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Abstract

This document presents some discussions with examples and syntax improvements for the high level syntax of

NAL units proposed in JSVM2. Based on these discussions we propose to always use the extended NAL unit header (i.e. having simple_priority_id, dependency_id, temporal_level and quality_level) and thus removing the extension_flag introduced in the NAL unit header. Further the mapping between simple_priority_id and (dependency_id, temporal_level, quality_level) should be relaxed to get more flexibility. 
1. Introduction
During Busan meeting, a high level syntax for NAL units has been discussed. The aim of this discussion was to have a high level syntax for allowing a simple parsing of the NAL units in the context of SVC scalable video coding. Two different opinions were raised as to have 

a one-byte additional header to signal SVC NALs in layered mode (CGS = Coarse Grain Scalability)

a two-bytes additional header to signal SVC NALs in a Fine Grain scalability mode (FGS)
As a result, a partial consensus was agreed about having two bytes signaling in the NAL header for the JSVM2 [2]. 
· First a simple_priority_id field is coded that specifies a priority identifier for simple parsing. 
· Additionally the second byte may be present (depending on the value of the extension_flag) and defines the layer, temporal and quality levels the NAL unit belongs to.
In this document, we further discuss this high level syntax, propose some adaptations and provide some example of the interest of having these two bytes signaling in the NAL header.

2. Syntax in JSVM2

In JSVM2 the syntax of the two signaling bytes in the NAL header is the following:
	
if(  nal_unit_type  = =  20  | |  nal_unit_type  = =  21 )  {
	
	

	

simple_priority_id
	All
	u(6)

	

discardable_flag
	All
	u(1)

	

extension_flag
	All
	u(1)

	

if( extension_flag  = =  1 )  {
	
	

	


temporal_level 
	All
	u(3)

	


dependency_id
	All
	u(3)

	


quality_level
	All
	u(2)

	


nalUnitHeaderBytes++
	
	

	

}
	
	

	

nalUnitHeaderBytes++
	
	

	
}
	
	


With the following semantics ([2]):
simple_priority_id  specifies a priority identifier for the NAL unit. When extension_flag is equal to 0, simple_priority_id is used for inferring the values of dependency_id, temporal_level, and quality_level. When simple_priority_id is not present, it shall be inferred to be equal to 0.

NOTE – When extension_flag is equal to 1, simple_priority_id is not used by the decoding process specified in this Recommendation | International Standard; when extension_flag is equal to 0, it is only used for inferring the values of dependency_id, temporal_level, and quality_level. The syntax element simple_priority_id may be used as determined by the application.

discardable_flag  equal to 1 specifies that the content of the NAL unit (currDependencyId = dependency_id) is not used in the decoding process of NAL units with dependency_id > currDependencyId.  discardable_flag equal to 0 indicates that the content of the NAL unit (currDependencyId = dependency_id) is used in the decoding process of NAL units with dependency_id > currDependencyId. [Ed. Note(SP/HS): Currently this flag is not required by the decoding process, it represents mainly high-level information for applications. The discardable feature shall also be reflected by the syntax element base_id_plus1. The discardable_flag may be used in future versions of the JSVM to indicate discardability of fragemented NAL units for progressive refinement slices in order to support arbitrary rate points for inter-layer prediction.]

extension_flag  equal to 1 indicates that the syntax elements dependency_id, temporal_level, and quality_level are present in the NAL unit.

dependency_id  specifies a dependency identifier for the current picture. When dependency_id is not present, it shall be inferred to be equal to dependency_id_list[ simple_priority_id ]. The dependency_id is used in the decoding process for picture order count, the decoding process for reference lists, the decoded reference picture marking process, the derivation process for update picture lists, and for identifying base pictures that are used for inter-layer prediction of motion and/or texture data.

temporal_level  specifies a temporal level for the current picture. When temporal_level is not present, it shall be inferred to be equal to temporal_level_list[ simple_priority_id ]. The temporal_level is used in the decoding process for reference lists  and the derivation process for update picture lists.

