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o5, A EMES Fastel, B NSl A G A oS BTk FASHA
Agetaz @k ol weiAke FUS A axel M A Bk
B ALS A 43S A vt

Az Y e/97d s ol e Aolth ol & 50 o] iAol M AHAE
HHH A AT o] = VVC (versatile video coding) 325, EVC (essential video coding)
¥, AV1 (AOMedia Video 1) 3£, AVS2 (2nd generation of audio video coding
standard) B=-5= ZFA| O H| U] @/ F W F(ex. H.267 or H.268 &)l 7RA] ¥ +=
Wil A8 4

o] Al M= Bl Y] 2/ Aol TE vhgdt A Al 5 A A B, tHE
Aitel iz @ 97 ANAS e A2 5?}}5101 e 4 .

Q Y (image) = 2]

boje] shbel 3 e
cuaz «1ww1*ﬂﬂ*@mw Aiile)i= 2ol 91014 )
AR5 FA k= T o)t} Eefo]l 2/EFd & &l o] /42l CTU(coding tree unit)S

e 5 9ok shikel 3= shp ol ge] ol /EbU R T4 E 4 9le,

A= sk ol e B 1w o2 A ol shhe] B 1

st} ool Bt &8 283 4= vk Bl I U] BFY o]ul 9] CTU 59
ALZy o & e 9= 91 THa brick may represent a rectangular region of CTU rows
within a tile in a picture). B} T} HE 52 FEAYE = 9la1, 7 HEH &
A1 R W 3k o] 9] CTU &2 742 5= A THA tile may be partitioned
into multiple bricks, each of which consisting of one or more CTU rows within the
tile). th=o] B 52 FEMYE A FS Bd2 £ B o 51 5 JthA
tile that is not partitioned into multiple bricks may be also referred to as a brick). H. €]
2o A2 e el CTUS o EA S 314 o oalS vhebd 5=
910w, 7] CTUS S B el A CTU 9228 2102 489 5 913, el
W S Y] Bhele] 4] B Ee] ghaE AR A& 0w JUE S
Sla, el A o el E e Y] S Aol 4] ehl el e salow
A2 02 Ay = 4= JTHA brick scan is a specific sequential ordering of CTUs
partitioning a picture in which the CTUs are ordered consecutively in CTU raster scan
in a brick, bricks within a tile are ordered consecutively in a raster scan of the bricks of
the tile, and tiles in a picture are ordered consecutively in a raster scan of the tiles of
the picture). Y& 54 Bd & 2 54 g & o|Ul 9] CTUE Q| AL
% 9 o] TH(A tile is a rectangular region of CTUs within a particular tile column and a
particular tile row in a picture). 37| B+ @& CTUE S| A2 & o olar, 7] ARzt
G2 7T HAA o] oloh L xol & 2ar, YH|= I A shehv|E A E
o] AMEl A g Asof ofsto] WAl E 4 A TH(The tile column is a rectangular
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region of CTUs having a height equal to the height of the picture and a width specified
by syntax elements in the picture parameter set). 7] B} ¥ 8-& CTUE 9] A}Z}
d o] 31, 47] A2t G A st AE 9] A2 8 E o shol
A E = WRE 2L, ol AT B A 9] sEolek A F 4= QI UH(The tile row is
a rectangular region of CTUs having a height specified by syntax elements in the
picture parameter set and a width equal to the width of the picture). B} 2712
22 e Y ahis CTUS ] 54 a8 Qu®S vhebd 5 9o, 4]
CTUE-2 Bt W CTU 8 27l o 2 &4 o2 Add o= 9la1, %A 1
BAEe 4 HA e Y] el 5ol ghaE 2o dsHor 49 5
A THA tile scan is a specific sequential ordering of CTUs partitioning a picture in
which the CTUs are ordered consecutively in CTU raster scan in a tile whereas tiles in
a picture are ordered consecutively in a raster scan of the tiles of the picture).
’\a]-o]/\b.ﬂ;q/] 24 7]]/] 1:11311:0 J-'O‘]—S]—Z,:(})\}]\ /\01—7] 24"7]]/] 1:1131
shu-o] NAL R-4lefl 3232 5= A TH(A slice includes an integer number of bricks of
a picture that may be exclusively contained in a single NAL unit). % 2}0] 223= th4=9]
AAZ Eld =7 FAE 93 B dhuto] Bl o] kA sk B el E o] od &4 Q]

AlE 2= 25 A THA slice may consists of either a number of complete tiles or only
a consecutive sequence of complete bricks of one tile). ©] =4 | A B} 153}
Lolol A T8 5 ) o & B0 B Aol A tile group/tile group header+=
slice/slice header= &1 4=

= Al (pixel) 3= H(pel) S}Ur«l AA(EE e s AL EHE
u] E‘E]— Z,: oltl), 51_:_@ .\TJ Al oﬂ EH.EZ@}L: _9_01 J_E-__}\i '}\ﬂ = (sample)'o] A}_Q.E] 2=
9} . *@,%% ?:_]1:]]-?(4 o7 ¥ 3] /31 = ol /31/] %}} 14_]:/]. e 9‘}1\9_11], —rﬂ}(luma)
Aol A A gihs vebd =5 9lal, A= rk(chroma) A o] = A/ A
Jke YR 5l

