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�
0.0	OVERVIEW


The eighth meeting (Meeting “H”) of the ITU-T Advanced Video Coding Experts Group (Q.15 / SG 16) was held at the Grand Hotel Esplanade, Berlin, Germany during 03-06 August, 1999.  The meeting was chaired by the Q.15 Rapporteur, Mr. Gary Sullivan.  Excellent arrangements were provided by the host organization, TELES, AG, and its host representatives Dr. Stephan Wenger and Dr. Joerg Ott.  A D-1 VTR was provided for video demonstrations by the Heinrich Hertz Institute.  This meeting report [Q15-H-37] contains several annexes of important information:


Annex A: A list of the 43 collaborating experts attending the meeting [Q15-H-02]


Annex B: A list of the 37 contributions and two Temporary Documents of the meeting [Q15-H-00]


Annex C: The detailed meeting agenda [Q15-H-TD-1]


Annex D: The list of ad-hoc groups established at the meeting.





The overall issues addressed at this meeting are summarized in Table 1.





Documents for this meeting, for other meetings, and other information pertinent to the activities of the Advanced Video Coding Experts Group can be found on the Q15 ftp site managed by the Rapporteur:


	ftp://standard.pictel.com/video-site


	http://standard.pictel.com/ftp/video-site





Documents for this meeting are found in the 9908_Ber subdirectory of the ftp site.





Document numbers are used to refer to documents listed in this report (e.g., Q15-H-37, which denotes this report itself) according to the document registration list [Q15-H-00] provided in Annex B.  A document number in italic font refers to a document that was not uploaded onto the ftp site prior to the advance upload deadline (four business days prior to the meeting).  Document numbers are also used in the filenames for storing documents on the ftp site (e.g., filename q15h37d1.doc for the 1st draft of document 37, which is this meeting report, or q15h00r1.doc for the 1st revised version of the document list).  The “Q15” in a document number refers to the Question 15 Advanced Video Coding Experts Group, and the letter (e.g., “H”) refers to the meeting for which the document was registered (“A” for the first meeting, “B” for the second, etc.).





Email conversations pertaining to the activities of this group are routinely conducted using the email reflector currently hosted by PictureTel Corp.  Those wishing to subscribe or unsubscribe to this email reflector are asked to send a plain-text email message to:


	majordomo@standard.pictel.com





in which the body of the email message is in the following format:


	subscribe itu-adv-video YOUR-EMAIL-ADDRESS





(similarly substituting “unsubscribe” above to be removed from the list)


and the address for email to be sent to all members of the email reflector list is:


	itu-adv-video@standard.pictel.com





TABLE 1


CATEGORIZATION OF SUBJECT AREAS AT BERLIN MEETING


SUBJECT�
�
1.	Opening Session�
�
2.	Deployment and Support of Existing Video Coding Standards�
�
3.	Coordination of Video Coding Needs with Other Organizations�
�
4.	Technical Content Proposals and Demos for H.263++ and H.26L�
�
5.	Test Model, Software and Encoding for Video Coding Standards�
�
6.	Sign Language and Lip-Reading�
�
7.	Workplan for H.263++ Future Enhancement Project�
�
8.	Workplan for H.26L Future Standard Development Project�
�
9.	Closing Session�
�
1.0	OPENING SESSION


The group thanked TELES, the host organization for its excellent arrangements for the meeting.


1.1	Organizational Items [Q15-H-02, Q15-H-03, Q15-H-TD-0]


The current experts list was made available to the members for sign-in for construction of the new attendee list [Q15-H-02] and the updated experts list [Q15-H-03], and the meeting invitation document [Q15-H-TD-0] was made available.





The Rapporteur discussed the importance of the disclosure of patents and of the filing of statements pertaining to such intellectual property claims with the ITU.  The group was encouraged to consult the guidelines and further information available at the ITU web site


http://www.itu.int/ITU-Databases/TSBPatent


1.2	Previous Meeting Report [Q15-H-01]


A report of the Q.15/SG16 activities at the 17-28 May meeting of SG16 in Santiago, Chilé was provided by the rapporteur [Q15-H-01].


1.3	Review of Contributions [Q15-H-00]


The list of meeting contributions was reviewed, updated, and approved [Q15-H-00]. We are pleased to note that the vast majority of documents for this meeting had been uploaded to the ftp site for the group several business days prior to the meeting.  Advance electronic distribution of contributions will continue to be our policy, with an intent to eliminate the need for paper copies at our meetings.  Late, unannounced contributions hand-carried to the meetings were noted to be accepted only with the consensus of the meeting participants.  Some late contributions were made at this meeting as noted in the document list (documents not uploaded prior to a 4-business-day advance distribution deadline are noted by italics in the list and in the document numbers referenced in this report), and these were all accepted.  Facilities were made available by the host for obtaining electronic copies of documents at the meeting (as well as the distribution of paper copies).





This was our fourth meeting at which a LAN was provided to give instant access to electronic meeting contributions throughout our meeting room.  These excellent facilities greatly eased our ability to communicate and to distribute contributions in electronic form.


1.4	Meeting Plan [Q15-H-TD-1]


The meeting plan outlined in Q15-H-TD-1 and attached in Annex C to this report was reviewed, updated, and approved.


1.5	Proposed Future Meeting Plans


The proposed meeting plans were presented and approved.  Potential hosts and locations for our next meetings were discussed, subject to review and approval by SG16:





Study Group 16 “5”:		September 30, 1999, Geneva (ITU HQ)


Q.15 / SG16 Experts “I”:   	October 18-22, 1999, New Jersey (Ascend/Lucent)


Study Group 16 “6”:		February 07-18, 2000, Geneva (ITU HQ)


Q.15 / SG16 Experts “J”:	April, 2000 Japan


Q.15 / SG16 Experts “K”:	July, 2000





The group noted that finalization of the plans for these future meetings are not yet complete.  Experts are encouraged to watch the email reflector and ftp site for updates.


1.6	Ad Hoc Committee Reports


Reports were presented for the five Ad Hoc Committees that were established at the previous meeting.  The ad hoc committees and their report document numbers are listed below in Table 2.





