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Abstract
When gci_present_flag is equal to 0, no GCI syntax elements exist, including the new range extensions GCI flags. In that case, the general_constraint_info( ) syntax structure does not impose any constraint. However, when gci_present_flag is equal to 1, although all the GCI syntax elements specified in VVC edition 1 are surely present, the newly added range extensions GCI flags may or may not be present, depending on whether gci_num_additional_bits (which was gci_num_reserved_bits in VVC edition 1) is greater than 0.
An asserted problem arises when gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, in which case the new range extensions GCI flags are not present while their values are inferred, and thus it is unclear whether the constraints specified by the flags equal to 1 apply or not.
To address the above asserted problem, this contribution proposes to specify that the value of each of the six newly added GCI flags (listed below) is inferred to be equal to 0 when gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0:
1) gci_all_rap_pictures_constraint_flag
2) gci_no_extended_precision_processing_constraint_flag
3) gci_no_ts_residual_coding_rice_constraint_flag
4) gci_no_rrc_rice_extension_constraint_flag
5) gci_no_persistent_rice_adaptation_constraint_flag
6) gci_no_reverse_last_sig_coeff_constraint_flag
Additionally, some asserted editorial improvement changes are proposed to the semantics of gci_present_flag, gci_sixteen_minus_max_bitdepth_constraint_idc, and gci_three_minus_max_chroma‌_format_constraint_idc.
Introduction
GCI syntax in VVC edition 1
The syntax of the GCI syntax structure in VVC edition 1 is as follows:

	general_constraints_info( ) {
	Descriptor

		gci_present_flag
	u(1)

		if( gci_present_flag ) {
	

		/* general */
	

			gci_intra_only_constraint_flag
	u(1)

			...
	

			gci_num_reserved_bits
	u(8)

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

				gci_reserved_zero_bit[ i ]
	u(1)

		}
	

	[bookmark: _Hlk88137990]	while( !byte_aligned( ) )
	

			gci_alignment_zero_bit
	f(1)

	}
	



In the syntax of the GCI syntax structure, the first syntax element is the gci_present_flag that gates the presence of all GCI syntax elements as well as the bits reserved for future GCI syntax elements.
For simplicity, all syntax elements in the GCI syntax strucutre, excluding gci_present_flag, gci_num_reserved_bits, gci_reserved_zero_bit[ i ], and gci_alignment_zero_bit, are referred to as the GCI syntax elements.

The semantics of some of the GCI syntax structure is as follows:
gci_present_flag equal to 1 specifies that GCI syntax elements are present in the general_constraints_info( ) syntax structure. gci_present_flag equal to 0 specifies that GCI fields are not present in the general_constraints_info( ) syntax structure.
The semantics of the GCI syntax elements specified in this clause apply when gci_present_flag is equal to 1. When gci_present_flag is equal to 0, the general_constraint_info( ) syntax structure does not impose any constraint.
gci_intra_only_constraint_flag equal to 1 specifies that sh_slice_type for all slices in OlsInScope shall be equal to 2. gci_intra_only_constraint_flag equal to 0 does not impose such a constraint.
...
GCI syntax in JVET-X2005
As can be seen from JVET-X2005, the following six new GCI flags have been added during the development of the VVC range extensions:
1) gci_all_rap_pictures_constraint_flag
2) gci_no_extended_precision_processing_constraint_flag
3) gci_no_ts_residual_coding_rice_constraint_flag
4) gci_no_rrc_rice_extension_constraint_flag
5) gci_no_persistent_rice_adaptation_constraint_flag
6) gci_no_reverse_last_sig_coeff_constraint_flag
The changed syntax of the GCI syntax structure for inclusion of these new range extensions GCI flags is as follows (additions are highlighted in turquoise, and deleted parts are highlighted in yellow strikethrough in red fonts):

	general_constraints_info( ) {
	Descriptor

		gci_present_flag
	u(1)

		if( gci_present_flag ) {
	

		/* general */
	

			gci_intra_only_constraint_flag
	u(1)

			...
	

			gci_num_reserved_bits
	u(8)

			gci_num_additional_bits
	u(8)

	[bookmark: _Hlk88138621]		if( gci_num_additional_bits > 0 ) {
	

	[bookmark: _Hlk87282811]			gci_all_rap_pictures_constraint_flag
	u(1)

	[bookmark: _Hlk87282822]			gci_no_extended_precision_processing_constraint_flag
	u(1)

	[bookmark: _Hlk87282830]			gci_no_ts_residual_coding_rice_constraint_flag
	u(1)

	[bookmark: _Hlk87282839]			gci_no_rrc_rice_extension_constraint_flag
	u(1)

	[bookmark: _Hlk87282855]			gci_no_persistent_rice_adaptation_constraint_flag
	u(1)

	[bookmark: _Hlk87282866]			gci_no_reverse_last_sig_coeff_constraint_flag
	u(1)

	[bookmark: _Hlk77696610]			numAdditionalBitsUsed = 6
	

			} else
	

				numAdditionalBitsUsed = 0
	

			for( i = 0; i < gci_num_additional_bits − numAdditionalBitsUsed; i++ )
	

