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Abstract
This contribution proposes two independent items for the NN post-filter activation SEI message in VSEI:

1. Replace nnpfa_id with nnpfa_activation_id_plus1 and specify that nnpfa_activation_id_plus1 equal to 0 in the NN post-filter activation SEI message indicates that no NN post-filter of a NN post-filter characteristics SEI message is specified for the current picture. 

2. Signal a list of regions in the NN post-filter activation SEI message for which the NN post-filter is to be applied. Two alternatives are proposed: 

a) Signal the number of active regions, and for each region the width, height, top and left positions are signalled. If the number of active regions is equal to 0, the NN post-filter is applied to the whole picture. 

b) This alternative provides means for compressing the signalling of the region sizes. First, the number of regions is signalled. If the number of regions is equal to 0, the NN post-filter is applied to the whole picture. Otherwise, region sizes are signalled. Three orthogonal methods for compressing the regions are provided:

· One flag that specifies whether all regions have the same size. If this flag is equal to 1, only one width and one height value is signalled.
· One flag that specifies whether all regions are signaled in raster scan order. If this flag is equal to 1, the top and left position for regions is computed from the width, height and positions of previous regions. Also, if equal to 1, a flag is sent for each region that specifies whether the NN post-filter should be applied to that region or not. 
· A nnpfa_scale_factor_minus1 syntax element that specifies a scale factor that the signalled width, height, top and left positions are multiplied with.     
[bookmark: _Hlk114135440]Introduction
At the 26th JVET meeting the NN postfilter characteristics SEI message of JVET-Z0244 was adopted together with an NN post-filter activation SEI message. The post-filter characteristics SEI message specifies information necessary to apply a NN post-filter on a decoded picture and the NN post-filter activation SEI message sent with a picture specifies that a NN post-filter of a referenced NN post-filter characteristics SEI message is used to filter that picture.
Problem statement
One problem with the current NN post-filter activation SEI message is that it is not possible to explicitly specify that any NN post-filter is not specified to be used for a specific picture. Implicitly, this is done by not sending a NN post-filter SEI message with a picture, but SEI messages may be lost in transport. 
Another problem with the current NN post-filter activation SEI message is that it always activates the corresponding NN post-filter for the full picture. In many cases, it may be advantageous to activate an NN-post filter only for certain regions of a picture depending on type of content, level of motion, level of quality, etc. 
Using the NN post-filter activation SEI message in combination with the scalable nesting SEI message provides some of that functionality, but with the limitations that the picture must be divided into subpictures, which decreases compression efficiency, and that the regions must follow the size of the subpictures, e.g., it is not possible to define regions smaller than a subpicture.   
In this contribution we propose fixes to the NN post-filter activation SEI message to respond to the problems above.
Proposals 
We are proposing two independent items for the NN post-filter activation SEI message. 
Proposal 1 – Reserved value for not using a NN post-filter for a picture
Currently, when an NN post-filter activation SEI message is present for a current picture, the NN post-filter of the NN post-filter characteristics SEI message with nnpfc_id equal to nnpfa_id may be used for filtering the current picture. However, there is no way to explicitly indicate that no NN post-filter is specified to be used to filter the current picture. The absence of a NN post-filter activation SEI message, may of course indicate that no NN post-filter is specified, but it could also mean that the SEI message has been lost.     
Also, since nnpfa_id is not the id of the NN post filter activation SEI message itself, but rather refers to activating the post filter in the NN postfilter characteristics SEI message with nnpfc_id equal to nnpfa_id, we find the name a bit misleading and also easy to confuse with nnpfc_id.
We therefore propose to replace nnpfa_id with nnpfa_activation_id_plus1 in the NN post-filter activation SEI message and that nnpfa_activation_id_plus1 equal to 0 specifies that no NN post-filter characteristics SEI message is specified for the current picture.  
Proposed syntax and semantics
Proposed semantics on top of JVET-AA2006v2 is shown below with added text in yellow:
8.29.2 Neural-network post-filter activation SEI message semantics
This SEI message specifies the neural-network post-processing filter that may be used for post-processing filtering for the current picture.
The neural-network post-processing filter activation SEI message persists only for the current picture.
NOTE – There can be several neural-network post-processing filter activation SEI messages present for the same picture, for example, when the post-processing filters are meant for different purposes or filter different colour components. 
nnpfa_id_plus 1 equal to 0 specifies that no neural-network post-processing filter characteristics SEI messages is used for post-processing filtering for the current picture and that there shall be no other neural-network post-processing filter activation SEI message for the current picture. nnpfa_id_plus1 greater than 0 specifies that the neural-network post-processing filter specified by one or more neural-network post-processing filter characteristics SEI messages that pertain to the current picture and have nnpfc_id equal to nnfpa_id_plus1 - 1 may be used for post-processing filtering for the current picture.
Proposal 2 – Specify regions where the NN SEI post-filter may be applied
We propose two different alternatives for specifying what regions of a picture an NN post-filter should be applied to. 
Alternative 2a
In the first alternative 2a, the number of active regions is signalled, and for each region the width, height, top and left positions are signalled. If the number of active regions is equal to 0, the NN post-filter is applied to the whole picture. 
Proposed syntax and semantics
Proposed syntax and semantics on top of JVET-AA2006v2 are shown below with added text in yellow:
8.28 Neural-network post-filter activation SEI message
8.29.3 Neural-network post-filter activation SEI message syntax

