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Abstract
In the current VVC working draft, reference picture wraparound for subpictures is only possible when the subpic_treated_as_pic_flag is equal to 0. This contribution asserted that the reference picture wraparound functionality could be extended for cases when subpic_treated_as_pic_flag equal to 1 with the subpicture width is equal to the picture width without having to have additional signalling. This contribution enables this functionality semantically.
In this contribution, the following is proposed:
1. Allow reference picture wraparound for subpicture with subpic_treated_as_pic_flag[ i ] equal to 1 when the width of the subpicture is the same as the width of the picture, without additional signalling.
2. At slice level, derive the boundaries to be applied for decoding of blocks in the slice. If the slice belongs to an independently coded subpiture, use the subpicture boundary; otherwise, use picture boundary. It is remarked that this 2nd proposal item can be considered as editorial updates.
Introduction
In conventional motion compensation, repetitive padding is applied to derive the value of the out-of-bound samples by copying from those nearest neighbors on the corresponding picture boundary; however, for equi-rectangular projection (ERP) format, the spherical neighbors outside of the left picture boundaries can be obtained from samples inside the right picture boundary and vice versa. Such fact makes reference picture wraparound would benefit ERP format significantly. However, the current VVC working draft only allows for reference picture wraparound to be applied to subpicture only when its value of subpic_treated_as_pic_flag[ i ] is equal to 0.
The current structure is summaried in Figure 1 below:
[image: ]
Figure 1 – Interaction between reference picture wraparound and subpicture.
In the 17th JVET meeting, there were several contributions proposed to enable reference picture wraparound for subpictures with subpic_treated_as_pic_flag[ i ] equal to 1 with some additional signalling. We asserted that reference picture for subpicture with subpic_treated_as_pic_flag[ i ] equal to 1 should have no problem to be applied when the width of the subpicture is the same as the width of the picture.
Further, we observed that in there are too many checking whether a slice belong to an independently coded subpicture or not at block level to determine the actual boundary to be used (i.e., whether to use subpicture boundary or picture boundary). This can be simplified by defining the boundaries to be used when slice header is parsed, that is, if the slice belongs to an independently coded subpture, use the subpicture boundary, otherwise, use picture boundary. These changes may be simply editorial changes.
In this contribution, we propose 2 items as follows:
1. Allow reference picture wraparound for subpicture with subpic_treated_as_pic_flag[ i ] equal to 1 when the width of the subpicture is the same as the width of the picture, without additional signalling.
2. At slice level, derive the boundaries to be applied for decoding of blocks in the slice. If the slice belongs to an independently coded subpiture, use the subpicture boundary; otherwise, use picture boundary.
Proposal 1
Summary
The summary of the proposal 1 is as follows:
1. When reference picture wrap around is enabled for pictures in a CLVS, it also applies to slices in the independently coded subpicture (i.e., the value of subpic_treated_as_pic_flag[ i ] equal to 1) when the width of the subpicture is the same as the picture.
2. [bookmark: _Ref35953532]A new variable namely SliceRefWraparoundEnabledFlag is defined and derived as follows:
a) Set SliceRefWraparoundEnabledFlag equal to the pps_ref_wrap_around_enabled_flag
b) If SliceRefWraparoundEnabledFlag is equal to 1 and the subpicture_treated_as_pict_flag[ i ] is equal to 1 for the current subpicture (i.e., the subpicture where the current slice belongs to) and the width of the current subpicture is not equal to the picture width then value of the SliceRefWarparoundEnabledFlag is set to be equal to 0.
c) The SliceRefWraparoundEnabledFlag is then used to enable refWraparoundEnabledFlag when the SliceRefWraparoundEnabledFlag is true and the reference picture is not scaled
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Figure 2 – Proposed design of reference picture wraparound with subpicture.
Proposed spec text changes
General slice header semantics
The variables SliceRefWraparoundEnabledFlag is derived as follows:
SliceRefWraparoundEnabledFlag = pps_ref_wraparound_enabled_flag
if( SliceRefWraparoundEnabledFlag )
	if( subpic_treated_as_pic_flag[ CurrSubpicIdx ]  &&
			subpic_width_minus1[ CurrSubpicIdx ] + 1 < Ceil( pic_width_in_luma_samples ÷ CtbSizeY ) )
		SliceRefWraparoundEnabledFlag = 0

Fractional sample bilinear interpolation process
General
The variable refWraparoundEnabledFlag is set equal to (SliceRefWraparoundEnabledFlagpps_ref_wraparound_enabled_flag &&  !refPicIsScaled ).

Luma sample bilinear interpolation process
The luma locations in full-sample units ( xInti, yInti ) are derived as follows for i = 0..1:
–	If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
xInti = Clip3( SubpicLeftBoundaryPos, SubpicRightBoundaryPos, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, ( xIntL + i ) ) : xIntL + i )        (640)

Fractional sample interpolation process
General
The variable refWraparoundEnabledFlag is set equal to (SliceRefWraparoundEnabledFlag  pps_ref_wraparound_enabled_flag &&  !refPicIsScaled ).

