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1 Introduction
There have been discussions on the carriage of overlay streams delivered as part of the 360-degree stream in the ITT4RT group. However, the permanent document does not include any information on how overlays are packed. This document provides a discussion on the matter to be incorporated into the permanent document [3] and proposed changes to the draft CR.  
2 Overlay Source

An overlay source specifies the video to be used as the content for the overlay. The overlay source is a bitstream that may be delivered as:

1. an RTP stream with an overlay source frame packed with a 360-degree video or with another overlay  such that it is decodeable by a single decoder. 
2. an RTP stream with one or more overlay sources; frame packing is used for more than one overlay source.  

Implementations should consider that overlays frame-packed with 360-degree video or with other overlay streams require a single decoder, whereas, overlay video that is encoded and delivered separately from the 360-degree video and other overlay streams requires multiple decoders and may require synchronization, depending on the use case. However, having a separate overlay stream allows more freedom to use a higher resolution for the overlay. Furthermore, packing the overlay as part of the 360-degree video would also affect the resolution of the 360-degree content. 

2.2 Frame packing overlays

2.2.1 RTP HE for frame packing
[The packing information (packed and projected regions), layering order and type of stream (overlay/360-degree video) can be sent using RTP header extension (RHE). The RWP SEI message may be used to carry the packing information. However, it does not define the role of the packed regions i.e. 360-degree video and overlay, nor does it indicate the layering order. Therefore, the RHE is used for carrying this information.
The packed frame can be delivered with RTP header extension as described below (this example shows two packed regions: one overlay region and one 360-degree video):

0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   ID          |  len=54       |F|N_Regions=n|  QR   |LYR| TT  |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Width                      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Height                     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Top                        |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Left                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Packed_Region_Width     |    Packed_Region_Height       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Packed_Region_Top       |     Packed_Region_Left        |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|F|  QR   |LYR| TT  | Projected_Region_Width                    |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Widt | Projected_Region_Height                   |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Heig | Projected_Region_Top                      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Top  | Projected_Region_Left                     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Left | Packed_Region_Width           |Pkd_Rg_Ht  |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Packed_Reg_Ht      | Packed_Region_Top             |Pkd_Rg_Left|
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Packed_Reg_Left    |            Zero pad                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

Projected_Region_Width (or Pkd_RegWid), Projected_Region_Height (or Pkd_Rg_Ht), Projected_Region_Top and Projected_Region_Left are the width, height, top offset and left offset, respectively, of the projected region. Packed_Region_Width, Packed_Region_Height, Packed_Region_Top and Packed_Region_Left are the width, height, top offset and left offset of the packed region. 

The 8-bit ID is the local identifier as defined in [1]. The length field defines that 54 bytes follow (in this example). The field N_Regions gives the total number of packed regions (n), which is 2. The value QR is the index of the packed region that follows in this extension header. The index of the picture (QR) is assigned based on quality, with the highest quality picture always being the first (0) and lowest one being the last (n-1). The LYR field provides the layer of the packed region. This is the same as the layering order defined for OMAF. In case of one 360-degree video and one overlay, the N regions will be two, with LYR = 0 for background and LYR = 1 for overlay. The TT field provides the transform type which is one of the following:

0: no transform

1: mirroring horizontally

2: rotation by 180 degrees (counter-clockwise)

3: rotation by 180 degrees (counter-clockwise) before mirroring horizontally

4: rotation by 90 degrees (counter-clockwise) before mirroring horizontally

5: rotation by 90 degrees (counter-clockwise)

6: rotation by 270 degrees (counter-clockwise) before mirroring horizontally

7: rotation by 270 degrees (counter-clockwise)

In case of more than one layer, the layers are included in ascending order with the lowest layer described first. If more than one region belongs to a single layer, the multiple regions for the same layer occur consecutively in ascending order of the QR value.
Editor’s Note: Possibility of other signalling mechanisms for sending overlay frame packing information may be considered. 

]
2.2.2 SDP for frame packing
Frame packed stream may be described with the following attribute included in the packed stream’s media description: 

a=itt4rt_framepacking: <id1> <id2> <id3> …. <PPC>   

The list of ids is an identifier for the source media packed in the stream. If the attribute is omitted in the response, the stream consists of only the source identified by the first identifier. The ids are the mid values in the media description of the individually encoded media streams of the same media source. The parameter PPC is a binary value that defines the packed picture content:
	PPC (Binary Value)
	Packed Streams

	001b
	Only overlay

	010b
	Only 360-degree content

	011b
	360-degree content + overlay


The attribute itt4rt_framepacking may be used for identifying packed overlays even when individually encoded streams are not offered for those overlays. In this case the ids will not be the mid values, but the overlay_id described in the 3gpp_overlay attribute. The ids would appear in the order they appear in the RHE so that each can be associated with the packed stream. 
In the following example, an overlay is offered as an individual stream with the mid B. The same overlay is also offered as frame packed with the 360-degree video with mid A as indicated by the itt4rt_framepacking attribute.  

