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1.
Introduction 
During SA4#49 (Philadelphia), a set of new working assumptions were agreed and added to the Permanent Document (TD S4-080388):
Working assumptions for “PSS Timeshift”

· An timeshifting capability indication of the PSS server shall be provided with the service announcement (either in MBMS USD or SDP or possibly both and/or via other means)

· The Client should be able to start immediately in Time-shifted using UTC (clock time). The Client must "somehow" know the valid UTC time for the stream (valid UTC times within the timeshift buffer). This may be achieved using an ESG or Time synchronization between client and server or from the Broadcast Wallclock time.

· The Client should be able to start a Live session with "npt=now-" (translation of "now-" provided in PLAY response). Client uses the provided timeline for timeshift navigation. 
The client must know the timeshift buffer boundaries to navigate

· The client is mostly responsible to ensure correct navigation inside of the TS buffer. The client may get updates from the server side (Push or Pull).
SET_PARAMETER (S->C) shall be used for PUSH and GET_PARAMETER (C->S) shall be used for PULL.


The client needs to know the following information to use timeshift functionality

· General Server Capability understanding (i.e. Yes, this server support timeshifting)

· Client needs to know, how to calculate valid Ranges, which are inside of the timeshift buffer. The Range is sent with the PLAY to the server. 
This basically allows the client to navigate inside of the timeshift buffer
Optional parameters to be considered:

· Depth of the timeshift buffer

· Current-Fill State

Still open Issues  
· Format of the Range header in the PLAY response is open.

· Non-Continuous Timeshift Buffers vs. Continuous Buffering starting from now- to the end of the time shifting buffer.

2.
Proposed Realization
2.1
Supported Scenario

A number of different “timeshift” flavours exists. The “PSS timeshift” work is (mostly) focusing on network timeshift support. One advantage of network timeshift is that the timeshift buffer can be shared among users. Thus, the server can always provide a timeshift buffer. Receivers can always use it, even if they have “just” tuned into the channel. This behaviour is in particular efficient for MBMS->PSS type of channel switches, where the receiver immediately starts in “timeshift” mode.

The server always maintains a timeshift buffer for a selected set of “Live” content channels. The timeshift buffer can shared among all connected clients. To overlay PVR functionality or ESG information is out of scope, but possible. PVR or ESG information provides a different solution to navigate through the “linear” recorded stream. 
Tow use-cases are in particular supported by the following realization proposal:

· A user starts a “Live” PSS session and then pauses or rewinds to an “earlier” point in the media streaming

· A terminal uses the “PSS timeshift” feature to improve the perceived MBMS->PSS channel switch performance. Thus, the terminal starts immediately in timeshift.

If a server restarts and needs to first build-up its timeshift buffer, the following should be considered: The servers which have not (yet) build-up the required timeshift buffer depth do not offer the timeshift capabilities to the PSS clients.
2.2
Proposed Realization Principles
The general “timeshift” capabilities may be indicated in the SDP file. 

The PSS client gets the valid range of the media at the time of sending the RTSP message. The upper bound to the media range is always the time, which corresponds to “range: now-“. The valid range of media is a “sliding window”, so the PSS client must maintain his own local copy of the media range. As wall clock progresses so will also the media range. However it shall be assumed that media time progress in direct relationship to wall clock time (with the exception of clock skew) so that a reasonably accurate estimation of the media range can be calculated.
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The PSS client may get “media range” updates with the S->C SET_PARAMETER message.
If the server supports “PSS timeshift”, the server provides the media range in the “media-range” header with at least one SETUP response and with each PLAY and PAUSE RTSP response message. 
The PSS client may get “session properties” with one SETUP response message. If the client receives more that one “session properties”, then the client shall use the last received properties. 
The “session-properties” header is an optional header. The session level properties may describe random access points periodicity to the media stream. If neither the Random-Access, not the “No-Seeking” attributes are present, the PSS client may still assume that random access to the session is possible. The “session level” properties may describe the timeshift buffer depth. The attributes of the session-property header are aligned with draft-ietf-mmusic-rfc2326bis-18.txt. 

Time-Duration: Each individual media unit is retained for at least the specified time duration. This definition allows for retaining data with a time based sliding window. The time duration is expressed as floating point number in seconds. 0.0 is a valid value as this indicates that no data is retained in a time-progressing session. 

Random-Access: Indicates that random access is possible.  The value may be a floating point value in seconds indicating the longest duration between any two random access points in the session. 
No-Seeking:  No seeking is possible.

The RTSP Server resolves a “range: now-“ to an according npt-time. The server should derive the npt time from the “time of day”, but may use any other npt time. 
The client may start the streaming session in timeshift mode using absolute UTC times (“clock”). This is necessary for MBMS->PSS transitions. The PSS client request the continuation of the media stream at the last seen scene of the MBMS streaming session. 
If the PSS client starts the PSS session using UTC (clock range), the Media-Range header shall also use the UTC representation.

