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Introduction


3GPP Release-6 has defined various QoS and QoE parameters and their corresponding protocols to assess the end-to-end streaming both for PSS and MBMS services [1] [2]. 


The objective of the QoS and QoE definitions within 3GPP has been to obtain consistent measurements across different content types, clients and RANs with the following principal  requirements (defined by SA1 in [4], [5] and [6]):


Determining the actual client experience: The objective metrics must be capable of accurately and reliably estimating the actual subjective client experience. 


Monitoring and improvement: It is essential to determine the quality of streams delivered to the terminal and ultimately the client experience - to enable both improvements to the service and more accurate monitoring. The information could be used by operational systems to validate potential problems or to resolve issues. Any improvement can be dynamic or offline.


Charging flexibility: More flexible charging would be possible with suitable metrics. Per-stream charging could use a quality-based approach where the client is billed based upon the quality achieved for the individual session. For example, suppose a stream deteriorates for some reason such as network performance or congestion, the charge could then be reduced or revoked. On the other hand it might show that the overall quality was acceptable even though some packets were lost or the frame-rate dropped for a while. Client service-level agreements could also be supported more effectively by post-analysis of the records, so content could be sold as a bundle and billed according to the overall level of quality attained. For example a charge could be determined according to the number of streams that played satisfactorily. The emphasis however is on measuring and improving quality in order to maximize the user experience, rather than charging mechanisms. The main point is that the operator should be able to use the information in any way desired, as long as there is an appropriate method of obtaining the data and provided the handset is trusted.


In this document we review the high level definitions for QoE and QoS parameters, and show a demonstration of Vidiator’s Streaming QoE Analyzer which is in compliance with [1] and [2] with regards to QoE and QoS parameters and protocols.


High Level Definitions


The generic purpose of any multimedia QoE, QoS or KPI method is to evaluate the performance of part of or the full end-to-end multimedia service. 


Quality of Service (QoS) is a networking term that specifies a guaranteed, consistent and predictable service level. QoS methods provide a deterministic and objective way of measuring and analyzing QoS parameters. QoS methods can be applicable to application, transport or network layers. Some 3GPP QoS parameters are: maximum throughput, guaranteed throughput, delay, loss, jitter, bit error, etc [1].


Quality of Experience (QoE) is a combination of deterministic and subjective methods for analyzing and providing satisfactory data delivery, reliability, availability, scalability, speed, accuracy, efficiency for overall user satisfaction. QoE methods can be applicable to application, transport or network layers or even to operating system features. Some 3GPP QoE parameters defined in [1] are corruption duration, rebuffering duration, initial buffering duration, successive loss, frame rate deviation, jitter duration  and all the QoS parameters mentioned above.


Key Performance Indicators (KPI) or Key Quality Indicators (KQI) define a set of values or indicators used to measure against. Indicators can be quantitative or subjective.


QoS is a subset of QoE. Just improving QoS does not guarantee improved QoE. QoE also covers the KPI’s of a system if provided. Hence QoE is the superset of all measurements.


The QoE Analyzer


Vidiator’s Quality of Experience framework (Vidiator QoE Analyzer) provides a means to assess the end user’s streaming experience in a 2.5G and 3G mobile wireless environment both for 3GPP’s PSS and MBMS services. The framework targets media streaming applications and enables to combine network layer, transport layer, codec layer and application layer measurements in extracting results. The QoE Analyzer requires a 3GPP Release-6 compliant handset to support the QoE protocol and the metrics. Then a 3GPP Release-6 compliant server (Vidiator Streaming Server) establishes the QoE protocol to the handset  and retrieves the QoE metrics as defined in [1]. 


The QoE framework has two parts the QoE protocol and the QoE metrics:


The QoE protocol leverages existing streaming description and control protocols such as SDP and RTSP by providing standards compliant extensions to them. Other standards based reporting mechanisms such as RTCP and RTCP XR can be also used to provide more details about the user experience. 


The QoE metrics provide a minimal set of parameters to assess streaming user experience. Current standards recommend corruption duration, rebuffering duration, initial buffering duration, and successive loss as the basic QoE metrics. The metrics are a combination of network layer, transport layer, codec layer and application layer measurements.


Figure 1 shows the components of the demonstration for the QoE Analyzer. The analyzer  displays real-time streaming results based on the queries selected, Figure 2. At the time of the preparation of this demonstration the following queries were active:


Client ID: query QoE results per client


Date: query QoE results per date


Media type: query QoE results per media type


Session ID: query QoE results per session id
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Figure � SEQ Figure \* ARABIC �1�. The QoE Analyzer


The Analyzer also allows for backlogging of 6 months worth of data, and off-line analysis at a later date, Figure 3.  


The protocol flow between a 3GPP handset and the server is shown in Figure 4. The flow is compliant with the QoE SDP, and RTSP descriptions in [1]. Both the QoE protocol and data transmission is carried over reliable TCP/ RTSP channel. At the time of the preparation of this demonstration the following parameters were analyzed and monitored:


Objective mode analyzed parameters:


Clip Length= seconds


Clip run for= seconds


Bitrate: Avg= bps, Min= bps, Max= bps


RTSP Bandwidth:  bps


QoS Guaranteed Bit Rate:  bps


QoS Maximum Bit Rate:  bps


QoS Max Transmission Delay:  ms  


Loss: Avg= %, Min= %, Max= %


Delay: Avg= ms, Min= ms, Max= ms�Delay Variation: Avg= ms, Min= ms, Max= ms


QoE Initial Buffering Duration:  seconds


QoE Rebuffering Duration: Avg= seconds, Min= seconds, Max= seconds


QoE Corruption Duration: Min=, Max=, Avg=


QoE Successive Loss: Avg=, Min=, Max=


QoE Frame Rate Deviation: Avg=  fps, Min= fps, Max= fps


QoE Jitter Duration: Avg= seconds, Min= seconds, Max= seconds


Maximum Buffer Size: 


Number of Buffer Overflows: 


Number of Buffer Underflows:


Number of Bitrate Swaps:  





Subjective mode parameters:


The subjective mode parameters are an internal mapping of several deterministic QoS and QoE parameters to subjective parameters.


3GPP Traffic Class: Streaming, Conversational , Interactive, Background


Problem Area Estimation: Clip, Codec, Protocol Stack, Network Layer, None.


Observed KPI: Excellent, Very Good, Good, Fair, Poor.





Figure 5 shows a snapshot of the monitoring screen for the QoE Analyzer.
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Figure 2. QoE Analyzer Query Module
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Figure 3. QoE Analyzer Off-line mode allows 6 months worth of backlogging
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Figure 4. QoE protocol flow as defined in [1] 
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Figure 5. QoE Analyzer Monitor


Conclusion


We have demonstrated snapshots of the QoE Analyzer which is compliant to 3GPP Release-6 QoS and QoE parameters and their corresponding protocols to assess the end-to-end streaming both for PSS and MBMS services. The QoE Analyzer module of the Vidiator Server monitors and gathers the QoE metrics and provides logging and display capability to various metrics statistics. The QoE module also works with the rate adaptation and QoS module to ensure that the user experience is as expected and is monitored throughout the streaming session even over variable network conditions. Customized interfaces are also possible. The service provider/operator could feed the QoE module’s outputs to a system monitoring module, to the billing module, provided the handset is trusted, or any other module. 
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