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1 Introduction

The ITT4RT permanent document already contains the following requirements in Section 4 on viewport-dependent processing:

·   Capability for the party that sends 360-degree video to send viewport-dependent and/or viewport-independent streams. 

·   Timely delivery of the changes in viewport orientation from the remote participants, and appropriate low-delay actions to update the viewport-dependent streams. Any changes in viewport orientation should not lead to latency-prone signalling, such as SIP renegotiations. 

Moreover, Section 6 contains descriptive text on potential solutions for viewport dependent processing: 

Viewport-dependent processing could be supported for both point-to-point conversational sessions and multiparty conferencing scenarios and be achieved by sending from the MTSI receiver RTCP feedback or RTP header extension messages with the desired viewport information and then encoding and sending the corresponding viewport by the MTSI sender or by the media gateway, e.g., MRF. This is expected to deliver resolutions higher than the viewport independent approach for the desired viewport. The transmitted RTP stream from the MTSI sender or media gateway may also include the actual viewport or coverage information, e.g., in an RTP header extension message, as the 360 degree video generated, encoded and streamed by the sender may cover a larger area than the desired viewport. The media formats for tiling and sub-picture coding as described in the viewport-dependent profile of OMAF in ISO/IEC 23090-2 [4] etc. are not relevant for the 5G conversational setting. Instead, viewport-dependent processing based on tiling and sub-picture coding could be realized via RTP/RTCP based protocols that are supported by MTSI and IMS-based telepresence.
We propose to include the additional considerations for potential solution on viewport-dependent processing presented in Section 2 below in the ITT4RT permanent document.
2 Permanent Document Input
X  Further Considerations for Potential Solution for Viewport-Dependent Processing
X.1  High-Level Functionality Description

The following RTP/RTCP signalling may be defined to enable support for viewport-dependent processing:

1)
A new RTCP feedback (FB) message type to carry desired or requested viewport information during the RTP streaming of media (signalled from the MTSI receiver to the MTSI sender).

2)
A new SDP parameter on the RTCP-based ability to signal desired or requested viewport information during the IMS/SIP based capability negotiations. 

3)
A new RTP header extension type to carry actually transmitted viewport information during the RTP streaming of media (signalled from the MTSI sender to the MTSI receiver).

4)
A new SDP parameter on the RTP-based ability to signal actually transmitted viewport information during the IMS/SIP based capability negotiations. 

To realize these capabilities, an extension of the existing “Video Region of Interest (ROI)” feature defined in clauses 6.2.3.4 and 7.3.7 of TS 26.114 may be considered. The Video ROI feature of MTSI consists of signalling the currently requested region-of-interest (ROI) of the video on the receiver side to the sender for appropriate encoding and transmission. This MTSI feature may be extended with the definition of the following additional ROI modes, based on new formats that provide 3D ROI indications using the spherical coordinate system:
-
‘Arbitrary 3D ROI’, in which the MTSI receiver determines a specific 3D ROI (i.e. desired viewport) and signals this ROI to the MTSI sender.

-
‘Pre-defined 3D ROI’, in which the MTSI receiver selects one of the 3D ROIs (i.e., offered viewports) pre-determined by the MTSI sender and signals this ROI to the MTSI sender. In this mode, the MTSI receiver obtains the set of pre-defined 3D ROIs from the MTSI sender during the SDP capability negotiation.

Additionally, a ‘Sent 3D ROI’ mode is defined in order for the MTSI sender to communicate the actually transmitted viewport information to the MTSI receiver as part of the sent RTP stream.

The fundamental difference of the proposed ROI modes is the use of the spherical coordinate system to describe the desired / sent 3D ROI / viewport relevant in the case of immersive 360 video delivery over MTSI, instead of the 2D coordinates currently used as part of the current Video ROI feature in TS 26.114 which would be relevant in case of 2D video delivery over MTSI. 

