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Abstract
This contribution provides a summary of the 106 proposals on scalability and RPR (the agenda item 3.3 in JVET-S0137 and JVET-S0237).
It is suggested that this summary, in terms of a list of proposed items, is used for the reviewing of these proposals, such that the discussions can be in a more structured and efficient manner.
List of proposed items
Scalability cleanups
1) When vps_max_layers_minus1 is equal to 0, vps_num_ptls_minus1 is skipped and inferred to be equal to 0. (S0063)
2) Fix an asserted bug, that the specification allows to extract sublayers with TemporalId higher than the vps_ptl_max_temporal_id[ 0 ] + 1 for an OLS, by setting NumSubLayersInLayerInOLS[ i ][ k ] to be equal to vps_ptl_max_temporal_id[ i ] + 1, instead of vps_max_sublayers_minus1 + 1, for output layers in Equation 40. (S0100 aspect 1)
3) Add the following constraint to disallow certain indirect reference layers when the value of vps_max_tid_il_ref_pics_plus1[ i ][ j ] is 0 for all the direct reference layers: (S0100 aspect 2)
For any two layers k and j within an OLS i, with k > j, when both NumSubLayersInLayerInOLS[ i ][ j ] and NumSubLayersInLayerInOLS[ i ][ k ] are equal to 0, j is a (direct or indirect) reference layer of k and there is a picture in layer k that is an IRAP picture or a GDR picture with ph_recovery_poc_cnt equal to 0 in an AU, the picture in layer j shall also be an IRAP picture or a GDR picture with ph_recovery_poc_cnt equal to 0, respectively.
4) Do one of the following, with option b being preferred: (S0100 aspect 3)
a. [bookmark: _Hlk41388470]The values of vps_ptl_max_temporal_id[ i ], vps_dpb_max_temporal_id[ i ] and vps_hrd_max_tid[ i ] shall be the same.
b. The values of vps_ols_dpb_max_temporal_id[ vps_ols_dpb_params_idx[ i ] ] and vps_hrd_max_tid[ vps_ols_hrd_idx[ i ] ] shall be greater than or equal to vps_ptl_max_temporal_id[ vps_ols_ptl_idx[ i ] ].
c. Infer the DPB and HRD parameter for sublayers from vps_ols_dpb_max_temporal_id[ dpbIdx ] and vps_hrd_max_tid[ hrdIdx ] up to vps_ptl_max_temporal_id[ ptlIdx ].
5) When not present, the value of vps_max_tid_ref_present_flag[ i ] is inferred to be equal to 0. (S0129 aspect 1)
6) When vps_all_independent_layers_flag is equal to 1 and vps_each_layer_is_an_ols_flag is equal to 1, the value of vps_ols_mode_idc is inferred to be equal to 0. (S0129 aspect 1)

