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Abstract
This document proposes a signalling mechanism for chroma QP tables. It is suggested that the mechanism should be flexible to provide encoders the opportunity to optimize the table for SDR and HDR content. It is argued that the signalling mechanism should have support for signalling the tables separately for Cb and Cr components. The proposed mechanism signals the chroma QP table as a piece-wise linear function.
In version 2 of this document, based on the discussion during the presentation of this document in Track A, the following changes are made to support for signalling chroma QP table for joint CbCr residual is added, default tables are not used, and application of slice and PPS chroma QP offsets after the chroma QP mapping table. The changes to the specification are attached with this document.
With version 3 of this document, it is reported that a minor bug in the Specification text is fixed.
[bookmark: _GoBack]In version 4 of this document, based on further discussion in Track A, the relevant syntax elements are only signalled when ChromaArrayType is not equal to 0. The attached Specification text has been updated.
Introduction
In VVC, the chroma QP value is derived from the luma QP value and offset parameters using the chroma QP mapping table, Table 8-15, in JVET-N1008-v8. The chroma QP mapping table has a linear slope of 1 for most of the QP values, and for QP values between 29 and 43, the slope is less than 1. 
JVET-O0186 proposes a signalling mechanism for the chroma QP table. The proposal assumes that the mapping function is non-decreasing and can be described by indicating a series of flat points (constant regions). In regions of flat points, the chroma QP value does not increase with increasing QP.
Although this mechanism provides means of signalling the chroma QP table, it suffers from certain drawbacks. The proposal assumes that the chroma QP table will be the same for Cb and Cr components. Although that is true currently in VVC, in more general use cases (e.g., HDR), it has been observed that it is advantageous to use different chroma QP tables for Cb and Cr components; related observations have also been highlighted in JVET-N0221. Secondly, the mapping table in JVET-O0186 assumes that in the non-flat regions, the slope will be 1. It is suggested that such restriction unnecessarily constrains use cases, e.g., for HDR signals.
One motivation of signalling the chroma QP table in the bitstream is to provide encoders the flexibility to efficiently model the chroma QP values for a particular type of content without resorting to the QP offset values. Constraining the signalling of the chroma QP table may defeat this purpose, and it is desirable to have a more generic signalling mechanism for chroma QP tables.
Proposal
The following signalling mechanism is proposed for signalling the chroma QP tables, using a set of piece-wise linear components. 


Syntax
	sequence_parameter_set( ) {
	Descriptor

	…
	

		chroma_qp_table_present_flag
	u(1)

		if( chroma_qp_table_present_flag )
	

			same_qp_table_for_cb_cr
	u(1)

			for( i = 0; i < same_qp_table_for_cb_cr ? 1 : 2; i++ ) {
	

				num_points_in_qp_table[ i ]
	ue(v)

				for( j = 0; j < num_points_in_qp_table[ i ]; j++ )
	

					delta_qp_in_val[ i ][ j ]
	ue(v)

					delta_qp_out_val[ i ][ j ]
	ue(v)

				}
	

			}
	

		}
	

	}
	



Semantics
[bookmark: _Hlk12353859]chroma_qp_table_present_flag equal to 1 specifies that chroma QP mapping tables are signalled in the SPS. chroma_qp_table_present_flag equal to 0 specifies that the chroma QP mapping table is not signalled in the SPS and that Table 8-15 is used for deriving the chroma QP values.
same_qp_table_for_cb_cr equal to 1 specifies that only one chroma QP mapping table is signalled and applies to both Cb and Cr components. same_qp_table_for_cb_cr equal to 0 specifies that two chroma QP mapping tables are signalled in the SPS.
num_points_in_qp_table [ i ] specifies the number of points used to describe the chroma QP mapping table. The value of num_points_in_qp_table [ i ] shall be in the range of 0 to 69 + QpBdOffsetC, inclusive.
delta_qp_in_val[ i ][ j ] specifies a delta value used to derive the input coordinate of the j-th pivot point of the i-th chroma QP mapping table. 
delta_qp_out_val[ i ][ j ] plus specifies a delta value used to derive the output coordinate of the j-th pivot point of the i-th chroma QP mapping table. 
The i-th chroma QP mapping tables cQPTable[ i ] for i = 0..same_qp_table_for_cb_cr ? 0 : 1 are derived as follows:
qpCtr = 0

qpVal[ i ][ 0 ] = −QpBdOffsetC + delta_qp_in_val[ i ][ 0 ]
cQPTable[ i ][ 0 ] = −QpBdOffsetC + delta_qp_out_val[ i ][ 0 ]
for( j = 1; j < num_points_in_qp_table[ i ]; j++ ) {
	qpVal[ i ][ j ] = qpVal[ i ][ j – 1 ] + delta_qp_in_val[ i ][ j ]
	cQPTable[ i ][ j ] = cQPTable[ i ][ j – 1 ] + delta_qp_out_val[ i ][ j ]
}

