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1 Introduction

ITU-T Far-end camera control (FECC) protocol for RTP based multimedia service is defined in ITU-T specifications H.224/H.281 and in IETF RFC4573 has been documented as a potential solution in the permanent document for the ROI work item. 

In FECC, the indication of ROI and zooming to a particular region of interest is achieved by the signalling of PTZF – pan, tilt, zoom and focus commands, as standardized by ITU-T H.281. For instance, the message format for the START ACTION message is as follows:
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The FECC protocol relies on ITU-T H.281 over H.224. As such, ROI information would be signaled via RTP packets that carry H.224 frames. FECC is internal to the H.224 frame and is identified by the client ID field of the H.224 packet. 
In case of 3GPP MTSI, the camera may be fixed to the device (e.g., a tablet or a smartphone) and have no capabilities to actually be controlled independently. For a fixed camera without pan/tilt capabilities, the pan command should be mapped to left/right movements/translations and tilt command should be mapped to up/down movements/translations over the 2D image plane. As such, a combination of PTZ commands can still allow for zooming into an arbitrary region-of-interest. These functionalities are called vPTZ (virtual PTZ). As such, the camera motions can be emulated by simply changing the input buffer of the camera. i.e. when pan or tilt is applied to the full image then no modifications are made. In case the camera is zoomed then a smaller rectangular area is selected. Then the tilt and pan can be accepted by simply translating the selected rectangle.

An example user interface to generate PTZF commands and signal them via the FECC protocol is shown in the picture below.
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2 Problem Statement
Direct usage of the FECC protocol for the purpose of ROI signaling may be disadvantageous from a latency perspective in a mobile communication environment with dynamically varying link characteristics with potentially poor bandwidth. This is because of the fact that FECC is a progressive protocol that requires continuous transmission of PTZF commands by the receiver until the user obtains the stream with the desired ROI. In other words, the sender (where the encoding occurs) does not have the exact ROI information and the receiver (where the user interface generates ROI information) does not know the step sizes the sender would use in processing the received PTZF commands (e.g., in how many pixels of up/down and left/right translation that a given P and T command results in, or how much zooming occurs after transmission of a Z command), and these factors of uncertainty require sending a sequence of PTZF commands using the FECC protocol until the stream with the desired ROI can be received. We now construct an example below to better explain the problem.

Example:

· 1080p Video Conferencing, with negotiated resolution 1920x1080

· Assume Z command results in 90% centered zoom in both x and y dimensions (leaving out 10% of the original image from x and y dimensions) 

· Assume P command results in left/right movement across tiles around the center tile, quarter x-tile-size of a step with each command 

· Assume T command results in up/down movement across tiles around the center tile, quarter y-tile-size of a step with each command

· RTT = Round trip time = 300ms, 

· UI_delay = User interface delay to issue new command = 100ms

With these assumptions, let’s consider the following ROI shown below as the green area: 
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· Assuming the lower left hand corner to be the origin (0,0), let’s consider the green rectangular region to be the ROI corresponding to the coordinates X(1080,1560), Y(540,810). 

· Need at least 8 Zoom commands (shown by red arrow), to obtain the center tile (shown in dashed blue) after zooming with the x-y coordinates X(720,1200), Y(405,675), and corresponding tile of dimensions 480x270, i.e., with x-tile-size=480 pixels and y-tile-size=270 pixels. 

· Need 2 up, 3 right moves needed to obtain ROI, shown with yellow arrows

· Total of 13 commands to be sent => latency is bounded between 13*UI_delay + RTT =1.6s and 13*RTT = 3.9s

As seen through this example, the latency experienced by the user in order to view the stream corresponding to its requested ROI can be as large as 3.9 seconds, which can cause poor user experience.
3 Proposed Potential Solution
Our approach to address this shortcoming of the direct application of the FECC protocol is an extension that marries the use of FECC with signalling of exact ROI coordinates, when found to be useful. In other words, the video receiver can signal the exact ROI coordinates to the video sender (far end terminal) in one shot in a single RTP or RTCP packet, e.g., in an RTP header extension or RTCP feedback message, so that the corresponding stream can be encoded and transmitted by the sender. We refer to this approach as ‘Exact-ROI’. For this setting, the latency experienced by the user prior to viewing the stream corresponding to its requested ROI would simply be UI_delay + RTT = 0.4s.

