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Abstract
In the current VVC draft specification version 8, the maximum number of subblock based merging motion vector prediction candidates is signalled in the SPS by the five_minus_max_num_subblock_merge_cand syntax element which is present when sps_affine_enabled_flag is equal to 1. It is reported that currently the value of five_minus_max_num_subblock_merge_cand is restricted to be in the range of 0 to 5, inclusive.
It is asserted that such restriction allows an undesired scenario where five_minus_max_num_subblock_merge_cand may be set equal to 5 when sps_affine_enabled_flag is set equal to 1. In this scenario, the subblock merging candidate number becomes 0, which turns off merge for affine as well as for subblock temporal motion vector prediction (SbTMVP) regardless of the values of the SbTMVP enabling flags.
[bookmark: _GoBack]The contribution proposes two alternatives for avoiding the claimed undesired scenario.
1. Alternative 1 proposes to change the range restriction of the syntax element five_minus_max_num_subblock_merge_cand to be in the range of 0 to 5 – sps_affine_enabled_flag, inclusive. It is further proposed to infer the value of five_minus_max_num_subblock_merge_cand to 5 when it is not present.

2. [bookmark: _Hlk36714527]Alternative 2 proposes to signal the maximum affine merge candidate number when sps_affine_enabled_flag is set to 1. It is further proposed to derive the maximum number of subblock candidates MaxNumSubblockMergeCand in the picture header as a sum of the value of the SbTMVP enabling flags and the maximum affine merge candidate. The derivation process of the subblock merging candidate list is also modified to make sure that the number of affine merge candidate that appears in the final candidate list does not exceed the signalled maximum affine merge candidate number.
Introduction
In the current VVC draft specification version 8, the maximum number of subblock based merging motion vector prediction candidates is signalled in the SPS. The corresponding syntax element is five_minus_max_num_subblock_merge_cand and it is present when sps_affine_enabled_flag is 1, as shown below.

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

	[bookmark: _Hlk34812328]	sps_affine_enabled_flag
	u(1)

		if( sps_affine_enabled_flag ) {
	

			five_minus_max_num_subblock_merge_cand
	ue(v)

			…
	

		}
	

		…
	

	}
	


The corresponding semantics is as following:
[bookmark: _Hlk30610625]five_minus_max_num_subblock_merge_cand specifies the maximum number of subblock-based merging motion vector prediction candidates supported in the SPS subtracted from 5. The value of five_minus_max_num_subblock_merge_cand shall be in the range of 0 to 5, inclusive.

The maximum number of subblock based merging candidates, MaxNumSubblockMergeCand, is derived as follows in the picture header:
if( sps_affine_enabled_flag )
	MaxNumSubblockMergeCand = 5 − five_minus_max_num_subblock_merge_cand
else
	MaxNumSubblockMergeCand = sps_sbtmvp_enabled_flag  &&  ph_temporal_mvp_enable_flag

Problem statement
It can be noticed from the current specification text that when sps_affine_enabled_flag is set to 1, the MaxNumSubblockMergeCand is derived directly from five_minus_max_num_subblock_merge_cand.
It is asserted that the current specification text allows a scenario where sps_affine_enabled_flag = 1 and five_minus_max_num_subblock_merge_cand = 5. In this scenario, the number of subblock based merging candidates MaxNumSubblockMergeCand is derived as 0 which turned off merge for affine as well as for SbTMVP regardless of the SbTMVP enabling flags. It is asserted that such a scenario is undesidered and should be avoided.
Further, when sps_affine_enabled_flag is equal to 0, five_minus_max_num_subblock_merge_cand is not signaled and its value is undefined in the current version of VVC.

Proposal
Proposed alternative 1
The alternative 1 proposes to modify the range restriction of five_minus_max_num_subblock_merge_cand to avoid the undesired scenario described above and to infer the value of the syntax element to 5 when it is not present.
Proposed specification text modifications for alternative 1
The specification text modification on top of the VVC draft (JVET-Q2001-vE) are shown below with added text marked in yellow and removed text in red strike-through.

7.4.3.3 Sequence parameter set RBSP semantics
five_minus_max_num_subblock_merge_cand specifies the maximum number of subblock-based merging motion vector prediction candidates supported in the SPS subtracted from 5. The value of five_minus_max_num_subblock_merge_cand shall be in the range of 0 to 5 – sps_affine_enabled_flag, inclusive. When not present, the value of five_minus_max_num_subblock_merge_cand is inferred to be equal to 5.

