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ABSTRACT

This paper provides a summary of media distribution in the 3GPP 5G System, including the Release 16 technologies on 5G Media Streaming and 5G Broadcast, and recent Release 17 activities to include new video codecs, to extend 5G Media Streaming, to integrate Edge Computing into 5G Media Streaming, and extensions around 5G Multicast–Broadcast Services.
Introduction
In only a quarter of a decade, the TV and media landscape has changed tremendously. Whereas until the end of the last century, premium media access and distribution was limited to broadcast TV and radio targeting dedicated end devices via dedicated distribution networks, nowadays different forms of media are distributed over many different networks to various types of devices. Broadcasters and media companies face challenges of reaching different device types such as smart TVs, PCs, smartphones, tablets, vehicular receivers as well as new classes of devices such as VR HMDs and AR glasses. Furthermore, new types of media are now being produced and distributed. Media is more interactive, more social, more gaming-like, short and long-form, location-dependent, targeted, personalized, live, on-demand, immersive, and monetized. Along with the challenge to provide the highest quality together with cost consciousness and scale to attract a massive audience, broadcasters and media companies are highly motivated to use IP-based, mobile, and cellular distribution technologies to enable users to get access to their services wherever and whenever. Vertical service platforms, for example terrestrial broadcast using the MPEG-2 Transport Stream, are meanwhile becoming less and less attractive. New media and TV services are expected to build on commonly available media distribution platforms. In this context, the Internet and 5G play a vital role as together they provide a broadly accessible and unified distribution platform, can reach many devices and users, and can deliver significant innovation in much shorter cycles compared with vertical service platforms.

3GPP as the organization defining the core parts of the 5G technologies has invited verticals to integrate their services into the 5G distribution platform. In the ongoing standardization process of 5G, media companies, technology providers, device manufacturers, broadcasters and mobile network operators come together to agree technologies that provide collaboration opportunities as well as new services and experiences for consumers. 
In this paper, we review the recently completed and ongoing activities in 3GPP and elsewhere that realise the above vision as concrete technologies and specifications. 
Specifically, a first set of specifications are complete in Rel-16 (completed in 2020) and enable many 5G streaming collaboration use cases, for details see clause RELEASE-16 – 5G BROADCAST AND 5G MEDIA STREAMING FOUNDATION. There are however several enhancements under consideration for the next Release, Rel-17 (see  RELEASE-17 – VALUE-ADD EXTENSIONS) that are expected to be completed by mid of 2022. The next version will provide additional backward-compatible functions. New innovation includes the definition of network and client-side APIs and reference point that enable and simplify the access of media-related 5G System functions from third-parties. Details are provided in the remainder of the document.
5G eMBB – Radio and Core Network Principles
The 5G system architecture as shown in Figure 1 defines the core of a 5G network and describes the different network functions that build the 5G core.
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Figure 1 5G system architecture (TS 23.501)
The following design principles have guided the design of this architecture:

· Separation of user plane from control plane functionality

· A service-based architecture, where network functions offer services to other network functions and consumers

· Support for stateless network functions, optimized for speed and large load

· Scalability through virtualization and distribution, allowing for multiple instances of each network function to be created

The 5G system introduces the concept of network slicing, allowing the creation of dedicated and isolated networking infrastructures that are suited for the service needs. A network slice is identified by an S-NSSAI, which comprises of a slice/service type (SST) and a slice differentiator (SD). The 5G system defines a set of standardized SSTs, one for each service vertical. Media distribution and streaming services may use the enhanced Mobile Broadband (eMBB) slice type. The ultra-reliable low latency communications (URLLC) slice type is also suitable for media services that rely on low latency communications. 

For each specific network slice type, multiple network slice instances may be offered in an operator's 5G network. A network slice instance is selected for a PDU session by the network from the list of requested and allowed NSSAI(s),and conveyed to the UE in the PDU session establishment accept message.

