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1. Abstract
This document presents an end-to-end scenario with fast bandwidth adaptation using Scalable Video Coding (SVC).
2. Fast Bandwidth Adaptation 
Fast bandwidth adaptation can be easily achieved by the spatial and quality scalabilities of SVC [1]. Basically, SVC spatial scalability could be seen as similar to CGS (Coarse Grain Scalability) of MPEG-2 layer coding when the resolutions of all spatial layers are the same. Spatial scalability is suitable for bandwidth adaptation under large bandwidth fluctuation situations, while quality scalability is better suited when there is less bandwidth fluctuation. Table 1 shows the comparison between SVC spatial scalability and quality scalability.
Table 1 – Comparison between SVC spatial and quality scalability.
	
	Spatial Scalability
	Quality Scalability

	Resolution
	Upper layer can be equal to or larger than lower layers.
	Same for all layers.

	Encoding mode and motion vectors
	Every layer has its own set of MB mode and motion vectors
	All layers share all MB mode and motion vectors.

	Inter-prediction
	Only the same layer in previous frames is used to predict the current layer.
	Either highest or lowest quality layer could be used for inter-prediction. The selection is done in frame based. Lowest quality layer could be used for prediction to avoid drifting.

	Bandwidth Adaptation
	Better for relatively large bandwidth change
	Better for relatively small bandwidth change


Here are examples with fast bandwidth adaptation in four scenarios. We assumed that a network status and available throughput is detected and estimated on the streaming server side. However, the concept could be easily extended to other cases when multi layers of video are sent over the network with different priorities in a way or another and adaptation is conducted on the player side. 
· Case 1: Bandwidth decreases dramatically.
Figure 1 shows an example of SVC bandwidth adaptation when the available bandwidth significantly drops from 400kbps to 140kbps. Quality scalability would not be suitable in this case since a big quality difference between quality layers would decrease the inter-prediction quality. Therefore, spatial scalability should be used in this case. 

[image: image1]
Figure 1 – Fast bandwidth adaptation using spatial scalability (bandwidth drops).
As illustrated in Figure 1, zero delay is achieved by SVC spatial scalability.
· Case 2: Bandwidth increases dramatically.

In contrast to the above example, Figure 2 shows an example of SVC bandwidth adaptation when the available bandwidth significantly increases from 140kbps to 400kbps. Same as in Case 1, quality scalability would not be suitable in this case. Since higher (enhancement) spatial layers require previous frames as references in the same enhancement layer for motion compensation, a switching has to take place when the next IDR frame appears. In the example in Figure 2, the delay is 4 frames. In general, the maximum delay is equal to the IDR interval.

[image: image2]
Figure 2 – Fast bandwidth adaptation using spatial scalability (bandwidth increases).
· Case 3: Bandwidth slightly decreases.

Technically, SVC quality scalability provides finer quality scalability than CGS. In this example, a base quality layer is used for inter-prediction so there are no drift artifacts. The coding quality degradation from using a base quality layer as a reference picture is limited or even negligible since a bitrate difference between layers is small. Figure 3 illustrates how it achieves a fast bandwidth adaptation when the available bandwidth drops slightly.

[image: image3]
Figure 3 – Fast bandwidth adaptation using quality scalability (bandwidth drops).
As shown in Figure 3, all enhancement layers can be discarded once it detects a change of available bandwidth, so zero delay is achieved.
· Case 4: Bandwidth slightly increases.

Since all quality enhancement layers use the base layer for inter-prediction, enhancement layers could be sent once the bandwidth increase is detected. Zero delay is also achieved in this case.


[image: image4]
Figure 4 – Fast bandwidth adaptation using quality scalability (bandwidth increases).
Table 2 summarizes the maximum delay of bandwidth adaptation for all four cases described above.

Table 2 – bandwidth adaptation delay comparison case by case
	
	Bandwidth adaptation in conventional multi-track approach 
	Bandwidth adaptation in SVC approach described above

	Bandwidth decreases dramatically.
	IDR period
	0

	Bandwidth increases dramatically.
	IDR period
	IDR period

	Bandwidth slightly decreases.
	IDR period
	0

	Bandwidth slightly increases.
	IDR period
	0


3. Conclusion
An end-to-end fast bandwidth adaptation scheme using SVC was presented in this document. Zero bandwidth switching delay can be achieved by this scheme in most cases. Even in the worst case, the switching delay is not longer than the conventional multi-track bandwidth adaptation approach. In addition to other benefits including support of different capabilities of UE’s, this fast adaptation is a very helpful feature that can be achieved from adopting SVC. It is proposed, therefore, that SA4 should adopt SVC Baseline Profile for PSS and MBMS. 
4. References
[1]
ITU-T Recommendation H.264 (10/2007):” Advanced video coding for generic audiovisual services”.















































































































































































































IDR picture found, start sending spatial layer 1 from this point forward.








Delay = 4 frames!!
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Inter prediction direction





Spatial layer 1 was discarded due to limited bandwidth.
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Available bandwidth increases from 140kbps to 400kbps,


Bandwidth adaptation triggered here, wait for the next IDR picture.
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Delay = 0!!





Spatial 


Layer 0
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Inter prediction direction





Discard highest spatial layers.


Lower spatial layer are decoded by the end device without any problem.





Spatial 


Layer 1


384kbps





Available bandwidth drops from 400kbps to 140kbps, 


Bandwidth adaptation triggered here.
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Delay = 0!!





MGS


Base layer


96kbps





Inter prediction direction





Discard highest quality layers.


Lower layer are decoded by the end device without any problem.
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Enh. Layer


128kbps





Available bandwidth drops from 140kbps to 100kbps, 


Bandwidth adaptation triggered here.
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MGS


Base layer


96kbps








Delay = 0!!





Inter prediction direction





Enhancement layer was discarded due to limited bandwidth.





MGS


Enh. Layer


128kbps





Available bandwidth increases from 100kbps to 140kbps, 


Bandwidth adaptation triggered here.


Streamer starts sending enhancement layer from this point forward.
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