
3GPP TSG SA4#85 meeting
S4-150968
24-28 August, 2015, Kobe, Japan
Agenda item: 
9.5
Source: 
Qualcomm Incorporated
 and INTERDIGITAL COMMUNICATIONS 

Title: 
FS_VE_3MS Use-case for 3GP-DASH 
Document for
Discussion and Agreement
1 Introduction
This contribution proposes the use case of video enhancements in 3GPP 3GP-DASH. Both HEVC simulcast and SHVC solutions are introduced for the use case and the metrics for comparison of the potential solutions for the use cases are presented.
It is proposed to include the use case and the corresponding solutions and metrics in this document into the next version of TR 26.948. 
2 3GP-DASH Use case
This use case considers providing 3GP-DASH video streaming services to multiple end user devices. A diverse of end user devices could be with different display capabilities and network access conditions. Each end user device may prefer receiving a different quality of a content, possibly with a different resolution, and request the chosen video content from the origin server, involving caches between the origin server and the UEs. During a session, a UE may also adaptive switch to segments of different representations of different bitrates and qualities, and possibly also different spatial resolutions, to adapt to the dynamic network conditions. As shown in Figure 1, a video content is encoded into multiple video streams in different representations providing different levels of resolutions or qualities, e.g., as 4 Representations of resolutions 360p@30fps, 720p@30fps, 1080p@30fps and 1080p@60fps in an Adaptation Set. Copies of the streams may be stored in the caches and directly served to the UEs.

[image: image1.png]



Figure 1. 3GP-DASH use case

The metrics for comparison of the potential solutions for this use case are:

1) Bandwidth used for outgoing video transmission from the origin server to (the first level) caches

2) Bandwidth used for incoming video transmission to the UEs

3) Video quality received by the UEs

4) Decoding complexity of UEs

5) Encoding complexity

3 Solutions for the 3GP-DASH Use Case

The solutions from video coding point of view apply to the above use case in the same manner. Therefore, in the discussion of the solutions, no difference is made to which use case the solutions apply.
3.1 HEVC simulcast for 3GP-DASH
One solution from video coding point of view for the 3GP-DASH use case is to use HEVC simulcast, where each resolution or quality representation can be encoded into an independent HEVC single-layer bitstream and stored on the origin server and probably also caches in 3GP-DASH segments. Based on the client requests, the corresponding representation segments are delivered to the client. Each end user device needs to decode an HEVC single-layer bitstream.
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Figure 2. HEVC simulcast in 3GP-DASH use case

Figure 2 shows such HEVC simulcast example, 3 representation resolutions are encoded into 3 bitstreams and stored in the origin server. The medium and low resolution stream copies can be replicated on the cache, but not the high resolution stream due to a storage size limit of the cache. The server or the cache may stream the corresponding representation segment to the client based on the client’s streaming request.

3.2 SHVC for 3GP-DASH
Another solution from video coding point of view for the 3GP-DASH use case is to use SHVC, where multiple resolutions or quality representations can be encoded into multi-layer SHVC bitstreams. Herein each layer can be encapsulated as one 3GP-DASH Representation. A client wanting a particular resolution or quality can request segments of that Representation and all other Representations it depends on (i.e., request the desired layer and all layers the desired layer depends on). The request layer and all its dependent layers will then be sent to the client and the client can decode the bitstream and output the desired layer.
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Figure 3. SHVC in 3GP-DASH

Figure 3 shows an example of using SHVC in the 3GP-DASH use case. A single SHVC stream is stored in the origin server and replicated in the edge cache supporting 3 spatial resolution representations. Each client may request the base layer representation for phone device, medium layer representation on laptop and high representation for TV display from the edge cache.

4 Comparison of the Solutions

For comparison of solutions with HEVC simulcast and SHVC, simulations with three representation of spatial resolution 360p, 720p and 1080p have been conducted. Test conditions and preliminary results of the simulations were reported in contribution SA-150356.