	nn_post_filter_activation ( payloadSize ) {
	Descriptor

		nnpfa_id
	ue(v)

		nnpfa_num_active_regions
	ue(v)

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

			nnpfa_region_width_minus1[ i ]
	u(v)

			nnpfa_region_height_minus1[ i ]
	u(v)

			nnpfa_region_top[ i ]
	u(v)

			nnpfa_region_left[ i ]
	u(v)

		}
	

	}
	


8.29.4 Neural-network post-filter activation SEI message semantics
This SEI message specifies the neural-network post-processing filter that may be used for post-processing filtering for the current picture.
The neural-network post-processing filter activation SEI message persists only for the current picture.
NOTE – There can be several neural-network post-processing filter activation SEI messages present for the same picture, for example, when the post-processing filters are meant for different purposes or filter different colour components. 
nnpfa_id specifies that the neural-network post-processing filter specified by one or more neural-network post-processing filter characteristics SEI messages that pertain to the current picture and have nnpfc_id equal to nnfpa_id, referred to as the current NN post-processing filter, may be used for post-processing filtering for the current picture.
nnpfa_num_active_regions equal to 0 specifies that the current NN post-processing filter may be applied to the whole current picture. nnpfa_num_active_regions greater than 0 specifies the number of regions in the current picture for which the current NN post-processing filter may be applied to. The value of nnpfa_num_active_regions shall be in the range of 0 to (PicWidthInLumaSamples · PicHeightInLumaSamples).
nnpfa_region_width_minus1[ i ] plus 1 specifies the width of the i-th region in terms of luma samples. The length of the nnpfa_region_width_minus1[ i ] syntax element is Ceil( Log2( PicWidthInLumaSamples ) ).
nnpfa_region_height_minus1[ i ] plus 1 specifies the height of the i-th region in terms of luma samples. The length of the nnpfa_region_height_minus1[ i ] syntax element is Ceil( Log2( PicHeightInLumaSamples ) ).
nnpfa_region_top[ i ] specifies the vertical top position of the i-th region in terms of luma samples. The value of nnpfa_region_top[ i ] shall be in the range of 0 to PicHeightInLumaSamples – 1. The length of the nnpfa_region_top[ i ] syntax element is Ceil( Log2( PicHeightInLumaSamples ) ).
nnpfa_region_left[ i ] specifies the horizontal left position of the i-th region in terms of luma samples. The value of nnpfa_region_left[ i ] shall be in the range of 0 to PicWidthInLumaSamples – 1. The length of the nnpfa_region_left[ i ] syntax element is Ceil( Log2( PicWidthInLumaSamples ) ).
A sample in the current picture at position y, x belongs to a region i when both of the following apply:
· nnpfa_region_top[ i ] <= y < nnpfa_region_top[ i ] + nnpfa_region_height_minus1[ i ] + 1
· nnpfa_region_left[ i ] <= x < nnpfa_region_left[ i ] + nnpfa_region_width_minus1[ i ] + 1 
No sample shall belong to more than one region. 
Alternative 2b
In contrast to alternative 2a, alternative 2b also provides means for compressing the signalling of the region sizes significantly. First, the number of regions is signalled. If the number of regions is equal to 0, the NN post-filter is applied to the whole picture. Otherwise, information of regions where to apply the corresponding NN post-filter is signalled. Three orthogonal methods for compressing the regions is provided:
· One flag that specifies whether all regions have the same size. If this flag is equal to 1, only one width and one height value is signalled.
· One flag that specifies whether all regions are signaled in raster scan order. If this flag is equal to 1, the top and left position for regions is computed from the width, height and positions of previous regions. Also, if equal to 1, a flag is sent for each region that specifies whether the NN post-filter should be applied to that region or not. 
· A nnpfa_scale_factor_minus1 syntax element that specifies a scale factor that the signalled width, height, top and left positions are multiplied with.
Proposed syntax and semantics
Proposed syntax and semantics on top of JVET-AA2006v2 are shown below with added text in yellow:
8.29 Neural-network post-filter activation SEI message
8.29.5 Neural-network post-filter activation SEI message syntax

