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Abstract
The ultra-low latency simulation scenario of AHG18 considers decoding robustness under possible network packet losses. These may cause the unavailability of the referenced APS NAL units and breaking the decoding process. To ensure robust decoding four aspects are considered, and specific modifications are proposed: signaling in the slice header to provide a robust CTU-level decoding process; new logic to skip the ALF process when the referenced APS NAL unit is unavailable; functionality to obtain standalone APS NAL units apart of VLCVCL NAL unit; and the new command line option BitsForPoc for encoder to enable the long reference case. These modifications were used in JVET-AN0080 “AHG18: CfE response in additional functionality on ultra-low latency and packet loss resilience” for anchor and test generation.
Introduction
Contribution JVET-AK0193 proposed software and configuration based on VTM for experiments of AHG18 on ultra-low latency and packet loss resilience. For the sake of software stability and simulation speedup, several tools were disabled. Later, in contribution JVET-AM0203, the stability of the decoder was significantly improved when adopted into AHG18 software. In particular, specific decoder-side logic for processing unavailable APS NAL units was added to the software. The more extensive testing including unicast scenario with feedback helped to discover another corner case which requires an additional mechanism to improve decoding robustness. Since APS NAL units may be shared between multiple pictures network losses may cause to unavailability of the referenced APS. The proposed contribution describes specific logic to ensure a continual decoding process even if the referenced APS NAL unit is unavailable. Also, new encoder-side option to set number of bits used for signaling POC has been added. That modification introduces command line option to allow having long reference with delta POC more than 128.


Proposed modifications
There are 4 aspects which should be considered to resolve issues described above.
First aspect
Problem
The current specification has several CTU-level syntax elements whose parsing depends on APS-level syntax elements, such as alf_chroma_num_alts_minus1, alf_cc_cb_filters_signalled_minus1, and alf_cc_cr_filters_signalled_minus1, due to the Truncated Rice binarization process (Figure 1). An APS is sent in a separate APS NAL unit and may be shared by multiple slices of a picture and/or by slices of different pictures. Additionally, APS could change frequently from picture to picture. Therefore, in the case of a lost referenced APS, the decoder is unable to correctly parse CTU-level syntax elements, such as alf_ctb_filter_alt_idx, alf_ctb_cc_cb_idc, and alf_ctb_cc_cr_idc.
[image: ]
Figure 1. Truncated binarization CTU-level process that requires APS-level syntax elements.
Solution
To provide a robust decoding process even with a missing referenced APS NAL unit, additional signaling in the HLSWriter::codeSliceHeader function is added. 
const AlfParam &alfParam = pcSlice->getAlfAPSs()[pcSlice->getAlfApsIdChroma()]-APSParam();
if constexpr (ALF_MAX_NUM_ALTERNATIVES_CHROMA > 1)
{
  xWriteUvlc( alfParam.numAlternativesChroma - 1, "sh_alf_chroma_num_alts_minus1" );
}
 
if (MAX_NUM_CC_ALF_FILTERS > 1)
{
  xWriteUvlc(filterParam.ccAlfFilterCount[COMPONENT_Cb - 1] -1,”sh_alf_cc_cb_filters_signalled_minus1");
} 


if (MAX_NUM_CC_ALF_FILTERS > 1)
{
  xWriteUvlc(filterParam.ccAlfFilterCount[COMPONENT_Cr - 1] - 1, ,”sh_alf_cc_cr_filters_signalled_minus1");
}
And the corresponding changes in the and HLSyntaxReader::parseSliceHeader function:
if constexpr (ALF_MAX_NUM_ALTERNATIVES_CHROMA > 1)
{
  xReadUvlc( uiCode, "sh_alf_chroma_num_alts_minus1" );
}
else
{
  uiCode = 0;
}
pcSlice->setAlfParamNumAlternativesChroma(uiCode + 1);

if (MAX_NUM_CC_ALF_FILTERS > 1)
{
  xReadUvlc(uiCode, "sh_alf_cc_cb_filters_signalled_minus1");
}
else
{
  uiCode = 0;
}
filterParam.ccAlfFilterCount[COMPONENT_Cb - 1] = uiCode + 1;  

if (MAX_NUM_CC_ALF_FILTERS > 1)
{
  xReadUvlc(uiCode, "sh_alf_cc_cr_filters_signalled_minus1");
}
else
{
  uiCode = 0;
}
filterParam.ccAlfFilterCount[COMPONENT_Cr - 1] = uiCode + 1;

