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=====  CHANGE =====
[bookmark: _Toc194067371]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[bookmark: _Toc194067969]=====  CHANGE (new) =====
5.27	5G System-independent media streaming
[bookmark: _Toc194067970]5.27.1	Description
5G Media Streaming features are to a large extent independent of the access network and primarily of the 5G System functionalities; only a subset of the features relies on 5G System functionalities. However, many features of 5G Media Streaming are useful outside of the 5G system and may hence benefit service providers and network operators. A study of opportunities and technical aspects is warranted.
[bookmark: _Toc194067977]5.27.2	5GMS Features and dependency on 5GS
This clause summarizes the high-level features for supporting enhanced media streaming in the 5G System as defined in TS 26.501 [15]. Table 5.27.2‑1 lists the principal features of the 5GMS architecture along with cross-references to relevant clauses in TS 26.501 [15] defining its functions and procedures.
[bookmark: _CRTable4_0_11]Table 5.27.2‑1: 5G Media Streaming feature index with clauses in TS 26.501 [15]
 and dependency on 5G System features
	Feature
	Feature description clause
	Procedure definition clause(s)
	Dependency on
 5G System features

	
	
	Downlink media streaming
	Uplink media streaming
	

	Content hosting
	4.0.2
	5.4
	Not applicable
	No dependency

	Content publishing
	4.0.3
	Not applicable
	6.2.3
	No dependency

	Content preparation
	4.0.4
	Not defined
	Not defined
	No dependency

	Network assistance
	4.0.5
	5.9
	6.5, 6.7
	PCF, RAN

	Dynamic policies
	4.0.6
	5.8, 5.7.6
	6.9
	PCF

	Remote control
	4.0.7
	Not applicable
	6.6
	No dependency

	Consumption reporting
	4.0.8
	5.6
	Not applicable
	No dependency

	QoE metrics reporting
	4.0.9
	5.5
	Not applicable
	AF-based reporting: No dependency
RAN-based QoE: RAN

	Edge processing
	4.0.10
	8
	No dependency	Comment by Richard Bradbury: Technically, there is a dependency on the MnS, but this could be substituted by any equivalent Management & Orchestration framework for edge computing.

	eMBMS delivery
	4.0.11
	5.10
	Not applicable
	No dependency

	Data collection, reporting and exposure
	4.0.12
	5.11
	6.8
	No dependency	Comment by Richard Bradbury: The Data Collection AF functionality is already pretty generic but could be substituted with some other exposure mechanism.

	Service URL handling
	4.0.13
	9, 5.10.7
	9
	No dependency	Comment by Richard Bradbury: Based on client-side intent handling.

	MBS delivery
	4.0.14
	5.12
	Not applicable
	No dependency



[bookmark: _CR4_0_2][bookmark: _Toc210059935]===== Reference material =====
Editor’s Note: the remaining text is only kept for the purpose to analyse the features.
The following clauses introduce these features in terms of network-side components ("5GMS network services") and a UE-side client component referred to variously as the 5GMSd Client (for downlink media streaming), 5GMSu Client (for uplink media streaming), or simply 5GMS Client (in the case of features applicable to either downlink media streaming or uplink media streaming).
Media delivery occurs in the context of a time-bound media streaming session initiated by the 5GMS Client and supported by the media session handling features of the 5GMS System. Each media streaming session is uniquely identified in the 5GMS System by a media delivery session identifier for the purposes of logging and audit. A single media streaming session may involve the delivery of more than one item of media content, each one identified by a different Media Entry Point.
Before the required features of the 5GMS System can be used by 5GMS Clients, they are first provisioned by a 5GMS Application Provider creating one or more Provisioning Sessions in a particular 5GMS System. Each such Provisioning Session is uniquely identified in the target 5GMS System by an external service identifier that is also made known to 5GMS Clients for the purpose of initiating media session handling in the context of a media streaming session. The external service identifier is intended to be system-independent and global in scope: a 5GMS Application Provider may create Provisioning Sessions in different 5GMS Systems that have the same external service identifier so that a common UE application can be deployed in all of them without system-specific knowledge.
4.0.2	Content hosting
The content hosting feature is applicable to downlink media streaming only. It provides a service equivalent to a Content Delivery Network (CDN) deployed inside or outside the Trusted DN. High-level procedures for this feature are defined in clause 5.4.


