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1. Introduction

The presented evaluation results target the use case 6.1 "PSS and MBMS-based 3D video services", specifically adaptive HTTP streaming of high- and low-quality, 2D and stereo video representations utilizing caching infrastructure. The effects of video coding on caching efficiency and server upload link are investigated and results are presented.
2. Evaluation of DASH-based streaming with HTTP-caching
Adaptive streaming using HTTP, typical for a VoD service, takes advantage of widely deployed network caches to relieve video servers from sending the same content to a high number of users in the same core network multiple times. Streaming adaptivity allows for elegant provisioning of multiple representations that match the UEs capabilities and its currently available bandwidth. One possibility to provide stereoscopic video via DASH is to encode each representation with H.264/AVC at the server and offer them side-by-side. Another is to offering several representations embedded in a single file using Multiview Video Coding (MVC) [1]. The presented simulations compare the impact of multiple content representations on the caching efficiency using H.264/AVC or MVC.
In the given use case, high and low quality representation of content are offered. Furthermore, the content is offered as 2D and as stereo representation, thus a total of four representations can be chosen. Figure 1 schematically shows the representation setup of the video library, the network infrastructure and several UEs with varying capabilities.
The operator of the access network (i.e., the cloud in the figure), offers connectivity to its customers via access links and connects to the Internet (where the content library is offered on an origin server by a third party) over a “transit” link. In that way the customers of the access network operator can access video content, in particular the movies on the origin server. The network operator deploys a proxy and a cache in its network to minimize the amount of transmitted data through the “transit” link relieving the server of having to send an extremely high amount of video data. Since the cache is usually too small to host the complete video library and the content library on the origin video server often changes, the video files that are stored in the cache at every moment need to be carefully selected. 
This is accomplished by an appropriate caching algorithm and many different cache replacement algorithms that have been proposed over the last years that optimize the caching performance based on certain criteria. Most algorithms make decisions based either on how recently an object has been requested or on how frequently an object has been requested over a time period or a combination thereof. 
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Figure 1: Illustration of the use case including caching infrastructure.

2.1. Coding of VoD content items
We compare two schemes of video coding for the VoD contents of the given representation setup. For the setup shown in  REF _Ref269292436 \h 
, we investigate the case where all representations are encoded using the High Profile of H.264/AVC as specified in 3GPP TS 26.237 and the case where 2D and stereo representation at a certain (low or high) quality are encoded as a single MVC bit stream using the Stereo High Profile. 

In the H.264/AVC case, the right (LQ_R) and left view (LQ_L) of the low-quality representation as well as the right (HQ_R) and left view (HQ_L) of the high-quality representations are assumed to require the same bitrate for equal visual quality of the views as the content is very similar.

For the MVC-based coding scheme, the non-dependent base (left) view of each representation quality is assumed to require the same bitrate as the respective H.264/AVC coding with the same quality, since both bit streams are H.264/AVC compatible and benefit from the same High Profile coding tools. The average coding gains of the dependent (right) view using the Stereo High Profile of MVC compared to individual encodings of the second view using the High Profile of H.264/AVC is around 30% on average with a maximum of around 40%, as shown in [2]. 

Assuming a resolution of 720p for the low quality representations and 1080p for the high quality representations, it was shown in [3] that the bitrate ratio between the two qualities is roughly 1:2 using H.264/AVC, i.e. the low quality representation requires half of the bitrate of the high-quality representation.

The distribution of the bitrates, concluded from the above findings and normalized to the lowest bitrate, is given in Table 1. Since the gain of coding each second dependent view with MVC compared to H.264/AVC dominates the performance in the overall evaluation, we simulate MVC gains of 20%, 30% and 40% with respect to an H.264/AVC coded independent second view, denoted as MVC-20, MVC-30 and MVC-40 in the following.
	Representation
	Low Quality – Left

(LQ_L)
	Low Quality – Right

(LQ_R)
	High Quality – Left

(HQ_L)
	High Quality – Right

(HQ_R)

	Coding
	
	
	
	

	H.264/AVC
	1
	1
	2
	2

	MVC_20
	1
	0.8
	2
	1.6

	MVC_30
	1
	0.7
	2
	1.4

	MVC_40
	1
	0.6
	2
	1.2


Table 1: Normalized bitrates of representations for investigated codings.

The coding schemes as well as their effect on the caching performance are illustrated in Figure 2. It can be seen that by using MVC, more content items can be stored using a given cache size compared to H.264/AVC due to the bitrate gains with MVC when encoding the dependent right view at low and high quality.
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Figure 2: Illustration of H.264/AVC and MVC coding schemes and respective caching performance.
2.2. Simulation Model

The simulations are based on real data statistics as introduced in Annex C of [4]. The requests have been extracted from the observation of a deployed VoD service. The statistics have been measured within the time period of one month. The provided VoD service offers a wide variety of movies of more than 5000 files for the users to choose from. In these statistics an average of about 3400 requests per day is reported. Since the used VoD service does not offer multi-representation video, it is assumed that half of the user request 3D representations and half of the user can decode high quality representations, which is realised using a uniform distribution of requests for the available representations.
Figure 3 shows the pattern of the requests during 31 days in more detail, specifically the number of request aggregated for each hour of the period of 31 days. The requests extracted from the real data are distributed among the users connected to the service. The performance of the cache is analysed using the Last Recently Used (LRU) caching algorithm that favours recently request content items. The cache capacity is measured in media units, which are equivalent to the file size of a content item of 90 minutes with a single view at the lowest quality. A cache capacity range from 50 up to 9800 media units is simulated in order to cover a wide operational area and reasonable cache performance.
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Figure 3: Requests characteristics for the period of 31 days.
2.3. Simulation results

The results shown in Figure 4 depict the difference between the use of H.264/AVC and the three MVC variants (MVC-20, MVC-30 and MVC-40) in terms of caching performance. It can be observed that the use of MVC leads to an increase of cache hit ratio with respect to H.264/AVC, because more content items can be stored in a cache of the same size. This is due to the fact that all second view representations are encoded with significantly smaller bitrates on average when using MVC compared to H.264/AVC. Figure 5 shows the absolute increase in cache hit ratio shown when using MVC with respect to AVC for the three MVC variants. The increase grows linearly with the MVC gain of encoding the dependent second view.
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Figure 4: Cache hit ratio of the four investigated codings.
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Figure 5: Absolute cache hit ratio increase of MVC codings with respect to H.264/AVC.

The higher cache hit ratio when using MVC makes it more likely for UEs to be served from the cache rather than from the content server. This is reflected in a reduction of traffic on the transit link that connects the content server with the 3GPP network. The average transit link traffic is shown in Figure 6. Figure 7 shows the relative reduction of transit link traffic with respect to H.264/AVC for the three MVC variants. As can be seen from the figure, the MVC-30 coding leads to a reduction of transit link traffic of up to 20% and the other variants range from 14% to 27% maximum transit link traffic reduction.
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Figure 6: Average traffic through the “transit” link.
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Figure 7: Relative traffic reduction on the transit link of MVC codings with respect to H.264/AVC.
3. Conclusion

DASH is a promising technique for video delivery in in 3GPP. However, providing a wide variety of representations at different encoding rates in 2D and 3D, in order to satisfy all users with different capabilities, results in a reduced  performance of the network caches. The adoption of MVC as a media codec enhances the efficiency of the network caches in comparison to the use of H.264/AVC with multiple representations, reducing the load on the video server. 
4. Proposal

We propose to include the presented evaluation in sections 2 into section 6.1 "PSS and MBMS-based 3D video services" of the current TR.
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