T"’r‘ﬂ( nit)= G Aol 72 @ E ek o Y &
Rl ol ddd AR T Ao shE ¢ ¢ Ak s 74

B =

shu}e] Forl 55 2 Tl A Zvkex. cb, cr) 552 £33 4 Y /7Y
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7 -6l Wb 55 (block) 3= 4 % (area) 501 £ojo} E8ahel A1gd 4 vt
AHAR) 4, MxN B 5L M) A7hNAle] e o] ol AT E(EE
A Z o glo]) = W2 7 5 (transform coefficient) 52 A F(ET o oh)&
E3E 5 3o,

o] Ao A e} iz /"0 & A E) o B0, "A/B"E "A W/EE

B"i _SH}_\_-]IE]:]—J‘, "A, an‘;: nA Ig_l/EEj‘;: B"i E‘H}\qE'IjI‘- _i'_7‘|_z_—l]vo_4§_, nA/B/an‘;: "A,
B J/HE= C 5 Hol5 sty & ot} i3, "A, B, C" 5 "A, B /= C T
Ao & st E 2| u] gt} (In this document, the term "/" and "," should be
interpreted to indicate "and/or." For instance, the expression "A/B" may mean "A
and/or B." Further, "A, B" may mean "A and/or B." Further, "A/B/C" may mean "at
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least one of A, B, and/or C." Also, "A/B/C" may mean "at least one of A, B, and/or
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other words, the term "or" in this document should be interpreted to indicate

"additionally or alternatively.")
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Ol A3} & el sk Alof| = 4=8}2] 19f] 7| WFSFAL, last_sig_coeff y_prefix 2]
o| X5 33 ufji= =8h2] 20 7| Hkato] A= 4= gl
] [7514] 1]
] cMax = (log, W, << 1) - 1
[97] [73H2] 2]
] cMax = (log,H; << 1) - 1
] o7, W1 (| gh E52] 7F2 dol(E= #), HI2 He EF5o A=
Aol(= wohE Ve 4= T} o & 59, & 67 22 64x32 W3 9]
75 W1 64, H1-& 320| t}. wha} A, last_sig_coeff x_prefix2] o] 213}5 9] 3t
cMax 2| 412 11, last_sig_coeff y_prefix2] o] 23} & 9t cMax 2] 442 971 2
A
[100]  olefo] 3 1> W1 = Hio| 3291 A 5-9] o] X g}E, olef o] 3 2= W1 HEE
H1o] 64%1 74 -5-9] o] X3} I =9 =& vpepdit), o A A oo A= A3 B35 9
A7 E 7|Hbe 2 EY A o) E] = #}o] 22 F = (truncated Rice code) ©] F 3}-&
Tells - lom ol 3 29} £o] LastSignificantCoeffX B
LastSignificantCoeffY 2] %to] 32 =] 4791 4 $-& H 5 3}sl7] 913
last_sig_coeff x_prefix == last_sig_coeff y_prefix2] Z=9] == '11111111110'°]
g 3L, 48~63%1 B¢-E Fa3tety] 9% =9l == 11111111111'e] &
Sk, 7HA A 2T 109 W o 2 o A 4 Ak 4]
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[101] [3%1]
LastSignificantCoeffXorLas codeword length of the
tSignificantCoeffY codeword
0 0 1
1 10 2
2 110 3
3 1110 4
4,5 11110 5
6,7 111110 6
8~11 1111110 7
12~15 11111110 8
16~23 111111110 9
24~31 111111111 9
[102] [3%2]
LastSignificantCoeffXorLas codeword length of the
tSignificantCoeffY codeword
0 0 1
1 10 2
2 110 3
3 1110 4
4,5 11110 5
6,7 111110 6
8~11 1111110 7
12~15 11111110 8
16~23 111111110 9
24~31 1111111110 10
32~47 11111111110 11
48~63 1111111111 11
[103] dhd, A A Ajellol) whE a2 AA(AMERY )=, (FAse) b
ArEoll et A7 2d daE e = o A Aol A, 1
A= @A EH@A 29 E5(CB) = @A) M3 55(TB) W (FA3hd)
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WO 2020/130514 » PCT/KR2019/017723
[3£3]
residual_coding( x0, y0, log2TbWidth, log2TbHeight, cldx ) { Descripto

r

if( transform_skip_enabled_flag &&
(cldx ' =0 || cu_mts_flag] xO ][ yO0 ] = =0 ) &&
( log2TbWidth <= 2 )&& ( log2TbHeight <= 2 ))
transform_skip_flag[ x0 ][ yO ][ cldx ] ae(v)
last_sig_coeff_x_prefix ae(v)
last_sig_coeff_y_prefix ae(v)
if( last_sig_coeff x_prefix >3 )
last_sig_coeff_x_suffix ae(v)
if( last_sig_coeff_y_prefix > 3)
last_sig_coeff_y_suffix ae(v)

log2SbSize = ( Min( log2TbWidth, log2TbHeight ) < 271:2)

numSbCoeff = 1 << (10g2SbSize << 1)

lastScanPos = numSbCoeff

lastSubBlock = (1 << (
log2TbWidth + log2TbHeight - 2 * log2SbSize ) ) -1

do {

if( lastScanPos = =0 ) {

lastScanPos = numSbCoeff

lastSubBlock- -

}

lastScanPos- -

XS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ O ]

yS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ 1 ]

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ lastScanPos ][ 0 |
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yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ lastScanPos ][ 1 ]

} while( ( xC != LastSignificantCoeffX ) | | ( yC != LastSignificantCoeffY
))

