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1 Introduction
This document discusses the need and example guidelines and requirements that are believed needed in order to improve the specification of the video error robustness in TS 26.114 [1], as well as starting a related new work item.
2 Issues to be addressed
The current MTSI specification mentions support for transmission and reception of AVPF NACK messages as well as support for reception of AVPF Picture Loss Indication (PLI) messages. It also mentions that the MTSI client receiving NACK or PLI messages should take appropriate actions to improve the situation based on the received NACK or PLI messages without mandating any action. There are no requirements or guidelines on when and which message should be issued and when and how to respond to the messages to achieve an improved video reception. Without any such requirements and guidelines, implementers may choose to implement vastly different ways on sending, receiving, and reacting to AVPF feedback messages. To the extreme, many (if not most or all) implementers actually choose to implement the simplest way of handling received feedback messages, which is to simply ignore them. Consequently, the quality of video calls can vary greatly among implementations and communications sessions, and operators cannot ensure even a minimum video communication performance or user experience. When no appropriate feedback based error correction action is taken, receivers would have to rely heavily on error concealment mechanisms at the receiver side or on heavy error protection such as insertion of a large amount of intra coding at picture level or lower at the sender side. The former can result in serious quality degradation and user experience disruption that is hard for the terminal device to detect and control, while the latter can generate heavy overhead thus significantly lowering the overall video quality under good network conditions where packet loss rate is very low or even zero.
It is therefore proposed to start a new work item to address the above issue. In particularly, the following aspects of video error robustness are suggested to be addressed in this work:
· What conditions should trigger the generation of PLI or NACK messages.

· Receiver reaction time to issue a PLI or a NACK message once error is detected.

· How the sender responds once it receives a PLI or a NACK message.

· Sender reaction time to respond to a PLI or a NACK message once the request is received.

The focus is to address handling of PLI/NACK messages, the support of which is currently mentioned in the MTSI specification. Other video error correction mechanisms can also be studied and worked on, see more discussions in Section 4.
3 Discussion of some possible solutions
A description of some possible solutions as examples to get the discussion going for addressing the above mentioned issues are presented in this section.
3.1 Algorithm overview
In order to achieve a video error correction response that guarantees recovery (when it is received by the remote UE) without relying on assumptions on remote UE’s behavior, the reaction mechanism to a detected error and the corresponding response should be well specified. Otherwise it is not possible to realize a guaranteed video correction. According to the current specification, a receiver experiencing errors does not have to signal the detected errors to the sender, and even if it signals the error information to the sender, there is no guarantee that the sender would respond. On the other hand, a sender under the assumption that the receiver may not signal detected errors would introduce redundancy into the bitstream, such as intra coding, to improve the error resilience of the bitstream itself. This non-guaranteed end-to-end error recovery specification prevents achieving video calls that are free of rendered corrupted frames. Also, it prevents error recovery within a reasonable time frame.
An example to video error correction requirements and guidelines are illustrated below. Only support for PLI and NACK messages is discussed. It is assumed that the receiver’s video decoder can detect errors.
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In this description, the error correction will be performed in the following steps:
1. Sender encodes a reference frame (blue) and transmits it. One or more of the packets belonging to this frame are lost.
2. Receiver detects lost packets belonging to the blue frame upon receiving packets belonging to the frame following the blue frame or the last packet (if received) of the blue frame, after de-jittering. 
3. When the decoder tries to decode the frame following the blue frame and notices that a reference frame that it is referring to (i.e. the blue frame) 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 frame either as an intra or inter frame. In the inter-frame case, the encoder refers to a reference frame (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 frame is denoted as the sender reaction time.
6. Sender sends the recovery frame to the receiver.

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

8. Receiver detects the arrival of the recovery frame and rendering resumes.

3.2 Media receiver

Error on the receiver side can be defined as referring to a frame that is entirely or partially missing. In addition to this criteria, detection of a missing reference frame (that is not yet actually referred to) can also be defined as an error. Although not desirable, if the decoder cannot provide error information to the receiver, then missing packets can be treated as an error.

