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Abstract
This contribution proposes syntax and semantics refinements about tensor input/output data type, patch size, and complexity information based on the NNR post-filter SEI message proposed in JVET-Z0052.
Introduction
In this contribution, we study and refines four aspects.
Color format indication
A method based on JVET-Y0073 which can be defined only valid output chroma format for chroma up-sampling is proposed.
Free patch size support
Decoder architecture and/or memory size would be different for NN based post filtering. Thus it would be desirable for the decoder to be free to determine the input patch size to the post-filter. If the width and height can be set independently, then either line-based or tile-based processing can be supported.
However, there may be cases where the size must be a specific value due to post-filter constraints. This contribution proposes a modification to take these into account.
Support for integer tensors
In addition to floating-point types as data types for input and output tensors, integers would be needed to realize low complexity/energy efficiency processing. Therefore, we propose to extend the nnrpf_inp_sample_idc and nnrpf_out_sample_idc parameters proposed in JVET-Z0052 to integer types as well. In addition, we add the bit depth information of the input and output integer tensor needed to convert the bit depth between picture buffer and tensor.
Complexity information
A set of syntax element of complexity and precision was proposed in JVET-Y0075 to help decoders determine whether a filter can be applied. This information would be useful because it would not require analysis of network information.

Proposal
NNR post-filter SEI message
This contribution proposes the following changes:
· Modify syntax elements to describe output color format.
· Add integer support and bit depth information for input/output tensor.
· Add free patch size support related to nnrpf_constant_patch_size_flag and separate the patch size specification into width and height.
· Add a definition of the function nnrpf_complexity_element().
Markers indicate changes relative to JVET-Z0052.
	nnr_post_filter( payloadSize ) {
	Descriptor

	…
	

				nnrpf_out_sub_c_idc
	u(2)

	…
	

				nnrpf_component_last_flag
	u(1)

				nnrpf_inp_sample_idc
	ue(v)

				if( nnrpf_inp_sample_idc == 4 ) {
	

					nnrpf_inp_tensor_bitdepth_minus8
	ue(v)

				}
	

				nnrpf_inp_order_idc
	ue(v)

				nnrpf_out_sample_idc
	ue(v)

				if( nnrpf_out_sample_idc == 4 ) {
	

					nnrpf_out_tensor_bitdepth_minus8
	ue(v)

				}
	

	[bookmark: _Hlk96087661]			nnrpf_out_order_idc
	ue(v)

				nnrpf_constant_patch_size_flag
	u(1)

				nnrpf_patch_size_minus1
	ue(v)

				if( nnrpf_constant_patch_size_flag ) {
	

					nnrpf_patch_width_minus1
	ue(v)

					nnrpf_patch_height_minus1
	ue(v)

					nnrpf_overlap
	ue(v)

				}
	

				nnrpf_complexity_idc
	ue(v)

				if( nnrpf_complexity_idc > 0 ) {
	

					nnrpf_complexity_element( nnrpf_complexity_idc )
	

				}
	

				while( !byte_aligned( ) )
	

					nnrpf_reserved_zero_bit
	u(1)

			}
	

	…
	




	nnrpf_complexity_element( nnrpf_complexity_idc ) {
	

		if( nnrpf_complexity_idc == 1 ) {
	

			nnrpf_parameter_type_idc
	u(4)

			nnrpf_num_parameters_idc
	u(8)

			nnrpf_num_kmac_operations_idc
	ue(v)

		}
	

	}
	



[bookmark: _Hlk91008876]nnrpf_out_sub_c_idc specifies the difference between the chroma format indication value of output picture and ChromaFormatIdc of input picture. The value of nnrpf_out_sub_c_idc shall be in the range of 0 to 3. For the chroma sampling relative to the luma sampling of output picture, the chroma format indication variables OutputChromaFormatIdc, outSubWidthC and outSubHeightC as specify in Table X is derived as follows:
	OutputChromaFormatIdc = ChromaFormatIdc + nnrpf_out_sub_c_idc
It is a requirement of bitstream conformance that OutputChromaFormatIdc shall be in the range of 0 to 3.
[bookmark: _Ref73853025][bookmark: _Ref32863315][bookmark: _Toc81038503][bookmark: _Toc77680749][bookmark: _Toc118289014][bookmark: _Toc246350678][bookmark: _Toc287363917][bookmark: _Toc415476432][bookmark: _Toc423602467][bookmark: _Toc423602641][bookmark: _Toc501130552][bookmark: _Toc510795477][bookmark: _Toc55408240]Table X – Values of OutputChromaFormatIdc
	OutputChromaFormatIdc
	
