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1.  Introduction

Feedback based reference picture selection, originally introduced as NEWPRED in H.263 version 1998 (H.263+), is well known as a very efficient video source coding error resilience tool.  It requires a mechanism to end-to-end transport the feedback message from the video receiver to the video sender.  For H.263+ Annex N, H.245 contains codepoints to convey several types of such messages.

ITU Q.6/16 (VCEG) has recently agreed to work towards a syntax that enables reference picture selection (RPS) for the H.264 video codec.  Due to the greatly enhanced functionality of H.264’s RPS tool (when compared to H.263 Annex N), this definition process is a non-trivial task of which we are not sure that it can be completed very quickly.  However, we consider the availability messages in support of H.264 RPS in H.245 a time-critical task.  Therefore, we suggest a two-phased approach: “opening up” existing H.245 mechanisms, originally intended to support H.263+ Annex N, for H.264, in parallel with the definition of a mechanism tailored towards the full support of all H.264 constraints.  

To simplify the definition work, we consider only:

· Signalling a reference to a single lost picture, and

· Signalling a reference to a suggested reference picture.

More advanced forms of reference picture selection are for further study, hopefully to be addressed fully by the work in VCEG and in Q.1/16 in the future.

We propose the – comparatively small – changes to ITU-T Rec. H.241 under the condition that the work in VCEG (and the related changes to Rec. H.241) cannot be implemented timely enough for the next SG16 meeting.  If a more complete solution becomes available before or at this time frame, we plan to withdraw this proposal, and support the full solution instead.

2.  Reference Picture Selection in H.264
Even without a detailed review, it is fairly easy to describe the complexity of the task of defining a comprehensive syntax for the reference picture selection in H.264.  A hypothetical feedback channel syntax, developed by VCEG, could, for example take into account: 
· Support for Slices, including support for the different loop filter modes when slices are in use,

· Support for Flexible Macroblock Ordering,

· Problems resulting from the availability of explicit reference picture management,

· Implications of In-band Parameter Set updates (as used in H.241 Annex A),

· Implications of the use of Data Partitioning,

· Implications from the use of interlace tools, in particular macroblock-based frame/field adaptivity.

We do hope that many or all of these aspects will be addressed by the just started VCEG work, and plan to contribute to this process.  However, we fear that this work cannot be completed very quickly.

Beyond defining the syntax, which VCEG has identified to be within their scope, there is also the transport aspect.  Likely, an H.245 extension in the form of GenericParameter syntax will be required to support H.230 and H.245-based systems.  
3. Proposal (Technical)

We propose to modify Rec. H.241 as follows.

Change 1: Allow lostPicture and recoveryReferencePicture C&I signals, by removing them from the “not allowed list” in section 6.2

6.2
C&I for use with ITU-T Rec. H.264

The following C&I signals shall not be used with regard to any channel operating according to ITU‑T Rec. H.264:


BAS signals ØCPCF, ØCSFMT, ØCPAR, ØSCLPREF

lostPartialPicture


lostPicture


recoveryReferencePicture


videoBadMBs


videoFastUpdateGOB


videoFastUpdateMB


videoNotDecodedMBs


videoSendSyncEveryGOB 


videoSendSyncEveryGOBCancel
NOTE 1 – The above signals are either specific to ITU-T Rec. H.263 or have parameters which do not correspond to H.264 structures or value ranges. Replacement signals which could be used either with ITU‑T Rec. H.264 or in a generic form for any video codec are for further study.

All other C&I not mentioned in this clause shall be used as specified elsewhere.

NOTE 2 – For example, the use of videoIndicateReadyToActivate and corresponding BAS signal VIR is not affected by this Recommendation.

Change 2: define the use of recoveryReferencePicture and lostPicture.  This is fairly complex text, due to H.264’s fairly complex nature.  
6.2.5.
recoveryReferencePicture command in ITU-T Rec. H.264

recoveryReferencePicture commands the far-end encoder to use only the indicated pictures for prediction.  

When the value of log2_max_frame_num_minus4 in the active sequence parameter set in the decoder at the time of sending the recoveryReferencePicture command is in the range of 0 to 6, inclusive, then the values of pictureNumber in recoveryReferencePicture commands shall be equal to the values of frame_num (in 10 bit unsigned binary representation) for the short-term reference pictures to be used for prediction.  The values of longTermPictureIndex in recoveryReferencePicture commands shall be equal to the values of the assigned long-term frame index of the long-term reference pictures to be used for prediction. Values of long-term frame index shall be right-aligned with leading zero bits.

An H.264 encoder may be capable of understanding this message and taking corrective action. The message may be sent from a decoder that considers the indicated pictures to have been received and decoded correctly, and considers other (unspecified) pictures to have been corrupted by transmission.

The use of recoveryReferencePicture command with log2_max_frame_num_minus4 larger than 6 in the active sequence parameter set in the decoder at the time of sending the recoveryReferencePicture command is for further study.
NOTE – when the possible use of the recoveryReferencePicture command has been negotiated, video encoder should take the anticipated round trip delay into account when selecting the value of log2_max_frame_num_minus4, so to avoid a wrap around of frame_num in the period before the reception of the recoveryReferencePicture message.  This period encompasses transmission time of the picture, error detection at the decoder, and one round-trip delay on the application layer (which may incur more round-trip delays on the transport layer, depending on the transport mechanism employed).
6.2.6. lostPicture command in ITU-T Rec. H.264

lostPicture commands the far-end video encoder to take corrective action due to the loss or corruption of the indicated pictures. An H.264 encoder may be capable of understanding this message and taking corrective action.
Edt. note: It is an option to use more committing language in the spirit of Rec. H.245’s language on H.263 (where it is stated a decoder SHALL take corrective action).  The design choice documented above reflects alignment with the AVPF Internet Draft, to facilitate gateway design.  Nokia could agree to either solution..  
When the value of log2_max_frame_num_minus4 in the active sequence parameter set in the decoder at the time of sending the lostPicture command is in the range of 0 to 6, then the values of pictureNumber in lostPicture commands shall be equal to the values of frame_num for the corrupted short-term reference picture.

The use of lostPicture command with log2_max_frame_num_minus4 larger than 6 in the active sequence parameter set in the decoder at the time of sending the lostPicture command is for further study.
NOTE – when the possible use of the lostPicture command has been negotiated, a video encoder should take the anticipated round trip delay into account when selecting the value of log2_max_frame_num_minus4, so to avoid a wrap around of frame_num in the period before the reception of the lostPicture message.  This period encompasses transmission time of the picture, error detection at the decoder, and one round-trip delay on the application layer (which may incur more round-trip delays on the transport layer, depending on the transport mechanism employed).
4. Proposal (Procedural)

We propose to tentatively accept our proposal as a forthcoming amendment of Rec. H.241.  Nokia states that we have no interest beyond enabling a speedy deployment of reference picture selection for H.264.  It is in our interest to have a more comprehensive mechanism available.  Therefore, we commit ourselves to withdraw this proposal if a more comprehensive solution becomes available in time for the April 2006 SG16 meeting.
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