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1 Introduction

The current PSSe solutions for fast content-switching and fast session start up agreed by PSM SWG involve major changes to negotiation protocols prior to the RTSP session establishment. These changes result in some modifications to the QoE framework. This contribution proposes the required modifications to the QoE framework for PSSe. In particular it proposes the inclusion of a new QoE metric Content_Switch_Time.
2 Background

In this section, we give a quick background on the PSS Rel-6 QoE metric framework and then summarize the current solution in PSSe Rel-7 for fast content switching and startup.
2.1 QoE metric framework

PSS Rel-6 defines an optional QoE metric framework. QoE metric framework is a technique to assess the end user experience of media streaming applications. It enables a combination of cross-layer measurements in extracting results (QoE metrics). The extracted results can be used to monitor and improve the end user experience over severely variable network conditions. A 3GPP PSS client supporting the QoE metric feature shall perform the quality measurements in accordance to the measurement definitions, aggregate them into client QoE metrics and report the metrics to the PSS server using the QoE transport protocol when so requested.

QoE metric framework involves three parts: 

· QoE metric definitions: A set of QoE metrics are defined for assessing the session level and media level quality of experience. The specification provides exact definitions and recommendations on how to compute these metrics and how often to transmit them.  

· QoE metric (negotiation) protocols: An RTSP header 3GPP-QoE-metrics is defined to enable the PSS client and server to negotiate which Quality of Experience (QoE) metrics the PSS client should send, how often they should be sent and how to turn the metrics transmission off. This header can be sent in requests and responses of RTSP methods SETUP, SET_PARAMETER, OPTIONS (with Session ID) and PLAY. According to the current specification, this negotiation begins with SDP file provided by the PSS server or the RTSP SETUP requests from the PSS client, and ends at the latest when the RTSP PLAY response message is issued by the PSS server. A client can simply terminate the negotiation process by issuing an RTSP PLAY request. Once the media transfer begins, no more QoE metric negotiations are allowed except for turning off the QoE metric feedback.
· QoE metric transport:  The RTSP header 3GPP-QoE-feedback is defined and associated with certain RTSP methods (SET_PARAMETER, PAUSE or TEARDOWN) for the transport of the negotiated QoE metrics from the PSS client to the PSS server.
2.2 PSSe solutions for Fast Content Startup and Switching
The current solutions (for fast channel/content-switching and fast session start up) agreed by the PSM SWG involve major changes to the feature negotiation protocols prior to the RTSP session establishment. The guiding principle behind these solutions is to get rid of as many round-trip delays as possible by making reasonable assumptions on the similarity between two contents in terms of their media level and session level transport parameters.

For fast content start up, pipelining of RTSP requests is introduced. For fast content switching, an overloaded PLAY request with the SWITCH-STREAM header is used to indicate the new content to be streamed to the receiver. Figure 1 illustrates the RTSP message sequence 
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Figure 1: RTSP message sequence for Fast Content Startup and Fast Content Switching in PSSe
3 Motivation for new QoE metric for FCS
While the Rel-7 PSS standardizes solutions to significantly improve the start-up and switching times, the end-user experience during the actual deployment of the service may be different due to varying channel conditions and content compositions (e.g., number of media streams in a content offering and their bitrates). Thus the operators or service providers need more QoE metrics to assess the effectiveness of the PSSe enhancements. In particular, new QoE metrics must be defined to assess the user experience during a channel/content switch.
4 Definition of a new QoE metric - Content_Switch_Time
The format of the content switch time metric report is specified as follows in ABNF format:

Parameters=”Content_Switch_Time” “=” “{“ switch-time [SP Timestamp] “}”

Switch-time=1*DIGIT

This definition fits well to the QoE feedback report syntax as defined in section 5.3.2.3.2 of 3GPP TS 26.234-710.

The Timestamp parameter for this metric is used to indicate the time (e.g., expressed in NPT time) at which the switch operation has been initiated. This time is according to the timeline of the previous content.

The Content Switch Time metric is defined as the time (expressed in milliseconds) from the instant the user selects a new content on the client to the instant the first media frame is played back. Alternatively, it could be defined as the time (in milliseconds) from the instant the switch request is sent from the client to the server to the instant the first media packet of the new media stream is received at the client. It can also be any combination of those above definitions.
5 Usage of the new QoE metric – Content_Switch_Time
5.1 Signalling 
The support for new QoE metric shall be signalled by the PSSe server in the SDP file or in any of the RTSP request/response messages. 
5.2 Negotiation 
The negotiation of the QoE metric shall be according to the modified QoE metric negotiation.
5.3 Computation 
The Content_Switch_Time is always calculated based on the NPT of the previous content. If the content switch time is reported immediately after the start then the NPT timestamp of the previous content may be included. Otherwise, the timestamp may not be useful to report. The content switch time is calculated in milliseconds and is not subject to NPT time scaling. Figure 2 depicts the content switch time calculation. 
A range value, if specified for Content_Switch_Time QoE metric, indicates the period in which content switch time are to be reported, if content switches happen during that interval. The range applies to the previous content. If the range is not specified, the range in the SDP file is applicable. In that case, the range after a switch corresponds to the media (or session) range as indicated in the SDP of the new content. If no range is specified in the SDP as well, then any switch operation is reported to the server. 
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Figure 2 QoE metric Content_Switch_Time calculation: The time between switch triggered by the user and switch accomplished is equal to Content_Switch_Time

