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Abstract
This contribution proposes constraining the virtual boundaries to be signalled strictly in left to right and top to bottom order for VVC. The proponents claim that there are currently no ordering constraints for the virtual boundaries in the VVC specification and that arbitrary order therefore is allowed. The proponents further claim that there is no benefit from allowing arbitrary order and that a cleaner design would be to enforce an order from lower values to higher.
This contribution further proposes to change the signaling from u(13) to u(v) with the length depending on the picture width and height. The proponents claim that u(v) was originally used for virtual boundary signaling but that this was changed to u(13) in Gothenburg.
Proposal 1, adding constraints:
· Constrain the virtual boundary syntax elements to be signalled in order from left to right for vertical virtual boundaries and from top to bottom for horizontal virtual boundaries.
Proposal 2, alternative signalling:
· Change the signalling of the virtual boundaries from u(13) to u(v) in SPS and PH, where v is derived from the maximum picture size for syntax elements in the SPS and derived from the picture size for syntax elements in the PH.
Proposals 1 and 2 are assessed by the proponents to be independent.
Introduction / Problem Statement
Virtual boundaries in the current VVC specification are signalled in the SPS and PH using the following syntax and semantics:

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		if( !sps_dep_quant_enabled_flag )
	

			sps_sign_data_hiding_enabled_flag
	u(1)

		sps_virtual_boundaries_enabled_flag
	u(1)

		if( sps_virtual_boundaries_enabled_flag ) {
	

			sps_virtual_boundaries_present_flag
	u(1)

			if( sps_virtual_boundaries_present_flag ) {
	

				sps_num_ver_virtual_boundaries
	u(2)

				for( i = 0; i < sps_num_ver_virtual_boundaries; i++ )
	

					sps_virtual_boundaries_pos_x[ i ]
	u(13)

				sps_num_hor_virtual_boundaries
	u(2)

				for( i = 0; i < sps_num_hor_virtual_boundaries; i++ )
	

					sps_virtual_boundaries_pos_y[ i ]
	u(13)

			}
	

		}
	

		…
	


sps_virtual_boundaries_enabled_flag equal to 1 specifies that disabling in-loop filtering across virtual boundaries may be applied in the coded pictures in the CLVS. sps_virtual_boundaries_enabled_flag equal to 0 specifies that disabling in-loop filtering across virtual boundaries is not applied in the coded pictures in the CLVS. In-loop filtering operations include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.
sps_virtual_boundaries_present_flag equal to 1 specifies that information of virtual boundaries is signalled in the SPS. sps_virtual_boundaries_present_flag equal to 0 specifies that information of virtual boundaries is not signalled in the SPS. When there is one or more than one virtual boundaries signalled in the SPS, the in-loop filtering operations are disabled across the virtual boundaries in pictures referring to the SPS. In-loop filtering operations include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.
It is a requirement of bitstream conformance that when the value of res_change_in_clvs_allowed_flag is equal to 1, the value of sps_virtual_boundaries_present_flag shall be equal to 0.
sps_num_ver_virtual_boundaries specifies the number of sps_virtual_boundaries_pos_x[ i ] 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[ i ] specifies the location of the i-th vertical virtual boundary in units of luma samples divided by 8. The value of sps_virtual_boundaries_pos_x[ i ] shall be in the range of 1 to Ceil( pic_width_max_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.
When sps_virtual_boundaries_enabled_flag is equal to 1 and sps_virtual_boundaries_present_flag is equal to 1, the sum of sps_num_ver_virtual_boundaries and sps_num_hor_virtual_boundaries shall be greater than 0.
sps_virtual_boundaries_pos_y[ i ] specifies the location of the i-th horizontal virtual boundary in units of luma samples divided by 8. The value of sps_virtual_boundaries_pos_y[ i ] shall be in the range of 1 to Ceil( pic_height_max_in_luma_samples ÷ 8 ) − 1, inclusive.

