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1. Introduction

This document gives an overview regarding features of the SVC MGS scalability for rate adaptation. It introduces also how several reasonable Operation Points(OP) within the same SVC encoded bit stream are defined and describes in detail the MGS based rate adaptation approach.
2. Overview

SVC MGS scalability offers an increased flexibility for bit stream adaptation and error robustness. Scalable streams providing a variety of bit rates can be effectively encoded. For MGS coding in SVC, two new features have been introduced: motion-compensated prediction for the base layer from the enhancement layer and the supported of so-called key pictures.
These concepts are illustrated in Figure 1.
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Figure 1 –Key picture concept of SVC for hierarchical prediction structures
The first feature enables a simple but effective drift control for hierarchical prediction structures. For each picture it is signalled whether the base layer representation (when available) or the enhancement layer representation of the reference pictures is employed for motion-compensated prediction. Pictures that use the base layer representation for motion-compensated prediction are called key pictures (see Figure 1). This has the advantage that if any enhancement layer data are lost, no drift occurs between encoder and decoder reconstruction.
3. Rate adaptation using SVC MGS scalability
3.1. Rate adaptation approach
The SVC bit rate adaptation approach is based on multiple Operation Points within the same MGS-encoded scalable stream. An Operation Point (OP) is defined as a unique combination of temporal and quality levels, where reasonable combinations of different pairs of Temporal ID and Quality ID are selected in a way so that OPs can be dropped from the bit stream one after the other. An SVC MGS bit-stream consists of different NAL (Network Abstraction Layer) units with different importance for the decoding process. A Quality ID indicating the quality level and a Temporal ID indicating the temporal level are included in the NAL unit SVC header extension of each SVC NAL unit. 
Table 3 and Table 2 show for example a number of reasonable combinations of different pairs of Temporal ID and Quality ID regarding SVC encoding of a video sequence with 2 MGS quality layers and respectively 4 (GOP 8)  and 5 (GOP 16) temporal levels. Operation points are chosen in such a way that at least the base layer stream remains and the frame rate of a stream isn’t reduced.  If necessary, streams with reduced frame rates can be also built. 
From one row to the next row below, exactly one additional pair of {T, Q} is dropped from the SVC bit stream. The bit rate of a video stream is decreased by choosing of the next highest Operation Point (OP) for this stream and dropping all packets which are not needed for decoding the content at this OP. In this way an efficient bit rate adaptation is achieved.
Table 1 —Reasonable operation points with SVC MGS scalability (T, Q layer combination) (GOP 8, 2 MGS quality layers)

	OP
	T:
	0
	1
	2
	3

	
	Q:
	0
	1
	0
	1
	0
	1
	0
	1

	0
	 
	●
	●
	●
	●
	●
	●
	●
	●

	1
	 
	●
	●
	●
	●
	●
	●
	●
	x

	2
	 
	●
	●
	●
	●
	●
	x
	●
	x

	3
	 
	●
	●
	●
	x
	●
	x
	●
	x

	4
	 
	●
	x
	●
	x
	●
	x
	●
	x


Table 2 —Reasonable operation points with SVC MGS scalability (T, Q layer combination) (GOP 16, 2 MGS quality layers)

	OP
	T:
	0
	1
	2
	3
	4

	
	Q:
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	0
	 
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	1
	 
	●
	●
	●
	●
	●
	●
	●
	●
	●
	x

	2
	 
	●
	●
	●
	●
	●
	●
	●
	x
	●
	x

	3
	 
	●
	●
	●
	●
	●
	x
	●
	x
	●
	x

	4
	 
	●
	●
	●
	x
	●
	x
	●
	x
	●
	x

	5
	 
	●
	x
	●
	x
	●
	x
	●
	x
	●
	x


Figure 2 shows an example for the composition of each frame within a GOP for the OPs highlighted in the Table 1. It becomes apparent that dropping the quality layers Q1 of the temporal levels T2 and T3 reduces the video rate from x to y (OP2). Further, dropping the quality layer Q1 of all temporal levels results to the video bit rate of z (OP4) where z < y < x. In general, several OPs can be selected for bandwidth optimization. It should be noted that the base layer should be selected at an acceptable quality for the viewer, in order to limit the quality degradation of the video.
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Figure 2 — Temporal and Quality layer combination for OP 0, 2 and 4.
3.2. Example
Table 3  illustrates an example of the rate adaptation approach using the SVC MGS scalability with three quality layers and multiple operation points for the given video test sequence IceDance [3] at 720p resolution and 50 fps (GOP 8). 

