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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

1
Scope

The present document …

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.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[XX]
3GPP TS 26.234: "Tranaparent end-to-end Packet-switched Streaming Service (PSS); Protocols and codecs".

[YY]
3GPP TS 26.237: "IP Multimedia Subsystem (IMS) based Packet Switch Streaming (PSS) and Multimedia Broadcast/Multicast Service (MBMS) User Service; Protocols".

[ZZ]
3GPP TS 26.346: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and Codecs".

[AA]
3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2".

[BB]
3GPP TS 26.247: "Transparent end-to-end Packet-switched Streaming Service (PSS); Progressive Download and Dynamic Adaptive Streaming over HTTP (3GP-DASH)".

[CC]
ISO/IEC 14496-12: "Information technology – Coding of audio-visual objects – Part 12: ISO base media file format".

[DD]
3GPP TS 23.002: "Network architecture".
[EE]
3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
FLUS
Framework for Live Uplink Streaming
HMD
Head Mounted Display
4
System Architecture
4.1
General
An end-to-end, high-level Live Uplink Streaming system architecture is shown in Figure 1. It depicts the uploading of live media feeds, to the network, from one or more Live Media Sources (senders), and subsequent distribution of such content, which may be transcoded and re-formatted into Adaptive Bit Rate streams (ABR, for example in the form of 3GP-DASH) for delivery to Media Sinks (receivers) over 3GPP networks. Depending on the downstream service offering of the mobile operator, delivery of media content to receivers might or might not occur in real-time as its capture and uploading. As noted previously in clause X, the emphasis of this specification is on uplink media delivery, i.e., the network ingestion portion of the overall system architecture, as highlighted in Figure X, as opposed to the downlink distribution to recipients (Media Sinks).

[image: image3.emf]Media 

Ingress 

Server

Live Media

Source

Core Network

(e.g.  EPC or  5GC)

Transcoder

and ABR

Content 

Generator

E-UTRAN

E-UTRAN

Media

Sink

Media

Sink

Focus of this specification

Downlink Media

Distribution

Media 

Egress 

Server

NG-RAN

Policy

Function

Uplink Media

Ingestion

Live Media

Source

NG-RAN

Subscription

Function

Security

Function


Figure X: End-to-end system architecture for live uplink media streaming
For simplicity, many of the network elements in the access network and core network which support the connectivity as indicated are not shown in Figure X. In the case of a 4G cellular network, the access network, E-UTRAN, comprises interconnected eNBs, and the core network, represented by EPC (Evolved Packet Core), includes network entities such as the MME (Mobility Management Entity), S-GW (Serving Gateway) and P-GW (PDN Gateway). In addition, the entities depicted within the core network are given logical names which could be mapped to certain 3GPP-defined network elements.

The Media Ingress Server (‘MIS’) is the network function to which the media streams from the Live Media Sources are uploaded. The input media contents may be in turn transcoded and reformatted into ABR streams and output by a Media Egress Server (‘MES’) for subsequent broadcast or unicast distribution to Media Sinks over 3G access networks. As an example, the MES may correspond to the PSS (Packet-switched Streaming Service) Server as described in TS 26.234 [XX]. The Subscription Function maintains the subscription-related information of the end-user operating either the media source or media sink, to support other network entities which handle the media sessions. The Policy Function, given access to the user’s subscription information and awareness of available upstream network capacity, determines and assigns the QoS to be allocated to the unicast bearer for carrying the live media stream during uploading by a media source. The Security Function controls, in accordance to operator policy, the authentication, authorization, integrity checking, and confidentiality protection functions associated with the uplink delivery of streaming media content from a Live Media Source to the Media Ingress Server.

The uploaded video content may represent the contribution or ingest link for a live video distribution service. The term ‘contribution’ is typically used in the context of professional TV production for uplink delivery of media streams to media servers. However, in the context of this specification, live media content could originate from a variety of sources, such as video captured by casual end-users using their smartphones, drones operated by both casual users and professional entities, stadium- or venue-mounted cameras and microphones, news reporters using professional-grade camera equipment, and so forth. The main characteristic of such media delivery is that the media flow is unidirectional, from a media source to an intermediate network server which consequently sends the content to many receivers, using possibly a combination of unicast and broadcast delivery methods. In addition, guarantee of uplink stream QoS by the network operator will be essential to ensure a high grade of user experience.

