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Abstract
In the adopted JVET-Q0398, the goal of max_tid_il_ref_pics_plus1[ i ] is to achieve decoding a higher layer without full decoding of all temporal sublayers of a lower layer when inter-layer prediction is used. However, only the reconstructed pictures are considered in JVET-Q0398, while picture parameter set (PPS), adaptation parameter set (APS), and reference picture list (RPL) construction are overlooked in this document. In this contribution, two aspects are proposed to fix the current design in VVC Draft 8. The first aspect is to add bitstream conformance requirements for PPS-related syntax elements and APS-related syntax elements in picture header (PH) or slice header according to max_tid_il_ref_pics_plus1[ i ]. The second aspect is to add a bitstream conformance requirement for the RPL construction.
In version 3 of this contribution, proposed solution of Aspect 1 is updated according to the comments made during the discussion, and another option of resolving Aspect 1 is provided.
In version 4 of this contribution, the alternative solution of Aspect 1 is updated, in order to specify more precisely which NUTs and some SEIs need to be removed if the associated VCL NAL units are dropped.
[bookmark: _GoBack]
Introduction
In the current VVC design [1], a current video coding layer (VCL) network abstraction layer (NAL) unit shall reference PPS/APS NAL units with nuh_layer_id less than or equal to the nuh_layer_id of the current VCL NAL unit, and the referenced PPS/APS NAL units shall be included in at least one output layer set (OLS) that contains the current VCL NAL unit. Furthermore, additional temporal sublayer requirements are applied to the referenced PPS/APS NAL units, saying that the TemporalId of the referenced PPS/APS NAL unit shall be less than or equal to the TemporalId of the current VCL NAL unit.
After adoption of JVET-Q0398 into VVC Draft 8, inter-layer prediction process of each coded video sequence (CVS) is constrained by max_tid_il_ref_pics_plus1[ i ] syntax element, which is signalled in video parameter set (VPS). Here, i is in the range from 0 to vps_max_layer_minus1. According to VVC Draft 8, max_tid_il_ref_pics_plus1 [ i ] is signalled to indicate the maximum TemporalId of pictures in layer i which can be used as inter-layer reference pictures (ILRPs) for any layer higher than i.
The purpose of max_tid_il_ref_pics_plus1[ i ] is to achieve decoding a higher layer without decoding all temporal sublayers of a lower layer when inter-layer prediction is used. For example, if  max_tid_il_ref_pics_plus1 [2] is equal to 3, only pictures in layer 2 with TemporalId less than 3 can be used as an ILRPs, and no pictures in layer 2 with TemporalId greater than or equal to 3 can be used as ILRPs.
However, only the reconstructed pictures are considered in JVET-Q0398, while picture parameter set (PPS), adaptation parameter set (APS), and reference picture list (RPL) construction are overlooked in this document.

Proposed aspects
Aspect 1.1: Proposed bitstream conformance requirements for PPS-related and APS-related syntax elements
In VVC Draft 8, referenced PPS/APS NAL units of the current VCL NAL unit shall comply with the following three requirements:
1. The nuh_layer_id of the referenced PPS/APS NAL unit shall be less than or equal to the nuh_layer_id of the current VCL NAL unit.
2. The referenced PPS/APS NAL unit shall be included in at least one OLS that includes the current VCL NAL unit.
3. TemporalId of the referenced PPS/APS NAL unit shall be less than or equal to the TemporalId of the current VCL NAL unit.
It is asserted that the above requirements are insufficient to achieve the design goal of JVET-Q0398, and therefore it is proposed to add requirements according to max_til_il_ref_pics_plus1[ i ] to the related syntax elements used to indicate the referenced PPS/APS NAL unit of the current VCL NAL unit. The related syntax elements include ph_pic_parameter_set_id, ph_alf_aps_id_luma[i], ph_alf_aps_id_chroma, ph_cc_alf_cb_aps_id, ph_cc_alf_cr_aps_id, slice_alf_aps_id_luma[i], slice_alf_aps_id_chroma, slice_cc_alf_cb_aps_id, slice_cc_alf_cr_aps_id, ph_lmcs_aps_id, and ph_scaling_list_aps_id.
For the PPS-related syntax element, ph_pic_parameter_set_id, one bitstream conformance requirement is proposed for its semantics as follows.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the PPS with pps_pic_parameter_set_id equal to ph_pic_parameter_set_id is less than the value of nuh_layer_id of the PH, the value of TemporalId of the PPS with pps_pic_parameter_set_id equal to ph_pic_parameter_set_id shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ),, with refPicVpsLayerId equal to the layer ID of the PPS with pps_pic_parameter_set_id equal to ph_pic_parameter_set_id.

