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1 Introduction

The Release 13 work item on “Video Enhancements by Region-of-Interest Information Signaling” (ROI) [1] is progressing at SA4 with a finalized set of requirements and several potential solutions [2]. While the final solution to include in TS 26.114 has not yet been agreed, it is very likely that the specified solution in SA4 will also require modifications in IMS specifications maintained by the CT groups, e.g., TS 24.229. CT1 has already received an LS from SA4 on this matter [3].
2 Exact ROI Solution from Permanent Document in [2]
Exact-ROI consists in signalling of the current requested 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 messages. 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
Two attributes may be used to define the ROI to be included in RTCP feedback messages:

· 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"
We now describe the detailed procedures for the Exact-ROI solution.

Session description protocol (SDP) based signaling between the sending and receiving terminals allow for offer/answer considerations in the media-related capability negotiation for ROI capabilities, e.g., 1) ability to indicate one or both of pre-defined ROI and arbitrary ROI modes in RTCP feedback messages (requested by the receiver and signaled to the sender), 2) in case of pre-defined ROI, sender’s ability to indicate the offered pre-defined ROIs in the SDP offer, 3) ability to indicate transmitted (actual) ROI in RTP header extension messages (signaled by the sender), and 4) ability to understand/process ROI information and encode video accordingly (performed at sender).
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‘Arbitrary ROI’ Mode: In case of signaling ROI information using RTCP messages from the receiver to the sender, an MTSI client supporting the ‘Arbitrary ROI’ feature can offer ‘Arbitrary ROI’ in SDP for all media streams containing video. ‘Arbitrary ROI’ may be offered by including the a=rtcp-fb attribute with a newly-defined ‘Arbitrary 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. 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 ‘Arbitrary ROI’ relative to a media line based on the RTCP feedback method: 

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

‘Pre-defined ROI’ Mode: In case of signaling ROI information using RTCP messages from the receiver to the sender, an MTSI client supporting the ‘Pre-defined ROI’ feature can offer ‘Pre-defined ROI’ in SDP for all media streams containing video. ‘Pre-defined ROI’ may be offered by including the a=rtcp-fb attribute with a newly-defined ‘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. 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 ‘Pre-defined ROI’ relative to a media line based on the RTCP feedback method: 
a=rtcp-fb:* 3gpp-roi-predefined

The RTCP feedback method can involve signaling of ROI information in both of the immediate feedback and early RTCP modes. The new RTCP feedback types for ‘Arbitrary ROI’ and ‘Pre-defined ROI’ can be registered as follows:
Value name: 3gpp-roi-arbitrary
Long name: Video region-of-interest (ROI) arbitrarily selected by the endpoint
Reference: 3GPP TS 26.114.

Value name: 3gpp-roi-predefined
Long name: Video region-of-interest (ROI) pre-defined by the sender and selected by the endpoint
Reference: 3GPP TS 26.114.
In the ABNF for rtcp-fb-val, there is a placeholder called rtcp-fb-id to define new feedback types. "3gpp-roi-arbitrary"and “3gpp-roi-predefined” are defined as a new feedback types for ROI information signaling, and the ABNF is given as follows defined here:
rtcp-fb-val =/ "3gpp-roi-arbitrary" 

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

Moreover, an MTSI sender supporting the predefined ROI feature can offer detailed predefined ROI information in the initial offer-answer negotiation by carrying it in SDP. It should indicate how many predefined ROIs there are, what each ROI’s ID is, what each ROI’s name is, what each ROI’s area is. 

Predefined ROIs may be offered by including the "a=predefined_ROI" attribute under the relevant media line. The following parameters can be provided in the attribute for each predefined 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 x-coordinate for the size of the ROI area covered in the original content in relative values (e.g., in percentage of the x-dimensional size of the original content)
· Size_Y - specifies the y-coordinate for the size of the ROI area covered in the original content in relative values (e.g., in percentage of the y-dimensional size of the original content)
· ID – identifies the pre-defined ROI offered by the MTSI sender
· Name- specifies the name of the predefined ROI.

The name can be displayed in a suitable location of the corresponding predefined ROI. The MTSI client may also choose one from all the predefined ROIs by its name. 
The number of predefined ROIs can be acquired by counting the number of "ID".

If it just provides the "a=predefined_ROI" but not "a=rtcp-fb:* 3gpp-roi-predefined " in SDP, the "a=predefined_ROI" should be ignored.

An MTSI receiver may use RTCP feedback messages for signalling to the MTSI sender which predefined ROI it would like to choose and receive. In this predefined ROI request message, one parameter should be included:

· ID - specifies the identification of a requested predefined ROI.
The value of "ID" should be acquired from the "a=predefined_ROI" attributes that are indicated in the initial offer-answer negotiation.

When an MTSI sender accepts the request, it must transfer the desired predefined ROI to the MTSI receiver. Before that, it should signal the executive result for the request. In this predefined ROI response message, one parameter should be included:

· Result - specifies the executive result for the request, success or failure. 
When the predefined ROIs information changes, an UPDATE/ ReINVITE message is needed to express the new predefined ROIs information from an MTSI sender to an MTSI receiver by including the "a=predefined_ROI" attribute . The MTSI sender may update all the content of predefined ROIs, including the total number of predefined ROIs, and the position, size and name of each of the predefined ROIs.

