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1 Introduction
During SA4#82 the MEPRO work item in S4-150157 was agreed and afterwards approved in by SA plenary in SP-150099.
Based on the agreements during SA4#84, service APIs are of significant interest. During SA4#85, the architecture was agreed. This document provides details on transport APIs, i.e. APIs for I-4.

During SA#85, at least the following functionalities were identified:
· Regular object delivery

· Unicast broadcast handoff

· Adjustment of availability times

· Partial file handling

· Cache status

This document provides suggested solutions.

In all cases it is assumed that the protocol on I-4 is HTTP.
2 Transport APIs – Functionalities and Solutions
2.1 Regular object delivery and Partial File Handling

For regular object delivery, refer to section 5.3.2 and 7.3.8 of TS 26.247 (see below). Byte range requests and error handling are for further study.

5.3.2 
Partial File Handling

In certain cirumstances, for example in the case of MBMS download delivery of 3GP-DASH content, a file or segment may only be partially available on the HTTP server. 

If the application, i.e. the 3GP file format client or the 3GP-DASH client supports the handling of partial files, it shall signal its capability using the partial-file-accept request defined in TS26.346 [42], clause 7.9.2.1, i.e. using the Accept header application/3gpp-partial in combination with e.g. an HTTP GET request. If the application uses a partial-file-accept request, then the application shall also be able to handle the request response as defined in TS26.346 [42], clause 7.9.2.2.
7.3.8
Partial File Handling

3GP-DASH clients should support partial-file-accept requests and partial file responses as defined in clause 5.3.2. If 3GP-DASH clients support partial file handling they shall use partial-file-accept requests as defined in TS26.346 [42], clause 7.9.2.1.

Without excluding other response options, as a response to a partial-file-accept request using a regular HTTP GET request a 3GP-DASH client may typically receive one of the following responses:

1. 200 OK with Content-Type set to the Media Type of the requested object

2. 200 OK with the Content-Type set to application/3gpp-partial and the message format according to the definition in clause 7.9.2.2 of TS26.346 [42].

3. 416 Requested Range Not Satisfiable with the additional information according to the definition in clause 7.9.2.2 of TS26.346 [42].

4.  404 Not Found 

Case 1 is the regular response.

Guidelines for handling request responses according to case 4 from above are provided in Annex A.7.

Guidelines for handling request responses 2 and 3 from above are provided in Annex A.9.
2.2 Cache Status

2.2.1 Background

2.2.1.1 Revision of the Key Use Case

The main use case we are interested in in SAND is to create an interface that can handle DASH over MBMS including unicast. The DASH client needs to be steered from the broadcast information to the unicast information and vice versa.  In an initial design this was accomplished by defining two BaseURLs in the MPD and the DASH client is basically told which BaseURLs are available and which ones not.

The assumed operational context is as follows:

· A DASH-over-MBMS service with unicast fallback is provisioned;

· The DASH client has obtained an MPD, from the MBMS client (received over FLUTE as a Media Presentation Description fragment), which declares the entirety of available Representations of the Media Presentations of the DASH-over-MBMS service, and whereby one or more Representations are delivered over the MBMS bearer(s) and one or more Representations are delivered over the unicast bearer; Note that the MBMS receiver may act as a DANE, i.e. a network entity that provides regular DASH content, but also does provide dynamic operational hints, assistance or enforcement for the DASH client.

· In the MPD unicast and broadcast Representations are only differentiated by different URL patterns, most suitable by the use of different base URLs. In the simplest way, the different base URLs may be expressed by different BaseURL elements.

· The USD (i.e., eMBMS service discovery framework) contains information that enables the MBMS client to determine the transport mode (broadcast and/or unicast) of any given Segment request from the DASH client, and the presence of identical or alternative version(s) of the requested content by transport mode.

In addition, it is assumed that the UE implements the HTTP/1.1 interface between the DASH client and the MBMS client, the latter entity containing a HTTP proxy/cache function.  Such UE architecture is shown below in Figure 1, which is a duplicate of Figure 4.2.1-1 in TR 26.848. 
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Figure 1 UE architecture employing HTTP/1.1 interface between MBMS client and DASH client
2.2.1.2 Current SAND/SAMMO Support

In order to support this use case, the SAND CD and TR26.946 contains relevant information, namely

· Resource Status SAND message to signal the status of a certain network at a specific point in time

· Availability Time Offset message to signal some offset to be taken into account when operating on a network

· Different HTTP-based communication channels for assistance, enforcement and error cases. 
2.2.1.3 Limitation of current Approach

The current approach overlooks an operational use cases, namely 

· that the user may join a service while the service is already happening. This means that even if a SAND message is provided, it will not signal from what segment on the segments are cached and available

· that the user may go into time-shift buffer and pick a segment that it considers to be cached but the segment is not cached as the user was not in broadcast coverage at the time when the segment was distributed.

· That certain segments are lost and are not available at all in the time-shift buffer

In order to address this, an extension of the existing SAND messages is considered. Some more details are discussed in the following.