	picture_header_structure( ) {
	Descriptor

		…
	

		if( sps_virtual_boundaries_enabled_flag  &&  !sps_virtual_boundaries_present_flag ) {
	

			ph_virtual_boundaries_present_flag
	u(1)

			if( ph_virtual_boundaries_present_flag ) {
	

				ph_num_ver_virtual_boundaries
	u(2)

				for( i = 0; i < ph_num_ver_virtual_boundaries; i++ )
	

					ph_virtual_boundaries_pos_x[ i ]
	u(13)

				ph_num_hor_virtual_boundaries
	u(2)

				for( i = 0; i < ph_num_hor_virtual_boundaries; i++ )
	

					ph_virtual_boundaries_pos_y[ i ]
	u(13)

			}
	

		}
	

		…
	



ph_virtual_boundaries_present_flag equal to 1 specifies that information of virtual boundaries is signalled in the PH. ph_virtual_boundaries_present_flag equal to 0 specifies that information of virtual boundaries is not signalled in the PH. When there is one or more than one virtual boundaries signalled in the PH, the in-loop filtering operations are disabled across the virtual boundaries in the picture. The in-loop filtering operations include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations. When not present, the value of ph_virtual_boundaries_present_flag is inferred to be equal to 0.
It is a requirement of bitstream conformance that, when subpic_info_present_flag is equal to 1, the value of ph_virtual_boundaries_present_flag shall be equal to 0.
The variable VirtualBoundariesPresentFlag is derived as follows:
VirtualBoundariesPresentFlag = 0
if( sps_virtual_boundaries_enabled_flag )
	VirtualBoundariesPresentFlag = sps_virtual_boundaries_present_flag  | |
			ph_virtual_boundaries_present_flag		(82)
ph_num_ver_virtual_boundaries specifies the number of ph_virtual_boundaries_pos_x[ i ] syntax elements that are present in the PH. When ph_num_ver_virtual_boundaries is not present, it is inferred to be equal to 0.
The variable NumVerVirtualBoundaries is derived as follows:
NumVerVirtualBoundaries = 0
if( sps_virtual_boundaries_enabled_flag )
	NumVerVirtualBoundaries = sps_virtual_boundaries_present_flag ?
			sps_num_ver_virtual_boundaries : ph_num_ver_virtual_boundaries	(83)
ph_virtual_boundaries_pos_x[ i ] specifies the location of the i-th vertical virtual boundary in units of luma samples divided by 8. The value of ph_virtual_boundaries_pos_x[ i ] shall be in the range of 1 to Ceil( pic_width_in_luma_samples ÷ 8 ) − 1, inclusive.
The list VirtualBoundariesPosX[ i ] for i ranging from 0 to NumVerVirtualBoundaries − 1, inclusive, in units of luma samples, specifying the locations of the vertical virtual boundaries, is derived as follows:
for( i = 0; i < NumVerVirtualBoundaries; i++)
	VirtualBoundariesPosX[ i ] = ( sps_virtual_boundaries_present_flag ?
			sps_virtual_boundaries_pos_x[ i ] : ph_virtual_boundaries_pos_x[ i ] ) * 8	(84)
The distance between any two vertical virtual boundaries shall be greater than or equal to CtbSizeY luma samples.
ph_num_hor_virtual_boundaries specifies the number of ph_virtual_boundaries_pos_y[ i ] syntax elements that are present in the PH. When ph_num_hor_virtual_boundaries is not present, it is inferred to be equal to 0.
The parameter NumHorVirtualBoundaries is derived as follows:
NumHorVirtualBoundaries = 0
if( sps_virtual_boundaries_enabled_flag )
	NumHorVirtualBoundaries = sps_virtual_boundaries_present_flag ?
			sps_num_hor_virtual_boundaries : ph_num_hor_virtual_boundaries	(85)
When sps_virtual_boundaries_enabled_flag is equal to 1 and ph_virtual_boundaries_present_flag is equal to 1, the sum of ph_num_ver_virtual_boundaries and ph_num_hor_virtual_boundaries shall be greater than 0.
ph_virtual_boundaries_pos_y[ i ] specifies the location of the i-th horizontal virtual boundary in units of luma samples divided by 8. The value of ph_virtual_boundaries_pos_y[ i ] shall be in the range of 1 to Ceil( pic_height_in_luma_samples ÷ 8 ) − 1, inclusive.
The list VirtualBoundariesPosY[ i ] for i ranging from 0 to NumHorVirtualBoundaries − 1, inclusive, in units of luma samples, specifying the locations of the horizontal virtual boundaries, is derived as follows:
for( i = 0; i < NumHorVirtualBoundaries; i++)
	VirtualBoundariesPosY[ i ] = ( sps_virtual_boundaries_present_flag ?
			sps_virtual_boundaries_pos_y[ i ] : ph_virtual_boundaries_pos_y[ i ] ) * 8	(86)
The distance between any two horizontal virtual boundaries shall be greater than or equal to CtbSizeY luma samples.