The comparison can be summarized as follow:
a) For outgoing transmission bandwidth, SHVC solution requires less bandwidth for transmitting the encoded streams from origin server to cache and to UEs. The bandwidth reduction varies from 9.22% to 10.52% for transmitting both 360p and 720p resolution streams and from 23.34% to 23.62% for transmitting 360p, 720p and 1080p resolution streams.

b) For incoming transmission bandwidth, SHVC solution has data overhead for UEs when receiving medium to high resolution representation. The overhead varies from 20.4% to 22.1% when receiving representation with highest resolution 720p and from 24.9% to 26.88% when receiving representation with highest resolution 1080p.
c) Decoding complexity at UEs is mainly proportional to the resolution(s) of the video represented in the bitstream.

d) In term of encoding complexity, the additional complexity of SHVC comparing to HEVC simulcast is the up-sampling filter and one additional reference picture candidate, which is negligible when comparing to other processes in HEVC encoding system.
4.1 Outgoing transmission bandwidth
Comparison of bandwidth used for transmission for solution with HEVC simulcast and SHVC can be analyzed based on BD-rate difference between the two solutions. As described in the use-case, there are two outgoing transmissions, that is, from origin server to cache and from origin server to UEs.
4.1.1 From origin server to cache
For transmission from origin server to the caches, the transmission only involve low and medium resolution representation. Table 1 and Table 2 tabulate BD-rate reduction for coding of 720p resolution that SHVC can achieved when compared to HEVC simulcast. 

Table 1. BD-rate decrease for coding of 720p given by SHVC over HEVC simulcast for case of IRAP aligned.

	IRAP Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	-17.3%
	-11.9%
	-10.1%

	ParkScene 
	-5.6%
	-6.4%
	-4.7%

	Cactus 
	-8.5%
	-4.5%
	-3.0%

	BasketballDrive 
	-13.7%
	-3.8%
	-6.3%

	BQTerrace 
	-1.0%
	-0.7%
	1.9%

	Average
	-9.22%
	-5.46%
	-4.44%


Table 2. BD-rate decrease for coding of 720p given by SHVC over HEVC simulcast for case of IRAP non-aligned

	IRAP Non-Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	-16.8%
	-10.7%
	-8.8%

	ParkScene 
	-7.2%
	-7.5%
	-6.0%

	Cactus 
	-10.2%
	-6.3%
	-4.7%

	BasketballDrive 
	-13.9%
	-3.4%
	-6.2%

	BQTerrace 
	-4.5%
	-3.3%
	-1.2%

	Average 
	-10.52%
	-6.24%
	-5.38%


4.1.2 From origin server to UEs
For transmission from origin server to the UEs, the transmission only involves high resolution representation. Table 3 and Table 4 tabulate BD-rate reduction that SHVC can achieve when compared to HEVC simulcast. 

Table 3. BD-rate decrease for coding of 1080p given by SHVC over HEVC simulcast for case of IRAP aligned.

	IRAP Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	-30.0%
	-21.4%
	-18.7%

	ParkScene 
	-19.5%
	-14.7%
	-14.0%

	Cactus 
	-23.8%
	-18.1%
	-9.7%

	BasketballDrive 
	-27.5%
	-11.4%
	-13.7%

	BQTerrace 
	-15.9%
	8.4%
	17.1%

	Average
	-23.34%
	-11.44%
	-7.80%


Table 4. BD-rate decrease for coding of 1080p given by SHVC over HEVC simulcast for case of IRAP non-aligned

	IRAP Non-Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	-30.0%
	-20.7%
	-17.9%

	ParkScene 
	-20.3%
	-15.1%
	-14.4%

	Cactus 
	-24.1%
	-18.3%
	-9.7%

	BasketballDrive 
	-27.3%
	-10.7%
	-12.9%

	BQTerrace 
	-16.4%
	8.2%
	17.0%

	Average 
	-23.62%
	-11.32%
	-7.58%


4.2 Incoming transmission bandwidth

As described in the use-case, depending on which representation an UE chooses and depending on which solution is used, an UE may receive data from origin server, cache or from both origin server and cache.

