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1. Introduction

Dynamic video rate adaptation has been discussed in SA4 for the past several meetings. Two different options, the TMMBR and APTO_ARR messages, have been considered. This contribution provides a summary of the current status and concerns with the solution.  The contribution then identifies options for addressing these concerns in SA4.
2. Background

TDoc SP-070201 [5] was presented in SA#35 proposing to remove the dynamic video rate adaptation feature from MTSI Release 7 TS 26.114 “IP Multimedia Subsystem (IMS); Multimedia telephony; Media handling and interaction” [1]. It was felt that TSG SA plenary was not the appropriate committee to make changes to the text of a Technical Specification. Hence, SA4 was tasked by SA to look at the issues in dynamic video rate adaptation in TS 26.114 and provide any necessary changes by SA#36.
2.1. Signalling mechanisms for video rate adaptation
Currently, in TS 26.114 TMMBR and TMMBN are specified as mandatory signalling messages to use for facilitating dynamic video rate adaptation. Qualcomm had proposed APTO_ARR [2][3], another signalling approach for the same purpose. In addition, RTCP receiver reports are also available for use at the sender.
2.2. Lack of consensus on best approach

In the last SA4 meeting (SA4#42), there was extensive discussion on the dynamic video rate adaptation issue. Interested companies have stated different positions regarding the merits and usefulness of the two different signalling methods proposed for dynamic video rate adaptation. 
Due to the divergent views and opinions expressed, it was also identified that improved methods for dynamic video adaptation should be considered for Release 8 [7]. 
2.3. RTCP TMMBR message definition in IETF

The TMMBR message is defined in IETF CCM draft [6] which is currently going through the working group last call process. The main use case envisioned for using TMMBR in IETF is multi-point conferencing (where terminals can be located in a heterogeneous environment). While heterogeneous multi-point conferencing is a valid use case for consideration in 3GPP, the more important scenario for 3GPP is the homogeneous point to point call. It should be noted that at this point no simulation results are available in IETF showing the performance advantages provided by TMMBR for 3GPP access technologies. 
Furthermore the use case identified in the IETF draft for using TMMBR in cellular networks is not for dynamic video rate adaptation.  The use case identified for cellular is for the scenario when the network notifies the terminal of changes in the maximum available downlink bandwidth.  From section 3.1 of [6]:

   7. The used congestion control algorithms (AMID and TFRC [RFC3448])

      probe for more available capacity as long as there is something to

      send. With congestion control using packet-loss as the indication

      for congestion, this probing does generally result in reduced

      media quality (often to a point where the distortion is large

      enough to make the media unusable), due to packet loss and

      increased delay. In a number of deployment scenarios, especially

      cellular ones, the bottleneck link is often the last hop link.

      That cellular link also commonly has some type of QoS negotiation

      enabling the cellular device to learn the maximal bit-rate

      available over this last hop. Thus, indicating the maximum

      available bit-rate to the transmitting part can be beneficial to

      prevent it from even trying to exceed the known hard limit that

      exists. For cellular or other mobile devices the available known

      bit-rate can also quickly change due to handover to another

      transmission technology, QoS renegotiation due to congestion, etc.

      To enable minimal disruption of service quick convergence is

      necessary, and therefore media path signaling is desirable.
As described in the highlighted text above, the case being considered is when the terminal is explicitly notified of a known hard limit in the maximum bit rate that it can receive on its downlink.  This is not the dynamic video rate adaptation scenario that we are attempting to solve in SA4.

It is important that 3GPP adopt a signalling message with demonstrated advantages for dynamic video rate adaptation over MTSI bearers.
3. Technical Concerns with TMMBR Solution

This section summarizes the concerns with the current TMMBR solution mandated in [1].
3.1 Unclear setting of TMMBR value for dynamic rate adaptation

[1] does not specify how the receiver is supposed to set the TMMBR rate value for dynamic video rate adaptation.

No explicit indication of rate

When the access network informs the receiver of a change in granted QoS rate because of congestion, changed radio conditions, or an access technology handoff it is clear that the receiver can indicate this rate value in the TMMBR message.  In fact this is the use case identified in [6] as explained section 2.3 of this contribution.
However, in the more dynamic case where the network is not signalling an explicit QoS rate it is unclear what value the receiver should include in the TMMBR message. [1] does not specify procedures on how to set the TMMBR value for this case.

Interoperability between terminals and interaction with other statistics
Since it is not clear how the TMMBR message is set by the video receiver it is also unclear how this information is to be used by the video sender in combination with RTCP Receiver Report information.

