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ABSTRACT

This document proposes updates on the working document on “Application Layer Error Recovery Mechanisms” which relate to the discussion on forward error correction and retransmissions.
1
Introduction

At the 5th meeting of the ITU-T FG on IPTV, new text that relates to retransmission approaches for Application Layer Error Recovery has been introduced into the working document. Thereby, section 9.1 has been modified with some comparison statements between retransmission and forward error correction (FEC) based error recovery mechanisms. Due to a missing description of the details of the retransmission mechanism, a verification or rejection of the claims is rather difficult. Still, in this contribution, some additional text is proposed for this comparison section.  

2
Proposal

It is proposed to modify section 9.1 of the working document as follows:

9.1
General Discussion on Retransmission and FEC
Retransmission and FEC are two different techniques to recover packet losses during the delivery of IPTV services. The retransmission approach recovers from packet losses by requesting retransmission from the sender or intermediate retransmission server. The FEC approach operates by adding redundant information to the data at the sender. 

An FEC-based error recovery protocol uses redundant information to allow the receiver to correct packet losses. With this redundant information, the receivers can recover from packet losses locally at the receiver. There is no need for a back channel to request retransmission from the sender. It therefore very suitable for uni-directional communications such as satellite broadcast, but can obviously also be used on any (bidirectional) network. The recovery latency is fixed.

Note: The following two paragraphs have been exchanged (change bars not used to avoid confusion).
Retransmission-based error recovery protocols use feedback messages to recover from packet losses, thereby requiring a return feedback path and one or more retransmission servers. On detecting a packet loss, e.g. by noting the gap of packet sequence number, a receiver requests a sender or designated repair servers to retransmit the lost packets. Retransmission may be either unicast or multicast depending on the distribution of clients reporting the errors. The recovery latency is varying depending on several parameters, e.g., the time to detect that a packet is lost, the time until feedback packet is sent, the time to deliver the feedback packet to the retransmission server, the time for the retransmission server to react, and the time of the packet from retransmission server to receiver. These delay components may be influenced by different parameters, e.g. varying traffic loads, timer settings, or losses of feedback and retransmission packets. 
In case of FEC, since the redundant information should be always be sent along with the original packets,  it generally consumes more average bandwidth than retransmission. The remaining average bandwidth may be used for lower priority traffic on a shared link.  However, note that to serve the retransmission request fast enough, a certain peak bandwidth needs to be reserved for retransmission packets whereby this peak bandwidth is at least in the same order as the bandwidth required for FEC. In order to ensure the same overall latency for a retransmission based solution as that provided by an FEC based solution, the reserved peak bandwidth of a retransmission solution must in general be higher than that of an FEC based solution, due to the time parameters described above. The complexity in encoding and decoding FEC data may also provide some computational burden at both the sender and receiver. FEC, as any other technology, cannot guarantee complete recovery from packet loss. In case of FEC, if the packet loss exceeds the repair capabilities of the FEC scheme recovery is not possible. FEC introduces a fixed delay due to the generation and processing of the redundant information and as data must be buffered before the error recovery can take place. The delay depends, among others, on bitrate, FEC block size, coding scheme, and sending arrangements. 
In the retransmission-based approach, an intermediate retransmission server may receive many feedback messages from multiple receivers who experience packet losses. Feedback implosion, the concept of receiving many feedback messages for common errors, can be addressed with an appropriate architecture and design. Since a retransmission is done on demand, the additionally required average bandwidth for error recovery can be lowered. Retransmission approaches do not require encoding or decoding because the entire lost packet is retransmitted to the receiver. Since the error recovery is handled by requesting and receiving a retransmitted packet from a sender, it takes more than the Round Trip Time (RTT) between a retransmission server and a receiver to perform the recovery. This requires buffering of the data at the receiver buffer management at a retransmission server. The buffering must be dimensioned for worst-case delay jitter variations to ensure that the requested QoS can be maintained. As retransmission delays are quite varying, for high-quality video delivery the required buffering time generally exceeds the delay of FEC mechanisms. Furthermore, if the buffer capabilities are exceeded, recovery is not possible. Retransmission may not require the same level of computing complexity as FEC. 
When retransmission is used in multicast delivery, proper attention must be paid to the ratio of clients to retransmission servers to avoid any scalability issues. A distributed retransmission approach can be introduced to resolve the issues of timeliness, scalability, and feedback implosion. A local retransmission server placed in the vicinity can be used to recover the error losses across the access and consumer environment and a core retransmission located near the head end to recover losses in the core and common losses requested via the local retransmission server. However, compared to FEC, such an infrastructure requires a significant amount of additional network equipment to serve retransmission requests as retransmission-based approaches do not scale with increasing number of users.
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