In case of signaling Exact-ROI information using RTP header extension messages from the receiver to the sender, an MTSI client supporting the Exact-ROI feature can offer ROI in SDP for all media streams containing video. Exact-ROI may be offered by including the a=extmap attribute indicating the Exact-ROI URN under the relevant media line scope. The Exact-ROI URN can be set as: urn:3gpp:roi-exact. Here is an example usage of this URN to signal Exact-ROI relative to a media line:

a=extmap:7 urn:3gpp:roi-exact
In case of signaling ROI information using RTCP messages from the receiver to the sender, an MTSI client supporting the Exact-ROI feature can offer Exact-ROI in SDP for all media streams containing video. Exact-ROI may be offered by including the a=rtcp-fb attribute with a newly-defined Exact-ROI type under the relevant media line scope. The Exact-ROI type in conjunction with the RTCP feedback method can be expressed with the following parameter: 3gpp-roi-exact. A wildcard payload type ("*") may be used to indicate that the RTCP feedback attribute for ROI signaling applies to all payload types. If several types of ROI feedback are supported and/or the same ROI feedback shall 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 Exact-ROI relative to a media line based on the RTCP feedback method: 

a=rtcp-fb:* 3gpp-roi-exact

The RTCP feedback method can involve signaling of ROI information in both of the immediate feedback and early RTCP modes. The new RTCP feedback type for Exact-ROI can be registered as follows:

Value name: 3gpp-roi-exact

Long name: Region-of-interest (ROI) information

Reference: 3GPP TS 26.114.

The Exact-ROI capability can be supported bi-directionally or uni-directionally depending on how clients negotiate to support the feature during SDP capability negotiations. For terminals with asymmetric capability (e.g. the ability to process ROI information but not detect/signal ROI information), the sendonly and recvonly attributes may be used. Terminals should express their capability in each direction sufficiently clearly such that signals are only sent in each direction to the extent that they both express useful information and can be processed by the recipient.

Exact-ROI consists in signalling of the current ROI of the receiving user to the sender so that the sending UE can optimally encode and transmit the captured video. When Exact-ROI is successfully negotiated, it can be signalled by the MTSI client. The signalling of the Exact-ROI may use RTCP feedback reporting or RTP Header Extensions. 

· When using RTCP feedback messages, the receiving terminal would include the current ROI information of the user in the RTCP feedback messages it is transmitting to the sending terminal

· When using RTP header extensions, the receiving terminal would include the current ROI information of the user in the RTP packets it is transmitting to the sending terminal - these RTP packets carry video streams in the reverse direction – recall that we are dealing with bi-directional video communications in MTSI.
These different ROI signaling capabilities may be indicated in the SDP offer via different methods, but ideally it is best to pick one of these and use a single method in the SDP capability negotiations. Since RTCP is not always used in video calls and may be turned off (this is also part of the SDP negotiation), it may be safest to deliver the ROI information as part of the RTP header extensions of the reverse-direction video streams for broadest support of the Exact-ROI feature. However, if the reverse link is not actively sending RTP streams, then the RTCP feedback method should be preferred.
Two attributes may be used to define the ROI to be included in RTCP feedback messages or RTP header extensions:

· Position - specifies the upper left corner of the area covered in the original content
· Size - specifies the size of the area covered in the original content in relative values
Example: position="0:0", size="0.33:0.33"

It should be noted that the presence of Exact-ROI should not impact the negotiated resolutions (based on SDP imageattr attribute) between the sending and receiving terminals. The only difference is that the sending terminal would encode only the ROI with the negotiated resolution rather than the whole captured frame, and this would lead to a higher overall resolution and better user experience than having the receiving terminal zoom in on the ROI and crop out the rest of the frame. 
Examples of SDP offer and SDP answer messages that indicate Exact-ROI capability are shown in Tables 1 and 2 below based on the RTP header extension method and in Tables 3 and 4 based on the RTCP feedback method.

