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Abstract
This document proposes modifications for SPS-level signaling of MTS-related flags in order to remove unnecessary dependencies between explicitly signalled and implicitly defined transform selection. 
Introduction
In VTM-6.0, separable transform selection can be made by explicitly signaling transform candidates, or it can be implicitly defined. For example, if a CU is partitioned into multiple TUs based on ISP or SBT, then separable transforms are implicitly derived (i.e., not signalled). 
Currently, in VVC (JVET-O2001-v14),  SPS-level flags provide the following functionalities for transform selection:
· sps_explicit_mts_intra_enabled_flag and sps_explicit_mts_inter_enabled_flag are used to determine if MTS is explicitly signalled for intra and inter coded (luma) TUs, respectively.
· If explicit signaling of MTS is disabled completely, sps_mts_enabled_flag determines if intra (luma) TUs use implicitly derived transform combinations.
· If all the above flags are disabled, then DCT-2 becomes the only transform used in TUs (including ISP and SBT).
The current design has following issues:
1) Explicit MTS flags sps_explicit_mts_intra_enabled_flag and sps_explicit_mts_inter_enabled_flag can enable implicit MTS derivation even though it is set to be disabled (i.e., VTM-6.0 configuration is set to MTSImplicit = 0). For example, when only inter MTS is enabled and implicit MTS is disabled (i.e., when VTM-6.0 configurations are MTS=2 and MTSImplicit = 0), VTM-6.0 enables implicit transform for intra blocks. In other words, the implicit MTS derivation for intra can depend on inter MTS flag.
2) Flags sps_explicit_mts_intra_enabled_flag, sps_explicit_mts_inter_enabled_flag and sps_mts_enabled_flag can modify the transform derivation for SBT and ISP, which is counter-intuitive.  If all these three flags are disabled, only DCT-2 transform can be used in all TUs. On top of this, if only inter MTS flag is enabled, then ISP uses a combination of DCT-2 and DST-7. In other words, transform derivation on ISP (which is an intra coding tool) can depend on inter MTS flag. Similarly, transform derivation for SBT (which is an inter coding tool) can depend on Intra MTS flag.
This proposal aims to remove the inter-dependecies described above and provides a cleaner high-level syntax design. The following section proposes three methods, where all of them can provide the same set of functionalities as VTM-6.0. The methods described in Sections 2.2 and 2.3 provide more flexibility. 


Proposed Methods
In the following subsections, three alternative methods are proposed for signalling transform related SPS elements. 
Common aspects in proposed methods: The common aspect shared by all the proposed methods is that they remove sps_mts_enabled_flag and introduce sps_implicit_intra_mts_enabled_flag to have separate flags to control implicit and explicit transform signaling and remove the dependecy between them. 
sps_implicit_intra_mts_enabled_flag is signaled only if SPS flag for the explicit intra MTS is not signaled (i.e., if sps_explicit_mts_intra_enabled_flag is disabled) so that sps_implicit_intra_mts_enabled_flag does not have any effect on the implicit transform derivation for ISP and SBT. If sps_implicit_intra_mts_enabled_flag  is enabled, it only modifies the transform derivation for non-ISP coded intra predicted CUs/TUs. Specifically, the proposed methods define sps_implicit_intra_mts_enabled_flag and modify sps_explicit_mts_intra_enabled_flag as follows, where the modifications are highlighted in green:
sps_explicit_mts_intra_enabled_flag equal to 1 specifies that tu_mts_idx may be present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is not present in the bitstream. sps_explicit_mts_intra_enabled_flag equal to 0 specifies that tu_mts_idx is not present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is present in the bitstream. When not present, the value of sps_explicit_mts_intra_enabled_flag is inferred to be equal to 0.
sps_implicit_intra_mts_enabled_flag equal to 1 specifies that implicit transform derivation is enabled for non-ISP coded intra predicted coding/transform units. sps_implicit_intra_mts_enabled_flag  equal to 0 specifies that implicit transform derivation is disabled for non-ISP coded intra predicted coding/transform units. When not present, the value of sps_implicit_intra_mts_enabled_flag  is inferred to be equal to 0.
Differences between proposed methods: The difference between following methods is mainly about how implicit transform derivations are controlled. In addition to the above common aspects, the following flags are proposed to provide different levels of flexibility:
· Method 1 introduces sps_implicit_dct2_flag to either (i) disable (i.e., do not signal) all transform selection related flags and only use DCT-2 (vertically and horizontally) for all CU/TUs, or (ii) keep the current VTM-6.0 functionalities defined by sps_explicit_mts_intra_enabled_flag, sps_explicit_mts_inter_enabled_flag, sps_isp_enabled_flag and sps_sbt_enabled_flag. So, sps_implicit_dct2_flag can be viewed as a global (master) flag that can disable all SPS-level MTS flags and use DCT-2 only. 
· Method 2 introduces the sps_implicit_dct2_isp_sbt_flag to control transform selection for both SBT and ISP. If sps_implicit_dct2_isp_sbt_flag is enabled, then both SBT and ISP uses only DCT-2 transform, otherwise if sps_implicit_dct2_isp_sbt_flag is disabled, their default derivation scheme based on combinations of DST-7, DCT-8 and DCT-2 is applied.
· Method 3 introduces sps_implicit_dct2_isp_flag and sps_implicit_dct2_sbt_flag flags to separately control transform selection for SBT and ISP. So, it allows more flexible control as compared to Method 2.
[bookmark: _Hlk20177081]The draft text changes (on top of JVET-O2001-v14) associated with the proposed methods are described in the following subsections. 
Method 1
7.3.2.3 Sequence parameter set RBSP syntax
   … 
   …
		sps_mmvd_enabled_flag
	u(1)