The 5G core network applies QoS rules on QoS Flows. As part of a PDU session, a QoS Flow is identified by a unique QoS Flow ID (QFI) in the 5G System. All User Plane traffic within a PDU session with the same QFI will receive the same QoS treatment, i.e. traffic forwarding, scheduling, and admission control. All QoS Flows are controlled by the SMF. A QoS Flow can be pre-configured, established during the PDU session establishment procedure, or by the PDU session modification procedure. 

For handling of uplink traffic, the UE follows QoS rules to classify and mark the packets. The QoS rules may be explicitly provided to the UE as part of the PDU session establishment or modification procedures or they may be deduced through reflective QoS. 

The SMF assigns a QFI to a QoS Flow and derives its QoS profile and the QoS rules from the policies provided by the PCF. The UPF then ensures the user plane traffic on the downlink is mapped correctly and the UE performs similar functionality for the uplink traffic. 

To identify the traffic, the UPF uses the associated IP Packet Filter Set to match to the correct QoS profile. The Packet Filter Set may include the following parameters:

· Source/destination IP address or IPv6 prefix.

· Source / destination port number.

· Protocol ID of the protocol above IP/Next header type.

· Type of Service (TOS) (IPv4) / Traffic class (IPv6) and Mask.

· Flow Label (IPv6).

· Packet Filter direction.

The 5G QoS model supports both GBR and non-GBR flows. A QoS flow is assigned a QoS Profile with some of the following QoS parameters:

· 5QI identifier: A set of static 5QI characteristics are specified. The characteristics include values that indicate whether it is a GBR or non-GBR QoS flow, the priority level, delay budget, packet error rate and averaging window, and the maximum data burst volume. In addition to the standardized 5QI values, non-standardized 5QI that are tailored to specific services can be defined dynamically.

· Allocation and Retention Priority to indicate the pre-emption priority of the traffic in the QoS flow.

· Guaranteed Flow Bitrate for the uplink and downlink.

· Maximum Flow Bitrate for the uplink and downlink.

· Reflective QoS Attribute

· Maximum Packet Loss Rate for the uplink and downlink
Release-16 – 5G Broadcast and 5G Media Streaming Foundation

5G Media Streaming – Principles and Architectures

5G Media Streaming is built on the idea of enabling third-party media distribution beyond the MNO (Mobile Network Operator) and the 5G network acting only as a bit pipe, as is typically the case in the 4G era with LTE/EPC Mobile broadband. MNOs and content providers are generally highly interested in collaboration models that permit monetizing video traffic on 5G and sharing revenue. MNOs are also interested in addressing the dilemma of ever-growing demand for media consumption on their networks – by 2026 according to [1], 50% of mobile data will be on 5G and 77% of this data will be video. Challenges for pure over-the-top traffic include: quality of experience issues (rebuffering and stall events) that are associated with the operator in the end user’s mind, obscuring of traffic by end-to-end encryption using HTTPS, unidentified content eating into users’ data caps, and the increasing demand for higher quality, new formats, new immersive and interactive experiences.
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 Figure 2: 5G Media Streaming architecture (TS 26.501 [2])
The approach taken for 5G Media Streaming is documented in 3GPP TS 26.501 [2] and shown in Figure 3:
· Framework aligned with today‘s over-the-top media distribution practices.
· Supplementing MNO and third-party media services to easily access 5G System and 5G Media Streaming features.
· Concrete instantiation for one or a small subset of recommended technologies including codecs, formats, protocols and other functionalities.
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Figure 3: 5G Media Streaming: Basic call flows (TS 26.501 [2])
5G Media Streaming – Protocols and APIs

The different interfaces and protocols that realise the 5G Media Streaming System are defined in 3GPP TS 26.512 [4]. A 5GMS Application Function (AF), deployed in the 5G Core Network of the MNO or in an External Data Network, manages a 5GMS System. This logical function embodies the control plane aspects of the system, such as provisioning, configuration and reporting.

· A 5GMS Application Provider provisions 5GMS functions using a RESTful HTTP-based provisioning interface at reference point M1.

· Another RESTful HTTP-based configuration and reporting interface is exposed to UE-based 5GMS Clients at reference point M5. 