QState =0

for( 1 =lastSubBlock; i >=0;i- -) {

startQStateSb = QState

XS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ O ]

yS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ 1 ]

inferSbDcSigCoeffFlag = 0

if( (1 < lastSubBlock ) && (1 > 0)) {

coded_sub_block_flag[ xS ][ yS ] ae(v)

inferSbDcSigCoeffFlag = 1

}

firstSigScanPosSb = numSbCoeff

lastSigScanPosSb = -1

for( n = (1= =lastSubBlock ) ? lastScanPos - 1 : numSbCoeff -1;n>=
0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( coded_sub_block_flag][ xS ][ yS ]&& (n > 01 |
linferSbDcSigCoeffFlag ) ) {

sig_coeff_flag[ xC ][ yC ] ae(v)

}

if( sig_coeff_flag[ xC ][ yC ]) {

par_level_flag[ n | ae(v)
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rem_abs_gtl_flag[ n ] ae(v)

if( lastSigScanPosSb = =-1)

lastSigScanPosSb = n

firstSigScanPosSb = n

}

AbsLevelPass1[ xC ][ yC ]=sig_coeff_flag] xC ][ yC ]+
par_level_flag[ n ]+ 2 * rem_abs_gtl_flag[ n |

if( dep_quant_enabled_flag )

QState = QStateTransTable[ QState |[ par_level_flag][ n | ]

}

for( n = numSbCoeff - 1;n>=0;n--) {

if( rem_abs_gtl_flag[ n ])

rem_abs_gt2_flag[ n ] ae(v)

}

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( rem_abs_gt2_flag[ n ])

abs_remainder[ n |

AbsLevel][ xC ][ yC ]= AbsLevelPassl[ xC ][ yC ]+2 *(

rem_abs_gt2_flag[ n |+ abs_remainder[ n ])

}

if( dep_quant_enabled_flag | | !sign_data_hiding_enabled_flag )

signHidden =0

else

signHidden = ( lastSigScanPosSb - firstSigScanPosSb>371:0)

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]
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yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ] && (!signHidden | | (n !=
firstSigScanPosSb ) ) )

coeff_sign_flag[ n ]

ae(v)

}

if( dep_quant_enabled_flag ) {

QState = startQStateSb

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ])

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]=(2*
AbsLevel[ xC ][ yC ]-(QState>11:0))*(1-2%*
coeff_sign_flag[ n ])

QState = QStateTransTable[ QState |[ par_level_flag][ n | ]

} else {

sumAbsLevel =0

for( n = numSbCoeff - 1;n>=0;n--)

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ] ) {

TransCoeffLevel[ x0 [[ yO ][ cldx ][ xC ][ yC ] =
AbsLevel][ xC ][ yC ]*(1-2* coeff_sign_flag[ n )

if( signHidden ) {

sumAbsLevel += AbsLevel[ xC ][ yC ]

if( (n= =firstSigScanPosSb ) && ( sumAbsLevel % 2 )= =1 ))

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]=
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-TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]

}

}

}

}

}

if( cu_mts_flag] x0 ][ y0 ] && (cldx == 0)&&
Itransform_skip_flag[ xO ][ yO ][ cldx ] && (

( CuPredMode[ x0 ][ y0 ] = = MODE_INTRA && numSigCoe

ff >2) |1( CuPredMode[ xO ][ y0 ] = = MODE_INTER )

) A

mts_idx[ xO ][ yO ] ae(v)
}

residual_coding( x0, y0, log2TbWidth, log2TbHeight, cldx ) { Descripto

r

if( transform_skip_enabled_flag &&
(cldx ' =0 || cu_mts_flag] xO ][ yO0 ] = =0 ) &&
( log2TbWidth <= 2 ) && ( log2TbHeight <= 2 ))

transform_skip_flag[ x0 ][ yO ][ cldx ] ae(v)
last_sig_coeff_x_prefix ae(v)
last_sig_coeff_y_prefix ae(v)

if( last_sig_coeff x_prefix >3 )

last_sig_coeff_x_suffix ae(v)

if( last_sig_coeff y_prefix >3)

last_sig_coeff_y_suffix ae(v)

log2SbSize = ( Min( log2TbWidth, log2TbHeight ) < 271:2)

numSbCoeff = 1 << (10g2SbSize << 1)

lastScanPos = numSbCoeff

lastSubBlock = (1 << (
log2TbWidth + log2TbHeight - 2 * log2SbSize ) ) -1

do {

if( lastScanPos = =0 ) {
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lastScanPos = numSbCoeff

lastSubBlock- -

}

lastScanPos- -

XS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ O ]

yS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ 1 ]

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ lastScanPos ][ 0 |

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ lastScanPos ][ 1 ]

} while( ( xC != LastSignificantCoeffX ) | | ( yC != LastSignificantCoeffY
))

QState =0

for( 1 =lastSubBlock; i >=0;i- -) {

startQStateSb = QState

XS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ O ]

yS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ 1 ]

inferSbDcSigCoeffFlag = 0

if( (1 < lastSubBlock ) && (1 > 0)) {

coded_sub_block_flag[ xS ][ yS ] ae(v)

inferSbDcSigCoeffFlag = 1

}

firstSigScanPosSb = numSbCoeff

lastSigScanPosSb = -1

for( n = (1= =lastSubBlock ) ? lastScanPos - 1 : numSbCoeff -1;n>=
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0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( coded_sub_block_flag][ xS ][ yS ]&& (n > 01 |
linferSbDcSigCoeffFlag ) ) {

sig_coeff_flag[ xC ][ yC ]

ae(v)

