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1 Introduction

This document is a follow-up to the discussion paper Tdoc S4-130051 “Rationale for USD Indication of DASH Delivery Mode and Ilustrative Implementation” [1] presented at SA4 #72.  It is also a companion document to the CR of Tdoc S4-130xxx “USD Indication of DASH Transport” [2].
The objective: “Define mechanisms to enable switching between unicast/HTTP and broadcast/FLUTE delivery of DASH content” in the Rel-11 EMM-DDE WID [3] was not fulfilled in the Rel-11 MBMS/3GP-DASH specifications.  The agreed Rel-12 work item “Enhanced MBMS Operation” (EMO) [4] intends to fill this gap by containing an objective of “enabling an MBMS service carrying DASH content and intended for hybrid broadcast/unicast transport to be issued in a single MPD”.

Alternative mechanisms on the signaling of broadcast and unicast transport of DASH-formatted services have been proposed and discussed in SA4 since August 2011, but without resolution/agreement.  During SA4 #72, during the discussion of [1], there was considerable support in SA4 for conveying the signaling information on DASH transport in the USD instead of the MPD.   This discussion paper describes an improvement over the mechanism documented in [1].
2 Background and Objectives
There already exists (since Rel-8) a defined mechanism for RTP-based streaming delivery to fall back to unicast delivery, when MBMS bearers are not usable or available.  This is indicated by the alternativeAccessDelivery child of the deliveryMethod element, which, when present, contains one or more one unicastAccessURI elements that identify PSS server(s) from which the same streaming content can be retrieved.  Having the unicast-based alternative delivery information carried in the USD would provide missing functionality of fall-back to unicast delivery of the DASH Media Presentation.

Absence of unicast availability information means that an application has to manage the unicast-broadcast transitions. Also, since the MPD referenced in the USD only describes broadcast delivery, the application needs to manage a separate MPD for unicast delivery. Managing separate MPDs for unicast and broadcast Representations would likely result in service interruptions during switching between transport modes.
Besides allowing a single MPD to convey Representations regardless of transport mode, other key objectives for the DASH transport signaling solution are as follows:

· Avoid layering violations – the MBMS client should not have to process the MPD, nor should the DASH client have to be aware of the transport mode of Representations;

· In the USD signaling of DASH transport method as proposed in this document, it should be possible to employ HTTP/1.1 as the interface between eMBMS client and DASH client for content request/response;
· Access to contents requested by the DASH client may be governed by criteria including but are not limited to coverage conditions and service provider policy;

· Extensibility of solution to other types of mixed broadcast/unicast content delivery besides DASH.
3 USD Signaling of DASH Transport
The objective of the proposed solution is to extend the USD with additional parameters which, in the case of DASH over MBMS download delivery, would enable the MBMS client to determine whether Segment requests from the DASH client can be served exactly as is, or from one or more alternative Representations.  The USD will indicate the transport mode (broadcast-only, unicast-only or both broadcast and unicast) of each Representation specified in the MPD.  Although the rules and mechanisms for determining Representation availability are outside the scope of this specification, example scenarios for consideration are given below:

· UE is located within MBMS coverage area, and the DASH client requests a particular Representation that is known (from the USD) to be unavailable over broadcast delivery.  Service provider policy dictates that whenever the UE is in MBMS coverage, only broadcast-delivered Representations of the same program can be accessed.   In this situation, the DASH client should be limited to selecting among the alternative Representation(s) available over broadcast delivery.
· UE is located within MBMS coverage, and the DASH Client requests a Representation that is known to be available identically over broadcast delivery.  In this situation, the desired Representation can be directly accessed by the UE. 
· UE is outside MBMS reception area, and the DASH client requests a Representation that is known to be only available over broadcast delivery.  In this situation, the DASH client should be limited to selecting among the alternative Representation(s) available over unicast delivery.

