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Abstract
This contribution presents results of GDR implementation for ECM4.0 [1]. GDR has been implemented in VTM [2] and then ported in ECM-3.0 [3. This GDR implementation has been tested with all new tools of ECM except ALF enabled and no leaks are observed.
It is proposed to add this GDR implementation to the ECM reference software.
Simulations were conducted under LDB and LDP configuration, the results shows 14.3% loss for class D compared to an anchor with 1 Intra picture every second.
In the version 3 of the contribution a combination with JVET-Z0105 [4] is proposed to handle the Virtual boundary processing. Hence ALF is enabled for this combination, the results shows 11.9% loss for class D.
Introduction
Enhanced Compression Model (ECM) [1] is currently under coordinated exploration study by the Joint Video Exploration Team (JVET) of ITU-T VCEG and ISO/IEC MPEG as potential enhanced video coding technology beyond the capabilities of VVC. One of functionalities that VVC supports is Gradual Decoding Refresh (GDR). Many of coding tools in VVC however may cause leaks for GDR. VTM includes a GDR implementation, where constraints are imposed on those coding tools to prevent leaks. Similar GDR implementation was ported into ECM 4.0 and was extended with additional constraints to address ECM new coding tools.
Experimental results
Simulations were conducted over JVET test sequences. GDR tests are performed using low-delay B configuration with the following setting:
· The number of reference pictures is set to 2
· No intra QP offset and flat qp are used
· GOP size is set to 1
· Sequence start with an IDR, then the GDR period is set to FrameRate + 4

For comparison purpose, anchor bitstreams are encoded using an IDR frame instead of GDR frame.
ALF is enabled in the Anchor.
The performance results are shown in Table 1 in terms of BD rate. The overall performance loss of GDR against the anchor is about 14.3% for class D. 


Table 1: Simulation Results of proposed GDR without ALF in LDP
	
	Low delay P Main10 

	
	Over ECM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class C
	10.17%
	20.07%
	21.57%
	117%
	116%

	Class E
	32.29%
	57.66%
	51.04%
	114%
	145%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	14.33%
	22.12%
	22.93%
	111%
	128%

	  Class F
	  23.06% #VALUE!
	35.69%#VALUE!
	35.48%#VALUE!
	106%  #DIV/0!
	140%#DIV/0!



The performance results of the combination with Z0105, that allows to enable ALF in the test, are shown in Table 2 in terms of BD rate. The overall performance loss of GDR against the anchor is about 11.9% for class D.

Table 2: Simulation Results of proposed GDR with ALF in LDP (combination with Z0105)
	
	Low delay P Main10 

	
	Over ECM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class C
	7.09%
	8.66%
	9.32%
	113%
	104%

	Class E
	19.64%
	26.01%
	27.42%
	114%
	109%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	11.95%
	14.98%
	15.21%
	108%
	102%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!




Observations
In some cases, for CUs at the boundary between clean and dirty region, no intra modes are available. The MPM list construction leads to having not valid mode (like Planar with PDPC) or not solid mode (taken from above-right position). One turn around is to enable MIP, as this mode only uses left and above template and is coded separately from other intra modes.

In AML, the reordering of merge candidates can invalidate a lot of motion vector candidates, so disabling AML for GDR may be beneficial in term of BD-Rate performances.
Conclusion
GDR implementation was ported into ECM 4.0. Simulations were conducted under low-delay BP configuration. The implementation was tested for leaks, and with enabling all the new ECM’s coding tools except ALF, no leaks are observed. The preliminary results show a loss of 14.3% against the anchor, which is noticeably more than approximatively equivalent to the loss obtained by GDR in VTM. 
Studying the interaction of GDR with the ECM tools could be beneficial, and may increase the perfomance of GDR.
It is proposed to add this GDR implementation in the ECM reference software. 
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