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Abstract
This contribution proposes the following changes on QP delta signalling, asserted to make the design consistent between luma and chroma for CU-level and picture/slice-level QP delta signalling:
1) [bookmark: _Hlk36139577]Regarding the CU-level luma QP delta control:
a. Add a slice-level on/off control flag (named cu_qp_delta_enabled_flag) for CU luma QP delta, and condition the presence based on the PPS-level on/off control flag.
b. Rename the PPS-level on/off control flag to be pps_cu_qp_delta_enabled_flag for clearer wordings.
c. Resolve the errors in the semantics of pps_cu_qp_delta_enabled_flag by using it to specify the presence of cu_qp_delta_abs and cu_qp_delta_sign_flag in both the transform unit syntax and the palette coding syntax.
2) [bookmark: _Hlk36579902]Regarding the picture/slice-level chroma QP offsets signalling:
a. Signal the picture-level chroma QP offsets (named ph_cb_qp_offset, ph_cb_qp_offset, and ph_joint_cbcr_qp_offset).
b. Add a PPS switch flag (named chroma_qp_offset_info_in_ph_flag) to control whether to signal the chroma QP offsets in picture or slice-level (but never both).
c. Rename the PPS present flag to be pps_chroma_qp_offsets_present_flag and use it to condition the presence of picture/slice level chroma QP offsets.
3) Regarding the picture/slice-level luma QP delta signalling:
a. Add an on/off control flag in the PPS (named pps_luma_qp_delta_present_flag) to condition the presence of picture/slice level luma QP delta.
Introduction
In the current draft text, the value of a QP delta could be signalled at CU-level and higher level (e.g., either picture or slice-level). Whether and how to signal a QP delta at low level and high level are controlled separately through syntax elements signalled in the PPS/PH/SH. Moreover, the luma and chroma QP delta are controlled and signalled separately. For example, for CU level QP delta control, a set of on/off control flags is signalled for luma, while another set of on/off control flags is signalled for chroma. Similarly, for picture or slice level QP delta control, two other sets of control flags are signalled, with one for luma and the other for chroma.
It is asserted that the QP delta control mechanism in the latest VVC text is inconsistent between luma and chroma, neither in the wordings nor the functionalities. We observed the following issues regarding the inconsistent design between luma and chroma, for the CU-level and pic/slice-level QP delta, respectively.
Aspect #1: on CU-level luma QP delta control
Currently, whether to enable or disable the CU-level chroma QP offsets can be controlled through the on/off control flags signalled in the PPS and the SH (e.g., pps_cu_chroma_qp_offset_list_enabled_flag in the PPS and cu_chroma_qp_offset_enabled_flag in the SH). However, for luma, whether to enable or disable the CU-level luma QP delta can only be controlled by the on/off control flag signalled in the PPS (e.g., cu_qp_delta_enabled_flag in the PPS), as summarized in Table 1.
Table 1. Summary of the current CU-level QP delta control mechanism
	CU-level QP delta
	on/off control flag
in the PPS
	QG size signalled in the PH
	on/off control flag
in the SH
	CU QP delta signalled for each QG

	luma
	Y
	Y
	-
	Y

	chroma
	Y
	Y
	Y
	Y


Such design causes inconsistency of CU-level QP delta between luma and chroma. Moreover, it would result in unnecessary block-level bits waste for the slices that do not use non-zero CU luma QP delta. A typical example is that for a picture that contains multiple slices, when some of the slices use CU luma QP delta, while others don’t, it turns out unnecessary bits would be sent for signalling zero CU luma QP delta for every quantization group (QG size could range from 4x4 to 128x128) for those slices that don’t use CU luma QP delta. In such case, if there is an on/off control flag for disabling the CU luma QP delta at slice-level, then the block-level bits waste can be avoided. Moreover, by having such slice-level on/off control, the luma and chroma CU QP delta control are aligned. 
Additionally, the current semantics of the PPS syntax element cu_qp_delta_enabled_flag is worded as follows: cu_qp_delta_enabled_flag equal to 1 specifies that the ph_cu_qp_delta_subdiv_intra_slice and ph_cu_qp_delta_subdiv_inter_slice syntax elements are present in PHs referring to the PPS and cu_qp_delta_abs may be present in the transform unit syntax… However, cu_qp_delta_abs may be also present in the palette coding syntax, which should also be specified by cu_qp_delta_enabled_flag. In other words, the current semantics of cu_qp_delta_enabled_flag is not clear enough and a bit confusing.
Aspect #2: on picture/slice-level QP delta control
Regarding syntax design of the picture/slice-level QP delta, the following issues were observed:
Aspect #2.1 regarding the picture/slice-level chroma QP offsets signalling
Currently, the QP delta for luma is signalled either in picture or slice-level (but never both). And whether to signal the luma QP delta at picture-level or slice-level is controlled by a switch flag signalled in the PPS (e.g., qp_delta_info_in_ph_flag). However, the design of the QP offset for chroma is not aligned with luma since there is only slice-level chroma QP offsets but without picture-level chroma QP offsets, as shown in Table 2.



