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Introduction
At the SA4#111 meeting, the FS_5GMS_EXT (SP-200937) was approved to study various potential deployment improvements and extensions to the 5GMS architecture. 
This contribution proposes few deployment scenarios for content preparation.
The SID objectives on content preparation
The SID states the content preparation topic as:
· “Content Preparation: TS 26.501 includes the high-level concept of content preparation and/or modification within the 5G Media Streaming System. However, Content Preparation has not yet been defined in detail in TS 26.512.  The extend of content preparation support (including. use- cases, functionalities and features, and resulting formats) needed in the existing 5G Media Streaming Architecture, and how these functions can be realized in with current 5GMS architecture are subject of this study.”
And defines the objectives as:
1. Document the above key topics in more detail, in particular how they relate to the 5GMS Architecture and protocols.
1. Study collaboration scenarios between the 5G System and Application Provider for each of the key topics.
1. Based on the 5GMS Architecture, develop one or more deployment architectures that address the key topics and the collaboration models.
1. Map the key topics to basic functions and develop high-level call flows.
1. Identify the issues that need to be solved.
1. Provide candidate solutions (including call flows) for each of the identified issues.
1. Coordinate work with other 3GPP groups e.g. SA2, SA3, SA5, and others as needed.
1. Coordinate work with external organizations such as DASH-IF, CTA WAVE, ISO/IEC JTC29 WG3 (MPEG Systems), or IETF, as needed.
1. Identify gaps and recommend potential normative work for stage-2 call flows and possibly stage-3.

Content preparation in 5GMSA
The 5GMSd architecture from 26.501:


Figure 4.2.1-2: Media Architecture for unicast downlink media streaming

The following is defined in 26.512 sections 7.4 and 7.6:
[bookmark: _Toc50642264]7.4.1	Overview
Content Preparation Templates are used to specify manipulations applied by a 5GMSd AS to media resources ingested at interface M2d for distribution at interface M4d. The Content Preparation Templates API is used to provision a Content Preparation Template within the scope of a Provisioning Session that can subsequently be referenced from a Content Hosting Configuration.
[bookmark: _Toc50642265]7.4.2	Resource structure
The Content Preparation Templates Provisioning API is accessible through the following URL base path:
{apiRoot}/3gpp-m1d/v1/provisioning-sessions/{provisioningSessionId}/
Table 7.4.2‑1 specifies the operations and the corresponding HTTP methods that are supported by this API. In each case, the Provisioning Session identifier shall be substituted into {provisioningSessionId} in the above URL template and the sub-resource path specified in the second column shall be appended to the URL base path.
Table 7.4.2‑1: Operations supported by the Content Preparation Templates Provisioning API
	Operation
	Sub‑resource path
	Allowed HTTP method(s)
	Description

	Create Content Preparation Template
	content-preparation-templates
	POST
	Invoked on a Content Preparation Templates collection when supplying a new Content Preparation Template resource.
If the operation succeeds, the URL of the newly created Content Preparation Template resource shall be returned in the Location header of the response and this shall comply with the sub-resource path specified below for manipulating Content Preparation Templates.

	Retrieve Content Preparation Template
	content‑preparation‑templates/‌{contentPreparationTemplateId}
	GET
	Used to retrieve a Content Preparation Template resource.

	Update Content Preparation Template
	
	PUT,
PATCH
	Used to modify an existing Content Preparation Template resource.

	Destroy Content Preparation Template
	
	DELETE
	Used to destroy an existing Content Preparation Template resource.


[bookmark: _Toc50642266]
7.4.3	Data model
The data model of the Content Preparation Template resource shall be determined by its MIME content type.
[bookmark: _Toc50642267]7.4.4	Operations
The operations shall be determined by the MIME content type of the Content Preparation Template resource.
    7.6.3.1 ContentHostingConfiguration resource
	DistributionConfigurations
	Array(Object)
	1..1
	Specifies the distribution method and configuration for the ingested content.
More than one distribution may be configured for the ingested content, e.g. to offer different distribution configurations such as DASH and HLS.

	contentPreparationTemplateId
	String
	0..1
	Indicates that content preparation prior to distribution is requested by the 5GMSd Application Provider. It identifies the Content Preparation Template that shall be used as defined in clause 7.4



7.6.4.4	Content processing
The 5GMSd AF can perform various content processing tasks (such as repackaging, encryption, ABR transcoding) on media resources ingested at M2d prior to serving them at M4d. These processing tasks shall be specified in a Content Preparation Template resource referenced from the Content Hosting Configuration object.
Proposed use case for content preparation template
	Use Case Name

	Basic CMAF/DASH/HLS multi-rate live streaming of user-generated content

	Description

	Kim is subscribed to an Application for live streaming of captured videos from her everyday life. Based on the previous number and diversity of Kim’s usual audience (e.g. close friends), the Application/Application Provider has an “audience codecs-rates” profile which represents the typical number of streams based on Kim’s previous streaming sessions, and provides the corresponding content template to MNO as Kim starts the session live stream session. While Kim is streaming a single stream through her device’s uplink, the MNO process the received content based on the content preparation template.  If new users join Kim’s streaming session which could not be supported with the current codecs-rates, the Application/Application Provider may update the content preparation template in the session, and MNO updates the content preparation process accordingly. 