Reference picture resampling (RPR) cleanups
7) Change the value ranges of the scaling window offsets such that the scaling window width and height can be up to 16 times the picture width and height, respectively. (S0048 aspect 1)
8) Change the conformance specification for subpicture sequences for the case where higher layers of an OLS contain multiple subpictures while lower layers of OLS do not use subpicture partitioning, as follows: (JVET-S0098)
a. Support extraction of subpictures that have reference layers with only one subpicture.
b. Change the derivation of RprConstraintsActive[ i ][ j ] to incorporate the number of subpictures in reference picture and current picture, and set RprConstraintsActive[ i ][ j ] to 1 if the two values differ.
c. Signal a new syntax element non_subpic_layers_fraction[ i ] that specifies the fraction of the bitstream level limits associated with layers in the bitstream that have sps_num_subpics_minus1 equal to 0, for each i.
d. Handle accumulated levels for subpicture sets by using one of the following options:
i. Option 1: Remove the accumulation and adjust equation D.11 to use a single subpicture.
ii. Option 2: Modify equation D.10 (and D.11).
9) Change the semantics of the sps_ref_pic_resampling_enabled_flag
a. to be aligned with the derivation of the RprConstraintsActive variable, which would be set equal to 1 when one or more of the following 6 parameters differ between the current picture and the reference picture: 1) picture width, 2) picture height, 3) scaling window left offset, 4) scaling window right offset, 5) scaling window top offset, and 6) scaling window bottom offset. (S0048 aspect 2)
b. such that when sps_ref_pic_resampling_enabled_flag equal to 1, a slice may refer to a reference picture with a different spatial resolution or a different scaling window. (S0057 aspect 1)
10) Add pps_res_change_in_clvs_allowed_flag, and when pps_res_change_in_clvs_allowed_flag is equal to 0, skip pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples and infer their values to be equal to sps_pic_width_max_in_luma_samples and sps_pic_height_max_in_luma_samples, respectively. (S0057 aspect 2)
11) Add either of the following constraints (S0126):
a. When sps_res_change_in_clvs_allowed_flag is equal to 0, all pictures in the CLVS shall have the same values of pps_scaling_win_left_offset, pps_scaling_win_right_offset, pps_scaling_win_top_offset, and pps_scaling_win_bottom_offset, respectively.
b. When sps_res_change_in_clvs_allowed_flag is equal to 0, a current picture in the CLVS and a reference picture having the same nuh_layer_id shall have the same values of pps_scaling_win_left_offset, pps_scaling_win_right_offset, pps_scaling_win_top_offset, and pps_scaling_win_bottom_offset, respectively.
[bookmark: _Hlk42888231]New submissions (for the June 10th submission deadline)
12) [bookmark: _Hlk42888244]Change Equation 37 as follows, considering that a reference layer can only be a lower layer: (S0169 aspect 2) (additions in bold and bigger fonts, removals in italic and smaller fonts)
for( i = 0; i  <=  vps_max_layers_minus1; i++ ) {
	for( j = 0; j < i  <=  vps_max_layers_minus1; j++ ) {
		dependencyFlag[ i ][ j ] = vps_direct_ref_layer_flag[ i ][ j ]
		for( k = j+1 0 ; k < i; k++ )
			if( vps_direct_ref_layer_flag[ i ][ k ]  &&  dependencyFlag[ k ][ j ] )
				dependencyFlag[ i ][ j ] = 1
	}
	LayerUsedAsRefLayerFlag[ i ] = 0
}
for( i = 0; i  <=  vps_max_layers_minus1; i++ ) {
	for( j = 0, d = 0, r = 0; j < i  <=  vps_max_layers_minus1; j++ ) {	(37)
		if( vps_direct_ref_layer_flag[ i ][ j ] ) {
			DirectRefLayerIdx[ i ][ d++ ] = j
			LayerUsedAsRefLayerFlag[ j ] = 1
		}
		if( dependencyFlag[ i ][ j ] )
			RefLayerIdx[ i ][ r++ ] = j
	}
	NumDirectRefLayers[ i ] = d
	NumRefLayers[ i ] = r
}
13) Do either of the following, considering that assertedly vps_num_output_layer_sets_minus1 is signalled when vps_max_layers_minus1 is greater than 0 (and when vps_ols_mode_idc is equal to 2) and in this case there are at least two OLSs: (S0183 aspect 1)
a. Change vps_num_output_layer_sets_minus1 to vps_num_output_layer_sets_minus2.
b. Add a constraint: The value of vps_num_output_layer_sets_minus1 shall be greater than 0.
14) Add a flag for each multi-layer OLS (except the first one) to indicate whether the OLS DPB picture width, height, chroma format, and bit depth values are the same as the values for the previous multi-layer OLS, and if the flag is equal to 1, these fields are skipped and inferred. (S0183 aspect 2)
15) Change to code the vps_ols_dpb_pic_width[ i ] and vps_ols_dpb_pic_height[ i ] in units of 8 luma samples, considering that assertedly the decoded picture width and height in a CLVS are constrained to be an integer multiple of Max( 8, MinCbSizeY ). (S0212 aspect 1)
16) Specify that the ue(v)-coded vps_ols_dpb_bitdepth_minus8[ i ] shall be in the range of 0 to 8, inclusive, considering that the value range is currently missing. (S0212 aspect 2)

List of proposals
Scalability cleanups
JVET-S0063 AHG9: On VPS Signalling [S. Deshpande, J. Samuelsson, A. Segall, P. Cowan (Sharp)]
When vps_max_layers_minus1 is equal to 0, vps_num_ptls_minus1 is skipped and inferred to be equal to 0.