}

if( sig_coeff_flag[ xC ][ yC ]) {

par_level_flag[ n |

ae(v)

rem_abs_gtl_flag[ n ]

ae(v)

if( lastSigScanPosSb = =-1)

lastSigScanPosSb = n

firstSigScanPosSb = n

}

AbsLevelPass1[ xC ][ yC ]=sig_coeff_flag] xC ][ yC ]+
par_level_flag[ n ]+ 2 * rem_abs_gtl_flag[ n |

if( dep_quant_enabled_flag )

QState = QStateTransTable[ QState |[ par_level_flag][ n | ]

}

for( n = numSbCoeff - 1;n>=0;n--) {

if( rem_abs_gtl_flag[ n ])

rem_abs_gt2_flag[ n ]

ae(v)

}

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( rem_abs_gt2_flag[ n ])

abs_remainder[ n |
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AbsLevel][ xC ][ yC ]= AbsLevelPassl[ xC ][ yC ]+2 *(

rem_abs_gt2_flag[ n |+ abs_remainder[ n ])

}

if( dep_quant_enabled_flag | | !sign_data_hiding_enabled_flag )

signHidden =0

else

signHidden = ( lastSigScanPosSb - firstSigScanPosSb>371:0)

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ] && (!signHidden | | (n !=
firstSigScanPosSb ) ) )

coeff_sign_flag[ n ]

ae(v)

}

if( dep_quant_enabled_flag ) {

QState = startQStateSb

for( n = numSbCoeff - 1;n >=0; n---- xC = ( xS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ])

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]=(2*
AbsLevel[ xC ][ yC ]-(QState>11:0))*(1-2%*
coeff_sign_flag[ n ])

QState = QStateTransTable[ QState |[ par_level_flag][ n | ]

} else {

sumAbsLevel =0

for( n = numSbCoeff - 1;n>=0;n---

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]
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[105]

30

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ] ) {

TransCoeffLevel[ x0 [[ yO ][ cldx ][ xC ][ yC ] =
AbsLevel][ xC ][ yC ]*(1-2* coeff_sign_flag[ n )

if( signHidden ) {

sumAbsLevel += AbsLevel[ xC ][ yC ]

if( (n= =firstSigScanPosSb ) && ( sumAbsLevel % 2 )= =1 ))

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]=
-TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]

}

}

}

}

}

if( cu_mts_flag] x0 ][ y0 ] && (cldx == 0)&&
Itransform_skip_flag[ xO ][ yO ][ cldx ] && (

( CuPredMode[ x0 ][ y0 ] = = MODE_INTRA && numSigCoe
ff >2) 11( CuPredMode[ xO ][ y0 ] = = MODE_INTER )

) O

mts_idx[ xO ][ yO ] ae(v)
}

A7 35 304 YERS vl 2ol last_sig_coeff_x_prefix®] ko] 3Rt} & 4§
last_sig_coeff_x_suffix7} T A|-29®E 4= 91 01, 47| last_sig_coeff_x_suffix2]
& 718 S 2 LastSignificantCoeffX7} =52 4 ST}, o & 50,
LastSignificantCoeffX 2] 3ko] 32~4791 74-$-& L5 3}517] 9o
last_sig_coeff_x_prefix2] T == "11111111110'0] € 4= 131, 32~47 5 o] H
kol A2 ¥ =A] of H-= 7] last_sig_coeff_x_suffix 2] ¢k-& 7|Wto 2 A e
ATt sk, A7) 3 1o A YERE vle) ol last_sig_coeff_y_prefix] #ko] 3H.T}
T+ 74§ last_sig_coeff y_prefix7} Tl A| 29 = 5= ] o, A7
last_sig_coeff y_suffix®] gk 7|HFS 2 LastSignificantCoeffY 7} =& 2 = Sl T}
o & £ 0], LastSignificantCoeffY 2] 4to] 32~47¢1 4$-& F33}35H7] 9%t
last_sig_coeff_x_prefix®] ZEE="11111111110'0] 3L, 32~47 5= o H 3Lo|
AR E] =R o] }3= A7) last_sig coeff_y_suffix®] #hS 7|Hro 2 A€ 4= gt}
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[106]
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[108]
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[114]

31

LastSignificantCoeffX %=+= LastSignificantCoeffY & =%3}7] ¢ ¢ 74 4
AL o & So] o}l o] 3 49} o] 43 E = gl
[3£4]

The column position of the last significant coefficient in scanning order within a
transform  block  LastSignificantCoeffX is derived as follows:- If
last_sig_coeff x_suffix is not present, the following applies:LastSignificantCoeffX =
last_sig_coeff_x_prefix- Otherwise (last_sig_coeff_x_suffix is present), the following
applies:LastSignificantCoeffX= (1<<((last_sig_coeff x_prefix>>1)-1)) *
(2+(last_sig_coeff_x_prefix&1)) + last_sig_coeff_x_suffixThe row position of the
last significant coefficient in scanning order within a transform block
LastSignificantCoeffY is derived as follows:- If last_sig_coeff_y_suffix is not present,
the following applies:LastSignificantCoeffY = last_sigcoeff y_prefix- Otherwise
(last_sig_coeff_y_suffix is present), the following
applies:LastSignificantCoeffY=(1<<((last_sig_coeff y_prefix>>1)-1))*(2+(last_sig_c