TABLE 2


Ad Hoc Committees Reporting to Berlin


AD HOC COMMITTEE�
CHAIRPERSON�
REPORT�
�
Error Resilience Simulation Conditions�
Stephan Wenger�
Q15-H-04�
�
Test Model Enhancement and Software Development�
Keiichi Hibi�
Q15-H-05�
�
H.263++ Development�
Gary Sullivan�
Q15-H-06�
�
H.26L Development�
Keiichi Hibi�
Q15-H-07�
�
1.6.1	Error resilience simulation conditions [Q15-H-04]


Little interim collaborative work on error resilience was reported [Q15-H-04].  The work and contributions on this topic are discussed below in Section 5.2.


1.6.2	Test model enhancement and software development [Q15-H-05]


Little interim collaborative work was reported in this area of activity [Q15-H-05].  The work and contributions on these issues are discussed below in Section 5.


1.6.3	H.263++ development [Q15-H-06]


A number of developments were reported for the H.263++ project [Q15-H-06], and the work and contributions on this topic are discussed below in Sections 4 and 7.  The ad-hoc report on H.263++ reviewed the H.263++ Key Technical Areas, functionality requirements, and workplan.


1.6.4	H.26L development [Q15-H-07]


A number of developments were reported for the H.26L project [Q15-G-07], and the work and contributions on this topic are discussed below in Sections 4 and 8.  The ad-hoc report on H.26L reviewed the H.26L Key Technical Areas, functionality requirements, and workplan.


1.7	Liaison with Other Organizations [Q15-H-33]


One liaison statements was discussed at this meeting, which was from Study Group 9 requesting feedback on their plan for a “webcasting” multimedia distribution system operating over the Internet Protocol [Q15-H-33].  The document contained a discussion of video distribution issues and used H.263 over RTP as its example video codec.  This liaison statement was discussed in a joint session with Questions 11-14.  An outgoing liaison statement response was sent by Question 13.


2.0	SUPPORT OF EXISTING VIDEO CODING STANDARDS


2.1	H.320 Adoption of H.263+ [Q15-H-13]


Some small typographical problems in the draft of H.242 for adoption of H.263+ in H.320 were reported [Q15-H-13].  These will be handled by Question 11 and SG 16 management.


3.0	COORDINATION OF VIDEO CODING NEEDS FOR SYSTEMS


3.1	Joint session with Q.11 through Q.14


Q.15 held a joint session with Q.11 through Q.14 on the afternoon of Wednesday August 4.





The joint session included some discussion (mostly brief) of the following topics:


Future meeting plans (see Section 1.5 above).


The “Webcasting” draft standard liaison statement from SG 9 (see above Section 1.7).


H.263+ in H.320 (see above Section 2.1).


Video codec projects and status: a review of the H.263++ and H.26L projects, including an overview of their key technical areas and scheduled workplans (see below Sections 7 and 8).


The potential need for defining an interoperable multimedia “streaming” system design (see below Section 4.1.1).


Mobile video issues


The need for mobile channel error patterns for video error resilience testing (see below Section 5.2 below)


The possible need for media-aware error protection schemes (see below Section 4.2.2)


Future plans for Study Group structure (see below Section 3.2)


Video codec needs for future applications (see below Section 3.3)


3.2	Future plans for the Study Group structure [Q15-H-28]


The group’s attention was called to the closure of the current study period at the end of the year 2000.  Remarks were solicited on the future structure and work items for the next study period beginning in 2001.  





The group’s attention was called to the work items and study group structure described in the document drafted as part of the Working Party 2 report in Santiago [Q15-H-28].  One remark made was that the audio and video codec design projects currently found in Working Party 3 are currently pursued as projects distinct from the terminal design projects currently found in Working Party 2.  WP3 thus does not normally pursue a codec design project to be targeted only for application to one particular terminal.  For this reason, the proposed Questions outlined in the WP2 Santiago report [Q15-H-28] should perhaps be revised so that the projects listed as Questions B and C (Video and Audio for H.NT) are not targeted just for one specific terminal (H.NT) but are designed for use in a broader range of applications.





A comment was also made that some interest had been expressed elsewhere in disbanding the current form of SG 16 as a lead study group on multimedia and allocating its current areas of responsibility to Study Group 11. The members of SG 16 were encouraged to voice their opinions about what would be the best future organizational structure and to coordinate these expressions of opinions through their national bodies.


Video Codec Needs for Future Applications


One remark made during the joint session was that Q.15 should consider the needs for video coding at bit rates sufficient for a high degree of video quality (e.g., beyond CIF resolution).  Although such levels of video quality are already supported well in H.263, they are not what is typically used today, and essentially all of our current testing for the H.263++ and H.26L projects has used resolutions of CIF or lower.  With increasing bit rates becoming available and affordable for users, we should make sure that our future codec designs work as well at higher bit rates as they do for lower ones.





An emphasis on low delay was also expressed.  While we are generally proud of the ability to minimize delay with ITU video codecs today, the delay in actual real-time conversational implementations is often high (partly due to low bit rate operation).  We will continue to work on minimization of delay in our future work.





A reduction in the degree of emphasis on low complexity was forecast.  The video experts assured those involved that increased performance was achievable if complexity can be increased, and some recent results (such as Draft Annex U of H.263 for enhanced reference picture selection, which is also a broadly supported feature for H.26L) fall in that category.  Further increases in complexity will be considered in our work, provided they have a significant benefit in the resulting performance.


4.0	TECHNICAL CONTENT PROPOSALS FOR H.263++ AND H.26L


4.1	H.26L Proposals


Three contributions for technical framework of H.26L algorithm design and nine contributions of technical proposals with test results were presented and discussed in the category of the H.26L project.  These are described below in Sections 4.1.1 through 4.1.5.  Other technical proposals discussed in the H.263++ category, which were described in the following Sections, may also be applicable to the H.26L project.


4.1.1	Technical basis for the H.26L project [Q15-H-27, Q15-H-31, Q15-H-16]


A contribution [Q15-H-27] provided the framework for discussion of H.26L algorithm draft definition, which was considered to be the most important objective of this meeting for the H.26L project. The contribution described the basic structure of the H.26L algorithm, integrating H.26L proposals up to now, and taking all the H.26L Key Technical Areas into account. The basic structure described in the contribution was similar to the conventional MC+DCT hybrid coding structure, although the prediction part would play more important role than in conventional codecs. It was mentioned that block segmentation and prediction mode information may be necessary to be provided from the prediction part to the residual coding part, and that this should ideally be shown in diagramming the probable H.26L structure.