[bookmark: _CRFigure4_0_21]Figure 4.0.2‑1: High-level arrangement for content hosting feature
When a 5GMSd Application Provider has provisioned the content hosting feature for downlink media streaming:
1.	Media content is either retrieved by a network-side component of the 5GMS System from a media origin at the 5GMSd Application Provider (pull-based content ingest) or else it is published to a network-side component of the 5GMS System by the 5GMSd Application Provider (push-based content ingest).
2.	Network-side components of the 5GMS System may cache this content for a configurable period of time across one or more service locations.
3.	Network-side components of the 5GMS System may manipulate the content according to rules provisioned in Content Preparation Templates (see clause 4.0.4).
4.	The 5GMSd Client in the UE subsequently retrieves the (possibly manipulated) media content as part of a downlink media streaming session. The security of the content served to the 5GMSd Client by network-side components of the 5GMS System may be guaranteed by a provisioned Server Certificate.
In addition, the use of content hosting by 5GMSd Clients is logged by the 5GMS System and, if suitably provisioned, is exposed by it to subscribing 5GMSd Application Providers in the form of events. This information is equivalent to that contained in CDN access logs (see also clause 4.0.12).
[bookmark: _CR4_0_3]In addition, the 5GMSd Client may be configured to report client data to the 5GMS network services in band with media requests. This allows a media player to communicate mutually beneficial media-related information to a content serving endpoint as part of regular media requests. A media player may be instructed through a configuration API on how exactly to report. The reported client data may be used by the 5GMS network services for several purposes as described in clause 5.16.1.2 of TR 26.804 [36]. The use cases which in-band client data reporting enables are broad – including robust pre-fetching of content, analytics solutions, forensic debugging, delivery optimisation, alerting and monitoring systems, low latency optimisations, server-side switching, research analytics and content steering decision-making.
Client data reporting can be considered as a supplementary reporting mechanism for media client data, operating alongside consumption reporting (see clause 4.0.8) and QoE metrics reporting (clause 4.0.9).
Figure 4.0.2-2 provides a high-level arrangement for in-band client data reporting in the context of the content hosting feature; procedures and call flows are defined in clause 5.13.


Figure 4.0.2‑2: High-level arrangement for client data in-band reporting feature
[bookmark: _Toc210059936]4.0.3	Content publishing
The content publication feature is applicable to uplink media streaming only. High-level procedures for this feature are defined in clause 6.2.3.


