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1 Introduction
Display resolutions for mobile devices are constantly evolving. High end handsets currently feature QVGA displays, higher resolutions are expected to arrive as presented in [2]. Release 8 Codec specifications [4] call for H.264/AVC Constrained Baseline profile Level 1.2, allowing a maximal frame rate of 20Hz for QVGA resolution and lower rates for higher resolutions. It seems straight forward to choose for a future release a Scalable Video Codec that keeps base layer compatibility with this specification and opt for the Scalable Baseline profile.
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Figure 1: Display formats
Coding efficiency comparisons have been done for scalable coding with Scalable Baseline profile with a base layer of QVGA resolution and QVGA or VGA enhancement layers (090281). This is a relatively favourable since the linear resolution ratio is 1:2, the aspect ratios being the same. 

But not all higher resolution displays proposed share the same aspect ratio, as can be seen from Figure 1
.

We want to contribute here some results for a different case, where the display form factor is changed between the low end and high end terminal (4:3 vs. 16:9) and where in consequence the horizontal and vertical resolution ratios differ. Scalable coding is also here done using the Scalable Baseline profile, a cropping window is used as shortly described in [3]: the base layer terminal only receives part of the full picture (e.g. the central part), the enhancement layer not only carries the resolution enhancement but also contains the side bars.
2 Coding Parameters

Our goal was comparing the coding efficiency of SVC vs. simulcast of two separate H.264/AVC layers. Since for SVC the Scalable Baseline profile was adopted, we coded the two H.264/AVC layers according to two different profiles: the QVGA picture using the H.264/AVC Constrained Baseline profile as specified in [4], but for the wide screen nHD picture we used either the Constrained Baseline or the High profile (the latter allows for better compression). All encoding runs have been performed using the same software (i.e. JSVM version 9.17) and a similar degree of encoder optimizations.

All videos have been encoded in 4:2:0 chroma format. The spatial resolution of the base layer was set to QVGA (320x240 luma samples), and the enhancement layer resolution was set to nHD (640x360 luma samples). The frame rate for the enhancement layer was set to 30Hz. The base layer frame rate was set equal to one half of the enhancement layer frame rate.

The aspect ratio of base layer and enhancement layer being different, only the enhancement layer contains the full 16:9 source material, the 4:3 base layer receiving a cropped version of the source material (see Figure 2).
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(a) QVGA
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(b) nHD


Figure 2: Original version for the ShuttleStart sequence – (a) QVGA; (b) nHD
As of today only four test sequences have been run. The set of test sequences is summarized in Table 1. This table additionally specifies the format of the original sequences and how the input sequences for the enhancement layer have been generated. For generating the input sequences for the QVGA base layer, the nHD input sequences have been cropped and then downsampled using the JSVM software.

The common coding parameters are summarized in Table 2. The quantization parameter was set constant for each encoder run and no rate control algorithm was employed. The base layer target bit rate was approximately met (around 250 kbps) by varying the quantization parameters. The enhancement layer was generated by varying the quantization parameter in order to reach a bit rate interval between approximately 500 kbps and 1000 kbps.
We tested two H.264/AVC Simulcast configurations (with Constrained Baseline for QVGA and either Constrained Baseline or High profile for the full picture) and two SVC configurations with spatial scalability using either a “Restricted” version of the Scalable Baseline profile (i.e. Scalable Baseline profile without CABAC, B slices and 8x8 transform as shown in Table 4) or the Scalable Baseline profile. The coding tools that were used for the H.264/AVC Simulcast runs with Constrained Baseline and High profile are summarized in Table 3. The coding tools that were used for the spatial scalable encoding runs with the “Restricted” Scalable Baseline and Scalable Baseline profiles are summarized in Table 4.
Table 1: Test sequences

	Sequence
	Format
	Original
	Generation of input sequences

	City
	nHD (640x360)

30 Hz
	720p 60Hz
	Downsampling of the 720p 60Hz signal using VirtualDub LanczosResize

	Crew
	
	
	

	Harbour
	
	
	

	Newmobcal
	
	
	· 

	Raven
	
	
	· 

	ShuttleStart
	
	
	

	City
	QVGA (320x240)

15 Hz
	nHD 30Hz
	· Cropping of a 480x360 area (in luma samples) from the centre of the nHD 30 Hz signal

· Downsampling of the cropped signal using the JSVM software

	Crew
	
	
	

