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Abstract

This contribution proposes changes to the non-separable secondary transform (NSST) process in JEM 2.0, with an on (i) using a unified binarization for NSST index coding and (ii) adaptively signalling the NSST index on a CU and TU level.  The specific changes are as follows: First, instead of using two binarization methods based on intra prediction mode and partition size as is done in JEM 2.0, the contribution proposes to code the NSST index with a truncated unary binarization method and adjust the context model to reflect the statistics of the index based on the intra prediction mode and partition size. Second, the contribution proposes to code the NSST index first at a CU level and then conditionally signal a TU level flag to indicate whether NSST is applied. Finally, the contribution proposes to remove the bit-stream restriction currently precluding enabling NSST and PDPC at the same. Using these three proposals, it is reported that an improvement of 0.6%, 0.3%, 0.1%, 0.1% luma BD-rate savings is observed for AI, RA, LD (B), and LD (P) configurations, respectively. 
1 Introduction
During last February meeting, two contributions [1] [2] were proposed for improving NSST coding in JEM 1.0. Our proposal, JVET-B0051 [1], introduced techniques including unified binarization and harmonization between non-separable secondary transform (NSST) and position dependent intra prediction coding (PDPC). Additionally, JVET-B0059 [2] proposed, instead of the existing CU level NSST, a TU level NSST coding structure where the TU level flag is transmitted to indicate whether NSST is applied. As a result of the last meeting, it was decided to consider the two contributions in the Exploration Experiments (EEs) [3]. Specifically, this contribution is in response to [1] assigned as EE2.3. The followings are specific mandates to be investigated in EE2.3: 
(1) An alternative method for signalling the NSST index (NSST_idx).  Specifically, instead of using two binarization methods based on intra prediction mode and partition size, the proposal codes NSST_idx with a unified binarization method and adjusts the context model to reflect the statistics of the index based on the intra prediction mode and partition size. 

(2) To remove the bit-stream restriction disallowing NSST and PDPC to be enabled in the same CU or PU, as it is asserted that the combination has negligible impact on decoder complexity. Possible to replace the bit-stream restriction with an encoder restriction in the CTC if preferred by the group.
In addition, according to [3], it was desired to study potential interaction with TU based NSST coding [2]. As a result of investigation of EE2.3, this contribution proposed combined CU-TU NSST index coding. This includes the following techniques.

1) Using TU binarization for NSST index coding and adjusts context modeling based on intra prediction mode and partition type.

2) Coding NSST index in CU level and send TU level flag to indicate whether NSST is applied  
3) Removing the restriction disallowing NSST restriction based on PDPC flag
2 Proposed combined CU-TU NSST index coding 
2.1 Unified binarization and context modeling for NSST index coding
In JEM 2.0 [4], the NSST index binarization method depends on the intra prediction mode and partition size. For example, if intra prediction mode is DC or planar and PU partition size is equal to 2Nx2N, then the NSST index range from 0 to 2 (three cases) is coded with truncated unary binarization. For the other cases, NSST_idx range from 0 to 3 is coded using fixed length binarization. All bins for NSST_idx are context coded. 
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Figure 1 Truncated Unary binarization

In this contribution, instead of using two binarization based on intra prediction mode and partition size, we propose to use a unified truncated unary binarization. Examples of truncated unary binarization are shown in Figure 1. In order to reflect the statistical distribution of the NSST index based on intra prediction mode and partition size, context index (i.e. ctx_idx) is to be adjusted as follows.


ctx_idx = 2*bin_index + context set; (where bin_idx ϵ {0, 1, 2})



if (intra prediction mode <= DC && partition type ==2Nx2N) 




context set = 1;
          else 




context set = 0;
2.2 NSST index coding 
In this contribution, we propose to code the NSST index in each CU level and then send a TU level flag to indicate whether NSST is to be applied or not. The overall structure is shown in Figure 3. For 2Nx2N mode (partition size is equal to 2Nx2N), no TU level flag is coded because the TU and CU are the same size in intra mode where NSST is enabled. For NxN mode, as shown in Figure 2, the NSST index is updated based on NSST_CU_idx and NSST_TU_flag.  Here, as in JEM2.0, NSST_CU_idx is signalled when non-zero coefficient exist in the given CU. 
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Figure 2 Combined CU-TU NSST index coding structure (Partition Type = NxN)

2.3 Remove PDPC restriction 
In JEM 2.0, NSST is enabled only if PDPC flag (PDPC_idx) is equal to zero, which is signaled at the CU level. In this contribution, we propose to remove this dependency between NSST and PDPC, so that NSST can be enabled regardless of PDPC flag. The following is the corresponding syntax change.

	coding_unit( x0, y0, log2CbSize ) {
	Descriptor

	
…
	

	

pdpc_idx
	ae(v)

	
…
	

	
If( transquant_bypass_enabled_flag = =0 && pdpc_idx = =0 && CuPredMode[ x0 ][ y0 ]  = =  MODE_INTRA)
	

	{
	

	
nsst_idx[ x0 ][ y0 ]
	ae(v)