		sps_isp_enabled_flag
	u(1)

		sps_mrl_enabled_flag
	u(1)

		sps_mip_enabled_flag
	u(1)

		if( ChromaArrayType != 0 )
	

			sps_cclm_enabled_flag
	u(1)

			if( sps_cclm_enabled_flag  &&  chroma_format_idc  = =  1 ) 
	

			sps_cclm_colocated_chroma_flag
	u(1)

		sps_mts_enabled_flag
	u(1)

		if( sps_mts_enabled_flag ) {
	

	    sps_implicit_dct2_flag
	u(1)

	    if ( sps_implicit_dct2_flag = = 0 ) {
	

			sps_explicit_mts_intra_enabled_flag
	u(1)

			sps_explicit_mts_inter_enabled_flag
	u(1)

		}
	

	        if ( sps_explicit_mts_intra_enabled_flag = = 0 )
	

	                sps_implicit_intra_mts_enabled_flag 
	

	    }
	

		sps_sbt_enabled_flag
	u(1)

		if( sps_sbt_enabled_flag )
	

			sps_sbt_max_size_64_flag
	u(1)

		sps_affine_enabled_flag
	u(1)

		if( sps_affine_enabled_flag ) {
	

			sps_affine_type_flag
	u(1)

			sps_affine_amvr_enabled_flag
	u(1)

			sps_affine_prof_enabled_flag
	u(1)

		}
	


   …
   …
[bookmark: _Ref291775503][bookmark: _Toc311216766][bookmark: _Toc317198739][bookmark: _Toc415475849][bookmark: _Toc423599124][bookmark: _Toc423601628]7.3.8.11 Residual coding syntax

	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

		if( ( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
		  ( sps_implicit_dct2_flag = = 0 && cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
		   &&  cIdx = = 0  &&  log2TbWidth > 4 )
	

			log2ZoTbWidth = 4
	

		else
	

			log2ZoTbWidth = Min( log2TbWidth, 5 )
	

		MaxCcbs = 2 * ( 1 << log2TbWidth ) * ( 1<< log2TbHeight )
	

		if( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
		  ( sps_implicit_dct2_flag = = 0 && cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
		   &&  cIdx = = 0  &&  log2TbHeight > 4 )
	

