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[90] [3£1]
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)

20

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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[91]

[92]

[93]

[94]

-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 )

)

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

A} X = last_sig_coeff_x_prefix 2 last 31g coeff_y_prefixE ¥E &8}
el X

d A
A5 d v AlEl 2 g o] gk o] X3 E ral el = QITH(S400). 7]
last_sig_coeff x_prefix 2 77| last_sig_coeff y_preflxr AA B o mpA
A& AT HAE VIRte g mEd ¢ 9

A} 7] last_sig_coeff_x_prefix 2 last_sig_coeff_y_prefix’™= d A &=l tf ¢t
A5 5 00] opd mpxu} W3k Alg=o] X]of th3h S E fa ] Easlp
] B (last significant coefficient prefix information)2] & o A| & YEFE 4= Sl T}
BU} A4 S 2 last_sig_coeff x_prefixi= 7| F2E F 8 AF Ze|H 22 AR
T PRl xF Z S 2~ A H Y| A oAl E VER 4 9L,
last_sig_coeff y_prefixi= 7] 2t ~E f8 Al T2 A H F 32l y=
ZYF A AR A A E e 5 Q)

o] | cRiceParam®] ¢k 00] A-g-d = Utk 12T A= 7] o] %13}
A5 F3lo] 437 last_sig_coeff x_preflx ! last_sig_coeff_y_prefix Z+2}+o]| tff gk
Wl 2 E ¥ (bin string) S =5 T AUt 7] ol x5} H A= dE R
NG +-(240) W o] o] X1 3}7(242)°0 2l she] =3 = 3l

A AAleof| mp=H, a5ta A2l o] HEH =4 AR5 713}0?-—
last_sig_coeff x_prefix 2 last_sig_coeff y_prefix ZVZ}ol] o ¢+ cMax 4b& =5
T Uk cMaxE =5 5H7] /g A A 91 5o & B 6ol A Bt 2 S
AF7] cMaxs= last_sig_coeff_x_prefix %=5= last_sig_coeff_y_prefix©l tf g+ o] %l &}
HANM By = 2= 2E®)] o) Aol & ek 4° St} cMax 2
& Fol= %5 last_sig_coeff_x_prefix F5= last_sig_coeff_y_prefix®l tl] gk
Fefro dolE g oR 2d F o, AV =S S 02N

o]l ¢l

T

H gt
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[95]

[96]

[97]

[98]

[99]

A= = F 3.3} Wl(bin)©] 19 5 3H(context coding) Hlo]| .2 4 F
2] (throughput) Hol| A o] A& 714 &= St

ghH, 37] 719 YA A E s g AEd disto] = el X1 whH ol o)

ol X &7} X8 = 4= 9lt}, o] & &0, transform_skip_flag, last_sig_coeff_x_suffix,
last_sig_coeff_y_suffix, coded_sub_block_flag, sig_coeff_flag, par_level_flag,
rem_abs_gtl_flag, rem_abs_gt2_flag, coeff_sign_flag, mts_idx ‘5ol tf3}o] = 214
7] o] o] 21 3} ¥} A (Fixed-length binarization process)®l] h& o] X &} 7} 423 2 4=
2131, abs_remainder®l] thale] = T1of] A-&-3h= o| 23Ut =3 4 AT}

AN A= 7] last_sig_coeff_x_prefix & last_sig_coeff_y_prefix&
Foet= dAFYE 39 Ad A8 A QA Eo st EE T Q1Y & 43
T A THS410). 1= %}7‘@ T 7371 last_sig_coeff x_prefix 2
last_sig_coeff y_prefix Z}Fﬂoﬂ el Hl ~EZLS J|Hlo 2 JERN Qluyde
T = i), 13w A= CABAC (context-adaptive arithmetic coding) 5=+

CAVLC (context-adaptive variable length coding) 2] NEZ 3] I 7|H &
0 2 A7) W) 2R S 8 A A ol ) 7] 9 ¢l 5 4
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[100]

[101]

[102]

[103]

Az lE23) Y29 7#(310) e ol x sk 312)0l ofste] =3 &= 9lrt. o
Aol wp =, aFap A 2ol A G ¥ =A o FE v|Ho R
last_sig_coeff x_prefix 2 last_sig_coeff_y_prefix Z+Z} ol o ¢ cMax 42 =&
T At cMaxE =F8t7] g A A Q A S & 6ol A st & ko