	outSubWidthC
	outSubHeightC

	0
	Monochrome
	1
	1

	1
	4:2:0
	2
	2

	2
	4:2:2
	2
	1

	3
	4:4:4
	1
	1



nnrpf_inp_sample_idc indicates the method of converting a sample value of the cropped decoded output picture to an input value to the post-processing filter. When nnrpf_inp_sample_idc is equal to 0, 1, 2, or 3, the input values to the post-processing filter are binary16, binary32, binary64, or binary128 floating point values, respectively, as specified in IEEE 754-2019, and the functions InpY and InpCInpY, InpC, and InpQP are specified as follows:
InpY( x ) = x ÷ ( ( 1  <<  BitDepthY ) − 1 )		(3)
InpC( x )= x ÷ ( ( 1  <<  BitDepthC ) ) − 1 )		(4)
InpQP( x )= 2(x – 42)/6 
nnrpf_inp_sample_idc is equal to 4, the input values to the post-processing filter are unsigned integer and the functions InpY, InpC, and InpQP are specified as follows:
if inpTensorBitDepth >= BitDepthY,
	InpY( x ) = x << ( inpTensorBitDepth − BitDepthY )	(X)
Otherwise, 
	InpY( x ) = Clip3(0, (1<<inpTensorBitDepth) − 1, (x + (1 << (shift − 1))) >> shift	 (X)
where shift = BitDepthY − inpTensorBitDepth
if inpTensorBitDepth >= BitDepthC,
	InpC( x ) = x << ( inpTensorBitDepth − BitDepthC )	(X)
Otherwise,
	InpC( x ) = Clip3(0, (1<<inpTensorBitDepth) − 1, (x + (1 << (shift − 1))) >> shift	 (X)
where shift = BitDepthC − inpTensorBitDepth
InpQP( x ) = x
The variables inpTensorBitDepth is derived from the syntax elements nnrpf_inp_tensor_bitdepth_minus8 as described below.
The value of nnrpf_inp_sample_idc shall be in the range of 0 to 255, inclusive. Values of nnrpf_inp_sample_idc greater than 34 are reserved for future specification by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore SEI messages that contain reserved values of nnrpf_inp_sample_idc.
nnrpf_inp_tensor_bitdepth_minus8 plus 8 specifies the bit depth of luma sample values in the input integer tensor. The value of inpTensorBitDepth is derived as follows:
inpTensorBitDepth = nnrpf_inp_tensor_bitdepth_minus8 + 8
It is a requirement of bitstream conformance that the value of nnrpf_inp_tensor_bitdepth_minus8 shall be in the range of 0 to 24.
nnrpf_out_sample_idc equal to 0, 1, 2, or 3 indicates that the sample values output by the post-processing filter are binary16, binary32, binary64, or binary128 floating point values, respectively, as specified in IEEE 754-2019, in the range of 0, inclusive, to 1, exclusive. Functions OutY and OutC for converting luma sample values and chroma sample values, respectively, output by the post-processing, to integer values at bit depths BitDepthY and BitDepthC, respectively, are specified as follows:
OutY( x ) = Clip3( 0, ( 1  <<  BitDepthY ) − 1, Round( x * ( ( 1  <<  BitDepthY ) − 1 ) ) )	(6)
OutC( x )= Clip3( 0, ( 1  <<  BitDepthC ) − 1, Round( x * ( ( 1  <<  BitDepthC ) − 1 )) )	(7)
nnrpf_out_sample_idc equal to 4 indicates that the sample values output by the post-preocessing filter are unsigned integer. Functions OutY and OutC are specified as follows:
if outTensorBitDepth >= BitDepthY
	OutY( x ) = Clip3( 0, ( 1  <<  BitDepthY ) − 1, (x + (1<< (shift-1))) >> shift )	(X)
where shift = outTensorBitDepth − BitDepthY
Otherwise,
	OutY( x ) = x << ( BitDepthY − outTensorBitDepth )	(X)
if outTensorBitDepth >= BitDepthC,
	OutC( x )= Clip3( 0, ( 1  <<  BitDepthC ) − 1, (x + (1<< (shift-1))) >> shift )	(X)
where shift = outTensorBitDepth − BitDepthC
Otherwise,
	OutC( x ) = x << ( BitDepthC − outTensorBitDepth )	(X)
The variables outTensorBitDepth is derived from the syntax elements nnrpf_out_tensor_bitdepth_minus8 as described below.
The value of nnrpf_out_sample_idc shall be in the range of 0 to 255, inclusive. Values of nnrpf_out_sample_idc greater than 34 are reserved for future specification by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore SEI messages that contain reserved values of nnrpf_out_sample_idc.
nnrpf_out_tensor_bitdepth_minus8 plus 8 specifies the bit depth of sample values in the output integer tensor. The value of outTensorBitDepth is derived as follows:
outTensorBitDepth = nnrpf_out_tensor_bitdepth_minus8 + 8
It is a requirement of bitstream conformance that the value of nnrpf_out_tensor_bitdepth_minus8 shall be in the range of 0 to 24.
nnrpf_constant_patch_size_flag equal to 0 specifies that the post-processing filter may use any patch size that is a positive integer multiple of the patch size indicated by nnrpf_patch_size_minus1 as input. nnrpf_constant_patch_size_flag equal to 1 specifies that the post-processing filter accepts exactly the patch size indicated by nnrpf_patch_size_minus1nnrpf_patch_width_minus1 and nnrpf_patch_height_minus1 as input.
nnrpf_patch_size_minus1 + 1 specifies the horizontal and vertical sample counts of patch sizes of the post-processing filter. The value of nnrpf_patch_size_minus1 shall be in the range of 0 to 32766, inclusive.
nnrpf_ patch_width_minus1 plus 1 specifies the horizontal sample counts of patch of the post-processing dfilter. The value of nnrpf_patch_width_minus1 shall be in the range of 0 to 32766, inclusive.
nnrpf_ patch_height_minus1 plus 1 specifies the vertical sample counts of patch of the post-processing filter. The value of nnrpf_patch_height_minus1 shall be in the range of 0 to 32766, inclusive.
When nnrpf_constant_patch_size_flag is equal to 1,
	inpPatchWidth = nnrpf_patch_width_minus1 + 1
	inpPatchHeight = nnrpf_patch_height_minus1 + 1
Otherwise (nnrpf_constant_patch_size_flag is equal to 0),
	inpPatchWidth and inpPatchHeight are set equal to input patch width and height that the post-processing filter applies, respectively.
NOTE X – inpPatchWidth is equal to input tensor width + overlapSize * 2 and inpPatchHeight is equal to input tensor height + overlapSize * 2
Table XYZ2B – Process for deriving the input tensors inputTensor for a given vertical sample coordinate cTop and a horizontal sample coordinate cLeft specifying the top-left sample location for the patch of samples included in the input tensors
	nnrpf_inp_
order_idc
	Process DeriveInputTensors( ) for deriving input tensors