JVET-S0100 AHG9: On OLS and sublayers [Y. Sanchez, R. Skupin, K. Suehring, T. Schierl (HHI)]
This contribution discusses three asserted issues related to OLS and sublayers:
1. The maximum sublayer within an OLS is not considered in the extraction process.
2. When vps_max_tid_il_ref_pics_plus1[ i ][ j ] equal to 0, a value equal to 0 is derived for an indirect layer k for NumSubLayersInLayerInOLS[ i ][ k ] but might not contain an IRAP or GDR picture with ph_recovery_poc_cnt equal to 0 aligned with the direct reference layers of the output layers in the OLS.
3. The following syntax elements that apply to an OLS vps_ptl_max_temporal_id[ i ], vps_dpb_max_temporal_id[ i ], vps_hrd_max_tid[ i ] might have different values and are not constrained in any manner.

JVET-S0129 AHG9: cleanup on parameter sets and GCI [L. Li, X. Li, B. Choi, S. Wenger, S. Liu (Tencent)]
Aspect 1 of this contribution belongs to this category.
Add the following inference rules:
1. When not present, the value of vps_max_tid_ref_present_flag[ i ] is inferred to be equal to 0.
2. When vps_all_independent_layers_flag is equal to 1 and vps_each_layer_is_an_ols_flag is equal to 1, the value of vps_ols_mode_idc is inferred to be equal to 0.

JVET-S0169 AHG9: Miscellaneous Cleanups for HLS [B. Wang, S. Esenlik, H. Gao, E. Alshina (Huawei)]
Aspect 2 of this contribution belongs to this category.
The derivation process of the variables dependencyFlag[ i ][ j ], NumDirectRefLayers[ i ], DirectRefLayerIdx[ i ][ d ], NumRefLayers[ i ], RefLayerIdx[ i ][ r ], and LayerUsedAsRefLayerFlag[ j ] assertedly does not express the design intent precisely. The loop defined in Equation 37 can be simplified by considering the fact that a reference layer can only be a lower layer.
JVET-S0183 AHG9: On VPS Information Signalling [S. Deshpande, J. Samuelsson, A. Segall, P. Cowan (Sharp)]
1. It is proposed to signal the syntax element vps_num_output_layer_sets_minus1 instead as vps_num_output_layer_sets_minus2. It is asserted that vps_num_output_layer_sets_minus1 is signalled when vps_max_layers_minus1 is greater than 0 (and when vps_ols_mode_idc is equal to 2) and in this case since the 0-th OLS has the lowest layer, there are at least two output layer sets.
2. It is proposed to signal a flag for each multi-layer OLS (except the first one) to indicate if its OLS DPB picture width, height, chroma format and bit depth values are same as the values for the previous OLS. It is asserted that this can save bits in common cases since many of these syntax elements are coded as ue(v).
JVET-S0212 AHG9: Modifications on VPS OLS DPB related parameters [R. Yu, M. Pettersson, R. Sjöberg, M. Damghanian, J. Enhorn, J. Ström, D. Liu (Ericsson)]
This contribution proposes the following modifications to the VPS OLS DPB related parameters in the VVC draft JVET-S0152-v5:
1. Change to code the vps_ols_dpb_pic_width[ i ] and vps_ols_dpb_pic_height[ i ] in units of 8 luma samples. The decoded picture width and height in a CLVS are noted to be constrained to be an integer multiple of Max( 8, MinCbSizeY ), where the MinCbSizeY is the minimum coding block size in luma samples. The modification is asserted to be straightforward and help reduce the size of the VPS in VVC.
2. Mandate the vps_ols_dpb_bitdepth_minus8[ i ] to be in the range of 0 to 8, inclusive. The vps_ols_dpb_bitdepth_minus8[ i ] is reported to specify the greatest allowed value of sps_bit_depth_minus8 for all SPSs that are referred to by CLVSs in the CVS for the i-th multi-layer OLS. It is asserted that decoders may allocate memory based on the values of vps_ols_dpb_bitdepth_minus8[ i ] for decoding the i-th multi-layer OLS. It is asserted to be helpful to clearly define the range of vps_ols_dpb_bitdepth_minus8[ i ].

