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1. Introduction

With the advance of technologies, the mobile phone that has been developed for telephone conversation can now provide multimedia services while the user is walking. Moreover, the development of video technologies is creating environment for the provision of 3D services in addition to conventional 2D services. In response to this trend, users’ demand is also increasing and the size of the 3D market is expanding gradually.
When the user changes the service channel during a multimedia service through broadcasting, there is a delay until the user gets service from the new channel. This is called zapping delay.
If the delay is long the user feels inconvenience. Thus, in order to reduce the delay, research is being conducted continuously mainly in the IPTV market. This document discussed how to reduce zapping delay in 3D broadcasting environment.
2. Background
The network situation changes according to time or the user’s location. Signal intensity changes but a 3D service should be continued without a break. That is, adaptive QoS control is required.
If the user wants to change from a channel to another in the middle of a multimedia service in 3D mobile broadcasting environment, the delay occurring in the changing gives inconvenience to the user and the delay is called zapping delay. 
There are main two causes of zapping delay as follows.
First, delay happens due to the GOP (Group of Picture) structure. A video consists of I, B and P frames, and the frames are encoded independently from or in a referential relationship with one another. Among them, I frame is encoded independently without reference to other frames. When the user changes the channel in 3D mobile broadcasting environment, he/she cannot get service from the new channel until an I frame of the media broadcasted in the channel arrives. In general, the interval between I frames is 0.5-2 seconds [1].
Second, delay is caused by buffering in the dejittering buffer. If the network situation changes in the middle of a multimedia service in 3D mobile broadcasting environment, a dejittering buffer is required for adaptation to the change, and if a new replay is started for this, buffering happens. This buffering causes a delay in multimedia service and the delay is known to be around 0.5-2 seconds [1]. A 3D video displays right sequences and left sequences repeatedly. Accordingly, assuming that the delay resulting from the two causes mentioned above is 1-4 seconds, if only left sequences are served in advance on channel changing, the bitrate becomes around 1/2 of that for both sequences and thus the sequences are changed at a rate of 0.5-2 seconds.
A 3D video displays right sequences and left sequences repeatedly. Accordingly, assuming that the delay resulting from the two causes mentioned above is 1-4 seconds, if only left sequences are served in advance on channel changing, the bitrate becomes around 1/2 of that for both sequences and thus the sequences are changed at a rate of 0.5-2 seconds.
3. Use case

· Each base station broadcasts multiple 3D broadcasting channels. The user chooses one of the broadcasting channels. Zapping delay happening when the user changes a channel to another is too short to cause inconvenience to the user.
· In addition, when the user gets on-demand service of 3D contents through unicast, delay happening in fast forward, rewind or random access does not cause inconvenience to the user.
4. Solution for zapping delay reduction
When the user wants channel changing or trick play, he/she can minimize delay using a preview channel.
The preview channel minimizes buffering time on channel changing by sending small-size preview streams in the 1:1 unicast mode.
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Figure 1. Reducing zapping delay with preview channel

Figure 1 diagrammed the proposed method. In this diagram, User 1 is receiving a football game as above from the main server. Then the user requests channel changing of the main server to get service of another channel, and the main server provides multimedia of the new channel and the user starts buffering from the service. At the same time, the user requests preview sequences of the new channel from the preview server, and the preview server provides the user with left sequences that are low in quality but can be buffered quickly because of the low bitrate. As a result, User 1 is guaranteed a certain level of service quality by the preview server while multimedia from the main server is buffered.
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Figure 2. Zapping delay without preview channel

Figure 2 shows the zapping delay processing procedure without using a preview channel. In the diagram, tc is the time when the user requests channel changing, and tb is the time when buffering has been completed and the service of Channel N to the user is started. Without a preview channel, the user cannot get service until buffering is completed for the service of Channel N. During the buffering time, the user has to wait with watching a dark screen or the last sequence of Channel M.
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Figure 3. Zapping delay with preview channel
Figure 3 shows the zapping delay processing procedure using a preview channel. In order to minimize buffering time, the preview channel provides sequences of very low quality compared to that of the main channel. Low quality means a low bitrate, and the low bitrate reduces buffering time. tpb is the time when the buffering of sequences from the preview channel has been completed and the sequences are provided to the user. Between tc and tpb, information on the user’s channel changing is delivered to the main server and the user starts buffering for the new channel. From tpb, the user can be provided with preview service from the preview channel.
5. Simulation and Analysis
In order to test the effect of delay reduction using a preview channel, we compared the R-D curves of 3D sequences and low-quality left sequences sent through a preview channel. Encoding used reference software JSVM 9.19 and detailed parameters were as follows [3].
	Sequence
	Street (3D)

	Codec
	H. 264 (AVC)

	QP
	24, 28, 32, 36, 40

	Fps
	30 Hz

	Intra Period
	16 (0.5 sec)


The results were as follows.
[image: image4.emf]0 2 4 6 8 10 12 14 16 18

26

28

30

32

34

36

38

40

PSNR(dB)

Bitrate (Mbps)

 Left

 Right

 Left + Right

 Preview Left


Graph 1. R-D curve of 3D sequences
The bitrate of preview sequences was 1-3% of the sum of the bitrates of left sequences and right sequences, and PSNR was different by around 6~10 dB. Accordingly, preview service sequences can be provided only with 1-3% of time taken for 3D sequences, and therefore buffering is changed from 1-4 seconds to 0.01~0.12 second. That is, the use of a preview channel guarantees the user QoS through starting the service of the new channel almost immediately on channel changing.
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Graph 2. Preview bitrate ratio to total bitrate
Graph 2 shows the bitrate ratio of preview sequences for left and right sequences. As mentioned above, the ratio is as small as 1-4% and thus service can be provided at a very low bitrate. Buffering time is changed from 1-4 seconds to 0.01-0.12 second. That is, the use of a preview channel guarantees the user QoS through starting the service of the new channel almost immediately on channel changing.
6. Proposal
We propose that use cases described in Section 3 should be included in the TR document.
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