A contribution [Q15-H-31] was presented which proposed the standardization of video streaming terminals for achieving interoperability and widespread usage of video streaming terminals. The contribution described requirements for streaming video, extending the previous contribution [Q15-G-11] in Monterey from both video coding and system points of view. The group generally agreed that the requirements for H.26L should include those from video streaming application, considering that video streaming will become a more popular and important application in near future. Issues discussed in particular included having flexibility for decoder capabilities, including some proper form of back-channel support, normative error concealment, and high-level system interoperability.  The standardization of systems specification, however, should be conducted under the systems-related Questions, and the proposal was decided to be raised and discussed at the Q.11-15 joint meeting. Although the group recognized that the consideration of decoder processing capacity levels was one of the requirements for video streaming, the group encouraged the proponent to further confer within Q.15 to convey streaming-specific needs for the video codec and to ensure that these needs are met in our future work.





A contribution [Q15-H-16] presented the applicability of vector quantization (VQ) to the H.26L basic algorithm design. The contribution described the features of VQ techniques that were shown to be applicable to the functionality areas to be covered by H.26L standard. In the summary, the contribution stressed to adopt VQ techniques as a basis for H.26L video coding algorithm. The group recognized the technical features of VQ techniques described in the contribution in a general sense, and noted that many video coding syntax structures can be analyzed within a VQ framework (noting certain constraints on the codebook construction – such as being linear combinations of basis functions as in DCT coding or having a mean-gain-shape VQ structure as in the Strathclyde transform), then deferred further discussion of the issue to the H.26L workplan section of the meeting.


4.1.2	Telenor H.26L Proposal


4.1.2.1	Software of Telenor Proposal [Q15-H-08]


Software of Telenor’s proposed algorithm was provided as a contribution to this meeting [Q15-H-08].  The software was based on the Telenor proposed algorithm of the Monterey meeting [Q15-G-25] and also included the proposed enhancements provided to this meeting [Q15-H-10]. Some members mentioned that they have already used the software for their simulation experiments. The group members expressed their gratitude to the proponents for providing software, which will contribute to an effective progress of H.26L algorithm development work.


4.1.2.2	Enhancement of Telenor Proposal [Q15-H-10]


A contribution [Q15-H-10] was presented which proposed enhancements to the Telenor proposal made in Monterey meeting [Q15-G-25]. The proposal included two technical features:


  - Four more block sizes (16x8, 8x16, 8x4, 4x8) for prediction (7 block sizes in total)


  - Rate-distortion constrained quantization (an encoder-only technique)


The contribution stated that the first feature introduced 0.25 dB improvement in PSNR, while another 0.25 dB PSNR gain could be obtained by the second feature. Although an improvement by these new techniques was hardly noticeable in subjective quality, no new artifacts due to incorporating these changes were observed subjectively. After viewing the D1 video demonstration of the Monterey proposal, the group confirmed a clear improvement against the H.263+ anchor in subjective quality.


4.1.2.3	Verification of Telenor Proposal [Q15-H-18]


The contribution [Q15-H-18] presented that the Telenor proposal in Monterey was independently implemented by Intel and successfully verified, although the algorithm description still has minor ambiguity for independent implementation without error and 100% match. The contribution advocated to adopt the Telenor proposal as the basis of the H.26L test model, because of its simplicity and effectiveness.  The member from LG also orally mentioned that they verified a basic performance verification (with some difference in Intra coding results).


4.1.2.4	Dynamic Symbol Mapping for UVLC [Q15-H-19]


A contribution [Q15-H-19] was presented which proposed to incorporate a dynamic symbol mapping mechanism for UVLC tables in the Telenor proposal. The proposed method dynamically changed the mapping between symbols and UVLC codewords according to the probability of symbols in the preceding several coded frames. The contribution described that a 30-35% reduction on MB type and CBP information was obtained through the simulation experiment, although this lead to only 1-3.5% bit-rate reduction in total.





A question was raised on synchronization between encoder and decoder for calculating occurrence of symbols, in particular in error prone environments.  A general idea to resolve this problem was discussed and there was an opinion that a transmission of an order of indexes could be a solution. Due to the small gain achieved by adopting the proposed method only to MB type and CBP information, the group also encouraged the proponent to provide further results for applying the proposed method to the coefficient coding, which is typically a more substantial part of coded bitstream.


4.1.2.5	Adaptive Motion Accuracy [Q15-H-20]


A contribution [Q15-H-20] was presented which proposed to increase motion accuracy of the Telenor proposal to 1/6 pel and to adaptively select among 1/2, 1/3, and 1/6 pel accuracy. The selection was made for each macroblock and the selected accuracy was signaled macroblock by macroblock basis. The contribution reported that no significant difference with Telenor 1/3 pel MC was found by simulation experiments using the “common conditions” test sequences.  However, more improvement of 0-5-1 dB in PSNR was found in some other complex sequences, which included shaking sequence simulating hand-held camera and were outside of our chosen set of test sequences. It was also discussed that the cubic interpolation of fractional pixel values performed better than the bilinear interpolation found in H.263.  The performance enhancement of the new technique was described as essentially additive with the performance enhancement obtained by use of long-term memory.





There was an opinion that an effect of this proposal might be due to reduce motion vector coding bits, since the proposed method changed the codeword for motion vectors according to the selected accuracy. Considering further improvement by redundancy reduction of accuracy signaling bits, several possibilities was discussed including combining accuracy information with other symbols, and signaling maximum accuracy depth at the picture level (primarily to avoid an undue performance penalty on lower-complexity encoders).





A D-1 demonstration for the proposal was shown, and the group saw some gain on one or two sequences, and no gain or loss on the others.  An vertical striping artifact of unknown origin present in some scenes on the D-1 demo may have hindered the ability to properly judge the picture quality.





The group solicited further contribution on this topic from members.


