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1 Introduction

At the SA#49 meetings there were good discussions comparing the merits of measurement- and request-based feedback for the dynamic video rate adaptation problem.  This contribution further clarifies some of the advantages of measurement-based feedback.

2 Measurement-Based Signalling
2.1 Clear definition of measurement

Measurement-based signalling allows the specification to clearly define how the receiver measures the chosen statistics.  It leaves little ambiguity for the sender and implementer of the receiver on how the receiver determines these values.

Use of measurement-based feedback for RTP applications is widely accepted and used in RTCP receiver reports as well as the NADU APP packet for PSS rate adaptation.

2.2 Complete Information about Sender and Receiver Side for Rate Adaptation
Measurement-based feedback allows the sender to obtain sufficient information from the receiver and combine it with relevant information at the sender side to make its adaptation decision based on relevant information from both ends.

Request-based signalling only allows the receiver to make its request based on the information it has at the receiving side.  Furthermore, it is not specified how the receiver calculates its request.  Without knowledge of how the receiver generated its request, the sender has no way of reliably combining this request information with its local information to have a complete picture of the state at the sender and receiver.
The next section illustrates some scenarios where the availability of measurement-based feedback signalling enables the sender to do more than with only request-based signalling.

3 Use of Sender Local Information
Some of the local information that can be available to the sender side are the following:

· Uplink speed

· Queuing delay at the sender (before being sent on the uplink)

· Encoding rate of the encoder

This information can be used in conjunction with the measurement information from the receiver in the following scenarios:
3.1 Ramp up of encoding rate when uplink improves
Consider the situation when the sender has reduced its transmission rate because congestion in the uplink (e.g., power headroom limitation of the UE transmitter) has been detected by the receiver and indicated that the sender reduce its rate.  Once the uplink data rate increases, the encoder should be able to increase its encoding rate accordingly to make use of the additional throughput.
A sender relying on measurement-based signalling can quickly make use of the local information (e.g., increase uplink speed, amount of queuing delay, and rate of the encoder) and measurements from the receiver to determine a higher encoding rate that can exploit the higher throughput in the uplink.  For example, if the receiver is reporting an excessive delay of 100ms and the sender knows that the uplink queuing delay has been 70ms before the uplink cleared, then it can decide on a rate knowing how quickly the new uplink rate will clear out the 70ms backlog.
A sender relying on the request-based signalling mechanism will have to wait for the receiver to request a higher transmission rate before increasing its rate because it does not know what was the basis of the receiver’s previous rate request.  Before the receiver can make this new rate request, is must detect the increase in uplink rate as it propagates through to the receiver.  Not only does this incur a round trip time but it also incurs the additional delay required for the receiver to measure a noticeable difference in the uplink throughput (e.g., group delay of any measurement filters).
3.2 Determining an appropriate encoding rate based on current and past encoding behaviour
The encoder knows its current encoding rate and can track its recent sent packet sizes, which allow it to determine how much data it has sent into the system.  
In measurement-based signalling, the sender can combine all this information with congestion measurement information from the receiver.  Using this the sender can determine how past transmissions are affecting the system and determine a more accurately matched transmission rate.  It can also determine a good rate trajectory to follow from its current encoding rate to the new rate it has determined (e.g., determine how rapidly or gradually the encoder should adjust its rate).
In request-based signalling using TMMBR, the sender is free to use any rate that does not exceed this limit.  As a result, the receiver is never clear on what rate the encoder has been transmitting at (except that it should be below the previous TMMBR limit).  When the receiver decides a new TMMBR limit based on what it measures at the receiving end, it can not use the encoder’s past, current, and future states to decide on an appropriate limit.  

Assuming that the sender is always transmitting at the TMMBR rate is inaccurate since a good sender could quickly reduce its rate to adapt to suddenly slow uplink speeds.  Overestimating the transmission rate of the encoder could result in calculating TMMBR values that are too large and can lead to further congestion.
Also, once the sender receivers a new TMMBR value, this does not give it much information on what rate-trajectory to take to this new TMMBR value (e.g., how urgently the encoder should change its rate).

3.3 Ramp up of encoding rate when downlink improves

Consider the situation when the sender has reduced its transmission rate because of congestion in the downlink (e.g., the receiver has been giving indications/requests to reduce the sender’s rate).  Data accumulates in the downlink scheduler buffer due to the downlink congestion.
When the downlink throughput improves the data queued up in the downlink scheduler buffer can be quickly burst out at a faster rate than is sustainable by the system.  This is because time-sensitive schedulers can give very high priority to data that has been queued up for long time.
When the receiver detects this sudden increase in data rate it can mistake this to mean that the end-to-end system can support such a high throughput.

In measurement-based signalling, the sender can use other local information such as the current encoding rate and receiver’s congestion measurement (e.g., APTO) to reduce the effects of these spurious measurements from the receiver.  In request-based signalling such as TMMBR, the sender only receives a large rate value and can not distinguish this properly from a truly sustainable rate increase.
4 Temporarily ramping down to clear congestion
When congestion occurs, measurement-based signalling such as the APTO-ARR message allow the sender to estimate the backlog of congested data in the transmission path between the sender and receiver.  By using this information, and the currently received rate at the receiver, the sender can follow a rate trajectory that achieves the following two objectives:
1. Clear the system of the backlogged packets that are causing transport delays

2. Then transmit subsequent data at a rate supported by the system so as to prevent further congestion

Figure 1 illustrates how this rate trajectory could look like.
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Figure 1 Rate Trajectory to clear congestion then transmit at sustainable rate of the system

In the case of request-based signalling where the receiver is only communicating back a target rate it would be difficult to achieve this same trajectory because it would require multiple rate-request messages with precise timing of their arrival at the sender.
5 Conclusion

This document identifies some of the advantages of using measurement-based signalling that can not be achieved with request-based signalling.  Measurement-based signalling be considered as a robust means of providing rate adaptation feedback.
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