oeff_y_prefix&1))+last_sig_coeff_y_suffix
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The column position of the last significant coefficient in scanning order within a
transform  block  LastSignificantCoeffX is derived as follows:- If
last_sig_coeff x_suffix is not present, the following applies:LastSignificantCoeffX =
last_sig_coeff_x_prefix- Otherwise (last_sig_coeff_x_suffix is present), the following
applies:LastSignificantCoeffX= (1<<((last_sig_coeff x_prefix>>1)-1)) *
(2+(last_sig_coeff_x_prefix&1)) + last_sig_coeff_x_suffixThe row position of the
last significant coefficient in scanning order within a transform block
LastSignificantCoeffY is derived as follows:- If last_sig_coeff_y_suffix is not present,
the following applies:LastSignificantCoeffY = last_sigcoeff y_prefix- Otherwise
(last_sig_coeff_y_suffix is present), the following
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Abstract

In this proposal, the binarization of last significant coefficient position is modified to
reduce the maximum number of context coded bins. Specifically, the number of
context coded bins for large block (i.e., 64x64, 64xN, Nx64) in worst case scenario is
reduced from 11 to 9. Experimental results show 0.01%, 0%, and -0.02% BD-rate
reductions on Y, Cb, and Cr components, respectively, compared to VIM3.0 in
all-intra configuration, and 0.01%, -0.01%, and -0.01% BD-rate reductions in random
access configuration.

1 Introduction

It is known that large block partitions typically present less residuals and the energy
is more concentrated in low-frequency coefficients in the transform domain. In
VTM3.0 [1], high frequency transform coefficients are zeroed out for the transform
blocks with size (width or height, or both width and height) equal to 64. Thus, fora W
x H transform block, where W indicates the block width and H the block height, only
the top-left (W == 64 7 32 : W) xx (H == 64 ? 32 : H) transform coefficients are
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retained.
[197] In [1], the prefix last_sig_coeff_x_prefix and last_sig_coeff_y_prefix are both

[198]

[199]

[200]

context coded using truncated Rice binarization with cMax = (log2TbSize << 1) - 1.
Here, if the syntax element to be parsed is last_sig_coeff x_prefix, log2TbSize is set
equal to log2TbWidth and otherwise, log2TbSize is set equal to log2TbHeight. That is,
the maximum possible magnitude is determined by the transform block width or
height. In the worst case scenario, the number of the bins that use context modelling is
equal to 11. 3£ 7 shows the binarization for W = 64 or H = 64 in VIM3.0, wherein X

means 0 or 1.

[3£7]
Magnitude of last | last_sig_coeff_x_prefixorlast_ |last_sig_coeff_x_suffixorlast_s
position component sig_coeff_y_prefix(context | ig_coeff_y_suffix(bypass bin)
coded bin)
0 0
1 10
2 110
3 1110
4,5 11110 X
6,7 111110 X
8~11 1111110 XX
12~15 11111110 XX
16~23 111111110 XXX
24~31 1111111110 XXX
32~47 11111111110 XXXX
48~63 IRRRBRRERNA! XXXX

2. Proposed methodThis contribution is proposed on top of JVET-MO0250 [2]. In the

proposed method, whether the current coefficient group belongs to the high-frequency

zeroing region is checked. Using this information, the unnecessary

coded_sub_block_flag (CSBF) coding for the high-frequency zeroing region can be

skipped.

In one embodiment, CSBF coding method considering the high-frequency zeroing

region may be proposed. If a first condition for Last or first coefficient group is

satisfied, the value of CSBF may be inferred to 1. If the first condition for last or first

coefficient group is not satisfied, a second condition for high-frequency zeroing region
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is checked. If the second condition for high-frequency zeroing region is satisfied, there
is no CSBF coding. If the second condition for high-frequency zeroing is not satisfied,
context index is derived and CSBF coding is performed.

A last position coding scheme is proposed for large block-size transforms. Compared
to VIM3.0, the proposed coding scheme uses less context coded bins in the worst case
scenario. The codeword in the proposed scheme still starts with a truncated Rice code
and followed by a fixed length code. After high-frequency zeroing, for a WxH
transform block, only the top-left min(W, 32) x min(H, 32) transform coefficients are
kept. Thus, the maximum possible codeword length of the prefix
last_sig_coeff_x_prefix or last_sig_coeff_y_prefix is derived as:

cMax = (min(log2TbSize, 5) << 1) - 1.

3% 8 shows the binarization for W = 64 or H = 64, wherein X means O or 1. Here, the

different parts are emphasized.