[bookmark: _CRFigure4_0_31]Figure 4.0.3‑1: High-level arrangement for content publishing feature
When a 5GMSu Application Provider has provisioned the content publishing feature for uplink media streaming:
1.	Media content is published by the 5GMSu Client in the UE to a network-side component of the 5GMS System as part of an uplink media streaming session. The security of the content published to the 5GMS System may be guaranteed by a provisioned Server Certificate.
2.	The network-side component of the 5GMS System may cache this content for a configurable period of time.
3.	Network-side components of the 5GMS System may manipulate the content according to rules provisioned in Content Preparation Templates (see clause 4.0.4).
4.	A network-side component of the 5GMS System makes the media content available for retrieval by the 5GMSu Application Provider (pull-based content egest) or publishes it directly to the 5GMSu Application Provider (push-based content egest).
[bookmark: _CR4_0_4][bookmark: _Toc210059937]4.0.4	Content preparation
The content preparation feature is applicable to both downlink media streaming (where it is provisioned as part of the content hosting feature introduced in clause 4.0.2) and uplink media streaming (where it is provisioned as part of the content publishing feature introduced in clause 4.0.3). The content preparation feature enables a 5GMS Application Provider to specify content manipulation by network-side components of the 5GMS System according to provisioned Content Preparation Templates. Content preparation may include encoding, transcoding, packaging, encryption and protecting content using DRM.
When a 5GMSd Application Provider has provisioned the content preparation feature for downlink media streaming:
1.	Network-side components of the 5GMS System may manipulate ingested media content and may cache the manipulated content prior to serving it to the 5GMSd Client in the UE.
When a 5GMSu Application Provider has provisioned the content preparation feature for uplink media streaming:
1.	Network-side components of the 5GMS System may manipulate the media content ingested from the 5GMSu Client in the UE and may cache the manipulated content prior to egesting it to the 5GMSu Application Provider.
[bookmark: _CR4_0_5][bookmark: _Toc210059938]4.0.5	Network assistance
The network assistance feature is applicable to both downlink media streaming and uplink media streaming. It enables the 5GMS Client in the UE to interrogate or manipulate the network Quality of Service for an ongoing media streaming session.
High-level procedures for this feature are defined in clause 5.9 (downlink media streaming) and in clauses 6.1, 6.5 and 6.7 (uplink media streaming). The network assistance feature is not explicitly provisioned by the 5GMS Application Provider. It is either available for a particular media streaming session or not, depending on system pre-configuration and/or policy.
Two mechanisms for obtaining network assistance are defined in the present document: one based on interactions with the PCF via network-based components of the 5GMS System (AF-based network assistance), the other based on ANBR signalling interactions between the UE modem and the RAN (ANBR-based network assistance).


[bookmark: _CRFigure4_0_51]Figure 4.0.5‑1: High-level arrangement for network assistance feature
The following network assistance sub-features are defined in this release for both the AF-based and ANBR-based mechanisms:
1.	Bit rate recommendation (or throughput estimation). The 5GMS Client requests an estimate from a network-side component of the 5GMS System of the bit rate that can currently be offered by a media streaming session. The network-side component interrogates the PCF on behalf of the 5GMS Client to obtain this information about the PDU session corresponding to the media streaming session.
	The 5GMS Client uses this information to adjust its own streaming bit rate to fit within the Quality of Service (QoS) envelope that the network is able to offer, for example by switching to a different representation listed in its Media Entry Point, or by adjusting the encoding bit rate for uplink streaming to fit within this bit rate budget. The media streaming Quality of Experience (QoE) is more stable and consistent as a consequence.
2.	Delivery boost. The 5GMS Client speculatively requests a temporary boost to the bit rate of a media streaming session from a network-side component of the 5GMS System. The network-side component requests a modification to the PDU session corresponding to the media streaming session from the PCF on behalf of the 5GMS Client. If there is sufficient spare network capacity to accommodate the requested bit rate, it is granted by the 5GMS System on a temporary basis.
	The 5GMS Client uses this temporary boost to speed up media streaming data transfer, for example to replenish a depleted downlink streaming buffer or to complete a download/upload faster than would otherwise be possible.
In addition, the use of network assistance by 5GMS Clients is logged by the 5GMS System and, if suitably provisioned, is exposed by it to subscribing 5GMS Application Providers in the form of events (see also clause 4.0.12).
[bookmark: _CR4_0_6][bookmark: _Toc210059939]4.0.6	Dynamic policies
The dynamic policies feature is applicable to both downlink media streaming and uplink media streaming. It enables the 5GMS Client in the UE to manipulate the network traffic handling policies for an ongoing media streaming session.