X.2  RTCP-based Signaling of Desired Viewport Information
The signalling of ‘Arbitrary 3D ROI’ and ‘Pre-defined 3D ROI’ requests may use RTCP feedback messages as specified in IETF 4585. The RTCP feedback message is identified by PT (payload type) = PSFB (206) which refers to payload-specific feedback message.  FMT (feedback message type) may be set to the value ‘9’ for ROI feedback messages.  The IANA registration information for the FMT value for ROI is provided in Annex R.1 of TS 26.114. The RTCP feedback method may involve signalling of ROI information in both of the immediate feedback and early RTCP modes.
The FCI (feedback control information) format for 3D ROI may be as follows. The FCI may contain exactly one 3D ROI. The ROI information is composed of the following parameters:

•
ROI_yaw: signed integer in decimal representation expressing the yaw angle of the center of the desired ROI/viewport in arbitrary units (range=[-180,180])
•
ROI_pitch: signed integer in decimal representation expressing the pitch angle of center of the desired ROI/viewport in arbitrary units (range=[-90,90])
•
ROI_range_yaw: non-negative integer in decimal representation expressing the yaw range (centered at ROI_yaw) in angular length of the desired ROI/viewport in arbitrary units

•
ROI_range_pitch: non-negative integer in decimal representation expressing the pitch range (centered at ROI_pitch) in angular length of the desired ROI/viewport in arbitrary units

•
ROI_start_pitch:  signed integer in decimal representation expressing the starting pitch angle of the specific area of the sphere, corresponding to the desired ROI/viewport.  

•
ROI_end_pitch: signed integer in decimal representation expressing the ending pitch angle of the specific area of the sphere, corresponding to the desired ROI/viewport.  

•
ROI_start_yaw:
signed integer in decimal representation expressing the starting yaw angle of the specific area of the sphere, corresponding to the desired ROI/viewport.  

•
ROI_end_yaw: 
signed integer in decimal representation expressing the ending yaw angle of the specific area of the sphere, corresponding to the desired ROI/viewport.  

•
ROI_ID – identifies the pre-defined ROI selected by the MTSI receiver

For ‘Arbitrary ROI’ requests, the RTCP feedback message for ROI may contain one or more the parameters ROI_yaw, ROI_pitch, ROI_range_yaw, ROI_range_pitch, ROI_start_pitch, ROI_end_pitch, ROI_start_yaw and ROI_end_yaw.
For ‘Pre-defined ROI’ requests, the RTCP feedback message for ROI may contain the ROI_ID parameter. The value of ROI_ID can be acquired from the "a=predefined_ROI_3D" attributes that are indicated in the SDP offer-answer negotiation (see clause X.4 below for the related SDP-based procedures). 
The semantics of the ROI feedback messages is independent of the payload type. 
Unlike ‘Arbitrary ROI’ and ‘Pre-defined ROI’ modes currently defined in MTSI which may be supported bi-directionally or uni-directionally depending on how clients negotiate to support the feature during SDP capability negotiations, the consideration for ‘Pre-defined 3D ROI’ and ‘Arbitrary 3D ROI’ is constrained to be supported only uni-directionally based on the current 360 video delivery considerations over MTSI. 
‘Arbitary 3D ROI’ and ‘Pre-defined 3D ROI’ support may be offered at the same time, or only one of them may be offered. When both capabilities are successfully negotiated by the MTSI sender and receiver, it is the MTSI receiver’s decision to request an arbitrary 3D ROI or one of the pre-defined 3D ROIs at a given time. When pre-defined 3D ROIs are offered by the MTSI sender, it is also the responsibility of the MTSI sender to detect and track any movements of the 3D ROI, e.g., the 3D ROI could be a moving object, or moving person, etc. and refine the content encoding accordingly.
X.3  RTP-based Signaling of Actually Transmitted Viewport Information

‘Sent 3D ROI’ involves signalling from the MTSI sender to the MTSI receiver and this helps the MTSI receiver to know the actually sent viewport corresponding to the 360 video transmitted by the MTSI sender, i.e., which may or may not agree with the 3D ROI or viewport requested by the MTSI receiver, but would contain it so that the end user is still able to see the desired ROI.