3t 8]
Magnitude of last | last_sig_coeff_x_prefixorlast_ |last_sig_coeff_x_suffixorlast_s
position component sig_coeff_y_prefix(context | ig_coeff_y_suffix(bypass bin)
coded bin)
0 0
1 10
2 110
3 1110
4,5 11110 X
6,7 111110 X
8~11 1111110 XX
12~15 11111110 XX
16~23 111111110 XXX
24~31 IRRRBERAEI XXX
32~47 N/A N/A
48~63 N/A N/A
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[205] [3E9]
Magnitude of last VTM3.0 Proposed method
position component
0 1 1
1 2 2
2 3 3
3 4 4
4,5 5 5
6,7 6 6
8~11 7 7
12~15 8 8
16~23 9 9
24~31 10 9
32~47 11 N/A
48~63 11 N/A
[206] 3t 9 shows comparison of codeword length for the prefix (context coded bins) when

W =64 or H = 64 and VTM3.0. The context coded bins can be as long as 9 in the
proposed method, while it is up to 11 bins in VTM3.0. Note that when the magnitude
of the last position component in the range of 24-31, the number of context coded bins
is reduced from 10 to 9. 3. Experimental results

[207] The proposed method has been implemented on the VIM3.0 software. The
simulations were performed following the common test conditions defined in
JVET-L1010 [3]. In every case, the anchor is the VIM3.0 software. Encoding time
and decoding time come from the cross-check results [4]. 3% 10 shows Experimental
results for all-intra (Al) test condition; anchor is VITM3.0.
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[208] [3£10]
All Intra Main10
Over VIM-3.0
Y U \" EncT DecT
Class Al 0.03% -0.07% 0.03% 100% 101%
Class A2 0.02% 0.00% -0.03% 100% 100%
Class B 0.01% 0.05% -0.02% 100% 102%
Class C 0.00% 0.01% -0.03% 100% 101%
Class E 0.02% -0.02% -0.03% 100% 99%
Overall 0.01% 0.00% -0.02% 100% 101%
Class D 0.00% 0.01% -0.01% 100% 100%
Class F -0.01% 0.03% 0.02% 100% 99%
[209] 3t 11 shows Experimental results for random-access (RA) test condition; anchor is
VTM3.0.
[210] [311]
Random access Main10
Over VIM-3.0
Y U \" EncT DecT
Class Al 0.05% -0.09% 0.00%
Class A2 0.01% 0.07% 0.03%
Class B -0.01% -0.02% -0.04% 100% 100%
Class C 0.00% 0.02% -0.01% 99% 100%
Class E
Overall 0.01% -0.01% -0.01%
Class D 0.00% 0.03% 0.06% 100% 100%
Class F -0.01% -0.03% -0.07% 100% 99%

[211] 4. Reference[ 1] B. Bross, et al., “Video Coding (Draft 3),” Joint Video Exploration
Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC1/SC 29/WG 11 JVET-L1001,
12" meeting, Macao, CN, 3-12 Oct. 2018.

[212] [2] J. Choi, et al., “Non-CE7: Simplified CSBF coding for large block-size
transforms,” Joint Video Exploration Team (JVET) of ITU-T SG 16 WP 3 and
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ISO/IEC JTC1/SC 29/WG 11 JVET-MO0250, 13* meeting, Marrakech, MA, 9-18 Jan.
2019.

[3] F. Bossen, et al., “common test conditions and software reference configurations
for SDR video Joint Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC
JTC1/SC 29/WG 11 JVET-L1010, 12th Meeting, Macao, CN, 3-12 Oct. 2018.

[4] H. Schwarz, “Crosscheck of JVET-M0251 (Non-CE7: Last position coding for
large block-size transforms),” Joint Video Exploration Team (JVET) of ITU-T SG 16
WP 3 and ISO/IEC JTC1/SC 29/WG 11 JVET-M0646, 13™ meeting, Marrakech, MA,
9-18 Jan. 2019.
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to grant licenses under reasonable and non-discriminatory terms as necessary for
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Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing
declaration form).

6. Specification
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residual_coding( x0, y0, log2TbWidth, log2TbHeight, cldx ) { Descripto

r

if( transform_skip_enabled_flag &&
(cldx ' =0 || tu_mts_flag[ xO ][ yO ] = =0 ) &&
( log2TbWidth <= 2 )&& ( log2TbHeight <= 2 ))
transform_skip_flag[ x0 ][ yO ][ cldx ] ae(v)
last_sig_coeff_x_prefix ae(v)
last_sig_coeff_y_prefix ae(v)
if( last_sig_coeff x_prefix >3 )
last_sig_coeff_x_suffix ae(v)
if( last_sig_coeff_y_prefix > 3)
last_sig_coeff_y_suffix ae(v)

log2SbSize = ( Min( log2TbWidth, log2TbHeight ) < 271:2)

numSbCoeff = 1 << (10g2SbSize << 1)

lastScanPos = numSbCoeff

log2TbWidth = Min( log2TbWidth, 5 )

log2TbHeight = Min( log2TbHeight, 5 )

lastSubBlock = (1 << (
log2TbWidth + log2TbHeight - 2 * log2SbSize ) ) -1

do {

if( lastScanPos = =0 ) {

lastScanPos = numSbCoeff

lastSubBlock- -

}

lastScanPos- -

XS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ O ]

yS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ 1 ]
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xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ lastScanPos ][ 0 |

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ lastScanPos ][ 1 ]

