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1 Introduction

This contribution proposes classified QoE metrics based on different class of methods used to declare good/corrupted frames. With the proposed method, the variety of the QoE reports is removed or reduced, such that the reliability and usability of QoE metrics are improved, and the streaming server/operator can utilize the reported QoE metrics to better analyze streaming quality.

The background of the proposal is introduced in Section 2. The definition of the QoE metric, Corruption Duration, with the proposed good/corrupted frame declaring methods, is given the section 3. The integration method of the metric to the QoE protocol is specified in section 4. Section 5 summarizes the proposal.

2 Background of the Proposal 

There has been a discussion over the reflector on the definition of the QoE metrics after the 29th SA4 meeting, based on the QoE Permanent document [1]. The outcome of discussion and some further developments are proposed in [2]. The proposal of the present document is an improvement to the outcome of the mentioned discussion presented in [2].

According to the QoE Permanent document and the discussion, the method declaring a good frame is as follows.

A good frame is a completely received frame X that does not reference any previously decoded frames and where none of the subsequent received frames reference any frames decoded prior to X. In addition, a good frame can be derived as the N-th completely received frame X after a corrupted frame, where 

a) N is not signalled and defaults to ( (for video) or 1 (for audio), 

b) N is signalled from server to client, the value of N must ensure that, after decoding of any N-1 completely received frames in decoding order, the following completely received frame can be correctly decoded.

c) N is derived by the client from the codec layer. This case takes precedence over the first two. Same as in b), the value of N must ensure that, after decoding of any N-1 completely received frames in decoding order, the following completely received frame can be correctly decoded. 

The justifications of the proposal of classified Corruption Duration metric are: 

(1) In the error tracking case (i.e. case c above), there is actually no concept of "N" because "N" may be any value. If the client is to report Corruption Duration after QoE negotiation, the client just derive whether a frame is good or corrupted by using an error tracking algorithm. If it is good, then the frame ends a corruption event if the previous frame is a corrupted frame. There is no need at all to calculated and exchange the value of “N”, which increases processing complexities.

(2) To differentiate the error tracking case from other cases can help the server to better analyze streaming quality using QoE metrics. For example, assume that two sessions have exactly the same streaming process and quality. In one case, the two clients uses the same method to declare good frames, while in the other case, the client in one session uses method a) or b), while the client in the other session uses the error tracking method c). In the first case, the same QoE metrics values are reported and the server will conclude that the streaming qualities are equivalent. In the second case, different QoE metrics values are reported, and the server/operator will conclude that the first session has worse quality than the second session, because the client in the second session will declare more frames without quality degradations as good frames. This obviously reduces the reliability and usability of the QoE metrics. If the server knows what method to declare good frames is used in each client, then the problem is solved.

3 Proposed Metric Definition of Corruption Duration

This metric is only applicable for audio, video, speech and timed text, and is not applicable to media types such as synthetic audio, still images, bitmap graphics, vector graphics, and text. The unit of this metrics is expressed in seconds, and can be a fractional value.

Corruption duration is the time period from the first corrupted frame to the first subsequent good frame or the end of the reporting period (whichever is sooner).

A corrupted frame is a media frame that has quality degradation. A corrupted frame may either be entirely lost or the decoded frame is not the same as in error-free decoding. 

A good frame is a media frame that does not contain quality degradation. No quality degradation means that the frame is completely received and the decoded frame is exactly the same as in error-free decoding. Completely received means that all the bits are received and no bit error has occurred. 

Three methods are defined to help the client declaring a video or audio frame as good or corrupted from the implementation point of view. The client should implement at least one of the three methods for production of the corruption duration metrics. The protocol for signaling N is discussed in Section 3 of this document.

