RTE o F Aol A I A = AL 5 vk 4]
FE A Y Aab= gt vkl ol HEE7 HE " Ak, SAO(sample
adaptive offset) 4 2} /W= ALF(adaptive loop filter) 4 2} & 333 4= it}
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[120]

[121]

[122]

[123]

[124]

21

o] 45747 Y E57 2H ¥ A}, SAO(sample adaptive offset) 4 2},
ALF(adaptive loop filter) 22} & ulo] ) ] & & ¥ (bi-lateral filter) 2= 5 d}rv}
ARV A o w2 AaE 4291 L, EE P57 A o r AeE
Stk ol & Sol, B4l ol diste] 857 Wl AAt 488 F SAO
a7} E 4 ook Ei ol & Bol B9 H Aol thstel tEEY LY
A7k 949 F ALF 437 539 5 glrh ol = dmyg G o) A%

UES7d e P S 598 HAoM 55 ko] Al A7 =2 A7 8=

e 7IYoelth v E57 ZEHE das o & 5o, 59 HA A g§A
AAE =F3ta, A7) 817 7 Aol ) g bS(boundary strength) S 2 4 3} a1, 7]
bS 7Wt o = 7] Bt A A thet T EE7 A Y S AT 5 U A7
bSi= 7] B AAE A e T —S—%A o 2=, S WE X}Ol Fx
A YD o7, 00 obd FE AT EA] o5& VIRt R AE Qi

SAOE= A Tl & 59 F Ao A& oA eke] @ *;Lx}OI-p:i*c}oHTt
o2 o F 5o = @ 3 Al(Band Offset), ©l 2] 2 3= Al(Edge Offset) 5 2]
Ebl e 7lRbe 2 A8 = Qv SAoel w9 7 SAO BHlol et S EE
FrotaL, 7he|arefol) 71 Hksko] ZF A E o] @ A gk
T3 4= 9lth SAOE 913 TE W A B = SAO 48 o] -] %3 F 1B, SAO
4 H, SAO QAL 7L 45 %%Efe}% T ATH SAOE 7] Y E57 HE
A 5o 54 HAl thsto] A8 5 qlot
ALF(Adaptive Loop Filter)i= 359 3] A of] tfsto] ¥ Hofof| uf & I E
Agges 7oz s ﬂﬁié @k 7inoltt /lad A= 54
s o} QE F A o] | W E F3te] ALF 4§ o] %, ALF 2.9 /%= ALF
2 Al 55 7”*%? ‘RA‘L Ui FAz2 Aladdss 5 o 5,
ALFE 918 B " 4 H= ALF 48 o] 7o #3 4 =, ALF HE ¥ F(shape)
AH ALF ZEHEH A4 AR %%ﬁi?}ﬂ AT ALFE= A v E&E7] 2459
g F o] 2o o) t)ale] 2
E5= iy AAloAe HE 1
A Eolth B 5o W
S500 EAIOl A, Q151w = =
1—*1;] EOJ .ulﬂ BEL %9] Al ﬁ‘é) A A(-)l XEJ‘}
1=

ol
H

o o o

|
AT

oE Oko
i)
E m

e 4] 99
s}

% ek,

=

%ok 4 9l

$520 97104, 9129 43 8510 WAle] A7) A4S Fwkew 44 H B4l
AAGAE B AEHE ALR 5 Ak o714, F4E B9l 2GR
29 MEE) = AHYY 29 AR (DL BY AFHY 5 Ak
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& A el Aol Bk AR = A A ol EAlshE = 7 A
&

)9 Aol e 4 e £3s 5= gl
Ao

PCT/KR2020/018160

=2 B 2 Ao o] u}2 SPS(sequence parameter set)2] ol Al A Q1 Al
0 Al 5 e,
[3E1]
seq_parameter_set_rbsp() { Descriptor
subpics_present_flag u(l)
if( subpics_present flag ) §
sps_num_subpics_minus1 u(8)
for(1=0;1 <= sps_num_subpics_minusl; i++) {
subpic_ctu_top_left x[ 1] u(v)
subpic_ctu_top_left y[1] u(v)
subpic_width_minus1[i ] u(v)
subpic_height_minus1[1 ] uv)
subpic_treated_as_pic_flag[ 1] u(l)
loop_filter_across_subpic_enabled_flag| i | u(l)
P
5
}
sps_sao_cnabled_flag u(l)
sps_alf_enabled flag u(l)
sps_loop_filter_across_virtual_boundaries_disabled_present_flag u(l)
i( sps_loop_filter_across virtual boundaries_disabled present (lag ) {
sps_num_ver_virtual_boundaries u2)
for(1=0;1<sps_num_ver virtual boundaries; i++)
sps_virtual_boundaries_pos_x[ 1] u(13)
sps_num_hor_virtual_boundaries u(2)

for(1=0;1<sps_num hor virtual boundaries; i++)

sps_virtual_boundaries_pos_y[ 1]

w(13)