ChromaQpTable[ i ][ qpVal[ i ][ 0 ] ] = cQPTable[ i ][ 0 ]
if( qpVal[ i ][ 0 ] < −QpBdOffsetC ) {
	for( k = qpVal[ i ][ 0 ] − 1; k >= −QpBdOffsetC; k − − )
		ChromaQpTable[ i ][ k ] = Clip3( −QpBdOffsetC, 69, ChromaQpTable[ i ][ k + 1 ] − 1 )
}

for( j = 0 ; j < num_points_in_qp_table[ i ] − 1; j++ ) {
	for( k = cQpTable[ j ] + 1, m = 1; k <= cQPTable[ j + 1 ]; k++, m++ )
		sh = delta_qp_in_val [j + 1 ] >> 1
		ChromaQpTable[ i ][ k ] = ChromaQpTable[ i ][ cQpTable[ j ] ] +
					( delta_qp_out_val[j + 1] * m + sh ) / delta_qp_in_val [j + 1]

if( qpVal[ i ][ num_points_in_qp_table[ i ] − 1 ] != 69 )
	for( k = qpVal[ i ][ num_points_in_qp_table[ i ] − 1 ] + 1; k <= 69; k++ )
		ChromaQpTable[ i ][ k ] = Clip3( −QpBdOffsetC, 69, ChromaQpTable[ i ][ k − 1 ] + 1 )
When same_qp_table_for_cb_cr is equal to 1, ChromaQpTable[ 1 ][ k ] is set equal to ChromaQpTable[ 0 ][ k ] for k = −QpBdOffsetC..69.
Further, the following changes are made to the chroma QP derivation: 
The following constraint is added: 
The value of qpVal[ i ][ j ] shall be greater than the value qpVal[ i ][ j – 1] for j = 1..num_points_in_qp_table[ i ].
The following text is removed:
–	If ChromaArrayType is equal to 1, the variables qPCb, qPCr and qPCbCr are set equal to the value of QpC as specified in Table 8‑15 based on the index qPi equal to qPiCb, qPiCr and qPiCbCr, respectively.
–	Otherwise, the variables qPCb, qPCr and qPCbCr are set equal to Min( qPi, 63 ), based on the index qPi equal to qPiCb, qPiCr and qPiCbCr, respectively.
The following text is added in place of the text removed above:
–	If ChromaArrayType is equal to 1, the following applies:
· If chroma_qp_table_present_flag is equal to 1, the variables qPCb and qPCr are set equal to the ChromaQpTable[ 0 ][ qPiCb ] and ChromaQpTable[ 1 ][ qPiCr ], respectively.
· Otherwise (chroma_qp_table_present_flag is equal to 0), the variables qPCb and qPCr are set equal to the value of QpC as specified in Table 8‑15 based on the index qPi equal to qPiCb and qPiCr, respectively.
· The variable qPCbCr is set equal to the value of QpC as specified in Table 8‑15 based on the index qPi equal to qPiCbCr.

Discussion
This input document proposes to specify the signalling of the chroma QP table for Cb and Cr components. VVC also uses the chroma QP table for the derivation of QP for joint CbCr residuals, and in this document, it is proposed to use the Table 8-15 for the joint CbCr residuals. The mapping function for QP values of the joint CbCr residual are not well studied for wide range of SDR and HDR signals. It is therefore suggested to be discussed whether it is beneficial to allow for signalling of separate chroma mapping tables for CbCr residuals too, and perhaps further studied in an Ad-Hoc group. Until then, it is suggested to use Table 8-15 for the joint CbCr residuals.
Additionally, it is also suggested to study the need for more localized signalling of the chroma QP tables. Although the input document proposes to signal the mapping tables in the SPS, thereby allowing the chroma QP tables to only change at the sequence-level, there are some use-cases to allow for the mapping table at a finer resolution (e.g., signalling mapping tables in an APS for frame-level or slice-level granularity). This may also be studied at in an Ad-Hoc group to determine the framework that fits the diverse use cases.
Conclusions
It is proposed that the chroma QP signalling mechanism be kept generic such that encoders are able to support a variety of use cases. The benefits of such a generic mechanism outweigh the constraints of a restricted signalling scheme. It is suggested that these aspects be considered in the discussion of the chroma QP table signalling, and to consider adoption of the proposed QP table signalling scheme.
The conclusions above apply to JVET-O0650-v1 and do not apply to the attached specification documents in version 2 and above of the document package.
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