Table 2. Summary of the current picture/slice-level QP delta control mechanism
	pic/slice-level QP delta
	on/off control flag
in the PPS
	switch flag in the PPS
for whether signalled at pic or slice-level 
	picture QP delta signalled for each picture
	slice QP delta signalled for each slice

	luma
	-
	Y
	Y
	Y

	chroma
	Y
	-
	-
	Y


Such design causes inconsistency of picture/slice-level QP delta between luma and chroma. Moreover, we believe the chroma QP offsets on picture basis in addition to slice basis is more desirable especially in rate-control cases.
Aspect #2.2 regarding the picture/slice-level luma QP delta signalling
Currently, whether to signal the slice-level chroma QP offsets is controlled by an on/off control flag signalled in the PPS (e.g., pps_slice_chroma_qp_offsets_present_flag). Whereas for luma, the picture/slice-level luma QP delta is mandated to be always signalled, either in the PH or SH (at least one but never both), as shown in the above Table 2. Such design causes not only an inconsistency of QP delta control between luma and chroma, but also redundant signalling, especially for the all-intra case where non-zero luma QP delta may be seldom used (in such case the PPS switch flag and the picture/slice-level luma QP delta still need be signalled according to the current design).
Proposal
Aspect #1: on CU-level QP delta control
To make the design consistent between luma and chroma for CU-level QP delta signaling and avoid block-level bit waste, the following changes are proposed:
1) Add a slice-level on/off control flag (named cu_qp_delta_enabled_flag) for CU luma QP delta, and condition the presence based on the PPS-level on/off control flag. 
2) Rename the PPS on/off control flag to be pps_cu_qp_delta_enabled_flag for clearer wordings.
3) Resolve the errors in the semantics of pps_cu_qp_delta_enabled_flag by using it to specify the presence of cu_qp_delta_abs in both the transform unit syntax and the palette coding syntax. 
Aspect #2: on picture/slice-level QP delta control
The following changes are proposed to align the picture/slice-level QP delta design between luma and chroma and provide a more flexible design of delta QP signaling.
1) To address the issue in aspect #2.1, the following changes are proposed:
a. Signal the picture-level chroma QP offsets (named ph_cb_qp_offset, ph_cb_qp_offset, and ph_joint_cbcr_qp_offset).
b. Add a PPS switch flag (named chroma_qp_offset_info_in_ph_flag) to control whether to signal the chroma QP offsets in picture or slice-level (but never both). 
c. Rename the PPS present flag to be pps_chroma_qp_offsets_present_flag and use it to condition the presence of picture/slice level chroma QP offsets.
2) To address the issue in aspect #2.2, the following changes are proposed:
a. Add an on/off control flag in the PPS (named pps_luma_qp_delta_present_flag) to condition the presence of picture/slice level luma QP delta.
Proposed spec text changes
Spec text changes for all the above proposals are provided below.
The proposed text changes are relative to the latest VVC draft text. The most relevant parts that have been added or modified are highlighted in turquoise, and the most relevant removed parts are highlighted in yellow strikethrough in red fonts.
Aspect #1
The syntax structure pic_parameter_set_rbsp() is changed as follows:
	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

	…
	u(4)

		init_qp_minus26
	se(v)

		pps_cu_qp_delta_enabled_flag
	u(1)

		pps_chroma_tool_offsets_present_flag
	u(1)

	…
	


[bookmark: _Hlk35871546]pps_cu_qp_delta_enabled_flag equal to 1 specifies that the ph_cu_qp_delta_subdiv_intra_slice and ph_cu_qp_delta_subdiv_inter_slice syntax elements are present in PHs referring to the PPS, and the cu_qp_delta_abs and cu_qp_delta_sign_flag syntax elements may be present in the transform unit syntax and the palette coding syntax. pps_cu_qp_delta_enabled_flag equal to 0 specifies that the ph_cu_qp_delta_subdiv_intra_slice and ph_cu_qp_delta_subdiv_inter_slice syntax elements are not present in PHs referring to the PPS, and the cu_qp_delta_abs and cu_qp_delta_sign_flag syntax elements are is not present in the transform unit syntax or the palette coding syntax.
…
And the syntax structure picture_header_structure( ) is changed as follows:

	picture_header_structure( ) {
	Descriptor

		gdr_or_irap_pic_flag
	u(1)