The new field in the Slice class m_alfParamNumAlternativesChroma to store sh_alf_chroma_num_alts_minus1 has been added since the AlfParam structure may be unavailable due to a loss of APS NAL unit.
So, that field is used in CABACReader::coding_tree_unit function.
int numAlts = cs.slice->getAlfParamNumAlternativesChroma();
uint8_t decoded = 0;
while (decoded < numAlts - 1 && m_binDecoder.decodeBin(Ctx::ctbAlfAlternative(compIdx - 1)))
{
  ++ decoded;
}
alfModes[ctuRsAddr] = AlfMode::CHROMA0 + decoded;

Since sh_alf_cc_cb_filters_signalled_minus1 and sh_alf_cc_cr_filters_signalled_minus1 are set in the HLSyntaxReader::parseSliceHeader function, the same logic is moved from the activateAPS function. It is necessary because the decoder may store, using the same index, an old APS that should have been updated by now but was lost.
filterParam.ccAlfFilterCount[COMPONENT_Cb - 1] = aps->getCcAlfAPSParam().ccAlfFilterCount[COMPONENT_Cb - 1];

filterParam.ccAlfFilterCount[COMPONENT_Cr - 1] = aps->getCcAlfAPSParam().ccAlfFilterCount[COMPONENT_Cr - 1];
Also, since these fixes add support for decoding when APS is unavailable, the corresponding debug messages are bypassed from the activateAPS function.
THROW("CC ALF Cb APS not available!");

THROW("CC ALF Cr APS not available!");
Second aspect
Problem
The current VVC requires the availability of the referenced APS NAL unit. However, due to packet losses, the APS NAL unit may be unavailable. In such a case, the ALF filter cannot be applied.
The previous solution introduced in AM0203 was not enough this issue because the testing scenario focused on freezing frames for the rest of the intra period if any frame was lost.
Solution
To provide a continual decoding process, a specific condition to check the availability of the referenced APS has been added into the AdaptiveLoopFilter::reconstructCoeffAPSs function. As a result, the Adaptive Loop Filter process is not applied if the referenced APS is unavailable.
AdaptiveLoopFilter::reconstructCoeffAPSs checks availability of the corresponding APS for luma and chroma and return false flag if APS is unavailable,
int apsIdx = cs.slice->getAlfApsIdsLuma()[i];
curAPS = aps[apsIdx];
if (curAPS == nullptr) {
  return false;
}

