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Abstract
This contribution proposes the following changes to the subpicture sub-bitstream extraction process:
1) Clearly specify what kinds of subpicture sequences, when extracted, are required to be a conforming bitstream.
2) The removal of VCL NAL units and their associated filler data NAL units and associated filler payload SEI messages etc. is performed regardless of whether there is an external means for replacing of the parameter sets.
3) SEI NAL units containing scalable-nested SEI messages that do not apply to the output bitstream are removed from the output bitstream.
4) The subpicture index for identifying the subpicture sequence is specified as the subpicture index of the to-be-extracted subpictures in the layers with multiple subpictures per picture, not the layers with only one subpicture per picture.
5) Rewrite both general_level_idc and sublayer_level_idc[ k ] for k in the range of 0 to tIdTarget − 1, inclusive, in the referenced VPSs, when present, and in the referenced SPSs, when NumLayersInOls[ targetOLsIdx ] is equal to 0.
6) Rewrite cpb_size_value_minus1[ k ][ j ] and bit_rate_value_minus1[ k ][ j ] for all values of k in the range of 0 to tIdTarget, inclusive, in the referenced VPSs, when present, and in the referenced SPSs, when NumLayersInOls[ targetOLsIdx ] is equal to 0.
7) Calculation and rewriting of the scaling window offset parameters are specified as part of the subpicture sub-bitstream extraction process.
8) Rewrite cbr_flag[ tIdTarget ][ j ] in the referenced VPSs, when present, and in the referenced SPSs, when NumLayersInOls[ targetOLsIdx ] is equal to 0.
9) Insert SEI NAL units to directly contain those SEI messages that were scalable-nested HRD-related SEI messages that apply only to the output bitstream, and remove their original container SEI NAL units from the output bitstream. When the target OLS includes only one layer, apply the same for scalable-nested non-HRD-related SEI messages.
Introduction
The existing design of the subpicture sub-bitstream extraction process in the latest VVC text has the following issues:
1) It is required that any output sub-bitstream that satisfies all of the following conditions shall be a conforming bitstream:
–	The output sub-bitstream is the output of the process specified in this clause with the bitstream, targetOlsIdx equal to an index to the list of OLSs specified by the VPS, and subpicIdxTarget[ ] equal to a subpicture index present in the OLS, as inputs.
–	The output sub-bitstream contains at least one VCL NAL unit with nuh_layer_id equal to each of the nuh_layer_id values in LayerIdInOls[ targetOlsIdx ].
–	The output sub-bitstream contains at least one VCL NAL unit with TemporalId equal to tIdTarget.
NOTE – A conforming bitstream contains one or more coded slice NAL units with TemporalId equal to 0, but does not have to contain coded slice NAL units with nuh_layer_id equal to 0.
–	The output sub-bitstream contains at least one VCL NAL unit with nuh_layer_id equal to LayerIdInOls[ targetOlsIdx ][ i ] and with sh_subpic_id equal to the value in SubpicIdVal[ subpicIdxTarget[ i ] ] for each i in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1, inclusive.
However, the above constraint has the following issues:
a. In the first bullet item, the input tIdTarget is missing.
b. Another issue associated with the first bullet item is as follows. Only certain combinations, not all combinations, of subpictures from the pictures of different layers can form a conforming bitstream.
2) The removal of VCL NAL units and their associated filler data NAL units and associated filler payload SEI messages etc. is performed only when there is no external means for replacing of the parameter sets. However, such removal is also needed when there is an external means for replacing of the parameter sets.
3) SEI NAL units containing scalable-nested SEI messages in scalable nesting SEI messages with sn_subpic_flag equal to 1 that do not apply to the output bitstream should be removed from the output bitstream.
4) The subpicture index for identifying the subpicture sequence should be the subpicture index of the to-be-extracted subpictures in layers with multiple subpictures per picture, not the layers with only one subpicture per picture.
5) Rewriting of sublayer_level_idc[ k ] for k in the range of 0 to tIdTarget − 1, inclusive, is missing, and it is not clearly specified under which condition rewriting of level information should be performed to the referenced VPSs and/or the referenced SPSs.