quality_level  specifies a quality level for the current NAL unit. When quality_level is not present, it shall be inferred to be equal to quality_level_list[ simple_priority_id ]. The quality_level is used in connection with the end_of_progressive_refinement_slice_flag of previous NAL units in decoding order for determining whether a NAL unit containing a PR slice can be decoded.
2.1. SVC stream parsing using high level syntax

Using the information stored in NAL header it is then possible to define a stream parsing process at the NAL level. This parsing process is illustrated on Fig. 1. 
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Fig. 1 Illustration of the parsing process based on the high level syntax

A NAL Unit with information (priority_id_NAL, dependency_id_NAL, temporal_id_NAL, quality_level_NAL) is kept if we have:

(priority_id_NAL <= priority_id_TARGET) AND (dependency_id_NAL <= dependency_id_TARGET) AND (temporal_level_NAL <= temporal_level_TARGET) AND ( quality_level_NAL <= quality_level_TARGET)

Note that this test could be simplified by not performing the test on all fields (for example in the case of the one-byte signaling header, the test could be performed only on priority_id).
3. Improved high level syntax

3.1. Fixed length high level syntax

France Telecom considers that the option to have the choice between one or two bytes signaling is not justified and wishes that the two bytes signaling should be always used. In this solution the extension_flag should be removed and 7 bits affected to the simple_priority_id. This leads to the following syntax with respect to the one of JSVM-2 [2].
	nal_unit( NumBytesInNALunit ) {
	C
	Descriptor

	
forbidden_zero_bit
	All
	f(1)

	
nal_ref_idc
	All
	u(2)

	
nal_unit_type
	All
	u(5)

	
nalUnitHeaderBytes = 1
	
	

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

	

simple_priority_id
	All
	u(7)

	

discardable_flag
	All
	u(1)

	

extension_flag
	All
	u(1)

	

if( extension_flag  = =  1 )  {
	
	

	


temporal_level 
	All
	u(3)

	


dependency_id
	All
	u(3)

	


quality_level
	All
	u(2)

	


nalUnitHeaderBytes++
	
	

	

}
	
	

	

nalUnitHeaderBytes++
	
	

	
}
	
	

	
NumBytesInRBSP = 0
	
	

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

	

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

	


rbsp_byte[ NumBytesInRBSP++ ]
	All
	b(8)

	


rbsp_byte[ NumBytesInRBSP++ ]
	All
	b(8)

	


i += 2
	
	

	


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

	

} else
	
	

	


rbsp_byte[ NumBytesInRBSP++ ]
	All
	b(8)

	
}
	
	

	}
	
	


The immediate advantages of using this solution over the previous one are :

· The NAL header has only one type of parsing, in whatever profile the decoder is working; this is highly recommended for e.g. network equipments

· All the data necessary to decode the SVC video bit-stream are included within the NAL headers  (not in the SPS or PPS…). This is highly recommended for a simple and efficient parsing (in e.g. the routers, gateways…)
· One additional bit is devoted to indicate the simple priority id, leading to 64 new possible values.

Further, France Telecom also considers that no constraint should be put on having a mapping between the simple_priority_id and (dependency_id, temporal_level, quality_level). As such, there is no reason why only one of them should be present in the header: a fast access to the spatial layer or the temporal layer is also important.
3.2. Variable length high level syntax

If the variable length NAL header was to be kept then we consider that the extension_flag should not be repeated in each NAL but should rather be put into SPS (or preferably in SPS_in_scalable_extension). It is highly unlikely that the decoding mode (CGS or FGS) would change from one NAL to another. It is more likely that this mode would change only when the video (the session, or even the decoder type…) changes. 
Further putting additional information in SPS induces some compatibility issues with AVC in the base layer. Since the base layer should be AVC compliant, modifying SPS syntax for the base layer is not allowed. This implies that a default behavior for NAL units of the base layer should be defined. Obviously the two bytes signaling should be used since this allows for direct combined scalability that is not the case with the shorter signaling technique. 
4. Two bytes signaling and combined scalability
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Fig. 2 NAL units for combined scalability. Spatial: QCIF/CIF; Temporal: 15Hz/30Hz; SNR: low/high. In order to identify NAL units we use index with capital letters (A,B,C,…H).