	SDP offer

	a=itt4rt_group: A B   
m=video 49156 RTP/AVP 100 

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

a=rtpmap:100 H265/90000
a=3gpp_360video: cfov=[x=270,y=180] Stereo VDP proj=ERP viewport-ctrl=[device-signalled,presenter-viewport,device-not-signalled]

a=itt4rt_framepacking: A B PPC=0x03  /*media with mid B and mid A are framepacked in this media stream and the packed stream consists of background and overlay*/
a=3gpp_overlay:B [TBD]  /*configuration of the overlay */
a=imageattr:100 send [x=7680,y=4320] 

a=mid:A
m=video 49158 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1
/*overlay video of closeup of presentation in room A (spherical)*/

a=rtpmap:99 H265/90000

a=imageattr:99 send [x=1280,y=720] [x=640,y=480]

a=mid:B



The following SDP answer excludes the individual encoding of the overlay and includes only the frame-packed stream. 

	SDP answer

	a=itt4rt_group: A B   
m=video 49156 RTP/AVP 100 

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

a=rtpmap:100 H265/90000
a=3gpp_360video: cfov=[x=270,y=180] Stereo VDP proj=ERP viewport-ctrl=[device-signalled,presenter-viewport,device-not-signalled]

a=itt4rt_framepacking: A B PPC=0x03  /*media with mid B and mid A are framepacked in this media stream and the packed stream consists of background and overlay*/
a=3gpp_overlay:B [TBD]  /*configuration of the overlay */
a=imageattr:100 send [x=7680,y=4320] 

a=mid:A
m=video 0 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1
/*overlay video of closeup of presentation in room A (spherical)*/

a=rtpmap:99 H265/90000

a=imageattr:99 send [x=1280,y=720] [x=640,y=480]

a=mid:B



An alternative answer is shown below in which the overlay stream is negotiated to be delivered individually encoded. In this case the itt4rt_framepacking attribute is removed from the 360-degree video media description so the overlay is not frame packed. 
	SDP answer

	a=itt4rt_group: A B   
m=video 49154 RTP/AVP 100 

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

a=rtpmap:100 H265/90000

a=3gpp_360video: VDP PPM=1; sm=Mono; cfov=[x=270,y=180] proj=ERP viewport-ctrl=[device-signalled,presenter-viewport,device-not-signalled];  /*VD delivery with limited sphere capture and ERP projection*/
a=3gpp_overlay:B [TBD]  /*configuration of the overlay */
a=imageattr:100 send [x=7680,y=4320] 

a=mid:A
m=video 49158 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1
/*overlay video*/
a=rtpmap:99 H265/90000

a=imageattr:99 send [x=1280,y=720] 

a=mid:B




3 Changes to draft CR

START OF CHANGE 1
X.5 Overlay Support
An overlay is defined as a piece of visual media, rendered over omnidirectional video or on the viewport. An ITT4RT-Tx client supporting the ‘Overlay’ feature shall add real-time overlays on top of a 360-degree background and offer this capability in the SDP as part of the the initial offer-answer negotiation. An overlay in ITT4RT is characterized by the overlay source and its rendering configuration. ITT4RT supports both 2D and spherical overlays.

An overlay source specifies the image or video to be used as the content for the overlay. The overlay source may be: 
· the entire decoded picture from a video source delivered as an RTP video stream

· 
· a rectangular region within a decoded picture, which is frame-packed with the 360-degree video or other overlays and delivered as a single RTP video stream.
ITT4RT clients supporting the ‘Overlay’ feature have the following requirements: 

· an ITT4RT-Tx client may have the capability to provide a bitstream consisting of an overlay with a video source that conforms to the requirements of X.3 or the video bitstream requirements of MTSI. 

· an ITT4RT-Tx client may have the capability to provide a bitstream consisting of an overlay source region frame-packed with the 360-degree video or other overlay source regions that conforms to the requirements of X.3.. 