			log2ZoTbHeight = 4
	


…
…
7.4.3.1 Decoding parameter set RBSP semantics
…
…
sps_mts_enabled_flag equal to 1 specifies that sps_explicit_mts_intra_enabled_flag is present in the sequence parameter set RBSP syntax and that sps_explicit_mts_inter_enabled_flag is present in the sequence parameter set RBSP syntax. sps_mts_enabled_flag equal to 0 specifies that sps_explicit_mts_intra_enabled_flag is not present in the sequence parameter set RBSP syntax and that sps_explicit_mts_inter_enabled_flag is not present in the sequence parameter set RBSP syntax.
sps_explicit_mts_intra_enabled_flag equal to 1 specifies that tu_mts_idx may be present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is not present in the bitstream. sps_explicit_mts_intra_enabled_flag equal to 0 specifies that tu_mts_idx is not present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is present in the bitstream. When not present, the value of sps_explicit_mts_intra_enabled_flag is inferred to be equal to 0.
sps_explicit_mts_inter_enabled_flag equal to 1 specifies that tu_mts_idx may be present in the transform unit syntax for inter coding units. sps_explicit_mts_inter_enabled_flag equal to 0 specifies that tu_mts_idx is not present in the transform unit syntax for inter coding units. When not present, the value of sps_explicit_mts_inter_enabled_flag is inferred to be equal to 0.
sps_implicit_intra_mts_enabled_flag equal to 1 specifies that implicit transform derivation is enabled for non-ISP coded intra predicted coding/transform units. sps_implicit_intra_mts_enabled_flag  equal to 0 specifies that implicit transform derivation is disabled for non-ISP coded intra predicted coding/transform units. When not present, the value of sps_implicit_intra_mts_enabled_flag  is inferred to be equal to 0.
sps_implicit_dct2_flag equal to 0 specifies that sps_explicit_mts_intra_enabled_flag and  sps_explicit_mts_inter_enabled_flag are present in the bistream. sps_implicit_dct2_flag equal to 1 specifies that sps_explicit_mts_intra_enabled_flag and sps_explicit_mts_inter_enabled_flag are not present in the bitstream, and trTypeHor and trTypeVer are inferred as 0 (i.e., only DCT-2 is used for all TUs on which transform skip is not applied).
…
…
[bookmark: _Ref522119035][bookmark: _Toc15254023]8.7.4 Transformation process for scaled transform coefficients
[bookmark: _Ref522130276]8.7.4.1 General
…
…
The variable implicitIntraMtsEnabled is derived as follows:
· If one of the following conditions is true, implicitIntraMtsEnabled is set equal to 1:
· IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT and sps_implicit_dct2 flag is equal to 0
· cu_sbt_flag is equal to 1 and Max( nTbW, nTbH ) is less than or equal to 32
· sps_implicit_intra_mts_enabled_flag is equal to 1 sps_explicit_mts_intra_enabled_flag is equal to 0 and CuPredMode[ 0 ][ xTbY ][ yTbY ] is equal to MODE_INTRA and lfnst_idx[ x0 ][ y0 ] is equal to 0 and intra_mip_flag[ x0 ][ y0 ] is equal to 0
· Otherwise, implicitIntraMtsEnabled implicitMtsEnabled is set equal to 0.
The variable trTypeHor specifying the horizontal transform kernel and the variable trTypeVer specifying the vertical transform kernel are derived as follows:
· If cIdx is greater than 0, trTypeHor and trTypeVer are set equal to 0.
· Otherwise, if implicitIntraMtsEnabled implicitMtsEnabled is equal to 1, the following applies:
· If IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT or sps_explicit_mts_intra_enabled_flag is equal to 0 and CuPredMode[ 0 ][ xTbY ][ yTbY ] is equal to MODE_INTRA, trTypeHor and trTypeVer are derived as follows:
trTypeHor = ( nTbW >= 4  &&  nTbW <= 16 ) ? 1 : 0	(8‑975)
trTypeVer = ( nTbH >= 4  &&  nTbH <= 16 ) ? 1 : 0	(8‑976)
· [bookmark: _GoBack]Otherwise, if (cu_sbt_flag is equal to 1 and sps_implicit_dct2_isp_sbt_ flag is equal to 0), trTypeHor and trTypeVer are specified in Table 8‑15 depending on cu_sbt_horizontal_flag and cu_sbt_pos_flag.
· Otherwise, trTypeHor and trTypeVer are specified in Table 8‑14 depending on tu_mts_idx[ xTbY ][ yTbY ].
…
…
Method 2
7.3.2.3 Sequence parameter set RBSP syntax
   … 
   …
		sps_mmvd_enabled_flag
	u(1)

		sps_isp_enabled_flag
	u(1)

		sps_mrl_enabled_flag
	u(1)

		sps_mip_enabled_flag
	u(1)

		if( ChromaArrayType != 0 )
	

			sps_cclm_enabled_flag
	u(1)

			if( sps_cclm_enabled_flag  &&  chroma_format_idc  = =  1 ) 
	

			sps_cclm_colocated_chroma_flag
	u(1)

		sps_mts_enabled_flag
	u(1)

		if( sps_mts_enabled_flag ) {
	

			sps_explicit_mts_intra_enabled_flag
	u(1)

			sps_explicit_mts_inter_enabled_flag
	u(1)

