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1 Introduction
The contribution provides an update of the viewport margin area section of the ITT4RT permanent document. The document is an update of contribution AHM542. The updates are related to
· Addition of one example.

· Clarification on how the signaling of margins help the receiver, as requested by the SA4.
2 Proposed updates to the ITT4RT Permanent Document
9.7  Viewport Margin Area
9.7.1  Introduction
In order to minimize the M2HQ delay and consequently enhance the user experience, a receiver should be able to request additional margins at a higher quality around the viewport when the network conditions allow. Figure 9.7.1.1 shows the viewport and margin areas in an equirectangular projected picture. The margin area may also be used for stabilizing the viewport when the receiving user is following the viewport orientation of another user, or when the receiving user is performing small head motion perturbations. Being able to signal the extent of viewport margins allows receivers to influence the actual experience while maintaining sender side operations. The role of margins in the context of ITT4RT is two-folds: 

1. Provide a better user experience for the receiver by reducing the M2HQ delay and the percentage of low quality viewport seen by the user. 

2. Reduce the need for viewport updates due to small head motion. When the receiver knows the amount of margin, it is able to reduce the frequency of the RTCP viewport feedback (or not trigger the immediate RTCP viewport feedback mode) because the knowledge of the extra margin gives the receiver extra intelligence to manage the RTCP viewport feedback and its timing. Not knowing the margin extent would prevent the receiver from such a behaviour and trigger RTCP viewport feedback unnecessarily while the head moves through a high quality area.  
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Figure 9.7.1.1: An equirectangular projected picture with viewport, margin and background areas. 

· It should be possible to signal the extent of this margin area exactly (or as a minimum or maximum). The signaling may be done using SDP at the beginning of the session or during the session.  

· It may be possible for the sender to change the width of these margins during the session without receiver involvement, e.g., based on the quality of the network. However, the margin area should not exceed the maximum or be less than the minimum value set for it. 

· The margin area may be extended equally on all sides of the viewport or unevenly depending on i) general user behavior as determined through watching patterns ii) recent head motion signals or iii) nature of the content (e.g., room layout).    

9.7.2  Role of the Sender and Receiver and Margin Control
It is important to have a clear responsibility split between sender and receiver during the adaptation operations. As mentioned above, the manring control is fully sender controlled. So, we envision the following responsibilities for sender and receiver:

SENDER:

· The extension of the viewport in the form of margins around it is controlled by the sender. 
· The sender alone is responsible for optimizing the use of the margins during the session based on the suggested parameters and the receiver feedback (e.g., viewport orientation, etc.).  
· The sender signals its capabilities in the use of margins in the initial SDP signaling.

· 
· The sender relies on the information signaled from the receiver including RTCP feedback (e.g., viewport orientation, timing information etc.).
RECEIVER:

· The receiver is not involved in the actual adaptation process. However, it should be able to indicate a preference for the margin control operation. 

· The receiver selects (from the proposed options offered by the sender) the kind of margin control and/or margin sizes it wants 
· The receiver should not request a larger viewport area during a session to ensure better operation.
· 
· 
9.7.3  Uses and Examples
Margin areas around the viewport can be used by a 360-degree sender to optimize the user experience of the receiver. Margins may be extended around the viewport evenly or unevenly. Some example scenarios where margins may be used to improve safe playback are listed below: 

· Equally extended margins around the viewport in all directions may be used when the network allows to decrease the motion to high-quality delay for a receiver. The margins may be gradually extended farther by probing the network and reduced when the network is congested. In this scenario, the use of margins is akin to sending a larger viewport.  

· Margins may be unevenly extended around the viewport with larger margins in the direction the user’s head is turning. In the absence of head motion, the margins may return to being equally extended all around the viewport. In this case, RTCP viewport orientation feedback is used to decide the distribution of margins. See Figure 1. 

· Margins may be unevenly extended around the viewport with larger margins in the direction of the predicted head motion, e.g., based on audio input, motion tracking or other application level functions. 

· A sender may optimize the use of margins based on network characteristics. For instance, a larger margin may be used when the motion to high-quality delay is high. Alternatively, a low motion to high-quality delay would indicate that the sender should use the available bandwidth for higher quality viewport instead of larger margins. 
· In case of multiple receivers, margins are specifically signaled for each of the receivers.
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Figure 9.7.3.1: Uneven extension of margins based on the user head motion. Similar uneven extensions may be used based on other application-level parameters.


Example 1: Directional Margins
It is noted that margins in ITT4RT should be implemented such that they provide some level of flexibility to the sender in their implementation. For instance, directional margins may be used by the sender in anticipation of motion, as previously discussed. The benefit of such a scheme is illustrated here with an example. Consider a receiver with a 90 degree horizontal viewport. A 20% margin is used around the viewport. A viewport information message is sent at a rate equal to the frame rate, 30fps, i.e. approximately every 33ms. We simulated a head motion in the right direction going from 0 to 90 degrees at varying speeds from 5 to 360 degress per second (dps).Figure 1 shows the M2HQ delay and the percentage of the viewport at low quality (averaged). In this figure , the M2HQ is calculated from the first frame in which the device viewport is at least partially outside the high-quality region sent by the sender up to the last frame after which the device viewport remains within the high-quality region. 
Two cases are shown 1) symmetric margins, and 2) directional margins. In the former case, the extent of margins is equal on each side for the entire duration of motion. In the latter, the symmetry of the margin changes with the speed of the head. For speeds 
· <50dps, the margin is the same on each side;

· >=50dps, the full margin is in the direction of motion. 
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Figure 9.7.3.2: Effect of using Symmetric and Directional margins based on head motion

In the graph, a spike in M2HQ delay is seen when the speed of the head is fast enough for the viewport of the device to exceed the margin area before the server is able to update the high-quality region. Specifically, for the directional margins, since the margin in the direction of motion is wider, it takes higher speeds for the viewport to extend beyond it. The M2HQ values decrease at higher speeds because the motion from 0 to 90 degrees ends faster. However, the percentage of viewport at low-quality is higher as the device viewport moves much farther beyond the margin before an update is received. At speeds over 125dps, M2HQ values converge for both schemes. However, the percentage of viewport at low-quality is lower for directional margin. 
The above example, while simplistic, illustrates that the sender can manipulate margins to provide better quality to the user, and that the margins are not necessarily the same as a larger viewport. Results show also the improved benefits of using directional margins. The margin area in degrees or percentage once negotiated can remain the same even if the viewport size changes. 
Example 2: High vs. Consistent Quality Viewport

Using the same network bandwidth, a sender may be able to deliver 
1) a high-quality viewport with limited margin. Using a limited margin provides a higher share of the bandwidth for the viewport region allowing it to be delivered at a higher quality.
2) consistent quality using a larger margin and, if needed, a relatively lower-quality viewport. Using a larger margin provides a lower share of the bandwidth for the viewport region allowing it to be delivered at a lower quality. 
The benefit is low M2HQ delay and a more consistent quality in the viewport (because the user does not see the background quality for small head motions during VD delivery). 
A sender can include in its SDP offer these options, for example, using the format 
3gpp_360video = "a=3gpp_video:" [SP "VDP" SP "Stereo" SP "HQ/CQ" ], 
where HQ stands for High-Quality and CQ stands for consistent quality . The receiver can respond with the type of operation it prefers. The minimum margin indicated in the SDP offer will be associated with HQ viewport, while a maximum margin is associated with CQ viewport. Note that the above mentioned directional margins may be used regardless of whether a HQ or CQ viewport is used.
3 Proposal

We propose to update the section in the permanent document as described in section 2 and mark Section 9.7 as agreed. [image: image4.png]
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