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Abstract
This contribution proposes a tile group address design that the proponents claim enables extraction of tile group MCTSs from one or more VVC bitstreams and reposition them to another VVC bitstream without VCL-level modifications.
[bookmark: _Hlk530491517]The main idea is to replace the current tile address signalling by an index value in the tile group header and to convey a mapping from index values to tile addresses in the PPS. The proponents claim that repositioning of MCTSs can then be done by rewriting the PPS only and keep all VCL data as-is.
The proposed design contains the following elements:
· Replace the tile_group_address in the tile group header by a tile_group_address_idc for signaling of the tile group address.
· Signal two lists in the PPS, one with tile_group_address_idc values and one with tile_group_address values
· Rename the PPS syntax element single_tile_in_pic_flag to the name used in HEVC: tiles_enabled_flag. This flag turns the tile related syntax on or off. When equal to 1, tile_group_address_idc and tile pointers are always signalled for each tile, even when there is only one tile specified in the PPS. This is needed in case that one tile is later repositioned to another location.
Introduction
At the 12th JVET meeting in Macau it was agreed that one desirable feature in VVC is the capability of merging motion constrained tile sets (MCTS) sub-bitstreams into a compliant VVC bitstream without the need to rewrite any data in the video coding layer (VCL). This is captured in the meeting notes by the following text:
Item 4 was suggested to be potentially ripe for a decision, reworded as “Extracting VCL NAL units of a subset of MCTSs from one VVC bitstream and reposition them to another VVC bitstream without substantial difficulty (e.g., without VLC-level modifications)”. Decision: Agreed that this is a design goal, subject to having a solution that does not have a large impact on complexity or coding efficiency.
This design goal is also reflected by the following mandate for the AHG on High-level parallelism and coded picture regions (AHG12):
Study support of independently coded picture regions, including easy rewriting of such regions into a conforming sub-bitstream.
This contribution proposes a solution that enables merging of tile groups without touching the VCL.

Proposed syntax and semantics
This section contains proposed syntax and semantics. At the time of writing, the VVC draft did not yet include the adopted tile design from Macau, so the proposal is shown as changes on the text available in the adopted tile design contribution JVET-L0686.
Proposed syntax
Inserted text is shown by red text and removed text is shown by red strikethrough text.

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	ue(v)

		transform_skip_enabled_flag
	u(1)

		single_tile_in_pic_flag tiles_enabled_flag
	u(1)

		if( single_tile_in_pic_flag tiles_enabled_flag ) {
	

			num_tile_columns_minus1
	ue(v)

			num_tile_rows_minus1
	ue(v)

			uniform_tile_spacing_flag
	u(1)

			if( !uniform_tile_spacing_flag ) {
	

				for( i = 0; i < num_tile_columns_minus1; i++ )
	

					tile_column_width_minus1[ i ]
	ue(v)

				for( i = 0; i < num_tile_rows_minus1; i++ )
	

					tile_row_height_minus1[ i ]
	ue(v)

			}
	

			loop_filter_across_tiles_enabled_flag
	u(1)

			num_tile_group_addresses_minus1
	ue(v)

			for( i = 0; i < num_tile_group_addresses_minus1+1; i++ )
	

			{
	

				pps_tile_group_idc_delta_minus1[ i ]
	ue(v)

				pps_tile_group_address[ i ]
	u(v)

			}
	

		}
	

		rbsp_trailing_bits( )
	

	}
	



	tile_group_layer_rbsp( ) {
	Descriptor

		tile_group_header( )
	

		tile_group_data( )
	

		rbsp_tile_group_trailing_bits( )
	

	}
	



	tile_group_header( ) {
	Descriptor

		tile_group_pic_parameter_set_id
	ue(v)

		if( tiles_enabled_flag ) {
	

			tile_group_address
	u(v)

			tile_group_address_idc
	ue(v)

			num_tiles_in_tile_group_minus1
	ue(v)

		}
	

		tile_group_type
	ue(v)

		...
	

	}
	



	tile_group_data( ) {
	Descriptor

		tileIdx = tile_group_address TileGroupAddress
	

		for( i = 0; i  <=  num_tiles_in_tile_group_minus1; i++, tileIdx++ ) {
	

			ctbAddrInTs = FirstCtbAddrTs[ tileIdx ]
	

			for( j = 0; j < NumCtusInTile[ tileIdx ]; j++, ctbAddrInTs++ ) {
	

				CtbAddrInRs = CtbAddrTsToRs[ ctbAddrInTs ]
	

				coding_tree_unit( )
	

			}
	

			end_of_tile_one_bit  /* equal to 1 */
	ae(v)

			if( i < num_tiles_in_tile_group_minus1 )
	

				byte_alignment( )
	