6) Rewriting of cpb_size_value_minus1[ k ][ j ] and bit_rate_value_minus1[ k ][ j ] for k in the range of 0 to tIdTarget − 1, inclusive, is missing, and it is not clearly specified under which condition rewriting of the CPB size and bit rate information should be performed to the referenced VPSs and/or the referenced SPSs.
7) When extracting a rectangular region from a sequence of pictures, where the region covers one or more subpictures, to keep the scaling window to be the same as the scaling window that was used during encoding of the original bitstream, the scaling window offset parameters in the PPSs would need to be rewritten, because the picture width and/or height of the extracted pictures have changed. This is especially needed in scenarios when a reference layer has only one subpicture per picture. However, the subpicture sub-bitstream extraction process in the latest VVC text does not have rewriting of the scaling window offset parameters when extracting a subpicture sequence from a layer for which each picture contains multiple subpictures.
8) It is not clearly specified under which condition rewriting of the cbr_flag[ tIdTarget ][ j ] should be performed to the referenced VPSs and/or the referenced SPSs.
9) The last step that makes scalable-nested SEI messages to be non-scalable-nested SEI messages has the following issues:
a. When a decoded picture hash SEI message is contained in a scalable nesting SEI message, the value of sn_ols_flag needs to be equal to 0, while the current text of the last step assumes sn_ols_flag equal to 1.
b. SLI and BP SEI messages in the case with sn_ols_flag equal to 1 and sn_subpic_flag equal to 1 are not covered.
c. SEI messages in the case with sn_ols_flag equal to 0 and sn_subpic_flag equal to 1 are not covered.
d. Where the resulting non-scalable-nested SEI messages should be placed (in which SEI NAL unit, where the SEI NAL unit should be) in the output bitstream is unspecified.
e. The original container SEI NAL units should be removed from the output bitstream.
Proposal
The proposal for addressing the issues above is summarized as above in the abstract. The proposed text changes are as follows, where added parts are highlighted in turquoise, and deleted parts are highlighted in yellow strikethrough in red fonts:

C.7	Subpicture sub-bitstream extraction process
Inputs to this process are a bitstream inBitstream, a target OLS index targetOlsIdx, a target highest TemporalId value tIdTarget, and an array a list of target subpicture index values for each layer subpicIdxTarget[ i ] for i from 0 to NumLayersInOls[ targetOLsIdx ] − 1, inclusive.
Output of this process is a sub-bitstream outBitstream.
The OLS with OLS index targetOlsIdx is referred to as the target OLS. Among the layers in the target OLS, those for which the referenced SPSs have sps_num_subpics_minus1 greater than 0 are referred to as the multiSubpicLayers.
It is a requirement of bitstream conformance for the input bitstream that any output sub-bitstream that satisfies all of the following conditions shall be a conforming bitstream:
–	The output sub-bitstream is the output of the process specified in this clause with the bitstream, targetOlsIdx equal to an index to the list of OLSs specified by the VPS, tIdTarget equal to any value in the range of 0 to vps_max_sublayers_minus1, inclusive, and the list subpicIdxTarget[ i ] equal to a subpicture index present in the OLS, as inputs. for i from 0 to NumLayersInOls[ targetOLsIdx ] − 1, inclusive, satisfying the following conditions, as inputs:
–	The value of subpicIdxTarget[ i ] is equal to a value in the range of 0 to sps_num_subpics_minus1, inclusive, such that sps_subpic_treated_as_pic_flag[ subpicIdxTarget[ i ] ] is equal to 1, where sps_num_subpics_minus1 and sps_subpic_treated_as_pic_flag[ subpicIdxTarget[ i ] ] are found in or inferred based on the SPS referred to by the layer with nuh_layer_id equal to LayerIdInOls[ targetOLsIdx ][ i ].
NOTE 1 – When the sps_num_subpics_minus1 for the layer with nuh_layer_id equal to LayerIdInOls[ targetOLsIdx ][ i ] is equal to 0, the value of subpicIdxTarget[ i ] is always equal to 0.