There is currently no order stated for the virtual boundaries in the VVC specification. Hence arbitrary order is allowed while there is no benefit from the arbitrary order.  A cleaner design would be an ordered design. Moreover, order is useful for obtaining the relative position of the virtual boundaries e.g. the first vertical virtual boundary is to the left of the second vertical virtual boundary. As another advantage, it is possible to exploit the knowledge about the fixed order for more efficient signalling of the positions of the virtual boundaries or to simplify checks to find out if a sample point is located on or vicinity of a virtual boundary.
Previously, when it was decided to go for u(13) signalling for the virtual boundary positions (during the O-meeting in Gothenburg), the virtual boundaries were only signalled in the PPS, while in the current VVC spec, position of the virtual boundaries are signalled in SPS and PH. With the virtual boundary signalling in SPS and PH, the bit costs are more important. Currently, bit counts of both SPS and PH in VVC are considerably higher than HEVC, which makes it desirable in general to reduce the SPS and PH bit counts with reasonable means.
Proposal 1 – Adding constraints
It is proposed to add constraints to signal the locations of the virtual boundaries in order. The proposed order is left to right for vertical virtual boundaries and top to bottom for horizontal virtual boundaries. We propose to constrain four syntax elements, two of them sps_virtual_boundaries_pos_x[ i ] and sps_virtual_boundaries_pos_y[ i ] in the SPS and the other two ph_virtual_boundaries_pos_x[ i ] and ph_virtual_boundaries_pos_y[ i ] in the PH.
Proposed semantics for this proposal on top of JVET-Q2001-vE are shown below with added text in yellow.

[bookmark: _Hlk25323902]sps_virtual_boundaries_pos_x[ i ] specifies the location of the i-th vertical virtual boundary in units of luma samples divided by 8. The value of sps_virtual_boundaries_pos_x[ i ] shall be in the range of 1 to Ceil( pic_width_max_in_luma_samples ÷ 8 ) − 1, inclusive.
It is a requirement of bitstream conformance that for any two non-negative integer values of m and n, when m is less than n, the value of sps_virtual_boundaries_pos_x[ m ] shall be less than sps_virtual_boundaries_pos_x[ n ].
…
[bookmark: _Hlk25323915]sps_virtual_boundaries_pos_y[ i ] specifies the location of the i-th horizontal virtual boundary in units of luma samples divided by 8. The value of sps_virtual_boundaries_pos_y[ i ] shall be in the range of 1 to Ceil( pic_height_max_in_luma_samples ÷ 8 ) – 1, inclusive.
It is a requirement of bitstream conformance that for any two non-negative integer values of m and n, when m is less than n, the value of sps_virtual_boundaries_pos_y[ m ] shall be less than sps_virtual_boundaries_pos_y[ n ].
…
ph_virtual_boundaries_pos_x[ i ] specifies the location of the i-th vertical virtual boundary in units of luma samples divided by 8. The value of ph_virtual_boundaries_pos_x[ i ] shall be in the range of 1 to Ceil( pic_width_in_luma_samples ÷ 8 ) − 1, inclusive.
It is a requirement of bitstream conformance that for any two non-negative integer values of m and n, when m is less than n, the value of ph_virtual_boundaries_pos_x[ m ] shall be less than ph_virtual_boundaries_pos_x[ n ].
…
ph_virtual_boundaries_pos_y[ i ] specifies the location of the i-th horizontal virtual boundary in units of luma samples divided by 8. The value of ph_virtual_boundaries_pos_y[ i ] shall be in the range of 1 to Ceil( pic_height_in_luma_samples ÷ 8 ) − 1, inclusive.
It is a requirement of bitstream conformance that for any two non-negative integer values of m and n, when m is less than n, the value of ph_virtual_boundaries_pos_y[ m ] shall be less than ph_virtual_boundaries_pos_y[ n ].

