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1 Introduction

During the S4 #68 meeting, Qualcomm and Nokia separately presented CRs on proposed changes to TS 26.247 on MPD signaling of MBMS-specific transport parameters.  Given that DASH Media Presentations could be delivered via either or both unicast/HTTP and MBMS/FLUTE modes, the MBS SWG has been aware of the need for the MPD to indicate the transport mode since last August (per Qualcomm contribution Tdoc S4-110626 to S4 #65).  However, as shown by the latest Qualcomm and Nokia contributions (Tdocs S4-120447 and S4-110931, respectively), additional metadata pertinent to MBMS delivery of DASH Representations appear necessary.  These include information on potential latency in the availability of Segments to the DASH client due to broadcast delivery as compared to unicast, and to enable MBMS User service discovery of broadcast Representation(s).  MBS SWG was unable to reach agreement on the proposed mechanisms for three main reasons.

1) Regarding the Nokia CR, it targets R10 TS 26.247 for change, but by introducing a new MPD element to carry access-specific metadata, would break desired compatibility with MPEG DASH, which was recently published. 

2) Qualcomm’s proposal on explicit definition of the existing attribute BaseURL@serviceLocation to signal MBMS-specific data was seen by some companies to unnecessarily overload the existing serviceLocation attribute.  Furthermore, since the target version for change is R11 TS 26.247, there was expressed interest for a more forward-looking solution amenable for adoption into the amendment of MPEG DASH (currently ISO/IEC 23009-1:2012).
3) There was lack of adequate understanding/agreement on the background and issues that motivate the specific functionality of MPD signaling of transport mode.
General sentiment of the MBS SWG on the way forward was the desire to come up with a discussion paper on the operational issues and requirements for MPD signaling of MBMS transport mode, and agreement on a high level solution/architecture that might be deemed acceptable by MPEG DASH.
This document provides a systematic overview of DASH content delivery over unicast and broadcast access networks.  It explains and characterizes the difference in the source of DASH content, and Segment availability times, between unicast and broadcast delivery modes.  In the use of a common MPD for describing the availability of Representations over either or both unicast/HTTP and MBMS/FLUTE delivery, consideration must be given how the MPD is initially acquired by the DASH client.  For example, it could be obtained from a unicast server (e.g. HTTP server), or from the MBMS USD which contains the MPD as one of its metadata fragments.  To enable the UE to choose MBMS delivery (either as alternative to unicast, or in support of subsequent unicast-to-broadcast service handoff), the MPD must provide necessary metadata to bootstrap service discovery of the MBMS User Service associated with the broadcast Representation.  Preference should be given to a clean and extensible mechanism for MPD signaling of transport metadata that can be readily adoptable by MPEG.  For example, it might be desirable that the mechanism which declares MBMS transport of DASH content correspond to a generic and extensible solution framework to accommodate access-related metadata for other broadcast distribution systems (e.g. ATSC-M/H, DVB-H, etc.), and perhaps even declare specific unicast access systems/CDNs, presuming that these transport networks represent valid/alternative delivery mechanisms for the Media Presentation.  Lastly, it describes potential solution frameworks which have been proposed, or recently discussed among some SA4 members.  

A companion document, Tdoc S4-120yyy represents a follow-up to this discussion paper, by proposing functional requirements that the technical solution for MPD signaling of access/transport networks should support.  Another companion document, Tdoc S4-120zzz proposes the target solution.
2 MPD Signaling of Transport Mode
This section provides background on the declaration of Segment availability time in the MPD, and related issues and limitations to its signaling of broadcast delivery of Representations.  It also discusses the necessary data in the MPD to enable acquisition of MBMS User Service Discovery/Announcement information associated to the broadcast Representation.  Finally, it overviews some candidate solution frameworks and their pros/cons, as potential means for MPD signaling of transport-specific information.
2.1 Segment Availability Time in Unicast and Broadcast Delivery      
As currently defined in the MPD, the availability time of any Segment in the Media Presentation can be derived from the the attribute availabilityStartTime at the MPD element level.  Given that the original intent of DASH content delivery is over unicast networks via HTTP servers, the implication is that in the scope of the one or more unicast access networks or CDNs from which the Media Presentation could be retrieved, MPD@availabilityStartTime represents the latest value of the availability time for the initial Segment of the Media Presentation among all of the HTTP servers of those unicast access networks/CDNs.  This characteristic is illustrated by Figure 1 below.
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Figure 1 – Example illustration of how different Segment arrival times at CDNs’ HTTP servers

