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Abstract
In the April meeting, JVET decided to start developing a framework for including NN-coded reference frames into VVC / NNVC. In an approach, multi-layer coding is used, where the base layer consists of NN-coded frames while the enhancement layer consists of VTM coded frame, which have the NN-coded frames as reference. This proposal shows that omitting the motion vector search and transmission, and instead setting them to zero gives a encoding runtime reduction, without noticeable performance change.
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Introduction
JVET is currently undertaking an exploration to combine the advantages of NN-based and conventional coding methods. One approach under consideration is to use the NN-coded frame as reference for the conventional coder. One way to implement this scheme is to consider it as a multi-layer approach and use the NN-coded frame as base layer. This approach has been included into the NNVC repository as a development branch.
Proposed Method
A frame in the enhancement layer of VVC is considered as a B-Frame with the base layer frame(s) as reference. However, the NN-coded frame in the base layer was generated by compressing the current frame. It is therefore reasonable to assume that there is no motion between the current frame and that particular reference.
We propose to set the motion vectors in the enhancement layer of an I-Frame to zero if an AI-coded base layer is present. This is performed both at encoder and decoder side, yielding two distinct advantages:
· Lower encoding time, due to the omission of motion search
· Rate savings, since zero motion vectors don’t need to be transmitted
We implement this by modifying the merge mode in the case of an NN-coded base layer. At both encoder and decoder, we force the use of a merge mode and infer the merge index to be 0. The merge list is constructed to contain only a single entry with a zero motion vector (and other properties, such as no GPM, uni directional, etc)
Results
Due to a bug in the current version of the hybrid E2E branch of NNVC, which produces an error when running longer AI sequences, we preliminarily test the feature only on the first frame of each sequence. Furthermore, this branch of NNVC does not yet support LMCS in its full functionality, which is why it is turned off for all experiments. As in previous contributions, we use DCVC-FM as NN-based coder here and use the hybrid coder only for QPs larger or equal to 27. The results are for QP 22 – 42 according to the NNVC CTC. For QP 22, we use standard VTM. All NNs were run on CPU (single thread).
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	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	EncT (EL)
	DecT CPU
	PSNR Overlap

	Class A1
	0.02%
	-0.24%
	-0.15%
	0.00%
	-0.18%
	-0.08%
	91%
	61%
	#DIV/0!
	100%

	Class A2
	0.01%
	-0.12%
	-0.07%
	0.02%
	0.09%
	-0.04%
	86%
	58%
	#DIV/0!
	100%

	Class B
	-0.03%
	-0.02%
	-0.22%
	-0.05%
	-0.01%
	-0.14%
	88%
	59%
	#DIV/0!
	100%

	Class C
	-0.06%
	1.87%
	1.47%
	-0.17%
	1.43%
	0.87%
	86%
	68%
	#DIV/0!
	100%

	Class E
	-0.04%
	-0.61%
	-0.19%
	-0.19%
	0.02%
	-0.16%
	93%
	64%
	#DIV/0!
	100%

	Overall 
	-0.02%
	0.25%
	0.20%
	-0.08%
	0.30%
	0.11%
	88%
	62%
	#DIV/0!
	100%

	Class D
	-0.05%
	-0.09%
	-0.10%
	-0.29%
	-0.20%
	-0.08%
	97%
	84%
	#DIV/0!
	100%



We see that the method provides a speedup of 12% without noticeable performance changes. Since this method only touches the enhancement layer, we additionally give the encoding runtime of the enhancement layer. Here, we are able to save 62%. This shows that the runtime decrement becomes more impactful when the NN coders become more lightweight or if GPUs are used for this part of the coder.
When investigating, the reason for the chroma drop, we found that it was mainly due to one sequence (BasketballDrill). Further investigation showed that for this sequence ALF was not selected, leading to a large chroma drop. For information purposes to exclude effects of ALF interacting with NN-coded reference frame, we performed an additional test, testing our framework with ALF turned off for test and anchor. 
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	Y-PSNR
	U-PSNR
	V-PSNR
	EncT

	Class A1
	0.02%
	-0.25%
	-0.15%
	87%

	Class A2
	0.01%
	-0.10%
	-0.07%
	82%

	Class B
	-0.03%
	-0.06%
	-0.18%
	87%

	Class C
	-0.01%
	-0.05%
	-0.14%
	90%

	Class E
	-0.06%
	-0.54%
	-0.18%
	90%

	Overall 
	-0.02%
	-0.18%
	-0.15%
	87%

	Class D
	-0.05%
	-0.09%
	-0.10%
	85%


Here, we see that overall gains are possible, with runtime decreases of 13%.Conclusion
The method is a straightforward extension of the hybrid coding method, where the NN-coded frame serves as reference to the current Intra coded frame. It is logical that no motion occurs here and the motion estimation and transmission should therefore be skipped.
Experimental results support this reasoning. The method shows both rate savings and runtime reduction. The authors propose to include this modification into the hybrid E2E coding branch of NNVC.
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