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	First Change


6.2.3.4
Video Region-of-Interest (ROI)

An MTSI client should support Video Region-of-Interest (ROI) signaling as specified in clause 7.3.7. 

An MTSI client supporting ROI shall support at least one of the following modes to request a desired region of interest (signalled from an MTSI receiver to an MTSI sender):

-
Far End Camera Control’ (FECC), as specified in [135]-[139] and clause 7.3.7
-
‘Arbitrary ROI’, as specified in clause 7.3.7

-
‘Pre-defined ROI’, as specified in clause 7.3.7

An MTSI client supporting FECC using H.224 shall offer FECC in SDP for all media streams containing video, where FECC capabilities are desired. FECC shall be offered via the syntax and semantics defined in IETF RFC 4573 [139]. The MIME type ‘application/h224’ corresponding to the RTP payload format for H.224 shall be used as in [139], which also defines the SDP parameters needed to indicate support for FECC using H.224.
An MTSI client supporting ‘Arbitrary ROI’ mode shall offer ‘Arbitary ROI’ in SDP for all media streams containing video, where ‘Arbitrary ROI’ capabilities are desired. ‘Arbitrary ROI’ shall be offered by including the a=rtcp-fb attribute [40] with the ‘Arbitrary ROI’ type under the relevant media line scope. The ‘Arbitrary ROI’ type in conjunction with the RTCP feedback method shall be expressed with the following parameter: 3gpp-roi-arbitrary. A wildcard payload type ("*") may be used to indicate that the RTCP feedback attribute for ‘Arbitrary ROI’ signaling applies to all payload types. If several types of ROI signaling are supported and/or the same ‘Arbitary ROI’ 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 ‘Arbitrary ROI’ relative to a media line based on the RTCP feedback method: 
a=rtcp-fb:* 3gpp-roi-arbitrary

An MTSI client supporting ‘Pre-defined ROI’ mode shall offer ‘Pre-defined ROI’ in SDP for all media streams containing video, where ‘Pre-defined ROI’ capabilities are desired. ‘Pre-defined ROI’ shall be offered by including the a=rtcp-fb attribute [40] with the ‘Pre-defined ROI’ type under the relevant media line scope. The ‘Pre-defined ROI’ type in conjunction with the RTCP feedback method shall be expressed with the following parameter: 3gpp-roi-pre-defined. A wildcard payload type ("*") may be used to indicate that the RTCP feedback attribute for ‘Pre-defined ROI’ signaling applies to all payload types. If several types of ROI signaling are supported and/or the same ‘Pre-defined ROI’ 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 ‘Pre-defined ROI’ relative to a media line based on the RTCP feedback method: 
a=rtcp-fb:* 3gpp-roi-predefined

The IANA registration information on the new RTCP feedback types for ‘Arbitrary ROI’ and ‘Pre-defined ROI’ are provided in Annex R.1.

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

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

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

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

-
Position_X - specifies the x-coordinate for the upper left corner of the ROI area covered in the original content in units of pixels
-
Position_Y - specifies the y-coordinate for the upper left corner of the ROI area covered in the original content in units of pixels
-
Size_X - specifies the horizontal size of the ROI area covered in the original content in units of pixels
-
Size_Y - specifies the vertical size of the ROI area covered in the original content in units of pixels
-
Name- specifies the name of the pre-defined ROI.
The syntax for the “a=predefined_ROI” attribute shall conform to the following ABNF:

       predefined_ROI = "predefined_ROI:" PT 1*WSP attr-list 

       PT = 1*DIGIT / "*"

       attr-list = ( set *(1*WSP set) ) / "*"

         ;  WSP and DIGIT defined in [RFC5234]
       set= "[" "ROI_ID=" idvalue "," "Position_X=" posvalue "," "Position_Y=" posvalue "," "Size_X=" sizevalue "," "Size_Y=" sizevalue "," "Name=" namevalue "]"

 idvalue= onetonine*2DIGIT

                  ; Digit between 1 and 9 that is

                  ; followed by 0 to 2 other digits
       posvalue = sizevalue / "0"

                  ; position may be "0"

       sizevalue = onetonine *5DIGIT

                  ; Digit between 1 and 9 that is

                  ; followed by 0 to 5 other digits
       onetonine = "1" / "2" / "3" / "4" / "5" / "6" / "7" / "8" / "9"

                  ; Digit between 1 and 9
       namevalue = byte-string

                  ; byte-string defined in RFC 4566

Here is an example use of the “a=predefined_ROI” attribute relative to a media line:

a=predefined_ROI:99 [ID=0,Position_X=1,Position_Y=1,Size_X=540,Size_Y=360,Name=museum] [ROI_ID=1,Position_X=541,Position_Y=1,Size_X=540,Size_Y=360,Name=cinema] [ROI_ID=2,Position_X=1,Position_Y=361,Size_X=540,Size_Y=360,Name=park] [ROI_ID=3,Position_X=541,Position_Y=361,Size_X=540,Size_Y=360,Name= zoo]
The IANA registration information for the “a=predefined_ROI” SDP attribute is provided in Annex M.5.

