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1. Introduction
There are increasing demands for video services delivered not only through wired networks but also through wireless networks in which the terminals are constantly moving, resulting in the network conditions varying as the time and location of the terminals move and change. The variation of the network conditions may also result in varying packet error rates, throughputs, and packet delays that may easily distort the media data delivery and may result in video users having bad experiences. Moreover, the terminals in broadcast services cannot be adapted individually when they enter difficult reception conditions; thus, they can experience abrupt service severances with consecutive or burst packet errors. In order to prevent these errors, a minimum level of acceptable quality should be guaranteed by providing graceful degradation that can be realized using the view scalability in the video or the differentiation of the transmission robustness in different sections of the video streams, which is referred to as unequal error protection (UEP; e.g. base layer or I frame in a GoP must be protected for minimum level of service; see Figure 1 in [1]). The graceful degradation - forward error correction code (GD-FEC) proposed in the contribution is only to recover the I-frames; when all frames in consecutive GoPs are lost, the receiver can protect display disconnections, thus enhancing the service quality and user experience by recovering each I-frame in each GoP using a AL-FEC (e.g., RaptorQ )

The redundancy for the minimum level of service in GD-FEC can be below 1%. Moreover, the amount of redundancy can be controlled. One drawback of using GD-FEC is its delay; however, this method is effective for stored video broadcasting and real time broadcasting that allows a few seconds delay.
2. Relationship between the GD-FEC and AL-FEC
Although the GD-FEC and AL-FEC increase the delivery reliability of media data, they should not performed in the media equipment being used for general purposes because their parities are needless redundancies. Instead, the GD-FEC and AL-FEC should be performed in the transmission equipment that receives the media equipment outputs such as the audio, video, dynamic and interactive multimedia scenes (DIMS), text, etc. streams (see Figure 1).
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Figure 1. Media equipment, transmission equipment, and network: the GD-FEC and AL-FEC should be included in the transmission equipment. The user equipment (UE) has both media and transmission functions in the one device. BM-SC is the broadcast and multicast – service center.
However, unlike the location of the AL-FEC, that of the GD-FEC should be the first, or at least an early, step in the transmission function because it should be able to isolate the I and P frames from the media equipment output signals before they become interleaved, enciphered, or complicatedly packetized signals for the AL-FEC (see Figure 2). Instead, as Figure 2 shows, the AL-FEC block or layer located next to the transmission blocks, such as the real-time transport protocol (RTP) or secure RTP (SRTP), must receive their output signals that are already interleaved, enciphered, or complicatedly packetized by RTP or SRTP. Therefore, the input signals of the AL-FEC must be blindly grouped or symbolized from the input signal data whose contents may not be discriminated.
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Figure 2. GD-FEC and AL-FEC mechanisms for the streaming delivery method interaction diagram [3]: the GD-FEC location is at the first step (or at least an earlier processing block) in the transmission equipment. 

3. Graceful Degradation - Forward Error Correction Code (GD-FEC)
Figure 3 shows an example timing diagram of a GD-FEC encoding process in an MBMS system, and Figure 4 shows the GD-FEC encoding and frames comprising a GoP in an MBMS system. In the figures, the macro frame (Mfr) is the group of frames or part of a frame that contributes to generating the parity frames (Pfr) of the GD-FEC. That is, L consecutive Mfrs can be the input of the GD-FEC and the divided parity frame (DPfr) is the Pfr divided with a sufficient size to be inserted in an appropriate position in the GoP (e.g. the final GoP position); its generating mechanism will be described in detail in the next section. 
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Figure 3. Timing diagram of an example GD-FEC encoding process in an MBMS system.
4. GD-FEC Encoding and Numerical Values
Let’s define G as the group of GoPs that contribute to generating the parities from one GD-FEC encoding; then, the number of GoPs in G becomes L as shown in Figures 3 and 4. In order to obtain the Mfr length, the GD-FEC process compares and chooses the longest I frame in each L GoP (e.g. frame 5 in Figure 4) and designates it as the Mfr length. In order to create the Mfr, the GD-FEC process selects the I frame first; if the length is still less than the Mfr length, more bits must be attached from the other frames and the priority order of the frames is I, P, and B as shown in Figure 4.
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Figure 4. GD-FEC encoding and the frames that comprise a GoP in an MBMS system.
After determining the Mfrs, the GD-FEC process formulates the input source symbols by connecting the Mfrs consecutively and performing the GD-FEC encoding and generating parities. With these parities, the GD-FEC process creates DPfrs using the following processes. 