Format of ROI Signalling in RTCP Feedback Messages (as specified in IETF RFC 4585):
The ROI feedback message is identified by PT (payload type) = PSFB (206) which refers to payload-specific feedback message. A new FMT (feedback message type) can be assigned for ROI feedback messages and should be registered with IANA accordingly. 

The FCI (feedback control information) format for this message is as follows. The FCI must contain at least one and may contain more than one ROI. The ROI information is composed of five 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 x-coordinate for the size of the ROI area covered in the original content in relative values (e.g., in percentage of the x-dimensional size of the original content)
· Size_Y - specifies the y-coordinate for the size of the ROI area covered in the original content in relative values (e.g., in percentage of the y-dimensional size of the original content)
· ID – identifies the pre-defined ROI selected by the MTSI receiver
For ‘Arbitrary ROI’, the RTCP feedback message for ROI can 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 be indicated using X bytes. An MTSI sender which has negotiated ‘Arbitrary ROI’ should seek to find the Position_X, Position_Y, Size_X and Size_Y parameters in the RTCP feedback message from the MTSI receiver. 

For ‘Pre-defined ROI’, the RTCP feedback message for ROI can contain the ID parameter. The value for the ID parameter shall be indicated using X bits. An MTSI sender which has negotiated ‘Pre-defined ROI’ should seek to find the ID parameter in the RTCP feedback message from the MTSI receiver. 

An MTSI sender which has negotiated both of ‘Arbitrary ROI’ and ‘Pre-defined ROI’ should first seek to identify the ID parameter in the RTCP feedback message for the pre-defined ROI information. If there’s no ID parameter, then the MTSI sender may seek the Position_X, Position_Y, Size_X and Size_Y parameters in the RTCP feedback message from the MTSI receiver.

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

‘Arbitrary ROI’ and ‘Pre-defined ROI’ 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 can 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 can 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 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. 

The sending terminal may potentially indicate actual transmitted ROI for its forward-direction video streams. We refer to this framework as ‘Actual ROI’. We document two possible approaches here to realize the ‘Actual ROI’ capability:

1- RTP header extensions: In case of signaling actual transmitted ROI information using RTP header extension messages from the sender to the receiver, an MTSI client supporting the ‘Actual ROI’ can offer ROI in SDP for all media streams containing video. ‘Actual ROI’ may be offered by including the a=extmap attribute indicating the ‘Actual ROI’ URN under the relevant media line scope. The ‘Actual ROI’ can be set as: urn:3gpp:roi-actual. Here is an example usage of this URN to signal ‘Actual ROI’ relative to a media line: 
a=extmap:7 urn:3gpp:roi-actual
The number 7 in the example may be replaced with any number in the range 1-14. 
Format of Actual ROI Signalling in RTP Header Extensions (as specified in IETF RFC 5285):

The two-byte form of the header can be used. As such the values for the parameters Position_X, Position_Y, Size_X and Size_Y can each be indicated using 4 bits, with the first byte formatted as 

Position_X     Position_Y

and second byte formatted as 

Size_X           Size_Y

2- RTCP Feedback: The RTCP feedback method can also be used to signal the actual transmitted ROI information from the MTSI sender to the receiver. As such, both ROI requests from the MTSI receiver to the sender, as well as the ROI response from the MTSI sender to the receiver, may be signaled using the RTCP feedback method, as depicted in the figure below.
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The ROI feedback message is identified by PT (payload type) = PSFB (206) which refers to payload-specific feedback message. A new FMT (feedback message type) can be assigned for ROI feedback messages and should be registered with IANA accordingly. 

The FCI (feedback control information) format for this message is as follows. The FCI must contain at least one and may contain more than one ROI. The ROI information is composed of five 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 x-coordinate for the size of the ROI area covered in the original content in relative values (e.g., in percentage of the x-dimensional size of the original content)
· Size_Y - specifies the y-coordinate for the size of the ROI area covered in the original content in relative values (e.g., in percentage of the y-dimensional size of the original content)
· ID – identifies the pre-defined ROI transmitted by the MTSI sender
· Result - specifies the executive result for the request, success or failure, i.e., success means that the actual ROI transmitted is identical to the requested ROI by the user, and failure means otherwise 
In the actual ROI transmitted is identical to the requested ROI by the user, the RTCP feedback from the MTSI sender to the MTSI receiver should only contain the Result parameter set to ‘success’. If the MTSI sender set the Result parameter to ‘failure’, then it must also indicate the actual ROI transmitted, by either the ID parameter (for pre-defined ROI), or by the parameters Position_X, Position_Y, Size_X and Size_Y (for arbitrary ROI).
3 CT Impacts of the ROI Feature in SA4
We observe the following impacts of the ROI feature on TS 24.229:
· Indication of new SDP attribute for a=predefined_ROI lines for pre-defined ROI information signaling in clauses A.3.2.1, A.3.2.2, A.3.3.1 and A.3.3.2 on SDP types and major capabilities
· Indication of new RTCP feedback types in the SDP for a=rtcp-fb lines for ‘Arbitrary ROI’ and ‘Pre-defined ROI’ modes in new tables on RTCP feedback types
· Indication of new RTP header extension URNs in the SDP for a=extmap lines for the ‘Actual ROI’ mode in Tables A.319A and A.330A on RTP header extensions
We propose to send a reply LS to SA4 acknowledging these CT impacts.
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