——
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[3£2]

subpics_present_flag equal to 1 specifies that subpicture parameters are present in in the SPS RBSP syntax.
subpics_present_flag equal to 0 specifies that subpicture parameters are not present in the SPS RBSP syntax.

sps_num_subpics minusl plus 1 specifies the number of subpictures. sps num subpics minusl shall be in the range of 0
to 254. When not present, the value of sps_num_subpics_minus! is inferred to be cqual to 0.

subpic_ctu_top_left X[ i ] specifies horizontal position of top left CTU of i-th subpicture in unit of CtbSizeY. The length
of the syntax element is Ceil( Log2( pic_width_max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_ctu_top_left x| 1] 1is inferred to be equal to 0.

subpic_ctu_top_left_vy[ i ] specifies vertical position of top left CTU of i-th subpicture in unit of CtbSizeY. The length of
the syntax clement 1s Ceil( Log2( pic_height_max_in_luma_samplcs / CtbSizeY ) ) bits. When not present, the valuc of
subpic_ctu_top_left y[ i]is inferred to be equal to 0.

subpic_width_minusl1|[ i ] plus 1 specifies the width of the i-th subpicture in units of CtbSizeY. The length of the syntax
element is Ceil( Log2( pic_width_max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_width_minusl1[ i ] is inferred to be equal to Ceil( pic_width_max_in_luma_samples / CtbSizeY ) — 1.
subpic_height minusl| 1 | plus 1 specities the height of the i-th subpicture in units of CtbSizeY. The length of the syntax
element is Ceil( Log2( pic_height max in luma samples / CtbSizeY ) ) bils. When not present, the value of
subpic_height_minusl[ i] is inferred to be equal to Ceil( pic_height max_in_luma_samples / CtbSizeY ) — 1.
subpic_treated_as_pic_flag[ i ] equal to 1 specifies that the i-th subpicture of each coded picture in the CLVS is treated as
a picture in the decoding process excluding in-loop filtering operations. subpic_treated_as_pic_flag[i] equal to 0
specifies that the 1-th subpicture of each coded picture in the CLVS 1s not treated as a picture in the decoding process
excluding in-loop [iltering operations. When not present, the value ol subpic (reated as pic [lag[ 1] 1s inlerred o be
equal to 0.

loop_filter_across_subpic_enabled_flag[ i ] equalto 1 specifies that in-loop filtering operations may be performed across
the boundaries of the i-th subpicture in each coded picture in the CLVS. loop_filter across subpic_enabled_flag[ i ]
equal to () specifies that in-loop filtering operations are not performed across the boundaries of the i-th subpicture in each
coded picture in the CLVS. When nol present, the value of loop [iller across_subpic enabled pic (lag[ 1] is inlerred to
be cqual to 1.

sps_loop_filter_across_virtual_boundaries_disabled_present_flag equal to 1 specifies that the in-loop filtering operations
are disabled across the virtual boundaries in pictures referring to the SPS.
sps_loop_filter_across_virtual_boundaries_disabled_present_flag equal to 0 specifies that no such disabling of in-loop
filtering operations is applied in pictures referring to the SPS. In-loop filtering operations include the deblocking filter,
samplc adaptive offsct filter, and adaptive loop filter operations.

sps_sao_enabled_flag equal to 1 specifies that the sample adaptive offset process is applied to the reconstructed picture
after the deblocking filter process. sps_sao_enabled_flag equal to 0 specifies that the sample adaptive offset process is not
applied to the reconstructed picture atter the deblocking filter process.

sps_alf enabled flag equal to O specifies that the adaptive loop filter is disabled. sps alf enabled flag equal to 1
specifies that the adaptive loop filter is enabled.

sps_num_ver_virtual_boundaries specifies the number of sps_virtual_boundaries_pos_x[ 1 ] syntax elements that are
present in the SPS. When sps_num_ver_virtual_boundaries is not present, it is inferred to be equal to 0.
sps_virtual_boundaries pos_x[ 1] is used to compute the value of VirtualBoundariesPosX] 1 |, which specities the
location of the i-th vertical virtual boundary in units of luma samples. The value of sps_virtual boundaries pos X[ i]
shall be in the range of 1 to Ceil( pic_width_in_luma_samples + 8 ) — 1, inclusive.