	Harbour 
	
	
	

	Newmobcal
	
	
	· 

	Raven
	
	
	· 

	ShuttleStart
	
	
	


Table 2: Common coding parameters

	base layer format
	QVGA (320x240) 15Hz

	base layer rate (approx.)
	~250 kbps

	enhancement layer format
	nHD (640x360) 30Hz

	coding structure
	dyadic hierarchical prediction structure with 4 hierarchy levels
(groups of 8 pictures at 30Hz)

	temporal scalability
	4 levels for 30Hz layers
3 levels for 15Hz layers

	intra refresh
	every 48-th pictures for both layers
(every 1.6 seconds for 30Hz sequences)


Table 3: Used coding tools for simulcast

	Coding tools for single layer coding (& simulcast)
	Baseline profile
	High profile

	B pictures
	no
	yes

	8x8 transform & intra pred.
	no
	yes

	entropy coding
	VLC
	CABAC

	number of active reference pictures for list 0
	2
	2

	number of active reference pictures for list 1
	na
	2

	deblocking filter
	enabled
	enabled

	weighted prediction
	disabled
	disabled


Table 4: Used coding tools for spatial scalable coding

	Coding tools for scalable coding
	“Restricted” Scalable Baseline profile
	Scalable Baseline profile

	base layer (QVGA)

	B pictures
	no
	no

	8x8 transform & intra pred.
	no
	no

	entropy coding
	VLC
	VLC

	number of active reference pictures for list 0
	2
	2

	number of active reference pictures for list 1
	na
	na

	deblocking filter
	enabled
	enabled

	weighted prediction
	disabled
	disabled

	enhancement layer (nHD)

	B pictures
	no
	yes

	8x8 transform & intra pred.
	no
	yes

	entropy coding
	CAVLC
	CABAC

	number of active reference pictures for list 0
	2
	2

	number of active reference pictures for list 1
	2
	2

	deblocking filter
	enabled
	enabled

	weighted prediction
	disabled
	disabled


3 Results

First results from a limited number of sequences are available so far. The current simulation results are summarized in the accompanying Excel document “S4-090503_Results_Spatial_Scalability_QVGA-nHD_3GPPSA4-54_Ystad.xls”. The Excel document shows:

1. the rate-distortion efficiency of “Restricted” Scalable Baseline profile in comparison with H.264/AVC Simulcast (Constrained Baseline profile, Constrained Baseline profile);
2. the rate-distortion efficiency of “Restricted” Scalable Baseline profile in comparison with H.264/AVC Simulcast (Constrained Baseline profile, High profile);
3. the rate-distortion efficiency of Scalable Baseline profile in comparison with H.264/AVC Simulcast (Constrained Baseline profile, Constrained Baseline profile);
4. the rate-distortion efficiency of Scalable Baseline profile in comparison with H.264/AVC Simulcast (Constrained Baseline profile, High profile);

5. average bit-rate saving and equivalent average PSNR increase using the Bjontegaard metric [5]. For each couple of profiles, two results are provided depending on the enhancement layer bit-rate interval chosen (either higher part or lower part of the bit-rate interval).
The efficiency of SVC depends on the reuse of base layer information for the encoding of the enhancement layer. In the present case, where part of the picture (the two side bars) is absent from the base layer, we could expect a lower efficiency than in the case of two layers with the same aspect ratio. Nevertheless the results seem not fundamentally different of those cited in [1] for the RAP8/16 case, the SVC efficiency gain appears smaller but is still significant.
It shall be noted, that present simulation is limited to the case where the frequency of random access points is the same in all layers. Random Access efficiency improvement as described in [1] could also applied on the present case, with the expectation of similar gain.

However, reported results show that, on average (for the 6 tested sequences):
1. Restricted Scalable Baseline profile provides above 10% bit-rate reduction in comparison with H.264/AVC Simulcast (Constrained Baseline profile, Constrained Baseline profile);

2. Scalable Baseline profile provides above 20% bit-rate reduction in comparison with H.264/AVC Simulcast (Constrained Baseline profile, Constrained Baseline profile);

3. Scalable Baseline profile provides above 10% bit-rate reduction in comparison with H.264/AVC Simulcast (Constrained Baseline profile, High profile).
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� The erroneous value fro WQVGA from [2] has been corrected in this figure
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