When an UE chooses the low resolution representation (i.e., 360p resolution), the incoming transmission bandwidth is the same for HEVC simulcast and SHVC solution. When an UE chooses the medium resolution representation (i.e., 720p), with HEVC simulcast solution, the UE receives a single layer of 720p video resolution; whereas with SHVC solution, the UE receives two layers (base layer 360p and enhancement layer 720p). Likewise, when an UE chooses the high resolution representation (i.e., 1080p resolution), with HEVC simulcast solution, the UE receives a single layer of 1080p; whereas with SHVC solution, the UE receives three layers of 360p, 720p and 1080p.
The SHVC bandwidth overhead comparing to HEVC simulcast solution bandwidth is tabulated in Table 5 to Table 8.

Table 5. BD-rate overhead for choosing medium resolution representation (720p) when SHVC solution is used.

	IRAP Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	17.3%
	25.0%
	27.5%

	ParkScene 
	23.2%
	22.1%
	24.2%

	Cactus 
	24.7%
	30.1%
	32.2%

	BasketballDrive 
	19.7%
	33.4%
	29.9%

	BQTerrace 
	25.6%
	25.7%
	29.0%

	Average
	22.10%
	27.26%
	28.56%


Table 6. BD-rate overhead for choosing medium resolution representation (720p) when SHVC solution is used
	IRAP Non-Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	18.0%
	26.7%
	29.4%

	ParkScene 
	21.1%
	20.6%
	22.6%

	Cactus 
	22.3%
	27.6%
	29.8%

	BasketballDrive 
	19.4%
	33.9%
	30.0%

	BQTerrace 
	21.2%
	22.4%
	25.1%

	Average 
	20.40%
	26.24%
	27.38%


Table 7. BD-rate overhead for choosing high resolution representation (1080p) when SHVC solution is used.

	IRAP Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	28.6%
	44.6%
	49.6%

	ParkScene 
	34.7%
	42.6%
	43.6%

	Cactus 
	30.9%
	39.4%
	56.1%

	BasketballDrive 
	25.7%
	54.3%
	50.1%

	BQTerrace 
	14.5%
	52.1%
	64.9%

	Average
	26.88%
	46.60%
	52.86%


Table 8. BD-rate overhead for choosing high resolution representation (1080p) when SHVC solution is used

	IRAP Non-Aligned
	SHVC vs. HEVC Simulcast

	
	Y
	U
	V

	Kimono 
	28.2%
	45.2%
	50.5%

	ParkScene 
	30.6%
	39.2%
	40.2%

	Cactus 
	27.7%
	36.4%
	52.9%

	BasketballDrive 
	25.2%
	54.6%
	50.6%

	BQTerrace 
	12.8%
	49.9%
	62.7%

	Average 
	24.90%
	45.06%
	51.38%


4.3 Decoding complexity
Decoding complexity is mainly proportional to the resolution(s) of the video represented in the bitstream. 
For HEVC simulcast solution, only one single layer stream needs to be decoded, i.e., either stream of 360p@30fps, 720p@30fps, 1080p@30fps or stream of 1080p@60fps..

For SHVC solution, the decoding complexity depends on the resolution of each layer needs to be decoded in order to output the highest layer video resolution.
4.4 Encoding complexity

For HEVC simulcast solution, the content provider has to encode streams for each representations (i.e., 360p@30fps, 720p@30fps, 1080p@30fps and 1080@60fps). For SHVC solution, the content provider has to encode streams with multiple layers in which each layer is associated with one representations. Comparing to HEVC simulcast encoding complexity, the additional SHVC encoding complexity for the content provider depends on the implementation design of up-sampling filter and inter-layer prediction which is not significant / negligible as compared to other processes (e.g., motion prediction, transformation, etc). 
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