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Abstract
When reference picture resampling (RPR) feature is enabled, it is expected that the bitstream bitrate changes significantly during the period where picture resolution is different (i.e,. either bigger or smaller) than pictures before and after that period. Despite this, the selected schedule index for conformance test cannot be change for this event which means the channel bitrate (i.e., the one associated with the selected schedule index) stays the same during such picture resolution change.
It is asserted using the assumed channel bitrate that was selected from the beginning of the test during resolution change may cause coded picture buffer (CPB) underflow. Therefore, it is proposed that Hypothetical Stream Scheduler (HSS) is allowed to change the selected schedule index in the event that picture resolution changes.
Problem description
In the current design of Hypothetical Reference Decoder (HRD) operations and conformance test, the Hypothetical Stream Scheduler (HSS) chooses the selected schedule index (ScIdx) at the beginning of the operation / test to determine the HRD parameters to be used for the operations. This schedule index is supposed to be used for the operation from the beginning of the bitstream till the end or until certain event occurs.
The only event in which HSS can change the schedule index is specified as follows:
-------start the VVC specification quote-------
…
The values of ScIdx, BitRate[ Htid ][ ScIdx ] and CpbSize[ Htid ][ ScIdx ] are constrained as follows:
–	If the content of the selected general_timing_hrd_parameters( ) syntax structures for the AU containing AU m and the previous AU differ, the HSS selects a value ScIdx1 of ScIdx from among the values of ScIdx provided in the selected general_timing_hrd_parameters( ) syntax structures for the AU containing AU m that results in a BitRate[ Htid ][ ScIdx1 ] or CpbSize[ Htid ][ ScIdx1 ] for the AU containing AU m. The value of BitRate[ Htid ][ ScIdx1 ] or CpbSize[ Htid ][ ScIdx1 ] may differ from the value of BitRate[ Htid ][ ScIdx0 ] or CpbSize[ Htid ][ ScIdx0 ] for the value ScIdx0 of ScIdx that was in use for the previous AU.
–	Otherwise, the HSS continues to operate with the previous values of ScIdx, BitRate[ Htid ][ ScIdx ] and CpbSize[ Htid ][ ScIdx ].
…
-------end the VVC specification quote-------
The above text may have been specified to anticipate the case of splicing. When two bitstreams are spliced and merge together, at the point of the splicing point, the HRD and general timing parameters may need to be updated since the bitstream may have significant changes starting from the splicing point. One condition that may change when splicing happens is the change of picture resolution.
In the same spirit, when picture resolution change not due to splicing but due to the use of reference picture resampling (RPR) feature, we think it is desirable to allow HSS to change the selected schedule index. However, in the current specification, such capability (i.e., changing the selected schedule index when resolution change) is not defined / allowed.
Discussion
One may argue that it is possible to adjust the timing information in picture timing SEI message to reflect the change of resolution / amount of coded bits for each picture so that the computed removal time of each AU or DU can still be correct. However, this does not take into account that the arrival time is computed based on the amount of the bits in the picture and the bitrate associated with the selected schedule index.
When resolution changes but the same schedule index, consequently the same bitrate, is used, our concern is CPB underflow may occur. This is because the assume channel bitrate (i.e., the one associated with the selected schedule index) is used to compute the final arrival time of an access unit (AU) or a decoding unit (DU) as specified in equation 1595 as shown below:
------- start the VVC specification quote-------
The final arrival time for DU m is derived as follows:
[bookmark: Eqn_DuFinalArrivalTime]if( !decodingUnitParamsFlag )
		AuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizeInbits[ m ] ÷ BitRate[ Htid ][ ScIdx ]	(1595)
else
		DuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizeInbits[ m ] ÷ BitRate[ Htid ][ ScIdx ]
where sizeInbits[ m ] is the size in bits of DU m, counting the bits of the VCL NAL units, the PH NAL units, and the filler data NAL units for the Type I conformance point or all bits of the Type II bitstream for the Type II conformance point
-------end the VVC specification quote-------
Consider the case when the bitstream starts with smaller resolution and at one point the resolution becomes bigger. At the point when the resolution gets bigger, the computed final arrival time will also be bigger since the sizeInbits[ ] of each AU becomes bigger while the BitRate[ ][ ] stays the same. This opens the possibility that the computed final arrival time becomes so big such that it is bigger than the nominal removal time of the AU and this will cause the HSS to assume that underflow happens.
Moreover, one of possible reason we change resolution is because the change in network condition. In such situation, it is logical to assume that the channel bitrate changes as well. However, we still make the HRD operates with the same bitrate.
Proposal
We propose the following:
· When RPR is enabled, for HRD operations and conformance test, the selected schedule index may be changed / updated at the AU where the resolution changes.
· The change of schedule index is done at AU with temporal id equal to 0.
Text implementation
The text implementation of the above proposed items is shown below. New texts are marked by yellow highlight and removed text are shown in stricken, red font.
...
The values of ScIdx, BitRate[ Htid ][ ScIdx ] and CpbSize[ Htid ][ ScIdx ] are constrained as follows:
–	If the content of the selected general_timing_hrd_parameters( ) syntax structures for the AU containing AU m and the previous AU differ, at least one of the following conditions is satisfied, the HSS may selects a value ScIdx1 of ScIdx from among the values of ScIdx provided in the selected general_timing_hrd_parameters( ) syntax structures for the AU containing AU m that results in a BitRate[ Htid ][ ScIdx1 ] or CpbSize[ Htid ][ ScIdx1 ] for the AU containing AU m. The value of BitRate[ Htid ][ ScIdx1 ] or CpbSize[ Htid ][ ScIdx1 ] may differ from the value of BitRate[ Htid ][ ScIdx0 ] or CpbSize[ Htid ][ ScIdx0 ] for the value ScIdx0 of ScIdx that was in use for the previous AU.
–	The content of the selected general_timing_hrd_parameters( ) syntax structures for the AU containing AU m and the previous AU differ.
–	RPR is enabled (i.e., the value of sps_res_change_in_clvs_allowed_flag is equal to 1) and the picture size of the coded picture in the current AU and previous AU differ and the current AU has temporalId equal to 0.
–	Otherwise, the HSS continues to operate with the previous values of ScIdx, BitRate[ Htid ][ ScIdx ] and CpbSize[ Htid ][ ScIdx ].
When the HSS selects values of BitRate[ Htid ][ ScIdx ] or CpbSize[ Htid ][ ScIdx ] that differ from those of the previous AU, the following applies:
–	The variable BitRate[ Htid ][ ScIdx ] comes into effect at the initial CPB arrival time of the current AU.
–	The variable CpbSize[ Htid ][ ScIdx ] comes into effect as follows:
–	If the new value of CpbSize[ Htid ][ ScIdx ] is greater than the old CPB size, it comes into effect at the initial CPB arrival time of the current AU.
–	Otherwise, the new value of CpbSize[ Htid ][ ScIdx ] comes into effect at the CPB removal time of the current AU.
...

Patent rights declaration(s)
LG Electronics Inc. may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).

	Page: 3	Date Saved: 2022-10-11
image1.png




image2.png