} while( ( xC != LastSignificantCoeffX ) | | ( yC != LastSignificantCoeffY
))

numSigCoeff = 0

QState =0

for( 1 =lastSubBlock; i >=0;i- -) {

startQStateSb = QState

XS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ O ]

yS =
DiagScanOrder[ log2TbWidth - log2SbSize ][ log2TbHeight -log2SbSi
ze |[ lastSubBlock [ 1 ]

inferSbDcSigCoeffFlag = 0

if( (1 < lastSubBlock ) && (1 > 0)) {

coded_sub_block_flag[ xS ][ yS ] ae(v)

inferSbDcSigCoeffFlag = 1

}

firstSigScanPosSb = numSbCoeff

lastSigScanPosSb = -1

remBinsPass1 = (1log2SbSize <2 76 :28)

remBinsPass2 = (1og2SbSize <2 72:4)

firstPosMode0 = (i = = lastSubBlock ? lastScanPos - 1 : numSbCoeff -1
)

firstPosModel = -1

firstPosMode2 = -1

for( n = (1= = firstPosMode0; n >= 0 && remBinsPass1 >=3;n- -) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]
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yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( coded_sub_block_flag][ xS ][ yS ]&& (n > 01 |
linferSbDcSigCoeffFlag ) ) {

sig_coeff_flag[ xC ][ yC ] ae(v)

remBinsPass1- -

if( sig_coeff_flag[ xC ][ yC ])

inferSbDcSigCoeffFlag = 0

}

if( sig_coeff_flag[ xC ][ yC ]) {

numSigCoeff++

abs_level_gtl_flag[ n | ae(v)

remBinsPass1- -

if( abs_level_gtl_flag[ n ]) {

par_level_flag[ n | ae(v)

remBinsPass1- -

if( remBinsPass2 >0 ) {

remBinsPass2- -

if( remBinsPass2 = =0)

firstPosModel =n - 1

}

}

if( lastSigScanPosSb = =-1)

lastSigScanPosSb = n

firstSigScanPosSb = n

}

AbsLevelPass1[ xC ][ yC ]=sig_coeff_flag] xC ][ yC ]+
par_level_flag[ n ]+ abs_level_gtl_flag[ n ]

if( dep_quant_enabled_flag )

QState = QStateTransTable[ QState ][ AbsLevelPassl[ xC ][ yC ] &
1]
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if( remBinsPass1 < 3)

firstPosMode2 =n - 1

}

if( firstPosModel < firstPosMode?2 )

firstPosModel = firstPosMode2

for( n = numSbCoeff - 1;n >=firstPosMode2; n--)

if( abs_level_gtl_flag[ n ])

abs_level_gt3_flag[ n | ae(v)

for( n = numSbCoeff - 1; n >=firstPosModel; n-- ) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( abs_level_gt3_flag[ n ])

abs_remainder[ n | ae(v)

AbsLevel][ xC ][ yC ]= AbsLevelPassl[ xC ][ yC ]+2 *(
abs_level_gt3_flag[ n |+ abs_remainder[ n |)

}

for( n = firstPosModel; n > firstPosMode2; n- - ) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( abs_level_gtl_flag[ n ])

abs_remainder[ n | ae(v)

AbsLevel][ xC ][ yC ]= AbsLevelPassl[ xC ][ yC ] +2*

abs_remainder[ n |

}

for( n = firstPosMode2; n >=0; n- -) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
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DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

dec_abs_level[ n | ae(v)

if(AbsLevel[ xC ][ yC ]1>0)

firstSigScanPosSb = n

if( dep_quant_enabled_flag )

QState = QStateTransTable[ QState ][ AbsLevel[ xC ][ yC ] & 1 ]

}

if( dep_quant_enabled_flag | | !sign_data_hiding_enabled_flag )

signHidden =0

else

signHidden = ( lastSigScanPosSb - firstSigScanPosSb>371:0)

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ] && (!signHidden | | (n !=
firstSigScanPosSb ) ) )

coeff_sign_flag[ n ] ae(v)

}

if( dep_quant_enabled_flag ) {

QState = startQStateSb

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ])

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]=(2*
AbsLevel[ xC ][ yC ]-(QState>11:0))*(1-2%*
coeff_sign_flag[ n ])

QState = QStateTransTable[ QState |[ par_level_flag][ n | ]
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} else {

sumAbsLevel =0

for( n = numSbCoeff - 1;n>=0;n--) {

xC = ( xS << 1log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n ][ 0 ]

yC =(yS << 1og2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ n J[ 1 ]

if( sig_coeff_flag[ xC ][ yC ] ) {

TransCoeffLevel[ x0 [[ yO ][ cldx ][ xC ][ yC ] =
AbsLevel][ xC ][ yC ]*(1-2* coeff_sign_flag[ n )

if( signHidden ) {

sumAbsLevel += AbsLevel[ xC ][ yC ]

if( (n= =firstSigScanPosSb ) && ( sumAbsLevel % 2 )= =1 ))

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]=
-TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]

}
}
}
}
}

if( tu_mts_flag[ xO ][ yO ] && (cldx == 0) )

mts_idx[ xO ][ yO ][ cldx ] ae(v)

}

last_sig_coeff_x_prefix specifies the prefix of the column position of the last
significant coefficient in scanning order within a transform block. The values of
last_sig_coeff_x_prefix shall be in the range of 0 to ( Min( log2TbWidth, 5
) << 1) 1,inclusive.last_sig coeff y_ prefix specifies the prefix of the row
position of the last significant coefficient in scanning order within a transform block.
The values of last_sig_coeff_y_prefix shall be in the range of 0 to ( Min(
log2TbHeight,5)<< 1 ) 1, inclusive.

3t 13 below shows syntax elements and associated binarizations.