determines the value of MPD@availabilityStartTime 
As shown in the diagram, it is assumed that the scope of unicast access networks/CDNs covered by the MPD comprises CDNs 1, 2 and 3.  Furthermore, it is assumed that HTTP Server_X in CDN-3 receives DASH Segments the latest in time among all other HTTP servers – within CDN-3 and across the three CDNs.  The value of MPD@availabilityStartTime is set to the expected availability time of the initial Segment of the Media Presentation at HTTP Server_X.  This would ensure that as long as a DASH client requests the initial Segment no earlier than this time instant, the contents of that Segment is guaranteed to be available at any CDN/HTTP data source scoped by the MPD.
In the case of MBMS delivery of one or more Representations, the availability time of Segments pertains to Segments availability in the UE’s local HTTP cache (”local HTTP server”) as opposed to at an external HTTP server, since the DASH content delivered over the FLUTE session is placed in that cache for local retrieval by the DASH client.  For MBMS delivery, there is additional required processing by the BM-SC of DASH Segments for conversion to FLUTE packets, and possibly subsequent AL FEC encoding.  Furthermore the transport packets must be delivered by the BM-SC through the Core Network to the RAN, followed by over-the-air transmission to the UE.  These processing and transmission delays may be additive to the (worst-case) unicast Segment availability as indicated by MPD@availabilityStartTime (assuming that arrival times of DASH content at the unicast HTTP server and BM-SC are approximately the same).  On the other hand, should the geographical location of the unicast server be much farther away from the DASH encoder than the BM-SC, or due to potential CDN configuration, the broadcast Segment availability time could be sooner than the (worst-case) unicast Segment availability time.  Possibility of both types of occurrences are shown in Figures 2a and 2b.
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Figure 2A – Segments are available later on broadcast than unicast
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Figure 2B – Segments are available earlier on broadcast than unicast
Therefore, the MPD should be capable of signaling the time difference between broadcast and unicast Segment availability.  This “availability time adjustment”, from the MBMS delivery perspective (Segment availability at the UE’s local cache), could be a positive or negative value.  In fact, although outside the scope of MBMS consideration, it is logical for Segment availability time adjustment to be also indicated for specific unicast access networks or CDNs.  In other words, it might be useful, in enabling earlier content retrieval, to signal to the DASH client that the DASH content can be accessed earlier on a given unicast access network/CDN than the advertised worst-case availability time nominal indicated or derivable from MPD@availabilityStartTime.
2.2 MPD Support for MBMS User Service Discovery