		}
	

	}
	



Proposed PPS semantics

single_tile_in_pic_flag equal to 1 specifies that there is only one tile in each picture referring to the PPS. single_tile_in_pic_flag equal to 0 specifies that there is more than one tile in each picture referring to the PPS.
tiles_enabled_flag equal to 0 specifies that there is only one tile in each picture referring to the PPS. tiles_enabled_flag equal to 1 specifies that there are one or more tiles in each picture referring to the PPS.
It is a requirement of bitstream conformance that the value of tiles_enabled_flag single_tile_in_pic_flag shall be the same for all PPSs that are activated within a CVS.
[Ed Note: Setting tiles_enabled_flag to 0 turns off all tile related syntax. In a scenario with tile repositioning, a single tile per picture can be used with tiles_enabled_flag equal to 1]

num_tile_rows_minus1 plus 1 specifies the number of tile rows partitioning the picture. num_tile_rows_minus1 shall be in the range of 0 to PicHeightInCtbsY − 1, inclusive. When not present, the value of num_tile_rows_minus1 is inferred to be equal to 0.
The variable NumTilesInPic is set equal to ( num_tile_columns_minus1 + 1 ) * ( num_tile_rows_minus1 + 1 ).
When single_tile_in_pic_flag is equal to 0, NumTilesInPic shall be greater than 1.
[Ed Note: We need to remove the requirement that there must be more than one tile when tiles are enabled since we want to support a single tile picture to use the address indirection for future repositioning]

num_tile_group_addresses_minus1 plus 1 specifes the number of tile group addresses associated with the PPS. The value of num_tile_group_addresses_minus1 shall be in the range of 0 to NumTilesInPic-1 inclusive.
[Ed note: It can be noted that the HEVC v5 specifies a max number of slice segments per picture to 600 for the highest level specified, level 6.2]

pps_tile_group_idc_delta_minus1[ i ] plus 1 is used to specify the i’th tile group idc associated with the PPS. 
The variable TileGroupAddressIdcPPS[ i ] is derived as follows:
TileGroupAddressIdcPPS[ 0 ] is set equal to pps_tile_group_idc_delta_minus1[ 0 ]
For values of i greater than 0, TileGroupAddressIdcPPS[ i ] is set equal to TileGroupAddressIdcPPS[ i − 1 ] + pps_tile_group_idc_delta_minus1[ i ] + 1
TileGroupAddressIdcPPS[ num_tile_group_addresses_minus1 ] shall be less than or equal to 8*NumTilesInPic.
[Ed note: The 8*NumTilesInPic can be seen as a placeholder. It is assumed that NumTileInPic will be restricted by the level and using that would not require restricting a separate value]

pps_tile_group_address[ i ] is used to specify the i’th tile group address associated with the PPS.
The length of pps_tile_group_address[ i ] is Ceil( Log2 ( NumTilesInPic ) ) bits.
The value of pps_tile_group_address[ i ] shall be in the range of 0 to NumTilesInPic − 1, inclusive.
It is a requirement of bitstream conformance that the value of pps_tile_group_address[ i ] shall not be equal to the value of pps_tile_group_address[ j ] for any value of j not equal to i.
[Ed note: We deliberately did not include requiring pps_tile_group_address[i] to be used in any VCL NAL unit since we wanted to support assigning tiles into tile groups adaptively picture by picture e.g. similar to how 1500 byte slices used to work]

Proposed tile group header semantics
tile_group_address_idc is used to specify the tile address of the first tile in the tile group. 
The variable TileGroupAddress is derived as follows:
If tile_group_address_idc is not present in the tile group header, the value of TileGroupAddress is set equal to 0.
Otherwise, TileGroupAddress is set equal to pps_tile_address[ i ] where i is the value for which TileGroupAddressIdcPPS[ i ] is equal to tile_group_address_idc
It is a requirement of bitstream conformance that there is a value i in the range of 0 to num_tile_group_addresses_minus1, inclusive,  for which TileGroupAddressIdcPPS[ i ] is equal to tile_group_address_idc.
It is a requirement of bitstream conformance that the value of TileGroupAddress shall not be equal to the value of TileGroupAddress of any other coded tile group NAL unit of the same coded picture.

For information: Tile group address syntax and semantics in the current VVC draft

	tile_group_header( ) {
	Descriptor

		tile_group_pic_parameter_set_id
	ue(v)

		if ( NumTilesInPic > 1)
	

			tile_group_address
	u(v)

		num_tiles_in_tile_group_minus1
	ue(v)

		tile_group_type
	ue(v)

		...
	



tile_group_address specifies the tile address of the first tile in the tile group. The length of tile_group_address is Ceil( Log2 ( NumTilesInPic ) ) bits. The value of tile_group_address shall be in the range of 0 to NumTilesInPic − 1, inclusive, and the value of tile_group_address shall not be equal to the value of tile_group_address of any other coded tile group NAL unit of the same coded picture. When tile_group_address is not present it is inferred to be equal to 0.
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