sps_num_hor_virtual_boundaries specifies the number of sps_virtual_boundaries pos_y[ i ] syntax elements that are
present in the SPS. When sps_num_hor_virtual_boundaries is not present, it is inferred to be equal to 0.
sps_virtual_boundaries_pos_y[ 1] is used to compute the value of VirtualBoundariesPosY[ 1 |, which specities the
location of the i-th horizontal virtual boundary in units of luma samples. The value of sps_virtual_boundaries_pos_v[1i]
shall be in the range of 1 to Ceil( pic_height_in_luma_samples + 8 ) — 1, inclusive.
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pic_parameter_set rbsp() { Descriptor
no_pic_partition_flag u(l)
if( 'no_pic_partition_flag ) {
loop_filter_across_tiles_enabled_flag u(l)
loop_{filter_across_slices_enabled_flag u(l)
¥
deblocking_filter_control_present_flag u(l)
if( deblocking_filter control present flag) {
deblocking_filter_override_enabled_flag u(l)
pps_deblocking_filter_disabled_flag u(l)
if( 'pps_deblocking filter disabled flag) {
pps_beta_offset_div2 se(v)
pps_tc_offset_div2 se(v)
;
3
;
[3£4]

no_pic_partition_flag equal to 1 specifies that no picture partitioning applied to each picture referring to the PPS.
no_pic_partition_tlag equal to 0 specifies each picture referring to the PPS may be partitioned into more than one tile or
slice.

loop_filter_across_tiles_cnabled_flag cqual to 1 specifics that in-loop filtering operations may be performed across tile
boundaries in pictures referring to the PPS. loop_filter_across_tiles_enabled_flag equal to O specifies that in-loop filtering
operations are not performed across tile boundaries in pictures referring to the PPS. The in-loop filtering operations
include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.

loop filter across slices enabled flag equal to 1 specifies that in-loop filtering operations may be performed across slice
boundarics in pictures referring to the PPS. loop_filter_across_slice_cnabled_flag cqual to 0 specifics that in-loop
filtering operations are not performed across slice boundaries in pictures referring to the PPS. The in-loop filtering
operations include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.
deblocking_filter_control_present_tlag equal to 1 specities the presence of deblocking filter control syntax elements in
the PPS. deblocking filter control present flag equal to O specifies the absence of deblocking filter control syntax
clements in the PPS.

deblocking_filter_override_enabled_flag equal to 1 specifies the presence of pic_deblocking_filter_override_flag in the
PHs referring to the PPS or slice_deblocking_filter override flag in the slice headers referring to the PPS.
deblocking_filter override_enabled flag equal to O specifies the absence of pic_deblocking_filter override flag in PHs
referring to the PPS or slice_deblocking_filter_override_flag in slice headers referring to the PPS. When not present, the
valuc of deblocking_filter_override_cnabled flag 1s inferred to be equal to 0.

pps_deblocking_[ilter_disabled_[lag equal o 1 specifies that the operation of deblocking filter is not applied for slices
referring to the PPS in which slice_deblocking_filter_disabled_flag is not present. pps_deblocking_filter disabled_flag
equal to 0 specifies that the operation of the deblocking filter is applied for slices referring to the PPS in which
slice_deblocking filter disabled_flag is not present. When not present, the value of pps_deblocking_filter disabled_flag
is inferred to be equal to 0

pps_beta_ollset_div2 and pps_le_olTset_div2 specily the default deblocking parameter oflsets for p and (C (divided by 2)
that are applied for slices referring to the PPS, unless the default deblocking parameter offsets are overridden by the
deblocking parameter offsets present in the slice headers of the slices referring to the PPS. The values of
pps_beta_offset_div2 and pps_tc_offset_div2 shall both be in the range of —6 to 6, inclusive. When not present, the value
of pps_beta_offset_div2 and pps_tc_offset _div2 are inferred to be equal to ().
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picture_header_rbsp() { Descriptor
if( !sps_loop_filter_across_virtual boundaries disabled_present flag ) {
ph_loop_filter_across_virtual_boundaries_disabled_present_flag u(l)
if( ph_loop_filter_across_virtual boundaries_disabled present flag) {
ph_num_ver_virtual_boundaries u(2)
for(i=0;1<ph num_ver virtual boundaries; i++)
ph_virtual boundaries_pos_x[ i ] u(13)
ph_num_hor_virtual_boundaries u(2)
for(1=0;1<ph_nmum_hor virtual boundarics; i++)
ph_virtual_boundaries_pos_vy[ 1] u(13)
5
;
if( sps_sao_enabled_flag ) {
pic_sao_enabled_present_flag u(l)
if( pic_sao_enabled_present_flag) §
pic_sao_luma_enabled_flag u(l)
if(ChromaArray Type 1= 0)
pic_sao_chroma_enabled_flag u(l)
¥
5
1t( sps_alf_enabled_tlag ) {
pic_alf _enabled present flag u(l)
if( pic_alf enabled present flag) {
pic_alf_enabled_flag u(l)
if( pic_alf enabled flag ) {
pic_num_alf_aps_ids_luma u(3)
for(1=0;1<pic_num_alf aps ids_luma; i++)
pic_alf_aps_id_luma[ 1] u(3)
if( ChromaArray Type != 0)
pic_alf_chroma_ide u(2)
i[( pic_all chroma idc)
pic_alf_aps_id_chroma u(3)
¥
5
3
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1[( deblocking filter_overnide enabled [(lag ) {

