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1 Introduction
ITT4RT streams will have more stringent bandwidth and latency requirements than traditional RTP streams. Since, RTP transmission is a sender-driven operation, the 360-degree video sender (either the 360-degree source or the MRF/MCU) should have the capability to adapt the stream to varying network conditions. 
2 Bandwidth Adaptation and Reporting

The sender bandwidth adaptation steps may include: 

· Viewport-dependent delivery to concentrate bandwidth usage on currently visible content.
· Using viewport margins or larger viewports to mitigate the effects of slow networks on viewport updates. 

· Use of background still images. 

· Reducing/increasing stream quality based on network conditions. 

Bandwidth adaptation decisions at the sender should be taken on the basis of RTCP reporting from the receiver. Relevant RTCP report fields already present in MTSI/Telepresence include low-level metrics included in RTCP RR and RTCP XR reports, e.g., jitter, RTT, packet losses and discards. In addition to these, RTP receivers for 360-degree video also must provide RTCP feedback for head orientation that senders use for viewport-dependent delivery. 

3 Motion to High-Quality Delay

DASH adaptation techniques have shown that high-level metrics provide better insight and are more valuable in rate adaptation techniques [1]. The RTP sender is aware of the delivered quality and quality changes already. In addition, we propose that RTP receivers of 360-degree video report the Motion to High-Quality (MTHQ) Delay to the sender. The MTHQ Delay is defined as the time elapsed between the start of the head motion to an orientation not covered by the current viewport and the time the receiver (i.e., the client HMD) renders the high-quality video stream corresponding to the new viewport in the new head orientation. 

The usage of the MTHQ Delay metric is beneficial in several ways: 
· It may be used for real-time bandwidth adaptation, e.g., delivering wider margins when the MTHQ delay is high. 
· It may be used for session monitoring in live conferences.
· It provides important information collected at a single point (RTP sender) to application engineers to optimize systems a posteriori. 
CALCULATION
A possible method for calculating the MTHQ Delay is described here. Consider a receiver device with current viewport Vi. The user moves their head resulting in a change in viewport to Vi+1. This change in viewport is large enough (i.e., above a given threshold of degrees) for the receiver to send a feedback message to the sender to update the current viewport orientation. 

The RTP timestamp of any of the packets belonging to the last rendered video frame on the Vi is Vi_Highest_TS. The sender continues to send viewport-dependent content based on Vi until it receives the receiver’s feedback message with the new viewport orientation Vi+1. The sender now updates the viewport-dependent streams to use the new viewport orientation Vi+1. The RTP Timestamp of any of the packets belonging to the first successfully rendered video frame using viewport-dependent delivery with the new viewport is Vi+1_Lowest_TS. The MTHQ delay, Motion_to_HQ, can now be calculated as: 

Motion_to_HQ = Vi+1_Lowest_TS - Vi_Highest_TS
This results in a parameter expressed in RTP Timestamps units, which can be sent to the sender. It should be investigated further what level of aggregations should be used for the above value. 
Requirement: 
· An RTP receiver should be able to signal higher-level metrics such as Motion to High-Quality Delay to the sender to assist in bandwidth adaptation and monitoring. 

4 RTT is not enough

Motion to High-Quality Delay is not the same as RTT as depicted in the figure below. Furthermore, RTCP and RTP traffic may be treated differently in the network, and viewport updates use both types of messages. Hence, RTT values calculated using RTCP reports only can be misleading. 
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Figure: X.1 timing chart showing the events associated with viewport change and update
5 Proposal

We propose to add the requirement in the requirements section of the ITT4RT Permanent Document and the rest of section 3 above to an appropriate section of the ITT4RT Permanent Document. 
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