A 5GMS Application Server (AS), deployed in the 5G Core or in an External Data Network, provides 5G Media Streaming services to 5GMS Clients. This logical function embodies the data plane aspects of the 5GMS System that deals with media content:

· Content is ingested from 5GMS Application Providers at reference point M2. Both push- and pull-based ingest methods are supported, based on HTTP.

· Content is distributed to 5GMS Clients at reference point M4 (after possible manipulation by the 5GMS AS). Standard pull-based content retrieval protocols (e.g. DASH) are supported at this reference point.

A 5GMS Client deployed in the UE that consumes 5G Media Streaming services. (The 3GPP specifications are silent on whether this logical function is realised as shared UE middleware components or provided piecemeal by individual applications.)
· A Media Session Handler (MSH) subcomponent first retrieves its configuration (“Service Access Information”) from the 5GMS AF at reference point M5 and then uses this configuration information to activate and exploit the currently provisioned 5GMS features. The 5GMS-Aware Application controls the MSH via an UE-internal API defined at reference point M6. This reference point could, for example, be realised as a Javascript API in a web browser.

· A Media Player subcomponent consumes media from the 5GMS AS at reference point M4. The 5GMS-Aware Application controls the Media Player via a UE-internal API defined at reference point M7. This reference point could also be realised as a Javascript API in a web browser, for example.
5G Media Streaming – Codecs and Formats

According to TS 26.501 [2], Downlink Media Streaming provides the ability for content to be distributed using procedures and protocols defined by 5G Media Streaming as shown in Figure 1. The detailed procedures for the interfaces and APIs for 5G Media Streaming are also defined in TS 26.512 [4].
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Figure 4: Media Playback in 5G Media Downlink Streaming Architecture (TS 26.511 [4])
5G Media Streaming specifies the use of segment formats that are based on the Common Media Application Format (CMAF) in ISO/IEC 23000-19 [6]. By using this format, 5G Media Streaming is compatible with a broad set of segment-based streaming protocols including Dynamic Streaming over HTTP (DASH) and HTTP Live Streaming (HLS). For example, ISO/IEC 23009-1 [7] defines a detailed DASH profile for delivering CMAF content within a DASH Media Presentation using a converged format for segmented media content.

5GMS media profiles for video, audio and subtitles based on the general constraints of ISO/IEC 23000-19 [6] are defined in TS 26.511 [3]. However, 5G Downlink Media Streaming is not restricted to the media profiles defined in [3]. Any CMAF media profile, for example for codecs defined in DVB specifications, may be distributed within 5G Downlink Media Streaming.
Deployment Opportunities for 5G Media Streaming
5G Media Streaming permits value-added services. Examples are provided as follows:

· Telco operator CDN (Content Delivery Network) – MNO acts as distributor/CDN.
· Content- and device-aware streaming.
· Premium QoS: Activating a QoS bearer or use a dedicated Network Slice with specific transport characteristics.

· Standardized and Extended (Conditional) Zero Rating provided following policies.

· A: Notify the Player/Client that throttling is applied.

· B: Instruct the Player to not exceed certain bitrate policies.

· Allow for different charging policies.

· Dynamic Policies.
In the context of Dynamic Policies, Figure 4 illustrates how Service Operation Points expressed in the content are mapped to network Policy Templates.

[image: image5]
Figure 5: Dynamic Policy Framework in 5G Media Streaming.
Service Operation Points identify long lived profiles that will be used by streaming sessions. Policy Templates represent long-term agreements made between the Application Provider and the MNO. An Application Provider can limit what traffic and which users are allowed to use a specific policy template (e.g. based on an Internet domain name). A 5G Media Streaming session uses at most one of the allowed Policy Templates at any point in time. The MSH may pre-cache or retrieve periodically or on request the list of allowed Operation Points for a specific Application Provider. Two options may be used to define different network policies: 
· Option 1: Define each Service Operation Point as a Network Slice. The concept of Network Slice as a Service (NSaaS) is defined in 3GPP TS 28.530 [20].