	[bookmark: _Hlk88138641]		for( i = 0; i < gci_num_reserved_bits; i++ )
	

				gci_reserved_zero_bit[ i ]
	u(1)

		}
	

		while( !byte_aligned( ) )
	

			gci_alignment_zero_bit
	f(1)

	}
	



For simplicity, all syntax elements in the updated GCI syntax strucutre, excluding gci_present_flag, gci_num_additional_bits, gci_reserved_zero_bit[ i ], and gci_alignment_zero_bit, are referred to as the GCI syntax elements.
The changes to the semantics of the GCI syntax structures are as follows:
...
gci_num_reserved_bits specifies the number of the reserved GCI bits. The value of gci_num_reserved_bits shall be equal to 0 in bitstreams conforming to this version of this Specification. Other values of gci_num_reserved_bits are reserved for future use by ITU-T | ISO/IEC. Although the value of gci_num_reserved_bits is required to be equal to 0 in this version of this Specification, decoders conforming to this version of this Specification shall allow the value of gci_num_reserved_bits greater than 0 to appear in the syntax and shall ignore the values of all the gci_reserved_zero_bit[ i ] syntax elements when gci_num_reserved_bits is greater than 0.
gci_num_additional_bits specifies the number of the additional GCI bits in the general constraints information syntax structure other than gci_alignment_zero_bit syntax elements (when present). The value of gci_num_additional_bits shall be equal to 0 or 1 in bitstreams conforming to this version of this document. Values greater than 1 for gci_num_additional_bits are reserved for future use by ITU-T | ISO/IEC. Although the value of gci_num_additional_bits is required to be equal to 0 or 1 in this version of this document, decoders conforming to this version of this document shall allow values of gci_num_additional_bits greater than 1 to appear in the syntax and shall ignore the values of all the gci_reserved_zero_bit[ i ] syntax elements when gci_num_additional_bits is greater than 1.
gci_all_rap_pictures_constraint_flag equal to 1 specifies that all pictures in OlsInScope are GDR pictures with ph_recovery_poc_cnt equal to 0 or IRAP pictures. gci_all_rap_pictures_constraint_flag equal to 0 does not impose such a constraint.
[bookmark: _Hlk85623889]gci_no_extended_precision_processing_constraint_flag equal to 1 specifies that sps_extended_precision_flag for all pictures in OlsInScope shall be equal to 0. gci_no_extended_precision_processing_constraint_flag equal to 0 does not impose such a constraint.
gci_no_ts_residual_coding_rice_constraint_flag equal to 1 specifies that sps_ts_residual_coding_rice_present_in_sh_flag for all pictures in OlsInScope shall be equal to 0. gci_no_ts_residual_coding_rice_constraint_flag equal to 0 does not impose such a constraint.
gci_no_rrc_rice_extension_constraint_flag equal to 1 specifies that sps_rrc_rice_extension_flag for all pictures in OlsInScope shall be equal to 0. gci_no_rrc_rice_extension_constraint_flag equal to 0 does not impose such a constraint.
gci_no_persistent_rice_adaptation_constraint_flag equal to 1 specifies that sps_persistent_rice_adaptation_enabled_flag for all pictures in OlsInScope shall be equal to 0. gci_no_persistent_rice_adaptation_constraint_flag equal to 0 does not impose such a constraint.
gci_no_reverse_last_sig_coeff_constraint_flag equal to 1 specifies that sps_reverse_last_sig_coeff_enabled_flag for all pictures in OlsInScope shall be equal to 0. gci_no_reverse_last_sig_coeff_constraint_flag equal to 0 does not impose such a constraint.
...
Problem description and proposal summary
When gci_present_flag is equal to 0, no GCI syntax elements exist, including the new range extensions GCI flags. In that case, the general_constraint_info( ) syntax structure does not impose any constraint. This is fine. However, when gci_present_flag is equal to 1, although all the GCI syntax elements specified in VVC edition 1 are surely present, the newly added range extensions GCI flags may or may not be present, depending on whether gci_num_additional_bits (which was gci_num_reserved_bits in VVC edition 1) is greater than 0.
A problem arises when gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, in which case the new range extensions GCI flags are not present while their values are not inferred, and thus it is unclear whether the constraints specified by the flags equal to 1 apply or not.
To solve the above problem, this contribution proposes that the value of each of the six newly added GCI flags (listed below) is inferred to be equal to 0 when gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0:
1) gci_all_rap_pictures_constraint_flag
2) gci_no_extended_precision_processing_constraint_flag
3) gci_no_ts_residual_coding_rice_constraint_flag
4) gci_no_rrc_rice_extension_constraint_flag
5) gci_no_persistent_rice_adaptation_constraint_flag
6) gci_no_reverse_last_sig_coeff_constraint_flag
Additionally, some editorial improvement changes are proposed to the semantics of gci_present_flag, gci_sixteen_minus_max_bitdepth_constraint_idc, and gci_three_minus_max_chroma_format‌_constraint_idc.
Proposed changes
The proposed changes are only to the semantics of the GCI syntax structure, follows (additions are highlighted in turquoise, and deleted parts are highlighted in yellow strikethrough in red fonts):