47| cMax = last_sig_coeff x_prefix == last_sig_coeff_y_prefix©l] tf] &+ o] X1 3}
HANM By = 2= 2E®)] o) Aol & ek 4° St} cMax 2
e Eo| = 45 last_sig_coeff x_prefix == last_sig_coeff y_prefix©l] tf ¢t
Frro] dolE afAos 2d F o, AV ZEYEE U EHN
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[104]

[105]

[106]

[107]

[108]
[109]

FE310) Wl AEZI) iy A F 3140l of st a2 5= St}

W AR = 371 last_sig_coeff x_prefix2] 4L 2 last_sig_coeff_y_prefix2] 4k<
o= H}Z] ‘rrﬁ. AT AAE =5 5 At FAA A At A&

] ]'O?._ I grd 2= 01

r]
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N
_Qr.EHJHJ

o
O

}=h

il

[3%2]

The column position of the last significant coefficient in scanning order within a
transform block LastSignificantCoeffX is derived as follows: // 1If
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_suffix// The 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

1% 200 A] LastSignificantCoeffX+= & A (H 3 &5 U] 00] o} vix| 9 {8
A9 x5 YA & YEM AL, LastSignificantCoeffY+= & A (A3 £ U] 09]
ol mpx Mt f- 8 A5 9] yI A A E Ve 3

A7l R EAE S At ule) 7o last_sig_coeff_x_prefix 2
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e, "a13k Al 2" highfrequency zeroing, 30| 2 2] PA] A 2Q), 2153}
A 23}, 313} A 2o} (highfrequency zero-out), A 20}~ & T3k So] 2
A= = o, A7) " al M Al re g ak A2 48 4,
A A2 g, stol L P G, 59 Alg o, L5 A 2ol
A, ARl Qo F e ol 2 tAE o, AV] "AF0 w3 Al
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A Aol A=, Lot Al 2 Q) o] A8 = (M S &5(TB, TU 1= CB)“l|
§F A1 el 2 Q A last_sig_coeff_x_prefix 2 last_sig_coeff_y_prefix2] ©] %1 3}&

) sl= W o] A otE 4= 9IT} last_sig_coeff x_prefix 2}

last_sig_coeff y_prefixi= B¢ 7| o] E] == &}o] 2~ H X (truncated Rice code) =

ol x1&} = = 9laL, o] W cRiceParam® k- 05 AHE S = Utk ERAlolH =
glo]l 2~ F o] th gk o] H lof] AL8E] = cMax 2] 3h-2, last_sig_coeff_x_prefix 2]
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(=514 1]

cMax = (log, W, << 1) - 1

(77514 2]

cMax = (log,H; << 1) - 1

o] 7] A, W1& (Rgh 559 7}2 do|(lE&E &), HI= W3 59 A&
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The column position of the last significant coefficient in scanning order within a
transform block LastSignificantCoeffX is derived as follows: // 1If
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_suffix// The 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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[192]
[193]

[194]
[195]

[196]
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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
retained.

In [1], the prefix last_sig_coeff_x_prefix and last_sig_coeff_y_prefix are both
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
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means 0 or 1.

[197] [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 1111111111 XXXX

[198] 2. Proposed method

[199] This 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.

[200] 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
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.

[201] 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
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[202]
[203]

[204]
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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] [3%9]

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.

[207] 3. Experimental results

[208] 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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[209] [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%
[210] 3t 11 shows Experimental results for random-access (RA) test condition; anchor is
VTM3.0.
[211] [3&11]
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%

[212] 4, Reference

[213] [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.

[214] [2] J. Choi, et al., “Non-CE7: Simplified CSBF coding for large block-size
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ISO/IEC JTC1/SC 29/WG 11 JVET-MO0250, 13* meeting, Marrakech, MA, 9-18 Jan.
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[3] F. Bossen, et al., “common test conditions and software reference configurations
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6. Specification
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[220] [3%12]
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)

44

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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[221]

[222]

[223]
[224]

