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1. Background

The document discusses the rate adaptation or congestion control of a video flow originating from a sender and transmitted over a network channel with time-varying bandwidth to a receiver. In particular, the goal is to increase or upswitch the average bit rate of the video flow in a controlled manner to improve the user experience without introducing congestion in the network.  This avoids significantly increasing the end-to-end delay which could result in packet losses.
During the presentation of [1] a number of issues were identified.  As documented in [2], “further discussion was felt needed to investigate the new ideas from the conference call before agreeing on the principles for the upswitch”. This contribution discusses these new ideas in more depth and proposes a way forward.
2. Sender- vs. Receiver-Driven Rate Upswitch

The model presented in [1] relies on a ramp-up probing model which has the disadvantage that it can introduce delay into the system when the probe does not match the channel conditions.  A more robust model is to allow the receiver to passively measure the state of the transport path to determine whether there could be excess capacity in the system.  Based on this, the receiver can make a more accurate estimate of the sustainable rate of the system.

The model presented in [1] also suggests a two-phase approach whereby the sender first probes the channel to see if there might be more capacity.  If the probing phase is successful the encoder more aggressively increases its rate during a “ramp-up phase.”  

This model can introduce much congestion into the system because a successful probe with a small increase in data rate does not imply that the system can handle a much larger increase afterwards. In fact, when increasing the rate of the encoder to match the system capacity, the more robust approach is to first to increase by a large amount and then take smaller steps as the rate converges to the sustainable rate.  
To follow the more robust approach to converging to the sustainable rate as described above, the entity driving the adaptation (sender- or receiver) must have an estimate of the sustainable rate of the system.  

A sender relies mainly on RTCP receiver reports to detect end-to-end channel conditions and can calculate the net throughput, albeit with some measurement delay due to the RTCP reporting.  A receiver can calculate both the net throughput as well as the amount of additional delay that can be accepted before packets arrive too late for their scheduled playout.  Therefore, unless the relevant metrics calculated at the receiver are sent directly to the sender, a receiver-driven adaptation model is more robust and should be used in determining the minimum adaptation performance.

3. Requirements for Receiver-Driven Rate Upswitch

When the channel is being under-utilized by the sender it is likely that the delivery of video packets will occur before they actually need to be played out at the receiver.  Therefore, the sender rate could be increased and introduce some additional delay without negatively affecting the system.

The excess bits that can be introduced into the transmission path can be computed as follows in the case that the channel bandwidth is equal to the average receiving rate measured at the receiver (i.e., the worst case with no spare channel bandwidth available):

excess_bits = rate_increase_step * (RTT + receiver_detection_delay)


(1)

and the corresponding worst case excess_delay due to excess_bits equals:


excess_delay = rate_increase_step * (RTT + receiver_detection_delay) / avg_receiving_rate  (2)

Therefore, if the receiver determines the amount of allowable_excess_delay from the received video packets, it can calculate the amount of rate increase that would not congest the system as:
rate_increase_step = allowable_excess_delay * avg_receiving_rate / (RTT + receiver_detection_delay)  








(3)

Since the one-way delay from sender to receiver is generally unknown to the receiver, it cannot use this to calculate the allowable_excess_delay.  Instead the receiver measures the amount of time between when a packet arrives and when it is scheduled to be played out to determine how much additional delay is acceptable.  This metric is actually more accurate from a user-experience perspective since this directly determines whether the video information in received packets can actually be displayed to the user without degradation.
4. Proposal
Based on the above analysis the upswitch performance requirement shall be as follows:

Receiver Requirements

The receiver shall examine the arrival of packets and compare this to their regularly scheduled playout times to determine whether there is an acceptable amount of delay that can be introduced into the transmission path: allowable_excess_delay
The receiver shall examine the arrival of packets to calculate the average receiving rate: avg_receiving_rate
The receiver shall calculate the roundtrip time: RTT

The receiver shall calculate the rate_increase_step as follows:
rate_increase_step = allowable_excess_delay * avg_receiving_rate / (RTT + receiver_detection_delay)  
When allowed by the AVPF RTCP transmission rules the receiver:


should send a TMMBR when it detects that the rate_increase_step > 5% x avg_receiving_rate,  and

shall send a TMMBR when it detects that the rate_increase_step > 15% x avg_receiving_rate
When sending a TMMBR message the requested_rate in the TMMBR:


should be equal to   avg_receiving_rate  + rate_increase_step 


shall be:  avg_receiving_rate  + 0.80(rate_increase_step) <=  requested_rate <= avg_receiving_rate  + rate_increase_step
Sender Requirements
Upon receiving a TMMBR, the video sender should ramp up its sending rate to the requested_rate within 500ms and shall ramp it up within 1 second.
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