NOTE:	The PCF is accessed via the NEF when the 5GMS network services are deployed outside the Trusted DN.
[bookmark: _CRFigure4_0_61]Figure 4.0.6‑1: High-level arrangement for dynamic policies


[bookmark: _CRFigure4_0_62]Figure 4.0.6‑2: Domain model for dynamic policies
With reference to figure 4.0.6‑2, dynamic policies work as follows:
1.	A conceptual Service Operation Point is an abstract set of requirements that support a media streaming service (e.g., SD, HD, UHD). It is identified by an External reference that is used to tag Policy Template resources provisioned in the 5GMS System and Service Descriptions included in Media Entry Point documents.
2.	The Service Operation Point is embodied in the 5G System by a Policy Template which is provisioned in the 5GMS network services by the 5GMS Application Provider within the scope of an umbrella Provisioning Session. A Policy Template may be defined as being applicable to one or more application session contexts, each identifying a particular Data Network and/or Network Slice. The Policy Template carries the External reference and Network QoS parameters corresponding to a single Service Operation Point. (Any number of Policy Templates provisioned for different Data Networks and/or Network Slices may reference the same Service Operation Point.) The 5GMS network services may reject attempts to provision a Policy Template that specifies Network QoS parameters outside acceptable bounds imposed by local system configuration.
	In addition, the Policy Template may include a reference to an existing Background Data Transfer policy. If no previously defined Background Data Transfer policy exists, the Policy Template may instead include the parameters that are used by the 5GMS network services to provision a Background Data Transfer policy for the current Provisioning Session. These parameters may include desired time windows when Background Data Transfer may be advertised to 5GMS Clients, a quota representing the maximum number of 5GMS Clients that are permitted to take advantage of Background Data Transfers in each such time window and a quota representing a ceiling for the aggregate volume of data that all 5GMS Clients are permitted to transfer in each Background Data Transfer window. Hence, an advertised time window is not a guarantee that a request for Background Data Transfer will actually be granted by the 5GMS System.
	The Policy Template may include an L4S enablement preference flag which indicates a preference to enable ECN marking for L4S in the 5G System (as described in clause 5.37.3 of TS 23.501 [2]). If set, this flag directs the 5GMS Client to select and activate ECN marking for L4S when it instantiates the Policy Template with an L4S required flag set in the Dynamic Policy request. The 5GMS network services accept the provisioning of such a Policy Template only if the underlying 5G System supports the detection of congestion and reaction to it.
NOTE:	As described in RFC 9330 [38], RFC 9331 [39] and RFC 9332 [40], the purpose of ECN marking for L4S (Low Latency, Low Loss and Scalable Throughput) is to inform a recipient host at the earliest opportunity that an IP packet has experienced network congestion at some point in its routing path. It exposes congestion information by marking ECN bits in the IP header of the user IP packets between the UE and the Application Server.
	The Policy Template may include a QoS monitoring configuration which indicates a preference to enable QoS monitoring in the 5G System (as described in clause 5.45 of TS 23.501 [2]) for measurement and reporting of QoS parameters when this Policy Template is instantiated with a QoS monitoring required flag set in the Dynamic Policy request. The QoS monitoring configuration indicates the trigger for reporting (event or periodic), the set of QoS parameters that are to be monitored when this Policy Template is instantiated and, optionally, an indication that notifications are to be sent via the UPF. The resulting Service Access Information for the Policy Template includes a QoS monitoring enablement preference flag indicating that QoS monitoring is preferred to be enabled by the 5GMS Client when the Policy Template is instantiated. Based on its own knowledge of the intended media delivery session, or based on input from an application, the 5GMS Client decides whether to enable QoS monitoring when it instantiates the Policy Template. QoS monitoring is then activated by the 5GMS network services and the 5GMS network services notify the 5GMS Client about significant changes to these QoS parameters during the media delivery session.