If the SDP offer just provides the "a=predefined_ROI" but not "a=rtcp-fb:* 3gpp-roi-predefined ", then the "a=predefined_ROI" lines should be ignored.
A new SDP offer-answer negotiation can be performed to modify the set of pre-defined ROIs. The MTSI sender may update all the content of pre-defined ROIs, including the total number of pre-defined ROIs, and the position, size and name of each of the pre-defined ROIs.
An MTSI client supporting ‘Arbitrary ROI’ or ‘Pre-defined ROI’ should also offer ‘Sent ROI’ in SDP for all media streams containing video. An MTSI sender accepting “Arbitrary ROI’ or ‘Pre-defined ROI’ shall also accept an accompanying ‘Sent ROI’ offer. ‘Sent ROI’ is specified in clause 7.3.7 and is offered by including the a=extmap attribute [95] indicating the ‘Sent ROI’ URN under the relevant media line scope. The ‘Sent ROI’ URN is: urn:3gpp:roi-sent, on which the IANA registration information is provided in Annex O.4. Here is an example usage of this URN to signal ‘Sent ROI’ relative to a media line: 

a=extmap:7 urn:3gpp:roi-sent
The number 7 in the example may be replaced with any number in the range 1-14. 
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7.3.7
Video Region-of-Interest (ROI) Signaling

Video Region-of-Interest (ROI) 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.

Video ROI is composed of three modes of signalling from an MTSI receiver to an MTSI sender in order to request a desired region of interest, and an MTSI client supporting ROI shall support at least one of these modes:

-
‘FECC’ mode, in which the MTSI client uses the FECC protocol based on ITU-T H.281 over H.224 [135]-[138] to signal ROI information as a sequence of ‘Pan’, ‘Tilt’, ‘Zoom’ and ‘Focus’ (PTZF) commands. 

-
‘Arbitrary ROI’ mode, in which the MTSI receiver determines a specific ROI and signals this ROI to the MTSI sender.

-
‘Pre-defined ROI’ mode, in which the MTSI receiver selects one of the ROIs 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 ROIs from the MTSI sender during the SDP capability negotiation.
In the FECC mode, the ROI information shall be signaled by the MTSI client via RTP packets that carry H.224 frames using the stack IP/UDP/RTP/H.224/H.281. FECC is internal to the H.224 frame and is identified by the client ID field of the H.224 packet. The zooming to a particular region of interest is enabled by the H.281 protocol that supports the 4 basic camera movements “PTZF” (Pan, Tilt, Zoom, and Focus). In case of 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 ROI.

The signalling of ‘Arbitrary ROI’ and ‘Pre-defined ROI’ requests uses RTCP feedback messages as specified in IETF 4585 [40]. The RTCP feedback message is identified by PT (payload type) = PSFB (206) which refers to payload-specific feedback message.  FMT (feedback message type) shall 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. The RTCP feedback method may involve signaling of ROI information in both of the immediate feedback and early RTCP modes.
The FCI (feedback control information) format for ROI shall be as follows. The FCI shall contain at least one and may contain more than one ROI. The ROI information is composed of the following parameters:

-
Position_X - specifies the x-coordinate for the upper left corner of the ROI area covered in the original content in units of pixels

-
Position_Y - specifies the y-coordinate for the upper left corner of the ROI area covered in the original content in units of pixels
-
Size_X - specifies the horizontal size of the ROI area covered in the original content in units of pixels

-
Size_Y - specifies the vertical size of the ROI area covered in the original content in units of pixels
-
ROI_ID – identifies the pre-defined ROI selected by the MTSI receiver
For ‘Arbitrary ROI’ requests, the RTCP feedback message for ROI shall contain the parameters Position_X, Position_Y, Size_X and Size_Y. The values for the each of the parameters Position_X, Position_Y, Size_X and Size_Y shall each be indicated using two bytes. The MTSI sender shall ignore ROI requests describing regions outside the original video. The FCI for the RTCP feedback message for ‘Arbitrary ROI’ shall follow the following format:

 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
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Position_X (h)| Position_X (l)| Position_Y (h)|  Position_Y(l)|
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   Size_X (h)  |   Size_X (l)  |   Size_Y (h)  |    Size_Y(l)  |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
For each two-byte indication of the Position_X, Position_Y, Size_X and Size_Y parameters, the high byte (indicated by ‘(h)’ above) shall be followed by the low byte (indicated by ‘(l)’ above), where the low byte holds the least significant bits. 

