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1 Introduction
This document discusses impact of sender and receiver’s behavior under video telephony robustness improvements (VTRI) work item’s requirements [1] and recommendations on E2EMTSI video rate adaptation requirements [2]. VTRI requires the receiver to react to detected errors by reporting them to the sender by PLI/NACK messages and in return sender’s response to the incoming PLI/NACK messages within certain time constraints.
In the following sections sender and receiver behavior’s potential impact on video rate adaptation is discussed.
2 Sender behavior
Sender has several options for responding to NACK and PLI messages. For NACK messages, it can respond by sending a recovery picture through long term prediction (inter), sending an intra picture, performing gradual decoder refresh (GDR) or not specifically responding to the incoming NACK and PLI messages but embedding a recovery mechanism (e.g. periodic intra pictures, periodic GDR, etc) in the bitstream that conforms to VTRI requirements. The sender has [500 ms] to produce a recovery picture. Although it is content and implementation dependent, typical LTR predicted frame size and intra frame size is 2x and 5x the average frame size, respectively for achieving constant visual quality. Total GDR size is larger than the intra size, but it is distributed over several frames enabling individual frame sizes to be close to the average frame size. However the encoder’s rate control can assign lower rate ratios than the above mentioned ratios if it deems necessary.
Sender’s rate adaptation behavior can be divided in to 4 phases: steady state, rate reduction, delay recovery and rate increase. The most critical stage for handling packet loss are the rate reduction phase. Servicing a received PLI message during this phase is the most challenging one since generating an IDR or GDR consumes the most amount of bits. E2EMTSI video rate adaptation requires that the worst case excess bits during the rate reduction phase to be [2] 
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and:
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 is the adaptation time required by the worst-case adaptation algorithm, in this case [1] second.
The amount of delay introduced by this worst case scenario is
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As a worst case IDR frame size we can assume that encoder generates an IDR frame for target bitrate of prev_rate. Assuming frame_rate frames per second video with IDR frame size 5x of average target frame size, IDR_frame size would be
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The amount excess bits that will be introduced by this IDR frame will be
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In order to make up for this amount excess bits, the sender can basically stop transmitting frames for a period prior to sending the IDR frame. The duration of the stoppage of sending frames would be
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VTRI allows [500ms] for sender to respond to the incoming PLI/NACK messages. Table below shows duration_stop times for various rate reduction percentages for 30 frames per second video which are all below the VTRI set limits.

	IDR (5x) recovery
	30 fps video

	new_rate/prev_rate
	1.0
	0.9
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1

	duration_stop (msec)
	133.3
	136.7
	140.0
	143.3
	146.7
	150.0
	153.3
	156.7
	160.0
	163.3


This example illustrated a simple approach to handle the worst case IDR scenario. A better behaving encoder could generate an IDR frame that has smaller size than the one given in the example, or employ GDR to distribute the bits of the intra frame without having to stop sending frames for a duration before the IDR frame. The encoder would follow the IDR frame with reduced size frames or skip them entirely to make up for the delay introduced by the IDR frame.
For other phases such as recovery phase, steady state case or rate increase phases, the rate control can handle insertion of intra frames. Handling of NACK messages is simpler since the recovery frame sizes are not larger than the IDR sizes.

3 Receiver behavior
The receiver follows RTCP scheduling guidelines to issue PLI, NACK AVPF messages. The RTCP overhead of these messages should have adverse effect on the E2EMTSI video rate adaptation. Multiple RTCP messages can be sent at the same time.
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