pic_deblocking_filter_override_present_flag u(l)
if( pic_deblocking filter override_present_flag ) §
pic_deblocking filter override flag u(l)
if( pic_deblocking_filter override flag) {
pic_deblocking _filter_disabled flag u(l)
if( !pic_deblocking_filter disabled flag) {
pic_beta_offset_div2 se(v)
pic_tc_offset_div2 se(v)

——
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ph_loop_filter_across_virtual_boundaries_disabled_present_flag equal to | specifies that the in-loop filtering operations
are disabled across the virtual boundaries in pictures associated to the PH.
ph_loop_filter_across_virtual_boundaries_disabled present_flag equal to O specifies that no such disabling of in-loop
filtering operations is applied in pictures associated to the PH. The in-loop filtering operations include the deblocking
[ilter, sample adaptive o[Tset filter, and adaptive loop [iller operations.

ph_num_ver virtual_boundaries specifies the number of ph_virtual_boundaries_pos_x| 1 | syntax elements that are
present in the PH.

ph virtual boundaries pos x[ 1] 1s used to compute the value of VirtualBoundariesPosX[ 1 ], which specifies the
location of the i-th vertical virtual boundary in units of luma samples. The value of ph_virtual _boundaries_pos_x[ 1] shall
be in the range of 1 to Ceil( pic_width_in_luma_samples + 8 ) — 1, inclusive.

ph_num_hor virtual boundaries specifies the number of ph_virtual_boundaries_pos_y[ i] syntax elements that are
present in the PH.

ph_virtual_boundaries_pos_y[ i] is used to compute the value of VirtualBoundariesPosYT i ]. which specifies the
location of the i-th horizontal virtual boundary in units of luma samples. The value of ph_virtual_boundaries_pos_v[ 1]
shall be in the range of 1 to Ceil( pic_height_in_luma_samples + 8 ) — 1, inclusive.

pic_sao_enabled present_[lag equal to 1 specifies thal pic_sao_luma_[(lag and pic_sao_chroma_[(lag are present in the
PLL pic_sao_enabled present flag equal to 0 specifies that pic_sao_luma tlag and pic_sao_chroma_flag are not present
in the PH. When pic_sao_enabled present flag is not present, it is inferred to be equal to 0.

pic sao luma enabled flag equal to 1 specifies that SAO is enabled for the luma component in all slices associated with
the PH; pic_sao_luma_enabled_flag equal to 0 specifies that SAQ for the luma component may be disabled for one, or
more, or all slices associated with the PH.

pic_sao_chroma_enabled_flag equal to 1 specifies that SAO is enabled for the chroma component in all slices associated
with the PH; pic_sao_chroma_enabled flag equal to 0 specifies that SAO for chroma component may be disabled for
one, or more, or all slices associated with the PH.

pic_alt enabled_present flag equal to 1 specitfies that pic_alf’ enabled_flag, pic_num_alt” aps ids_luma,

pic_alf aps_id_luma[ i ], pic_alf chroma_idec, and pic_alf aps id chroma are present in the PH.

pic_all enabled present [{lag equal (o 0 specifies that pic_all enabled flag, pic num_all aps ids luma,
pic_alf_aps_id_luma][ 1], pic_alf_chroma_ide, and pic_alf_aps_id_chroma are not present in the PH. When

pic_alf enabled_present_flag is not present, it is inferred to be equal to 0.

pic_alf enabled flag equal to 1 specifies that adaptive loop filter is enabled for all slices associated with the PH and may
be applicd to Y, Cb, or Cr colour component in the slices. pic_alf cnabled_flag cqual to 0 specifics that adaptive loop
filter may be disabled for one, or more, or all slices associated with the PH. When not present, pic_alf enabled_flag is
inferred to be equal to 0.

pic_num_alf_aps_ids_luma specifies the number of ALF APSs that the slices associated with the PH refers to.

pic_alf aps_id_luma[ i ] specifies the adaptation_parameter set id of the i-th ALF APS that the luma component of the
slices associated with the P11 refers to.