4.1.3	Strathclyde Coding Transform H.26L Proposal [Q15-H-14, Q15-H-15]


A contribution [Q15-H-14] was presented which reported the improved results for the proposed SCT (Strathclyde Coding Transform) algorithm, now including an additional form of residual coding.  The basic technology of the proposed algorithm was an approximation of input image with variable dimensional VQ of 32x32, 16x16, 8x8, and 4x4 blocks, each of which had a VQ codebook with size of 256.  The algorithm also applied brightness and contrast adjustment to the VQ codeword, and half-pel MC from the reference frame as an extension to the codebooks.  The algorithm operated by replacing individual vectors in the picture one by one until reaching a rate budget value or switching over to residual coding.  For residual coding part, a 4x4 Haar wavelet coding scheme was adopted, but currently the wavelet coefficients were not entropy coded.  At the Monterey meeting, the use of residual coding added to a prediction picture was added to the proposal, and at this meeting the use of additional residual coding added to the already-build picture so far was added to the proposal.  It was also expressed that the proposed algorithm had complexity scalability feature at the encoder side, since a fast codebook search method was possible to be used.





The results described in the contribution showed that a SCT implementation with residual encoding was usually capable of matching or bettering the H.263+ anchor. In the range of low bit-rate in particular, the SCT showed much better performance than anchor.





A contribution [Q15-H-15] was presented which discussed consideration on error resilience of the proposed SCT algorithm. The simulation results for a packet loss environment were also demonstrated at the meeting. The reliance on intra replenishment found in the SCT coder was shown to provide a significant error recovery effect.  It was pointed out that evaluation of the picture quality with error concealment technology incorporated would be necessary, since the current implementation did not perform any error concealment for corrupted/lost packets (it just dropped corrupted pictures).


4.1.4	Multiple Description Coding [Q15-H-23]


A contribution [Q15-H-23] was presented which proposed multiple descriptions coding with motion compensated prediction coding. The proposed method was an enhancement (and a significant departure) from the proposal made in Monterey [Q15-G-09], and was now applied to inter frame prediction coding. The proposed method provided an error resilience feature for equally important information. The key features of the proposal were adoption of a Pairwise Correlating Transform (PCT) to apply to uncorrelated transform coefficients, and a multiple coding loop structure for reducing mismatch caused by transmission error.  Three prediction loops were operated in the encoder to provide modeling of the three cases of single and dual-stream losses.  The use of the multiple prediction loops allowed mismatch to be controlled by the encoder.





Two scenarios were discussed in comparison to this approach.  One was to simply send the same bitstream twice.  The proponent indicated that the proposed method was clearly much better than this simple alternative.  An additional alternative for comparison was also discussed – which was to use SNR scalability and send just the base layer twice – with two separate enhancement layers.  The proposed method was described as being 10-20% better than this second alternative scenario.





In demonstrations and evaluation, this method was shown in comparison to the packetization approach of sending alternate GOBs in an enhancement layer in separate packets or simply sending alternate GOBs in separate packets in a single layer (a method now in our H.263 test model after discussion in Q15-G-17 of Monterey).  Tests showed the effect of losing one entire side of a two-stream encoded bitstream (the proponent later plans to evaluate random individual losses rather than just loss of an entire such stream).





The group recognized that the this new approach for achieving scalability could be useful for our future development of a new standard codec, and the proponent indicated that it could be applied to a wide variety of basic codec designs. The group looks forward to further contributions and consideration by members on this topic.


4.1.5	Wavelet coding with OBMC and warping [Q15-H-32]


A contribution [Q15-H-32] proposed wavelet coding with OBMC and warping prediction, which improved the performance of proposal in Monterey [Q15-G-36] by incorporating variable grid size warping prediction.  The proposed algorithm applied the key features for prediction, which composed of hierarchical decision on finer versus looser density grid points based on rate-distortion criteria, octagonal search of control grid interpolation motion vectors and 5-step refinement, and adaptive selection with OBMC as an alternative to control grid interpolation by surrounding 4 motion vectors. The proposal also incorporated block adaptive pixel interpolation, which adaptively selects bilinear interpolation or 10-tap hamming weighted sinc filter for an interpolation method. For the prediction residual coding, the proposal used Wavelet coding with partitioning (significance, magnitude, and sign), aggregation, and conditional context-based arithmetic coding – based on uniform scalar quantization with a dead-zone. A subjective quality of decoded picture was demonstrated, and the group confirmed that a subjective quality improvement against H.263+ anchor was clearly visible. There was a discussion on the quality of the first Intra coded picture, which was also wavelet coded in better quality than the anchor by the presented method.  The performance of this coder was particularly high for intra coding (up to 2.7 dB gain).  Further work was planned to add multiple reference pictures, more block sizes, intra blocks within inter pictures, scalability, and error resilience; and to reduce complexity.





A D-1 demonstration for this proposal was shown.  The performance was judged to show increased sharpness, especially good performance in non-moving areas and on waves, with some increase in ringing artifacts.


4.2	H.263++ Proposals


Seven areas of technical content were discussed in the category of the H.263++ project.  These are described below in Sections 4.2.1 through 4.2.7.


4.2.1	Draft Annex U (Enhanced Reference Picture Selection) [Q15-H-24, Q15-H-30, Q15-H-09]


A contribution was presented which analyzed video performance over an error-prone channel when using the enhanced reference picture selection mode (Draft Annex U of H.263++) [Q15-H-24].  This paper uses probabilistic analysis and encoder optimization to minimize the expected effect of errors on the resulting decoded video quality.  A significant improvement in performance was reported when coupling the use of enhanced reference picture selection with such encoder analysis.  Extensive analysis was provided in the contribution.  This contribution bolsters the arguments and the results reported in Monterey in Q15-G-43 – and further extends the analysis of the error resilience optimization of the performance of this mode.





A new draft of Annex U was proposed by its editor [Q15-H-30].  The draft also proposed an alteration of its syntax for selecting the set of reference pictures to be most frequently used by the encoder for the picture.  This syntax modification was judged to provide a clear improvement within the intended capabilities of Annex U, and was adopted.





A contribution was presented which proposed an alteration of the Annex U syntax to explicitly support the concept of threading within the syntax [Q15-H-09].  The threading concept uses a few distinct independent prediction paths for coding the video, in this case to provide a capability to encode switched sources as with repeated switching between a few different cameras.  Although the Annex U syntax can already support such a type of operation, the proposal would provide a more explicit form of such support and would provide a small (e.g., 10-20 bits per picture, or 10-20 bits per GOB/slice in error resilience operation – perhaps 90 to 180 bits for QCIF and 360 to 720 bits for CIF) improvement in coding efficiency when used in the example fashion.  Since the basic requested capability can already be provided by Annex U and since the reported efficiency gain is small, the proposal was not immediately accepted.  However, the proponent was encouraged to confer with the annex editor between meetings to discuss the best structure for the draft syntax in case some alteration of syntax may be justified by the collaborative analysis.


