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1 Background

Mobile video streaming is a challenging task due to large variability of the available bandwidth during a multimedia session. In addition, optimizing video streaming experience to battery powered devices is challenging due to the potential demand of continuous level of brightness for the backlight module of the display. The power consumed by the radio interface is also variable and depends on the underlying operating state. In this paper, we first summarize a few related techniques to optimize power consumption during a video streaming session and then propose the DASH client implementation guidelines for power optimization.
2 Related Work
2.1 Analysis of power consumption in a smartphone
Power consumption for video streaming to Android devices was studied in [3]. The original video was coded into various H.264 streams by varying the video resolution, frame rate and quantization parameter. The power consumed by the wireless interface accounts for about 15% to 25% of the overall power consumption. A similar study was presented in [4], where the display subsystem was found to account for at least 38% of aggregate power, up to 68% with maximum backlight brightness. For video playback, the CPU is the biggest consumer of power after the display subsystem. However, for telephone calls, radio module consumes a great deal of power.
2.2 Mobile Video Streaming
For mobile video streaming, pre-fetching the multimedia content before the actual mobile user starts watching the multimedia content is not recommended because most video clips are only viewed partially. It is recommended to use an adaptive HTTP streaming solution, where data is transmitted in segments that are long enough for the air interface module to go to the sleep mode between transmissions. Please see [5] for details.
Figure 1 shows a sample of ad-sponsored Hulu video streaming, where video segments are transmitted in intervals of 75 seconds followed by another 75 seconds of inactivity. These inactivity periods might be used by mobile devices to put their air interface module into the power saving state.    
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Figure 1.  Sample of ad-sponsored Hulu video streaming
The fundamental limitation of current radio interface state machine design is its static nature of treating all the traffics according to the same inactivity timers [6]. Figure 2 shows a sample of YouTube streaming. For such kind of traffic, it is suggested [6] that the multimedia file is split into N chunks (like DASH) which allows the radio interface to transit from active to idle states and save energy by 80%. After a chunk is received, the UE sends a message to release radio resources, which sometimes is called “fast dormancy”.
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Figure 2.  Sample of YouTube video streaming
In [7], a dynamic cache management mechanism was presented, which used the UE capabilities of caching small chucks of the video files and closing TCP connection as soon as the cache is full to save power. User viewing time history and network speed are taken into account in such a dynamic cache management scheme.
2.3 Modeling power consumption for H.264 decoding in mobile devices
A recent study to model the power consumption of hardware-accelerated decoding of H.264 video for HTC and Samsung devices was presented in [8]. The actual video decoding is modeled as a multiplicative of three exponential functions of main H.264 encoding parameters as shown in eq (1).
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Where: S= resolution, t=frame rate, q= quantization parameter, and Pmax=P(smax,tmax,qmin).
Also, the power consumption of the display subsystem was modeled as
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For Samsung Galaxy display, the following parameters are recommended:

α= 1.02, β= 1.91, γ=2.43. For HTC devices, display power consumption is constant ≈ 250 mW. 

The power model parameters obtained using eq (1) was applied to a power-rate optimized adaptive video streaming algorithm, where maximum quality (Q) is searched subject to rate and power constraints. The following equation shows the optimization algorithm:
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3 Suggested DASH client implementation
Based on the review presented in Section 2 for video streaming to battery-powered mobile devices, we propose to add the following recommendations for the DASH client implementation in Section 6.3 of TR 26.938:
Guidelines for Client Power Consumption 

1. Description

It is challenging to optimize video streaming experience to battery-powered devices due to the demand of continuous level of brightness for the backlight module of the display. For mobile devices, the power consumed by the radio interfaces is also variable and depends on the underlying radio operating state.
2. Power Optimization for DASH

To save battery power, in DASH, one should consider among others,

· A joint optimization of bandwidth usage and power consumption for receiving certain video representations or video segments can be implemented by DASH clients
· It is possible for DASH clients to receive video streams with quality lower than the quality available based on the network bandwidth if mobile devices do not have enough power resources to decode and render higher quality video streams.

· If DASH clients use an event reporting protocol with the streaming server or other reporting servers (i.e. QoE reporting), it might report the amount of power consumed for receiving certain video streams.
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