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Introduction
This document presents changes related to RTCP reporting, to be incorporated to the informative section X.9 of draft CR (S4-210430).
The changes from S4-210536 are highlighted. 




X.10	Viewport RTCP Feedback
This section provides guidance for the implementation of the RTCP feedback message type ‘Viewport’ described in clause X.7.2. 
Figure X.10.1 illustrates the impact of the viewport feedback message on motion-to-high-quality delay. The figure shows a sender (ITT4RT-Tx client) delivering viewport-dependent content to a receiver (ITT4RT-Rx client). After a change in viewport, an RTCP viewport feedback is sent by the receiver to the sender, which responds with updating the viewport in the viewport-dependent content. The motion-to-high quality delay includes the RTT, processing delays and also any delay in generating the RTCP viewport feedback. Therefore, the viewport feedback mechanism requires careful consideration.
An ITT4RT-Rx client may include a predicted viewport (using application-level viewport prediction techniques) in the viewport feedback if the viewport control is set to device_controlled during SDP negotiation. An ITT4RT-Rx client may use event-based viewport feedback or fixed interval RTCP feedback. A more flexible approach is to use fixed interval with early feedback. 
[
· Once the call has been established, remote parties (B or C) can send viewport orientation information using RTCP reports with yaw, pitch and roll data. These may be sent at fixed intervals or event-based, triggered by changes in viewport orientation. or hybrid combination of fixed interval and event-based triggers. When hybrid reporting scheme is used, the event-based feedback is triggered by any changes in viewport whereas the regular RTCP interval provides the sender with a regular update, in fixed intervals, of the viewport even if the event-based feedback is not received. The most efficient RTCP reporting scheme for viewport orientation information is for further study.

This section provides initial information about typical RTCP traffic for ITT4RT in MTSI. The idea is to start discussion and evaluate RTCP as feedback mechanism for real-time 360-degree video transmission.
Two simple example cases will be presented, with simplification of the scenarios to estimate the volume of RTCP traffic for immersive video.  
CASE 1 – Constant RTCP feedback rate :
In this case we suppose there is no head motion or that the head motion does not trigger additional feedback traffic. For instance, the RTCP feedback in this case is sent at a constant rate. The feedback may also include the transmission of viewport orientation information from the receiver to the sender, in addition to ordinary RTCP reports.


 Figure x.109.11.1. Motion to High Quality Delay
X.10.1 Event-based Viewport Feedback


Editor’s Note 1: Above analysis applies to point to point scenario and impact of multiple participants in the same RTP session also needs to be analyzed.

Editor’s Note 2: The above analysis does not consider the impact of jitter when sending RTCP-FB messages. Jitter may have significant impact on the delay calculations. 

CASE 2 – Event-driven RTCP feedback with HMD motion:
In this case we suppose that the RTCP feedback of the viewport orientation is given immediately upon the event of head turn (ordinary RTCP feedback may be sent at a higher or lower frequency). We also assume that the RTCP frequency increases with the HMD speed. 
As per RFC 4585, the receiver client can send event-based immediate feedback as long as:
Events per interval <= RTCP allocated bandwidth / Avg RTCP packet size
where,
	Events per interval= Avg no of events reported/ Time interval.

For an RTCP viewport feedbackimmersive video, the event-based feedback interval ccan be calculated using the trigger angle by:
		Events per interval = HMD SpeedV / Trigger Angle
where V is the speed of the head mounted display and denotes the rate at which the viewport changes . Therefore, to respect the 5% bandwidth allocated for the RTCP traffic allowed by the RTP standard, it is recommended that the receiver does not trigger event-based immediate feedbacks for trigger angle smaller than TAmin, and

TAmin =>= Average RTCP packet size / RTCP allocated bandwidth  *  HMD speedV 

With a changing trigger angle, receivers continue to operate within immediate feedback mode, where a feedback is sent as soon as an event is detected., Hhowever, the receiver redefines the event, which is the minimum trigger angle, based on current head speed. 

Editor’s Note: Trigger angle should be defined more clearly. 

X.10.2 Hybrid Fixed Interval and Event-driven Feedback 
Alternatively, receivers may evaluate an average time interval, T, between RTCP feedback messages based on the allocated RTCP bandwidth. The value T can be used by the receiver to limit RTCP viewport feedbacks from exceeding the allocated bandwidth in case of high motion, as done for the early RTCP feedback mode in RFC 4585. Using the interval, it is possible to use a combination of regular and event-based feedback messages. 
An ITT4RT-Rx client that uses this hybrid approach (a constant rate of RTCP feedback with event-driven feedback) may define a trigger that initiates an early RTCP feedback. An early RTCP feedback message is defined as a feedback message that is sent earlier than its scheduled transmission time. When viewport margins are used, the early viewport feedback trigger should take them into account. Figure X.10.2 shows an image of an ERP of a 360-degree video with the current viewport and margins. As the viewport changes, the distance of the viewport, in degrees, from the boundary of the margins (shown as D_left, D_top, D_right, D_bottom and lastly D_direct, which is the distance in the direction of motion) decreases. An implementation may use the velocity of the head (causing the change in viewport), V, or the distance, D, to trigger the early viewport feedback i.e, an early viewport feedback is triggered when the V is above a certain threshold, V',  and D is below a certain threshold, D'. 

Figure x.10.2. Moving viewport shown on an ERP of 360-degree video when viewport margins are used]
Alternatively, the ITT4RT-Rx client may compute the time till the changing viewport will breach the boundary of the viewport margin, T_breach. An early viewport feedback is triggered when T_breach is below a certain threshold. Regardless of whether D, V or T_breach is used to trigger an early RTCP feedback, if the time to the next scheduled RTCP viewport feedback is small, the early feedback can be suppressed and the regular scheduled feedback is sent. As an example, Figure x.10.3 shows a timeline with T, the interval between two scheduled viewport feedbacks and T_breach, the time at which the viewport is expected to breach the viewport margin i.e., the high-quality region of the 360-degree video. An ITT4RT-Rx client may trigger an early RTCP viewport feedback as long as T-T_breach < T', where T' is the suppression threshold for an early RTCP feedback. 


Figure x.10.3: A timeline showing T, T’and T_breach in reference to the scheduled RTCP viewport feedback. Time increases left to right. 
When viewport margins are not used, an ITT4RT-Rx client may trigger an early RTCP viewport feedback if the current viewport has deviated more than a threshold from the last reported viewport. This solution is independent of the received 360-degree content and the current high-quality region. Figure x.10.4 shows an illustration for the spherical distance D, in degrees, between the center of the viewport in the last RTCP viewport feedback and the center of the current viewport at the ITT4RT-Rx client. An ITT4RT-Rx client may trigger an early RTCP feedback message in this case when D > D', where D' is some threshold. However, if the time to next scheduled RTCP feedback is less than the suppression threshold T', the early RTCP feedback is not sent. The suppression threshold is used for controlling the rate of the viewport feedback. When an early RTCP feedback is sent, the ITT4RT-Rx client may send the next RTCP viewport feedback after T from the time of the event-driven viewport feedback. 

Figure x.10.4 Changing viewport orientation (dotted blue arrow) shown on an ERP


Editor’s Note: Whether there is a need for signalling any of the thresholds for triggering or suppressing an early RTCP feedback message, for triggering an event-based feedback or for defining periodic feedbacks is FFS. 
****End changes****

Proposal
The proposal is to include the proposed changes to the draft CR on viewport-dependent delivery, Tdoc S4-210430.
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