[bookmark: _Hlk41384517]Reference picture resampling (RPR) cleanups
JVET-S0048 AHG9/AHG8: On reference picture resampling [Y.-K. Wang, Z. Deng, K. Zhang, L. Zhang (Bytedance)]
This contribution proposes the following changes related to reference picture resampling:
1. [bookmark: _Hlk36859743]Change the value ranges of the scaling window offsets such that the scaling window width and height can be up to 16 times the picture width and height, respectively.
2. Change the semantics of the sps_ref_pic_resampling_enabled_flag to be aligned with the derivation of the RprConstraintsActive variable, which would be set equal to 1 when one or more of the following 6 parameters differ between the current picture and the reference picture: 1) picture width, 2) picture height, 3) scaling window left offset, 4) scaling window right offset, 5) scaling window top offset, and 6) scaling window bottom offset.

JVET-S0098 AHG9/12: On subpicture conformance [R. Skupin, Y. Sanchez, K. Suehring, T. Schierl (HHI)]
At the last meeting, it was agreed to allow higher layers of an OLS to contain multiple subpictures while the lower layers of the OLS do not use subpicture partitioning. Extensions to the conformance testing related sections of the VVC draft specification are required to handle such bitstreams, especially when individual subpictures are extracted.
This contribution proposes fixes for the following items:
1. Extraction of subpictures with non-subpicture reference layers and scaling windows
2. RprConstraintsActive[ i ][ j ] derivation mismatches
3. OLS-specific and layer-specific constraints
4. SubPicSet accumulation

JVET-S0057 AHG8/AHG9: On signaling reference picture resampling [B. Choi, S. Wenger, S. Liu (Tencent)]
This contribution proposes the following changes related to reference picture resampling:
5. Change the semantics of the sps_ref_pic_resampling_enabled_flag such that when sps_ref_pic_resampling_enabled_flag equal to 1, a slice may refer to a reference picture with a different spatial resolution or a different scaling window.
6. Add pps_res_change_in_clvs_allowed_flag, and when pps_res_change_in_clvs_allowed_flag is equal to 0, skip pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples and infer their values to be equal to sps_pic_width_max_in_luma_samples and sps_pic_height_max_in_luma_samples, respectively.

JVET-S0126 AHG8: On scaling window constraint [Y.-J. Chang, V. Seregin, Y. He, A. K. Ramasubramonian, M. Coban, M. Karczewicz (Qualcomm)]
[bookmark: _Ref40651911]This contribution proposes to add either of the following constraints:
1. When sps_res_change_in_clvs_allowed_flag is equal to 0, pictures having the same nuh_layer_id shall have the same values of pps_scaling_win_left_offset, pps_scaling_win_right_offset, pps_scaling_win_top_offset, and pps_scaling_win_bottom_offset, respectively.
2. When sps_res_change_in_clvs_allowed_flag is equal to 0, a current picture and a reference picture both having the same nuh_layer_id shall have the same values of pps_scaling_win_left_offset, pps_scaling_win_right_offset, pps_scaling_win_top_offset, and pps_scaling_win_bottom_offset, respectively.
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