2.2.1.4 Broadcast unicast switching – Detailed scenario

2.2.1.4.1 Scenario 1: Direct Unicast to Broadcast Enforcement

The situation is shown in the figure below:

· At time < T1, segments of (Rep 2) are fetched using unicast 

· When eMBMS is enabled, BM-SC will broadcast live edge segments of (Rep 1)

· At time = T1 (step #6), broadcast segment XN is available and redirecting to local server is enabled

· SAND enforcement  message is used to allow DASH client changing to broadcast representation (Rep 1) (step #9)

· DASH client might request non live edge segments for broadcast representation (Rep 1) within TSB window
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The usage of the HTTP 300 Enforcement message is shown below:
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2.2.1.4.2 Scenario 2: Broadcast to Unicast 

The following scenario is considered next
· Later at time = T2, broadcast is no longer available (step #6)

[image: image5.emf]DASH 

Client

DASH 

Client

CDN Edge 

Server

Local 

Server

2. Get URI (baseURL1+postfix(M))

10. Get URI (baseURL1+postfix(M+1)) 11. Response

eMBMS

DANE

eMBMS

DANE

1. Redirect

(baseURL2,baseURL3->baseURL1,

baseURL1 -> local_baseURL)

8. Redirect(baseURL2,baseURL3: avail)

9. Get URI (baseURL2+postfix(M))

12. Response

5. Segment unavail

6. Redirect

baseURL1 -> 

baseURL2,baseURL3)

3. Get URI (local_baseURL+postfix(M))

7. 404

4. 404: postfix(M)

eMBMS

Client

eMBMS

Client


· Then stop redirecting to local server

· DASH client is made aware that other unicast representations are available as well using SAND enforcement (step #14)

· Later at time > T2, based on unicast bandwidth, DASH client might change to Rep 2

· Issue: the user might go back to segment SM-2 of Rep 2 within TSB window, unicast delivery can be used but similar segment XM-2 of Rep 1 might be already be cached
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2.2.1.4.3 Summary of the Issues

The following issues are identified:

· In certain cases only a range of segment is available in the cache due to reasons mentioned above. 

· Expressing the available Segments is a desired feature

2.2.2 Solution Overview: MPEG Preferred Solution
2.2.2.1 Rationale

In MPEG, several solutions for this issue had been discussed, including backward-compatible or minimum change solutions. However, as it was considered that the SAND work is still be augmentable, it was decided to augment the current CD with the DaneResourceMessage. 
Four aspects were considered to provide a consistent solution:

· The use of regular expression patterns in order to point to a list of resources

· The advantage of this method is that it is a simple extension to the currently defined SAND messages and that it is compact. It is also independent of DASH Segment URL patterns.

· The open question is whether all regex according to POSIX, a restricted subset target to SAND or the restricted subset of CDNi is most suitable.

· The use of one more status, namely promised in order to differentiate already cached data and data that will be cached in the future.

· The use of an envelope in order to describe status, validity and other aspects of the message. This envelope is considered general for all SAND messages.

· A change of order between status and resources: The advantage of this method is that it is flexible and can be compact.

2.2.2.2 Envelope Discussion

Many parameters are common to all SAND messages, and are regrouped here in the common envelope for SAND messages.

Common envelope to SAND messages does not contain mechanism to perform aggregation of SAND messages within the same envelope. Message aggregation shall therefore happen at transport layer, for instance by using multipart MIME type delivery.

	Parameter
	Type
	Cardinality
	Description

	CommonEnveloppe
	
	1
	

	
	messageType
	int
	1
	This uniquely identifies the type of SAND message which is carried in the envelope. Allowed values for this field are described in Table 2.

	
	senderID
	string
	0..1
	If present, this is a unique identifier of the message sender. It is up to the sender to provide such a unique identifier. 

	
	messageID
	int
	1
	This field allows receivers of SAND messages to discriminate between several messages sent from the same sender. Identification of the sender may be done thanks to the senderID information or other transport layer information if senderID is not present. Among messages with same sender and same messageType, message with highest messageID value shall take precedence over the others. The maximum value for messageID is decided by senders and shall be high enough for receivers to easily identify which message shall take precedence even when messageID values have looped back to 0.

	
	generationTime
	time
	0..1
	If present, this indicates the UTC time at which the message was generated.

	
	validityTime
	time
	0..1
	If present, this indicates the UTC time after which the validity time of the message is not guaranteed anymore. If not present, validity of messages lasts until next message with same sender, same messageType and higher messageID is received.


Table 1 - SAND message common envelope

2.2.2.3 DANE Resource Status

Motivation

This parameter allows DANEs to signal the available and possibly anticipated to be available data structures to the DASH client and also signal which data structures are unavailable. This method is complementary to the resource status mentioned above as it allows to express the available segments at the time of the status message. The resources are either explicitly listed or provided as a list, or they are provided by some abbreviated message format. Typical use cases are as follows:

· the DANE may join an upstream multicast/broadcast service that delivers segments close to segment availability time. This means that Segments are available only from a specific time onwards in the cache.

