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=====  CHANGE =====
[bookmark: _Toc135638302][bookmark: _Toc143492831][bookmark: _Toc143493095][bookmark: _Toc153791803][bookmark: _Hlk156931952]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 26.925, "Typical traffic characteristics of media services on 3GPP networks"
[3]	3GPP TR 26.928, "Extended Reality (XR) in 5G"
[4]	3GPP TR 38.838, "Study on XR (Extended Reality) Evaluations for NR"
[5]	3GPP TS 26.501, "System architecture for the 5G System (5GS)"
[6]	3GPP TS 26.118, "Virtual Reality (VR) profiles for streaming applications"
[7]	VR-IF Guidelines, https://www.vr-if.org/wp-content/uploads/vrif2020.180.00-Guidelines-2.3_clean.pdf
[bookmark: definitions][8]	IETF RFC 5052, Forward Error Correction (FEC) Building Block
[9]	IETF RFC 6330, RaptorQ Forward Error Correction Scheme for Object Delivery
[10]	IETF RFC 6681, Raptor Forward Error Correction (FEC) Schemes for FECFRAME
[11]	IETF RFC 8627, RTP Payload Format for Flexible Forward Error Correction (FEC)
=====  CHANGE =====
[bookmark: _Toc135638337][bookmark: _Toc143492866][bookmark: _Toc143493130][bookmark: _Toc153791838]5.7.4	Content Delivery Modelling for Application Layer FEC
[bookmark: _Hlk153268845]Commercial XR split rendering and cloud gaming services use Application Layer Forward Error Correction (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 cloud gaming and XR services also report about the use of FEC.
In the following a possible implementation for application layer FEC assuming the system model for XR traffic (see Figure 5.2.1-1) is described. Commercially available XR split rendering and cloud gaming services as introduced above follow the same or at least similar principles.
In this case, 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 is shown in Figure 5.7.4-1.
Each Application Data Unit (for example a video frame, or an object) has assigned a size F and additional properties, for example the type of the ADU, its importance, its delay constraints and so on. The properties are typically different for each ADU. Each ADU forms a source block with K encoding symbols, each of size T. Typically, the number of K is different for each ADU in a sequence of ADUs. Each of the initial K encoding symbol forms the payload of K source packets, whereby each 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, for example using a unique Transport Object Identifier (TOI) for ADU.


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 the case 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.
Such a system is aligned with Forward Error Correction (FEC) Building Block as defined in RFC 5052 [7]. 
The FEC Payload ID (i.e. the information carried in every packet header), essentially only requires carrying the encoding symbol ID and the source block size K. As an example, 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, 1 or 2 bytes would be sufficient for most applications. In addition, a TOI may be carried, again using 1 or 2 bytes. While the above FEC configuration only serves as one reference, it may be considered as typical implementation.
There are several FEC schemes defined in the IETF that either permit or require that the RTP source packets are sent unmodified, or are sent to be compatible with the payload format they comply to. This restriction for example applies to IETF RFC 8627 [11], the Flexible Forward Error Correction (FEC). In a similar fashion, for Raptor FEC in the context of FECFRAME as defined in IETF RFC 6681 [10], for example for the single sequenced flow in clause 8 of IETF RFC 6681 [10], the source packets are unmodified. In these cases, the repair packets need to contains sufficient information in order to form the source block from a sequence of unmodified source packets. For example, IETF RFC 6681 [10] adds to every repair packet the initial sequence number (of the RTP source packet that is included in the source block), the source block length and the encoding symbol ID, summing up to 48 bit in total. FEC encoding ID, encoding symbol size and max packet size are signalled as part of the SDP. The information in the SDP and in the repair packets allows the receiver to add each received source packet to the appropriate ESI in the source block at the receiver. Once decoded, the information in the source block (the size F), can be used to recover the length of the included packet. 
Based on the information in IETF RFC 6681 [10], for an RTP based delivery for which source packets are unmodified, only the repair packets add the headers. In order to obtain the source block number a source packet belongs to as well as the source block length of this source block, a repair packet needs to be received. 
An example sender configuration for FEC is provided in Table 5.7.4-1 
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": "46",
        "fec-overhead-percent": "30"
    },
    "Bitrate": "10000000",
    "P-Trace": "P-Trace.csv"
}



At the receiver, 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. If at least K packets are received for an ADU within the time budget, the ADU can be fully recovered. If less than K packets are received, the ADU cannot be recovered and one of the following two error handling modes 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 lost, then only the correct prefix preceding the first loss of a source packet is used to generate a partially received ADU.
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