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Abstract
Multilayer coding with an external base layer is a functionality that is available in SHVC but not yet in VVC. It is proposed to add this functionality to VVC.
Uses cases such as enhancing an HEVC or AVC legacy bitstream with a VVC enhancement layer are considered. To this end, it is proposed to follow a syntax similar to SHVC, adding an extension to the VPS to describe the format of the external base layer image, and adapt the decoding process to load the external pictures in the DPB.
In terms of reference software, it is noted that an implementation is already available in the NNVC software.
Introduction 
External base layer is a functionality that is in SHVC and lacks in VVC. This functionality is desirable as it would improve the versatility of VVC by allowing to combine with other codecs.
Potential uses cases are enhancing an HEVC or AVC legacy bitstream with a VVC enhancement layer, for various kinds of scalability (quality, spatial, temporal, content layering, …), for example an HEVC UHD baser layer with an 8K VVC enhancement layer.
To this end, and similarly to SHVC, this contribution proposes to add an extension to the VPS to include a format description of an external base layer image, together with an adaptation of the decoding process to load the external pictures in the DPB, with possible conversion.
In terms of reference software, it is noted that this extension is already implemented in the NNVC software and allows to use external codecs as a base layer with a VVC enhancement layer.
VVC extension for external base layer
It is proposed to add an extension to the Video Parameter Set (VPS), similarly to what is done in SHVC, to signal external base layer parameters.
VPS Syntax modification
The table and the semantics below are taken from SHVC (Recommendation ITU-T H.265, Annex F). The VPS extension is signaled if the vps_extension_flag is set to one, and a new extension flag vps_extension2_flag is inserted for future use. External base layer parameters are signaled in the vps_extension( ).

	video_parameter_set_rbsp( ) {
	Descriptor

		vps_video_parameter_set_id
	u(4)

		vps_max_layers_minus1
	u(6)

		vps_max_sublayers_minus1
	u(3)

	   […]
	

	    vps_extension_flag 
	u(1) 

	    if( vps_extension_flag ) { 
	

	          while( !byte_aligned( ) ) 
	

	              vps_extension_alignment_bit_equal_to_one 
	u(1) 

	[bookmark: _Hlk209768651]         vps_extension( ) 
	

	         vps_extension2_flag 
	u(1) 

	        if( vps_extension2_flag ) 
	

	            while( more_rbsp_data( ) ) 
	

	                vps_extension_data_flag 
	u(1) 

	    }
	

	    rbsp_trailing_bits( )
	

	  }
	


vps_extension_flag equal to 0 specifies that no vps_extension( ) syntax structure is present in the VPS RBSP syntax structure. vps_extension_flag equal to 1 specifies that the vps_extension( ) syntax structure is present in the VPS RBSP syntax structure.
VPS Extension syntax
The VPS extension defines external base layer parameters if the base layer is external.
The Video parameter set extension syntax is similar to that of SHVC standard. It includes in particular a representation format, that is used to infer an SPS related to the external picture.

	vps_extension ( ) {
	Descriptor

		if( vps_max_layers_minus1 > 0 && ! vps_all_independent_layers_flag) {
	

	        vps_base_layer_external_flag
	u(1) 

	        if ( vps_base_layer_external_flag ) { 
	

	             rep_format( ) 
	

	        }
	

	    }
	

	}
	


vps_base_layer_external_flag equal to 1 specifies that pictures in base layer are externally decoded. This flag indicates that the base layer pictures are not decoded internally by the decoder but are instead provided from an external source. The presence of this flag ensures that the decoder correctly interprets the base layer as being externally available and does not attempt to decode it from the bitstream.

	rep_format( ) { 
	Descriptor 

	  pic_width_external_base_layer_in_luma_samples
	u(16) 

	  pic_height_external_base_layer_in_luma_samples
	u(16) 

	  chroma_and_bit_depth_external_base_layer_present_flag
	u(1) 

	  if(chroma_and_bit_depth_external_base_layer_present_flag) { 
	

	    chroma_external_base_layer_layer_idc
	u(2) 

	    bit_depth_external_base_layer_luma_minus8
	u(4) 

	    bit_depth_external_base_layer_chroma_minus8
	u(4) 

	  } 
	

	  conformance_window_external_base_layer_flag
	u(1) 

	  if(conformance_window_external_base_layer_flag) { 
	

	    conf_win_external_base_layer_left_offset
	ue(v) 

	    conf_win_external_base_layer_right_offset
	ue(v) 

	    conf_win_external_base_layer_top_offset
	ue(v) 

	    conf_win_external_base_layer_bottom_offset
	ue(v) 

