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*** Start change 2 ***

6.2.3
Video

6.2.3.1
Introduction

The common session setup procedures for video are described in Clause 6.2.3.2.  Session setup procedures for Coordination of Video Orientation (CVO) and Video Region of Interest (ROI) are described in Clauses 6.2.3.3 and 6.2.3.4, respectively. Session setup procedures for RTP Retransmission and Forward Error Correction (FEC) are described in clauses 6.2.3.5 and 6.2.3.6, respectively.
*** End change 2 ***

*** Start change 3 ***

6.2.3.4
Video Region-of-Interest (ROI)

….

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’ may also offer ‘Sent ROI’ in SDP for all media streams containing video. ‘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. 
6.2.3.5
RTP Retransmission
An MTSI client should support RTP Retransmission as specified in clause 7.4.6. 
An MTSI client supporting RTP Retransmission shall offer retransmission for all media streams containing video. The binding used for retransmission stream to the payload type number is indicated by an rtpmap attribute. The MIME subtype name used in the binding is "rtx". The "apt" (associated payload type) parameter shall be used to map the retransmission payload type to the associated original payload type. The "rtx-time" payload-format-specific parameter indicates the maximum time a sender will keep an original RTP packet in its buffers available for retransmission [140]. An MTSI client offering RTP retransmission shall specify "rtx-time" parameter.
An SDP offer/answer example showing the usage of the "apt" and "rtx-time” is included in Annex A.4.2c.
6.2.3.6
Forward Error Correction (FEC)

An MTSI client should support Forward Error Correction (FEC) as specified in clause 7.4.7. 

An MTSI client supporting FEC shall offer FEC for all media streams containing video. The MIME subtype name used for FEC stream is "interleaved-parityfec". The "ssrc-group" attribute is used to designate FEC grouping association according to "ssrc" identifiers along with the "FEC-FR" grouping semantics for FEC Framework.  The "repair-window" parameter indicates the time span of the source and repair packets [141] [143]. An example for FEC grouping relative to a media line is:
a=ssrc:1234

a=ssrc:2345

a=ssrc-group:FEC-FR 1234 2345
An SDP offer/answer example showing the usage of the "interleaved-parityfec","repair-window" and "ssrc-group" is included in Annex A.4.2d.
6.2.4
Text

An MTSI client should offer AVP for all media streams containing text. Only in cases where there is an explicit demand for the AVPF RTCP reporting timing or feedback messages AVPF shall be used. If AVPF is offered then RTP profile negotiation shall be done as described in clause 6.2.1a.
*** End change 3 ***

*** Start change 4 ***

7.4.5
Coordination of Video Orientation

…
If the receiver has not explicitely indicated support for both [x,y] and [y,x] resolutions via the imageattr attribute during SDP negotiation, then the sender should apply rotation/padding/cropping/resizing prior to video encoding as the sender considers appropriate while keeping the resolution unchanged. As for CVO operation, the sending MTSI client in the terminal using a camera as source and equipped with appropriate orientation sensor(s) should compute the image orientation from the output of the sensor(s) that indicates the rotation of the device with respect to the default camera orientation. It is recommended that appropriate filtering on the time and angular domain is applied onto the sensor’s indications to prevent a “ping-pong” effect in the case where the measured value is fluctuating between two quantization levels. The decision of MTSI client transmitting video to change the image size needs not necessarily be based on input from orientation sensor(s).
7.4.6
RTP Retransmission

AVPF NACK messages are used by MTSI clients to indicate non-received RTP packets for video (see clause 7.3.3). The RTP Retransmission Payload Format RFC 4588 [140] supports retransmission of lost packets based on NACK feedback. Retransmission is useful if retransmitted packets arrive within the end to end delay requirements of the system. It is suitable for low RTT networks with relatively low observed packet loss [142]. If support for RTP retransmission payload format has been negotiated, the receivers shall support handling of RTP retransmission packets defined in RFC 4588 sent using SSRC multiplexing. Similarly, senders shall use RTP retransmission packets defined in RFC 4588 for packets it retransmits using SSRC multiplexing.
7.4.7
Forward Error Correction (FEC)