For each combination of remaining NAL units, corresponding to a certain temporal and quality layer, the average bit-rate and the corresponding average PSNR value are given in the rightmost columns. The rows are sorted according to the resulting PSNR value in descendent order. Note that the frame rate is kept constant until OP8. As soon as only the base layer bit-stream remains (OP 8, shaded in green), dropping of the temporal layers starts, and hence streams with reduced frame rates can be built.
Table 3 —Operation points with SVC MGS scalability (T, Q layer combination) (IceDance 720p@50fps [3], GOP 8)
	OP
	T:
	0
	1
	2
	3
	Rate
[kbps]
	Average PSNR
[dB]

	
	Q:
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	
	

	0
	
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	6977,50
	39,87

	1
	
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	x
	6335,76
	39,11

	2
	
	●
	●
	●
	●
	●
	●
	●
	●
	x
	●
	●
	x
	5766,06
	38,47

	3
	
	●
	●
	●
	●
	●
	x
	●
	●
	x
	●
	●
	x
	5263,88
	37,94

	4
	
	●
	●
	●
	●
	●
	x
	●
	●
	x
	●
	x
	x
	4976,12
	37,26

	5
	
	●
	●
	x
	●
	●
	x
	●
	●
	x
	●
	x
	x
	2820,75
	36,08

	6
	
	●
	●
	x
	●
	●
	x
	●
	x
	x
	●
	x
	x
	2586,06
	35,52

	7
	
	●
	●
	x
	●
	x
	x
	●
	x
	x
	●
	x
	x
	2353,05
	34,94

	8
	
	●
	x
	x
	●
	x
	x
	●
	x
	x
	●
	x
	x
	1305,15
	33,29

	9
	
	●
	x
	x
	●
	x
	x
	●
	x
	x
	x
	x
	x
	1104,53
	28,43

	10
	
	●
	x
	x
	●
	x
	x
	x
	x
	x
	x
	x
	x
	925,40
	24,28

	11
	
	●
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	761,55
	21,16




Figures 3 – 6 represent a distribution of PSNR values of each frame of the IceDance sequence for several operation points.  Table 4 illustrates results for Operation Points 0, 2, 6, and 8 of the IceDance video sequence regarding the PSNR of Average Normalized Square Difference (PANSD). Further information on PANSD can be found in [4].
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Figure 3 –PSNR of each picture for OP0 (IceDance 720p@50fps, GOP 8)
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Figure 4 – PSNR of each picture for OP2 (IceDance 720p@50fps, GOP 8)
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Figure 5 – PSNR of each picture for OP6 (IceDance 720p@50fps, GOP 8)
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Figure 6 – PSNR of each picture for OP8 (IceDance 720p@50fps, GOP 8)
Table 4 –OP 0, 2, 6, 8 with SVC MGS scalability (Average MSE and PANSD) (IceDance 720p@50fps, GOP 8)

	OP
	T:
	0
	1
	2
	3
	Rate
	Average
	PANSD

	
	Q:
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	[kbps]
	MSE
	[dB]

	0
	 
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	6977,5
	6,833
	39,784

	2
	 
	●
	●
	●
	●
	●
	●
	●
	●
	x
	●
	●
	x
	5766,1
	9,781
	38,227

	6
	 
	●
	●
	x
	●
	●
	x
	●
	x
	x
	●
	x
	x
	2586,1
	18,925
	35,360

	8
	 
	●
	x
	x
	●
	x
	x
	●
	x
	x
	●
	x
	x
	1305,2
	30,979
	33,220


4. Conclusion

This document gives an overview regarding features of the SVC MGS scalability for rate adaptation. It introduces also how several reasonable Operation Points(OP) within the same SVC encoded bit stream are defined and describes in detail the MGS based rate adaptation approach.
5. Proposal

We propose to include the presented results to the TR.
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