[bookmark: _Hlk42361041]–	For any two different integer values of m and n, when sps_num_subpics_minus1 is greater than 0 for both layers with nuh_layer_id equal to LayerIdInOls[ targetOLsIdx ][ m ] and LayerIdInOls[ targetOLsIdx ][ n ], respectively, subpicIdxTarget[ m ] is equal to subpicIdxTarget[ n ].
–	The output sub-bitstream contains at least one VCL NAL unit with nuh_layer_id equal to each of the nuh_layer_id values in the list LayerIdInOls[ targetOlsIdx ].
–	The output sub-bitstream contains at least one VCL NAL unit with TemporalId equal to tIdTarget.
NOTE 2 – A conforming bitstream contains one or more coded slice NAL units with TemporalId equal to 0, but does not have to contain coded slice NAL units with nuh_layer_id equal to 0.
–	The output sub-bitstream contains at least one VCL NAL unit with nuh_layer_id equal to LayerIdInOls[ targetOlsIdx ][ i ] and with sh_subpic_id equal to the value in SubpicIdVal[ subpicIdxTarget[ i ] ] for each i in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1, inclusive.
The output sub-bitstream outBitstream is derived by the following order steps as follows:
1. The sub-bitstream extraction process, specified in Annex C.6, is invoked with inBitstream, targetOlsIdx, and tIdTarget as inputs and the output of the process is assigned to outBitstream.
2. For each value of i in the range of 0 to NumLayersInOls[ targetOLsIdx ] − 1, inclusive, remove from outBitstream all VCL NAL units with nuh_layer_id equal to LayerIdInOls[ targetOLsIdx ][ i ] and sh_subpic_id not equal to SubpicIdVal[ subpicIdxTarget[ i ] ], their associated filler data NAL units, and their associated SEI NAL units that contain filler payload SEI messages.
3. [bookmark: _Hlk40797021]When sli_cbr_constraint_flag of the SLI SEI message that applies to the target OLS is equal to 0, remove all NAL units with nal_unit_type equal to FD_NUT and SEI NAL units containing filler payload SEI messages.
4. Remove from outBitstream all SEI NAL units that contain scalable nesting SEI messages with sn_subpic_flag equal to 1 and none of the sn_subpic_idx[ j ] values for j from 0 to sn_num_subpics_minus1, inclusive, is equal to any of the subpicIdxTarget[ i ] values for the layers in the multiSubpicLayers.
5. When at least one VCL NAL unit has been removed by step 2, remove from outBitstream all SEI NAL units that contain scalable nesting SEI messages with sn_subpic_flag equal to 0.
6. If some external means not specified in this Specification is available to provide replacement parameter sets for the sub-bitstream outBitstream, replace all parameter sets with the replacement parameter sets. Otherwise, when SLI SEI messages are present in inBitstream, the following ordered steps apply applies:
a. [bookmark: _Hlk42362529]The variable subpicIdx spIdx is set equal to the value of subpicIdxTarget[ [ NumLayersInOls[ targetOlsIdx ] − 1 ] ] subpicIdxTarget[ i ] for any layer in the multiSubpicLayers.
b. Rewrite the values of general_level_idc and sublayer_level_idc[ k ] for k in the range of 0 to tIdTarget − 1, inclusive, in the vps_ols_ptl_idx[ targetOlsIdx ]-th entry in the list of profile_tier_level( ) syntax structures in all the referenced VPS NAL units, when present, and in the profile_tier_level( ) syntax structure in all the referenced SPS NAL units, when NumLayersInOls[ targetOLsIdx ] is equal to 0, to be equal to SubpicLevelIdc[ spIdx ][ tIdTarget ] and SubpicLevelIdc[ spIdx ][ k ], respectively, derived in Equation D.10 for the spIdx-th subpicture sequence set of subpictures consisting of the subpictures with subpicture index equal to subpicIdx.