Table 1: Example SDP offer indicating Exact-ROI
	SDP offer

	m=video 49154 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

b=AS:315

b=RS:0

b=RR:2500

a=rtpmap:99 H264/90000

a=fmtp:99 packetization-mode=0; profile-level-id=42e00c; \

     sprop-parameter-sets=J0LgDJWgUH6Af1A=,KM46gA==

a=imageattr:99 send [x=320,y=240] [x=240,y=320] recv [x=320,y=240] [x=240,y=320]

a=rtcp-fb:* trr-int 5000

a=rtcp-fb:* nack

a=rtcp-fb:* nack pli

a=rtcp-fb:* ccm fir

a=rtcp-fb:* ccm tmmbr

a=extmap:4 urn:3gpp:roi-exact


Table 2: Example SDP answer accepting Exact-ROI
	SDP answer

	m=video 49154 RTP/AVPF 99

a=acfg:1 t=1

b=AS:315

b=RS:0

b=RR:2500

a=rtpmap:99 H264/90000

a=fmtp:99 packetization-mode=0; profile-level-id=42e00c; \

     sprop-parameter-sets=J0LgDJWgUH6Af1A=,KM46gA==

a=imageattr:99 send [x=320,y=240] [x=240,y=320] recv [x=320,y=240] [x=240,y=320]
a=rtcp-fb:* trr-int 5000

a=rtcp-fb:* nack

a=rtcp-fb:* nack pli

a=rtcp-fb:* ccm fir

a=rtcp-fb:* ccm tmmbr

a=extmap:4 urn:3gpp:roi-exact


Table 3: Example SDP offer indicating Exact-ROI

	SDP offer

	m=video 49154 RTP/AVP 99

a=tcap:1 RTP/AVPF

a=pcfg:1 t=1

b=AS:315

b=RS:0

b=RR:2500

a=rtpmap:99 H264/90000

a=fmtp:99 packetization-mode=0; profile-level-id=42e00c; \

     sprop-parameter-sets=J0LgDJWgUH6Af1A=,KM46gA==

a=imageattr:99 send [x=320,y=240] [x=240,y=320] recv [x=320,y=240] [x=240,y=320]

a=rtcp-fb:* trr-int 5000

a=rtcp-fb:* nack

a=rtcp-fb:* nack pli

a=rtcp-fb:* ccm fir

a=rtcp-fb:* ccm tmmbr

a=rtcp-fb:* 3gpp-roi-exact


Table 4: Example SDP answer accepting Exact-ROI

	SDP answer

	m=video 49154 RTP/AVPF 99

a=acfg:1 t=1

b=AS:315

b=RS:0

b=RR:2500

a=rtpmap:99 H264/90000

a=fmtp:99 packetization-mode=0; profile-level-id=42e00c; \

     sprop-parameter-sets=J0LgDJWgUH6Af1A=,KM46gA==

a=imageattr:99 send [x=320,y=240] [x=240,y=320] recv [x=320,y=240] [x=240,y=320]
a=rtcp-fb:* trr-int 5000

a=rtcp-fb:* nack

a=rtcp-fb:* nack pli

a=rtcp-fb:* ccm fir

a=rtcp-fb:* ccm tmmbr

a=rtcp-fb:* 3gpp-roi-exact


4 Proposal
It is proposed to document Sections 2 and 3 in the permanent document for the ROI work item.
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