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1 Introduction

During testing by the IMTC PSS-AG at SuperOp! in Ancona, Italy September 12th-16th 2005, it became apparent that the various PSS-Client vendors and PSS Server vendors had different interpretations of the meaning of the target protection time signaled in the “target-time” parameter of the 3GPP adaptation header, and the resultant behavior of the PSS-Server as it fell below or exceeded the desired target time.  
These differing interpretations resulted in reports of both under and over sending for the exact same rate adaptation test cases!
2 Ambiguity in Current Specification
2.1.1 Present Definitions of Target-time parameter in TS26.324 v6.5.0

The description of target-time in Section 5.3.2.2 “The 3GPP-Adaptation header” in TS26.234 reads
…The target protection time signalled in the value of the "target-time" parameter is the targeted minimum buffer level or, in other words, the client desired amount of playback time in milliseconds to guarantee interrupt-free playback and allow the server to adjust the transmission rate, if needed.
Target time usage is also discussed in Section 10.2 “Signalling for Client Buffer Feedback”

... In order to minimise the initial buffering delay, the client may choose an initial buffering that is less than the required buffering it has determined would be satisfactory. For this reason, the target buffer protection time indicates the amount of playable media (in time), which the client would like to have in its buffer. Therefore a server should not perform content adaptation towards higher content rates until the given target time of media units is available in the buffer.
There is also generalized guidance provided in 10.1 as to the intended usage of the target time parameter
… The client specifies how much buffer space the server can utilize and the desired target level of protection. When the desired level of protection is achieved, the server may utilize any resources beyond what is needed to maintain that protection level to increase the quality of the media. The server can also utilize the buffer feedback information to decide if the media quality needs to be lowered in order to avoid a buffer underflow and the resulting play-back interruption.

2.1.2 Ambiguity in Resultant PSS Client and PSS Server Implementations
At SuperOp! RealNetworks and other PSS Clients and Servers seemed to have mismatched expectations and inconsistent implementations on rate adaptation when using the target-time parameter. Discussion between the various vendors seems to indicate the issues stem from two main areas of ambiguity with regard to the target-time definitions:
1. Ambiguity surrounding the term “minimum buffer level” being paraphrased as “Desired amount of playback time” 

2. The overloaded use of target-time as an edge trigger for both up and down shift.

2.1.2.1 Multiple interpretations of “Desired Amount of Playback Time”

There seem to be at least two interpretations among PSS Clients and consequently, contradictory implementations regarding “desired amount of playback time” as follows:  

a) The PSS-Server should not exceed nor fall below the desired the amount of playback time.

b) The PSS-Server should not fall below the desired the amount of playback time, but may exceed it.
2.1.2.2 Overloaded use of target-time as an edge trigger for both up and down shift.

The value of target-time is overloaded, meaning that it represents both the high watermark at which the PSS Server is to consider upshifting and the low watermark at which to consider downshifting. Taken to extremes, hypersensitivity to the target-time could result in constant rebuffering and the server thrashing between rates, while reduced sensitivity could result in no adaptation at all.

With only one value representing both watermarks, guidance becomes necessary for PSS Client and Server vendors with regard to the following implementation details.

· Although TS 26.234 definitely says the PSS Server should not consider upshifting until it hits the target-time, it provides no guidance wrt to how low the buffer can go (in secs) before the PSS-server should consider a downshift to meet target-time

· The spec provides no guidance as to the threshold (how long or how often) the buffer must be under the target time before the PSS Server considers a downshift.
· The spec provides no guidance as to the threshold (how long or how often) the buffer should be maintained at or above the target time before the PSS Server considers an upshift.  

2.1.3 Specific Scenarios Impacting PSS Client or PSS Server Performance
The following scenarios are impacted by the ambiguity with regard to target-time.

2.1.3.1 PSS Client target-time approaches max client buffer size, PSS Server achieves target-time
If a PSS Client sets the target-time aggressively high (approaching the max buffer), it will likely either experience data-loss and rebuffering when a PSS-Server that achieves the target-time attempts to upshift. or the Server will potentially never attempt to upshift because it’s aware that the whole buffer is already being filled.

2.1.3.2 PSS Client target-time approaches max client buffer size, PSS Server cannot achieve target-time, but still provides sufficient time for uninterrupted playback.
If the PSS Server is unable to meet the Client’s chosen target-time, but is still providing several seconds of uninterrupted playback, is it ok to stay below target-time?
2.1.3.3 PSS Client target-time exceeds max client buffer size

In this scenario, we assume it’s impossible for a PSS Server to achieve the target-time at the present rate.  Should it really continue to downshift, or should it use the max buffer (or some other calculated value) as the new target time?
2.1.3.4 PSS Client sets a target-time that is too low for the requested rate

If the PSS Server knows the Client’s selected target-time is too small and will result in playback interruptions, should it respect it anyway, or model the target-time itself?

When the PSS Server achieves the too-small target-time, should it perform the anticipated behavior of an upshift, making playback even worse?

3 Impact

The impact of such ambiguity as surrounds target-time usage is to cause incompatible PSS Clients and Servers which will result in proprietary client and server implementations that can only provide effective Rel 6 rate adaptation interoperability with vendors/devices identified at the time of release, thus defeating the whole intent of the feature and dramatically reducing its utility and increasing its total cost of ownership to operators.
4 Next Steps

RealNetworks is proposing that the PSS subgroup draft changes to TS.26.234 in the form of both clarifying language and examples to guide the usage of target time, and that those changes be entered as an essential correction to Rel 6.
The exact changes need to be addressed in a CR from 3GPP SA-4 PSM Subgroup and a review conducted by IMTC PSS AG and the results presented as an LS.
5 Potential Solutions for Discussion
Any or all of the following actions can be taken
1. Clarify the definition of target time 
2. Provide guidance for up/downshifting when buffer time is above or below target-time

3. Restrict the definition of target time to high or low watermark, but not both, and introduce another parameter or constant for the opposing watermark
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