3.	The 5GMS Application Provider makes one or more Media Entry Point documents (e.g., DASH MPDs) available for use by the 5GMS Client. To take advantage of the dynamic policies feature, a Media Entry Point document includes one or more Service Descriptions, each identifying the streaming requirements of a presentation that correspond to a single Service Operation Point (e.g., SD, HD, UHD) and identified by means of an External reference. The same Service Description may be included in more than one Media Entry Point document in case a common Service Operation Point is applicable to multiple media presentations.
4.	When a Media Entry Point is selected by the 5GMS Client at the start of a media streaming session, the 5GMS Client retrieves Service Access Information from a network-side component of the 5GMS System describing the set of available Policy Templates provisioned in step 2 and exposes this to a controlling application on the UE.
4a.	If Background Data Transfer was provisioned as part of any Policy Templates in step 2 above, the Service Access Information includes details of the advertised time windows when Background Data Transfers are available and the data volume quota (if any). Maximum bit rates for the 5GMS Client in either or both the uplink and downlink direction may also be nominated by the 5G System and signalled to the 5GMS Client in the Service Access Information. Finally, an endpoint in the 5GMS network services may be provided allowing the 5GMS Client to subscribe to receive real-time notifications of Background Data Transfer warning notifications.
5.	At the start of a media streaming session, the controlling application on the UE selects one of the Service Descriptions listed in the Media Entry Point document that realises its preferred Service Operation Point. Either the Media Player (when the Service Descriptions are within the Media Entry Point document) or the controlling application (when the Service Descriptions are not within the Media Entry Point document) informs the 5GMS Client of its choice by passing the corresponding External reference to it.
6.	If there is a Policy Template available for the current media streaming session with the indicated External reference, the 5GMS Client instantiates this Policy Template by interacting with a network-side component of the 5GMS System in order to realise the Service Operation Point described by the Policy Template and the Service Description. The effect of this is that the corresponding network Quality of Service is applied to the media streaming session.
7.	At any point during one of the advertised Background Data Transfer time windows the 5GMS Client may request a Background Data Transfer by instantiating a Policy Template with a Background Data Transfer specification in the 5GMS network services, including an estimate of the data volume it intends to transfer. The 5GMS network services may grant the request for the Background Data Transfer if the data volume estimate is acceptable and if the quota of requests for the time window in question has not already been exceeded. If the request is granted, the 5GMS network services apply the appropriate Background Data Transfer Quality of Service policy to the media streaming session from the Policy Template in question. The Background Data Transfer grant returned to the 5GMS Client includes an estimate of the time period for which Background Data Transfer is available for the 5GMS Client to use. After this period has expired, the 5GMS network services automatically revert the network Quality of Service back to its state before the grant.
8.	The 5GMS media services also subscribe to receive Background Data Transfer warning notifications from the PCF related to the individual Background Data Transfer policy as defined in clause 4.16.7.3 of TS 23 502 [3]. The 5GMS media services shall notify the 5GMS Client when the network performance of that particular media streaming session degrades below the Background Data Transfer policy currently in force or when the aggregate data volume for all data transfers during the current Background Data Transfer time window has been reached.
In addition, the use of dynamic policies by 5GMS Clients is logged by the 5GMS System and, if suitably provisioned, is exposed by it to subscribing 5GMS Application Providers in the form of events (see also clause 4.0.12).
[bookmark: _CR4_0_7][bookmark: _Toc210059940]4.0.7	Remote control
The remote control feature is applicable to uplink media streaming only. While high-level procedures for integrating this feature into 5G Media Streaming are specified in clause 6.6 of the present document, it is not further defined in this release.
[bookmark: _CR4_0_8][bookmark: _Toc210059941]4.0.8	Consumption reporting
The consumption reporting feature is applicable to downlink media streaming only in this release. It allows consumption of downlink media streaming to be logged by the 5GMS System and exposed for analysis.