Forward Error Correction (FEC) can provide effective error resiliency under certain packet loss and network RTT conditions [142].  If support for FEC is negotiated, then use of a separate SSRC multiplexed FEC stream with the RTP payload defined in I-D. ietf-payload-flexible-fec-scheme [141] shall be supported at both the receiver and the sender. The receiver can demultiplex the incoming stream by the SSRC field and map it to the source by using the ssrc-group mechanism defined in RFC 5956 [143]. The systematic FEC scheme defined in [141] is a flexible parity FEC scheme that supports various signalling of source packets used to generate the parity packets. In the parity packets, MSK field shall be set to 00, 01, or 10, indicating the use of arbitrary bitmasks instead of the regular pattern masks for generating the parity packets [141].
Other types of FEC schemes may be supported. The use of a particular FEC sheme shall be negotiated before it is used.
7.5
Media flow

7.5.1
General

*** End change 4 ***

*** Start change 5 ***

9.3
Video

9.3.1
General
AVPF NACK messages are used by MTSI clients to indicate non-received RTP packets for video (see clause 7.3.3). An MTSI client transmitting video can use this information, as well as the AVPF Picture Loss Indication (PLI), to at its earliest opportunity take appropriate action to recover video from errors for the MTSI client that sent the NACK or PLI message. Recovery from error action is defined as sending a recovery picture that is equivalent to a good frame in clause 16.2.1, sending Gradual Decoder Refresh (GDR) that results in a good frame, or retransmitting missing packets.  Requirements and recommendations for packet loss handling are described below.

9.3.2
Receiver behaviour

When NACK and PLI have been negotiated without retransmission support for the session then an MTSI client in terminal receiving media:

-
shall immediately queue a NACK message for RTCP scheduling upon detection of first error after decoding a good frame.

-
should repeat queuing NACK messages for RTCP scheduling after an RWT duration if recovery picture does not arrive.

-
shall queue a PLI message for RTCP scheduling if a recovery picture does not arrive in two RWT duration, and shall then stop sending NACK messages that relate to the same data as that PLI. 

-
shall repeat queuing PLI messages for RTCP scheduling after an RWT duration if the initially requested recovery picture does not arrive.

Receiver may report more losses or repeat messages if it deems necessary. As a minimum requirement on the receiver side, it shall support the capability of picture level error detection or tracking in order to stop reporting of prior losses from the recovery point. If FEC is supported, NACK messages should signal irrecoverable lost packets after recovery by FEC instead of the detected lost packets before recovery. The receiver should wait “repair-window” duration before issuing a NACK message for the missing packets.
When retransmission is supported, NACK messages correspond to requests for missing packets to be retransmitted instead of indication of error position for recovery without retransmission. The receiver should queue NACK messages for RTCP scheduling as necessary. The importance of lost packets along with possibility of timely arrival of requested packets should be considered before requesting retransmission.
Annex P.2 gives further description of receiver behaviour for error correction. 
9.3.3
Sender behaviour

When NACK and PLI have been negotiated without retransmission support for the session then an MTSI client in terminal sending media:

-
shall send a recovery picture or Gradual Decoder Refresh (GDR) upon receiving NACK message if loss indicated by the message corresponds to error in a reference picture within 500 ms. If a recovery picture corresponding to the NACK message was sent prior to reception of the NACK message by less than RWT duration, the sender does not have to respond to this particular NACK message. 

-
shall send an Instantaneous Decoder Refresh (IDR) or GDR picture upon receiving PLI message within 500 ms. 