	…
	

		if( ph_intra_slice_allowed_flag ) {
	

	…
	

			if( pps_cu_qp_delta_enabled_flag )
	

				ph_cu_qp_delta_subdiv_intra_slice
	ue(v)

			if( pps_cu_chroma_qp_offset_list_enabled_flag )
	

				ph_cu_chroma_qp_offset_subdiv_intra_slice
	ue(v)

		}
	

	[bookmark: _Hlk35874407]	if( ph_inter_slice_allowed_flag ) {
	

	…
	

			if( pps_cu_qp_delta_enabled_flag )
	

				ph_cu_qp_delta_subdiv_inter_slice
	ue(v)

			if( pps_cu_chroma_qp_offset_list_enabled_flag )
	

				ph_cu_chroma_qp_offset_subdiv_inter_slice
	ue(v)

	…
	



And the syntax structure slice_header ( ) is changed as follows:

	slice_header( ) {
	Descriptor

		picture_header_in_slice_header_flag
	u(1)

	…
	

		if( !qp_delta_info_in_ph_flag )
	

			slice_qp_delta
	se(v)

		if( pps_cu_qp_delta_enabled_flag )
	

			cu_luma_qp_delta_enabled_flag
	u(1)

	…
	



cu_luma_qp_delta_enabled_flag equal to 1 specifies that the cu_luma_qp_delta_abs may be present in the transform unit and palette coding syntax. cu_luma_qp_delta_enabled_flag equal to 0 specifies that the cu_luma_qp_delta_abs is not present in the transform unit or palette coding syntax. When not present, the value of cu_luma_qp_delta_enabled_flag is inferred to be equal to 0.
…
Aspect #2.1
The syntax structure pic_parameter_set_rbsp() is changed as follows:

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

	…
	u(4)

		if( pps_chroma_tool_offsets_present_flag ) {
	

			pps_cb_qp_offset
	se(v)

			pps_cr_qp_offset
	se(v)

			pps_joint_cbcr_qp_offset_present_flag
	u(1)

			if( pps_joint_cbcr_qp_offset_present_flag )
	

				pps_joint_cbcr_qp_offset_value
	se(v)

			pps_slice_chroma_qp_offsets_present_flag
	u(1)

			pps_cu_chroma_qp_offset_list_enabled_flag
	u(1)

		}
	

	…
	

		qp_delta_info_in_ph_flag
	u(1)

		if( pps_chroma_qp_offsets_present_flag )
	

			chroma_qp_offset_info_in_ph_flag
	u(1)

		pps_ref_wraparound_enabled_flag
	u(1)

	…
	



pps_slice_chroma_qp_offsets_present_flag equal to 1 specifies that the ph_cb_qp_offset and ph_cr_qp_offset syntax elements are present in the associated PHs or the slice_cb_qp_offset and slice_cr_qp_offset syntax elements are present in the associated slice headers. pps_slice_chroma_qp_offsets_present_flag equal to 0 specifies that the ph_cb_qp_offset and ph_cr_qp_offset syntax elements are not present in the associated PHs and the slice_cb_qp_offset and slice_cr_qp_offset syntax elements are not present in the associated slice headers. When not present, the value of pps_pic_slice_chroma_qp_offsets_present_flag is inferred to be equal to 0.
…
chroma_qp_offset_info_in_ph_flag equal to 1 specifies that QP offset information is present in the PH syntax structure and not present in slice headers referring to the PPS that do not contain a PH syntax structure. chroma_qp_offset_info_in_ph_flag equal to 0 specifies that QP offset information is not present in the PH syntax structure and may be present in slice headers referring to the PPS that do not contain a PH syntax structure.
...
And the syntax structure picture_header_structure( ) is changed as follows:

	picture_header_structure( ) {
	Descriptor

		gdr_or_irap_pic_flag
	u(1)

	…
	

		if( qp_delta_info_in_ph_flag )
	

			ph_qp_delta
	se(v)

		if( pps_chroma_qp_offsets_present_flag && chroma_qp_offset_info_in_ph_flag ) {
	

			ph_cb_qp_offset
	se(v)

			ph_cr_qp_offset
	se(v)

			if( sps_joint_cbcr_enabled_flag )
	

				ph_joint_cbcr_qp_offset
	se(v)