For each of the APS-related syntax elements listed above, one bitstream conformance requirement is proposed for its semantics as follows.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_luma[ i ] is less than the nuh_layer_id of the picture associated with the PH, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_luma[ i ] shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ),, with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_luma[ i ].
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_chroma is less than the nuh_layer_id of the picture associated with the PH, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_chroma shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_chroma.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_cc_alf_cb_aps_id is less than the nuh_layer_id of the picture associated with the PH, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_cc_alf_cb_aps_id shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_cc_alf_cb_aps_id.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_cc_alf_cr_aps_id is less than the nuh_layer_id of the picture associated with the PH, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_cc_alf_cr_aps_id shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ]  – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_cc_alf_cr_aps_id.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf_aps_id_luma[ i ] is less than the nuh_layer_id of the coded slice, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf_aps_id_luma[ i ] shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf_aps_id_luma[ i ].
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf_aps_id_chroma is less than the nuh_layer_id of the coded slice, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf_aps_id_chroma shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_alf_aps_id_chroma.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_cc_alf_cb_aps_id is less than the nuh_layer_id of the coded slice, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_cc_alf_cb_aps_id shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_cc_alf_cb_aps_id.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_cc_alf_cr_aps_id is less than the nuh_layer_id of the coded slice, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_cc_alf_cr_aps_id shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ] – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to slice_cc_alf_cr_aps_id.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to LMCS_APS and adaptation_parameter_set_id equal to ph_lmcs_aps_id is less than the nuh_layer_id of the picture associated with the PH, the TemporalId of the APS NAL unit having aps_params_type equal to LMCS_APS and adaptation_parameter_set_id equal to ph_lmcs_aps_id shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ]  – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to LMCS_APS and adaptation_parameter_set_id equal to ph_lmcs_aps_id.
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to SCALING_APS and adaptation_parameter_set_id equal to ph_scaling_list_aps_id is less than the nuh_layer_id of the picture associated with the PH, the TemporalId of the APS NAL unit having aps_params_type equal to SCALING_APS and adaptation_parameter_set_id equal to ph_scaling_list_aps_id shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[ refPicVpsLayerId ]  – 1 ), with refPicVpsLayerId equal to the layer ID of the APS NAL unit having aps_params_type equal to SCALING_APS and adaptation_parameter_set_id equal to ph_scaling_list_aps_id.

