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Introduction: 

The following text is imported from ITT4RT Permanent document (S4-211265) section 6.3.4 with minor editorial changes. The text in section 7.x.2 was put in square brackets at the time with the intention to investigate whether RTP header extensions are a feasible mechanism for ITT4RT. Since the TR serves only as a list of potential solutions, we propose that the text is retained here with the NOTE added in the beginning of the section.  

=====  CHANGE  =====

[bookmark: _Toc80721382][bookmark: _Toc80721375]7	Potential Solutions

[bookmark: _Toc80721378]7.x	Frame packing of overlays
Frame packing can be used when delivering overlays as a single RTP stream. The overlay source with frame packed overlays can be:

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

7.x.1 SDP Signalling and Examples
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 in Figure 7.x.1, 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:100… /*360-degree video configuration*/
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 360-degree content  and overlay*/
a=3gpp_overlay:B …/*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



Figure 7.x.1: SDP offer with frame packed overlays

The following SDP answer in Figure 7.x.2 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: 100 … /*360-degree video configuration*/
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 360-degree content and overlay*/
a=3gpp_overlay:B…  /*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



Figure 7.x.2: SDP answer accept for frame packed overlays

An alternative answer is shown below in Figure 7.x.3, 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:100… /*360-degree video configuration*/
a=3gpp_overlay:B …  /*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



Figure 7.x.3: SDP answer reject for frame packed overlays

7.x.2 Bitstream Signalling

NOTE: Whether RTP header extensions provide a feasible method for bitstream signalling or if a different mechanism can be used for this purpose is FFS. 

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, an RTP header extension (RHE) can be considered for carrying the packing information (packed and projected regions), layering order and type of stream (overlay/360-degree video).

The packed frame can be delivered with RTP header extension as shown in Figure 7.x.1 (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                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
Figure 7.x.4: Potential RTP Header extension for frame-packed overlays

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.