Proposed alternative 2
The alternative 2 proposes to signal the maximum affine merge candidate number when sps_affine_enabled_flag is set to 1. It is further proposed to derive the maximum number of subblock candidates MaxNumSubblockMergeCand in the picture header as a sum of the value of the SbTMVP enabling flags and the maximum affine merge candidate number. The derivation process of the subblock merging candidate list is also modified to make sure that the number of affine merge candidate appears in the final candidate list does not exceed the signalled maximum affine merge candidate number.

Proposed specification text modifications for alternative 2
The modified semantics on top of the VVC draft (JVET-Q2001-vE) are shown below with added text marked in yellow and removed text in red strike-through.

[bookmark: _Toc415475819][bookmark: _Toc423599094][bookmark: _Toc423601598][bookmark: _Ref23239590]7.3.2.3 Sequence parameter set RBSP syntax

	seq_parameter_set_rbsp( ) {
	Descriptor

		…
	

		sps_affine_enabled_flag
	u(1)

		if( sps_affine_enabled_flag ) {
	

			five_minus_max_num_subblockaffine_merge_cand
	ue(v)

			…
	

		}
	

		…
	

	}
	


[bookmark: _Toc415475860][bookmark: _Toc423599135][bookmark: _Toc423601639]
7.4.3.3 Sequence parameter set RBSP semantics
five_minus_max_num_subblockaffine_merge_cand specifies the maximum number of subblock-basedaffine merging motion vector prediction candidates supported in the SPS subtracted from 5. The value of five_minus_max_num_subblockaffine_merge_cand shall be in the range of 0 to 5, inclusive. When not present, the value of five_minus_max_num_affine_merge_cand is inferred to be equal to 5.
The maximum number of affine merging motion vector prediction candidates, MaxNumAffineMergeCand, is derived as follows:
MaxNumAffineMergeCand = 5 − five_minus_max_num_affine_merge_cand

7.4.3.7 Picture header structure semantics
The maximum number of subblock-based merging MVP candidates, MaxNumSubblockMergeCand, is derived as follows:
if( sps_affine_enabled_flag )
	MaxNumSubblockMergeCand = 5 − five_minus_max_num_subblock_merge_cand	(87)
else
	MaxNumSubblockMergeCand = sps_sbtmvp_enabled_flag  &&  ph_temporal_mvp_enabled_flag
MaxNumSubblockMergeCand = Min (5, (sps_sbtmvp_enabled_flag  &&  ph_temporal_mvp_enabled_flag) + MaxNumAffineMergeCand ).	(87)
The value of MaxNumSubblockMergeCand shall be in the range of 0 to 5, inclusive.

[bookmark: _Ref524381219]8.5.5.2 Derivation process for motion vectors and reference indices in subblock merge mode
…
2. When sps_affine_enabled_flag is equal to 1MaxNumAffineMergeCand is greater than 0, the sample locations ( xNbA0, yNbA0 ), ( xNbA1, yNbA1 ), ( xNbA2, yNbA2 ), ( xNbB0, yNbB0 ), ( xNbB1, yNbB1 ), ( xNbB2, yNbB2 ), and ( xNbB3, yNbB3 ) are derived as follows:
…
3. When sps_affine_enabled_flag is equal to 1MaxNumAffineMergeCand is greater than 0, the variable availableFlagA is set equal to FALSE and the following applies for ( xNbAk, yNbAk ) from ( xNbA0, yNbA0 ) to ( xNbA1, yNbA1 ):
…
4. When sps_affine_enabled_flag is equal to 1MaxNumAffineMergeCand is greater than 0, the variable availableFlagB is set equal to FALSE and the following applies for ( xNbBk, yNbBk ) from ( xNbB0, yNbB0 ) to ( xNbB2, yNbB2 ):
…
5. When sps_affine_enabled_flag is equal to 1MaxNumAffineMergeCand is greater than 0, ther following applies
…
6. The initial subblock merging candidate list, subblockMergeCandList, is constructed as follows:
i = 0
j = 0
if( availableFlagSbCol )
	subblockMergeCandList[ i++ ] = SbCol
if( availableFlagA && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = A
	j++
if( availableFlagB && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = B
	j++
if( availableFlagConst1 && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = Const1		(694)
	j++
if( availableFlagConst2 && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = Const2
	j++
if( availableFlagConst3 && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = Const3
	j++
if( availableFlagConst4 && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = Const4
	j++
if( availableFlagConst5 && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = Const5
	j++
if( availableFlagConst6 && i < MaxNumSubblockMergeCand && j < MaxNumAffineMergeCand )
	subblockMergeCandList[ i++ ] = Const6
	j++
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