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Abstract
It is asserted that the current semantics of inter_layer_ref_pics_present_flag is not sufficient to address a situation when a sequence parameter set (SPS) is shared by multiple video coding layers wherein some of the shared layers are independent while the others have dependent layers. In such a case, the value of inter_layer_ref_pics_present_flag shall be 1 for the dependent shared layers but at the same time shall be 0 for independent shared layer. This contribution proposes two alternative solutions to this issue. 
In version 2 of this contribution, the dependency of VPS (i.e. if (vps_max_layers_minus1 > 0) is removed.
Problem
The semantics of inter_layer_ref_pics_present_flag in SPS is defined as follows:
· inter_layer_ref_pics_present_flag equal to 0 specifies that no ILRP is used for inter prediction of any coded picture in the CLVS. inter_layer_ref_pic_flag equal to 1 specifies that ILRPs may be used for inter prediction of one or more coded pictures in the CLVS. When sps_video_parameter_set_id is equal to 0, the value of inter_layer_ref_pics_present_flag is inferred to be equal to 0. When vps_independent_layer_flag[ GeneralLayerIdx[ nuh_layer_id ] ] is equal to 1, the value of inter_layer_ref_pics_present_flag shall be equal to 0.
However, inter_layer_ref_pics_present_flag doesn’t specify which coding layer it applies to. According to the current VVC working draft [1], an SPS might be shared by multiple coding layers. This could be concluded from the semantics of pps_seq_parameter_set_id and nuh_layer_id:  
· pps_seq_parameter_set_id specifies the value of sps_seq_parameter_set_id for the SPS. The value of pps_seq_parameter_set_id shall be in the range of 0 to 15, inclusive. The value of pps_seq_parameter_set_id shall be the same in all PPSs that are referred to by coded pictures in a CLVS.
· nuh_layer_id specifies the identifier of the layer to which a VCL NAL unit belongs or the identifier of a layer to which a non-VCL NAL unit applies. The value of nuh_layer_id shall be in the range of 0 to 55, inclusive. Other values for nuh_layer_id are reserved for future use by ITU-T | ISO/IEC.
The possible value of sps id (pps_seq_parameter_set_id) shows the maximum number of SPS is 16, while the possible value of coding layer id (nuh_layer_id) indicates there can be as many as 56 coding layers. When an SPS is shared by multiple video coding layers wherein some of the shared layers are independent while the others have dependent layers. In such cases, the value of inter_layer_ref_pics_present_flag for the dependent shared layers shall be 1, but meanwhile shall be 0 for independent shared layer. Because there is only one flag inter_layer_ref_pics_present_flag per SPS. Different shared layers with different dependency (i.e. either dependent or independent) features cannot be expressed by this single flag. 

Alternative solutions.
This contribution provides two alternative solutions to this issue.
Multiple instances of inter_layer_ref_pics_present_flag
The idea of this solution is to signal multiple instances of inter_layer_ref_pics_present_flag flag when the current SPS is shared by multiple video coding layers, thus each layer’s dependency information can be signaled individually. The following new syntax/semantics is proposed: 
	seq_parameter_set_rbsp( ) {
	Descriptor

		sps_decoding_parameter_set_id
	u(4)

		sps_video_parameter_set_id
	u(4)

		sps_max_sublayers_minus1
	u(3)

	  …
	

		long_term_ref_pics_flag
	u(1)

	  if (vps_max_layers_minus1 > 0)
	

	    sps_num_shared_layers_minus1
	u(6)

	  for (i=0; i < =sps_num_shared_layers_minus1; i++)
	

	    sps_shared_layer_idx[i]
	u(6)

	  for (i=0; i <= sps_num_shared_layers_minus1; i++)
	

		  inter_layer_ref_pics_present_flag [i]
	u(1)