Method 1: the simplest case

This is the simplest implementation, among the three methods, of declaring a good frame. It is simplest in implementation complexity. However, it also produces the most inaccurate corruption duration metric, in the sense that the largest number of frames without quality degradations or with acceptable quality are declared as corrupted frames. The declaring method is as follows:

A good frame is the earlier of either: 

(1) a completely received frame X that doesn’t reference any previously decoded frames AND where none of the subsequent received frames reference any frames decoded prior to X

or

(2) the N-th completely received frame after the last error or loss, where 

a) N is not signalled and defaults to ( (for video) or 1 (for audio), 

b) N is signalled from server to client. The value of N must ensure that after decoding of any N-1 completely received frames in decoding order, the following completely received frame can be correctly decoded.

If a frame following a good frame is completely received, it is a good frame. Otherwise, all subsequent frames from the frame in question (inclusive) to the next good frame (exclusive) are corrupted frames.

Method 2: error tracking applied

In this method, an error tracking algorithm is used, such that more frames without quality degradations can be declared as good frames compared to the first method. The error tracking algorithm may be different than the one contained in the following steps. 

The declaring method is as follows:

For an intra-coded frame, if it is completely received, it is a good frame. Otherwise it is a corrupted frame.

For a predictively coded frame, if it is completely received and all its prediction reference samples belong to good frames, it is a good frame. Otherwise it is a corrupted frame.

Method 3: decoding quality evaluation applied

In the method, a decoding quality evaluation method is applied, such that more frames with acceptable quality can be declared as good frames compared to the first and the second method. The decoding quality evaluation algorithm may be different than the one contained in the following steps. Many standard techniques, e.g. redundant pictures, recovery point Supplemental Enhancement Information (SEI) message, and spare picture SEI messages defined in  H.264/AVC can be applied to assist decoding quality evaluation.

The declaring method is as follows:

If a frame is declared as a good frame using the second method, it is a good frame. Otherwise, the quality of the reconstructed frame is evaluated using a certain decoding quality evaluation algorithm. If quality is evaluated as acceptable, the frame is declared as a good frame. Otherwise, it is a corrupted frame.

An example of the decoding quality evaluation algorithm is as follows. If at least a part of the frame is completely received, and the prediction reference samples of completely received parts belong to good frames, the frame is decoded and the lost or erroneous parts are concealed using an error concealment algorithm. If the average boundary difference between a concealed part and the surrounded completely received and decoded part is smaller than a threshold, the concealed part is considered as good. If all the concealed parts are good, the frame is a good frame. Otherwise, the frame is corrupted. Please see [3] for an example of error concealment algorithm and the calculation of average boundary difference (i.e., the side match distortion in [3]).

4 Integration of the metrics to the QoE protocol

An RTSP and SDP based QoE protocol is described in [4]. In addition to the description in [4] two additional RTSP/SDP parameters, Metrics-class and N, are defined here, to tell the server how corruption duration is calculated in the client. These two parameters are to be used with the Corruption_Duration parameter in the QoE-Metrics header. Metrics-class indicates which of the three methods declaring good frames is applied, and N is required when the first method is applied. The ABNF syntax definitions of the two parameters are as follows:

Metrics-class = “class” “=” “0” / “1” / “2”

N = “N” “=” 1*DIGIT

If the value of Metrics-class parameter is 0, the first method is applied. If the value is 1, the second method is applied. If the value is 2, the third method is applied. If the Metrics-class parameter is not available, the value is 0. The semantics of the parameter N is as specified in the definition of the first method to declare good or corrupted frame.

5 Summary of the Proposal

We propose that one of the following alternatives is adopted: 

(1) The definition of Corruption Duration as in Section 3 and the parameters Metrics-class and N as in Section 4.

(2) The same definition as above with Method 3 dropped and the same parameters with a limitation of Metrics-class can only be equal to 0 or 1.

The difference of the two alternatives is whether Method 3 for declaring good frames is supported. If it is supported, development of advanced decoding quality evaluation algorithms can be utilized to produce more precise QoE metrics. The disadvantage is that no perfect decoding quality evaluation algorithm has been developed yet. If it is not supported, application of potential advanced techniques is prevented, and application of some standard techniques, e.g. redundant pictures, recovery point Supplemental Enhancement Information (SEI) message, and spare picture SEI messages defined in  H.264/AVC, is limited.
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