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1 Introduction

This document presents the use of Priority-based Transmission Scheduling for SVC media data to overcome link outages and reduction in channel bit rate in mobile networks. In order to overcome outages and phases with reduced bit rate, a priority scheduling is used to pre-buffer larger amounts of more important data for longer playout than data with less importance for the resulting video playout quality. A similar approach was already presented to the SA4#33 in document S4-040729 [1] and in the conference paper [2] using H.264/AVC temporal scalability. More details about the results shown in this document will be available in [3].
2 Priority Based Scheduling using SVC

The video delivery over cellular mobile channels may be affected by link outages and bit rate variations due to changing channel conditions. In order to overcome outages and phases with reduced bit rate, a priority-based transmission scheduling (PBTS) algorithm may be used to pre-buffer larger amounts of more important data for longer playout than data with less importance for the resulting video playout quality. A full receiver buffer for PBTS and standard earliest deadline first (EDF) scheduling is depicted in Figure 1. 
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Figure 1: Priority (PBTS) buffer using different qualities (Q1, Q2 and Q3) vs. standard (EDF) buffer with one quality (Q), with t+y respectively t being the maximum sustainable outage time
Although PBTS can be based on H.264/AVC temporal scalability (AVC-PBTS) as shown in S4-040729, SVC has the handy advantage to allow bit rate reduction using SNR fidelity or spatial scalability instead of relying on pure temporal scalability. In Figure 2, the resulting PSNR is given for the test streams with the same maximum quality for H.264/AVC-based temporal scalability and SVC MGS SNR scalability assuming a bit rate overhead of 10% for SVC.
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Figure 2: Bit rate reduction using SVC MGS SNR scalability and H.264/AVC temporal scalability for the test sequences at same maximum quality assuming a bit rate overhead of 10% for SVC
3 Simulations

3.1 Same buffer size
For the simulations a buffer of 5 seconds at rate R for the maximum SVC quality was used, which is equivalent to B = 250 KB of the used SVC and AVC streams as shown in Figure 2. 
The test streams are transmitted using exactly the SVC video rate R as maximum transmission rate, where there is 10% more rate available for the AVC stream due to the lower video bit rate at same quality.

The test sequence used for encoding is a concatenation of the ITU-T test sequences City, Crew, Foreman and Soccer. The streams have a Group of Picture (GOP) size of 16 plus a preceding IDR picture for each GOP, i.e. the stream has a random access interval of 0.57s. The resolution is QVGA at 30 frames per second. A rate control has been used to keep the bit rate in a +/ 2.5%-window of the average stream bit rate per IDR+GOP16 picture chunk. The stream length is about 40 seconds. The bitrate at maximum quality for the H.264/AVC stream is 360 kbps and the bit rat for the SVC stream is 400 kbps. The SVC stream uses MGS fidelity scalability with one enhancement layer, where the base layer has about 160 kbps. The hierarchical prediction structure with GOP 16 + a preceding IDR per chunk allows a temporal scalability with up to six levels for the H.264/AVC stream, where the lowest quality level for AVC-PBTS is at 121kbps.
Scheduling methods used for evaluation:

I.
SVC-PBTS – SVC with PBTS, where after an outage the priority buffer is always re-buffered while playing at lower quality.

II.
AVC-PBTS – H.264/AVC with PBTS, where after an outage the priority buffer is always re-buffered while playing at lower quality.

III.
AVC-EDF – H.264/AVC with EDF, where a complete re-buffering is applied only in case of an empty buffer.
For the two PBTS scheduling methods, we always apply a re-buffering of the priority buffer after an outage. 
For the EDF case, we completely refill the buffer only in situations after a buffer underun.
In Figure 3, we show as an example the resulting video quality over time for two different outages of 3 and 8 seconds using the three different methods.
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Figure 3: Outage example

In Figure 4 and Figure 5, the performance of the proposed SVC PBTS is analyzed for different outage fractions and compared with the two other methods. 
The outage fraction is the fraction of the streaming session time, where no data is received due to an outage. The lengths of outages are equally distributed from 0.1 sec to 10 sec with an average outage time of ~5sec. 

Figure 4 shows the average playable framerate against the outage fractions.
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Figure 4: Average playable frame rate for different occurrences of outages (outage fraction) for the three methods using the same buffer size=250KB
Figure 5 shows the average PSNR quality over the whole sequence against different outage fractions.
[image: image5.emf]0 5 10 15 20 25 30

29

30

31

32

33

34

35

36

37

outage fraction %

PSNR/dB

 

 

AVC-EDF

AVC-PBTS

SVC-PBTS


Figure 5: Average PSNR quality for different occurrences of outages (outage fraction) for the three methods using the same buffer size=250KB
3.2 Same maximum pre-buffering ahead time
For the simulations presented in this section, we used the same parameters as for the experiments in section 3.1 - Same buffer size, but we allowed the AVC stream with EDF and PBTS to buffer up to 10 sec ahead of playout time. The used buffer size for SVC is equal to 250KB. For AVC-PBTS as well as AVC-EDF the maximum allowed buffer size is 450KB, where the playout is starting after buffering 5.5 sec of playout time (250KB).
In Figure 6 and Figure 7, the performance of the proposed SVC PBTS is analyzed for different outage fractions and compared with the two other methods. 
Figure 6 shows the average playable framerate against the outage fractions. 
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Figure 6: Average playable frame rate for different occurrences of outages (outage fraction) for the three methods with the same maximum pre-buffering ahead time=10 sec
Figure 7 shows the average PSNR quality over the whole sequence against different outage fractions.
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Figure 7: Average PSNR quality for different occurrences of outages (outage fraction) for the three methods with the same maximum pre-buffering ahead time=10 sec
4 Conclusion

We presented a Priority-based Transmission Scheduling (PBTS) approach for SVC and H.264/AVC scalability. We showed the benefits of using SVC for PSS in the presence of link outages. Although SVC imposes a penalty in bit rate with the same single layer video quality, the results show that SVC allows overcoming much higher outage occurrences with full video framerate and moderately reduced average video quality.

5 Proposal

We propose to add the “Priority-based Transmission Scheduling for Delivery of Scalable Video Coding” to the solution section of the technical report “Study on Improved Video Support for MBMS and PSS”.
· It should be possible for PSS to apply Priority-based Transmission Scheduling with SVC
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