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Abstract
According to SVC working draft [１] and JSVM annex. S [２], key picture uses the conventional closed loop motion compensation and the reference pictures for the key picture shall be base representation without FGS enhancement. On the contrary, the reference pictures of non-key picture shall be base representation + FGS enhancement. 

However, the way how to indicate key picture for slices compliant to AVC specification [３] ( the base layer of SVC ) is not clear so far, since key_picture_flag is defined only in slice_header_in_scalable_extension. This contribution describes the problem resulted from the key picture indication of AVC compatible base slices and proposes a solution using nal_ref_idc. The solution does not introduce the AVC compliancy issue. Besides that, the proposal would be also helpful for the extraction of lower temporal resolution pictures in AVC compatible bitstream.

1. Problem definition
Key picture in SVC could be considered as the lowest temporal subband picture of MCTF decomposition conceptually. The decoding process regarding key picture is defined as follows.

- the reference picture of key picture shall be the pictures marked as “base representation”. ( in sub clause S.8.2.4.2.6 Initialization process for the reference picture list for EP slices in frames and subclause S.8.2.4.2.8 Initialization process for the reference picture list for EB slices in frames )

- after decoding the picture, the decoded picture of key picture is duplicated and the duplicated version is marked as “base representation” and is not updated by following progressive refinement slices. ( in S.8.2.5 Decoded reference picture marking process )

Fig. 1 shows the typical example of the reference pictures for the key picture and non-key picture. As shown in this example, the reference pictures for key picture are the base representations, which mean the decoded picture without using FGS enhancement, and those of non-key picture are base quality + FGS enhancement.

[image: image1]
Fig. 1 Hierarchical B-pictures of AVC compatible base layer using FGS
Therefore, decoder should know whether a slice is belonged to key picture for the correct processing of decoded picture buffer and the reference picture preparation. It is indicated by the syntax element key_picture_flag in slice_header_in_scalable_extention. But for the slices in AVC compatible base layer, since this flag is not defined in AVC, it is unclear how to indicate key picture.

According to the current JSVM software [４], a slice is marked as key picture when the adaptive_ref_pic_marking_mode_flag is equal to 1. But it is only a temporary solution, and if we use this method, it is impossible to utilize memory management control operations for non-key pictures, which seems not to be relevant.

So, an appropriate indication method of key picture for AVC compatible slices should be defined, and AVC bitstream using the key picture indication should be compliant to AVC specification in order to keep the base layer AVC compatibility.
2. The proposed solution
nal_ref_idc is defined in NAL unit header both in AVC and SVC. Although it is represented using 2 bits (possible values are 0, 1, 2 and 3), AVC specification discriminates only zero and non-zero value; nal_ref_idc equal to 0 indicates that the slice in this NAL unit is part of non-reference picture and nal_ref_idc not equal to 0 specifies that the NAL unit is either parameter set or the slice of reference picture. Therefore, it is not distinguished by decoding process that the value of nal_ref_idc 1, 2, or 3. 

So, we propose the assignment rule for the nal_ref_idc of AVC compatible NAL units used as the base layer of SVC so that key picture could be identified by a specific value of non-zero nal_ref_idc. The proposed nal_ref_idc allocation rule is as follows.

- 0 for NAL unit containing a slice or slice data partition, which is part of a non-reference picture (possibly the highest temporal level picture).

- 1 for NAL unit containing a slice or slice data partition, which is part of a reference picture, but the value of 1 also indicates that the temporal level of the picture is the second highest temporal level.

- 2 for NAL unit containing a slice or slice data partition, which is part of a reference picture, but the value of 2 also indicates that the temporal level of the picture is between the thirds highest temporal level and the second lowest temporal level.

- 3 for NAL unit containing parameter set (either sequence parameter set or picture parameter set), a slice or slice data partition, which is part of a reference picture, but the value of 3 indicates that the temporal level of the picture is 0 and the picture is a key picture.

Fig. 2 shows the example assignment of nal_ref_idc for the hierarchical B picture structure.
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Fig. 2 The example assignment of nal_ref_idc according to the proposed rule
If the nal_ref_idc is assigned as proposed, it is easy to find key picture for the slices of AVC compatible base layer; a slice or slice data partition with nal_ref_idc equal to 3 shall be part of key picture. It should be noted that even if this method is applied for the AVC compatible slices, it is still compliant to AVC specification since AVC specification does not discriminate the usage of non-zero values of nal_ref_idc.
3. The recommended nal_ref_idc assignment rule in RFC 3984

In RTP Payload Format for H.264 Video [５], the usage of NRI ( nal_ref_idc ) is recommended as follows. ( some items, which are very complaint to our proposal, are highlighted using blue color )
- The semantics of value 0 and a non-zero value remain unchanged from the H.264 specification.