4.2
High-Level Functions and Network Entities

4.2.1
Media Source

A Live Media Source captures and encodes the input signal into audio and/or video frames, and then transmits the frames using a point-to-point connection to an ingest server via the combination of 3GPP access and core network entities. The A/V frames captured at the media source may be compressed for bit-rate reduction before transmission on the ingestion link, which in the context of this specification is represented by a 3GPP access network, such as E-UTRAN or NG-RAN, followed by a 3GPP core network, the EPC or the 5GC (5G Core Network).

4.2.2
Media Sink

The Media Sink is a UE that an end-user can use to access streaming media content previously uploaded to the network via the Live Uplink Streaming service. The reception of such content may be via broadcast (over MBMS bearer) or unicast delivery over the 3GPP access network. The UE (and its user) is expected to be able to discover and select among the available media content for reception, via user service announcement/user service description mechanisms, for example, such as that defined for PSS [XX] or IMS-based PSS and MBMS (TS 26.237 [YY]) for unicast reception, or the service announcement/discovery mechanism defined for broadcast reception in TS 26.346 [ZZ]. The details of the discovery and download delivery/reception of media content pertaining to the Live Uplink Streaming service are outside the scope of this specification
4.2.3
Access Network 

4.2.3.1
General

The 3GPP access network type that supports the content upload by contributing media sources to the Uplink Streaming service, as well as the delivery to recipient media sinks of that content, shall be the 4G-based E-UTRAN, or the 5G-based NG-RAN.
4.2.3.2
E-UTRAN

The E-UTRAN architecture is shown in Figure Y (as derived from Figure 4-1 in 3GPP TS 36.300 [ZZ]). As shown in the diagram, the E-UTRAN consists of a set of interconnected eNBs, with the serving eNB connecting to the MME/S-GW (Mobility Management Entity/Serving Gateway) of the EPC, via the S1 reference point.
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Figure Y: Architecture of E-UTRAN and its interconnection to the EPC
4.2.3.3
NG-RAN

The NG-RAN architecture is shown below in Figure Z (as replication of Figure 4.1-1 in 3GPP TS 38.300 [AA]). As shown in the diagram, the NG-UTRAN consists of a set of interconnected ng-eNBs, with the serving eNB connecting to the AMF/UPF (Access and Mobility Management Function/User Plane Function) of the 5GC, via the NG reference point.
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Figure Z: Architecture of NG-RAN and its interconnection to the 5GC
4.2.4
Core Network
4.2.4.1
General

In this clause, only the core network elements that are involved in the live uplink streaming media ingestion, post-processing, aggregation and sourcing of content for downlink distribution, and network QoS management are shown in the system architecture of Figure X and as described below. It is understood that although not shown, many other core network entities are involved in providing functionalities for service operation such as packet routing, mobility management, network management, and security. 
4.2.4.2
Media Ingress Server

The Media Ingress Server (MIS) function is the network-based termination of the Live Uplink Streaming service. It collects the live media streams output by Live Media Sources and acts as the origin of the media content, for subsequent processing into adaptive bitrate media streams for downstream distribution, from the Media Egress Server and via subsequent 3GPP core network and access network nodes to Media Sinks. 
4.2.4.3
Transcoder and ABR Content Generator

The Transcoder and ABR Content Generator function has the following two (non-exhaustive):
1) It transcodes the original encoding scheme of incoming media content from a media source to a different encoding scheme, for example for efficiency of subsequent downlink distribution. This processing step is optional.

2) It converts the potential varying media formats of the incoming content to a common, adaptive bit-rate media/file format such as 3GP-DASH as defined in TS 26.247 [BB], or another variant of ISO BMFF as defined in ISO/IEC 14496-12 [CC].
3) Scene stitching of uploaded media streams for download distribution (optional).
4.2.4.4 Media Egress Server

The Media Egress Server (MES) function stores and manages the (re)encoded and formatted media content, and acts as the origin server of that content for acquisition by downlink clients, or Media Sinks, of media content previously uploaded by the Live Uplink Streaming service.