		}
	

	…
	


…
ph_cb_qp_offset specifies a difference to be added to the value of pps_cb_qp_offset when determining the value of the Qp′Cb quantization parameter. The value of ph_cb_qp_offset shall be in the range of −12 to +12, inclusive. When ph_cb_qp_offset is not present, it is inferred to be equal to 0. The value of pps_cb_qp_offset + ph_cb_qp_offset shall be in the range of −12 to +12, inclusive.
ph_cr_qp_offset specifies a difference to be added to the value of pps_cr_qp_offset when determining the value of the Qp′Cr quantization parameter. The value of ph_cr_qp_offset shall be in the range of −12 to +12, inclusive. When ph_cr_qp_offset is not present, it is inferred to be equal to 0. The value of pps_cr_qp_offset + ph_cr_qp_offset shall be in the range of −12 to +12, inclusive.
ph_joint_cbcr_qp_offset specifies a difference to be added to the value of pps_joint_cbcr_qp_offset_value when determining the value of the Qp′CbCr. The value of ph_joint_cbcr_qp_offset shall be in the range of −12 to +12, inclusive. When ph_joint_cbcr_qp_offset is not present, it is inferred to be equal to 0. The value of pps_joint_cbcr_qp_offset_value + ph_joint_cbcr_qp_offset shall be in the range of −12 to +12, inclusive.
…
And the syntax structure slice_header ( ) is changed as follows:

	slice_header( ) {
	Descriptor

		picture_header_in_slice_header_flag
	u(1)

	…
	

		if( !qp_delta_info_in_ph_flag )
	

			slice_qp_delta
	se(v)

		if( pps_slice_chroma_qp_offsets_present_flag &&	!chroma_qp_offset_info_in_ph_flag ) {
	

			slice_cb_qp_offset
	se(v)

			slice_cr_qp_offset
	se(v)

			if( sps_joint_cbcr_enabled_flag )
	

				slice_joint_cbcr_qp_offset
	se(v)

		}
	

	…
	


…
slice_cb_qp_offset specifies a difference to be added to the value of pps_cb_qp_offset when determining the value of the Qp′Cb quantization parameter. The value of slice_cb_qp_offset shall be in the range of −12 to +12, inclusive. When slice_cb_qp_offset is not present, it is inferred to be equal to 0ph_cb_qp_offset. The value of pps_cb_qp_offset + slice_cb_qp_offset shall be in the range of −12 to +12, inclusive.
slice_cr_qp_offset specifies a difference to be added to the value of pps_cr_qp_offset when determining the value of the Qp′Cr quantization parameter. The value of slice_cr_qp_offset shall be in the range of −12 to +12, inclusive. When slice_cr_qp_offset is not present, it is inferred to be equal to 0ph_cr_qp_offset. The value of pps_cr_qp_offset + slice_cr_qp_offset shall be in the range of −12 to +12, inclusive.
slice_joint_cbcr_qp_offset specifies a difference to be added to the value of pps_joint_cbcr_qp_offset_value when determining the value of the Qp′CbCr. The value of slice_joint_cbcr_qp_offset shall be in the range of −12 to +12, inclusive. When slice_joint_cbcr_qp_offset is not present, it is inferred to be equal to 0ph_joint_cbcr_qp_offset. The value of pps_joint_cbcr_qp_offset_value + slice_joint_cbcr_qp_offset shall be in the range of −12 to +12, inclusive.
Aspect #2.2
The syntax structure pic_parameter_set_rbsp() is changed as follows:

	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

	…
	u(4)

		init_qp_minus26
	se(v)

		pps_luma_qp_delta_present_flag
	u(1)

		cu_qp_delta_enabled_flag
	u(1)

	…
	

		if( pps_pic_slice_luma_qp_delta_present_flag )
	

			qp_delta_info_in_ph_flag
	u(1)

	…
	



pps_luma_qp_delta_present_flag equal to 1 specifies that the ph_qp_delta is present in the asscociated PHs or slice_qp_delta is present in the associated slice headers. pps_luma_qp_delta_present_flag equal to 0 specifies that the ph_qp_delta is not present in the associated PHs and slice_qp_delta is not present in the associated slice headers.
And the syntax structure picture_header_structure( ) is changed as follows:

	picture_header_structure( ) {
	Descriptor

		gdr_or_irap_pic_flag
	u(1)

	…
	

		if( pps_luma_qp_delta_present_flag && qp_delta_info_in_ph_flag )
	

			ph_qp_delta
	se(v)

	…
	


…
And the syntax structure slice_header ( ) is changed as follows:

	slice_header( ) {
	Descriptor

		picture_header_in_slice_header_flag
	u(1)

	…
	

		if( pps_luma_qp_delta_present_flag && !qp_delta_info_in_ph_flag )
	

			slice_qp_delta
	se(v)

	…
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