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1 Introduction

At the last SA4 meeting, the use-cases and requirements for time-shifting of live PSS offerings were discussed and agreed in the permanent document S4-080076. This document discusses the possible solutions for those requirements.

2 Discussion
2.1 Changing between “live” play timeline and “stored” play timeline

According to the document S4-080076, in the time-shifting use cases, the users not only can do a rewind from “live” stream to “stored” stream, but also can do a fast forward back to “live” stream mode again. When the server shares the timeshifting memory with the PVR function, the client should transit from “live” session control to the “stored” session control. In the “stored” session control mode, the client may seek even back to the start of the program, even if the user has started timeshifting at a later point in time.
The mode changing scenarios between “live” and “stored” could be summarize as following:

(1) From “live” to “stored” mode
A. For the private timeshifting buffer, the PAUSE response will indicate the mode changing from “live” to “stored”.

B. For the shared timeshifting buffer, the mode should be changed from “live” to “stored” in the first PLAY response, even if the user has started timeshifting at a later point in time. In this case the server is required to indicate the client the “stored” mode in the first PLAY response.

(2) From “stored” to “live” mode
A. For the private timeshifting buffer, when the user seeks beyond the live point or does a fast forward and reaches the end of timeshifting buffer, the mode should be changed from “stored” to “live”. In this case, the server is required to indicate the client to change to the “live” mode.
(3) The mode is unchanged.
A. For the shared timeshifting buffer, when the user seeks beyond the live point or does a fast forward and reaches the end of timeshifting buffer, the mode should remain in the “stored” mode. In this case, the server may indicate the client to remain in the “stored” mode.

So the server is required to indicate the client the mode according to the server timeshifting buffer status.
To implement the above requirements, the following solutions can be considered:

(1) SDP negotiation:  In PSS, a media with a SDP description including an open ended time in “a=range” attribute is considered as a live stream, or else the media is considered to be a stored stream. However, the mode can only be indicated statically in the beginning of the session. It can not implement the mode changing dynamically during the session because of the timeshifting operation. 
(2) Add an indication parameter in the RTSP message:  the PSS server can use a RTSP parameter to indicate the client when the mode is changed. The parameter can be taken in the response of PLAY or PAUSE. When the mode is changed for the user’s VCR operation, the server should give the value of this parameter in its response. The advantage is that it can indicate the stream mode directly and clearly, but it needs to extent a parameter in RTSP. 
(3) Reuse the RTSP range header: The PSS server can use the existing parameter in the range header of RTSP message to indicate the client the changed mode.  For example, when the stream mode changes form the “stored” mode to the “live” mode, the server indicate the client by the parameter “range: npt=now-”.  Otherwise, if the server indicates the client a ntp time “ntptime1” which is earlier time than now by the parameter “range: npt=ntptime1- ”, the mode should change from the “live” to “stored”. 
(4) No mode changing indication: The default stream mode is always stored mode for the live service.  When the user invokes the seeking operation, the client may send the RTSP request to the server, if the operation is not supported, the server will reject it. That means the user will not know which operation is allowed because missing the stream mode information. Also some invalid message will be transported in the PSS network. 
To compare the above solutions, the solution 3 is simpler. No extra extension is needed for the RTSP protocol. 
2.2  Limited server “Timeshift buffer” and “Seeking” in the buffered range
In document S4-080076, it is pointed out that the server should indicate the “timeshift buffer limitation” to the client as a server capability if the buffer is limited. The user can do the PVR operation in the timeshifting buffer.
In general, the client need display the timeshifting information to the user, such as a timeshifting progress bar, so that the user can know the timeshifting status. To create the progress bar, the client should know the maximum buffer limitation, the beginning time of timeshifting buffer (It can express the relative position of the timeshifting buffer in the total stream), the ending time of timeshifting buffer and the current playing time in the timeshifting buffer.
The maximum buffer limitation may be indicated by the RTSP response from the server. 
The client can get the above information by two options:
(1) The server informs the beginning time, the ending time, the playing time of the timeshifting buffer to the client in time, such as by the RTP or RTCP packet.   Then the client can display the timeshifting progress bar directly. 

A header extension can be added in the RTP packet or RTCP packet to indicate the current timeshifting information. But there will be no RTP packet any more after the user pause the stream, and the RTCP packet only is sent in a long interval, so the progress bar can not be refreshed in time.
(2) The client only gets the initial timeshifting buffer information by RTSP response from the server, then refreshes the timeshifting progress bar by calculating the beginning time, the ending time and the playing time of the timeshifting buffer.
For the beginning time of the timeshifting buffer, there are several cases:
a. If the timeshifting buffer is existed since the program begins, the beginning time of the program may be indicated by the session SDP parameter “t=”. There are two cases showed in the following figure.
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 The client can calculate the beginning time of timeshifting buffer by the formula: 
when t2-t1<=Max-buff,        t’=t1

when t2-t1>Max-buff,          t’=t2-Max-buff

b. If the timeshifting buffer is existed since the program begins and the beginning time of the program has not been indicated by the session SDP or is not accurate, the server need indicate the beginning time of the existing buffer to the client by the RTSP response.
        c. If timeshifting buffer is only created when the timeshifting begins, the beginning time of the timeshifting buffer should be the current time. 

The current playing time of timeshifting buffer should be: the playing time of the program subtract the beginning time of timeshifting buffer.
The ending time of timeshifting buffer should be always the live point. 
To maintain the progress bar, the client need refresh the timeshifting progress bar according to the clock. When the timeshifting buffer is overflow, the client should continue with the “FIFO buffering”.
The advantage of this solution is that it need only one necessary signalling interaction and is not affected by the user’s operation.

To compare the two solutions, the option 2 can present the timeshifting information to the user accurate.

2.3 Used efficiently with MBMS User Cases
According to the document S4-080076, if a session switches from broadcast to unicast transmission, timeshifting would be a good solution to make the switch seamless for the end-user. If a session switches from unicast to broadcast, there may be some optimisation that can improve user experience. The session would use Timeshifting independently from the user.
If the timeshifting is introduced to realize the seamless switch from MBMS to PSS, a lag between MBMS stream and PSS timeshifting stream is also introduced.  The lag will cause two issues. 
The PSS timeshifting content is later than the original MBMS content, which may lead to some real-time service failure, such as the game service. Another issue is that when switching back to MBMS, timeshifting content that haven’t been played will be lost. So the lag should be avoided if possible.

The possible optimized solution is that the PSS timeshifting stream should be fast forward to catch the live point independently from the user with a proper rate. 
3  Conclusion
It is proposed to discuss and agree the above proposed solutions as basic of further work.
(1) When changing between “live” play timeline and “stored” play timeline, the server should indicate the “Live” or “Stored” mode to the client by reusing the RTSP range header.
(2) The client should present the timeshifting progress bar to the user. The server should indicate the maximum buffer limited and the initial timeshifting beginning time to the client by RTSP response. Then the client should create and refresh the progress bar by itself calculation.

 (3) For solving the content lag between the MBMS stream and the PPS timeshifting stream, the PSS timeshifting stream should be fast forward to catch the live point independently from the user.
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