4.2.2	Draft Annex V (Data Partitioned Slices) [Q15-H-25, Q15-H-26]


A pair of contributions was presented which proposed a data partitioned mode of operation with the addition of Reed-Solomon error correction coding with unequal error protection.  The data partitioning method differed from that in Draft Annex V in two significant ways: it used a partitioning table rather than resync markers to mark the boundaries of the various partitions, and it separated the video stream into more partitions.  The unequal error protection method was then applied to the stream.





The proposal was difficult for the group to analyze because there were several important issues surrounding it that were hard to separate, and the experiments presented did not test these aspects in the best possible manner.  The test conditions used in the experiments were significantly different than those used in our “common conditions”.  The H.263 reference did not use the recommended encoding or error concealment methods, and the proposed method was not compared directly to Draft Annex V.  Neither of the anchors used for comparison appeared to be the best use (in one case not a true conforming use) of the referenced syntax and decoding processes.  The error patterns used random bit errors rather than our chosen realistic error patterns (which include burst errors), and while channel coding was applied in the proposed method, Annex D channel coding was not applied in the reference.  The proposal of channel coding techniques within a video syntax proposal made the analysis difficult due to the question of whether error control coding should be applied external to the video codec or within it (although there are precedents for defining error control coding within video standards in Section 5.4 of H.261 and Annex H of H.263).  Other schemes such as H.223 Annex C can be applied external to the video codec, but are media-unaware.  The question of whether a media-aware error control coding could be beneficial to system performance, and how to standardize such coding was discussed briefly in joint session with Questions 11 through 14.  Further consideration of these proposals will require a significant amount of additional analysis to be performed and further experimental evidence to be provided.


4.2.3	Affine Motion KTA [Q15-H-21, Q15-H-34]


A contribution was provided which provided further experimental evidence and analysis [Q15-H-21] of the affine motion compensation feature proposed previously (e.g., in Q15-G-21 of the Monterey meeting) and adopted as a Key Technical Area (KTA) of investigation.  The contribution showed a significant gain in compression efficiency performance with the use of this feature, and analyzed its relationship with Draft Annex U on Enhanced Reference Picture Selection.  Additional information, bitstreams and decoder were reported to be available by anonymous ftp at site "nt19.e-technik.uni-erlangen.de" in the directory "pub/wiegand".  Due to the favorable results presented and the expressed intent of several members to work on testing and verifying its performance, this feature will continue to be pursued as a KTA of H.263++.  A core experiment design description was requested to facilitate verification of the performance of this feature.  This is to be provided by the proponent as Q15-H-34.


4.2.4	Fixed-Point IDCT Specification KTA [Q15-H-29, Q15-H-35]


A contribution was presented which verified the operation and H.263 Annex A compliance [Q15-H-29] of the Monterey proposal for a fixed-point IDCT specification (document Q15-G-34 of Monterey).  The method, which uses 16-bit saturation arithmetic, was provided by its proposer (8x8, Inc.) free of any known intellectual property restrictions.  The group supported this proposal, and adopted it as the new Draft Annex W of the H.263++ project.  The scheme for adoption of this was discussed and adopted according to the following plan:


An indication of the use of this IDCT will be sent occassionally as Supplemental Enhancement Information (as currently defined in Annex L of H.263).


Encoders using this IDCT and sending its indication properly will be exempt from the forced intra update requirement of Section 4.4 of H.263 (use of intra mode at least every 132 times a macroblock is sent with coefficients in P-pictures)


If this indication is present in a video bitstream, the entire video stream (at least until an EOS code? within a sub-bitstream of Annex C operation?) will use the specified IDCT.


The ability for a decoder to be able to signal support for this feature to an encoder was recognized as useful (e.g., to let the encoder know that intra updates are not necessary), but whether a system provides such an ability will be left to the decision of system designers (and would be outside the scope of the recommendation).





Experts Paul Ning and Barry Andrews were appointed as joint editors of this new annex, and they provided an output document containing the adopted draft [Q15-H-35].


4.2.5	Error Concealment KTA


No contributions were presented in the area of error concealment, although keen interest was expressed by some members in pursuing investigation of such technology.  This subject was therefore retained as a Key Technical Area of further H.263++ investigation.


4.2.6	Content-Based Coefficient Mapping KTA [Q15-H-22]


A contribution was presented showing further results for content-based coefficient mapping [Q15-H-22].  This proposal uses a definition of a rectangular or diagonal “zone” of DCT coefficients.  Areas of moving background are restricted to only use coefficients within this zone, and the coefficients within the zone are scanned using a zero-tree scan method.  This is used to optimize foreground versus background quality in situations in which there is a moving foreground against a moving background (such as with a hand-held camera).  The use of this method was compared against an anchor using reference-model coding with Annexes I, J, S, and T.   There was a quite significant visible improvement in the subjective picture quality shown in the experiment.  There were some remarks made that similar functionality could conceivably be achieved using Annex T of H.263 or only (non-normative) encoding techniques (such as electing not to code certain coefficients).  A paper by Ribas for the Int’l. Conf. on Image Processing was mentioned as one possible reference for alternative techniques.  The degree to which the benefit can be obtained for a sufficiently broad range of practical implementations may also need further justification (e.g., if it requires a highly complex segmentation and applies only with moving background regions).   In view of the substantial benefit shown in the experiments, the group decided to continue to designate this method as a Key Technical Area of further investigation.


4.2.7	Error Resilience Supplemental Enhancement Information [Q15-H-12]


A contribution was presented which proposed adding the ability to duplicate picture header content within the supplemental enhancement information of the following picture [Q15-H-12].  The group was generally favorably disposed to this proposal, as it seemed to provide a useful enhancement while requiring no change in the decoding process.  However, no experimental evidence was provided in support of this technique, so the group thought that verification of its performance should be provided.  Such further work is encouraged, and this technology was designated as a Key Technical Area (KTA) of further H.263++ investigation.


5.0	TEST MODEL, SOFTWARE, AND ENCODING


5.1	Ad-hoc on test model, software, and encoding [Q15-H-05]


The ad-hoc report on test model enhancement, software, and encoding methods was presented [Q15-H-05].  The issuance of a new version of the test model as the output of our Monterey meeting was noted.  Members were encouraged to contribute toward refining the test model document.





