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1 Introduction
This document discusses AVPF feedback based video error recovery from errors resulting from packet losses. Error recovery is essential for providing a guaranteed minimum video communication performance or user experience. Reliable error recovery can be achieved if recovery mechanisms are mandated at both ends. A receiver should be able to detect errors and report them to the sender in timely fashion. In return sender responds by sending recovery pictures. Recovery pictures are intra or inter pictures that can be error-decoded without errors at the receiver side (good frames). 
Efficient video error recovery requires error tracking capabilities at both the sender and the receiver side. Error detection and tracking is necessary on the receiver side for detecting the occurrence of the error as well as detecting the recovery from the error. On the sender side it is necessary for producing a recovery picture that would address the reported packet loss.

In the following sections receiver and sender behavior for recovering from errors is discussed in detail.  
2 Video error recovery

An example of video error recovery is illustrated below using PLI and NACK messages. It is assumed that the receiver can detect and track errors, and sender can track errors.
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Figure 1. Video error recovery with PLI and NACK feedback messages. 
In this example, the error correction is performed in the following steps:

1. Sender encodes a reference picture (blue) and transmits it. One or more of the packets belonging to this picture are lost.

2. Receiver detects lost packets belonging to the blue picture upon receiving packets belonging to the picture following the blue picture or the last packet (if received) of the blue picture, after de-jittering. 

3. When the decoder tries to decode the picture following the blue picture and notices that a reference picture that it is referring to (i.e. the blue picture) is missing or has been partially received, and in response flags an error.

4. Upon seeing the error report from the decoder, the receiver issues either a PLI or a NACK message. The duration of time that elapses from the first detection of missing packet to the issuance of the feedback message is denoted as the receiver reaction time.

5. Sender receives the PLI or the NACK message, feeds this information to the encoder, which responds by encoding the next picture either as an intra or inter picture. In the inter-picture case, the encoder refers to a reference picture (red) that it assumes can be correctly decoded at the receiver side. The duration of time that elapses from receipt of the feedback message and sending of the recovery picture is denoted as the sender reaction time.

6. Sender sends the recovery picture to the receiver.

7. Receiver’s decoder continues to decode incoming pictures looking for the arrival of the recovery picture. The receiver may opt not to render any incoming corrupted pictures while waiting for the arrival of the recovery picture.

8. Receiver detects the arrival of the recovery picture.
3 Receiver side behavior
An MTSI client in the terminal receiving video should be able to detect errors in the incoming video in order to notify the sender about the errors. Errors occur due to packet losses. Not every packet loss requires a corrective action to be taken by the sender hence the receiver does not have to report every packet loss.  The prediction scheme in the encoder dictates the prediction path (prediction chain) in the bitstream, and the location of the losses in the prediction path determines their importance in terms of whether or not a corrective action has to be taken, e.g. non-reference pictures do not require taking corrective action. Only loss of packets corresponding to the reference pictures in the video prediction chain would require a corrective action. 

In Figure 1 example, a packet corresponding to a part of or entire blue reference picture is lost. The loss is detected when it is time to decode the following picture or during decoding of the following picture (reference).  The receiver reports lost packets to the receiver through a NACK message. Receiver can repeat the NACK message for robustness against feedback losses. 

After sending the NACK message, the receiver continues to decode the incoming pictures. This is necessary for detecting the arrival of the recovery picture. Detecting recovery pictures that are IDR or intra pictures do not require decoding. Detecting inter recovery pictures that use prediction from common reference pictures that are available at both the sender and the receiver require decoding for recovery detection. A decoder that can track errors at picture level (checking whether all reference pictures are available) can determine whether the decoded picture is free from errors or not. 
NACK messages to the sender or response from the sender may get lost during transmission or alternatively the assumed common reference picture that should be available both at the sender may not be available at the receiver. In these cases the recovery picture may not arrive.  The receiver should wait for a reasonable time, Response Wait Time (RWT) that is equal to RTP round trip time + encoding + decoding + some additional processing time,  before issuing a repeat NACK message. After sending the message, it should wait for the recovery picture. If the recovery picture does not arrive after twice the RWT duration or more, then requesting an IDR picture through PLI message is required. It is assumed the synchronization between sender and receiver reference pictures are lost, and only way of recovery is sending an IDR picture. At this point PLI messages are issued periodically at RWT interval until IDR picture arrives to recover video from errors.
The receiver should reset reporting of past lost packets after receiving a recovery picture for NACK messages. Issuance of initial NACK message (receiver reaction time) should be immediate after it is detected.
In summary:

· Receivers should be able to detect and track errors. This is necessary for figuring out when an error has occurred and when it is corrected.
· In general NACK messages should be used to report errors.
· All or at least the missing packets corresponding to reference pictures (if detectable) have to be reported.

· Attempt to correct errors through NACK message for twice waiting in between for a response to arrive.

· If the error is not corrected through NACK message usage, use PLI message until recovery picture arrives. PLI is reserved for requesting IDR or intra pictures when everything else fails.

· The receiver can duplicate feedback messages for robustness against losses.
4 Sender side behavior

An MTSI client in the terminal sending video upon receiving a NACK message could determine the optimal response to the received NACK message based on the encoding structure used by the sender. In order to do that, the sender should be able to track errors for determining the best action to recover from errors. For example a sender can mark certain pictures to persist as reference pictures for longer duration (long term reference pictures). These pictures can be used as reference pictures for generating recovery pictures assuming the receiver has the same reference picture to predict from. This provides more efficient error recovery than use of intra pictures. Encoders that do not have this capability, have to rely on generating intra pictures for error recovery.
In Figure 1, when the sender receives the NACK message, from the lost packets reported in the feedback message, it can determine which pictures have been lost and can take appropriate action. If the packets lost correspond to non-reference pictures, it can ignore the NACK message. If the packets lost correspond to a reference picture, encoder has the choice to generate the next recovery picture (green) either as an intra-picture or an inter picture referring to common reference picture (red) (if available) at the receiver.
The error recovery response should be immediate (sender reaction time) to minimize the recovery time. If the sender determines that it has already sent a picture that would correspond to a recovery picture for the loss reported by the NACK recently (within RTT duration), then it does not have respond to the NACK message. It can be assumed that the receiver has not received the recovery picture when it issued the NACK message. Similarly, the sender should ignore repeat NACK or PLI messages that arrive within RWT duration from responding to the initial one. 
The sender has to respond to the PLI message with IDR picture as a fallback in case other recovery mechanisms don’t resolve the issue.

In summary:

· Senders should be able track errors. This is necessary for figuring out where the reported error is to take the appropriate corrective action

· It can respond to a NACK message with inter or intra picture.

· The recovery picture it sends should be the latest available picture at the sender side.

· It can ignore NACK messages if they correspond to non-reference pictures or duplicated (for robustness) messages

· It should respond to a PLI request with an IDR or intra picture.

Note: Sender does not directly have to respond to every incoming NACK or PLI message, if the bitstream it is sending conforms to the above described behavior. For example a sender inserting intra refresh frames every second uniformly and ignoring all incoming messages would conform to the above described behavior if the receiver reaction and sender reaction times plus RWT duration is around 1 second.
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