- Values of NRI greater than 0 indicate the relative transport priority, as determined by the encoder. Media awareness network element (MANE) can use this information to protect more important NAL units better than they do less important NAL units.
  The highest transport priority is 3, followed by 2, and then by 1; finally, 0 is the lowest.
  Any non-zero value of NRI is handled identically in H.264 decoder.
  Therefore, receivers need not manipulate the value of NRI.
- NRI SHALL be equal to 0 for all NAL units having nal_unit_type equal to 6, 9, 10, 11, or 12

- NRI SHOULD be equal to 3 for NAL units having nal_unit_type equal to 7 or 8 ( indicating a sequence parameter set or a picture parameter set, respectively).
- NRI SHOULD be equal to 3 for NAL units of a coded slice belonging to an IDR picture.
- NRI MAY be set to 2 for NAL units of non-IDR coded slice or coded slice data partition A, which is a part of reference picture.

- NRI MAY be set to 1 for NAL units of coded slice data partition B or C, which is a part of reference picture.

Comparing the above statement, the proposed assignment rule seems to be well matched to the method of RFC 3984. Since IDR picture is used always as key picture, assigning NRI of 3 to IDR picture is identical to our proposal. Moreover, we allocated nal_ref_idc according to temporal level, which seems to be natural selection considering transport priority. Note that the higher temporal level picture can not be decoded without the lower temporal level pictures, whereas the reverse case is not true.

Therefore, our method is not only compliant to H.264 / AVC specification but also does not make any contradiction with RTP payload format for H.264 video.
4. The extraction of lower temporal resolution pictures in AVC compatible bitstream

By assigning nal_ref_idc as defined in section 2, it is possible to help extract the AVC compatible layer bitstream.

Although temporal scalability is supported in AVC compatible base layer by using hierarchical B picture structure, extracting lower frame rate bitstream for AVC compatible base layer is not easy to do. For the NAL units of scalable extension, extraction could be done by checking the variables such as simple priority id, temporal level, dependency id, and quality level. Only NAL unit header is needed to be parsed for the extractor. 

However, the case is totally different for AVC compatible base layer. Since these variables (simple priority id, temporal level, dependency id, and quality level) are defined only in NAL units of scalable extension and the temporal prediction structure is not restricted to dyadic structure, the extractor should parse and decode all the slice header information in order to correctly extract the lower frame rate bitstream. Thus, extracting lower frame rate bitstream of AVC compatible base layer is only possible using non-reference pictures. (it is also true for the current extractor implementation of JSVM 2 [４].)

For example, suppose that group of picture size is 16 pictures, dyadic hierarchical B picture is used and frame rate is 15Hz, the possible extractable frame rates are 15Hz, 7.5Hz, 3.75Hz, 1.875Hz, and 0.9375Hz. But the current extractor can only provide 15Hz bistream and 7.5Hz bitstream (by excluding the non-reference pictures). 

However, if the nal_ref_idc assignment rule proposed in section 2 is used, then the extractor can provide the additional extraction capability; in the previous example, other than 15Hz and 7.5Hz, it is possible to extract 3.75Hz bitstream ( NAL units of nal_ref_idc equal to 2 or 3 ) and 0.9375Hz bitstream ( NAL units of nal_ref_idc equal to 3, only key pictures and parameter sets). Especially, extracting the minimal amount of bitstream ( key pictures and parameter sets ) would be useful for the pre-view of video.
5. Conclusion
The assignment rule of nal_ref_idc is proposed to indicate key picture in AVC compatible slices, which is used as the base layer of SVC. The method is simple and introduces neither AVC compatibility problem nor RTP compliancy issue. In addition to that, the proposed method also helps the extractor for AVC compatible base layer. It is possible to extract lower frame rate bitstream only by parsing NAL unit header by using the proposed method. Moreover, it does not accompany any bit-rate increase or coding performance degradation.
Therefore, we suggest that the proposed assignment rule of nal_ref_idc should be specified for the AVC compatible base layer bitstream, which is used as the base layer of SVC.
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