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1 Introduction
This document gives a high-level description of the guidelines and performance requirements that the source believes are needed in order to improve the specification of the end-to-end video rate adaptation in TS 26.114, [1].
2 Issues to be addressed
The current specification describes that TMMBR can be used for video rate adaptation. There is description for how to use TMMBR when ECN is used to trigger the adaptation but otherwise there is very little guidance given for the implementers. It is therefore foreseen that the following aspects need to be addressed in this work:
· What metrics that can be used for the rate adaptation
· How long time that that is allowed before the adaptation is triggered
· What bitrate the media receiver should request
· How long time that is allowed before the media sender has to apply the requested bitrate
· Under what conditions is the rate allowed to increase
This is only an initial list ant more aspects can very well be addressed during the work.
3 Solution outline
A high-level description of the solution is given in this section.
3.1 Algorithm overview
In this conceptual description, it is assumed that the receiving MTSI client in terminal monitors the received data rate (the goodput) and uses this to decide when adaptation is required. It should be noted that the monitoring of the received rate is just an example of a metric that might be used and it is used here mainly because it is easy to create an algorithm that should be easy relatively to understand. Other metrics may very well give better performance and may therefore be more suitable for a real algorithm.

The proposed requirements and guidelines are described in the figure below. Only the down-switch is shown. The up-switch, when the congestion has been released is not discussed so far.
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In this description, it is foreseen that the adaptation will be done according to the following steps:
1. The sender has instructed the media encoder to use a certain Target Bitrate for the encoding (blue line).

2. The encoder generates media at a certain Encoded Bitrate (green line). For video, it is assumed that the actual bitrate used for the encoding will vary a little around the target bitrate.
3. The media receiver receives the IP/UDP/RTP packets and calculates the Goodput (black line). It is here assumed that the receiver uses a sliding window, or similar, to give a smoothed average.
4. The media receiver can use information available in the RTCP Sender Reports to calculate what Target Bitrate the sender is currently using. Alternatively, this can also be estimated from received IP/UDP/RTP packets together with the timing information.

5. The Goodput is then decreased due to congestion and/or poor radio conditions.

6. When the media receiver has detected that the Goodput has been substantially below the Target Bitrate, i.e. reduced with at least Detection Threshold, for a certain time, i.e. the Detection Time, then this triggers the adaptation.
7. The media receiver then decides to send a TMMBR message to ask for a new bitrate. The requested rate is a natural part of the adaptation algorithm.
8. The actual transmission of the TMMBR message will however have to wait for a certain time because of the RTCP transmission rules. This gives the RTCP waiting time which depends on several factors: whether RTP/AVP or RTP/AVPF is used; how much RTCP bandwidth that has been allocated for the session; the time since the last transmitted RTCP packet and the size of previously transmitted RTCP packets. In addition to this, if the RTCP protocol has to send a regular compound RTCP packet then the RTCP transmitter will also apply a +/-50% randomization to the RTCP transmission interval. These factors are outside the control of the adaptation algorithm.
9. Due to the transmission time in the back channel there will be some delay before the media sender receives the TMMBR message. This delay is also outside the control of the adaptation algorithm.
10. When the media sender has received the TMMBR message then it needs to instruct the encoder to change the encoding rate to the requested rate (or lower). It is however foreseen that it may not always be possible for the encoder to immediately apply the new bitrate. This is illustrated with the Rate Changing Time.
11. It will then take some time before the media receiver can detect that the TMMBR has been followed. This time depends on several factors: the Rate Changing Time; the amount of packets that were queued up in the transmitter before the new Target Bitrate was applied; and the delay in the forward channel.
12. The media sender will also send a TMMBN message back to the media receiver to inform about the bitrate that it has used.

The above steps are repeated until the end of the session and further down-switch or up-switch may happen. As stated above, the up-switch is not described here but should also be addressed in the final solution.
3.2 Media receiver

The Detection Threshold and the Detection Time are natural properties of the adaptation algorithm in the media receiver. It is however foreseen that different vendors may have chosen different metrics to detect whether transmission problems are present or not. Different types of metrics will result in different types of Detection Thresholds and Detection Times. A brief overview of some possible variants is outlined in the table below. This aspect of detection should be addressed in this work.
Table 1.
Examples of possible metrics, detection thresholds and detection times that video rate adaptation algorithms might be using for back-off when degraded operating conditions are detected.
	Metric
	Detection Threshold

(example)
	Detection Time

(example)
	Comments

	Goodput, throughput
	Goodput/throughput >20% below target/encoding rate
	200-500 ms
	The detection time needs to be long enough to avoid false back-off because of normal jitter

	ECN
	ECN-CE detected
	0 ms
	The adaptation can be triggered immediately after detecting ECN-CE

	Long-term Packet Loss Rate
	PLR(lt) >= 1%
	>=1 RTCP interval up to perhaps 1-2 s
	The Detection Time needs to be long enough so that spurious packet losses do not trigger back-off

	Short-term Packet Loss Rate
(~=Packet Loss Burst)
	PLR(st) >= 10%
	1 RTCP interval or less
	The Detection Threshold needs to be large enough so that spurious packet losses do not trigger back-off

	Delay
	Play-out delay >100-200 ms more than the play-out delay during normal operating conditions
	500 ms
	

	Delay jitter
	95 percentile jitter >100 ms
	500 ms
	


Each of these metrics has both advantages and disadvantages. For example, the long-term PLR metric should give a slow reaction, which is a disadvantage if the operating conditions are degrading rapidly. However, it may be a useful metric in order to avoid rapid large-scale oscillations.
As a comparison, the short-term PLR metric should react fast to rapid changes in the operating conditions. However, if the RTCP interval is fairly short then there will be only a few RTP packets during each RTCP transmission interval. This means that one will have quite poor granularity. For example, if one send 10 RTP packets per second and the average RTCP transmission interval is 0.5 seconds, then the RTCP interval corresponds to only 5 RTP packets (on average). This means that getting one single packet loss, instead of no packet loss, increases the short-term PLR directly from 0% to 20% (on average). Hence, the granularity is quite poor.

The advantages and disadvantages with different metrics is also something that needs to be addressed in this work.

The granularity and accuracy is especially important when TMMBR is used because the media receiver also needs to choose what rate that it will request when sending the TMMBR message.
3.3 Media sender

When TMMBR is used then the media sender has no knowledge about the adaptation algorithm in the media receiver. It could happen that the TMMBR is sent because of adaptation algorithm in the media receiver, or it could happen that TMMBR is sent because of ECN (if used), or it could happen that the TMMBR is sent because the receiving UE has made a handover to some other access technology that requires a different bitrate.
It is therefore probably best to define the media sender behavior in response to TMMBR such that it is the same regardless of the reason for why the TMMBR was sent.

The Rate Changing Time is a natural property of the adaptation algorithm in the media sender for which requirements and/or recommendations can be defined.
4 Proposal
This contribution provides an initial discussion on the video rate adaptation objective for the End-to-end MTSI extensions work item.

It is proposed that:
· One (or a few?) metrics are selected as baseline for the description. The description should be generic enough to allow for replacing the metric with some other metric. The description should also make it clear that the metric can be used in combination with ECN. This description can be included in an informative annex.

· For the selected metric(s), the media receiver behavior should be described in terms of Detection Threshold and Detection Time.
· The media sender behavior, when receiving TMMBR, should be described such that it is independent of what metric(s) the media receiver used.

Configuration parameters should also be defined, including default values, to allow for changing the adaptation algorithm in the future.
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