All syntax elements in the GCI syntax strucutre, excluding gci_present_flag, gci_num_additional_bits, gci_reserved_zero_bit[ i ], and gci_alignment_zero_bit, are referred to as the GCI syntax elements.
gci_present_flag equal to 1 specifies that the GCI syntax elements starting from gci_intra_only_constraint_flag to gci_no_virtual_boundaries_constraint_flag, inclusive, are present in the general_constraints_info( ) syntax structure. gci_present_flag equal to 0 specifies that the GCI fields syntax elements are not present in the general_constraints_info( ) syntax structure.
The semantics of the GCI syntax elements starting from gci_intra_only_constraint_flag to gci_no_virtual_boundaries_constraint_flag, inclusive, specified in this clause apply when gci_present_flag is equal to 1. When gci_present_flag is equal to 0, the general_constraint_info( ) syntax structure does not impose any constraint.
gci_intra_only_constraint_flag equal to 1 specifies that sh_slice_type for all slices in OlsInScope shall be equal to 2. gci_intra_only_constraint_flag equal to 0 does not impose such a constraint.
[bookmark: _Hlk41916745]...
[bookmark: _Hlk44851268]gci_sixteen_minus_max_bitdepth_constraint_idc greater than 0 specifies that sps_bitdepth_minus8 plus 8 for all pictures in OlsInScope shall be in the range of 0 to 16 − gci_sixteen_minus_max_bitdepth_constraint_idc, inclusive. gci_sixteen_minus_max_bitdepth_constraint_idc equal to 0 does not impose such a constraint. The value of gci_sixteen_minus_max_bitdepth_constraint_idc shall be in the range of 0 to 8, inclusive.
[bookmark: _Hlk41916767]gci_three_minus_max_chroma_format_constraint_idc greater than 0 specifies that sps_chroma_format_idc for all pictures in OlsInScope shall be in the range of 0 to 3 − gci_three_minus_max_chroma_format_constraint_idc, inclusive. gci_three_minus_max_chroma_format_constraint_idc equal to 0 does not impose such a constraint.
...
gci_num_additional_bits specifies the number of the additional GCI bits in the general constraints information syntax structure other than gci_alignment_zero_bit syntax elements (when present). The value of gci_num_additional_bits shall be equal to 0 or 1 in bitstreams conforming to this version of this document. Values greater than 1 for gci_num_additional_bits are reserved for future use by ITU-T | ISO/IEC. Although the value of gci_num_additional_bits is required to be equal to 0 or 1 in this version of this document, decoders conforming to this version of this document shall allow values of gci_num_additional_bits greater than 1 to appear in the syntax and shall ignore the values of all the gci_reserved_zero_bit[ i ] syntax elements when gci_num_additional_bits is greater than 1.
gci_all_rap_pictures_constraint_flag equal to 1 specifies that all pictures in OlsInScope are GDR pictures with ph_recovery_poc_cnt equal to 0 or IRAP pictures. gci_all_rap_pictures_constraint_flag equal to 0 does not impose such a constraint. When gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, the value of gci_all_rap_pictures_constraint_flag is inferred to be equal to 0.
gci_no_extended_precision_processing_constraint_flag equal to 1 specifies that sps_extended_precision_flag for all pictures in OlsInScope shall be equal to 0. gci_no_extended_precision_processing_constraint_flag equal to 0 does not impose such a constraint. When gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, the value of gci_no_extended_precision_processing_constraint_flag is inferred to be equal to 0.
gci_no_ts_residual_coding_rice_constraint_flag equal to 1 specifies that sps_ts_residual_coding_rice_present_in_sh_flag for all pictures in OlsInScope shall be equal to 0. gci_no_ts_residual_coding_rice_constraint_flag equal to 0 does not impose such a constraint. When gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, the value of gci_no_ts_residual_coding_rice_constraint_flag is inferred to be equal to 0.
gci_no_rrc_rice_extension_constraint_flag equal to 1 specifies that sps_rrc_rice_extension_flag for all pictures in OlsInScope shall be equal to 0. gci_no_rrc_rice_extension_constraint_flag equal to 0 does not impose such a constraint. When gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, the value of gci_no_rrc_rice_extension_constraint_flag is inferred to be equal to 0.
gci_no_persistent_rice_adaptation_constraint_flag equal to 1 specifies that sps_persistent_rice_adaptation_enabled_flag for all pictures in OlsInScope shall be equal to 0. gci_no_persistent_rice_adaptation_constraint_flag equal to 0 does not impose such a constraint. When gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, the value of gci_no_persistent_rice_adaptation_constraint_flag is inferred to be equal to 0.
gci_no_reverse_last_sig_coeff_constraint_flag equal to 1 specifies that sps_reverse_last_sig_coeff_enabled_flag for all pictures in OlsInScope shall be equal to 0. gci_no_reverse_last_sig_coeff_constraint_flag equal to 0 does not impose such a constraint. When gci_present_flag is equal to 1 and gci_num_additional_bits is equal to 0, the value of gci_no_reverse_last_sig_coeff_constraint_flag is inferred to be equal to 0.
...
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