In Fig. 2 we present a typical example of NAL units for a SVC stream when considering two spatial levels.
4.1. Spatio-temporal combined scalability

In applications were QCIF@15Hz, QCIF@30Hz, CIF@15Hz, CIF@30Hz are needed, SVC high level syntax could then take the following labeling (in this example we consider only base layer NAL units since no SNR scalability is considered):

	NAL unit
	A
	B
	C
	D

	Priority_id
	0
	1
	2
	3


This priority_id assignment allows then to make the following extractions strategies depending of the target spatio-temporal resolution:

	Priority_id used for parsing
	QCIF@15Hz
	QCIF@30Hz
	CIF@15Hz
	CIF@30Hz

	0
	A
	A
	A
	A

	1
	A
	A+B
	A
	A+B

	2
	A
	A+B
	A+C
	A+B+C

	3
	A
	A+B
	A+C
	A+B+C+D


In this table, all NAL units that have too high spatial or temporal level or too high priority_id  are discarded.

This table takes into account the spatial and temporal information. Now, if these spatio-temporal information were to be ignored, then we would have a layered stream:

QCIF@15 -> QCIF@30Hz -> CIF@15Hz -> CIF@30Hz. 

To prevent from having QCIF@30Hz -> CIF@15Hz, then one of these points should be removed. The only solution to remove this point is to use a similar table as the one proposed above. This is the example given during JVT meeting were it was shown that using only one 1D index will disallow some target points.

Note that in this table, the values highlighted in green should be avoided because either the target temporal or spatial resolution is not  reached. A simple solution to solve this problem is proposed in section 4.3.
4.2. Combined scalability with SNR scalability

In the case when combined scalability with SNR scalability is targeted, we could have the following assignment:

	A
	B
	C
	D
	E
	F
	G
	H

	0
	1
	1
	2
	1
	2
	2
	3


This assignment is also shown on the Fig. 3.
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Fig. 3 NAL units and an example of priority_id assignment for combined scalability.

From this priority_id assignment, we then get the following extraction strategies depending on the target spatio-temporal level:

	Priority_id used for parsing
	QCIF@15Hz
	QCIF@30Hz
	CIF@15Hz
	CIF@30Hz

	0
	A
	A
	A
	A

	1
	A+E
	A+(B+E)
	A+(C+E)
	A+(B+C+E)

	2
	A+E
	A+(B+E)

+F
	A+(C+E)

+G
	A+(B+C+E)

+(D+F+G)

	3
	A+E
	A+(B+E)

+F
	A+(C+E)

+G
	A+(B+C+E)

+(D+F+G) +H


In this assignment example, several spatio-temporal resolutions may be targeted with SNR scalability feature with a very simple bitstream parser.

Further in this example no drift occurs when considering the prediction from QCIF to CIF pictures: when decoding the CIF base layer NAL unit C (respectively D),  QCIF reference NAL unit E (respectively F) is present thanks to the value of respective priority_id. This way priority_id may be an alternative to the "base_id_plus1" incorporating FGS level (as proposed in JSVM2 [2]). 
4.3. Combined scalability with higher number of rate points
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Fig. 4 NAL units and example of priority_id assignement for combined scalability

In the previous section, only two priority-id were associated to a spatio-temporal level. 