· Option 2: Define each Service Operation Point as a QoS Flow using flow description(s) of the transport session (see TS 23.502 [21]).
LTE-based 5G Broadcast

In addition to 5G Media Streaming, 3GPP Release 16 extends eMBMS to address the requirements for 5G Broadcast. The work is summarized in 3GPP TS 36.976 [5] "Overall description of LTE-based 5G broadcast". This provided the foundation for work in ETSI JTC Broadcast published in December 2020 as ETSI TS 103 720 [6].
Several 3GPP specifications have been extended or newly developed over several releases to address the use cases and requirements for 5G dedicated broadcast networks.  ETSI TS 103 720 summarizes the basic features of a 5G Broadcast System for the carriage of linear television and radio services, and documents these as an implementation profile of a subset of 3GPP specifications. The LTE-based 5G Broadcast System is an instantiation of a 5G Broadcast System addressing the basic features that is based on a profile of 3GPP specifications available in Release 16.
Figure 3 depicts the reference architecture for the LTE-based 5G Broadcast System as defined in TS 103 720.
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Figure 6: LTE-based 5G Broadcast System for linear TV and radio services (TS 103 720 [7])
According to this figure, the reference points and protocols for the LTE-based 5G Broadcast System instantiation are:

· For the northbound Network API for 5G Broadcast, a profile of xMB as defined in 3GPP TS 26.348 [7] and TS 29.116 [8] is defined in clause 5.5.2 of ETSI TS 103 720.

· For the User Service for 5G Broadcast, a profile of the MBMS User Service as defined in 3GPP TS 23.246 [9] and TS 26.346 [10] is specified in clause 5.5.3 of ETSI TS 103 720;

· For the RAN for 5G Broadcast, a profile of E-UTRAN Uu as defined in 3GPP TS 36.300 [11], TS 36.211 [12] and TS 36.331 [13] is specified in clause 5.5.4 of ETSI TS 103 720;

· For the Client API for 5G Broadcast, a profile of the MBMS-APIs as defined in 3GPP TS 26.347 [14] is specified in the present document in clause 5.5.5 of ETSI TS 103 720;

While the specification focusses on broadcast-only distribution, a richer application service may be provided to a UE that also supports unicast. This issue is also under study in Release 17 of 3GPP, for more details refer to below.

Release-17 – VALUE-ADD Extensions

Overview

While 3GPP Release 16 was completed in mid-2020, the development of Release 17 is currently ongoing and is expected to be completed mid-2022. Many extensions are being addressed, but for media streaming and content distribution, 3GPP and in particular Working Group SA4, has initiated a few work topics that are summarized in the following.
5G MBS – Adding multicast to the mix

3GPP Release 17 has some extensive efforts to add multicast capabilities to the 5G System, New Radio (NR) and 5G Media streaming under the umbrella of 5G Multicast–Broadcast Services (MBS). Among others, the following aspects are addressed:
· Support Multicast Services with autonomous RAN-based switching between point-to-point and point-to-multipoint transmission modes.
· Support Broadcast Services, always using point-to-multipoint transmission.
· Only SC-PTM supported in NR RAN, i.e. no support from Single Frequency Networks.
· Delivery and service layer aspects.
· APIs on the network and client sides.
The specification work is carried out in different working groups to address all aspects of the radio, core and service layer. Specifically, on the combination of 5G Media Streaming with 5G MBS, the study reported in TR 26.802 [19] provides initial considerations. A potential architecture is shown in Figure 5.
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Figure 7: Hybrid 5GMS over unicast and 5MBS architecture (TR 26.802 [19])
Different cases and aspects are considered that potentially require normative specification work are as follows:
· Support of Multicast ABR in 5G Media Streaming Architecture.
· Definition of a Multicast–Broadcast User Service that defines the relevant user service announcement and delivery methods for content delivery via 5G MBS.
· Specific functions assigned to the MBS Application Function (MBSF) and the MBS Transport Function (MBSTF) as well as the northbound and southbound interfaces.
· Definition and support of different hybrid use cases for delivery over unicast, 5G MBS and LTE-based 5G Broadcast including service continuity, interactive services, unicast file repair, reporting, etc.
EMSA – Cutting-edge technologies