· an ITT4RT-Rx client may have the capability to decode and render a 360-degree video bitstream and further decode and render one or more overlay streams on top of the 360-degree video. 
· an ITT4RT-Rx client may have the capability to decode a bitstream consisting of an overlay source region frame-packed with the 360-degree video or other overlay source regions that conforms to the requirements of X.3 and render the overlay on top of the 360-degree video with default overlay configuration as described in section X.6.4.
Implementations should consider that overlays frame-packed with 360-degree video require single decoders but packing the overlay as part of the 360-degree video would affect the resolution of the 360-degree content. A higher resolution overlay can be encoded and delivered as an individual stream. 
The rendering configuration defines how the overlay is to be rendered in the spherical scene. It is possible for an overlay to be delivered without any rendering configuration, in which case, the ITT4RT-Rx client should render the content as per the default configuration described in section X.6.4.3. Alternatively, the rendering configuration for one or more overlays may be negotiated during session establishment to ensure uniform operation for different receivers. 

Editor’s note: The audio/image aspect is FFS.

END OF CHANGE 1
START OF CHANGE 2 
X.6.4 Overlays 
ITT4RT clients supporting the ‘Overlay’ feature may define an overlay source and overlay configuration in the SDP. An ITT4RT client that supports overlays  

· shall support a video or image stream indicated by a media line in the SDP as the source of an overlay. 

· [may support a conditional overlay of a region from a 360-degree video as the source of an overlay.]

· [may support an externally specified overlay source, referenced by a URI.]

Editor’s Note: The solution for image overlays is FFS.

X.6.4.1 Video Media 
Any visual media that is defined with the ‘m=video’ line, includes the attribute mid and does not have the attribute a=3gpp_360video in the SDP may be rendered as an overlay by an ITT4RT-Rx client. An ITT4RT client shall include the attribute mid in the overlay media description to allow negotiating frame packing or for associating the overlay source with an overlay configuration. If an overlay is to be associated with a particular overlay configuration, the mid of the source video shall be the same as the overlay_id in the 3gpp_overlay attribute used to define the overlay configuration, which is later described in X.6.4.3. 
ITT4RT clients may offer overlays frame packed with the 360-degree video or with other overlays. Any visual media that contains frame packing of multiple media sources may include in its SDP the attribute itt4rt_framepacking in its media description, defined as follows: 

a=itt4rt_framepacking: <mid1> <mid2> <mid3> …. <PPC>   
The attribute is used for identifying a media source that is offered in more than one streams (e.g. as frame packed and with individual encoding). If a media source is offered as part of more than one stream, the SDP offer shall include in the media description of the frame-packed stream the attribute itt4rt_framepacking with the media source’s mid as indicated by the attribute mid in the media description of the individually encoded stream. An SDP offer/answer example for such a case can be found in X.10.1. The resolutions can be different in the individual media stream offer and packed media stream. In the SDP response, a subset of the list of ids can be included based on the capabilities and preferences of the sender. If the parameter is omitted but the media description is included, then the first in the list of mids is delivered.
The attribute itt4rt_framepacking may be used for identifying packed overlays even when individually encoded streams are not offered for those overlays in order to associate the packed overlays with an overlay configuration. In this case the list of mids is replaced with a list of overlay_ids described in the 3gpp_overlay attribute. The identifiers (mids/overlay_ids) would appear in the order they appear in the RHE so that each can be associated with the packed stream.
The parameter PPC is a binary value that defines the contents of the packed picture content: 

	PPC (Binary Value)
	Packed Streams

	001b
	Only overlay

	010b
	Only 360-degree content

	011b
	360-degree content + overlay


END OF CHANGE 2 
START OF CHANGE 3 
X.7.1
RTP
X.7.1.1 Overlay frame packing header extension

The packing information (packed and projected regions), layering order and type of stream (overlay/360-degree video) can be sent using RTP header extension (RHE). The RWP SEI message may be used to carry the packing information, however, it does not define the role of the packed regions i.e. 360-degree video and overlay, nor does it indicate the layering order. 

The packed frame can be delivered with RTP header extension as described below (this example shows two regions packed with one overlay region and one 360-degree video:

0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   ID          |  len=54       |F|N_Regions=n|  QR   |LYR| TT  |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Width                      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Height                     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Top                        |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Projected_Region_Left                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Packed_Region_Width     |    Packed_Region_Height       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|       Packed_Region_Top       |     Packed_Region_Left        |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|F|  QR   |LYR| TT  | Projected_Region_Width                    |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Widt | Projected_Region_Height                   |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Heig | Projected_Region_Top                      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Top  | Projected_Region_Left                     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Projected_Reg_Left | Packed_Region_Width           |Pkd_Rg_Ht  |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Packed_Reg_Ht      | Packed_Region_Top             |Pkd_Rg_Left|
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|Packed_Reg_Left    |            Zero pad                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

Projected_Region_Width (or Pkd_RegWid), Projected_Region_Height (or Pkd_Rg_Ht), Projected_Region_Top and Projected_Region_Left are the width, height, top offset and left offset, respectively, of the projected region. Packed_Region_Width, Packed_Region_Height, Packed_Region_Top and Packed_Region_Left are the width, height, top offset and left offset of the packed region. 