Also noted was the feedback received from Q.11-14 in joint discussions, indicating that we should place a high emphasis on high bit-rate coding and delay reduction.  An action item taken from this feedback was to find and select test material and conditions with more emphasis on high frame rate, high resolution, and high motion (including hand-held cameras as well as other forms of high motion).  A desire was also expressed to have some test material with synthetic content, pan & zoom, and changes of lighting, focus, and iris.


5.2	Ad-hoc on error resilience testing [Q15-H-04]


The ad-hoc report on error resilience testing reported little activity [Q15-H-04].  It was noted that some of the error patterns intended to be used for error resilience testing had not yet been provided by the Q.11 experts, and these were requested again.  Some packet loss simulation software was promised to the group by expert Stephan Wenger – to be announced on our email reflector.


5.3	Fixed QUANT versus fixed bits-per-frame in experiments [Q15-H-11]


A contribution was presented which appeared to show that in an H.263+ test model encoder using a step size for each entire picture that was selected to provide a nearly fixed number of bits per picture resulted in essentially the same PSNR performance as using a fixed step size for the entire sequence and allowing the bit rate per picture to fluctuate as a result.


6.0	SIGN LANGUAGE AND LIP READING APPLICATIONS


No contributions were provided and no work was conducted on the topic of sign language and lip reading applications of video coding.  The group is pleased with the recent approval in Santiago of a supplement to the H-series recommendations on this topic.


7.0	WORKPLAN FOR H.263++


7.1	Status of Work [Q15-H-06]


As reported in the ad hoc report on H.263++ enhancement efforts, there were contributions to this meeting on the subject areas of the two prior adopted draft annexes and three of the four additional prior-recognized Key Technical Areas (KTAs) of H.263++ development [Q15-H-06].  There were also contributions on two topics outside of the four KTAs that had previously been recognized.


7.2	Schedule and KTAs


One KTA proposal was adopted as a draft annex for H.263 version 3 at this meeting.  This became Draft Annex W, and brings our current total to three draft annexes:


Data Partitioning Slice mode (Annex V), see Section 4.2.1 above.


Enhanced Reference Picture Selection mode (Annex U), see Section 4.2.2 above.


Fixed-Point IDCT specification (Annex W), see Section 4.2.4 above.





Two additional key technical areas (KTA) had contributions at this meeting and were recognized by the group at this meeting as areas of continuing interest.  Further refinement and consideration of these proposals is requested:


Affine Motion Compensation, coordination with Thomas Wiegand requested.  See Section 4.2.3 above.


Alternative Scan of Coefficients (formerly Content-based coefficient mapping), coordination with Gero Bäse requested.  See Section 4.2.6 above.





Two additional areas of contributions were recognized as new KTAs:


Media-aware error correction coding, coordination with Hyun-Duk Cho and Yoo-Sok Saw requested.  See Section 4.2.2 above.


Error resilient header repetition, coordination with Miska Hannuksela requested.  See Section 4.2.7 above.





One additional KTA remains of interest to the group despite a lack of contributions at this meeting:


Error Concealment (Normative or Informative), coordination with Stephan Wenger requested.  See Section 4.2.5 above.





The current list of Key Technical Areas for the H.263++ project was thus refined.  The current workplan is shown below in Table 3 and the new KTA list is provided in Table 4.





The group discussed the schedule for H.263++ efforts and the need to begin to turn our primary focus toward H.26L.  The plan adopted by the group was to complete our consideration of optional incremental enhancements to H.263 with Determination of the current round of draft annexes (Determination target date February 2000).  Proposals not adopted and drafted in a state ready for Determination at that time are not expected to be further considered for this project.  This new consensus plan represents a further tightening of our schedule.





TABLE 3


H.263++ Workplan


Meeting�
Approx Date�
Type�
Milestone�
�
SG16-1�
17 March ‘97�
Study Group�
�
�
Q15-A�
24 Jun ‘97�
Experts�
�
�
Q15-B�
8 Sep ‘97�
Experts�
Adoption of Workplan�
�
Q15-C�
2 Dec ‘97�
Experts�
Start of Significant Effort�
�
SG16-2�
26 Jan ‘98�
Study Group�
�
�
Q15-D�
21 Apr ‘98�
Experts�
�
�
Q15-E�
21 Jul ‘98�
Experts�
�
�
SG16-3�
14 Sep ‘98�
Study Group�
�
�
Q15-F�
3 Nov ‘98�
Experts�
�
�
Q15-G�
16 Feb ‘99�
Experts�
First Formal Draft Adoptions�
�
SG16-4�
17 May ‘99�
Study Group�
�
�
Q15-H�
3 Aug ‘99�
Experts�
�
�
SG16-5�
30 Sep ‘99�
Study Group�
�
�
Q15-I�
18 Oct ‘99�
Experts�
Final Draft for Determination�
�
SG16-6�
7 Feb ‘00�
Study Group�
Determination�
�
Q15-J�
Apr ‘00�
Experts�
Bug-checking�
�
Q15-K�
Jul ‘00�
Experts�
Final Draft for Decision�
�
Q15-K�
Jul ‘00�
Experts�
�
�
�
Jan ‘01�
Study Group�
Decision�
�



TABLE 4


H.263++ Key Technical Areas


Key Technical Area�
Example Relevant Document(s)�
Status�
Editors / Coordinators / Proponents�
�
Enhanced Reference Picture Selection�
Q15-H-09�Q15-H-24�Q15-H-30�
Draft Adopted�Annex U�
Thomas Wiegand�(Annex editor)�
�
Error Resilient Data Partitioning�
Q15-H-25�Q15-H-26�
Draft Adopted�Annex V�
Dong-Seek Park,�John Villasenor�(Annex editors)�
�
IDCT Mismatch Reduction�
Q15-H-29,�Q15-H-35�
Draft Adopted�Annex W�
Barry Andrews,�Paul Ning�(Annex editors)�
�
Affine Motion Compensation�
Q15-H-21,�Q15-H-34�
In collaborative proposal development�
Thomas Wiegand�(KTA coordinator)�
�
Alternative Scan of Coefficients�
Q15-H-22�
One proposal received�
Gero Bäse�(proponent)�
�
Media-Aware Error Control Coding�
Q15-H-25,�Q15-H-26�
One proposal received�
Hyun-Duk Cho,�Yoo-Sok Saw�(proponent)�
�
Error Resilient Header Repetition�
Q15-H-12�
One proposal received�
Miska Hannuksela�(proponent)�
�
Error Concealment�(normative or informative)�
None�
No proposals received�
Stephan Wenger�(proponent)�
�



8.0	WORKPLAN FOR H.26L


8.1	Status of Work and Action Taken [Q15-H-07, Q15-H-36]


The first question to the group in the ad-hoc report [Q15-H-07] was whether we should define test model at this meeting. The response from the group was that we need a base line of future technical work to move forward as soon as possible. The group, therefore, concluded that the test model for H.26L (TML-1) be defined as an outcome of this meeting to maximize the effectiveness of collaborative effort for further technical improvements toward the objective of H.26L new video coding standard.