} 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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[225] Sywtax structurs Syntax slement Finarization
Process Input paramsters
il sroup datald | end of tile sroup Saz FL =1
woding free mut ] | alf oth Bagl 1] FL e =1
35 3 ssa_marge loft fag FL chdax=1
zan_merpe_up flaz FL chdan=1
sac_type_id_huma TR = 3, cRicaParam = 0
sac_fvps_ithe_chreonz TR =2, eBicaBParam =
sa0,_offset bl 11111 TR z;:if;;ajaimi{ﬁihm WitDiepth, 103 -31)— L,
sa0_offiet sizal N1 FL chdax=1
sa0_band_position] [ 1 1 FL bz = 31
za0_eo_class_huma FL chfax =1
zac_sn class chroma FL Ja —
coding_quadires(} | gf splt co flagf ][] FL ehfa =1
el tvpe freal ) mit_split ou fag FL ahfam =1
it _split_ow vertical fag FL Max=1
mtt split ow binary flag FL ahfam=1
coding wt ) ou skip fagl 1] FL chlax=1
prad_mods flag FL Man=1
pemm B} ] FL aldax =1
imtra huea yef debef 3 ] TR i = I, cRicaParam =
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[226] intra_humna_mpm_flagf 1] FL =1
imtra_fuova_papen ide] 1] T8 eldan = 3, wRicaParamm =
ttra_luma_mpm_remainde ] | TH hfax = 60
ittrn chroms, prad_mode 11 ag3r |-
- Hag{ ] FL ehdax=1
imter_prad adef =0 vl ] 233%8 obWidth, cbaight
imter_affime fag] ][] FL hdax=1
o, affine type fazl 1] FL chdax =1
ref i F ] TR o = mum_yef idw_¥0_zctive_minus], cRize¥aram =0
urp IO Bapl ] FL b= 1
ref_3ds 18] T8 ehfae = mom_ref dx I1_actve minue], cRicaParam =
mvp 1i_fazl 1 FL cfan=1
woor_Bazl 13 FL ehdme =1
amver_dpel fagf 1 FL e =1
hi 1ded 1] TR ehidmr = MioBackvardPredFlag 74: 2
ou_ebf FL oMz =1
[227] merge_dutal’ ) mirod_flas{ F ] FL A =1
wmvd, merge_Bazl 1] FL ehdax=1
ooy, distancs iduf 3T T8 el = 7, cBireParam =1
winvd_dirsetion_idef [ ] FL ehfae =3
wiip fagl 11 FL ehax =1
wiip_baaa_mpes fag{ 1] FL e =1
wiip huma_ g idad 171 T eldan =2, «RireParam =0
 sabblock fasf M1 FL ez =1
merge_subblock_idef [ ] TR b = MadtumSabblockherzsCand —~ 1, oRireParam = §
merge_tramgle fagf 3] FL chdan=1
merge trizgle i<l 1 B3 -
merge e I ] TR bz = MadluvbderzeCand — 1, RireParam =5
red_rodingl 3 sbs_ped_greter_fag] FL Ada=1
abs_wwvd_greater] flag] ] FL eidae=1
aby_nved_pirn?] Bl
mred_sign Azl ] FL =1
transfoma_unst § tu_cbf hema] T ] FL abfae=1
tuchf ok 1] FL =1
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[228] fuebf el YT ¥L Man=1
cu_gp_delia_abs 9539 |-
cu_gp_delta_sizn flaz FL chfan=1
ba,_mts flag] }{ ] FL chfax=1
residual coding(} | transfomm ship flaglJ 1] FL chdan=1
Yast_siz_coeff yx_prefix TR A= { Minf Il ThWidth, 3% < 13~ 1, cRiceParam =0
last_sig_cosff v_prafix = g&m#};{ﬁi logdThHeght, ) == 1}—1, cRicelaram =
last mg coeff x suffix FL ehfam =11 == {{lzst zig coefl = prefix »> 131313
last_sig cosff v suffix FL eMam={ 1 < {{last_sizg_coaff v prefoc »> 13-131-13
coded_sub block ST} FL chfa=1
sig_coeff fMagl T FL =1
par_level_flag] ] FL ehax= 1
abs level gtl flag[] FL abfax =1
abs_level zt?_flag( ] FL Max=1
zhs_remainder] ] 95810 | oldx, current sub-block index i, =0, 0
dec_abs Jevel] § 23311 | eldw =0 v0, =0, ¥C, log2TelWidth, logl Toileight
coefl_sign_flag( ] FL eMax=1
mts_idxf I J{ ] FL eMa=3
[229] A= AA M S d¥ @A B SHOEA SRS V2R
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