The value of alf luma_filter_signal flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameler sel id equal (o pic_all aps id luma[ i ] shall be equal o 1.

pic_alf_chroma_ide equal to 0 specifies that the adaptive loop filter 1s not applied to Cb and Cr colour components.
pic_alf chroma_idc equal to 1 indicates that the adaptive loop filter is applied to the Cb colour component.

pic_alf chroma idc equal to 2 indicates that the adaptive loop filter is applied to the Cr colour component.

pic_alf chroma_idc cqual to 3 indicates that the adaptive loop filter is applied to Cb and Cr colour components. When
pic_alf chroma_idc is not present, it is inferred to be equal to 0.

pic_alf aps_id_chroma specities the adaptation_parameter set id of the ALF APS that the chroma component of the
slices associated with the PH refers to.

pic_deblocking filter override present (lag equal (o 1 specilies that pic_deblocking [ilter override flag is present in the
PH. pic_deblocking_filter_override_present_flag equal to () specifies that pic_deblocking_filter_override flag is not
present in the PH. When pic_deblocking_filter override present_{flag is not present, it is inferred to be equal to 0.
pic_deblocking filter override flag equal to 1 specifies that deblocking parameters are present in the PH.
pic_deblocking filter override_flag equal to 0 specifics that deblocking parameters arc not present in the PH. When not
present, the value of pic_pic_deblocking_filter_override_flag is inferred to be equal to 0.

pic_deblocking filter disabled flag equal to 1 specifies that the operation of the deblocking filter is not applied for the
slices associated with the PH. pic_deblocking_filter_disabled_flag equal to 0 specifies that the operation of the
deblocking filter is applied for the slices associated with the PH. When pic_deblocking_filter disabled_flag is not
present, it is inferred to be equal to pps_deblocking_filter_disabled_flag.

pic_beta_offset div2 and pic_tc_oftset div2 specity the deblocking parameter oftsets tor § and tC (divided by 2) tor the
slices associated with the PH. The values of pic_beta_offset div2 and pic_tc_offset div2 shall both be in the range of —6
to 6, inclusive. When not present, the values of pic_beta_oftset_div2 and pic_tc_offset_div2 are inferred to be equal to
pps_beta_offset_div2 and pps_tc_offset_div2, respectively.
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slice_header( ) { Descriptor
if( pps_cu_chroma_qp_offsct_list_cnabled flag )
cu_chroma_qp_offset_enabled_flag u(l)
if( sps_sao_enabled_flag && !pic_sao_enabled_present flag ) {
slice_sao_luma_flag u(l)
if( ChromaArray Type != 0)
slice_sao_chroma_flag u(l)
§
if( sps_alf enabled flag && !pic_alf enabled present flag) {
slice_alf _enabled_flag u(l)
if( slice_alf enabled flag) {
slice num_alf aps_ids_luma u(3)
for(1=0;1 <slice num_alf aps ids_luma; i++)
slice_alf aps_id_luma|i | u(3)
if( ChromaArray Type != 0)
slice_alf chroma_idc u(2)
if( slice_alf chroma idc)
slice_alf_aps_id_chroma u(3)
}
3
if( deblocking filter_override_cnabled_flag &&
Ipic_deblocking filter override present flag)
slice_deblocking_filter_override_flag u(l)
if( slicc_dcblocking_filter override flag) §
slice_deblocking_filter_disabled_flag u(l)
if(!slice_deblocking_filter_disabled flag ) {
slice_beta_offset_div2 se(v)
slice_tc_offset_div2 se(v)
}
¥
5
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cu_chroma_qp_offset enabled flag equal to 1 specifies that the cu_chroma qp_offset_flag may be present in the
transform unit and palette coding syntax. cu_chroma_qp_offset_enabled_flag equal to 0 specifies that the
cu_chroma_qp_offset flag is not present in the transform unit or palette coding syntax. When not present, the value of
cu chroma qp offset enabled flag is inferred to be equal to 0.

slice_sao_luma_flag equal to | specifies that SAO is enabled for the luma component in the current slice;
slice_sao_luma_{flag equal to 0 specifies that SAQ is disabled for the luma component in the current slice. When
slice sao luma flag is not present, it is inferred to be equal to pic sao luma enabled flag.

slice_sao_chroma_flag equal to 1 specifies that SAQ is enabled for the chroma component in the current slice;
slice_sao_chroma_flag equal to 0 specifies that SAQ is disabled for the chroma component in the current slice. When
slice_sao_chroma_flag is not present, it is inferred to be equal to pic_sao_chroma enabled flag.