c. [bookmark: _Hlk42362504]For k in the range of 0 to tIdTarget, inclusive, let spLvIdx be set equal to SubpicLevelIdx[ spIdx ][ k ], where SubpicLevelIdx[ spIdx ][ k ] is derived by Equation D.10 for the spIdx-th subpicture sequence. When VCL HRD parameters or NAL HRD parameters are present, for k in the range of 0 to tIdTarget, inclusive, rewrite the respective values of cpb_size_value_minus1[ ktIdTarget ][ j ] and bit_rate_value_minus1[ ktIdTarget ][ j ] of the j-th CPB in the vps_ols_hrd_idx[ MultiLayerOlsIdx[ targetOlsIdx ] ]-th ols_hrd_parameters( ) syntax structure in all the referenced VPS NAL units, when present, and in the ols_hrd_parameters( ) syntax structures in all the referenced SPS NAL units referred to by the i-th layer, when NumLayersInOls[ targetOLsIdx ] is equal to 0, such that they correspond to SubpicCpbSizeVcl[ spLvIdxSubpicLevelIdx ][ spIdxsubpicIdx ][ k ], and SubpicCpbSizeNal[ spLvIdxSubpicLevelIdx ][ spIdxsubpicIdx ][ k ] as derived by Equations D.6 and D.7, respectively, SubpicBitrateVcl[ spLvIdxSubpicLevelIdx ][ spIdxsubpicIdx ][ k ] and SubpicBitrateNal[ spLvIdxSubpicLevelIdx ][ spIdxsubpicIdx ][ k ] as derived by Equations D.8 and D.9, respectively, where SubpicLevelIdx is derived by Equation D.10 for the subpicture with subpicture index equal to subpicIdx, j is in the range of 0 to hrd_cpb_cnt_minus1, inclusive, and i is in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1, inclusive.
d. For each layer in the multiSubpicLayers the i-th layer with i in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1, the following ordered steps apply applies for rewriting of the SPSs and PPSs referenced by pictures in that layer:
i. The variables subpicWidthInLumaSamples and subpicHeightInLumaSamples are derived as follows:
subpicWidthInLumaSamples = 	min( ( sps_subpic_ctu_top_left_x[ spIdxsubpicIdx ] +	(C.24)
	sps_subpic_width_minus1[ spIdxsubpicIdx ] + 1 ) * CtbSizeY, pps_pic_width_in_luma_samples ) −
	sps_subpic_ctu_top_left_x[ spIdxsubpicIdx ] * CtbSizeY
subpicHeightInLumaSamples = 	min( ( sps_subpic_ctu_top_left_y[ spIdxsubpicIdx ] +	(C.25)
	sps_subpic_height_minus1[ spIdxsubpicIdx ] + 1 ) * CtbSizeY, pps_pic_height_in_luma_samples ) −
	sps_subpic_ctu_top_left_y[ spIdxsubpicIdx ] * CtbSizeY
ii. Rewrite the values of the sps_pic_width_max_in_luma_samples and sps_pic_height_max_in_luma_samples in all the referenced SPS NAL units and the values of pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples in all the referenced PPS NAL units to be equal to subpicWidthInLumaSamples and subpicHeightInLumaSamples, respectively.
iii. Rewrite the value of sps_num_subpics_minus1 in all the referenced SPS NAL units and pps_num_subpics_minus1 in all the referenced PPS NAL units to 0.
iv. Rewrite the syntax elements sps_subpic_ctu_top_left_x[ spIdxsubpicIdx ] and sps_subpic_ctu_top_left_y[ spIdxsubpicIdx ], when present, in all the referenced SPS NAL units to 0.
v. Remove the syntax elements sps_subpic_ctu_top_left_x[ j ], sps_subpic_ctu_top_left_y[ j ], sps_subpic_width_minus1[ j ], sps_subpic_height_minus1[ j ], sps_subpic_treated_as_pic_flag[ j ], sps_loop_filter_across_subpic_enabled_flag[ j ], and sps_subpic_id[ j ] in all the referenced SPS NAL units and for each j that is not equal to spIdxsubpicIdx.