If the sent ROI corresponds to an arbitrary ROI (indicated via the URN urn:3gpp:roi-sent-3d in the SDP negotiation, see clause X.4), the signalling of the ROI can use RTP header extensions as specified in IETF 5285 and can carry the ROI_yaw, ROI_pitch, ROI_range_yaw, ROI_range_pitch, ROI_start_pitch, ROI_end_pitch, ROI_start_yaw and ROI_end_yaw parameters corresponding to the actually sent 3D ROI. 
If the sent 3D ROI corresponds to one of the pre-defined ROIs (indicated via the URN urn:3gpp:predefined-roi-sent-3d in the SDP negotiation, see clause X.4), then the signalling of the ROI can again use the RTP header extensions and can carry the ROI_ID parameter corresponding to the actually sent pre-defined 3D ROI.  
X.4  Example SDP Capability Negotiation Procedures
An MTSI client supporting ‘Arbitrary 3D ROI’ mode may offer ‘Arbitary 3D ROI’ in SDP for all media streams containing 360 video, where ‘Arbitrary 3D ROI’ and associated viewport-dependent processing capabilities are desired. ‘Arbitrary 3D ROI’ may be offered by including the a=rtcp-fb attribute with the ‘Arbitrary 3D ROI’ type under the relevant media line scope. The ‘Arbitrary ROI’ type in conjunction with the RTCP feedback method can be expressed with the following parameter: 3gpp-roi-arbitrary-3d. A wildcard payload type ("*") may be used to indicate that the RTCP feedback attribute for ‘Arbitrary 3D ROI’ signaling applies to all payload types. If several types of ROI signaling are supported and/or the same ‘Arbitary 3D ROI’ may be specified for a subset of the payload types, several "a=rtcp-fb" lines can be used. Here is an example usage of this attribute to signal ‘Arbitrary 3D ROI’ relative to a media line based on the RTCP feedback method: 
a=rtcp-fb:* 3gpp-roi-arbitrary-3d
An MTSI client supporting ‘Pre-defined 3D ROI’ mode may offer ‘Pre-defined 3D ROI’ in SDP for all media streams containing 360 video, where ‘Pre-defined 3D ROI’ and associated viewport-dependent processing capabilities are desired. ‘Pre-defined ROI’ may be offered by including the a=rtcp-fb attribute with the ‘Pre-defined ROI’ type under the relevant media line scope. The ‘Pre-defined ROI’ type in conjunction with the RTCP feedback method can be expressed with the following parameter: 3gpp-roi-predefined-3d. A wildcard payload type ("*") may be used to indicate that the RTCP feedback attribute for ‘Pre-defined 3D ROI’ signaling applies to all payload types. If several types of ROI signaling are supported and/or the same ‘Pre-defined 3D ROI’ can be specified for a subset of the payload types, several "a=rtcp-fb" lines can be used. Here is an example usage of this attribute to signal ‘Pre-defined 3D ROI’ relative to a media line based on the RTCP feedback method: 
a=rtcp-fb:* 3gpp-roi-predefined

The ABNF for rtcp-fb-val corresponding to the feedback types "3gpp-roi-arbitrary-3d"and "3gpp-roi-predefined-3d" is given as follows:

rtcp-fb-val =/ "3gpp-roi-arbitrary-3d" 

rtcp-fb-val =/ "3gpp-roi-predefined-3d" 

An MTSI sender supporting the ‘Pre-defined 3D ROI’ feature can offer detailed pre-defined 3D ROI information in the initial offer-answer negotiation by carrying it in SDP. Pre-defined 3D ROIs can be offered by including the "a=predefined_ROI_3d" attribute under the relevant media line. The following parameters can be provided in the attribute for each pre-defined 3D ROI or viewport:
· ROI_ID – identifies the pre-defined 3D ROI

· ROI_yaw: signed integer in decimal representation expressing the yaw angle of the center of the offered pre-defined 3D ROI/viewport in arbitrary units (range=[-180,180])

