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Introduction
In last meeting S4-130388 and S4-130403 from Nokia and Qualcomm have given objective performance evaluations of H.265/HEVC over H.264/AVC and 30~40% BD-rate reduction was reported. This contribution tries to simulate the performance of H.265 in a DASH/LTE environment as figure 1 shows. For the target a H.265 over 3GP-DASH over LTE simulation system was built which is shown in figure 2. For performance comparison between H.265/HEVC and H.264/AVC, Two user cases listed in table 1 were used. And a video sequence with longer duration (about 2 minutes) was used for objective and subjective evaluation. The results are summarized as following:
1. H.265/HEVC improve the objective quality of 1~3dB over H.264/AVC under different network conditions.

2. The performance gap is bigger when the access bandwidth is smaller. For example, when user is moving across cells, the PSNR improvement is 2.93dB while when user is in the center of a cell, the improvement is 1.81dB.
3. When user is at the edge of a cell, H.265/HEVC can reduce the times of re-buffering.
The results presented here indicate that H.265/HEVC can give consistently and significantly improvement over H.264/AVC in real application under different network condition. 

We propose to consider the results reported herein as a reference for evaluation of the H.265/HEVC over DASH in real mobile streaming application and based on these results, to decide the inclusion of H.265/EVC in 3GP-DASH and 3GPP file format.
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Figure 1 DASH/LTE Environment
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Figure 2 H.265/HEVC over 3GP-DASH Simulation System
Table 1 User Cases of Network Simulation
	User Cases
	Fluctuation of Access Bandwidth

(Kbps)
	Step

(Kbps)
	Duration

(second)

	At the centre of  a cell
	800~1000
	100
	5

	Across cells
	400~1000
	
	


Test condition
1. Test sequence

The test sequences defined in S4-130512 is not suitable for the simulation in a DASH/LTE environment. So a movie video sequence is used as shown in Table 2 which is long enough to performance analysis of H.265/HEVC over a time-varied wireless network.
Table 2  Parameters of the test sequence
	Name of Sequences
	Content Type
	Resolution@frame rate
	Duration

(Second)

	LastStand
	Movie
	1280x544@24fps
	142


2. Video Codec
For content preparation, HM 5.2 and x264v128 are used. X264 is one of the best implementation of H.264/AVC and fast enough for encoding longer video content.  The reason to use HM5.2 is that a HM5.2 compliant real-time mobile video player has been implemented. While for the performance evaluation, HM5.2 can achieve very similar performance as HM10 does and the difference can be ignored for this test. 
3. Encoding settings
· QP configuration

Fixed QP is used to generate the bitstreams for both HM and x264.
For DASH/LTE simulation, bitstreams with similar bit rate are used for test. In table 3, it can be observed that similar rate point were selected while the bit rate of H.265/HEVC are always a little smaller than bit rate of H.264/AVC.
· GOP structures

Hierarchical B coding structures with GOP size of 8 is used for both HM and x264. While for x264, adaptive B frame is turned on for better performance of anchor. 

· RAP distance

For DASH representation bitstreams generation, RAP periods of 2 seconds is used, which means for duration of each segment is  2 seconds.

· Others
For H.265/HEVC bitstream generation, HEVC main profile default settings are used. 

For H.264/AVC bitstream generation, veryslow settings are used.

Table 3 QP used for bitstream generation and the bitrates got
	　
	H.265/HEVC
	H.264/AVC

	
	QP
	Bitrate
	QP
	Bitrate

	
	
	(Kbps)
	
	(Kbps)

	Last Stand
	24
	971
	28
	998

	
	26
	760
	30
	818

	
	28
	605
	32
	664

	
	30
	488
	34
	552

	
	32
	393
	36
	458

	
	34
	325
	38
	385
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Figure 3 Bitrate comparison between H.265/HEVC and H.264/AVC 

Results
Based on the above described test conditions, the following information is recorded during the simulation:
1. The access bandwidth of different user cases.

2. Downloading bitrate of H.265 and H.264.

3. PSNR Value of each frame of H.265 and H.264. For clearer observing, a smoothed PSNR value within 2 second window is used in the following figures.
4. The buffer size of the client. Playing time is used to represent the buffer size.
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Figure 4 Fluctuation of access bandwith when user is at the center of a cell and the download bitrate of H.265 and H.264.
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Figure 5  PSNR compare between H.265 and H.264 when user is in the center of a cell.
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Figure 6 Client buffer size when use is at the center of a cell.
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Figure 7 Fluctuation of access bandwith when user is moving across cells and the download bitrate of H.265 and H.264.
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Figure 8  PSNR compare between H.265 and H.264 when user is moving across cells.
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Figure 9 Client buffer size when user is moving across cells.
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