The next issue was that how the H.26L test model was defined and which algorithm was suitable for an adoption to H.26L test model. The basic algorithm proposals for H.26L on the table were:


Telenor proposal: [Q15-H-08, Q15-H-10, Q15-G-25, Q15-F-11]


Strathclyde proposal: [Q15-H-14, Q15-G-27, Q15-F-18/19]


Nokia proposal: [Q15-F-24]


Heinrich Hertz Institute proposal: [Q15-H-32, Q15-G-36]





We first discussed similarity of the proposals in generic coding structure, and found that the structure of prediction + residual coding is same as for all the proposed algorithms as pointed out in the framework contribution [Q15-H-27].  Adoption of multiple reference frames prediction technology was also discussed and the group concluded that the prediction with multiple reference frames should be incorporated into the H.26L test model.





After extensive discussion, we agreed upon that the Telenor proposal described in the contribution [Q15-H-10] was adopted as the H.26L test model starting point. The reason why the Telenor proposal was selected includes:


Independent implementations with verified performance by several organizations.


Well-documented in good detail for implementation (including software provided).


Simple “back to basics” structure applying well-known schemes for easy understanding.


Good coding efficiency performance (although all of the proposals showed some performance advantages).





Mr. Gisle Bjontegaard kindly offered an editorship for the first version of the Test Model document (TML-1) to appear as an output document [Q15-H-36], which based on the description of the proposed algorithm [Q15-H-10, Q15-G-25, Q15-F-11] incorporating 5 reference pictures for prediction.  We should note that one feature of the Telenor proposal [Q15-H-10] which was adopted into TML-1 (rate-distortion optimized quantization) is not yet implemented in the software that Telenor provided [Q15-H-08].  Proponents making comparisons to TML-1 should note this difference between TML-1 and the submitted software.





It was noted that the coding efficiency performance of the TML-1 has not yet reached the H.26L requirements (i.e. 50% bitrate saving compared with H.263v2), and much future progress of improvement is necessary. It was also noted that the final H.26L standard might be a quite different structure from what the current test model looks like as a result of improvements to be made in the future.





Since the TML-1 was defined in this meeting, technical proposals for future meetings should compare their performance against the algorithm described in the latest TML document. It was strongly requested that the contribution of technical proposals should clearly describe which part of the TML should be changed and how the TML should be changed for incorporating their proposed technology.


8.2	Future work, KTAs, and Functionality Areas [Q15-G-11]


Although the TML-1 was defined in this meeting, the group recognized that there was a clear need for progress of improvement of the TML-1 algorithm.  It was pointed out that the syntax structure should be considered to be at an early stage of algorithm development, in particular, for realizing packet-oriented bitstream structure and error resilience.  As the result of discussion, the group agreed upon the following list of three technical features, which had an urgent need to be worked on for an improvement of TML specification.





Shortcomings of TML-1 improvement taken as action items to evaluate and correct:


(1) Quantizer step size control


  - Step size change on macroblock by macroblock basis


(2) Network friendly bitstream structure


  - Resynchronization scheme


  - Packet oriented structure


  - Adoption of data partitioning


(3) Full description of decoder processing for corrupted/lost data


  - Detection of error/loss of data


  - Error concealment scheme





The technical areas for further improvement was discussed. The group reviewed the prior list of H.26L KTAs and identified the following new six KTAs for H.26L development.





H.26L KTAs


Inter frame prediction coding


(1) Improved motion compensation accuracy


- Increased motion vector accuracy (Q15-H-20)


  - Pixel interpolation scheme (cubic interpolation)


(2) Affine motion model


  - Adoption of six parameters affine motion model (Q15-F-24)


  - Control grid warping method (Q15-H-32)


  - Combination with block MC (Q15-H-32)





Inter frame residual coding (also applicable to Intra texture coding)


(3) VQ, wavelet residual coding method


  - Adoption of (variable-dimension) VQ scheme (Q15-F-24)


  - Adoption of wavelet coding (Q15-G-27, Q15-G-36, Q15-H-32)


  - Incorporation of SCT (Q15-G-27, Q15-F-18/19)





Intra frame coding


(4) Enhanced Intra coding performance


  - Improvement of prediction in Intra coding (Q15-F-24)


  - Adoption of wavelet coding method (Q15-G-36, Q15-H-32)





Entropy coding


(5) Improvement of entropy coding


  - Efficient mapping of VLC table indexes (Q15-H-19)





Error resilience


(6) Consideration on error resilience


  - Specification of error resilient decoding





Regarding the functionality areas to be covered by H.26L standard, it was pointed out during the joint session with Q.11-14 that the low delay and higher bitrate, high quality applications were very important to be supported by H.26L video coding standard. Since these were already listed in the H.26L functionality areas, the list of H.26L functionality areas were kept unchanged as described below.





