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Abstract
This document proposes three different tools for the high-level syntax of SVC. The first topic addresses the scalability description in the NAL unit header. First, the current status of the discussion is briefly reviewed, which is a variable length design. Then two alternate solutions are presented, which basically introduces more flexibility in the usage of the NAL unit header. The second tool describes the concept of Super-NAL units. These container elements include all NAL units of one scalability level (the same spatial, temporal, and SNR ID). This design facilitates scalability operations and supports transport. The third tool deals with the design of FGS NAL units to allow medium and fine grain SNR scalability with the high-level syntax.
1 NAL Unit Header

1.1 Current status
The approach for the design of the scalability information consists of a variable length solution using a mandatory first byte and an optional second byte.
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The semantics of the fields are as follows:
priority_id (6 bits): one-dimensional index to signal the priority of the NAL unit
DS (1 bit): indicates whether the NAL unit contains data of a dead sub-stream

S (1 bit): switch indicating whether the optional second byte is used or not

dependency_id (3 bits): ID for spatial and CGS layers

temporal_level (3 bits): ID for the temporal resolution

quality_level (2 bits): ID for SNR quality refinements (full FGS layers)
In case the optional second byte is used (e.g. S=0), then structure is unchanged 
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In case the optional second byte is not used (e.g. S=0), then the following structure for the scalability information in the NAL unit header remains.
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If the information in the second byte (dependency ID, temporal ID, quality ID) is needed for decoding then it has to be stored at a different position in the bit-stream (e.g. in the slice header). A second disadvantage is the inflexible definition of the priority ID.

1.2 Proposal 1 with fixed length NAL unit header
The following syntax does not have the shortcomings of the current approach. The differences to the current design are not severe. The main difference is the flexible usage of the first field (formerly priority ID). The meaning of this field is toggled by the switch ‘S’. The length the scalability information in the NAL unit header is fixed (2 bytes).
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For S=0 the first field is used to indicate the quality fragment level.
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For S=1 the first field is used as a layer ID. The layer ID is a one-dimensional index to signal a fixed path through the three scalability axes (dependency ID, temporal level and quality level). Each combination of these axes is assigned a layer ID. In a higher layer at least one of the three scalability axes also has to increase and none of the scalability axes must decrease).
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The layer ID can be overwritten in order to allow new layered mappings or to transform the bit-stream from the fully scalable to the layered representation, e.g during playout or by an adaptation engine.
1.2.1 Syntax 
In Table 1 the syntax of a complete NAL unit for this proposal is given.
Table 1    Syntax of NAL unit

	nal_unit( TotalBytesInNALunit ) {
	Descriptor

	
forbidden_zero_bit
	f(1)

	
nal_ref_idc (NRI)
	u(2)

	
nal_unit_type
	u(5)

	
if (nal_unit_type == 20 || nal_unit_type == 21) {
	

	

layer_id_used
	b(1)

	

if (!layer_id_used) 
	

	


quality_fragment_level
	b(6)

	

else
	

	


layer_id
	b(6)

	

is_dead_sub_stream
	b(1)

	

dependency_id
	b(3)

	

temporal_level
	b(3)

	

quality_level
	b(2)

	
}
	

	
NumBytesInRBSP = 0
	

	
for( i = 1; i < NumBytesInNALunit; i++ ) {
	

	

if( i + 2 < NumBytesInNALunit && next_bits( 24 )  = =  0x000003 ) {
	

	


rbsp_byte[ NumBytesInRBSP++ ]
	b(8)

	


rbsp_byte[ NumBytesInRBSP++ ]
	b(8)

	


i += 2
	

	


emulation_prevention_three_byte  /* equal to 0x03 */
	f(8)

	

} else
	

	


rbsp_byte[ NumBytesInRBSP++ ]
	b(8)

	
}
	


1.2.2 Semantics
TotalBytesInNALunit specifies the size of the NAL unit in bytes. TotalBytesInNALunit is provided by external framing.
forbidden_zero_bit shall be equal to 0.

nal_ref_idc specifies the picture priority if used in AVC NAL unit headers, if used in SVC NAL unit headers or used in scalability extension NAL units of type SCAL_EX its value should correspond to the value of nal_ref_idc of corresponding AVC NAL unit of the same temporal scalability level.

nal_unit_type specifies the type of RBSP data structure contained in the NAL unit.
layer_id specifies the layer ID for use in layered scalability mode, if layer_id_used is set.
is_dead_sub_stream specifies that this NAL unit is marked as dead sub-stream. This value could be ignored, if layer_id_used is set.
layer_id_used specifies whether a layer ID is used. If the layered scalability mode is used, then it shall be set. If the fully scalable mode is used it shall not be set.

quality_fragment_level specifies the fragmentation level of a fragmented progressive refinement NAL unit. If fragmentation of progressive refinement NAL unit is not used, then its value shall be set to zero.

temporal_level specifies the temporal scalability level for use in full scalable mode.

dependency_id specifies the spatial scalability level for use in full scalable mode. If coarse grain scalability is used, one ‘spatial’ level could differ from the next ‘spatial’ level only by different quantization settings.

quality_level specifies the SNR scalability level (full FGS levels)
1.3 Proposal 2 with variable length NAL unit header

If the current variable length design is not seen as a problem then also the following structure of the scalability information in the NAL unit header is a good option:
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In case the two byte version (e.g. S=0) is used the 
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For S=1 the second byte is cut:
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Syntax and semantics are similar as in proposal 1.
2 Super NAL Units (Scalable Extension NAL Units)
To enable efficient access to scalability levels with a large number of NAL units all SVC NAL units belonging to one particular scalability level could be optionally stored in a virtual aggregation NAL unit (scalable extension NAL units of type SCAL_EX). 