vi. Rewrite the syntax elements in all the referenced PPS for signalling of tiles and slices to remove all tile rows, tile columns, and slices that are not associated with the subpicture with subpicture index equal to spIdxsubpicIdx.
vii. The variables subpicConfWinLeftOffset, subpicConfWinRightOffset, subpicConfWinTopOffset and subpicConfWinBottomOffset are derived as follows:
subpicConfWinLeftOffset = sps_subpic_ctu_top_left_x[ spIdxsubpicIdx ]  = =  0 ?	(C.26)
		sps_conf_win_left_offset : 0
subpicConfWinRightOffset = ( sps_subpic_ctu_top_left_x[ spIdxsubpicIdx ] +	(C.27)
		sps_subpic_width_minus1[ spIdxsubpicIdx ] + 1 ) * CtbSizeY  >=
		sps_pic_width_max_in_luma_samples ? sps_conf_win_right_offset : 0
subpicConfWinTopOffset = sps_subpic_ctu_top_left_y[ spIdxsubpicIdx ]  = =  0 ?	(C.28)
		sps_conf_win_top_offset : 0
subpicConfWinBottomOffset = ( sps_subpic_ctu_top_left_y[ spIdxsubpicIdx ] +	(C.29)
		sps_subpic_height_minus1[ spIdxsubpicIdx ] + 1 ) * CtbSizeY  >=
		sps_pic_height_max_in_luma_samples ? sps_conf_win_bottom_offset : 0
Where sps_subpic_ctu_top_left_x[ spIdx ], sps_subpic_width_minus1[ spIdx ], sps_subpic_ctu_top_left_y[ spIdx ], sps_subpic_height_minus1[ spIdx ], sps_pic_width_max_in_luma_samples, sps_pic_height_max_in_luma_samples, sps_conf_win_left_offset, sps_conf_win_right_offset, sps_conf_win_top_offset, and sps_conf_win_bottom_offset in the above equations are from the original SPSs before they were rewritten.
NOTE 3 – For pictures in the layers in the multiSubpicLayers in both the input bitstream and the output bitstream, the values of sps_pic_width_max_in_luma_samples and sps_pic_height_max_in_luma_samples are equal to pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively. Thus in the above equations, sps_pic_width_max_in_luma_samples and sps_pic_height_max_in_luma_samples can be replaced with pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively.
viii. Rewrite the values of sps_conf_win_left_offset, sps_conf_win_right_offset, sps_conf_win_top_offset, and sps_conf_win_bottom_offset in all the referenced SPS NAL units and the values of pps_conf_win_left_offset, pps_conf_win_right_offset, pps_conf_win_top_offset, and pps_conf_win_bottom_offset in all the referenced PPS NAL units to be equal to subpicConfWinLeftOffset, subpicConfWinRightOffset, subpicConfWinTopOffset, and subpicConfWinBottomOffset, respectively.
ix. [bookmark: _Hlk40791981]The variables subpicScalWinLeftOffset, subpicScalWinRightOffset, subpicScalWinTopOffset and subpicScalWinBotOffset are derived as follows:
subpicScalWinLeftOffset = pps_scaling_win_left_offset −	(C.30)
		sps_subpic_ctu_top_left_x[ spIdx ] * CtbSizeY / SubWidthC
rightSubpicBd = ( sps_subpic_ctu_top_left_x[ spIdx ] +
		sps_subpic_width_minus1[ spIdx ] + 1 ) * CtbSizeY
subpicScalWinRightOffset = ( rightSubpicBd  >=  sps_pic_width_max_in_luma_samples ) ?