slice_alf enabled_flag equal to 1 specifies that adaptive loop filter is enabled and may be applied to Y, Cb. or Cr colour
component in a slice. slice_alf_enabled_flag equal to 0 specifies that adaptive loop filter is disabled for all colour
components in a slice. When not present, the value of slice alf enabled flag is inferred to be equal to

pic_alf enabled_flag.

slice_num_alf aps_ids_luma specifies the number of ALF APSs that the slice refers to. When slice_alf_enabled_flag is
equal to 1 and slice num_alf aps ids luma is not present, the value of slice num alf aps ids luma is inferred to be
equal to the value of pic_num_alf aps ids luma.

slice_alf aps_id_luma[ i] specifies the adaptation_parameter_set_id of the i-th ALF APS that the luma component of the
slice refers to. The Temporalld of the APS NAL unit having aps params_type equal to ALF APS and
adaptation_parameter_set_id equal to slice_alf _aps_id_luma] i ] shall be less than or equal to the Temporalld of the
coded slice NAL unit. When slice_alf_enabled_flag is equal to 1 and slice_alf aps_id_luma[ 1] is not present, the value
of slice alf aps id lumal 1] is inferred to be equal to the value of pic_alf aps id luma[1].

The valuc of alf_luma_filter_signal flag of the APS NAL unit having aps_params_typc cqual to ALF_APS and
adaptation_parameter_set_id equal to slice_alf aps_id_luma[ i ] shall be equal to 1.

slice alf chroma ide equal to O specifies that the adaptive loop filter is not applied to Cb and Cr colour components.
slice_alf_chroma_ide cqual to 1 indicates that the adaptive loop filter is applicd to the Cb colour component.

slice_alf chroma_idc equal to 2 indicates that the adaptive loop filter is applied to the Cr colour component.
slice_alf_chroma_idc equal to 3 indicates that the adaptive loop filter is applied to Cb and Cr colour components. When
slicc_alf_chroma_idc is not present, it is inferred to be equal to pic_alf_chroma_ide.

slice_alf aps_id_chroma specifies the adaptation_parameter_set_id of the ALF APS that the chroma component of the
slice refers to. The Temporalld of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_paramcter_sct_id cqual to slice_alf_aps_id_chroma shall be Iess than or cqual to the Temporalld of the coded
slice NAL unit. When slice_alf enabled_flag is equal to 1 and slice_alf aps_id_chroma is not present, the value of
slice_alf aps_id_chroma is inferred to be equal to the value of pic_alf_aps_id_chroma.

The valuc of alf chroma_filter_signal flag of thc APS NAL unit having aps_params_typc cqual to ALF_APS and
adaptation_parameter_set_id equal to slice_alf_aps_id_chroma shall be equal to 1.
slice_deblocking filter override flag equal to 1 specifies that deblocking parameters are present in the slice header.
slice_deblocking_filter_override_flag equal to 0 specifies that deblocking parameters are not present in the slice header.
When not present, the value of slice_deblocking_filter_override_flag is inferred to be equal to
pic_deblocking_filter override flag.

slicc_dcblocking_filter_disabled_flag cqual to | specifics that the operation of the deblocking filter is not applicd for the
current slice. slice_deblocking filter disabled_flag equal to 0 specifies that the operation of the deblocking filter is
applied for the current slice. When slice_deblocking_filter disabled_flag is not present, it is inferred to be equal to
pic_deblocking_filter disabled_flag.

slice_beta_offset div2 and slice_tc_offset_div2 specify the deblocking parameter offsets for  and tC (divided by 2) for
the current slice. The values of slice_beta_offset_div2 and slice_tc_offset_div2 shall both be in the range of —6 to 6,
inclusive. When not present, the values of slice_beta_offset_div2 and slice_tc_oftset_div2 are inferred to be equal to
pic_beta_offset_div2 and pic_tc_offset div2, respectively.
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[170] [3%29]
seq_parameter_set_rbsp() { Descriptor
subpics_present_flag u(l)
if( subpics_present_flag ) {
sps_num_subpics_minus2 u(®)

for(1=0;1 <= sps_num_subpics_minus2 + 1;1++) {

subpic_ctu_top_left x[ 1] u(v)
subpic_ctu_top_left y[i] u(v)
subpic_width_minus1[ 1] u(v)
subpic_height_minus1[ 1] u(v)
subpic_treated_as_pic_flag[ 1 ] u(l)
loop_filter_across_subpic_enabled_flag[ 1 ] u(l)
3
i
sps_subpic_id_present_flag u(l)

if( sps_subpics_id_present_flag ) {

sps_subpic_id_signalling_present_flag u(l)

if( sps_subpics_id_signalling present_flag ) {

sps_subpic_id_len_minus1 ue(v)

for(1=0;1 <= sps_num_subpics_minusl; i++)

sps_subpic_id[ 1] u(v)