For example, the text in section 10.3 of [1] identifies some of this ambiguity as follows:

It is important that the receiver does not use TMMBR to make the sender reduce its bitrate due to the amount of packet losses or jitter experienced by the receiver. Such usage could result in double reaction and sub-optimal behaviour, since this kind of information shall be reported in regular RTCP reports.

The specification identifies the problem but does not give clear guidance on what statistics or information should be used by the receiver to set the TMMBR value.  It only describes what should not be used.  Without clearly indicating this demarcation of what influences the TMMBR value and what does not, the sender could have the same “double reaction and sub-optimal behaviour” to other RTCP Receiver Report statistics.

The key issue here is that the video receiver is sending both receiver report statistics and an explicit rate request to the video sender.  Since the video sender does not know how the video receiver has generated the request it cannot accurately combine the information from the TMMBR message and Receiver Report statistics to generate an output bit rate value with reliable or optimal results.
In the case of the APTO_ARR APP packet and the NADU_APP APP packet (used for 3GPP Packet Switched Streaming), the video receiver is reporting statistics whose settings are clear to the video sender.  This allows the video sender to consider this information in combination with Receiver Report information and any local information about its uplink to generate an output bit rate value with reliable and optimal results.

3.2 Does not address congestion in end-to-end video transport
The TMMBR message as defined in IETF [6] and specified for use in [1] is used to specify changes in rate in the receiver’s local link/downlink of the MTSI video receiver.  This is stated in section 10.3 of [1] as follows:

When the receiver is made aware of a reduction in downlink bandwidth capacity (e.g. due to changed radio conditions) it shall notify the sender of the new current maximum bitrate using TMMBR.

This does not address congestion and changing radio conditions in other links in the transport between the video sender and video receiver.  In particular, for MTSI video sessions it is expected that many sessions will be between two MTSI video terminals in a mobile-to-mobile video telephony call.  In such sessions, there can be congestion and changing radio conditions in the uplink of the video sender as well the downlink of the video receiver.  There can also be changes in the congestion conditions of the core network.

Since the TMMBR rate value only indicates the bit rate limit on the video receiver’s downlink it does not give an overall indication of how the video sender should adapt its rate to changing conditions in the end-to-end transport path.  The limited scope of this information requires that the video sender rely on other sources of information to adapt to such conditions.

RTCP statistics specified in Receiver Reports and the APTO_ARR/NADU RTCP APP packets reflect the overall status of the end-to-end transport since they are set based on the actual arrival statistics of packets at the receiver, and not just the receiver’s downlink conditions.   

3.3 TMMBR less informative than Packet-Switched Streaming (PSS) solution for dynamic video rate adaptation
The low-latency requirements needed to maintain the conversational nature of MTSI video sessions require a robust rate adaptation signalling mechanism.  With limited buffering constraints at the MTSI video receiver the feedback information sent to the video sender must be sufficient and accurate enough to allow the sender to adapt quickly and accurately.  

3GPP SA4 took many months of careful study to define the rate adaptation solution for the Packet-Switched Streaming Service (PSS).  This eventually resulted in definition of the NADU RTCP APP packet.

The TMMBR solution of having the receiver explicitly specify a maximum receive rate is very simplistic compared with the NADU APP packet which provides more information about the status of the receiver’s playout buffers.  

It is questionable that the solution for MTSI video is much simpler and provides less information than the solution for PSS.  The low-latency requirements for MTSI video demand an adaptation mechanism that is at least as robust as PSS since the MTSI video receiver needs to maintain a lower de-jitter buffer occupancy level which requires more quick and accurate adaptation.

3.4 Incompatibility of multiple solutions

The reasons identified above and those submitted by QUALCOMM in previous SA4 contributions on the topic explain why TMMBR is not the best solution for dynamic video rate adaptation.  

Therefore further investigation is needed to develop a more robust solution for MTSI video.  We expect and support that such a study be conducted for Release 8 of 3GPP TS 26.114.

By adopting TMMBR, a non-optimal solution for dynamic video rate adaptation, as a mandatory signalling mechanism in Release 7 we will cause incompatibility and performance problems for a more optimal solution developed in Release 8.  The problems with interaction between numerous statistics and TMMBR identified in section 3.1 of the contribution will be further exacerbated by having multiple solutions for dynamic rate adaptation in Releases 7 & 8.