	
…
	

	}
	


3. Experimental results
The experiments were conducted following the JEM2.0 common test condition [5]. Table 2 shows experimental results based on improved intra coding tools. As shown in Table 2, it is observed that an improvement of 0.6%, 0.3%, 0.1%, 0.1% luma BD-rate savings is observed for AI, RA, LD (B), and LD (P) configurations, respectively. The highest BD-rate gains have been observed in Class A2 for intra configuration. 
Table 2 – Experimental results based on the proposed combined CU-TU NSST
	
	All Intra Main10

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.50%
	-0.20%
	-0.80%
	136%
	102%

	Class A2
	-0.71%
	-0.81%
	-0.92%
	125%
	96%

	Class B
	-0.48%
	-0.42%
	-0.59%
	150%
	108%

	Class C
	-0.60%
	-0.14%
	-0.07%
	181%
	118%

	Class D
	-0.65%
	-0.15%
	-0.15%
	160%
	109%

	Class E
	-0.47%
	-0.14%
	0.29%
	129%
	98%

	Overall 
	-0.57%
	-0.32%
	-0.41%
	147%
	105%

	Class F (optional)
	-0.54%
	-0.59%
	-0.21%
	143%
	101%


	
	Random Access Main10

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.26%
	0.19%
	-0.87%
	105%
	96%

	Class A2
	-0.47%
	-0.66%
	-0.89%
	113%
	106%

	Class B
	-0.21%
	-0.29%
	-0.56%
	111%
	103%

	Class C
	-0.32%
	-0.43%
	-0.47%
	113%
	102%

	Class D
	-0.25%
	-0.46%
	-0.38%
	113%
	103%

	Overall 
	-0.30%
	-0.33%
	-0.63%
	111%
	102%

	Class F (optional)
	-0.34%
	-0.52%
	-0.69%
	111%
	102%


	
	Low delay B Main10

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.05%
	-0.36%
	-0.35%
	120%
	112%

	Class C
	-0.04%
	-0.33%
	-0.85%
	110%
	98%

	Class D
	0.00%
	-0.30%
	0.10%
	122%
	107%

	Class E
	-0.31%
	0.03%
	0.43%
	99%
	95%

	Overall 
	-0.09%
	-0.26%
	-0.21%
	114%
	104%

	Class F (optional)
	-0.18%
	-0.16%
	-0.44%
	107%
	100%


	
	Low delay P Main10

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.04%
	-0.11%
	-0.49%
	111%
	98%

	Class C
	0.00%
	-0.37%
	-0.51%
	121%
	103%

	Class D
	-0.07%
	-0.11%
	0.61%
	131%
	110%

	Class E
	-0.22%
	-0.09%
	0.03%
	107%
	102%

	Overall 
	-0.07%
	-0.17%
	-0.12%
	118%
	103%

	Class F (optional)
	-0.03%
	-0.05%
	0.12%
	119%
	107%


Table 3 Experimental results (without removing PDPC restriction from Table 2)
	
	All Intra Main10

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	0.47%
	0.33%
	85%
	96%

	Class A2
	-0.16%
	0.13%
	0.08%
	81%
	93%

	Class B
	-0.12%
	0.16%
	0.29%
	100%
	106%

	Class C
	-0.25%
	0.37%
	0.56%
	114%
	114%

	Class D
	-0.23%
	0.15%
	0.26%
	106%
	108%

	Class E
	-0.12%
	0.18%
	0.62%
	79%
	91%

	Overall 
	-0.15%
	0.24%
	0.34%
	94%
	102%

	Class F (optional)
	-0.36%
	-0.35%
	-0.28%
	99%
	103%


	
	Random Access Main10

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.64%
	0.19%
	91%
	95%

	Class A2
	-0.31%
	-0.07%
	-0.11%
	106%
	107%

	Class B
	-0.02%
	0.22%
	0.35%
	102%
	102%

	Class C
	-0.11%
	0.01%
	0.17%
	106%
	106%

	Class D
	-0.13%
	0.13%
	0.26%
	106%
	106%

	Overall 
	-0.11%
	0.19%
	0.18%
	102%
	103%

	Class F (optional)
	-0.26%
	-0.31%
	-0.50%
	103%
	104%


	
	Low delay B Main10

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.03%
	-0.10%
	0.15%
	120%
	120%

	Class C
	-0.04%
	0.13%
	-0.30%
	100%
	100%

	Class D
	-0.03%
	0.10%
	-0.19%
	114%
	111%

	Class E
	-0.04%
	0.90%
	1.21%
	100%
	99%

	Overall 
	-0.03%
	0.20%
	0.15%
	109%
	102%

	Class F (optional)
	-0.09%
	0.08%
	-0.03%
	102%
	109%


	
	Low delay P Main10

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.01%
	-0.07%
	0.15%
	101%
	102%

	Class C
	0.00%
	0.03%
	-0.20%
	105%
	105%

	Class D
	-0.03%
	0.72%
	0.78%
	112%
	108%

	Class E
	0.10%
	1.26%
	2.16%
	96%
	99%

	Overall 
	0.01%
	0.40%
	0.60%
	104%
	104%

	Class F (optional)
	-0.08%
	0.08%
	-0.16%
	103%
	103%


3 Conclusion
This contribution proposes changes to NSST index coding in JEM2.0. It is observed that reasonable BD-rate saving is achieved based on the introduced combined NSST CU-TU coding structure compared with the JEM 2.0. It is suggested to adopt this proposal into the JEM model.
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