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1 Summary
At SA4#37 the participants of the SA4 Video Adhoc Group agreed on the basic testing procedure. The basic content, some components and open issues with respect to the generation of the draft TR on video codec performance requirements are collected in this document.
2 Technical Report

The outcome of the WI shall be a technical report.
2.1 Objective of TR

The TR shall contain values that define the minimum performance requirements of both, a video encoder and a video decoder in 3GPP service environments. The objective of the TR is

· the definition of a process on how the minimum performance requirements are verified for an encoder, a decoder, or an encoder/decoder pair under test.
· an informative part on how these minimum performance requirements were generated.

· the definition of minimum performance requirements itself.

A video encoder used in 3GPP services should comply with the encoder performance test according to subsection 3.1.

A video decoder used in 3GPP services should comply with the decoder performance test according to subsection 3.2.

For a pair of encoder and decoder used in 3GPP services 

· the encoder should comply with the encoder performance test according to subsection 3.1,

· the decoder should comply with the decoder performance test according to subsection 3.2,

· the pair of encoder and decoder should comply with the combined encoder and decoder performance test according to subsection 3.3. (Note: The combined encoder and decoder performance test might be removed. Feedback from the speech quality group is appreciated regarding why the combined test is performed in audio codec tests).

2.2 Generation of TR
Nokia (Stephan Wenger) has volunteered to act as the editor of the TR. BenQ mobile will assist Nokia in the specification of the test environment.

2.3 Outline of the TR

The TR should contain the following sections:

· Scope

· Objective

· References

· Definitions of terms, symbols, objective metrics, test environment, I/O Formats, test sequences, anchors, etc.
· Performance Verification for a Codec

· Informative background on reference software. 
3 Performance Verification of Codec to be Tested
The generic procedure for performance verification of an encoder and a decoder is discussed in the following. Figure 1 shows the principle diagram. The procedure assumes the availability of a reference encoder and a reference decoder.

[image: image1]
Figure 1 Conformance testing diagram
3.1 Decoder Conformance Testing
Note: all terms in italics need definitions.

The aim of decoder conformance testing is to test whether a test decoder fulfills the minimum requirements. The following procedure is suggested. 

For each decoding test case an anchor is generated by the application of a reference encoder. An anchor corresponds to the output of a reference encoder when stimulated by an encoding test case. 

For a test decoder all decoding test cases shall be applied based on the anchor, i.e. the anchor is transmitted over a channel. It should be verified that the performance of test decoder is the same or better than the specified minimum requirement for each decoding test case. Reference encoder and test decoder are shown in Figure 1 labeled as “1”.

Note: The availability of a reference encoder is not necessary if anchors are provided.
Open Issues:

· All the definitions need to be provided
· The reference encoder needs to be specified.

· Anchors need to be generated in an appropriate format.

· Anchors need to be provided in the TR.

3.2 Encoder Conformance Testing
The aim of the encoder performance testing is to test whether a test encoder fulfills the minimum requirements. The following procedure is suggested.

For each encoding test case and decoding test case a test stream is generated by the application of a test encoder. A test stream corresponds to the output of a test encoder when stimulated by an encoding test case.

To all generated test streams the corresponding decoding test case shall be applied, i.e. the test stream is transmitted over a channel. It should be verified that with the application of the reference decoder the obtained performance is the same or better than the specified minimum requirement for each decoding test case. Test encoder and reference decoder are as shown in Figure 1 as labeled by “2”.
Open Issues:

· The reference decoder needs to be specified and provided.
· An appropriate format for the test stream generation needs to be defined.

3.3 Combined Encoder and Decoder Conformance Testing

Note: the necessity of combined encoder and decoder conformance testing is still to be clarified.
The aim of the combined encoder and decoder performance testing is to test whether a test encoder and decoder fulfill the minimum requirements. The following procedure is suggested.

For each encoding test case and decoding test case a test stream is generated by the application of a test encoder.

To all generated test streams the corresponding decoding test case shall be applied, i.e. the test stream is transmitted over a channel. It should be verified that with the application of the test decoder the obtained performance is the same or better than the specified minimum requirement for each decoding test cases. Test encoder and test decoder are as shown in Figure 1 as labeled by “3”.
4 Definitions

This part is a collection of some definition. 
4.1 Minimum Requirements

The minimum requirements included in the TR are as follows:
· the minimum requirements are specified for video encoders and decoders in different 3GPP services, namely PSC, MBMS, and MMS/PSS for conforming to a certain standard including profile and level specification.

· The entire set of objective metrics for each test case is to be reported. For each test case a minimum requirement is defined, which is a function of the entire set of objective metrics reported for each test case. Working assumption is that the function for which the set of objective metrics is applied is such that the test implementation has to at least fulfil the performance of each individual objective metric with some margin, i.e. an exclusive-and (see example).

· Each encoding test case is defined by the bitrate, the service, the video sequence, and a certain standard with profile and level specification.

· Each decoding test case is defined by the output of an encoding test case (i.e. an anchor or a test stream) and a channel.

· The usefulness of defined minimum performance requirements should be verified by SA4 VAG internal subjective viewing.

Examples for Minimum Requirement Function:

Assume that set of objective metrics for some specific test case is defined as A=[A1, A2, A3, A4]. For a test implementation for the same specific test case a set of objective metrics B=[B1, B2, B3, B4] are obtained.

Then, the performance requirement function can for example be defined as follows

if (min_req_function(A,B))

then test implementation complies for this test case.

else test implementation does not comply for this test case.