4. Way Forward: Options for SA4
As a way forward to address the concerns raised with the use of TMMBR for dynamic rate adaptation the following options are presented and discussed.  The options are divided into two dimensions to address two separate issues that SA4 can decide on regarding the dynamic video rate adaptation feature.  The intention is for SA4 to be able to choose separate options for both of these issues (e.g., Option “1B” or “2A”).
4.1 Options to address concerns with TMMBR usage

Option 1.  Remove TMMBR as a signalling mechanism

Removing TMMBR as a signalling mechanism in [1] for Release 7 would avoid the issues raised in the previous sections regarding this mechanism and allow SA4 to focus on developing a more robust signalling mechanism in Release 8.
Option 2.  Remove TMMBR as a mandatory signalling mechanism.   Allow optional use for QoS renegotiation & handoff use case.
The usage of TMMBR would be clarified in [1] to only apply to the use case where the terminal is made aware of changes in its granted downlink bandwidth by the access network (e.g., through QoS renegotiation signalling or handoffs).  It would be also clarified that the setting of the TMMBR rate value will be based on the maximum rate limit signalled by the access network to the terminal.

This option has the following advantages:

· It is clear how the rate value in the TMMBR message is set by the receiver.  It does not cause ambiguity at the sender.
· This is consistent with the use case specified in the IETF [6].
· This was the use case for TMMBR proposed in the original SA4 contribution [4] from Ericsson.

· Using TMMBR for this use case does not cause conflict with other signalling mechanisms used for dynamic video rate adaptation (e.g., RTCP Receiver Reports) since these are reactions to different conditions.
Option 3.  Allow TMMBR as an optional signalling mechanism for dynamic video rate adaptation
The advantage of this option is it does not make additional mandatory requirements on the receiver or sender.  The disadvantage of this mechanism is that when it is used it still has the technical limitations described in sections 3.1, 3.2, and 3.3 of the contribution.
Option 4.  Keep TMMBR as a mandatory signalling mechanism for dynamic video rate adaptation

This option does not address the technical limitations described in sections 3.1, 3.2, 3.3, and 3.4 of the contribution.  Furthermore, it mandates that terminals implement a solution which has known technical concerns and no verified performance results. 
4.2 Options to further address dynamic rate adaptation

In deciding which signalling mechanism to use for dynamic video rate adaptation in this meeting, we need to take into account the constraints of finalizing the specification in Release 7 timeframe. Given that, this meeting (SA4#43) is the only meeting before SA#36, it might not be feasible for SA4 to complete a through evaluation of signalling proposals and specify an appropriate mandatory mechanism for performing dynamic rate adaptation in MTSI.

Therefore, more study is needed in Release 8 to develop a more robust signalling mechanism for dynamic rate adaptation.  It is recommended that this be taken on as a work item for Release 8 and Qualcomm will support such an effort.
In the meantime, if SA4 decides to retain the dynamic video rate adaptation feature in Release 7, the following additional options are presented and discussed:
Option A.  Keep RTCP Receiver Report as means for feedback signalling
This retains the procedures in [1] that recommend the sender use the statistics in the RTCP Receiver Reports for adapting its output bit rate.  While these statistics provide only limited information for coarse adaptation, this information is already available in standard RTCP reports.  So this has the following advantages:

· This mechanism does not make additional mandatory requirements on the receiver or sender.
· Since the definition of these statistics are clearly defined they can be used in combination with future rate adaptation signalling mechanisms that SA4 develops in Release 8.
Option B.  Include APTO_ARR as optional signalling mechanism

This proposes to include the APTO_ARR RTCP APP packet as an optional feedback message for dynamic video rate adaptation.  Including this option has the following advantages:

· Provides more information to the video sender which has been shown to improve performance of video rate adaptation significantly.

· Calculation of the statistics in the APTO_ARR message are defined for the video receiver.  This allows the video sender to combine this information with other statistics and any future signalling mechanism developed in Release 8.

· Since this mechanism is optional it also does not make additional mandatory requirements on the receiver or sender. 

5. Summary

As discussed in the issues identified above, Qualcomm believes that current procedures in 3GPP TS 26.114 for performing dynamic rate adaptation using the TMMBR message have been prematurely adopted by SA4, have significant technical concerns, and have no proven performance benefits.
To address these issues Qualcomm presented options for SA4 to consider for Release 7 of 3GPP TS 26.114.  Qualcomm proposes that these options be reviewed and discussed at these meetings.  Once SA4 agrees on a course of action (e.g., “Option 2B”) interested members can develop the CR required to effect the necessary changes to the 3GPP TS 26.114 specification.

Qualcomm believes that work is needed in Release 8 to further investigate and select mechanisms for dynamic video rate adaptation and Qualcomm is committed to such an investigation.
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