The structure of a sample with two AVC base layer NAL units and two scalability levels is depicted in Fig. 1. To signal a NAL unit of type SCAL_EX we propose the usage of NAL unit type 30. A scalable extension NAL units of type SCAL_EX is handled as other SVC NAL unit by transmission engines and e.g. by an SVC file format.
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Fig. 1    Access unit containing AVC NAL units and aggregated SVC NAL units

2.1 Syntax 
Table 2    Syntax of scalable extension NAL unit

	extension_nal_unit( TotalBytesInExtensionNALunit ) {
	Descriptor

	
forbidden_zero_bit
	f(1)

	
nal_ref_idc (NRI)
	u(2)

	
reserved_nal_unit_type_scalable_extension /* equal to 30 */
	u(5)

	
layer_id_used
	b(1)

	
if (!layer_id_used) 
	

	

quality_fragment_level
	b(6)

	
else
	

	

layer_id
	b(6)

	
is_dead_sub_stream
	b(1)

	
temporal_level
	b(3)

	
dependency_id
	b(3)

	
quality_id
	b(2)

	
NumBytesInExtensionNALunit = 0
	

	
do {
	

	

NumTotalBytesInNALunit
	u(v)

	

NumBytesInNALunit = 0
	

	

for( i = 0; i < NumTotalBytesInNALunit; i++ ) {
	

	


SVC_NALunit[ NumBytesInNALunit++ ]




NumBytesInExtensionNALunit++
	b(8)

	

}
	

	
} while (NumBytesInExtensionNALunit < TotalBytesInExtensionNALunit)
	

	}
	


2.2 Semantics
TotalBytesInExtensionNALunit specifies the size of the virtual aggregation NAL unit of Type SCAL_EX in bytes. TotalBytesInExtensionNALunit is provided by external framing.
forbidden_zero_bit shall be equal to 0.

nal_ref_idc specifies the picture priority if used in AVC NAL unit headers, if used in SVC NAL unit headers or used in scalability extension NAL units of type SCAL_EX its value should correspond to the value of nal_ref_idc of corresponding AVC NAL unit of the same temporal scalability level.

nal_unit_type specifies the type of RBSP data structure contained in the NAL unit. For scalability extension NAL units of type SCAL_EX its value is constantly set to 30.

layer_id specifies the layer ID for use in layered scalability mode.
is_dead_sub_stream specifies that the scalability level of this NAL unit is marked as dead sub-stream. This value could be ignored, if layer_id_used is set.

layer_id_used specifies whether a layer ID is used. If the layered scalability mode is used, then it shall be set. If the fully scalable mode is used it shall not be set.

quality_fragment_id specifies the fragmentation ID of a fragmented progressive refinement NAL unit. If fragmentation of progressive refinement NAL unit is not used, then its value shall be set to zero.

temporal_level specifies the temporal scalability level for use in full scalable mode.
dependency_id specifies the spatial scalability level for use in full scalable mode. If coarse grain scalability is used, one ‘spatial’ level could differ from the next ‘spatial’ level only by different quantization settings.

quality_level specifies the SNR scalability level (full FGS levels)
NumTotalBytesInNALunit specifies the length of the NAL unit following. The size of NumTotalBytesInNALunit is specified externally (e.g. by a scalability information SEI message).

SVC_NALunit contains a single NAL unit. SVC_NALunit includes the NAL unit header and the encapsulated payload.

3 Fragmentation of Progressive Refinement NAL Units

SVC can support one ore more progressive refinement levels (FGS refinements). To enable simple adaptation operations a progressive refinement NAL unit can be split at given rate points. These points could be provided by the encoder or by a bit stream extraction tool with special rate control features. An adaptation operation can be performed by exploiting quality_level and the quality_fragement_level. The fragments of such split progressive refinement NAL unit are stored beginning with the first three bytes of the NAL unit header with ascending quality_fragement_level count. 

Fragmentation of progressive refinement NAL units is possible only if a fully scalable bit stream representation is used. If a layered bit stream representation is used fragmented progressive refinement NAL unit could be used by encapsulating the fragments in scalable extension NAL units (SuperNAL units). If the representation of a bit stream is changed by performing a mapping operation then the fragments are reassembled before performing the mapping operation.
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Fig. 2    Fragmentation of a progressive refinement NAL unit

For fragmentation the following definitions apply:

· The first part of a fragmented progressive refinement NAL unit (including the NAL unit header) is stored as is. 
· Following fragments of that progressive refinement NAL unit are stored by duplicating the first three bytes of the header of the first fragment with ascending count of quality_level.
· A fragmented progressive refinement NAL units needs to be reassembled before it can be decoded.

4 Conclusions
We propose to include the three specifications scalability information in the NAL unit header, Super-NAL units and fragmentation of FGS layers in the next version of the Joint Scalable Video Model and later on in the Working Draft.
(Append for Proposal Documents)
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