The 8-bit ID is the local identifier as defined in [RFC5285]. The length field defines that 54 bytes follow (in this example). The field N_Regions gives the total number of packed regions (n), which is 2. The value QR is the index of the packed region that follows in this extension header. The index of the picture (QR) is assigned based on quality, with the highest quality picture always being the first (0) and lowest one being the last (n-1). The LYR field provides the layer of the packed region. In case of one 360-degree video and one overlay, the N regions will be two, with LYR = 0 for background and LYR = 1 for overlay. The TT field provides the transform type which is one of the following:

0: no transform

1: mirroring horizontally

2: rotation by 180 degrees (counter-clockwise)

3: rotation by 180 degrees (counter-clockwise) before mirroring horizontally

4: rotation by 90 degrees (counter-clockwise) before mirroring horizontally

5: rotation by 90 degrees (counter-clockwise)

6: rotation by 270 degrees (counter-clockwise) before mirroring horizontally

7: rotation by 270 degrees (counter-clockwise)

In case of more than one layer, the layers are included in ascending order with the lowest layer described first. If more than one region belongs to a single layer, the multiple regions for the same layer occur consecutively in ascending order of the QR value.
Editor’s Note: Possibility of other signalling mechanisms for sending overlay frame packing information may be considered. 
END OF CHANGE 3 
START OF CHANGE 4 
X.10
Example SDP  (Informative)
X.10.1 SDP Offer/Answer for frame packing overlay and 360-degree video
In the following example, an overlay is offered as an individual stream with the mid B. The same overlay is also offered as frame packed with the 360-degree video with mid A as indicated by the itt4rt_framepacking attribute.  
	SDP offer

	a=itt4rt_group: A B   
m=video 49156 RTP/AVP 100 

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

a=rtpmap:100 H265/90000
a=3gpp_360video: cfov=[x=270,y=180] Stereo VDP proj=ERP viewport-ctrl=[device-signalled,presenter-viewport,device-not-signalled]

a=itt4rt_framepacking: A B PPC=0x03  /*media with mid B and mid A are framepacked in this media stream and the packed stream consists of background and overlay*/
a=3gpp_overlay:B [TBD]  /*configuration of the overlay */
a=imageattr:100 send [x=7680,y=4320] 

a=mid:A
m=video 49158 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1
/*overlay video of closeup of presentation in room A (spherical)*/

a=rtpmap:99 H265/90000

a=imageattr:99 send [x=1280,y=720] [x=640,y=480]

a=mid:B



The following SDP answer excludes the individual encoding of the overlay and includes only the frame-packed stream. 

	SDP answer

	a=itt4rt_group: A B   
m=video 49156 RTP/AVP 100 

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

a=rtpmap:100 H265/90000
a=3gpp_360video: cfov=[x=270,y=180] Stereo VDP proj=ERP viewport-ctrl=[device-signalled,presenter-viewport,device-not-signalled]

a=itt4rt_framepacking: A B PPC=0x03  /*media with mid B and mid A are framepacked in this media stream and the packed stream consists of background and overlay*/
a=3gpp_overlay:B [TBD]  /*configuration of the overlay */
a=imageattr:100 send [x=7680,y=4320] 

a=mid:A
m=video 0 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1
/*overlay video of closeup of presentation in room A (spherical)*/

a=rtpmap:99 H265/90000

a=imageattr:99 send [x=1280,y=720] [x=640,y=480]

a=mid:B



An alternative answer is shown below in which the overlay stream is negotiated to be delivered individually encoded. In this case the itt4rt_framepacking attribute is removed from the 360-degree video media description so the overlay is not frame packed. 
	SDP answer

	a=itt4rt_group: A B   
m=video 49154 RTP/AVP 100 

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

a=rtpmap:100 H265/90000

a=3gpp_360video: VDP PPM=1; sm=Mono; cfov=[x=270,y=180] proj=ERP viewport-ctrl=[device-signalled,presenter-viewport,device-not-signalled];  /*VD delivery with limited sphere capture and ERP projection*/
a=3gpp_overlay:B [TBD]  /*configuration of the overlay */
a=imageattr:100 send [x=7680,y=4320] 

a=mid:A
m=video 49158 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1
/*overlay video*/
a=rtpmap:99 H265/90000

a=imageattr:99 send [x=1280,y=720] 

a=mid:B




END OF CHANGE 4 
4 Proposal

The proposal is to include section 2 in the ITT4RT permanent document. The text for the draft CR will be considered later. 
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