· UE is outside MBMS reception area, and the DASH client requests a Representation that is known to be available over both broadcast and unicast delivery.  In this situation, the DASH client should be able to receive the same Representation over unicast.
Additional information proposed to be carried in the USD are the indication of the service area(s) over which each  Representation is delivered, and the identification of the SDP that describes the FLUTE session carrying that Representation. 
Similar to the previous solution described in [1], it is proposed for Rel-12 TS 26.346 that a mediaPresentationDescription2 child element be added under userServiceDescription to carry additional transport parameters.  The main difference in the new proposal from the previous one is the contents of this mediaPresentationDescription2 element.  Previously, it was proposed that MPD-specific parameters, such as Period ID, Adaptation Set ID and Representatation ID be contained in mediaPresentationDescription2, to identify those Representations available over unicast delivery.  These same parameters, along with URI reference to a Session Description fragment, would identify each Representation delivered over broadcast, as well as the mapping to the FLUTE session carrying the Segments of that Representation.  The XML content model of the previous solution proposal is shown in Figure 1.   
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Fig. 1: Content Model of USD Extension for Carrying DASH Transport Info in Previous Proposal [1]
The main issue with the previous proposal is with regards to enabling the use of HTTP/1.1 as the protocol interface between the DASH client and the MBMS client for Segment request/response, while maintaining clean layering separation in protocol processing.   Specifically, the MBMS client would have to process MPD-specific information to correlate the DASH client request for a particular Representation to actually available and permitted (e.g. in accordance to service provider policy) Representation(s) by transport mode.   In the event that a requested Representation cannot be provided, in order for the MBMS client to use HTTP Redirection (via 3xx response codes as defined in RFC 2616 [5]) to inform the DASH client of one or more alternative Representations, it will have to compose a complete Segment URI for each alternative resource.  Such layering violation on the part of the MBMS client is eliminated in our revised proposal.
In the improved solution, the MBMS client need not be aware of or process MPD information.  It merely has to perform data matching of a new parameter in the USD with the URL of Segment requests generated by the DASH client, in determining whether the requested Segment is available over broadcast, unicast, or both transport modes.  This is possible because the portion of the request URL that uniquely identifies the Representation to which the requested Segment belongs will also be conveyed in the USD.  In conjunction with any other relevant rules and conditions, such as coverage condition (whether the UE is in unicast and/or broadcast service area), service provider policy, etc., the MBMS client can use HTTP/1.1 mechanisms to mediate Segment requests to the appropriate resource – i.e. a local content cache in the UE, or an external HTTP server, without protocol layering violation.   The XML content model of the modified solution as proposed in [2] is shown in Figure 2. 
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Fig. 2: Content Model of USD Extension for Carrying DASH Transport Info in New Proposal [2]

Each of the one or more broadcast Representations is identified in the USD by a unique baseURL attribute of the broadcast element.  Each instance of broadcast maps to a unique Representation delivered over the MBMS bearer.  Its baseURL will be compared to a portion of the Segment URL used by the DASH client to request Segments – specifically, the initial portion of the Segment URL starting from the URI scheme and extending to and inclusive of the Representation-ID (value of Representation@id in the MPD).  For example, assume the Segment URL issued by the DASH client to be “http://example.com/per-3/rep-512/seg-99.3gp”, corresponding to a request for Segment 99 of Representation 512 (Representation@id = ‘512’) in Period 3 (Period@id = ‘3’).  The portion of this URL for matching with USD data is “http://example.com/per-3/rep-512”.  In the event that this Representation is available over broadcast, an instance of mediaPresentationDescription2.broadcast will be present in the USD with baseURL given by “http://example.com/per-3/rep-512”, identical to the portion of interest in the request URL.
Simlarly, each of the zero or more unicast Representations is identified in the USD by a unique baseURL attribute of the mediaPresentationDescription2.unicast element.  A matching pattern in the same portion of the request URL as the above to the unicast baseURL implies that this Representation is available over unicast delivery.  Note that the same Representation may be available over both, one-only, or neither of the transport modes. 

The USD element identicalContent specifies Representations delivered over broadcast and unicast transport that are identical, including Segment size, and can therefore be interchanged as necessary in response to coverage condition, policy requirements, etc.  For example, assume that Representation 512 is known from the USD to be delivered over both unicast and broadcast with the same Segment size.  In this case, that baseURL identifying Representation 512 will also appear in identicalContent.  Assume the DASH client had been receiving Segments of this Representation over unicast with the URL http://example.com/per-3/rep-512/seg-99.3gp, and the UE now moves into MBMS coverage with policy dictating that in broadcast coverage, only a broadcast Representation can be accessible to the DASH client.  In this case, the response to such HTTP GET request from the DASH client could be a HTTP 300 status code accompanied by the same Representation but prefixed by a different hostname, e.g. “localhost.com” to reference the UE-based HTTP server for obtaining the content.  Alternatively, if the MBMS client has HTTP proxy capability, it can directly serve the request with a 200 OK response, instead of incurring redirection.
The USD element switchableContent specifies Representations delivered over broadcast and unicast transport that can be interchanged as necessary in response to coverage condition, policy requirements, etc.  Specifically, this element identifies Representations delivered on unicast and broadcast transport modes which are alternatives to and can be substituted for one another, given their Segment sizes are identical in both modes.  For example, assume Representation A is known from the USD to be delivered over unicast, and alternative Representations B and C with the same Segment size as Representation A are delivered over broadcast.  Further, assume that the DASH client requests Segments of Representation A, and it is determined that the device is in broadcast coverage and policy dictates that in broadcast coverage, only a broadcast Representation, if available and suitable, can be accessible to the DASH client.  In this case, baseURLs pertaining to Representations A, B and C will be carried in switchableContent to represent replaceable or switchable Representations.  In particular, the response to an HTTP GET request from the DASH client for a particular Segment of Representation A can be a HTTP 303 (‘See Other’) accompanied by two alternative resource URLs.  Each alternative URL is formed by replacing the portion of interest in the Segment URL for Representation A by the baseURL corresponding to Representations B or C, while retaining the Segment number in the original request.  baseURL’s of Representations delivered over broadcast and unicast which have different Segment sizes should not be included in switchableContent.
Otherwise, similar to the previous proposal in [1], via the sessionDescription element, each broadcast Representation is linked to a Session Description fragment or SDP document pertaining to the FLUTE session carrying that Representation.  In addition, the serviceArea element, if present, denotes the MBMS service area(s) over which the broadcast Representation(s) are available.  
An example call flow showing the interaction between the MBMS client and DASH client featuring HTTP 303 redirection for the access of alternative Representation is provided in Section 4.
4 DASH over MBMS Architecture and Example