		}
	

	     if ( sps_explicit_mts_intra_enabled_flag = = 0 )
	

	         sps_implicit_intra_mts_enabled_flag 
	u(1)

		sps_sbt_enabled_flag
	u(1)

		if( sps_sbt_enabled_flag )
	

			sps_sbt_max_size_64_flag
	u(1)

		if( sps_sbt_enabled_flag = = 1 || sps_isp_enabled_flag = = 1 )
	

			sps_implicit_dct2_isp_sbt_flag
	u(1)

		sps_affine_enabled_flag
	u(1)

		if( sps_affine_enabled_flag ) {
	

			sps_affine_type_flag
	u(1)

			sps_affine_amvr_enabled_flag
	u(1)

			sps_affine_prof_enabled_flag
	u(1)

		}
	


   …
   …
7.3.8.11 Residual coding syntax

	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

		if( ( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
		  ( sps_implicit_dct2_isp_sbt_flag = = 0 && cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
		   &&  cIdx = = 0  &&  log2TbWidth > 4 )
	

			log2ZoTbWidth = 4
	

		else
	

			log2ZoTbWidth = Min( log2TbWidth, 5 )
	

		MaxCcbs = 2 * ( 1 << log2TbWidth ) * ( 1<< log2TbHeight )
	

		if( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
		  ( sps_implicit_dct2_isp_sbt_flag = = 0 &&  cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
		   &&  cIdx = = 0  &&  log2TbHeight > 4 )
	

			log2ZoTbHeight = 4
	


…
…
7.4.3.1 Decoding parameter set RBSP semantics
…
…
sps_mts_enabled_flag equal to 1 specifies that sps_explicit_mts_intra_enabled_flag is present in the sequence parameter set RBSP syntax and that sps_explicit_mts_inter_enabled_flag is present in the sequence parameter set RBSP syntax. sps_mts_enabled_flag equal to 0 specifies that sps_explicit_mts_intra_enabled_flag is not present in the sequence parameter set RBSP syntax and that sps_explicit_mts_inter_enabled_flag is not present in the sequence parameter set RBSP syntax.
sps_explicit_mts_intra_enabled_flag equal to 1 specifies that tu_mts_idx may be present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is not present in the bitstream. sps_explicit_mts_intra_enabled_flag equal to 0 specifies that tu_mts_idx is not present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is present in the bitstream. When not present, the value of sps_explicit_mts_intra_enabled_flag is inferred to be equal to 0.
sps_explicit_mts_inter_enabled_flag equal to 1 specifies that tu_mts_idx may be present in the transform unit syntax for inter coding units. sps_explicit_mts_inter_enabled_flag equal to 0 specifies that tu_mts_idx is not present in the transform unit syntax for inter coding units. When not present, the value of sps_explicit_mts_inter_enabled_flag is inferred to be equal to 0.
[bookmark: _Hlk20170604]sps_implicit_intra_mts_enabled_flag equal to 1 specifies that implicit transform derivation is enabled for non-ISP coded intra predicted coding/transform units. sps_implicit_intra_mts_enabled_flag  equal to 0 specifies that implicit transform derivation is disabled for non-ISP coded intra predicted coding/transform units. When not present, the value of sps_implicit_intra_mts_enabled_flag  is inferred to be equal to 0.
[bookmark: _Hlk20175265]sps_implicit_dct2_isp_sbt_flag equal to 1 specifies that implicit transform derivation for ISP and SBT is disabled, and trTypeHor and trTypeVer are inferred as 0 (i.e., only separable DCT-2 is used). sps_implicit_dct2_isp_sbt_flag equal to 0 specifies that implicit transform derivation for ISP and SBT is enabled. When not present, the value of sps_implicit_dct2_isp_sbt_flag is inferred to be equal to 0. 
…
…
8.7.4 Transformation process for scaled transform coefficients
8.7.4.1 General
…
…
The variable implicitIntraMtsEnabled is derived as follows:
· If sps_mts_enabled_flag is equal to 1 and one of the following conditions is true, implicitIntraMtsEnabled is set equal to 1:
· IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT and sps_implicit_dct2_isp_sbt_flag is equal to 0
· cu_sbt_flag is equal to 1 and Max( nTbW, nTbH ) is less than or equal to 32
· sps_implicit_intra_mts_enabled_flag is equal to 1 sps_explicit_mts_intra_enabled_flag is equal to 0 and CuPredMode[ 0 ][ xTbY ][ yTbY ] is equal to MODE_INTRA and lfnst_idx[ x0 ][ y0 ] is equal to 0 and intra_mip_flag[ x0 ][ y0 ] is equal to 0
· Otherwise, implicitIntraMtsEnabled implicitMtsEnabled is set equal to 0.
The variable trTypeHor specifying the horizontal transform kernel and the variable trTypeVer specifying the vertical transform kernel are derived as follows:
· [bookmark: _Hlk20172570]If cIdx is greater than 0, trTypeHor and trTypeVer are set equal to 0.
· Otherwise, if implicitIntraMtsEnabled implicitMtsEnabled is equal to 1, the following applies:
· If IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT or sps_explicit_mts_intra_enabled_flag is equal to 0 and CuPredMode[ 0 ][ xTbY ][ yTbY ] is equal to MODE_INTRA, trTypeHor and trTypeVer are derived as follows:
trTypeHor = ( nTbW >= 4  &&  nTbW <= 16 ) ? 1 : 0	(8‑975)
trTypeVer = ( nTbH >= 4  &&  nTbH <= 16 ) ? 1 : 0	(8‑976)
· Otherwise, if cu_sbt_flag is equal to 1 and sps_implicit_dct2_isp_sbt_flag is equal to 0, trTypeHor and trTypeVer are specified in Table 8‑15 depending on cu_sbt_horizontal_flag and cu_sbt_pos_flag.
· Otherwise, trTypeHor and trTypeVer are specified in Table 8‑14 depending on tu_mts_idx[ xTbY ][ yTbY ].
…
…