For ‘Pre-defined ROI’ requests, the RTCP feedback message for ROI shall contain the ROI_ID parameter. The value of ROI_ID shall be acquired from the "a=predefined_ROI" attributes that are indicated in the SDP offer-answer negotiation. The value for the ROI_ID parameter shall be indicated using one byte. The FCI for the RTCP feedback message for ‘Pre-defined ROI’ shall follow the following format:

 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
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|           all ones                            |   ROI_ID      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

If ‘Arbitrary ROI’ and ‘Pre-defined ROI’ are both successfully negotiated, then the RTCP feedback message from the MTSI receiver shall conform to one of the two message formats specified above for ‘Arbitary ROI’ or ‘Pre-defined ROI’, respectively. The MTSI sender should distinguish between the two RTCP feedback message formats by parsing the first 24 bits, which is uniquely set to all ones in case of ‘Pre-defined ROI’ requests. 

The semantics of the ROI feedback messages is independent of the payload type.

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

If the sent ROI corresponds to an arbitrary ROI, the signalling of the ROI shall use RTP header extensions as specified in IETF 5285 [95] and shall carry the Position_X, Position_Y, Size_X and Size_Y parameters corresponding to the actually sent ROI. The one-byte form of the header shall be used. The values for the parameters Position_X, Position_Y, Size_X and Size_Y shall each be indicated using two bytes, with the following format:

 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=7 | Position_X (h)| Position_X (l)| Position_Y (h)|
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
| Position_Y (l)|   Size_X (h)  |   Size_X (l)  |   Size_Y (h)  |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|  Size_Y (l)   |                 zero padding                  |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

The 4-bit ID is the local identifier as defined in [95]. The length field takes the value 7 to indicate that 8 bytes follow. For each two-byte indication of the Position_X, Position_Y, Size_X and Size_Y parameters, the high byte (indicated by ‘(h)’ above) shall be followed by the low byte (indicated by ‘(l)’ above), where the low byte holds the least significant bits. 

If the sent ROI corresponds to one of the pre-defined ROIs, then the signalling of the ROI shall again use the RTP header extensions and shall carry the ROI_ID parameter corresponding to the actually sent pre-defined ROI.  The one-byte form of the header shall be used. The value for the ROI_ID parameter shall be indicated using one byte, with the following format:
 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=0 |     ROI_ID    |      zero padding             |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

In this case, the length field takes the value 0 to indicate that only a single byte follows.
‘Arbitrary ROI’ and ‘Pre-defined ROI’ may 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.

‘Arbitary ROI’ and ‘Pre-defined 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 ROI or one of the pre-defined ROIs at a given time. It should be noted that when pre-defined ROIs are offered by the MTSI sender, it is also the responsibility of the MTSI sender to detect and track any movements of the ROI, e.g., the ROI could be a moving car, or moving person, etc. and refine the content encoding accordingly.
It should be noted that the presence of ROI signalling 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 should 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. 
An MTSI sender may have to handle multiple simultaneously received ROI requests. The encoder at the MTSI sender may consider the multiple ROI requests to determine a proximity ROI that is a larger area that contains all the requested ROIs, and encode the transmitted video stream according to the proximity ROI. The encoder may iteratively adjust the proximity ROI based on the interactive additional ROI requests received from the remote clients. These additional ROI requests can be in the form of PTZF commands (using the FECC protocol) corresponding to the desired translation of the proximity ROI each MTSI receiver wishes the MTSI sender to make. Alternatively, the MTSI sender may offer the set of candidate proximity ROIs to the MTSI receivers using the pre-defined ROI signalling framework, and collect responses from the MTSI receivers to determine their preferred proximity ROIs. By considering these additional ROI requests, the MTSI sender can make a better decision on the proximity ROI to fulfil the requests of as many MTSI receivers as possible.

The MTSI sender may stack up the ROI requests in order of arrival (within its time reference) and manage them within an ROI Commands Jitter Buffer. The ROI Commands Jitter Buffer has the property of holding commands for X ms in the past (from current time). The content of the buffer is updated at the time of arrival of a new command request. Every X ms, the buffer lower boundary is set to Current Time – X ms and all commands arrival time older than this time may be discarded. The MTSI sender’s encoder, waits for X ms to check the status of commands. At that time, all received commands (active commands) are considered for ROI creation. The creation process can generate a single ROI that covers the set of regions described by all pending commands for that iteration. The overall process should allow for a smooth convergence of the ROI towards the stable region the user is finally looking for, without any visual jumps.
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