	  } 
	

	} 
	



pic_width_external_base_layer_in_luma_samples, pic_height_external_base_layer_in_luma_samples are used for inference of the values of the SPS syntax elements pic_width_in_luma_samples, pic_height_in_luma_samples, respectively, for the SPS of the external base layer.
chroma_format_external_base_layer_idc, bit_depth_external_base_layer_luma_minus8 and bit_depth_external_base_layer_chroma_minus8 are used for inference of the values of the SPS syntax elements chroma_format_idc, bit_depth_luma_minus8 and bit_depth_chroma_minus8, respectively, for the SPS of the external base layer. When not present in the rep_format( ) syntax structure in the VPS, the value of each of these syntax elements is inferred from the referring slice picture parameters. 
chroma_and_bit_depth_external_base_layer_present_flag equal to 1 specifies that the syntax elements chroma_external_base_layer_layer_idc, bit_depth_external_base_layer_luma_minus8 and bit_depth_external_base_layer_chroma_minus8 are present in the rep_format( ) structure. chroma_and_bit_depth_external_base_layer_present_flag equal to 0 specifies that the syntax elements chroma_external_base_layer_layer_idc, bit_depth_external_base_layer_luma_minus8 and bit_depth_external_base_layer_chroma_minus8 are not present and are inferred from the referring slice picture parameters.
conformance_window_external_base_layer_flag equal to 1 specifies that the syntax elements conf_win_external_base_layer_left_offset, conf_win_external_base_layer_right_offset, conf_win_external_base_layer_top_offset and conf_win_external_base_layer_bottom_offset follow next in the rep_format( ) structure. conformance_window_external_base_layer_flag equal to 0 specifies that the syntax elements conf_win_external_base_layer_left_offset, conf_win_external_base_layer_right_offset, conf_win_external_base_layer_top_offset and conf_win_external_base_layer_bottom_offset are not present. 
conf_win_external_base_layer_left_offset, conf_win_external_base_layer_right_offset, conf_win_external_base_layer_top_offset and conf_win_external_base_layer_bottom_offset are used for inference of the values of the SPS syntax elements, conf_win_left_offset, conf_win_right_offset, conf_win_top_offset and conf_win_bottom_offset, respectively, for the SPS of the external base layer. When not present, the values of conf_win_external_base_layer_left_offset, conf_win_external_base_layer_right_offset, conf_win_external_base_layer_top_offset and conf_win_external_base_layer_bottom_offset are inferred to be equal to 0. 
The value of SubWidthC * ( conf_win_external_base_layer_left_offset + conf_win_external_base_layer_right_offset ) shall be less than pic_width_external_base_layer_in_luma_samples and the value of SubHeightC * ( conf_win_external_base_layer_top_offset + conf_win_external_base_layer_bottom_offset ) shall be less than pic_height_external_base_layer_in_luma_samples.
Adaptation to the decoding process
The decoding process needs to be modified for retrieving the external picture when needed.
External Picture loading in DPB
The external base layer picture is retrieved at the beginning of the decoding of a new slice (after the decoding of the slice segment header of the slice segment, in decoding order, of the current picture, but prior to decoding any slice segment of the current picture), if the external picture has not been retrieved yet for that access unit, and if the following conditions are satisfied: 
-	LayerId of the current picture is above 0,
-	Base layer is external,
-	One of the reference pictures in the RPLs of the current picture has LayerId = 0 (meaning the external base layer is used as reference for that picture). 
The POC of the external picture is set identical to the current picture’s POC. The Tid of the external picture is set to the Tid of the NAL Unit containing the current slice segment.
External picture format inference
The bit depth and chroma format of the external picture may be described in the VPS extension. However, to be able to use inter-layer prediction, the bit-depth and the chroma format of the external picture in the DPB must be the same as the one of the referencing layer.
[bookmark: _Hlk209709844]If the bit depth and chroma format of the external picture are not present in the VPS, they can be inferred by the decoder, by using the Chroma format and bit depth information from the current picture. In that case, no conversion is needed.
If the bit depth and chroma format of the external picture are present in the VPS, but different from the Chroma format and bit depth information from the current picture, the external picture is converted when loading into the DPB.
Conclusion
It is proposed to add the external base layer functionality in a future version of VVC, using the proposed extension of the VPS.
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