[3E 13]
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Bravtax structors Evrdtax elernant Binarization
Provess Tnpest parameters

tile group datal} ard of tile mroup fag FL eblam=1

coding free wut | | alf ot Bagf Y1 ] FL chifae =1

a3 zao_marge_foft fag FL ebdan =1
zan_merge_up flag FL chdan=1
sao_fype_wdx_buma = chian = 1, eRicelaram = {
san fype ide chroma TR’ el = 2, BieaParam =
sac_offeet hef [ H 111 TR ;gi:;;&;iﬁiﬁﬁ{mm{ bitBbepth, 103~ 335~ 4,
san_offiet stz YWY FL chifan =1
san_band_position] [ 1 ] FL ehfax = 31
zaw_pw elass homa FL ehilan =3
san_ep lzss chroma FL el =3

coding_guadires(} | gf splt co flagf ][] FL chfax =1

veudis_fype feee( ) it split eu flas FL elfar = 1
mit_split_ru_vertcal Sag FL i = 1
mtt_split ow binary flag FL ehfan = 1

coding i) eu_skip_ szl ] FL ez =1
pred_mode_flag FL ehfan=1
por_Hagl ] FL e = 1
infra luma ref idef ] = o = I, cBicelaram =)
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[223] titra_luma mpm flag{ [} FL chdax =1
imdra_luez wapen, idxl Y] TH phdan = 5, pRiceParam = ¥
nstra_lumz papm pemainds] ] | TB ahdax = 60
ifra_chroms pred mode] 1] 8337 -
: el 1 FL b =1
wter_pred adof w3 w0 ] 2338 oo Width, ebaight
infer_affime fazl ] FL ehdan = 1
v affine type fazl 1] FL chdax =1
ref adx 0[] ™= ehdan = mun_ref pdn ¥ active pums], cRicefaram =10
mvp 10 Bapl W} FL chdan=1
vef_idw IR} ] T8 eddae = mum_ref wdw [l active_minus], cBiceParam ={
mvp 13_fag] §1 FL chfax=1
wvnm flaz[ ] FL ez =1
amer_dpd_fagl [} FL ehdar =1
g e 1] TR ehdan = MoBackoerdPredFlag T 4: 2
o obf FL oham =1
[224] tu cbf o N H ] FL chan=1
en_gp_dalfa_ahs 9535 -
ew qp delts sign flag FL ehfan =1
to_mts_flag{ JE] FL chax=1
residual coding( } transform_skip fagf Y 1] FL =1
last sig eweff w prefin TR cbdor = (Wl oz TVt 3% <v 13—, eBireParam =10
last_sig_couff y_prefic T® ;3&-&};= { Wi log2 Thideight 53 =< 13~1, cRiceParam=
last_siz coff x suffix FL M=l == {{lat sz ooeff = prafix 5> 131-1%-1%
last sig cosff v wuffix FL Mz ={] o {{ st sz coeff v prefic > 10~10~13%
coded_sub block fagi ] FL chdam=1
sig coeff Hagl W2 FL chdan=1
par_level flag] § FL ehdax =1
ahs_level ot flagl] FL chdae=1
3bs_Jevel 263 flagf ] FL hfax=1
abe_resnaivderd ] eldx, wrent sub-block index & ol
dee_abs level] ] eldw, =0, ¥0, =0, €, log2 THWidth, log2 Thieight
oot sizn flag]] chfax =1
mts 3dxf L1 ] e =3

Jeloll A, W52

A BEo 2y EARE V2
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o
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4
el
it
_1
s _EL
g 1T
X
>,
=2

Qo 2 AL, X gt o R L r A} AAE = A

32 2 M| A= ASIC(application-specific integrated circuit), TF 2 3| Al, +=2] 3| 2
/= dloly A AXE x83 4= o). W B2 = ROM(read-only memory),
RAM(random access memory), & &l 5] Wl F.2], W] =2 7}=, 27 v 2] 2/E=
tE A A5 23 T Ak F, B A oA A g A A o 58 LR AA,
mpol AR ZEAM, AEEY Ei= 71ﬂ Aol A FAE o] 3 7 Q) &
5o, 7 mRlo M A8 75 FHES R, ZEAA, o] AR L EA|A,

ZIESY £ 3 oA o] 3€ 5= Q). o] A5 7S 3 A Hex.
information on instructions) ¥+= ¥ 318} 59| 1“4%]% | 2 uf Xﬂ of A A= 4= Q.
Eh B A7 A 8= v a3y A 2 Jday A= dE o] dh

=

|, A& ZHel el vl @ i3 AA], Bl v @ T A3 2 AAIE B4 A,
Bupd 2Ed ] A, A w4, A, 555 F B Y 2(VoD) A H| 2 Al
ZFA], OTT H] ¥] 2. (Over the top video) & X], Q1B Yl ~E ™ AMH] 2 A5 ],

321 (3D) B T] 2 A X], VR(virtual reality) “&*], AR(argumente reality) “& =], &4
Ag vt e G, &F T @ (ex. AFFAHEF A A 28 @, v E 7]
v, et e 5y H o8 & HY e A sl £ 4 o HH AT

A= 3 Ag)str] Aa] AHgE 5= At ol & 0], OTT H| | 2 (Over
the top video) & X 2= AlY &, EFdlo] Zdo]d, ]Eile HE TV, FA o H
Al2~E]l ~ntEE e -8 PC, DVR(Digital Video Recoder) 58 E 33 5= 9]
EGE 2NN 7 A G s A MRS A FEE A= /]53‘5]1?-—
Aikd 4= 9l o, A 517}-45231\*9}% 715w A el 1 =
WALl W HlolH 25 7HA = HE H| v of Hol B &= 3 5{3 B 7} a3t
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