-
should not respond to incoming NACK or PLI messages within RWT duration of the same message type indicating the same loss from the reception of the initial feedback message triggered by the onset of the loss.
IDR picture is an intra picture where pictures following the IDR picture can be decoded without referring (inter prediction) to pictures decoded prior to IDR picture. This corresponds to IDR pictures in H.264 and HEVC. GDR is performing intra refresh by distributing intra picture data over N pictures. At the end of N pictures from the start of GDR all macroblock regions are intra coded (refreshed) generating a good frame. Similar to IDR case, if intra picture or GDR is used as a recovery mechanism, the pictures following the intra picture or the GDR pictures should not reference pictures decoded prior to these pictures. 
When retransmission is supported, sender should retransmit packets that it deems beneficial for timely recovery. Only source packets should be retransmitted. The minimum time the sender should keep an original RTP packet in its buffers available for retransmission, i.e. "rtx-time" value, should be RTT and the maximum time the sender should keep an original RTP packet should be 400 ms.
When FEC is supported, the amount of time that spans the source and the corresponding repair packets, i.e. "repair-window", should not be less than the minimum required duration for the bitmask used for generation of the repair packets. The maximum time that spans the source and corresponding repair packets should not be more than 300 ms.
An MTSI client in terminal sending video shall obey the rate restrictions imposed by the video rate adaptation specified in clause 10.3.

Annex P.2 gives further description of sender behaviour for error correction. Annex P.3 gives further description of sender and receiver behaviour for RTP retransmission based recovery.
9.4
Text

Redundant transmission provided by the RTP payload format as described in RFC 4103 [31] shall be supported. The transmitting application may use up to 200 % redundancy, i.e. a T140block transported
*** End change 5 ***

*** Start change 6 ***

10.3
Video

10.3.1
General

MTSI clients receiving RTCP Receiver Reports (RR) indicating nonzero packet loss shall support adjusting their outgoing bitrate accordingly (see RFC 3550 [9]). Note that for IMS networks, which normally have nonzero packet loss and fairly long round-trip delay, the amount of bitrate reduction specified in RFC 3448 [56] is generally too restrictive for video and may, if used as specified, result in very low video bitrates already at (for IMS) moderate packet loss rates.

A video sender shall support adapting its video output rate based on RTCP reports and TMMBR messages. This adaptation shall be used as described in clauses 10.3.2 to 10.3.6 unless the video sender is explicitly notified that no rate adaptation shall be performed, e.g.by setting the minimum quality bitrate equal to the negotiated bitrate. This adaptation should be performed while maintaining a balance between spatial quality and temporal resolution, which matches the bitrate and image size. Some examples are given in Annex B. For the handling of packet loss signaled through AVPF NACK and PLI, or for rate adaptation with RTCP reports and TMMBR messages, the video sender shall be able to dynamically adapt to the reported conditions, in particular to facilitate the operation of quality-recovery techniques pertinent to the situations. Quality-recovery techniques include, but may not be limited to, adapted intra frame periods, adaptation of random intra macroblock refresh ratios, FEC, and adaptation of the bit rates.
The rate adaptation can be controlled by using the video adaptation parameters defined in clause 17.2. By using the MIN_QUALITY/BIT_RATE/ABSOLUTE or the MIN_QUALITY/BIT_RATE/RELATIVE parameters it is possible to set the minimum bitrate for the adaptation.

*** End change 6 ***

*** Start change 7 ***

A.4
SDP offers and answers for video sessions

…..
The offer for higher granularity is indicated in the last SDP line above.

Table A.4.2b.2: Example SDP answer with High Granularity

	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=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:5 urn:3gpp:video-orientation:6


The answer indicates that higher granularity has been accepted as indicated

A.4.2c
RTP Retransmission
This example is identical to A.4.2a with the exception of retransmission being offered. 