The receiver reaction time has to be defined to achieve error recovery in a timely manner. It is desirable that the detected errors be reported to the sender immediately to minimize the recovery time. An upper limit of one frame interval from the detection of the error can be set, for example.
In terms of feedback messages, the receiver can choose between PLI and NACK messages according to its need. It is expected that the PLI message will be used only when it is absolutely needed, e.g. in cases where the decoder does not have the means to report back errors to the receiver, or in cases where the received recovery frame’s reference frame is missing. In all other cases NACK should be used. It is sufficient to send NACK message for the missing packets that trigger the initial error.
Upon issuing a PLI or a NACK message, the receiver should wait for one round trip time (RTT) for the response (recovery frame) to arrive, before issuing another PLI or NACK message for the missing frames. This is necessary for handling loss of feedback messages or the response from the sender. The amount of wait before reissuing feedback messages has to be specified.
3.3 Media sender

When the sender receives a NACK message, it has to generate a recovery frame. The recovery frame can be an intra (IDR) or inter frame. For inter frame case, the encoder has to assume that the reference frame that it uses to encode the recovery frame is correctly decoded at the receiver side and would still be available in the decoder's decoded picture buffer when the newly-encoded frame is available for decoding. For the received PLI message, the sender has to respond by sending an IDR frame. This will guarantee recovery from cases where the common reference frame between the encoder and the decoder is lost, or cases where the decoder cannot report back error status as discussed above. All sender response should stay within the overall bitrate limits established by video rate adaptation (see the related E2EMTSI study) to avoid causing congestion.
The sender reaction time has to be defined to achieve error recovery in a timely manner. It is desirable that the sender responds to PLI/NACK messages immediately to minimize the recovery time. An upper limit of one frame interval from the receipt of the PLI/NACK messages can be set, for example.
Upon responding to a PLI or a NACK message, the sender should ignore all incoming PLI/ NACK messages arriving in the next time duration equal to the network transit time (i.e. RTT/2). 
A summary of parameters described above are tabulated below.

Table 1.
Examples of possible reaction and response mechanisms and timing information.
	Message
	Error condition


	Receiver Reaction Time 
	Receiver Wait Time
	Sender Reaction Time 
	Sender Response
	Sender Wait Time
	Comments

	PLI
	Referencing a (partially) missing frame, missing reference, missing packet
	0-60ms
	RTT
	0-60ms
	IDR
	RTT/2
	Initial immediate receiver reaction, repeat requests next scheduled RTCP RR  

	NACK
	Referencing a (partially) missing frame, missing reference, missing packet
	0-60ms
	RTT
	0-60ms
	Intra(IDR)/Inter
	RTT/2
	Initial immediate receiver reaction, repeat requests next scheduled RTCP RR  


4 Conclusions
This contribution provides an initial discussion on video error correction requirements and guidelines to achieve guaranteed video error correction.
In a potential new work item on video error correction, based on the above discussions, the following objectives can be included:
· Error conditions are defined to issue PLI and NACK messages.
· The media receiver behavior should be defined by the message it issues and its reaction time along with wait time for re-issuing of feedback message. 

· The media sender behavior, when it receives a PLI or a NACK message should be defined by its response type and its reaction time. Also, the wait time for the sender after sending a response before responding again should be defined.

The focus is to address handling of PLI/NACK messages, the support of which is currently mentioned in the MTSI specification. This could be targeted for Release 12.

Additional feedback messages such as RPSI that are currently not supported in TS 26.114 can offer more efficient error recovery mechanisms. RPSI messages provide more certainty on the availability of a particular reference picture on the receiver side that might be available also on the sender side. In addition to feedback messages, Forward Error Corrections (FEC) schemes such as RFC 5109 [2] can provide a mechanism that balances video quality and end-to-end delay. Retransmission (RFC 4588) [3] can provide efficient error correction, particularly when the loss rate and network transit time are both low. Use of temporal scalability together with unequal error protection mechanisms, possibly in combination with above-mentioned schemes, should be studied as well.
Studies and specification work on the additional feedback messages and other error correction mechanisms could be handled in another work item that targets for Release 13.
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