		pps_scaling_win_right_offset : pps_scaling_win_right_offset −	(C.31)
		( sps_pic_width_max_in_luma_samples − rightSubpicBd ) / SubWidthC 
subpicScalWinTopOffset = pps_scaling_win_top_offset −	(C.32)
		sps_subpic_ctu_top_left_y[ spIdx ] * CtbSizeY / SubHeightC
botSubpicBd = ( sps_subpic_ctu_top_left_y[ spIdx ] +
		sps_subpic_height_minus1[ spIdx ] + 1 ) * CtbSizeY
subpicScalWinBotOffset =  ( botSubpicBd  >=  sps_pic_height_max_in_luma_samples ) ?	(C.33)
		pps_scaling_win_bottom_offset : pps_scaling_win_bottom_offset −
		( sps_pic_height_max_in_luma_samples − botSubpicBd ) / SubHeightC
Where sps_subpic_ctu_top_left_x[ spIdx ], sps_subpic_width_minus1[ spIdx ], sps_subpic_ctu_top_left_y[ spIdx ], sps_subpic_height_minus1[ spIdx ], sps_pic_width_max_in_luma_samples, and sps_pic_height_max_in_luma_samples in the above equations are from the original SPSs before they were rewitten, and pps_scaling_win_left_offset, pps_scaling_win_right_offset, pps_scaling_win_top_offset, and pps_scaling_win_bottom_offset in the above are from the original PPSs before they were rewitten.
x. Rewrite the values of pps_scaling_win_left_offset, pps_scaling_win_right_offset, pps_scaling_win_top_offset, and pps_scaling_win_bottom_offset in all the referenced PPS NAL units to be equal to subpicScalWinLeftOffset, subpicScalWinRightOffset, subpicScalWinTopOffset, and subpicScalWinBotOffset, respectively.
–	Remove from outBitstream all VCL NAL units with nuh_layer_id equal to the nuh_layer_id of the i-th layer and with sh_subpic_id not equal to SubpicIdVal[ subpicIdx ].
e. When If sli_cbr_constraint_flag is equal to 1, remove all NAL units with nal_unit_type equal to FD_NUT and filler payload SEI messages that are not associated with the VCL NAL units of a subpicture in subpicIdTarget[ ] and set cbr_flag[ tIdTarget ][ j ] equal to 1 of the j-th CPB in the vps_ols_hrd_idx[ MultiLayerOlsIdx[ targetOlsIdx ] ]-th ols_hrd_parameters( ) syntax structure in all the referenced VPS NAL units, when present, and in all the referenced SPS NAL units, when NumLayersInOls[ targetOLsIdx ] is equal to 0 and j in the range of 0 to hrd_cpb_cnt_minus1. Otherwise, (sli_cbr_constraint_flag is equal to 0), remove all NAL units with nal_unit_type equal to FD_NUT and filler payload SEI messages and set cbr_flag[ tIdTarget ][ j ] equal to 0. In both cases, j is in the range of 0 to hrd_cpb_cnt_minus1, inclusve.
7. When outBitstream contains an SEI NAL unit seiNalUnitA that contains a scalable nesting SEI message with sn_ols_flag equal to 1 and sn_subpic_flag equal to 1 that isare applicable to the target OLSs (when sn_ols_flag is equal to 1) or the layers (when sn_ols_flag is equal to 0) that have exactly the same set of layers as in outBitstream and are applicable to and the subpictures that have exactly the same set of subpictures as in outBitstream, and when NumLayersInOls[ targetOlsIdx ] is equal to 1, outBitstream contains an SEI NAL unit seiNalUnitA that contains a scalable nesting SEI message with sn_ols_flag is equal to 0 and sn_subpic_flag equal to 1 that applies to the layer and the subpictures in outBitstream, generate a new SEI NAL unit seiNalUnitB, include it in the PU containing seiNalUnitA immediately after seiNalUnitA, extract the scalable-nested SEI messages from the scalable nesting SEI message and include them directly in seiNalUnitB (as non-scalable-nested SEI messages), and remove seiNalUnitA from outBitstream. When outBitstream contains SEI NAL units that contain a scalable nesting SEI message with sn_ols_flag equal to 1 and sn_subpic_flag equal to 1 that are applicable to outBitstream, extract appropriate non-scalable-nested SEI message with payloadType equal to 1 (PT), 130 (DUI), or 132 (decoded picture hash) from the scalable nesting SEI message and place the extracted SEI messages into outBitstream.
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