	0
	…

	1
	…

	2
	…

	3
	for ( yP = –overlapSize; yP < inpPatchHeight + overlapSize; yP++)
	for ( xP = –overlapSize; xP < inpPatchWidth + overlapSize; xP++ ) {
		…
		if( nnrpf_component_last_flag  = =  0 ) {
			…
			inputTensor[ 0 ][ 6 ][ yP + overlapSize ][ xP + overlapSize ] = InpQP(SliceQPY)2(SliceQPY – 42)/6	
		} else {
			…
			inputTensor[ 0 ][ yP + overlapSize ][ xP + overlapSize ][ 6 ] = InpQP(SliceQPY)2(SliceQPY – 42)/6	
		}
	}

	4..255
	reserved



nnrpf_parameter_type_idc specifies the most complex variable type of neural network parameters.
When nnrpf_parameter_type_idc is equal to 0, the network uses only integer parameters. 
When nnrpf_parameter_type_idc is equal to 1, the network uses floating point parameters and possibly integer parameters.
Other values of nnrpf_parameter_type_idc are reserved for future use.
nnrpf_num_parameters_idc specifies the maximum number of neural network parameters for the post processing filter in units of a power of 2048. nnrpf_num_parameters_idc equal to 0 specifies that the maximum number of neural network parameters is not specified.
If the value of nnrpf_num_parameters_idc is equal to non-zero, the variable MaxNumParameters is derived as follows:
	MaxNumParameters = (2048 << nnrpf_num_parameters_idc) − 1
It is a requirement of bitstream conformance that the number of neural network parameters of the post-processing filter shall be equal to or less than MaxNumParameters.
nnrpf_num_kmac_operations_idc specifies the maximum number of operations per pixel of the post-processing filter.
It is a requirement of bitstream conformance that the number of MAC operation (multiply-accumulate) per pixel of the post processing filter is equal to or less than nnrpf_num_kmac_operations_idc * 1000.
nnrpf_num_kmac_operations equal to 0 specifies that the number of kMAC operations of the network is not specified.
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