Functionality areas to be covered


(a) High compression performance


  - capable of 50% or greater bit rate savings from ’98 H.263v2 (with Annexes DFIJ&T) at all bit rates


(b) Simplification “back to basics” approach


  - adoption of a generally simple, straightforward design using well-known building-blocks


  - for example, use of one VLC for all parameters to be coded


(c) Flexible application to delay constraints appropriate to a variety of services


  - Low delay (e.g., no B pictures) for real-time conversational services


  - moderate delay usage appropriate for sever-based streaming application


(d) Error resilience


  - packet loss resilience


  - mobile channel corruption resilience


(e) Complexity scalability in encoder and decoder


  - asymmetry of encoder and decoder processing complexity


  - scalability between amount of encoder processing and achievable quality


(f) Full specification of decoding (no mismatch)


  - resolve mismatch problem (e.g., integer transform, VQ,…)


(g) High quality application


  - performance improvement in higher bitrate


  - applicability to entertainment-quality applications


(h) Network friendliness


  - ease of packetization


  - information priority control


  - application to video streaming services





The description of the codec structure by high-level software language was also discussed. The ability to describe the decoding process using a high-level language description can clearly specify what the decoder should do for any input data.  Our goal is to define not only what is valid syntax, but also how a decoder is to react to incorrect syntax.  The group agreed that not only the definition of the bitstream structure as in the conventional standard but also this specification of decoder behavior would be useful for best use of the specification. H.26L new video coding standard will take this approach in drafting the H.26L standard in future stages.


8.3	Schedule of H.26L Project


Regarding the time schedule of H.26L project, we reached the milestone of TML-1 definition at this meeting as planned in the schedule. The H.26L workplan schedule is, therefore, kept unchanged as provided below in Table 5. However, the actual schedule will depend on the progress of work and can be modified in either direction as events develop.





TABLE 5


H.26L Workplan


Meeting�
Approx Date�
Type�
Milestone�
�
SG16-1�
17 March ‘97�
Study Group�
�
�
Q15-A�
24 Jun ‘97�
Experts�
�
�
Q15-B�
8 Sep ‘97�
Experts�
�
�
Q15-C�
2 Dec ‘97�
Experts�
�
�
SG16-2�
26 Jan ‘98�
SG16�
Issue Call for Proposals�
�
Q15-D�
21 Apr ‘98�
Experts�
�
�
Q15-E�
21 Jul ‘98�
Experts�
�
�
SG16-3�
14 Sep ‘98�
Study Group�
�
�
Q15-F�
3 Nov ‘98�
Experts�
First Formal Evaluations�
�
Q15-G�
16 Feb ‘99�
Experts�
�
�
SG16-4�
17 May ‘99�
Study Group�
�
�
Q15-H�
3 Aug ‘99�
Experts�
First Formal Draft Adoptions�
�
SG16-5�
30 Sep ‘99�
Study Group�
�
�
Q15-I�
18 Oct ‘99�
Experts�
�
�
SG16-6�
7 Feb ‘00�
Study Group�
�
�
Q15-J�
Apr ‘00�
Experts�
�
�
Q15-K�
Jul ‘00�
Experts�
Final Major Feature Adoptions�
�
�
Jan ‘01�
Study Group�
�
�
�
Apr ‘01�
Experts�
�
�
�
Jul ‘01�
Experts�
�
�
�
Aug ‘01�
Study Group�
Determination�
�
�
Oct ‘01�
Experts�
Bug-Checking�
�
�
Jan ‘02�
Experts�
White Document Generation�
�
�
May ‘02�
Study Group�
Decision�
�



9.0	CLOSING SESSION


9.1	Presentation and Review of Results of Meeting Sessions [Q15-H-34, Q15-H-35, Q15-H-36, Q15-H-37]


The results of the meeting were reviewed in a closing session, including the results embodied in the output documents of the meeting, which include Q15-H-34, Q15-H-35, Q15-H-36, and the meeting report itself Q15-H-37.


9.2	Liaison statements and collaborative letters to be written [None]


The group did not send any liaison statements or collaborative letters as a result of this meeting, although we conferred with Q.13 toward their liaison response to ITU-T SG 9.


9.3	Plans for future work, and ad-hoc committee designations


The future workplans for the H.263++ and H.26L projects and for deployment of our prior video codec standards were briefly reviewed.  The following ad hoc committees were established to progress the work between now and the next meeting, as detailed in Annex D:


Error Resilient Simulation Conditions and Evaluations   	(Stephan Wenger)


Test Model and Software Development			(Keiichi Hibi)


H.263++ Development					(Gary Sullivan)


H.26L Development   					(Keiichi Hibi)


9.4	Future meeting plans


The future meeting plans as described above in Section 1.5 were discussed and approved.


9.5	Closing of the meeting


There being no other business necessary for Q.15 consideration, the group thanked Dr. Stephan Wenger and Dr. Joerg Ott, the meeting host representatives from TELES AG for their excellent support, and thanked the Heinrich Hertz Institute for the use of their D-1 VTR equipment; and the meeting was closed at approximately 5:20 p.m. on Thursday August 5.
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EIGHTH MEETING OF ITU-T Q.15/SG16


ADVANCED VIDEO CODING EXPERTS GROUP
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MEETING PLAN
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4.2	H.263++ Proposals (May also be applicable to H.26L)
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Test Model Long-term number 1 (TML-1)			Q15-H-36


Meeting report							Q15-H-37
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D.1	Consideration of Simulation Conditions and Evaluations for Error Resilience Testing


This group will act with a mandate to define simulation conditions to be used for simulation demonstrations in the area of error resilient video coding until the next meeting.


Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.
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D.2	Test Model Enhancement and Software Development


This group will act with a mandate to:


Improve the description of TMN11 for H.263+ Annexes


evaluate technology for non-normative enhancements to TMN11


develop reference software and useful software tools for video coding activities


The objectives of the group are to


demonstrate the achievement by the H.263+ extensions using the test model specification for those outside the ITU-T Q15/SG16 group if possible


draft an implementers guide, informative appendix, or other such information to give good examples to users of the standard if necessary


The technical areas relevant to the ad-hoc activity are


pre- and post- processing


rate control issues


other encoder-specific content such as motion estimation methods, motion vector search ranges, mode decision mechanisms, etc.


evaluation of technology to realize a low-complexity codec (especially for an encoder)


define experimental conditions and/or new video sequences to provide good demonstrations of the performance of various methods


Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.
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D.3	H.263++ Development


To consider the need for adopting additional incremental enhancements to Recommendation H.263 beyond those in H.263+.


Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.
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D.4	H.26L Development


The goals of this group are:


Refinement of the draft Test Model Long Term (TML-1)


Coordinate/merge proposals of interest to H.26L.


Enhance the “Common Conditions” for Testing


Improvement of the description of a Delay Evaluation Model (R. Fryer).


Refinement of an H.26L Requirements Document


Primary group communication will be conducted via itu-adv-video@standard.pictel.com reflector.
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