171 T Ei Y] A ez T3 A8 22 E Bk ol A 29l AuE s
vebaiet,
[172] [3£10]

sps_num_subpics_minus2 plus 2 specifies the number of subpictures. sps num_subpics minus2 shall be in the
range of 0 to 253. When not present, the value of sps num_subpics minusl is inferred to be equal to 1.

subpic_treated_as_pic_flag[ i ] equal to 1 specifies that the i-th subpicture of each coded picture in the CLVS is
treated as a picture in the decoding process excluding in-loop [illering operations. subpic_treated_as_pic_[lag[ 1]
equal (o 0 specilies that the i-th subpicture of each coded picture in the CLVS is not trealed as a picture in the
decoding  process  excluding in-loop [iltering operations. When not present, the value of
subpic_treated_as_pic_flag[ 1] is inferred to be equal to 0.

It is a bistream conformance constraint that there shall be at least one value of subpic_treated_as pic flag[i] be
equal to 1.

It is a bistream conformance constraint that when sps_subpic_id present flag is equal to 1 and
sps_subpic_id_signalling_present_flag is equal to 0, the value of subpic_treated_as pic_flag] i ] for all subpictures
shall be equal to 1.

73] ©& B B A do] uhe spse] o A 49l e 2 vk,
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[174] [¥11]
seq_parameter_set_rbsp() { Descriptor
;e.f ~_pic_resampling_enabled_flag u(l)
si;s_loop_filter_across_virtual_b oundaries_disabled_present_flag u(l)

if( sps_loop_filter across_virtual boundaries disabled present flag) {

sps_num_ver_virtual_boundaries u2)

for(1=0;1<sps_num_ver virtual boundaries; i++)

sps_virtual_boundaries_pos_x[1] u(l3)

sps_num_hor_virtual boundaries u(2)

for(1=0;1<sps_num_hor_virtual boundaries; i++)

sps_virtual boundaries _pos_v[ 1] u(13)

1
5
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sps_num_ver_virtual_boundaries specifies the number of sps_virtual boundaries pos_x[1] syntax elements
that are present in the SPS. When sps_num_ver_virtual _boundaries is not present, it is inferred to be equal to 0.

sps_virtual_boundaries_pos_x| 1 | is used to compute the value of VirtualBoundariesPosX] 1 |, which specifies
the location of the i-th vertical virtual boundary in units of luma samples. The wvalue of
sps_virtual_boundaries_pos x[ 1] shall be m the range of 1 to Ceil( pic_width_max_in_luma_samples + 8) — 1,
inclusive.

Let minPicWidthInCL VS be the smallest value of pic_width_in_luma_samples in PPSs referring to the SPS, it 1s
a bistream conformance constraint that the value of sps_virtual_boundaries_pos x[ 1] for 1 in the range from O to
sps_num_ver_virlual_boundaries — 1, inclusive, is less than or equal to Ceil( minPieWidthInCLVS + 8 ) — 1.

sps_num_hor_virtual_boundaries specifies the number of sps_virtual boundaries pos y[1i] syntax elements
that are present in the SPS. When sps num_hor virtual boundaries is not present, it is inferred to be equal to 0.

sps_virtual_boundarics_pos_y[ i] is used to compute the value of VirtualBoundariesPosY[ 1], which specifies
the location of the i-th horizontal virtual boundary in units of luma samples. The value of
sps_virtual boundaries pos v[ 1] shall be in the range of 1 to Ceil( pic_height max_in luma samples+8)— 1,
inclusive.

Let minPicHeightInCLVS be the smallest value of pic_height_in_luma_samples in PPSs referring to the SPS, it is
a bistream conformance constraint that the value of sps_virtual_boundaries_pos_y[ 1] for i in the range from 0 to
sps_num_hor_virtual boundarics — 1, inclusive, is less than or cqual to Ceil( minPicHeightInCLVS =8 ) — 1.
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[3£13]
alf’ data() { Descriptor
alf luma_filter_signal flag u(l)
alf chroma filter_signal_flag u(l)
if( alf luma_filter signal flag) {
alf luma clip_flag u(l)
alf luma_num _filters_signalled_minus1 ue(v)
if(alf’ luma_num _filters signalled_minusl > 0)
for( filtldx = 0; filtldx < NumAlfFilters; filtldx++)
alf luma_coeff _delta_idx| filtldx ] u(v)
for( sfldx = 0; sfldx <= alf luma num filters signalled minusl; sfldx++)
alf luma_coeff_abs_len_minus1[ sfldx | ue(v)
for(j=0;j<12;j++) {
alf luma_coeff_abs| sfldx ][ ] u(v)
if( alf luma_coeff abs[ sfldx ][] ])
alf_luma_coeff_sign[ sfldx ][ ] u(l)
b
if(alf luma_clip_flag)
for( sfldx =0; sfldx <= alf luma num filters signalled minusl; sfldx++ )
for(j=0;j <12;j++)
alf_luma_clip_idx[ sfldx ][ | u2)
if( all_chroma_filler_signal flag ) {
alf_chroma_num_alt_filters_minus1 uc(v)
for( altldx = 0; altldx <= alf chroma num_alt filters minusl; altldx++) {
alf_chroma_clip_flag][ altldx ] u(l)
alf_chroma_coctf_abs_len_minus1| altldx | ue(v)
for(j=0;j<6;j++) {
alf_chroma_coeff_abs[ altldx |[j ] u(v)
if( alf chroma coeff abs[ altldx ][] ]>0)
alf_chroma_coeff_sign|[ altldx ][] ] u(l)
5
if( alf chroma_ clip flag[ altldx ])
for(j=0,] <6, j++)
alf_chroma_clip_idx| altldx || j | u(2)
3
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[182]

