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1. Introduction

One important objective of current study item, IVS (Improved Video Support) is evaluation of potential use cases and benefits of scalable video. This document presents a use case for IVS in achieving both goals of UE power saving and fast content switching. It discusses that sleep interval of UE receiving MBMS service needs to be large enough, e.g. a few seconds, in order to achieve efficient power saving. However a trade-off is that user may experience longer delay for content switching as the sleep interval is increased. It is proposed that IVS may be used for fast access of low-quality video frames during the interval that it provides quicker view of MBMS streams that user wanted to switch.
2. Background
2.1 Time Slicing and UE Power Saving
Playing video in mobile device is a power consuming job that it requires efficient power saving technique. UEs are required to function for a day after watching mobile TV at least an hour.

Time slicing is a method used in DVB-H[1] for UE power saving. A key of this method is time division multiplexing of multiple TV streams. Figure 1 describes structure of the time slice.
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Figure 1 Time Slicing used in DVB-H
In figure 1, DVB-H streams are allocated to each slice repeated in period of 3~4 seconds. UE may receive burst of data transmitted in the slice time reserved for the TV channel. Once a UE stores the data in buffer, the UE may power-off RF for the interval of next slice time, as a result, this improves battery life significantly. Currently, similar periodic transmission method for MBMS is being discussed in RAN, e.g dynamic scheduling on MSAP (MCH Subframe Allocation Pattern) occasion [4].
It is noted that the longer the repetition period is, the higher the power saving effect is. For example, in order to completely shut down RF and preserve power, some hundred mille-seconds of latency is necessary in preparation for sleep mode, and also for wake-up phase. This means effective interval between slice repetitions of a stream need to be sufficiently large, e.g. a few seconds. However a trade-off is that latency for content switching will also be increased because the user may need to wait until next slice time arrives. The result will be unsatisfactory service quality in perspective of user experience.
2.2 Scalable Video Coding
A video sequence can be encoded into more than one bitstream by using the scalable video coding (SVC)[2][3]. The base layer is the lowest layer with the lowest spatial resolution and/or temporal resolution. In addition to the base layer, if the enhancement layer(s) is given, video of spatially and/or temporally higher resolution can be decoded. For example, in Figure 2, spatial and temporal resolutions of the base layer could be 352х288 pixels and 15frames/sec while those of the enhancement layers were 704х576 pixels and 30frames/sec. Bitrates of the base layer could be 100kbps while that of the enhancement layers were 300kbps and 600kbps, respectively. 
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Figure 2. Use-case of SVC(Scalable Video Coding)

SVC is very useful in heterogeneous environments so that a server can multicast to heterogeneous devices over heterogeneous networks. In a lossy or error-prone channel, since the base layer is more important, it is desirable to protect the base layer more than the enhancement layer(s). SVC is also useful in time-varying channel so that if channel condition is bad, only the base layer is sent while if channel condition is good enough, all layers are sent for the best quality of service.   
3. Proposed Enhancement using IVS
In Figure 3, it is assumed that an MBMS core node, e.g. BMSC, collects M number of IVS streams (#1 ~ #M), and multiplexes them in time-slices repeated in every N seconds. In other words, each time-slice contains IVS streaming data collected for N seconds. In figure 3, collected IVS stream #1 is transmitted during the time slice Ch#1, and IVS stream M is transmitted in time slice Ch#M. In above configuration of time-slices, UEs may perform typical power-saving behaviour. For instance, a UE may turn-on RF component for the duration of Ch#1 slice and receive the data. The UE may turn-off the RF for the rest of N period and saves power. The UE decodes Ch#1 data and display the content.

If the user changes TV channel from Ch#1 to Ch#2 at the time-slice Ch#3, the UE may need to wait until next time slice for Ch#2. Zapping delay is incurred and the latency ranges from 0 ~ (N-1) seconds in the figure. 
Figure 3 below describes an improvement for time slicing using two layers of IVS streams. In order to provide fast content switching, each time slice contains base layers of the other (M-1) streams. A simple method to achieve this is repeatedly inserting duplicate of base layer data of a slice to all other (M-1) slices. As a result, each time slice includes base layer data of all M streams. There can be other solutions for mixing base layers, of which different bandwidth consumption and power-saving characteristics  is expected. 
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Figure 3 Proposed Time Slice Method using IVS

The UE receives enhancement layer and basement layers transmitted in time slice Ch#1 and store the data in buffer. When the user changes stream, the UE may instantly retrieve the base layer of the requested stream contained in buffer. The UE may display the basement layer while it is waiting next time slice of the requested stream. If the user consecutively changes streams, the UE may receive any time-slice and retrieve the base layer contained in the slice.

The basement layers contained in buffer may also be used for displaying multiple previews simultaneously for channel selection, e.g EPG(Electronic Program Guide) . It is also noted that repetition of basement layer in (M-1) slices will reinforce error protection.

4. Proposal

Based on the discussion above, it is concluded that power saving and fast content switching is yet undiscovered area of use cases that scalable video technique may contribute significantly. Therefore, we propose to include the use case presented above in current TR in order to highlight the usefulness of IVS, and to further investigate relevant solutions. 
We also propose to add the following requirement to the working assumptions:

· Improved Video Support should be able to support efficient power saving of UE in providing MBMS and PSS.
· Improved Video Support for MBMS and PSS should support fast content switching.
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