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4.1
1 Introduction
Tdoc S4-210817 was agreed as part of the draft CR for TS 26.114 in SA4#114. However, it was later decided to move the informational section to the ITT4RT TR 26.9xx and so it was not included in the final CR to allow for further consideration on formulating the normative text. This contribution contains proposed changes to TS 26.114 and the text for the ITT4RT TR 26.9xx on RTCP feedback. The following is proposed: 

1. Retain section Y.6.2.1 as proposed in S4-210817 as a CR to TS 26.114. This text is shown with normal change marks in the section 2. Move the text in section X.8 on viewport feedback trigger to Y.6.2.1. This text is shown in green. Define some some additional text for completion highlighted in yellow. 

2. Move section X.8 to the ITT4RT TR 26.9xx on operation and usage guidelines. 

2 Changes to TS 26.114
Y.6.2.1 General

A new SDP attribute 3gpp_360video is defined with the following ABNF syntax:

3gpp_360video = "a=3gpp_360video:" [SP FOV] [SP FOV_CENTER] [SP "Stereo"] [VDP]

VDP = "VDP" [SP Projection] [SP PPM] SP viewport_ctrl SP viewport_size SP viewportfb_trigger
NOTE: If the SDP negotiations become too complex, defining profiles can be considered.
Y.6.2.8 Viewport Feedback Trigger 

An ITT4RT client include the parameter viewportfb_trigger in the 3gpp_360video attribute to define the minimum view port change to initiate an early or event-based RTCP feedback, with the following syntax 

viewportfb_trigger = "<"D | D_azimuth, D_elevation">"

where D_azimuth, D_elevation are the minimum number of degrees that the viewport may change in the horizontal or vertical direction, respectively. The value D is the minimum spherical distance in degrees between the center of the old and the new viewport. The viewport feedback trigger value is estimated by the ITT4RT-Tx client based on the viewport margin configuration it intends to use. 
An ITT4RT-Rx client supporting RTCP viewport feedback shall use periodic RTCP viewport. The frequency of the periodic feedback should be such that it does not exceed the allocated RTCP bandwidth as defined in RFC 4585. An ITT4RT-Tx may define a viewport feedback trigger value for an early/immediate feedback and signal this value to the ITT4RT-Rx client in the SDP. The ITT4RT-TX client should select a threshold value that is suitable for the margin configuration that it intends to use for that stream. The threshold value should be defined within the viewport margin region such that the ITT4RT-Tx client would update the high-quality region (viewport and viewport margin) if the viewport breaches this threshold.

If an ITT4RT-Rx client does not have the capability to provide an RTCP viewport feedback at the viewport feedback threshold value provided by the ITT4RT-Tx client in an SDP offer, it may respond with the the minimum threshold value it can support. The ITT4RT-Tx client may adjust its viewport margin configuration based on the threshold value in the answer. If an ITT4RT-Rx client only supports periodic feedback, it shall remove the viewportfb_trigger parameter from the response.

An ITT4RT-Rx client that supports a viewport feedback trigger shall include the parameter viewportfb_trigger with the minimum threshold value it can support in an SDP offer. The ITT4RT-Tx client may remove the parameter if it does not  support this value or respond with an acceptable value that is equal or higher than the one in the ITT4RT-Rx’s offer. 

If both sides acknowledge the support of viewportfb_trigger, the ITT4RT-Rx client shall use event-driven/early viewport feedback in addition to periodic feedback. If viewportfb_trigger is not defined by the ITT4RT-Tx client, the ITT4RT-Rx client may still use immediate/early feedback. An ITT4RT-Rx client may use the velocity of the viewport during head motion and the viewport margin (if known) to trigger an immediate feedback. Alternatively, it may use the spherical distance between the viewport in the last feedback and the current viewport to trigger an immediate feedback. The spherical distance can be selected based on viewport margins (if known). An ITT4RT-Rx client may suppress an immediate/early feedback if the time to the next periodic viewport feedback is less than an application-defined threshold. 
*** End changes ***
3 Text for ITT4RT TR 26.9xx
X.1
Viewport RTCP Feedback
This section provides guidance for the implementation of the RTCP feedback message type ‘Viewport’ described in clause Y.7.2 of TS 26.114. 

Figure Y.9.1 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 fixed interval RTCP feedback or fixed interval with early feedback.
[image: image1.png]Sender Receiver

Viewport Changed (VC)
Timestamp

Motion to High Quality Delay

~— (MTHQD)

Processing delays
at the sender {

Viewport Delivered —
VD Timestamp

New Viewport Rendered at
high quality —
VR Timestamp





 Figure Y.9.1. Motion to High Quality Delay
X.1.1 Viewport Feedback Triggering Threshold 

An ITT4RT-Tx may define a viewport feedback trigger value and signal this value to the ITT4RT-Rx client in the SDP. An ITT4RT-Tx client that uses viewport margins should define the trigger based on viewport margin region. The ITT4RT-TX client should select a threshold value that is suitable for the margin configuration that it intends to use for that stream. The threshold value should be defined within the viewport margin region such that the ITT4RT-Tx client would update the high-quality region (viewport and viewport margin) if the viewport breaches this threshold.
If an ITT4RT-Rx client does not have the capability to provide an RTCP viewport feedback at the viewport feedback threshold value provided by the ITT4RT-Tx client in an SDP offer, it may respond with the the minimum threshold value it can support. The ITT4RT-Tx client may adjust its viewport margin configuration based on thethreshold value in the answer. If an ITT4RT-Rx client only supports periodic feedback, it should remove the viewportfb_trigger parameter from  the response.

An ITT4RT-Rx client that supports a viewport feedback trigger should include the parameter viewportfb_trigger with the minimum threshold value it can support in an SDP offer. The ITT4RT-Tx client may remove the parameter if it does not  support this value or respond with an acceptable value that is equal or higher than the one in the ITT4RT-Rx’s offer. 

If both sides acknowledge the support of viewportfb_trigger, the ITT4RT-Rx client should use event-driven viewport feedback. If viewportfb_trigger is not defined by the ITT4RT-Tx client, the ITT4RT-Rx client may still use event-driven feedback. All ITT4RT-Rx client sending RTCP viewport feedback should at least support sending periodic viewport feedback. 
Editor’s Note: It should be considered to define margins briefly here if the informative section is moved to a TR.
X.1.2 Event-based Viewport Feedback

As per RFC 4585, the 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 feedback, the event-based feedback interval can be calculated using the trigger angle by:


Events per interval = V / Trigger Angle

where V is the speed of the head mounted display and denotes the rate at which the viewport changes, and Trigger Angle is an angle representing the minimum fixed distance of the head movement that triggers sending a feedback. 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  *  V 
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. However, the receiver redefines the event, which is the minimum trigger angle, based on current head speed. If the viewportfb_trigger is defined, then TAmin should be greater than or equal to the defined trigger values.  

X.1.3 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. An ITT4RT-Rx client may use the viewportfb_trigger values to define the expected margin region. Alternatively, the extent of the viewport margin may be estimated from the bitstream. Figure Y.9.2 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'. 
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Figure Y.9.2. 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. 
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Figure Y.9.3: 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. When the viewportfb_trigger is used, D' should be derived from it. 
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Figure Y.9.4 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.
4 Proposal
The proposal is to agree on the adding section 2 to the draft CR to TS 26.114 for ITT4RT phase 2 and incorporate section 3 to the ITT4RT TR 26.9xx.  
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