The combination of edge computing with the capabilities of 5G is one of the most advertised features for potentially game-changing experiences for media, gaming, and extended reality experiences. In 3GPP, different groups including SA2, SA5, and SA6 are providing baseline enablers for the integration of generic edge computing into 5G Systems. In 3GPP TR 26.803 [20], under the umbrella of the Edge-based Media Streaming Architecture (EMSA) study, 3GPP SA4 has taken the lead in adding support for edge computing features to media services, based on applying these generic enablers to a set of use cases including split rendering, uplink streaming, edge media processing, etc.
The EMSA architecture is an integration of the 5GMS architecture, the SA6 Edge architecture, and the SA5 management architecture. The EMSA Architecture is shown in Figure 6.
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Figure 8: Reference edge-enabled 5GMS media architecture
This architecture demonstrates how the edge-enabled 5GMS architecture leverages the edge functionality and architectural elements specified in 3GPP TS 23.558 [12]. In this illustration, the EEC, EES, and EAS functions are shown as parts of the 5GMS functions: MSH, 5GMS AF, and 5GMS AS, respectively.

The EDGE-1 to EDGE-9 APIs are defined in 3GPP TS 23.558. The normative work is expected to extend the 5GMS architecture to support edge media processing according to the recommended architecture.
5GMS_EXT – 5G Media Streaming EXtensions for everyone
A separate Release 17 study currently underway is investigating potential improvements and extensions to the 5G Media streaming architecture and ongoing progress is documented in 3GPP TR 26.804 [13]. The scope of this study includes content preparation, traffic identification, additional and new transport protocols, uplink media streaming, background traffic, content-aware streaming, network event usage, per-application-authorization, support for encrypted and high-value content, and scalable distribution of unicast live services. Based on use cases and deployment scenarios, relevant architectural and protocol extensions of 5G Media Streaming are being identified to motivate new normative work.
Beyond Releases – Interop and Tools
Interoperability – CMAF, DASH, and CTA WAVE

Along with the work on specifications, 3GPP has also adopted collaboration models with other organizations to support the usage and development of conformance and reference tools. For example, the work in DASH-IF on dash.js as a reference client is harmonized with the 5G Media Streaming specification in 3GPP TS 26.512 [5]. Furthermore, the conformance and interop tools developed by CTA WAVE as part of the Device Playback Specification in CTA-5001-C [14] are expected to support codec and format implementations as part of 5G Media Streaming in the context of 3GPP TS 26.511 [4].
5G-MAG – 5G Media in Action

In addition, the 5G Media Action Group has recently been established as a Market Representation Partner (MRP) for 3GPP. In this role, 5G-MAG supports the transition from media companies’ requirements into 3GPP as well as the transition of 3GPP technologies for use in new media services. In this context, 5G-MAG has initiated an activity to assemble a set of conformance and reference tools [26] supporting 5G Media Streaming and 5G Multicast / Broadcast.

DVB – Dinosaurs reVitalized by 5G
The traditional TV Broadcast organization DVB has done a major step forward by the definition of the DVB-I service layer that enables access-agnostic distribution of TV services over Internet systems. 5G is a primary target to distribute 5G services and commercial requirements for DVB-I over 5G have been finalized in July 2021 [27] and specifications will be available soon to support to distribute DVB services and content over 5G Broadcast, 5G Media Streaming and hybrid services.
What’s Next?

The transition of media verticals to the 5G common distribution platform opens up a significant  opportunities for media companies that need to be unlocked. 3GPP and the mobile industry with its rapid innovation and replacement cycles provide media companies new opportunities for new services. Planning for the next 3GPP releases is already happening and a glance into the work in SA4 promises innovation on Augmented Realities, Computer Vision, Machine Learning and AI-based media, tactile and haptics, just to mention a few. At the same time, the core streaming and broadcast technologies are expected to be enhanced for better quality and broader applicability to different markets and verticals. The 3GPP media train has left the station and is moving on.
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