· certain segments are lost and this is detected by the DANE to be lost and unavailable.

In order to address this, an extension of the existing SAND messages is considered. Some more details are discussed in the following.

Source and destination

	Type     : PER

Sender   : caching DANE

Receiver : DASH client (and intermediate DANEs)


Data representation

	Parameter
	Type
	Cardinality
	Description

	DaneResourceStatus
	
	1
	Provides the status of the resources listed below.

	
	status
	string
	1
	specifies the resources that can be assigned to this type. The define types are documented in Table 8.

	
	
	resource
	anyURI
	0 … N
	Provides a resource for which the status applies

	
	
	resourceGroup
	string
	0 ... N
	Provides a group of resources for which the status applies. 
NOTE: A regex based proposal is considered


Table 7 - DaneResourceStatus parameters

	Status
	Semantics

	cached
	Resource is available in DANE

	unavailable
	Resource is not available in the DANE and request will result in 404

	unknown
	Resource is not available in the DANE and request will be forwarded to origin server

	promised
	Resource will be available in the DANE at the time announced in the Media Presentation


Table 8 - allowed values for status parameter

2.2.2.4 Format Discussion

XML is considered as the recommended format for SAND messages data representation format. 

Some other aspects are considered relevant for the SAND messages:

· Common Envelope (versioning and extensibility ensured)

· One message per XML document.

· Easy extensibility (future SAND messages, private messages, message extensions)

· MIME type definition (to be exposed in content-type)

2.2.2.5 Regular Expression

The resource group defines a string with multiple segments. In order to express different types use cases and to compress the message size, some simplified regular expression patterns are permitted. Note that the resource group does not indicate that for all resources that can be generated by this pattern, the status applies, but only for the intersection of resources that are referenced in the Media Presentation and the ones that are generated by the expression pattern

The regular expression pattern follows the POSIX standard. As an overview the following meta characters may be used to express a group of resources. 
	Meta Character
	Description

	.
	Matches any single character (many applications exclude newlines, and exactly which characters are considered newlines is flavor-, character-encoding-, and platform-specific, but it is safe to assume that the line feed character is included). Within POSIX bracket expressions, the dot character matches a literal dot. For example, a.c matches "abc", etc., but [a.c] matches only "a", ".", or "c".

	[ ]
	A bracket expression. Matches a single character that is contained within the brackets. For example, [abc] matches "a", "b", or "c". [a-z] specifies a range which matches any lowercase letter from "a" to "z". These forms can be mixed: [abcx-z] matches "a", "b", "c", "x", "y", or "z", as does [a-cx-z].

The - character is treated as a literal character if it is the last or the first (after the ^, if present) character within the brackets: [abc-], [-abc]. Note that backslash escapes are not allowed. The ] character can be included in a bracket expression if it is the first (after the ^) character: []abc].

	[^ ]
	Matches a single character that is not contained within the brackets. For example, [^abc] matches any character other than "a", "b", or "c". [^a-z] matches any single character that is not a lowercase letter from "a" to "z". Likewise, literal characters and ranges can be mixed.

	^
	Matches the starting position within the string. In line-based tools, it matches the starting position of any line.

	$
	Matches the ending position of the string or the position just before a string-ending newline. In line-based tools, it matches the ending position of any line.

	( )
	Defines a marked subexpression. The string matched within the parentheses can be recalled later (see the next entry, \n). A marked subexpression is also called a block or capturing group.BRE mode requires \( \).

	\n
	Matches what the nth marked subexpression matched, where n is a digit from 1 to 9. This construct is vaguely defined in the POSIX.2 standard. Some tools allow referencing more than nine capturing groups.

	*
	Matches the preceding element zero or more times. For example, ab*c matches "ac", "abc", "abbbc", etc. [xyz]* matches "", "x", "y", "z", "zx", "zyx", "xyzzy", and so on. (ab)* matches "", "ab", "abab", "ababab", and so on.

	{m,n}
	Matches the preceding element at least m and not more than n times. For example, a{3,5} matches only "aaa", "aaaa", and "aaaaa". This is not found in a few older instances of regular expressions. BRE mode requires \{m,n\}.


2.3 Unicast Broadcast Handoff

There exist three candidates:

· The solution in section 2.2 on DaneResourceStatus.

· The usage of the ResourceStatus as documented in TR26.946.

· The usage of identical and alternative as available in TS26.346.
We believe that usage of the solution document in section 2.2 is most suitable. If not all use cases are fulfilled, the Resource status may be used as well.
2.4 Adjustment of AvailabilityStartTime

This issue is ffs.
2.5 Other Functionalities

Other functionalities:

· Metric reporting should be considered carefully (see QoE metrics)
· Handling of conditional requests (cookies, query parameters, header extensions)
3 Proposal
It is proposed to add the information in section 2 flows to the Technical Report.
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