Method 3
7.3.2.3 Sequence parameter set RBSP syntax
   … 
   …
		sps_mmvd_enabled_flag
	u(1)

		sps_isp_enabled_flag
	u(1)

	    if( sps_isp_enabled_flag = = 1 )
	

			sps_implicit_dct2_isp_flag
	u(1)

		sps_mrl_enabled_flag
	u(1)

		sps_mip_enabled_flag
	u(1)

		if( ChromaArrayType != 0 )
	

			sps_cclm_enabled_flag
	u(1)

			if( sps_cclm_enabled_flag  &&  chroma_format_idc  = =  1 ) 
	

			sps_cclm_colocated_chroma_flag
	u(1)

		sps_mts_enabled_flag
	u(1)

		if( sps_mts_enabled_flag ) {
	

			sps_explicit_mts_intra_enabled_flag
	u(1)

			sps_explicit_mts_inter_enabled_flag
	u(1)

		}
	

	        if ( sps_explicit_mts_intra_enabled_flag = = 0 )
	

	                sps_implicit_intra_mts_enabled_flag 
	u(1)

		sps_sbt_enabled_flag
	u(1)

		if( sps_sbt_enabled_flag )
	

			sps_sbt_max_size_64_flag
	u(1)

		if( sps_sbt_enabled_flag = = 1 )
	

			sps_implicit_dct2_sbt_flag
	u(1)

		sps_affine_enabled_flag
	u(1)

		if( sps_affine_enabled_flag ) {
	

			sps_affine_type_flag
	u(1)

			sps_affine_amvr_enabled_flag
	u(1)

			sps_affine_prof_enabled_flag
	u(1)

		}
	


   …
   …
7.3.8.11 Residual coding syntax

	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

		if( ( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
		  ( sps_implicit_dct2_sbt_flag = = 0 &&  
cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
		   &&  cIdx = = 0  &&  log2TbWidth > 4 )
	

			log2ZoTbWidth = 4
	

		else
	

			log2ZoTbWidth = Min( log2TbWidth, 5 )
	

		MaxCcbs = 2 * ( 1 << log2TbWidth ) * ( 1<< log2TbHeight )
	

		if( tu_mts_idx[ x0 ][ y0 ] > 0 | | 
		  ( sps_implicit_dct2_sbt_flag = = 0 &&  
cu_sbt_flag  &&  log2TbWidth < 6  &&  log2TbHeight < 6 ) )
		   &&  cIdx = = 0  &&  log2TbHeight > 4 )
	