Case 1: hard exclusive-and

min_req_function(A,B) = (B1≥A1 && B2≥A2 && B3≥A3 && B4≥A4)
Case 2: exclusive-and with 10% margin

min_req_function(A,B) = (B1≥0.9A1 && B2≥0.9A2 && B3≥0.9A3 && B4≥0.9A4)
Case 3: Mixture, e.g. linear combinations

min_req_function(A,B)=(B1≥A1 && B2≥0.9A2 && B3≥0.5A3 && B4≥0.7A4 && (B3+0.1B4)≥0.9(A3+0.1A4) )

It was indicated that a formulation according to case 2 is preferred.

Open Issues:

· The exact interpretation of the minimum requirement needs to be considered. It may not be the mandate of SA4 to do this.

· Exact definition of the minimum requirement function for each test case, e.g. combination of the function, some comfort margin, etc.

· Value of thresholds for each objective metric.

· Generation of the set of objective metrics for each test case.

· Take into account contradictory metrics, e.g. PSNR_enc and ACSF.

· Bitrate and buffer violations are taken into account. If the bitrate and the buffer constraints are not fulfilled then that test implementation is not compliant. Note: Requires some additional thoughts on how this is specified.

4.2 Objective Metrics

For the objective metrics the following shall be considered: 
· Tentatively, all metrics in the VAG data base S4-050637 are to be used for all services.

· The exact definition of all applied metrics needs to be included in the TR.

Open Issue:

· The final selection of the metrics for each service still needs to be discussed.

· Calculation of metrics over multiple decoding runs still need to be specified.

· How are color components included?

· How are bitrate and buffer violations taken into account?

· How are other service constraints such as random access taken into account?

4.3 Encoding Test Cases

An encoding test case consists of the following parameters:

· bit rate,

· service (PSC, MBMS, and PSS/MMS),

· video test sequence,

· video standard with profile and level specification.

All of these parameters need further specification.

An encoding test case 
· should reflect a typical subset of 3GPP operation points. 

· are tentatively defined in S4-050603, S4-050662, and S4-050663 for PSC, MBMS, and PSS/MMS. 

· needs to be included in the TR.

4.4 Decoding Test Case

A decoding test case consists of the following parameters:

· the output of an encoding test case, i.e. an anchor (or alternatively an encoding test case and a reference encoder) or a test stream. channel.

A decoding test case 
· should reflect a typical subset of 3GPP operation points. 

· are tentatively defined in S4-050603 and S4-050662 for PSC and MBMS, respectively.

· is defined by the multiple/many application of different channel realizations on an encoded video stream.  

· needs to be included in the TR.
4.5 Bitrate

The bitrate is NAL unit bitrate plus constant offset to account packetization headers. The constant offset can be as large as entire PDCP/IP/UDP/RTP headers or RoHC might be taken into account.

Open Issues:

· How are bitrate violations taken into account?
4.6 Video Sequences

The video test sequences

· should reflect typical service specific test cases.

· are tentatively assigned to test cases according to the test conditions in S4-050603, S4-050662, and S4-050663 for PSC, MBMS, and PSS/MMS, respectively. 

· are tentatively accessible in the VAG data base S4-050635, an update will be available by the end of SA4#37.
· only QCIF and QVGA are included for the time-being.

· shall be included in the TR.
· The format of video sequences needs to be specified.
4.7 Channel

The channel describes the statistical part of the bearer. It defines the loss characteristics. 

· The exact channel needs to be defined and included in the TR,

· The channel can be represented by error masks or other RLC-PDU loss characteristics and is applied to some channel simulation tool.
· Tentatively, the channel is assigned to a test case according to the test conditions in S4-050603 and S4-050662 for PSC and MBMS, respectively. 

· Bearer parameters are tentatively defined according to bearer parameters in software package S4-050605.

· Each realization of channel provides a different statistic, e.g. different random seed, different starting point in error mask, etc.

4.8 I/O Formats

Input and output formats to video encoders and decoders need to be defined.

The input to the video encoder is a video test sequence with an appropriate format t.b.d.

The output (interim file format) of the video encoder is an RTP packet stream (with additional headers required by the RTP simulator) with some specific properties on parameters sets to be defined.

The input to the video decoder is an RTP packet stream with possibly missing RTP packets containing non-picture parameter set NAL units.

The output of the video decoder is a video sequence with an appropriate format t.b.d. Timing and picture skips need to be included.

4.9 Other Service Constraints

Other service constraints might be defined for the encoder.

· Constraints for random access capability.

· Bitrate and buffer violations, etc.

Open Issues:

· How are theses service constraints defined?

· How are they tested?
4.10 Video Codec with Profile and Level Specification

The minimum requirement figures should be generated for all permitted video codecs within 3GPP, namely

· H.263 profile 0 level 45 decoder;
· H.263 Profile 3 Level 45 decoder;

· MPEG-4 Visual Simple Profile Level 0b decoder;

· H.264 (AVC) Baseline Profile Level 1b decoder with constraint_set1_flag=1 and without requirements on output timing conformance (Annex C).
Tentatively, the minimum requirement figures will be generated only for H.264.
5 Generation of Minimum Performance Requirements
5.1 General Remarks

For the generation of minimum performance requirements, both a reference encoder and a reference decoder are necessary.

The input to an encoder is:

· bit rate,

· service is PSC, MBMS, and PSS/MMS,

· video test sequence

Open Issues:

· Definition of format of RTP stream,
· Availability of reference software for all permitted codecs.

5.2 H.264/AVC Encoder Settings

The settings of reference encoder need to be specified in the TR. It might be sufficient to hide these options and only specify the generic input according to each encoding test case.
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� Contact: Thomas Stockhammer (� HYPERLINK "mailto:stockhammer@nomor.de" ��stockhammer@nomor.de�), BenQ mobile, Munich.