	nn_post_filter_activation ( payloadSize ) {
	Descriptor

		nnpfa_id
	ue(v)

		nnpfa_num_regions
	ue(v)

		if (nnpfa_num_regions > 0) {
	

			nnpfa_all_regions_equal_size_flag
	u(1)

			nnpfa_regions_in_raster_scan_order_flag 
	u(1)

			nnpfa_scale_factor_minus1
	ue(v)

			for (i = 0; i < nnpfa_num_regions; i++) {
	

				if ( i == 0 || !nnpfa_all_regions_equal_size_flag ) { 
	

					nnpfa_scaled_region_width_minus1[ i ]
	u(v)

					nnpfa_scaled_region_height_minus1[ i ]
	u(v)

				}
	

				if ( !nnpfa_regions_in_raster_scan_order_flag ) {
	

					nnpfa_scaled_region_top[ i ]
	u(v)

					nnpfa_scaled_region_left[ i ]
	u(v)

				} else
	

					nnpfa_active_region_flag [ i ]
	u(1)

			}
	

		}
	

	}
	


8.29.6 Neural-network post-filter activation SEI message semantics
This SEI message specifies the neural-network post-processing filter that may be used for post-processing filtering for the current picture.
The neural-network post-processing filter activation SEI message persists only for the current picture.
NOTE – There can be several neural-network post-processing filter activation SEI messages present for the same picture, for example, when the post-processing filters are meant for different purposes or filter different colour components. 
nnpfa_id specifies that the neural-network post-processing filter specified by one or more neural-network post-processing filter characteristics SEI messages that pertain to the current picture and have nnpfc_id equal to nnfpa_id, referred to as the current NN post-processing filter, may be used for post-processing filtering for the current picture.
nnpfa_num_regions equal to 0 specifies that the current NN post-processing filter is activated for the whole current picture. nnpfa_num_regions greater than 0 specifies the number of non-overlapping regions in the current picture for which the current NN post-processing filter may be activated. The value of nnpfa_num_regions shall be in the range of 0 to PicWidthInLumaSamples · PicHeightInLumaSamples.
nnpfa_all_regions_equal_size_flag equal to 1 specifies that all regions have the same width and height. nnpfa_all_regions_equal_size_flag equal to 0 specifies that all regions may not have the same width and height. 
nnpfa_regions_in_raster_scan_order_flag equal to 1 specifies that regions are in raster scan order and cover the whole picture. nnpfa_regions_in_raster_scan_order_flag equal to 0 specifies that regions may not be in raster scan order and cover the whole picture. 
nnpfa_scale_factor_minus1 plus 1 specifies the scale factor to multiply with to derive the width, height, vertical and horizontal positions for the regions. The value of nnpfa_scale_factor_minus1 shall be in the range of 0 to max (PicWidthInLumaSamples, PicHeightInLumaSamples). 
nnpfa_scaled_region_width_minus1[ i ] plus 1 multiplied by (nnpfa_scale_factor_minus1 + 1) specifies the width of the i-th region in terms of luma samples. The length of the nnpfa_scaled_region_width_minus1[ i ] syntax element is Ceil( Log2( PicWidthInLumaSamples / (nnpfa_scale_factor_minus1+1) ). When not present for a region i, nnpfa_scaled_region_width_minus1[ i ] is inferred to be equal to nnpfa_scaled_region_width_minus1[ 0 ]. 