In a more realistic case, we could have more than two values of priority_id per spatio-temporal level. For example, we could have 
· fractions of FGS pass as proposed in [5], or 
· priority_id assignment according to rate distortion performances according to [4]
In the following table we summarize the NAL unit priority_id classification as illustrated by Fig. 4 with a rate associated to each NAL unit class:

	
	Spatial level
	Temporal level 
	Q_level
	NAL unit
	pid
	rate

	QCIF 15Hz
	0
	0
	0
	A
	0
	100

	
	0
	0
	1
	E
	1
	50

	
	0
	0
	2
	I
	2
	50

	QCIF 30Hz
	0
	1
	0
	B
	0
	50

	
	0
	1
	1
	F
	2
	50

	
	0
	1
	2
	J
	3
	50

	CIF 15Hz
	1
	0
	0
	C 
	0
	200

	
	1
	0
	1
	G
	3
	100

	
	1
	0
	2
	K
	4
	100

	CIF 30Hz
	1
	1
	0
	D
	0
	100

	
	1
	1
	1
	H
	4
	100

	
	1
	1
	2
	L
	5
	100


Summing up the contributions of the NAL units, we obtain the following achievable rates: 

	Pid
	0
	1
	2
	3
	4
	5

	
	
	
	
	
	
	

	Delta QCIF 15
	100
	50
	50
	0
	0
	0

	rate QCIF 15
	100
	150
	200
	200
	200
	200

	Delta QCIF 30
	50
	0
	50
	50
	0
	0

	sum Delta
	50
	50
	100
	150
	150
	150

	rate QCIF 30
	150
	200
	300
	350
	350
	350

	Delta CIF 15
	200
	0
	0
	100
	100
	0

	sum Delta
	200
	200
	200
	300
	400
	400

	rate CIF 15
	300
	350
	400
	500
	600
	600

	Delta CIF 30
	100
	0
	0
	0
	100
	100

	sum Delta
	100
	100
	100
	100
	200
	300

	rate CIF 30
	450
	500
	600
	750
	950
	1050


As can be seen from this table using a parsing of the stream based on (priority_id, dependency_id, temporal_id, quality_id) allows a full combined scalability.

Further, by setting a priority_id of 0 to each base layer, we can observe that there is no incoherent configuration generated (e.g. when asking CIF@30Hz, even with priority_id 0 threshold, we get a decodable CIF@30Hz sequence).
5. Priority_id and rate distortion performance
Apart from signaling progression in rate with FGS passes, priority_id could be used to optimize rate-distortion performance of JSVM. We present in this section two example of such benefits.
5.1. Priority_id and quality layers
In [4] it is shown that using rate-distortion based quality level brings improvement to the current JSVM model.
The tool introduces quality levels information in the final bitstream in order to optimize the reconstruction quality of a target point by selecting the best rate allocation among coded pictures . 

Quality layers information is introduced in the bit-stream using the simple_priority_id element of a NAL unit (see table 1). 

At the extractor, given a quality level, a NAL unit is removed if the value of the simple_priority_id of the NAL is higher than the given quality layer. 

To reach a given bit-rate, a dichotomic algorithm is used to find the corresponding quality layer (note also that due to the limited set of values for priority_id, rate estimation could be simply performed for each value of priority_id and then direct value of quality layer estimated). NALUs having a simple_priority_id higher than the corresponding quality layer are kept. NALUs having a simple_priority_id lower than the corresponding quality layer are thrown away. Only the NALUs having a simple_priority_id equal to the corresponding quality layer are truncated.

Results show that the quality layers technique allows to improve PSNR results for almost all sequences; the PSNR gain is up to 0.4 dB. Bit-rate gain is up to 14%. For the SNR test settings, the Rate/Distortion curves present now a convex form.