Aspect 1.2. Alternative solution of achieving consistency in the bistream extraction process considering JVET-Q0398
Another option is to modify the bitstream extraction process as follows (marked in yellow):
[bookmark: _Ref21117075][bookmark: _Toc33624380]C.6 Sub-bitstream extraction process
Inputs to this process are a bitstream inBitstream, a target OLS index targetOlsIdx, and a target highest TemporalId value tIdTarget.
Output of this process is a sub-bitstream outBitstream.
It is a requirement of bitstream conformance for the input bitstream that any output sub-bitstream that satisfies all of the following conditions shall be a conforming bitstream:
–	The output sub-bitstream is the output of the process specified in this clause with the bitstream, targetOlsIdx equal to an index to the list of OLSs specified by the VPS, and tIdTarget equal to any value in the range of 0 to 6, inclusive, as inputs.
–	The output sub-bitstream contains at least one VCL NAL unit with nuh_layer_id equal to each of the nuh_layer_id values in LayerIdInOls[ targetOlsIdx ].
–	The output sub-bitstream contains at least one VCL NAL unit with TemporalId equal to tIdTarget.
NOTE – A conforming bitstream contains one or more coded slice NAL units with TemporalId equal to 0, but does not have to contain coded slice NAL units with nuh_layer_id equal to 0.
The output sub-bitstream OutBitstream is derived as follows:
–	The bitstream outBitstream is set to be identical to the bitstream inBitstream.
–	Remove from outBitstream all NAL units with TemporalId greater than tIdTarget.
–	Remove from outBitstream all NAL units with nal_unit_type not equal to any of VPS_NUT, DCI_NUT, and EOB_NUT and with nuh_layer_id not included in the list LayerIdInOls[ targetOlsIdx ].
–	Remove from outBitstream all VCL NAL units for which all of the following conditions are true, and their associated non-VCL NAL units with nal_unit_type equal to PH_NUT, FD_NUT, SUFFIX_SEI_NUT and PREFIX_SEI_NUT with  PayloadType not equal to 0, 1 or 130:
–	nal_unit_type is not equal to IDR_W_RADL, IDR_N_LP, or CRA_NUT.
–	nuh_layer_id is equal to LayerIdInOls[ targetOlsIdx ][ j ] for a value of j in the range of 0 to NumLayersInOls[ targetOlsIdx ] − 1 inclusive.
–	TemporalId is greater than or equal to NumSubLayersInLayerInOLS[ targetOlsIdx ][ j ].
–	Remove from outBitstream all SEI NAL units that contain a scalable nesting SEI message that has nesting_ols_flag equal to 1 and there is no value of i in the range of 0 to nesting_num_olss_minus1, inclusive, such that NestingOlsIdx[ i ] is equal to targetOlsIdx.
–	When LayerIdInOls[ targetOlsIdx ] does not include all values of nuh_layer_id in all NAL units in the bitstream, the following applies:
–	Remove from outBitstream all SEI NAL units that contain a non-scalable-nested SEI message with payloadType equal to 0 (buffering period) or 130 (decoding unit information).
–	When general_same_pic_timing_in_all_ols_flag is equal to 0, remove from outBitstream all SEI NAL units that contain a non-scalable-nested SEI message with payloadType equal to 1 (picture timing).
–	When outBitstream contains SEI NAL units that contain a scalable nesting SEI message with nesting_ols_flag equal to 1 and are applicable to outBitstream (NestingOlsIdx[ i ] is equal to targetOlsIdx), the following applies:
–	If same_pic_timing_within_ols_flag is equal to 0, extract appropriate non-scalable-nested SEI message with payloadType equal to 0 (buffering period), 1 (picture timing), or 130 (decoding unit information) from the scalable nesting SEI message and include those SEI messages in outBitstream.
–	Otherwise (same_pic_timing_within_ols_flag is equal to 1), extract appropriate non-scalable-nested SEI message with payloadType equal to 0 (buffering period) or 130 (decoding unit information) from the scalable nesting SEI message and include those SEI messages in outBitstream.

Aspect 2: Proposed bitstream conformance requirement for RPL construction
To make the specification clearer, and to avoid confusion in the decoding process for RPL construction, it is proposed to add a bitstream conformance requirement as follows.
The picture referred to by each ILRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of a slice of the current picture shall be an IRAP picture or have TemporalId less than max_tid_il_ref_pics_plus1[ refPicVpsLayerId ], with refPicVpsLayerId equal to the nuh_layer_id of the referenced picture.

Proposed aspects in combination with JVET-R0193
All the above proposed aspects are fully compatible with the JVET-R0193, which is recommended for adoption into the VVC Specification Draft. For example, a modified bitstream conformance considering JVET-R0193 for ph_alf_aps_id_luma[ i ] syntax element is as follows: 
It is a requirement of bitstream conformance that if the value of nuh_layer_id of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_luma[ i ] is less than the nuh_layer_id of the picture associated with the PH, the TemporalId of the APS NAL unit having aps_params_type equal to ALF_APS and adaptation_parameter_set_id equal to ph_alf_aps_id_luma[ i ] shall be less than or equal to Max( 0, max_tid_il_ref_pics_plus1[curPicVpsLayerId] [ refPicVpsLayerId ] – 1 ), with refPicVpsLayerId equal to the VPS layer ID of the APS NAL unit and curPicVpsLayerId equal to the VPS layer ID of the picture associated with the PH. All the other proposed aspects can be modified accordingly.
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