{DPfr 4,8,12,16,20} <~ F{T, Mfr i, i=1,5,9,13,17}//(D-T)

{DPfr 24,28,…    } <~ F{T, Mfr I, i=21,25,29,…}//(D-T)

…,
where F denotes a RaptorQ-like coding function, T denotes the number of GoPs or Mfrs that could be restored after several consecutive GoP losses, and D denotes the number of source GoPs as the input of the RaptorQ-like coding and is equal to L in the given example. Furthermore, the operator ‘<~’ is defined as a generating function for the DPfr that can be inserted into an appropriate position in each GoP in G and the operator ‘//’ is an operation for the DPfr generated by dividing the RaptorQ-like encoding output data with (D-T). The DPfr length can be determined using Corollary 2 as defined below. Without loss of generosity, the amount of parity bits that are more than those of the I-frame need to be restored; this concept is illustrated in Theorem 1 and Corollaries 1 and 2 as described below.
Theorem 1: Suppose that a channel capacity is B bits per channel use. Then, we can obtain a transmit rate of [image: image6.png]
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 are the message length and parity length, respectively. Further suppose that [image: image12.png]


 fraction of the message is deleted in the bearer delivery process. Then, the remaining message becomes a length of [image: image14.png](1 -k
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Proof: The deleted message can be understood as erased bits over a BEC. Then, the inequality [image: image18.png]R
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, which becomes larger than [image: image26.png]


. Therefore, this inequality is only satisfied if [image: image28.png]m > ak



.
Corollary 1: According to Theorem 1, the amount of parities is larger than loss bits which are [image: image30.png]


 portion of loss in k bit messages. If a good AL-FEC (e.g. RaptorQ Code) is used, the amount of parities can approach the loss bits. Thus, for a small positive value [image: image32.png]


, the amount of parity [image: image34.png]


 can be expressed by [image: image36.png]ak+ €



.

Corollary 2: The Dfr length is given by (1) as follows:
length(DPfr) = [T.length(Mfr) + [image: image38.png]el 1/(D-T)



 .                         (1)

According to Theorem 1 and Corollary 1, there must be greater amounts of parity bits to be restored than information bits, which could be the I frame bits that should be recovered when all frames in consecutive GoPs are lost. As a result, when the amount of loss is [image: image40.png]


, the possible parity length required to restore should be [image: image42.png]ak+ €



; in the same manner, to restore the T.Mfr, [T.length(Mfr) + [image: image44.png]


 is required, and when T amount of GoP in G is lost, the required information can be restored using a (D-T) amount of GoP and using RaptorQ-like decoding. Therefore, the final required length of Dfr is given by (1).                                  (
With appropriate choices for the D and T values in (1), the redundancy for the minimum level of service in the GD-FEC can be below 1% or even less. However, the system can continue to guarantee the minimum level of service; that is, a very short slideshow video with mono audio will be streamed instead of a noisy high quality video and stereo audio, or in the worst case no service, during consecutive long burst losses. Moreover, due to the unequal protection effect of the GD-FEC, the amount of redundancy bits required for the AL-FEC (e.g. RaporQ-like code) can be decreased greatly.

5. Evaluation Criteria

By activating the GD-FEC, the maximum tolerable error in the AL-FEC can be set to a high value; that is, the target error, which is the variable ‘maxE’ in the permanent document [4], can be set to a high value resulting in the required redundancy to be saved considerably. As a result, for the GD-FEC, the evaluation criteria should be the maxE value that can maintain the minimum tolerable video service, which must be agreed on by all EMM-EFEC SWG members in attendance in order to evaluate the demonstration video clips provided by the GD-FEC proposing company or companies. 

6. Conclusion

We hope that the EMM-EFEC SWG considers and accepts the proposed evaluation criteria for the GD-FEC in MBMS.
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