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Abstract
In current VVC [1], bi-predicted 4*16, 16*4, 4*8 and 8*4 coding units (CU) and uni-predicted 4*4 CUs require much higher memory bandwidth than 8*8 bi-predicted CUs. This contribution provides the results of disabling inter-prediction for 4*4 CUs and bi-prediction for 4*N and N*4 CUs. It is reported that:
· Disable inter prediction for 4*4 CUs: there is 0.03% and 0.03% coding loss in RA and LDB Main10 configurations respectively.
· Disable inter prediction for 4*4 CUs and disable bi-prediction for 4*8 and 8*4 CUs: there is 0.xx% and 0.xx% coding loss in RA and LDB Main10 configurations respectively.
· [bookmark: _GoBack]Disable inter prediction for 4*4 CUs and disable bi-prediction for 4*8, 8*4, 4*16 and 16*4 CUs: there is 0.25% and 0.30% coding loss in RA and LDB Main10 configurations respectively.
Introduction
In current VVC, bi-predicted 4*16, 16*4, 4*8 and 8*4 coding unit (CU) and uni-predicted 4*4 CU require higher memory bandwidth than 8*8 bi-predicted CU. Tool provided in JVET-M0862 [2] is used to analyze the memory bandwidth required by these CUs, and the results are summarized in Table 1 for YCbCr 4:2:0 case. Both luma and chroma components are considered in the analysis.
Compared with HEVC wherein 8*8 bi-predicted CU requires the highest memory bandwidth, the worst-case memory bandwidth of VVC is increased by around 46% and 100% for 2*1 memory pattern and 16*2 memory pattern respectively.
[bookmark: _Ref3190385]Table 1: Memory bandwidth comparison of different block sizes.
	CUs
	2*1 memory pattern
	16*2 memory pattern

	
	Memory bandwidth
	Bandwidth / bandwidth of 8*8 bi-predicted CUs
	Memory bandwidth
	Bandwidth / bandwidth of 8*8 bi-predicted CUs

	8*8 Bi
	20.19
	100%
	36.00
	100%

	4*8 Bi 
	29.38
	146%
	72.00
	200%

	8*4 Bi
	29.38
	146%
	54.00
	150%

	4*16 Bi
	22.69
	112%
	54.00
	150%

	16*4 Bi
	22.69
	112%
	36.00
	100%

	4*4 Uni
	21.38
	106%
	54.00
	150%



Proposed method
To suppress the problem mentioned above, this contribution test disabling bi-prediction or inter-prediction for small CUs. Specifically, we run the following tests:
1. Test #1: disabling inter-prediction for 4*4 CU.
2. Test #2: Test #1 + disabling bi-prediction for 4*8 and 8*4 CUs.
3. Test #3: Test #1 + disabling bi-prediction for 4*8, 8*4, 4*16 and 16*4 CUs, including CUs coded in triangle mode.
In Test #2, the worst-case memory bandwidth of VVC is reduced to 112% and 150% of that of the 8*8 bi-predicted CU, for 2*1 memory pattern and 16*2 memory pattern respectively. In Test #3, the worst-case memory bandwidth of VVC is reduced to that of the 8*8 bi-predicted CU.
Experimental results
The proposed method was implemented on top of reference software VTM-4.0 [3], and simulations were performed following the common test conditions [4]. The results are shown in Table 2~Table 4.
[bookmark: _Ref518375567]Table 2: Coding performance of Test #1.
	
	RA
	LB

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.07%
	0.01%
	100%
	101%
	
	
	
	
	

	Class A2
	0.02%
	0.02%
	0.19%
	99%
	100%
	
	
	
	
	

	Class B
	0.03%
	0.11%
	0.16%
	98%
	100%
	0.03%
	0.00%
	0.06%
	100%
	99%

	Class C
	0.06%
	0.49%
	0.47%
	97%
	99%
	0.08%
	0.48%
	0.25%
	97%
	94%

	Class E
	 
	
	 
	 
	 
	-0.02%
	0.27%
	-0.51%
	100%
	98%

	Overall
	0.03%
	0.19%
	0.22%
	98%
	100%
	0.03%
	0.23%
	-0.02%
	99%
	97%

	Class D
	0.16%
	0.69%
	0.56%
	96%
	92%
	0.24%
	0.77%
	0.39%
	99%
	100%

	Class F
	0.13%
	0.31%
	0.29%
	98%
	98%
	0.28%
	1.06%
	0.99%
	98%
	98%


[bookmark: _Ref533840656]Table 3: Coding performance of Test #2.
	
	RA
	LB

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	
	
	
	
	
	

	Class A2
	
	
	
	
	
	
	
	
	
	

	Class B
	
	
	
	
	
	
	
	
	
	

	Class C
	
	
	
	
	
	
	
	
	
	

	Class E
	
	
	
	
	
	
	
	
	
	

	Overall
	
	
	
	
	
	
	
	
	
	

	Class D
	
	
	
	
	
	
	
	
	
	

	Class F
	
	
	
	
	
	
	
	
	
	


[bookmark: _Ref3316346]Table 4: Coding performance of Test #3.
	
	RA
	LB

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.04%
	0.25%
	98%
	100%
	
	
	
	
	

	Class A2
	0.22%
	0.61%
	0.80%
	98%
	99%
	
	
	
	
	

	Class B
	0.24%
	0.61%
	0.61%
	97%
	100%
	0.24%
	0.51%
	1.20%
	98%
	98%

	Class C
	0.49%
	1.12%
	1.23%
	95%
	98%
	0.55%
	1.22%
	1.35%
	94%
	93%

	Class E
	 
	
	 
	 
	 
	0.07%
	-0.06%
	-0.48%
	98%
	97%

	Overall
	0.25%
	0.63%
	0.74%
	97%
	99%
	0.30%
	0.60%
	0.83%
	97%
	96%

	Class D
	0.80%
	1.60%
	1.60%
	94%
	91%
	0.86%
	1.73%
	1.04%
	94%
	97%

	Class F
	0.32%
	0.59%
	0.56%
	97%
	97%
	0.45%
	0.93%
	0.71%
	96%
	99%



Conclusions
This contribution tests disabling bi-prediction and inter-prediction for small CUs. In Test #2 and Test #3, the worst-case memory bandwidth of VVC is reduced dramatically and the coding performance loss is relatively small. It is recommended to adopt it into VVC.
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