	  …
	


sps_num_shared_layers_minus1 plus 1 specifies the number of video coding layers to which the current SPS applies to. The value of sps_num_shared_layers_minus1 ranges from 0 to 55, inclusive. When not present, the value of sps_num_shared_layers_minus1 is inferred to equal to 0. 
sps_other_layer_idx[i] specifies the layer index of i-th layer to which the current SPS applies to.
inter_layer_ref_pics_present_flag[i] equal to 0 specifies that no ILRP is used for inter prediction of any coded picture in the i-th CLVS to which the current SPS applies. inter_layer_ref_pic_flag[i] equal to 1 specifies that ILRPs may be used for inter prediction of one or more coded pictures in the i-th CLVS to which the current SPS applies. When sps_video_parameter_set_id is equal to 0, the value of inter_layer_ref_pics_present_flag[i] is inferred to be equal to 0. When vps_independent_layer_flag[ GeneralLayerIdx[ nuh_layer_id ] ] is equal to 1, the value of inter_layer_ref_pics_present_flag[i] shall be equal to 0.
vps_max_layers_minus1 plus 1 specifies the maximum allowed number of layers in the coded video sequence (CVS) referring to a VPS. The condition of vps_max_layers_minus1 > 0 mandates only when multiple layers exist in the current CVS then the number of shared layer is signaled.
With the above design, the i-th CLVS to which the current SPS applies to can be signaled individually. For example, supposing there are three layers in the current CVS, with layer id 0, 2, 4 (i.e. vps_layer_id[0] = 0, vps_layer_id[1] = 2, and vps_layer_id[2] = 4). Layers with layer id 2 and 4 is dependent and independent layers, respectively, and are shared by the current SPS. In this case, vps_max_layers_minus1 would be signaled as 2 in VPS, sps_num_shared_layers_minus1 is signaled as 1, sps_shared_layer_idx[0] is signaled as 1 and sps_shared_layer_idx[1] is signaled as 2, indicates the first (i.e. indexed by 0) shared layer to which this SPS applied is the layer with index 1 in the vps_layer_id array, the second (i.e. indexed by 1) shared layer to which this SPS applied is the layer with index 2 in the vps_layer_id array. inter_layer_ref_pics_present_flag [0] is signaled as 1, because the first shared layer is an dependent layer with layer id 2, which can be derived by vps_layer_id[sps_shared_layer_idx[0]]. inter_layer_ref_pics_present_flag [1] is signaled as 0, because the second shared layer is an independent layer with layer id equal to 4, which can be derived by vps_layer_id[sps_shared_layer_idx[1]].

Enforce SPS is applied per layer
In this solution, each SPS mandates only one video coding layer and therefore the problematic shared SPS case can be avoided. One option is to align nuh_layer_id to the value range of pps_seq_parameter_set_id, and related semantics/syntax is changed to as follows: 
nuh_layer_id specifies the identifier of the layer to which a VCL NAL unit belongs or the identifier of a layer to which a non-VCL NAL unit applies. The value of nuh_layer_id shall be in the range of 0 to 55, inclusive. Other values for nuh_layer_id are reserved for future use by ITU-T | ISO/IEC The value of nuh_layer_id shall be in the range of 0 to 15. 
	nal_unit_header( ) {
	Descriptor

		forbidden_zero_bit
	f(1)

		nuh_reserved_zero_bit
	u(1)

		nuh_layer_id
	u(6)u(4)

		nal_unit_type
	u(5)

	[bookmark: _Hlk25324839]	nuh_temporal_id_plus1
	u(3)

	}
	


pps_seq_parameter_set_id specifies the value of sps_seq_parameter_set_id for the SPS. The value of pps_seq_parameter_set_id shall be in the range of 0 to 15, inclusive. The value of pps_seq_parameter_set_id shall be the same in all PPSs that are referred to by coded pictures in a CLVS. For any two pictures in different CLVS, the value of pps_seq_parameter_set_id shall be different.

The other option is to align pps_seq_parameter_set_id to the value range of nuh_layer_id, and related semantics/syntax is changed to as follows: 
pps_seq_parameter_set_id specifies the value of sps_seq_parameter_set_id for the SPS. The value of pps_seq_parameter_set_id shall be in the range of 0 to 55, inclusive. Other values for pps_seq_parameter_set_id are reserved for future use by ITU-T | ISO/IEC The value of pps_seq_parameter_set_id shall be the same in all PPSs that are referred to by coded pictures in a CLVS. For any two pictures in different CLVS, the value of pps_seq_parameter_set_id shall be different.
Since the value of pps_seq_parameter_set_id is ranged 0 to 55, the syntax pps_seq_parameter_set_id shall be signalled using 6 bits instead of 4 bits, as follows: 
	pic_parameter_set_rbsp ( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

		pps_seq_parameter_set_id
	u(4)u(6)

		pic_width_in_luma_samples
	ue(v)

	  …
	

	
	

	}
	


The source syntax sps_video_parameter_set_id which pps_seq_parameter_set_id refers to is also changed to signal using 6 bits

	seq_parameter_set_rbsp( ) {
	Descriptor

		sps_decoding_parameter_set_id
	u(4)

		sps_video_parameter_set_id
	u(4)u(6)

		sps_max_sublayers_minus1
	u(3)

	  …
	

	}
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