5.4 Reporting 
The “Content_Switch_Time” QoE metric shall be reported immediately after the content switch is finalized, if the negotiated rate is set to “Start”. Alternatively, it can be reported at the end of the current content session, if the rate is set to “End”. 
6 Example usage of Content_Switch_Time
In the following, an example of the “Content_Switch_Time” QoE metric indication in an SDP file is given:

	S->C  
RTSP/1.0 200 OK
Cseq: 1
Content-Type: application/sdp
Content-Base: rtsp://example.com/foo/bar/baz.3gp/
Content-Length: 800
Server: PSSR6 Server

v=0
o=- 3268077682 433392265 IN IP4 63.108.142.6
s=QoE Enables Session Description Example
e=support@foo.com
c=IN IP4 0.0.0.0
t=0 0
a=range:npt=0-83.660000
a=3GPP-QoE-Metrics:{Content_Switch_Time};rate=Start
a=control:*
m=video 0 RTP/AVP 96
b=AS:28
a=3GPP-QoE-Metrics:{Content_Switch_Time};rate=Start
a=control:trackID=3
a=rtpmap:96 MP4V-ES/1000
a=range:npt=0-83.666000
a=fmtp:96profile-level-id=8;config=000001b008000001b50900012000
m=audio 0 RTP/AVP 98
b=AS:13
a=3GPP-QoE-Metrics:{Content_Switch_Time};rate=Start
a=control:trackID=5
a=rtpmap:98 AMR/8000
a=range:npt=0-83.660000
a=fmtp:98 octet-align=1
a=maxptime:200


The following example shows the negotiation of the Content_Switch_Time QoE metric in RTSP messages. The examples show the negotiation of the reporting rate which was changed from End to Start. 

	C->S 
SETUP rtsp://example.com/foo/bar/baz.3gp/trackID=1 RTSP/1.0
Cseq: 2
3GPP-QoE-Metrics:url=”rtsp://example.com/foo/bar/baz.3gp/trackID=3”;  metrics={Content_Switch_Time};rate=End
C->S 
SETUP rtsp://example.com/foo/bar/baz.3gp/trackID=2 RTSP/1.0
Cseq: 3
3GPP-QoE-Metrics:url=”rtsp://example.com/foo/bar/baz.3gp/trackID=5”;  metrics={Content_Switch_Time};rate=End
       S->C
        RTSP/1.0 200 OK

        Cseq: 2

        Session: 17903320

        Transport: RTP/AVP;unicast;client_port=7000-7001;server_port= 6970-6971

        3GPP-QoE-Metrics:url=”rtsp://example.com/foo/bar/baz.3gp/trackID=3”; 
                 

                                  metrics={Content_Start_Time};rate=Start
S->C
RTSP/1.0 200 OK
Cseq: 3
Session: 17903320
Transport: RTP/AVP;unicast;client_port=7004-7005;server_port= 6900-6901
3GPP-QoE-Metrics:url=”rtsp://example.com/foo/bar/baz.3gp/trackID=5”; metrics={Corruption_Duration|Decoded_Bytes};rate=Start
C->S
 PLAY  rtsp://example.com/foo/bar/baz.3gp RTSP/1.0
Cseq: 4
3GPP-QoE-Metrics:url=”rtsp://example.com/foo/bar/baz.3gp/trackID=3”;  metrics={Content_Switch_Time};rate=Start, 
                            3GPP-QoE-Metrics:url=”rtsp://example.com/foo/bar/baz.3gp/trackID=5”;  metrics={Content_Switch_Time};rate=Start 


The following example depicts the example of “Content_Switch_Time” QoE metric feedback. Here the content switch time is 200ms and this content switch was initiated at NPT timestamp 2105.2 of the old content.

	C->S 
SET_PARAMETER rtsp://example.com/foo/bar.3gp RTSP/1.0
Cseq: 201
Session: 2359872
3GPP-QoE-Feedback: url=“rtsp://example.com/foo/bar.3gp/trackID=1”; Content_Switch_Time={200 2105.1}
Content-length: 0


7 Conclusion

It is proposed to include the definition and usage of the new QoE metric Content_Switch_Time as described in sections 4 and 5 in the PSSe Rel-7 specification. 
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