An example is shown below for the sequence Mobile. 
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Fig. 5 Rate distorsion-curve obtained for the sequence Mobile when quality layers are used in the priority_id field. 
Note that the results of [4] correspond to the case were priority_id is set to the value of the quality_layers (i.e. the slope of the rate-distortion performance curve of an AU). However any value could be associated to the priority_id. For instance if one would like to have the behavior of JSVM2 default extractor [2], priority_id of a NAL unit could be set to ((dependency_id<<2) + quality_level) for SNR enhancement NAL units and to 0 for SNR base layer NAL units. That is NAL units are kept according to following order:
· base layer NAL units

· increasing dependency_id

· for a given dependency_id, use an increasing order over FGS quality level index.

5.2. Adaptive picture quantization

In current J-SVM quantization parameters across pictures of different temporal levels are set with some kind of rate distortion optimization. The quantizer selection that is defined in section 3.5 of JSVM2 corresponds to some kind of statistical rate-distortion optimization. The QP that is set for each picture is related to the scaling factor that gives the relation between the distortion of a picture (i.e. the residue to code after the MCTF process) and the resulting distortion on the reconstructed frames (i.e. the decoded sequence). 
Fig. 6.a illustrates such an example of QP settings. 
· At temporal level 15Hz, pictures are first encoded with a base layer using QP0 and then refined with an FGS1 enhancement layer with QP0-6. 
· At temporal level 30Hz a shift of QP is observed. 
Then as illustrated on Fig. 6.b, when SNR scalability is performed, the same amount of FGS pass is used. 
However this quantizers definition may be different for some scenarios. For example when considering Munich testing conditions for QCIF sequences, lower rate at QCIF@15Hz should be predicted using lower rate of QCIF@7.5Hz. For coding efficiency one may want to have those two low rate points coded using base layer quantization only. However using only base layer quantization on both may not lead to valid rate-distortion optimized QP settings. An alternative is then to set QP of 7.5Hz in order to have only base layer quantization for 7.5Hz low rate. Later for 15Hz low rate, fraction of the FGS enhancement layer may be considered associated with a base layer only coding for 15Hz enhancement (see Fig. 6.c). In such conditions, the strategy of truncating each NAL units at the same FGS level is no more valid.
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Fig. 6 FGS pass organization among temporal levels. (b) illustrates aligned FGS passes were same fraction of FGS pass is used. (c) illustrates non-aligned FGS passes.

Fig. 6 illustrates such an example. In Fig. 6.b QP for base layer of 30Hz temporal level has been set to QP0-QP (used for base layer of 15Hz temporal level). This QP setting is optimal in a rate distortion sense for the base layer of the 30Hz video. Fig. 6.c illustrates the case where the minimal rate required for the 30Hz video may be higher. In such case, it may then be beneficial to use a lower QP for the 30Hz temporal level. Note here that the correspondance between FGS fraction among 15Hz and 30Hz is not equal  to the one of Fig. 6.b. Using priority_id assignement may then solve this problem. In the example of Fig. 6.b, same priority_id will be used for NAL units of 15Hz and 30Hz levels. In the example of Fig. 6.c, shifted priority_id will be used for NAL units of 15Hz and 30Hz levels.
6. Discussions and conclusions
At the last meeting, we agreed upon a consensus on a two – bytes extension NAL header

· the first byte contains the priority_id, the DS_flag and an extension flag indicating the presence of the second byte
· the second byte contains the D,T,Q information of the NAL (dependency_id, temporal_id, quality_id)
In this paper, we have shown the interest of using this two-bytes extension in the SVC NAL headers. The two-bytes 
extension : 

· Is necessary for a full scalability management
· Allows for a fast and generic parsing using (P,D,T,Q) fields of the two-bytes NAL header 
· Allows to improve the rate-distorsion performance of the JSVM when quality layers are used

· Allows to handle efficiently the fractioning of NAL units when they are not small enough to be easily manageable, or a fixed size NALUs are expected…
We therefore propose the following :

- Remove the extension_flag from the NAL header

· always use two bytes

· put this flag in SPS if it were needed
- Mapping between simple_priority_id and DTQ should not be mandatory. The definition of this mapping if present should be in a SPS scalable extension.
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