The client calculates and keeps track of the valid range when navigating in timeshift mode through the media buffer. 
Seeking: Using Scale for seeking may be supported by the client. However, the client shall keep track of the timeshift buffer boundaries. The server may also inform the client about a “scale” change to 1 (normal playout time)  using the S->C SET_PARAMETER method. Note, fast-forward and rewind are in today’s streaming services typically realized by a number of PLAY requests.
2.3 
Examples

Starting first a “Live” session and entering “timeshift” in a second step. 
Assumption: The server always provides a 1 hour timeshift buffer (timeshift recording sliding window). 

The server provides a timeshift description in the SETUP response. 

    C->S: SETUP rtsp://example.com/fizzle/foo/track1 RTSP/1.0

           CSeq: 302

           Transport: …
           Accept-Ranges: NPT, UTC

    S->C: RTSP/1.0 200 OK

           CSeq: 302

           Date: …
           Session: 47112344;timeout=60

           Transport: …
           Accept-Ranges: NPT

           Session-Properties: Random-Access=3.2, 

                             Time-Duration=3600.0
           Media-Range: npt=11:05:35.1-12:05:35.1

C->S: 
PLAY rtsp://example.com/fizzle/foo RTSP/1.0

       
Seq: 4


Range: npt=now-

Session: 12345678

S->C: 
RTSP/1.0 200 OK


CSeq: 4


Range: npt=12:05:35.3-
         Media-Range: npt=11:05:35.2-12:05:35.3



Session: 47112344


RTP-Info: …
Behaviour Description: The Client has established a “Live” Streaming Session (here with npt=now-) and the server has replaced the “now-“ npt request by “npt=12:05:35.3-“. Further, the server has characterized the available timeshift buffer using the Session-Properties header. Here the timeshift buffer is limited to 1 hours (Time-Duration=3600.0). The Session-Properties header is optional. The Media-Range header describes the currently valid ranges of the timeshift buffer. The PSS client may request play back between the given range. The recording continues like a sliding window (time-progressing). 

If the client wants to timeshift the live stream, the client sends a PLAY command with a valid normal play time inside of the timeshift buffer. 

C->S: 
PLAY rtsp://example.com/fizzle/foo RTSP/1.0


CSeq: 835
        
Session: 12345678


Range: npt=11:36:06.3-
S->C: 
RTSP/1.0 200 OK

        
CSeq: 835


Range: npt=11:36:06.3-
         Media-Range: npt=11:05:35.2-12:05:35.3

       
Date: 30 Mar 2008 12:08:06 GMT

The above example shows the client requesting a play time form the timeshift buffer. It looks like a regular on-demand play back request. 
Broadcast to / from Unicast Channel Switching

Assumption: The terminal has received the MBMS User Service Description (USD) before initiating the service. The terminal is receiving RTP streams via MBMS, but need to switch to PSS soon. The RTSP URI is contained in the USD. The USD or the SDP file (ffs) may contain a general timeshifting capability indication.

Example: The terminal has consumed the MBMS stream until NTP Timestamp 3416023741.9. The terminal changes from MBMS to PSS starting with an RTSP session setup. The terminal initiates the timeshift session with an absolute time range header (i.e. clock). Note the difference between NTP and UTC is 2208988800 seconds.
    C->S: SETUP rtsp://example.com/fizzle/foo/track1 RTSP/1.0

           CSeq: 830
           Transport: …
           Accept-Ranges: NPT, UTC

    S->C: RTSP/1.0 200 OK

           CSeq: 830
           Date: …
           Session: 47112344;timeout=60

           Transport: …
           Accept-Ranges: NPT

           Session-Properties: Random-Access=3.2, 

                             Time-Duration=3600.0
           Media-Range: npt=11:05:35.2-12:05:35.3

The terminal receives with the SETUP the actual timeshift capabilities from the server. The terminal initiates the timeshift session with an absolute time range header (i.e. clock). Note the difference between NTP and UTC is 2208988800 seconds.
C->S: 
PLAY rtsp://example.com/fizzle/foo RTSP/1.0


CSeq: 835

        
Session: 12345678


Range: clock=20080401T072901.1Z-
S->C: 
RTSP/1.0 200 OK

        
CSeq: 835


Range: clock=20080401T072901.1Z-
         Media-Range: clock=20080401T062905.1Z-20080401T072905.1Z


       
Date: 30 Mar 2008 12:40:36 GMT

The Media-Range header provides the terminal with the valid range information. Although the terminal has requested the stream from time clock=20080401T072901.1Z- it knows, that valid upper bound is, 20080401T072905.1Z
After that, the terminal uses timeshift operations as described in earlier sections.
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