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[bookmark: _Toc135638337][bookmark: _Toc143492866][bookmark: _Toc143493130][bookmark: _Toc145658179]5.7.4	Content Delivery Modelling for Application Layer FEC
This work is for further study.Commercial XR split rendering and cloud gaming services use FEC.
For example, Nvidia CloudXR™ supports FEC as indicated here https://forums.developer.nvidia.com/t/possible-to-configure-tune-cloudxr-encoding/208977/3. Other services as Google Stadia™ or GeForce Now™ also report about the use of FEC.
In the reference systems presented above, the Application Data Units (ADUs) are not sent directly to the network, but they are added to a source block that then generates packets of basically equal size in order to then distribute the content. The basic concept looks as shown in Figure 5.7.4-1.
The Application Data Unit (for example a video frame, or an object) has assigned some size F and some additional properties, for example the type of the ADU, its importance, its delay constraints and so on. The ADU forms a source block for the with K encoding symbols, each of size T. The encoding symbol forms the payload of K source packets, whereby each repair packet may include some of the properties, and includes the source block size K as well as the encoding symbol id (ESI). The size of the object, F, may be carried as part of the source block as shown in Figure 1. In addition to K source packets, N-K repair packets may be sent as part of this ADU. The repair packets would be assigned to the same ADU (some sort of TOI).


Figure 5.7.4-1 Packet Generation for Application Layer FEC
At the receiving end, assuming that the code is maximum distance separable (MDS) as available for RaptorQ or Reed-Solomon codes, i.e. K out of the N packets are sufficient to recover the ADU, the receiver collects K symbols, determines the symbol size T based on the payload size, applies FEC decoding, recovers the source block, reads the size F from the K-th source symbols and recovers the ADU for the next layer in the protocol stack.
This system is aligned with RFC 5052 [7]. 
The FEC Payload ID (i.e. the information carried in every packet header), would essentially only require the encoding symbol ID and the source block size K. For RaptorQ as defined in RFC 6330 [8], the maximum source block size is 56403, i.e. 16 bits are sufficient. It is also expected that to signal the ESI, 16 bit would be sufficient for most applications. While the above FEC configuration only serves as one reference, it is a typical implementation.
An example sender configuration for FEC is provided in the 
Table 5.7.4-1 Example Content Delivery sender configuration for Application Layer FEC
	{
    "S-Trace": { 
        "source": "S-Trace.csv",
        "startTime": 0
    },
    "FEC": {
        "symbolSize": "1468",
        "packet-overhead": "44",
        "fec-overhead-percent": "30"
    },
    "Bitrate": "10000000",
    "P-Trace": "P-Trace.csv"
}



If one or more packets associated to the ADU with are lost, then the timestamp of the loss is the time at which the first lost packet is detected. However, as in order delivery cannot be assumed, a maximum delay of an ADU needs to be set, typically compared to the render time, after which only received packets are processed as part of the ADU. For the potential recovery of the ADU with FEC, the following can be configured:
-	ADU loss: If more than N-K of the packets associated to the ADU are lost, the entire ADU is lost. 
-	Suffix loss: If more than N-K of the packets associated to the ADU are, then only the information from packets are earlier in the concatenated ADU before the first loss are used to generate a partially received ADU.
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