			log2ZoTbHeight = 4
	


…
…

7.4.3.1 Decoding parameter set RBSP semantics
…
…
[bookmark: _Hlk20177468]sps_mts_enabled_flag equal to 1 specifies that sps_explicit_mts_intra_enabled_flag is present in the sequence parameter set RBSP syntax and that sps_explicit_mts_inter_enabled_flag is present in the sequence parameter set RBSP syntax. sps_mts_enabled_flag equal to 0 specifies that sps_explicit_mts_intra_enabled_flag is not present in the sequence parameter set RBSP syntax and that sps_explicit_mts_inter_enabled_flag is not present in the sequence parameter set RBSP syntax.
sps_explicit_mts_intra_enabled_flag equal to 1 specifies that tu_mts_idx may be present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is not present in the bitstream. sps_explicit_mts_intra_enabled_flag equal to 0 specifies that tu_mts_idx is not present in the transform unit syntax for intra coding units and sps_implicit_intra_mts_enabled_flag is present in the bitstream. When not present, the value of sps_explicit_mts_intra_enabled_flag is inferred to be equal to 0.
sps_explicit_mts_inter_enabled_flag equal to 1 specifies that tu_mts_idx may be present in the transform unit syntax for inter coding units. sps_explicit_mts_inter_enabled_flag equal to 0 specifies that tu_mts_idx is not present in the transform unit syntax for inter coding units. When not present, the value of sps_explicit_mts_inter_enabled_flag is inferred to be equal to 0.
sps_implicit_intra_mts_enabled_flag equal to 1 specifies that implicit transform derivation is enabled for non-ISP coded intra predicted coding/transform units. sps_implicit_intra_mts_enabled_flag  equal to 0 specifies that implicit transform derivation is disabled for non-ISP coded intra predicted coding/transform units. When not present, the value of sps_implicit_intra_mts_enabled_flag  is inferred to be equal to 0.
sps_implicit_dct2_isp_flag equal to 1 specifies that implicit transform derivation for ISP is disabled, and trTypeHor and trTypeVer are inferred as 0 (i.e., only separable DCT-2 is used).sps_implicit_dct2_isp_flag equal to 0 specifies that implicit transform derivation for ISP is enabled. When not present, the value of sps_implicit_dct2_isp_flag is inferred to be equal to 0. 
sps_implicit_dct2_sbt_flag equal to 1 specifies that implicit transform derivation for SBT is disabled , and trTypeHor and trTypeVer are inferred as 0 (i.e., only separable DCT-2 is used). sps_implicit_dct2_sbt_flag equal to 0 specifies that implicit transform derivation for  SBT is enabled. When not present, the value of sps_implicit_dct2_sbt_flag is inferred to be equal to 0. 
…
…

8.7.4 Transformation process for scaled transform coefficients
8.7.4.1 General
…
…
The variable implicitIntraMtsEnabled is derived as follows:
· If sps_mts_enabled_flag is equal to 1 and one of the following conditions is true, implicitIntraMtsEnabled is set equal to 1:
· IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT and sps_implicit_dct2_isp_flag is equal to 0
· cu_sbt_flag is equal to 1 and Max( nTbW, nTbH ) is less than or equal to 32
· sps_implicit_intra_mts_enabled_flag  is equal to 1 sps_explicit_mts_intra_enabled_flag is equal to 0and CuPredMode[ 0 ][ xTbY ][ yTbY ] is equal to MODE_INTRA and lfnst_idx[ x0 ][ y0 ] is equal to 0 and intra_mip_flag[ x0 ][ y0 ] is equal to 0
· Otherwise, implicitIntraMtsEnabled implicitMtsEnabledis set equal to 0.
The variable trTypeHor specifying the horizontal transform kernel and the variable trTypeVer specifying the vertical transform kernel are derived as follows:
· If cIdx is greater than 0, trTypeHor and trTypeVer are set equal to 0.
· Otherwise, if implicitIntraMtsEnabled implicitMtsEnabled is equal to 1, the following applies:
· If IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT or sps_explicit_mts_intra_enabled_flag is equal to 0 and CuPredMode[ 0 ][ xTbY ][ yTbY ] is equal to MODE_INTRA, trTypeHor and trTypeVer are derived as follows:
trTypeHor = ( nTbW >= 4  &&  nTbW <= 16 ) ? 1 : 0	(8‑975)
trTypeVer = ( nTbH >= 4  &&  nTbH <= 16 ) ? 1 : 0	(8‑976)
· Otherwise, if (cu_sbt_flag is equal to 1 and sps_implicit_dct2_sbt_flag is equal to 0), trTypeHor and trTypeVer are specified in Table 8‑15 depending on cu_sbt_horizontal_flag and cu_sbt_pos_flag.
· Otherwise, trTypeHor and trTypeVer are specified in Table 8‑14 depending on tu_mts_idx[ xTbY ][ yTbY ].
…
…

Recommendation
It is recommended to adopt one of the methods described in Section 2 in VVC. The authors of this document primarily recommend the most flexible variant described in Section 2.3 (Method 3).
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