Luma sample interpolation filtering process
If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
xInti = Clip3( SubpicLeftBoundaryPos, SubpicRightBoundaryPos, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xInti ) : xInti )                    (959)

Luma integer sample fetching process
If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
xInt = Clip3( SubpicLeftBoundaryPos, SubpicRightBoundaryPos, refWraparoundEnabledFlag ?	
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xIntL ) : xIntL )                    (968)

Chroma sample interpolation process
If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
xInti = Clip3( SubpicLeftBoundaryPos / SubWidthC, SubpicRightBoundaryPos / SubWidthC, refWraparoundEnabledFlag ? ClipH( xOffset, picWC, xInti ) : xInti )                           (977)
Proposal 2
Summary
New variables are defined namely, LeftBoundaryPos, RightBoundaryPos, TopBoundaryPos and BottomBoundaryPos.These new variables indicate the positions of the boundaries to be used during decoding of blocks in the current slice. If the slice belongs to an independently coded subpicture, use subpicture’s boundary; otherwise, use picture’s boundary.
Proposed spec text changes
[bookmark: _Toc311216934][bookmark: _Toc317198761][bookmark: _Toc415475874][bookmark: _Toc423599149][bookmark: _Toc423601653][bookmark: _Toc501130175][bookmark: _Toc510795098][bookmark: _Toc33624299]Slice header semantics
General slice header semantics
The variables SubpicLeftBoundaryPos, SubpicTopBoundaryPos, SubpicRightBoundaryPos, and SubpicBotBoundaryPos are derived as follows:
if( subpic_treated_as_pic_flag[ CurrSubpicIdx ] ) {
	SubpicLeftBoundaryPos = subpic_ctu_top_left_x[ CurrSubpicIdx ] * CtbSizeY
	SubpicRightBoundaryPos = Min( pic_width_max_in_luma_samples − 1,
			( subpic_ctu_top_left_x[ CurrSubpicIdx ] +
			subpic_width_minus1[ CurrSubpicIdx ] + 1 ) * CtbSizeY − 1 )
	SubpicTopBoundaryPos = subpic_ctu_top_left_y[ CurrSubpicIdx ] *CtbSizeY              (117)
	SubpicBotBoundaryPos = Min( pic_height_max_in_luma_samples − 1,
			( subpic_ctu_top_left_y[ CurrSubpicIdx ] +
			subpic_height_minus1[ CurrSubpicIdx ] + 1 ) * CtbSizeY − 1 )
}

The variables SliceRefWraparoundEnabledFlag is derived as follows:
SliceRefWraparoundEnabledFlag = pps_ref_wraparound_enabled_flag
if( SliceRefWraparoundEnabledFlag )
	if( subpic_treated_as_pic_flag[ CurrSubpicIdx ]  &&
			subpic_width_minus1[ CurrSubpicIdx ] + 1 < Ceil( pic_width_in_luma_samples ÷ CtbSizeY ) )
		SliceRefWraparoundEnabledFlag = 0

The variables LeftBoundayPos, RightBoundayPos, TopBoundayPos, and BottomBoundaryPos are derived as follows. 
LeftBoundaryPos = 0
RightBoundaryPos =pic_width_in_luma_samples-1
TopBoundaryPos = 0
BottomBoundaryPos = pic_height_in_luma_samples-1 
if( subpic_treated_as_pic_flag[ CurrSubpicIdx ] ) {
	LeftBoundaryPos = subpic_ctu_top_left_x[ CurrSubpicIdx ] * CtbSizeY
	RightBoundaryPos = Min( pic_width_max_in_luma_samples − 1,
			( subpic_ctu_top_left_x[ CurrSubpicIdx ] +
			subpic_width_minus1[ CurrSubpicIdx ] + 1 ) * CtbSizeY − 1 )
TopBoundaryPos = subpic_ctu_top_left_y[ CurrSubpicIdx ] *CtbSizeY
BottomBoundaryPos = Min( pic_height_max_in_luma_samples − 1,
			( subpic_ctu_top_left_y[ CurrSubpicIdx ] +
			subpic_height_minus1[ CurrSubpicIdx ] + 1 ) * CtbSizeY − 1 )
}
[bookmark: _Ref300570067]
Derivation process for temporal luma motion vector prediction
rightBoundaryPos = subpic_treated_as_pic_flag[ CurrSubpicIdx ] ?
	SubpicRightBoundaryPos : pic_width_in_luma_samples − 1	(603)
botBoundaryPos = subpic_treated_as_pic_flag[ CurrSubpicIdx ] ?
	SubpicBotBoundaryPos : pic_height_in_luma_samples − 1	(604)
If yCb  >>  CtbLog2SizeY is equal to yColBr  >>  CtbLog2SizeY, yColBr is less than or equal to BbottomBoundaryPos and xColBr is less than or equal to RrightBoundaryPos, the following applies:

Luma sample bilinear interpolation process
The luma locations in full-sample units ( xInti, yInti ) are derived as follows for i = 0..1:
–	If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
xInti = Clip3( SubpicLeftBoundaryPos, SubpicRightBoundaryPos, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, ( xIntL + i ) ) : xIntL + i )             (640)
yInti = Clip3( SubpicTopBoundaryPos, SubpicBotBoundaryPos, yIntL + i )                       (641)
–	Otherwise (subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 0), the following applies:
xInti = Clip3( 0, picW − 1, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, ( xIntL + i ) ) : xIntL + i )            (642)
yInti = Clip3( 0, picH − 1, yIntL + i )	                                                     (643)
xInti = Clip3(LeftBoundaryPos,  RightBoundaryPos, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, ( xIntL + i ) ) : xIntL + i )             (640)
yInti = Clip3( TopBoundaryPos,  BottomBoundaryPos, yIntL + i )                             (641)
[bookmark: _Ref531205325]
Derivation process for subblock-based temporal merging candidates
If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
         xColSb = Clip3( xCtb, 
        Min( SubpicRightBoundaryPos, xCtb + ( 1  <<  CtbLog2SizeY ) + 3 ),                       (736)
       xSb + tempMv[0] )
Otherwise ( subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 0), the following applies:
        xColSb = Clip3( xCtb,
        Min( pic_width_in_luma_samples − 1, xCtb + ( 1  <<  CtbLog2SizeY ) + 3 ),                  (737)
        xSb + tempMv[0] )
xColSb = Clip3( xCtb, 
Min( RightBoundaryPos, xCtb + ( 1  <<  CtbLog2SizeY ) + 3 ),                                     (736)
xSb + tempMv[0] )
[bookmark: _Ref526872990]
Derivation process for constructed affine control point motion vector merging candidates
rightBoundaryPos = subpic_treated_as_pic_flag[ CurrSubpicIdx ] ? SubpicRightBoundaryPos :
			pic_width_in_luma_samples – 1                                                     (785)
botBoundaryPos = subpic_treated_as_pic_flag[ CurrSubpicIdx ] ? SubpicBotBoundaryPos :
			pic_height_in_luma_samples – 1                                                    (786)
· If yCb  >>  CtbLog2SizeY is equal to yColBr  >>  CtbLog2SizeY, yColBr is less than or equal to BottomBoundaryPos and xColBr is less than or equal to RightBoundaryPos, the following applies:

Fractional sample interpolation process
General
· The variable refWraparoundEnabledFlag is set equal to (SliceRefWraparoundEnabledFlag  pps_ref_wraparound_enabled_flag &&  !refPicIsScaled ).

Fractional sample bilinear interpolation process
General
· The variable refWraparoundEnabledFlag is set equal to (SliceRefWraparoundEnabledFlag  pps_ref_wraparound_enabled_flag &&  !refPicIsScaled ).

Luma sample interpolation filtering process
–If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
	xInti = Clip3( SubpicLeftBoundaryPos, SubpicRightBoundaryPos, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xInti ) : xInti )                    (959)
	yInti = Clip3( SubpicTopBoundaryPos, SubpicBotBoundaryPos, yInti )                          (960)
–Otherwise (subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 0), the following applies:
	xInti = Clip3( 0, picW − 1, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xInti ) : xInti )                     (961)
	yInti = Clip3( 0, picH − 1, yInti )	                                                       (962)
xInti = Clip3(LeftBoundaryPos, RightBoundaryPos, refWraparoundEnabledFlag ?
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xInti ) : xInti )                     (959)
yInti = Clip3( TopBoundaryPos,  BottomBoundaryPos, yInti )                                     (960)

Luma integer sample fetching process
–	If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
xInt = Clip3( SubpicLeftBoundaryPos, SubpicRightBoundaryPos, refWraparoundEnabledFlag ?	
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xIntL ) : xIntL )                  (968)
yInt = Clip3( SubpicTopBoundaryPos, SubpicBotBoundaryPos, yIntL )                        (969)
–	Otherwise, the following applies:
xInt = Clip3( 0, picW − 1, refWraparoundEnabledFlag ?                                    (970)
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xIntL ) : xIntL )
yInt = Clip3( 0, picH − 1, yIntL )	                                                       (971)
xInt = Clip3( LeftBoundaryPos, RightBoundaryPos, refWraparoundEnabledFlag ?	
		ClipH( ( PpsRefWraparoundOffset ) * MinCbSizeY, picW, xIntL ) : xIntL )                  (968)
yInt = Clip3( TopBoundaryPos, BottomBoundaryPos, yIntL )                                (969)

Chroma sample interpolation process
If subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 1, the following applies:
xInti = Clip3( SubpicLeftBoundaryPos / SubWidthC, SubpicRightBoundaryPos / SubWidthC, refWraparoundEnabledFlag ? ClipH( xOffset, picWC, xInti ) : xInti )                            (977)
yInti = Clip3( SubpicTopBoundaryPos / SubHeightC, SubpicBottomBoundaryPos / SubHeightC, yInti ) (978)
–	Otherwise (subpic_treated_as_pic_flag[ CurrSubpicIdx ] is equal to 0), the following applies:
xInti = Clip3( 0, picWC − 1, refWraparoundEnabledFlag ? ClipH( xOffset, picWC, xInti ) :          (979)
		xIntC + i − 1 )
yInti = Clip3( 0, picHC − 1, yInti )	                                                   (980)
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