It should be possible for the MPD to be delivered in different ways/from different data sources to the DASH client.  The DASH client may retrieve the MPD from a unicast server, e.g. a HTTP server (for example, by using the URL to the MPD source as indicated in the web page of the content provider of the associated DASH Media Presentation).  The MPD could also be delivered as part of the MBM USD metadata fragments from the BM-SC (over either unicast or broadcast delivery as nominally defined for User Service Discovery/Annoucement procedures).  In this case, the MBMS client will forward the MPD to the local HTTP cache for subsequent retrieval by the DASH client.
In the latter method (MPD delivered as part of USD metadata), it is possible for one or more DASH Representations of a Media Presentation to be delivered over MBMS bearer(s).  Assuming that the UE is MBMS-capable and that the user is subscribed to the MBMS service, the MPD is expected to be acquired via nominal MBMS User Service Discovery/Announcement procedures.  In this scenario, it is possible that multiple broadcast Representations are available (for example, MBMS delivery of both HD and SD video as separate Representations, or the use of different Representations to carry the audio, video and other media components of a Media Presentation) and carried over different FLUTE sessions.  Knowledge is required by the MBMS client on the mapping between the FLUTE session(s) and the broadcast Representations, in order to receive and provide the Segments, along with identification of the affiliated Representations, to the UE cache for subsequent DASH client retrieval.  Signaling of the exact entry point information to the FLUTE session carrying a particular broadcast Representations becomes even more critical should an MBMS User Service instance be associated with multiple delivery methods, each of which must reference a Session Description – otherwise there would be a multiplicity of potential Session Descriptions for sorting in determing the SDP instance that is applicable to the broadcast Representation.   It appears a straightforward solution to the above  would be to require the MPD to announce, for each broadcast Representation, the URL of the corresponding MBMS Session Description fragment.
In the case that the DASH client initially obtains the MPD from a unicast/HTTP server, additional metadata should be present in the MPD to provide entry point information to MBMS User service discovery/announcement.  For each broadcast Representation, as in the previous scenario, the URL to the Session Description must be present in the MPD to identify the corresponding FLUTE session.  In addition, it is desirable for the MPD to also contain the URL to the User Service Bundle Description and the identity of the User Service to which the broadcast Representation belongs.  The latter two parameters would enable more efficient identification from USD metadata fragments of the parent MBMS User Service of the broadcast Representation.  It would allow the MBMS client to simply look at the metadata envelope to determine whether its contents are relevant, rather than having to download and look inside each User Service Bundle Description to find the matching User Service which contains the referenced SDP URL.  Knowing the User Service of interest subsequently enables acquisition of other USD metadata fragments such as the Associated Procedures Description and the Security Description
2.3 Candidate Solution Framework
During related SA4 #68 discussions on this matter, a potential solution framework was initially proposed and discussed.  It involves extending the existing BaseURL element in the MPD to carry transport related parameters.  One cited possibility is to fully define the value of the BaseURL element to express the transport-specific metadata.  An alternative would be to introduce new child attributes or elements to BaseURL to convey access network specific metadata (availability time adjustment, URL to Session Description instance, MBMS Service-ID, etc.).  The former method appears less attractive since it “overloads” the BaseURL element with a fully-descriptive but potentially long string or URL.  Such data structure is not amenable to extension of new parameters, if deemed necessary in the future, and may be complicated to parse.  In comparison, new child elements or attributes of the BaseURL element would allow a cleaner and easily extensible method for introducing new access/transport related parameters.
In further consideration of the latter method, there are two basic types of metadata to be carried as the BaseURL extension parameters.  The first is the adjustment in Segment availability time relative to MPD@availabilityStartTime.  While the target usage of this adjustment duration is to indicate the difference in availability time of Segments delivered over MBMS compared to unicast access (sooner or later), it is quite valid also for this parameter to reflect the difference in availability time of Segments available over a specific unicast access network or CDN relative to the “worst-case” unicast availability time represented by MPD@availabilityStartTime.  The second metadata type is analogous to the Access description proposed by Nokia.  Besides the desired change to the fields to be included in that descriptor as compared to the set proposed in Tdoc S4-110931 and discussed in Section 2.2, the placement of this descriptor might also be changed for greater utility ad flexibility.  For example, instead as a direct child element of the MPD element, the Access descriptor would better belong as a child element of BaseURL, since that element can be present under the MPD, Period, AdaptationSet and Representation elements.  The default location is preferably under Representation, since each broadcast Representation may be carried on a separate FLUTE session, and therefore it is important to be able to associate the FLUTE session (as defined by the Session Description for which the URL reference should be contained in the descriptor) to the broadcast Representation it carries.  Alternatively, should the BaseURL element not be present, the Access descriptor can also be contained under the SegmentBase element in the MPD.  Similar to the flexibility afforded by use of the BaseURL as the parent element, the SegmentBase could also appear at the Period, AdaptationSet and Representation levels.
3 Summary
This document reviews the background on signaling of transport network and DASH content availability time information currently supported by the MPD.  To support MBMS as another transport for DASH Representations, it should be possible for the MPD to announce the adjustment, if necessary, in Segment availability time as currently defined in the MPD.  The MPD should also signal bootstrapping information to enable the MBMS client to acquire the MBMS USD metadata associated with the broadcast Representation.  The desired solution framework should be easily extensible to signal a multitude of access/transport network specific parameters, for potential incorporation into MPEG DASH.
It is proposed that SA4 agree on the validity of issues, desired functionality of the solution, and objectives of the solution framework.  These are important starting points toward reaching consensus on functional requirements and metrics for consideration of subsequent stage 3 proposals.
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