[bookmark: _CRFigure4_0_81]Figure 4.0.8‑1: High-level arrangement for consumption reporting feature
When a 5GMSd Application Provider has provisioned the consumption reporting feature for downlink media streaming:
1.	The 5GMSd Client reports consumption of media that is part of downlink media streaming sessions to a network-side component of the 5GMS System.
In addition, the data contained in consumption reports may be exposed by the 5GMS System in the form of events to subscribing 5GMS Application Providers (see also clause 4.0.12).
[bookmark: _CR4_0_9][bookmark: _Toc210059942]4.0.9	QoE metrics reporting
The QoE metrics reporting feature is applicable to downlink media streaming only in this release. It allows the Quality of Experience of media streaming sessions to be logged by the 5GMS System and exposed for analysis.
[bookmark: _Hlk135671852]Two mechanisms for reporting downlink QoE metrics are defined in the present document: one that involves reports being sent to the OAM via the RAN (RAN-based QoE metrics reporting, see clause 5.5.2), the other involving reports sent to the network-based components of the 5GMS System (AF-based QoE metrics reporting, see clause 5.5.3).


[bookmark: _CRFigure4_0_91]Figure 4.0.9‑1: High-level arrangement for QoE metrics reporting feature
When a 5GMS Application Provider has provisioned the QoE metrics reporting feature for media streaming:
1.	The 5GMS Client reports QoE metrics that it has collected during media streaming sessions to a network-side component of the 5GMS System.
In addition, the data contained in AF-based QoE metrics reports may be exposed by the 5GMS System to subscribing 5GMS Application Providers in the form of events (see also clause 4.0.12).
[bookmark: _CR4_0_10][bookmark: _Toc210059943]4.0.10	Edge processing
The edge processing feature is applicable to both downlink media streaming and uplink media streaming. It enables the 5GMS Client in the UE to take advantage of edge computing capabilities in the 5GMS System to support media streaming. This feature is defined in clause 4.5 and high-level procedures are defined in clause 8.
[bookmark: _CR4_0_11][bookmark: _Toc210059944]4.0.11	eMBMS delivery
The eMBMS delivery feature is applicable to downlink media streaming only. It enables the 5GMS System to provision the delivery of downlink media streaming content via eMBMS User Services sessions. This feature is defined in clause 4.6 and high-level procedures are defined in clause 5.10.
[bookmark: _CR4_0_12][bookmark: _Toc210059945]4.0.12	Data collection, reporting and exposure
The data collection, reporting and exposure feature is applicable to both downlink media streaming and uplink media streaming. It enables the 5GMS System to log data relating to media streaming sessions and to expose this to subscribers in the form of Events. This feature is defined in clause 4.7 and high-level procedures are defined in clause 5.11 (for downlink media streaming) and clause 6.8 (for uplink media streaming).
[bookmark: _CR4_0_13][bookmark: _Toc210059946]4.0.13	Service URL handling
Service URL handling is applicable to downlink and uplink media streaming. This feature is defined in clause 4.10 and high-level procedures are defined in clause 9.
The intent of 3GPP Service URL handling is to launch UE functions based on the execution of a URL. This enables 5G Media Streaming services to be announced within a third-party application, a general web page, a messaging service or shared via social messages using a 3GPP Service URL for 5GMS. When a service is launched using a 3GPP Service URL for 5GMS, a 5GMS Client function for media session handling is expected to be launched implicitly alongside, for example, a primary media stream handling function.
[bookmark: _Toc170402533][bookmark: _Toc210059947]4.0.14	MBS delivery
The MBS delivery feature is applicable to downlink media streaming only. It enables the 5GMS System to provision the delivery of downlink media streaming content via MBS User Services sessions. This feature is defined in clause 4.9 and high-level procedures are defined in clause 5.12.

[bookmark: _Toc194067979]5.27.3	Architecture mappings
[bookmark: _Toc194067981]5.27.4	High-level call flows
[bookmark: _Toc194067982]5.27.5	Gap analysis and requirements
[bookmark: _Toc194067983]5.27.6	Candidate solutions
[bookmark: _Toc194067985]5.27.7	Summary and conclusions
=====  CHANGE (new) =====
6.27	5G System-independent media streaming
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