	Categorization

	Delivery: Live Streaming
Device: Any device connected to the cell network

	Preconditions

	1. On the device:
a. A 3GPP supported encoder is installed.
b. UE is 5GMS capable.
c. UE’s Application is installed which supports 5GMS.
2. On the network, 
a. The AS may or may not have resources for running a requested content preparation.

	Requirements in terms of Capabilities and QoS/QoE Considerations

	

	Feasibility and Industry Practices

	

	Nominal Cost Analysis

	The cost of service increase linearly with the number of ingests.
The cost of service increase less than linearly with the number of download streaming clients as the encoding and caching requirement will be common with a large number of viewers. 

	Benefits and Impact

	The multi-rate encoding is not possible always on the sender device or very battery consuming. 
The multi-rate encoding for a various number of devices in every 5GM AS might not be feasible depending on the availability of resources.
Even a capable 5GM AS may not have resources available due to its load at the session start time.

	Potential Technical Requirements

	

	Potential Standardization Status and Needs

	The content presentation template (CPT) is expected to define the followings:
1. Input characteristics 
2. Outputs characteristics
3. The media processes and/or functionalities applied
4. Optionally hardware requirements necessary for processing
Content preparation for CMAF streaming when the ingest format in CMAF and output is CMAF content with DASH and HLS manifests for live and on-demand services. In this case:
1. The input is CMAF media streams complaint to DASH-IF Live Media Ingest consisting of
a. single video
b. single audio
c. (optional) one or more subtitle tracks
2. The output is CMAF Switching sets conforming to ISO/IEC 23009-1 Part 1 ADM1 DASH Profile for CMAF content
a. One or more video switching sets
b. One or more audio switching sets
c. One or more subtitle switching sets
d. One DASH MPD or one HLS m3u8 manifest or both
e. The directory and file location of the above outputs.
The content preparation template defines:
1. Muli-rate encoding of the content, including
a. Codec profile and level
b. Bit-rates, resolution, and frame rate
c. Period structures and timing
d. Live or on-demand content publishing profile
e. Streaming media standard specific profiles
f. Segments duration and addressing modes
g. Frequency and characteristics of random access and switching points
h. Initialization segment characteristics
i. Content protection and encryption mode
j. Metadata and annotation such as roles, languages, ratings, and accessibility
k. Trick mode and thumbnail navigation tracks
l. Service description 
m. Chunk encoding for low latency streaming
2. Manifest format (DASH and HLS) including the information necessary in manifest according to the characteristics in the media segment formats of 1.




How the above use case relates to the 5GMS Architecture and protocols
26.512 in section 7.6.4.4 states that 5GMSd AF may perform various content processing tasks and those tasks shall be specified in the content preparation template.
Collaboration scenarios between the 5G System and Application 
Precondition: It is assumed that the AS already has resources to implement the content preparation process, i.e. Application Provider may notify the MNO’s platform regarding the required resource before step 1.
The following collaboration scenario is applicable in this use case:
1. Application Provider defines the required content preparation and requests the 5GMSd AS to create the process using the content preparation template (CPT) through M2d.
2. 5GMSd AS allocates resources and responds to Application Provider (M2d).
3. Application Provider may update, retrieve or destroy the CPT using M2d
Question: How does DistributionConfiguration relate to CPT? Does the CPT define the initial/generic formats (such as HLS and DASH) and DistributionConfiguration defines a subset of it for distribution?




Develop one or more deployment architectures that address the key topics and the collaboration models
The current architecture seems adequate for the content preparation template. However, the data model and format of CPT for CMAF/DASH/HLS processing must be defined.
Map the key topics to basic functions and develop high-level call flows
Section 7 already indicates the high-level call flow.
Identify the issues that need to be solved
Information carried in CPT
The CPT should include the followings:
1. Input characteristics 
a. video
b. audio
c. one or more subtitle tracks
d. metadata tracks and presence of media track events
2. Outputs characteristics
a. CMAF/DASH publishing profile
b. The list of codec/profiles levels
c. Every switching set’s configuration
i. Ladder of bitrate/quality
ii. The encoder configuration for each track
iii. Nominal and maximum segment duration 
iv. Frequency and characteristics of random access and switching points
v. Initialization segment characteristics
vi. Content protection scheme and encryption mode
vii. Metadata and annotation such as roles, languages, ratings, and accessibility
viii. Metadata tracks associated with the switching set or individual tracks
ix. Media track events to be included in each track
x. Chunk encoding for low latency streaming
d. Period structure, splicing opportunities, and conditions
e. Segments Addressing modes
f. Trick mode and thumbnail navigation tracks
g. Service description
3. Required manifest formats: DASH, HLS, others
a. Manifest level annotations and metadata
4. Optionally (addition) hardware requirements necessary for processing in the case of update
General CPT data
1. Content preparation template brand: Identifies one or more unique URLs for the CPT profile (i.e. reference template)
2. Content preparation template id: the identifier for this specific CPT.
3. High-level human-readable description of CPT
4. Application Provider’s id
5. Latest publish/update time
6. Application Provider’s extensions
Conclusion
We propose Sections 5-10 to be included in FS_5GMS_EXT PD or draft TR.
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