int apsIdxChroma = cs.slice->getAlfApsIdChroma();
curAPS = aps[apsIdxChroma];
if (curAPS == nullptr) {
  return false;
}
AdaptiveLoopFilter::ALFProcess skips ALF applying if coefficient reconstruction has not been successfully finished.
bool success = reconstructCoeffAPSs(cs, true, cu->slice->getAlfEnabledFlag(COMPONENT_Cb) || cu->slice->getAlfEnabledFlag(COMPONENT_Cr), false);
if (!success) {
  ctuIdx++;
  continue;
}
	Third aspect
Problem
Sections 2.1 and 2.2 of this document describe the behavior of the decoder when the referenced APS NAL unit is unavailable. APS NAL units become unavailable when the frame containing such a NAL unit is lost, or, in other words, when any part of the frame was not delivered to the decoder. Consequently, following frames, even if they do not refer to the lost frame, may still reference the lost APS. 
VVC requires that there is at least one VCL NAL unit in a picture unit and that no VCL NAL unit can appear before NAL_UNIT_PREFIX_APS. However, due to packet losses, one or more VCL NAL units may be missing. The current implementation cannot decode a standalone APS NAL unit with no VCL NAL unit. If the decoder could parse and store a standalone APS, then following frames that reference that APS may be decoded correctly.
Solution
The core idea is to allow the receiving of standalone APS NAL units without a following VLC VCL NAL unit. This enables the decoder to parse the prefix or suffix APS NAL unit and store its parameters, even if the frame has not been received and decoded completely.
One software change is needed in addition to the changes proposed in JVET-AM0203. Currently, the DecLib::isNewPicture function implicitly assumes that a VLC VCL NAL unit follows NAL_UNIT_PREFIX_APS. This may cause a crash when there are no following VLC VCL NAL units in the bitstream (i.e., no frame has been delivered completely after that).
To resolve this issue, explicit checking of the receipt of a VLC VCL NAL unit before the NAL_UNIT_PREFIX_APS is proposed. In other words, if NAL_UNIT_PREFIX_APS is received when any VLC VCL NAL unit has been parsed before, the decoder will assume that the previous picture is finished.
case NAL_UNIT_PREFIX_APS:
  if (m_pictureUnitNals contains any VLC VCL NAL unit)
  {
    ret = true;
    finished = true;
  }
  break;
	Fourth aspect
Problem
The unicast scenario allows for the references picture management on the encoder side based on feedback from the decoder. There may be such a large lack between two sequentially received pictures that it could cause to crash of the decoder.
MaxPicOrderCntLsb is managed by sps_log2_max_pic_order_cnt_lsb_minus4, which is signaled by the encoder. In the VTM software, there is currently no possibility to flexibly manage it from the command line. Always, the default value of the SPS field m_bitsForPoc, which is equal to 8, is used. Therefore, the default value of MaxPicOrderCntLsb is set to 256. In the event of high network losses, it is possible to experience a gap between sequential POCs that exceeds more than  frames. This may result in the decoder crashing.
Solution
The new command line option to manage m_bitsForPoc field of SPS and corresponding syntax element sps_log2_max_pic_order_cnt_lsb_minus4 has been added.
("BitsForPoc", m_bitsForPoc, 8, "Number of bits that is used in the decoding process for picture order count ")
So, the default configuration is not modified but added possibility to change that value. For example, if pass --BitsForPoc=16 option into command line lacks between frames up to  will be allowed.
Conclusion
[bookmark: _Hlk209800833]This contribution proposes improvement of AHG18 simulation software towards robust decoding in the unicast scenario. The four aspects are considered and specific modifications are proposed. Specific signaling in the slice header is added to provide a robust CTU-level decoding process. New logic for skipping the ALF process when the referenced APS NAL unit is unavailable is implemented. Additionally, the decoder is now allowed to obtain standalone APS NAL units for parsing and storing their parameters to ensure more stable APS availability. Also, the new option BitsForPoc for encoder to manage MaxPicOrderCntLsb has been added. All these four modifications increase stability of VTM under packet loss conditions. It is proposed to include the described modifications into the AHG18 simulation software.
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Table 127 — Syntax elements and associated binarizations

Syntas structure

Syntas element

Binarization

Process Input parameters.
slice_data() end_of slice_one_bit FL Max=1
end_of_tile_one_bit B Max
end_of subset_one_bit B Max=1
coding tree_unit() | alf.cto_fagl I[1[1 Es Max=1
af use_aps_flag B Max=1
af Juma_fixed_filer_idx ke Max=15
alf_tuma_prev_filter idx T Max = sh_num_alf aps_ids_tuma— 1
af cth_fiter alt iex{ 11111 ™ Max = af chromalmum_alt fters mims1. cRiceParam =0
alf_etb_cc_cb_ide[ I[] TR ‘cMax = ( alf_ce_cb_filters_signalled minus] + 1 ). cRiceParam = 0
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