nnpfa_scaled_region_height_minus1[ i ] plus 1 multiplied by (nnpfa_scale_factor_minus1 + 1) specifies the height of the i-th region in terms of luma samples. The length of the nnpfa_scaled_region_height_minus1[ i ] syntax element is Ceil( Log2( PicHeightInLumaSamples / (nnpfa_scale_factor_minus1+1) ). When not present for a region i, nnpfa_scaled_region_height_minus1[ i ] is inferred to be equal to nnpfa_scaled_region_height_minus1[ 0 ].
nnpfa_scaled_region_top[ i ] multiplied by (nnpfa_scale_factor_minus1 + 1) specifies the vertical top position, regTop[ i ] of the i-th region in terms of luma samples. The value of nnpfa_scaled_region_top[ i ] shall be in the range of 0 to PicHeightInLumaSamples / (nnpfa_scale_factor_minus1 + 1) – 1. The length of the nnpfa_scaled_region_width_minus1[ i ] syntax element is Ceil(Log2( PicHeightInLumaSamples / (nnpfa_scale_factor_minus1+1) ). When not present for a region i, the vertical top position of the i-th region is set equal to the y-position of the first (x, y)-point in raster scan order of the current picture not already occupied by a region.
nnpfa_scaled_region_left[ i ] multiplied by (nnpfa_scale_factor_minus1 + 1) specifies the horizontal left position, regLeft[ i ], of the i-th region in terms of luma samples. The value of nnpfa_scaled_region_left[ i ] shall be in the range of 0 to PicWidthInLumaSamples / (nnpfa_scale_factor_minus1 + 1) – 1. The length of the nnpfa_scaled_region_width_minus1[ i ] syntax element is Ceil(Log2( PicWidthInLumaSamples / (nnpfa_scale_factor_minus1+1) ). When not present for a region i, the horizontal left position of the i-th region is set equal to the x-position of the first (x, y)-point in raster scan order of the current picture not already occupied by a region.
nnpfa_active_region_flag [ i ] equal to 1 specifies that the current NN post-processing filter is to be applied for the i-th region. nnpfa_active_region_flag [ i ] equal to 0 specifies that the current NN post-processing filter is not to be applied for that region. When not present, nnpfa_active_region_flag [ i ] is inferred to be equal to 1.
A sample in the picture at position y, x belongs to a region i when both of the following apply:
· regTop[ i ] <= y < regTop[ i ] + nnpfa_region_height_minus1[ i ] + 1
· regLeft[ i ] <= x < regLeft[ i ] + nnpfa_region_width_minus1[ i ] + 1 
No sample shall belong to more than one region. 

For both alternatives 2a and 2b, the following text changes on top of JVET-AA2005v1 marked in yellow, is to be added to VVC:
D.12	Use of SEI messages specified in other specifications
…
D.12.12	Use of the neural network post-filter activation SEI message
For purposes of interpretation of the neural-network post-filter activation SEI message, the following variables are specified:
· [bookmark: _Hlk116592888]PicWidthInLumaSamples and PicHeightInLumaSamples are set equal to pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively.
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