· ROI_pitch: signed integer in decimal representation expressing the pitch angle of center of the offered pre-defined 3D ROI/viewport in arbitrary units (range=[-90,90])

· ROI_range_yaw: non-negative integer in decimal representation expressing the yaw range (centered at ROI_yaw) in angular length of the offered pre-defined 3D ROI/viewport in arbitrary units

· ROI_range_pitch: non-negative integer in decimal representation expressing the pitch range (centered at ROI_pitch) in angular length of the offered pre-defined 3D ROI/viewport in arbitrary units

· ROI_start_pitch:  signed integer in decimal representation expressing the starting pitch angle of the specific area of the sphere, corresponding to the offered pre-defined 3D ROI/viewport.  

· ROI_end_pitch: signed integer in decimal representation expressing the ending pitch angle of the specific area of the sphere, corresponding to the offered pre-defined 3D ROI/viewport.  

· ROI_start_yaw:
signed integer in decimal representation expressing the starting yaw angle of the specific area of the sphere, corresponding to the offered pre-defined 3D ROI/viewport.  

· ROI_end_yaw: 
signed integer in decimal representation expressing the ending yaw angle of the specific area of the sphere, corresponding to the offered pre-defined 3D ROI/viewport.  
· Name- specifies the name of the pre-defined 3D ROI.
In response to the SDP offer with the set of offered pre-defined 3D ROIs provided using the "a=predefined_ROI_3d" line(s), an MTSI client accepting ‘Pre-defined 3D ROI’ can provide an SDP answer using the "a=predefined_ROI_3d" line(s) containing the accepted set of pre-defined 3D ROIs or viewports. Such an SDP answer can also contain the "a=rtcp-fb:* 3gpp-roi-predefined-3d" line. The accepted set of pre-defined 3D ROIs would be a subset of the offered set of pre-defined 3D ROIs. Following the successful negotiation of ‘Pre-defined 3D ROI’, the MTSI receiver uses the RTCP feedback method to request from the accepted set of pre-defined 3D ROIs and MTSI sender encodes the sent 360 video accordingly to provide the requested pre-defined 3D ROI.

A new SDP offer-answer negotiation can be performed to modify the set of pre-defined 3D ROIs. The MTSI sender may update all the content of pre-defined 3D ROIs, including the total number of pre-defined 3D ROIs, and the spherical coordinates and name of each of the pre-defined 3D ROIs.
An MTSI client supporting ‘Arbitrary 3D ROI’ or ‘Pre-defined 3D ROI’ can also offer ‘Sent 3D ROI’ in SDP for all media streams containing 360 video. An MTSI sender accepting "Arbitrary ROI’ or ‘Pre-defined ROI’ can also accept an accompanying ‘Sent 3D ROI’ offer. ‘Sent 3D ROI’ is can be offered by including the a=extmap attribute indicating the ‘Sent 3D ROI’ URN under the relevant media line scope. The ‘Sent 3D ROI’ URN corresponding to an arbitrary ROI can be: urn:3gpp:roi-sent-3d. The ‘Sent 3D ROI’ URN corresponding to a pre-defined 3D ROI can be: urn:3gpp:predefined-roi-sent-3d. Here is an example usage of this URN to signal ‘Sent 3D ROI’ relative to a media line: 

a=extmap:7 urn:3gpp:roi-sent-3d
The number 7 in the example may be replaced with any number in the range 1-14.
NOTE: The above SDP offer-answer procedures are just described as examples, and more compact SDP-based capability negotiation procedures may instead be defined outside of the ‘Video ROI’ feature to specifically negotiate viewport dependent processing during MTSI-based delivery of 360 video, as described in Section 6. Nevertheless, the RTP/RTCP-based formats described in clauses X.2 and X.3 to signal desired / actual viewport information based on extensions of the current Video ROI signalling formats in TS 26.114 based on spherical coordinate representations can still be relevant as part of these more compact SDP negotiation procedures.
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