4.2.4.5 Subscription Function

The Subscription Function contains user profile information and associates the end user of the Live Media Source wishing to send live streaming traffic to the network, to subscription-related information of the user to assist the Policy Function (as described in clause 4.2.4.6) in determining the QoS class (e.g. by data rate or maximum delay) to be allocated for the subsequent uplink media delivery. The end user may represent a person or a business entity. The Subscription Function may also be used to support the Policy Function in associating an end-user of the Media Sink wishing to download previously uploaded Live Uplink Streaming service, to the network QoS to be allocated for such download reception of the media content from the MES. However, the downlink delivery aspects for content previously uploaded to the network via the Live Uplink Streaming service is outside the scope of this specification. The Subscription Function also provides user security information in terms of network access control information in support of authentication, authorization, integrity checking and confidentiality protection functions as performed by the Security Function. The Subscription Function maps logically to the HSS (Home Subscriber Server) as described in TS 23.002 [DD] in the 4G core network and the SDSF/UDR (Structured Data Storage Function/Unified Data Repository) as described in TS 23.501 [EE] in the 5G core network.
4.2.4.6 Policy Function

The Policy Function obtains the end user’s subscription information from the Subscription Function for the Live Uplink Streaming service to determine the QoS treatment to be allocated to the upstream media delivery from that user/Live Media Source. The assigned QoS may depend on the current available network capacity as known to this function. Similarly, the Policy Function may obtain the end user’s subscription information, from the Subscription Function to determine the QoS treatment to be allocated to the downlink media reception for that user/Media Sink. However, such download delivery aspects are outside the scope of this specification. The Policy Server maps logically to the PCRF (Policy and Charging Rules Function) as described in TS 23.002 [DD] in 4G network and the PCF (Policy Control Function) as described in TS 23.501 [EE] in the 5G core network.
4.2.4.7 Security Function

The Security Functions obtains security-related user information from the Subscription Function, and controls the security-related mechanisms of the Live Uplink Streaming service, for example UE authentication, and integrity protection and confidentiality protection of session establishment signalling and media content delivery between the UE and the Media Ingress Server. It also manages the security functionality associated with the control and user plane communications for the Live Uplink Streaming service, between core network elements. The Security Function maps logically to the Bootstrap Serving Function in GBA/GAA as defined in TS 33.220 [EE], and in the event that the IMS-based system is used for the Live Uplink Streaming service, it corresponds to the S-CSCF designated by the HSS to perform UE authentication.  

4.3 Session Establishment

4.3.1
General

This clause describes, at a high level, the main procedures that are used to establish the network bearer service, comprising access network and core network bearers, with associated QoS classification in support of subsequent transmission by the media source of the Live Uplink Streaming service. Both IMS-based and non-IMS-based session establishment procedures are included.
4.3.2
IMS-based Procedure

Session establishment in the IMS-based network architecture for Live Uplink Streaming service is described in this sub-clause. Figure A depicts the high-level procedures involved in session establishment.

[image: image6.emf]Live Media

Source (UE)

2) P-

RAN,

PS Core

IMS CN

Subsystem

Service Control Function

(Security, QoS)

1) Establish RAN and

CN Connectivity

2) P-CSCF Discovery

3) IMS Registration

4) IMS Security and QoS Authorization Procedures

Media Ingress

Server (AS)

5) Session Establishment


Figure A: IMS-based session establishment

1.
UE (Live Media Source) performs network attachment to establish the necessary IP-CAN (IP-Connectivity Access Network) bearer service to carry IM Subsystem related signalling.
2.
Discovery by the UE of the P-CSCF for which all SIP signalling for session set-up, to and from the UE, will traverse.
3.
Registration of the UE’s public user identities with the IMS Core Network subsystem.

4.
IMS security mechanisms are performed between the UE and the network, including mutual authentication between the UE and the network. Security mechanisms are established for subsequent integrity protection of the SIP signalling exchanged between the UE and the P-CSCF, as well as the integrity protection of the SIP signalling exchange among the upstream IMS CN entities (e.g., between the P-CSCF and S-CSCF, and between the S-CSCF and HSS). In addition, the UE and P-CSCF may negotiate an encryption algorithm for (optional) confidentiality protection of SIP signalling messages passed between these entities, and upstream network entities will establish security associations to support confidentiality protection of the SIP signalling messages carried over the IM CN subsystem. In addition, given access to the user subscription data, the Service Control Function

5.
Via the intervening IM CN elements, the UE sends the ‘SIP INVITE’ message to the Media Ingress Server, which in turn responds with the ‘SIP 200 OK’ message to indicate successful IMS session establishment between these two entities. Upon completion of this step (session establishment), live streaming of media from the Live Media Source to the Media Ingress Server, with associated QoS, can commence. 
4.3.3
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If needed, defer to Phase 2 specification?
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