Proposal 2 - Signalling of virtual boundaries
We propose that the u(13) descriptors for the four syntax elements sps_virtual_boundaries_pos_x[ i ], sps_virtual_boundaries_pos_y[ i ], ph_virtual_boundaries_pos_x[ i ] and ph_virtual_boundaries_pos_y[ i ] are replaced by u(v) descriptors where v is derived from the maximum picture width and height for the two SPS syntax elements and from the picture width and height for the two PH syntax elements. By replacing the u(13) descriptors for the four syntax elements with u(v) descriptors, the bit cost of signaling virtual boundaries is reduced for all widths and heights smaller than 8 × 213 =  64k luma samples.
Proposed syntax and semantics on top of JVET-Q2001-vE are shown with added text in yellow and removed text in red strike-through.

	[bookmark: _Hlk35434183]seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		if( sps_virtual_boundaries_enabled_flag ) {
	

			sps_virtual_boundaries_present_flag
	u(1)

			if( sps_virtual_boundaries_present_flag ) {
	

				sps_num_ver_virtual_boundaries
	u(2)

				for( i = 0; i < sps_num_ver_virtual_boundaries; i++ )
	

					sps_virtual_boundaries_pos_x[ i ]
	u(13) u(v)

				sps_num_hor_virtual_boundaries
	u(2)

				for( i = 0; i < sps_num_hor_virtual_boundaries; i++ )
	

					sps_virtual_boundaries_pos_y[ i ]
	u(13) u(v)

			}
	

		}
	

		…
	



sps_virtual_boundaries_pos_x[ i ] specifies the location of the i-th vertical virtual boundary in units of luma samples divided by 8. The length of sps_virtual_boundaries_pos_x[ i ] is equal to Ceil( Log2( Ceil( pic_width_max_in_luma_samples ÷ 8 ) – 1 ) ) bits. The value of sps_virtual_boundaries_pos_x[ i ] shall be in the range of 1 to Ceil( pic_width_max_in_luma_samples ÷ 8 ) − 1, inclusive.
sps_virtual_boundaries_pos_y[ i ] specifies the location of the i-th horizontal virtual boundary in units of luma samples divided by 8. The length of sps_virtual_boundaries_pos_y[ i ] is equal to Ceil( Log2( Ceil( pic_height_max_in_luma_samples ÷ 8 ) – 1 ) ) bits. The value of sps_virtual_boundaries_pos_y[ i ] shall be in the range of 1 to Ceil( pic_height_max_in_luma_samples ÷ 8 ) − 1, inclusive.

	picture_header_structure( ) {
	Descriptor

		…
	

		if( sps_virtual_boundaries_enabled_flag  &&  !sps_virtual_boundaries_present_flag ) {
	

			ph_virtual_boundaries_present_flag
	u(1)

			if( ph_virtual_boundaries_present_flag ) {
	

				ph_num_ver_virtual_boundaries
	u(2)

				for( i = 0; i < ph_num_ver_virtual_boundaries; i++ )
	

					ph_virtual_boundaries_pos_x[ i ]
	u(13) u(v)

				ph_num_hor_virtual_boundaries
	u(2)

				for( i = 0; i < ph_num_hor_virtual_boundaries; i++ )
	

					ph_virtual_boundaries_pos_y[ i ]
	u(13) u(v)

			}
	

		…
	



ph_virtual_boundaries_pos_x[ i ] specifies the location of the i-th vertical virtual boundary in units of luma samples divided by 8. The length of ph_virtual_boundaries_pos_x[ i ] is equal to Ceil( Log2( Ceil( pic_width_in_luma_samples ÷ 8 ) – 1 ) ) bits. The value of ph_virtual_boundaries_pos_x[ i ] shall be in the range of 1 to Ceil( pic_width_in_luma_samples ÷ 8 ) − 1, inclusive.
ph_virtual_boundaries_pos_y[ i ] specifies the location of the i-th horizontal virtual boundary in units of luma samples divided by 8. The length of ph_virtual_boundaries_pos_y[ i ] is equal to Ceil( Log2( Ceil( pic_height_in_luma_samples ÷ 8 ) – 1 ) ) bits. The value of ph_virtual_boundaries_pos_y[ i ] shall be in the range of 1 to Ceil( pic_height_in_luma_samples ÷ 8 ) − 1, inclusive.
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