Table A.4.2c.1: Example SDP offer with Retransmission 
	SDP offer

	m=video 49154 RTP/AVP 99 100
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=rtpmap:100 rtx/90000

a=fmtp:100 apt=99;rtx-time=400
a=rtcp-fb:* trr-int 5000

a=rtcp-fb:99 nack

a=rtcp-fb:99 nack pli

a=rtcp-fb:99 ccm fir

a=rtcp-fb:99 ccm tmmbr


The offer for retransmission and associated parameters are listed after the line describing the format properties of the H.264 video.
Table A.4.2c.2: Example SDP answer with Retransmission
	SDP answer

	m=video 49154 RTP/AVPF 99 100
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=rtpmap:100 rtx/90000

a=fmtp:100 apt=99;rtx-time=400
a=rtcp-fb:* trr-int 5000

a=rtcp-fb:99 nack

a=rtcp-fb:99 nack pli

a=rtcp-fb:99 ccm fir

a=rtcp-fb:99 ccm tmmbr


The answer indicates that retransmission has been accepted as indicated.
A.4.2d
RTP Forward Error Correction (FEC)
This example is identical to A.4.2a with the exception of FEC being offered. 

Table A.4.2d.1: Example SDP offer with FEC 

	SDP offer

	m=video 49154 RTP/AVP 99 100
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=rtpmap:100 interleaved-parityfec/90000

a=rtpmap:100 repair-window:150000
a=ssrc:1234

a=ssrc:2345

a=ssrc-group:FEC-FR 1234 2345
a=rtcp-fb:* trr-int 5000

a=rtcp-fb:99 nack

a=rtcp-fb:99 nack pli

a=rtcp-fb:99 ccm fir

a=rtcp-fb:99 ccm tmmbr


The offer for FEC and associated parameters are listed after the line describing the format properties of the H.264 video.

Table A.4.2d.2: Example SDP answer with FEC
	SDP answer

	m=video 49154 RTP/AVPF 99 100
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=rtpmap:100 interleaved-parityfec/90000

a=rtpmap:100 repair-window:150000

a=ssrc:1234

a=ssrc:2345

a=ssrc-group:FEC-FR 1234 2345

a=rtcp-fb:* trr-int 5000

a=rtcp-fb:99 nack

a=rtcp-fb:99 nack pli

a=rtcp-fb:99 ccm fir

a=rtcp-fb:99 ccm tmmbr


The answer indicates that FEC has been accepted as indicated.

*** End change 7 ***

*** Start change 8 ***

P.2
Video error recovery

Efficient video error recovery requires error tracking capabilities at both the sender and the receiver side. Error detection and tracking is necessary on the receiver side for detecting the occurrence of the error as well as detecting the recovery from the error. On the sender side it is necessary for producing a recovery picture that would address the reported packet loss. Basically a receiver should be able to detect errors and report them to the sender in timely fashion. In return sender responds by sending recovery pictures or performing gradual decoder refresh (GDR).

An example of video error recovery is illustrated in Figure P.1 below using a NACK message.
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..........
P.3
RTP Retransmission

RTP retransmission offers retransmission of lost packets reported by NACK feedback. The receiver detects missing packets and requests retransmission of missing packets. The sender upon receiving the NACK message decides to take corrective action by retransmitting the reported missing packets to the receiver. If retransmitted packets arrive in time for rendering, then timely recovery is achieved.

An example of recovery from error is illustrated in Figure P.4 below using a NACK message.
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Figure P.4 Video error recovery using NACK feedback message and retransmission.

In this example, the error correction is performed in the following steps:

1. Sender encodes a reference picture (blue) and transmits it. Sender stores RTP packets corresponding to this frame in its buffers. One or more of the packets belonging to this picture are lost.

2. Receiver detects lost packets belonging to the blue picture upon receiving packets belonging to the picture following the blue picture or the last packet (if received) of the blue picture, after de-jittering. 

3. The receiver issues a NACK message and pauses decoding while caching incoming packets.

4. Sender receives the NACK message, checks whether the requested packets are available in its cache. If they are, it retransmits the requested packets.
5. Receiver monitors the incoming packets to determine the arrival of the requested packets to resume decoding. 

6. If packets arrive in time, rendering is not interrupted.
*** End change 8 ***
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