[183]

[184]

[185]

38

[3£14]

alf_luma_coeff_abs_len_minusl1[ sfldx ] plus 1 specifies the number of bits used to represent the syntax
element alf_luma_coeff_abs[ sfldx ][ j ]. The value of alf_luma_abs_len_minus] shall be in the range of 0 to 15,
inclusive.

alf_luma_coeff_abs[ sfldx ][ j ] specifies the absolute value of the j-th coefficient of the signalled luma filter
indicated by sfldx. When alf’ luma_coeft abs[ stldx ][ j ] 1s not present, it is inferred to be equal O.

alf_chroma_coeff_abs_len_minus1[ altldx | plus 1 specifies the number of bits used to represent the syntax
element alf_chroma_coeff abs[ altldx ][ j ]. The value of alf_chroma_abs_len_minusl shall be in the range of 0
to 15, inclusive.

alf_chroma_coeff_abs| altldx ]| j | specities the absolute value of the j-th chroma filter coefficient for the
alternative chroma filter with index altldx. When alf’ chroma_coeftf_abs[ altldx ][ j ] 1s not present, it 1s inferred
to be equal 0.
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RAM(random access memory), = &l # W22, | 2.2] 7F=, A4 vl 2] L/E=
2 A4 AXE 23 5 Q) = B oA A AN o5 SR AA,
atol A Zr AN, HEEH £ 3 AodA Fdu o =3E 5 vt o &
Sol, 7 ERel A AR 71 FUSE A, TR A, vhol 22 A,
AEgel 1= 3 gol A TAL o F4L 5 Uk o A5 TAL A A Hex
information on instructions) F=3= 2ha1g]55o] U] x| & A Ak vl | o] A %= 4= g1}
535&,—“5: A 9 AAd(E)e]l AEuEyay A W AdaY FA =
Butlo] 4 554 A, 2ihel F4 v & Aule} vt e 44, 0 A g
]Lﬂ“} H T @ A, ZAE Zhd ek, vl v @ i3} g A], B e Q. SAl T 2

AAZEZA A, Eupd AT A, A wj A, A, 2
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~E T M| 2 AlE ], 32H1(3D) B Y] 2. X, VR(virtual reality) 8],
AR(argumente reality) % } =], 5}” Azt Hv . A, EF S (ex.

AFFAHE T A L3 o, vl ey o et gt ) B o R g v T
330 Soll e 4 lon vt e A% Ei dlole A EE Aol Al
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B A A 9] o 2=, F U, 2vFE FE(smart phone), = E &

7 3+ B (laptop computer), A & W48 w2 7], PDA(personal digital assistants),
PMP(portable multimedia player), U H] Al o] A, & ] o] E PC(slate PC), Bl &3
PC(tablet PC), & E 2} 5 (ultrabook), 9 ©] &1 & t]H}-o] 2~ (wearable device, 9l &
S0, 91238 @ 7] (smartwatch), = 2l 228 ©E7] (smart glass), HMD(head
mounted display)), Tl A& TV, H| =A% A55H, YA E Aol YA Fo] 8l&

A7l Adlz 2EYT A LE W 4 qHES S AR 29 = 9lo, o
5 ZF Aol A Al s dlol B = WAk A el = gl

= JAMCl A AT FES HFd i oR 29 5 A o & B0, &
Al A el W e Ve 5ol 2¢H o] AR 7 5 3, &
gAlA el A F el Ve 5ol 2FH o iR F-dd 5 Sl
L3 MM W el e RS AAH Al Ve A 54l
Z2E o] FA =2 e = oL, 2 HAA e B el Vs 53
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