As an illustrative example, Figure 3 depicts an end-to-end network architecture for DASH content delivery over MBMS bearer with unicast fallback.  FLUTE-based download delivery represents the TS 26.346-defined interface between the BM-SC and MBMS client.  The assumed interface between the DASH client and the MBMS client (here assumed to be a composite entity including MBMS receiver, device-based HTTP server, policy, redirection and proxy functions) is HTTP/1.1.  
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Fig. 3: DASH over MBMS Architecture

Figure 4 is a call flow associated with the above network architecture for DASH content delivery over broadcast and unicast transport, and based on the USD extension shown in Fig. 2.  Here, it is assumed that the USD contains the following values of the baseURL attribute under mediaPresentationDescription2.broadcast and mediaPresentationDescription2.unicast. Also, it is assumed that the baseURL values in the broadcast and unicast elements are contained in the switchableContent element
	mediaPresentationDescription2.broadcast@baseURL

	mediaPresentationDescription2.unicast@baseURL

	mediaPresentationDescription2.switchableContent.baseURL


	http://example.com/per-3/rep-512
	http://example.com/per-3/rep-256
http://example.com/per-3/rep-128
	http://example.com/per-3/rep-512
http://example.com/per-3/rep-256
http://example.com/per-3/rep-128


Furthermore, suppose that the MPD instance contains the following contents:
· MPD@type = ‘dynamic’
· Period@id = ‘3’

· Period.SegmentTemplate@media = ‘http://example.com/per-3/rep-$RepresentationID$/seg-$Number$.3gp’

· Representation@id = ‘512’ …
· Representation@id = ‘256’…
· Representation@id = ‘128’…
Given these MPD parameter values, the DASH client wishing to request Segment 99 for Representation 512 in Period 3 would issue the following URL for the resource location: http://example.com/per-3/rep-512/seg-99.3gp. The call flow describes DASH content delivery for two different situations: 1) UE is located in MBMS coverage, and request Segments of Representation 512 of Period 3 which is available over broadcast delivery, and subsequently, 2) UE moves outside MBMS coverage, and continues request for the same Representation which is not available over unicast delivery, but Representations 256 and 128 are available over unicast.
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Figure 4: Example Call Flow for DASH over MBMS with Unicast Fallback 

5 Summary
A modified proposal for the use of USD-based signaling of DASH transport is described in this document.  It is an improvement over the previous proposal described in [1].  Most significantly, layering violation is entirely avoided in this method, since the MBMS client does not have to understand or process MPD information.  It merely has to perform data pattern matching of known transport semantics against the URLs of Segments requested by the DASH client to determine whether the requested Segments are delivered via broadcast and/or unicast, and whether that request can be satisfied as is, or need to be redirected to the same or an alternate and eligible (for inter-transport mode switching purposes) Representation delivered on the other transport mode. Such determination may be based on factors such as whether UE is located inside or outside of MBMS coverage, service provider policy, if any, governing accessibility of Representations by transport mode, and possibly dependent on other conditions or rules.  Example network architecture and call flow diagram for DASH content delivery via MBMS with unicast fallback were provided to illustrate end-to-end content delivery featuring the use of HTTP protocol interface between the DASH client and MBMS client.  The adherence to protocol layering should provide architectural benefits in extensibility and simplicity of UE implementation in support of DASH-in-MBMS services.
It is proposed that SA4 consider the rationale and benefits described above for the new proposal of USD-based signaling of DASH transport in the companion CR [2]. 
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