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1 Introduction
In SP-170334 (S4-170468), the Study Item on “5G enhanced Mobile Broadband Media Distribution” was agreed. One of the objectives is as follows:

· On device/UE architecture, functions and APIs

· Study and Identify media handling functions in the device/UE related to the 5G architecture

· Study and identify device APIs and network interfaces 

· Address interfaces to network functions identified in the network aspects of the study

· Develop media-related reference device/UE device architectures
This document provides some initial considerations on how to progress this work.
2 Background

2.1 Numbers, big Numbers, Numbers no-one has ever seen before
UEs are very different from the how they looked liked when 3GPP SA4 services were initially designed. Typically, a client for a vertical service was integrated, such as considered for PSS and MBMS. However, the world has changed significantly over the last 10 years, from feature phones to smart phones, including app and browser based media consumption. It is not expected that 3GPP SA4 will define all aspects of apps and browsers (and even if so, it is not clear that anyone would care). Nevertheless, SA4 can add significant benefits to support app and browser based media consumption to elevate to better and more consistent quality, network efficiency, low power consumption and and and and …
Also facing that smartphones today basically dominate the market and we are limited to two operating systems. The latest smartphone figures from Gartner (http://www.gartner.com/newsroom/id/3609817) show that Android and iOS accounted for 99.6 percent of all smartphone sales in the fourth quarter of 2016. This duopoly is the norm now (in the second quarter of 2015 this figure was 96.8 percent).cOf the 432 million smartphones sold in the last quarter, 352 million ran Android (81.7 percent) and 77 million ran iOS (17.9 percent) (see figure 1).
[image: image10.png]Application 5G Media Distribution

Internal

Device API

| Network APIs to connect |

o Data Plane to upstream
Application

Network to App
Server API

Network APIs

Device to

Network API




Figure 1 Worldwide smartphone sales in the fourth quarter of 2016. (Thousands of units.) Image: Gartner
There are obviously other device types that are of interest for 3GPP such as tablets, TV sets, automotive end points and IOT devices, but it is considered that 4G and 5G network traffic will continuously be dominated by smartphones consuming media. And the demands will get more and more. Let’s look at the famous Cisco VNI (http://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/mobile-white-paper-c11-520862.html) and some good data points.

· Global mobile data traffic grew 63 percent in 2016. Global mobile data traffic reached 7.2 exabytes per month at the end of 2016, up from 4.4 exabytes per month at the end of 2015. (One exabyte is equivalent to one billion gigabytes, and one thousand petabytes.)
· Mobile data traffic has grown 18-fold over the past 5 years. Mobile networks carried 400 petabytes per month in 2011.
· Fourth-generation (4G) traffic accounted for 69% of mobile traffic in 2016. Although 4G connections represented only 26 percent of mobile connections in 2016, they already accounted for 69 percent of mobile data traffic, while 3G connections represented 33 percent of mobile connections and 24 percent of the traffic. In 2016, a 4G connection generated four times more traffic on average than a 3G connection.
· Globally, smart devices represented 46 percent of the total mobile devices and connections in 2016; they accounted for 89 percent of the mobile data traffic. (For the purposes of this study, “smart devices” refers to mobile connections that have advanced multimedia/computing capabilities with a minimum of 3G connectivity.) In 2016, on an average, a smart device generated 13 times more traffic than a nonsmart device.
· Mobile network (cellular) connection speeds grew more than 3-fold in 2016. Globally, the average mobile network downstream speed in 2016 was 6.8 Megabits per second (Mbps), up from 2.0 Mbps in 2015.
· Mobile video traffic accounted for 60 percent of total mobile data traffic in 2016. Mobile video traffic now accounts for more than half of all mobile data traffic.
· Smartphones (including phablets) represented only 45 percent of total mobile devices and connections in 2016, but represented 81 percent of total mobile traffic. In 2016, the typical smartphone generated 48 times more mobile data traffic (1,614 MB per month) than the typical basic-feature cell phone (which generated only 33 MB per month of mobile data traffic).
· Mobile data traffic will reach the following milestones within the next 5 years:
· Monthly global mobile data traffic will be 49 exabytes by 2021, and annual traffic will exceed half a zettabyte.
· The number of mobile-connected devices per capita will reach 1.5 by 2021.
· The average global mobile connection speed will surpass 20 Mbps by 2021.
· Smartphones will surpass four-fifths of mobile data traffic (86 percent) by 2021.
· Over three-fourths (78 percent) of the world’s mobile data traffic will be video by 2021.
· Global mobile data traffic will increase sevenfold between 2016 and 2021. Mobile data traffic will grow at a compound annual growth rate (CAGR) of 47 percent from 2016 to 2021, reaching 49.0 exabytes per month by 2021.
· Mobile network connection speeds will increase threefold by 2021. The average mobile network connection speed (6.8 Mbps in 2016) will reach 20.4 megabits per second (Mbps) by 2021.
· By 2021, 4G will be 53 percent of connections, but 79 percent of total traffic. By 2021, a 4G connection will generate twice as much traffic on average as a 3G connection.
· By 2021, 5G will be 0.2 percent of connections (25 million), but 1.5 percent of total traffic. By 2021, a 5G connection will generate 4.7 times more traffic than the average 4G connection.
· More than three-fourths of the world’s mobile data traffic will be video by 2021. Mobile video will increase 9-fold between 2016 and 2021, accounting for 78 percent of total mobile data traffic by the end of the forecast period.
· China’s mobile traffic will surpass that of the United States by the end of 2017. China’s mobile traffic will reach 1.9 exabytes per month by the end of 2017, and mobile traffic in the United States will reach 1.6 exabytes per month. 

You may hear it: Smartphones, video, BIG numbers, big big numbers, huge number, ridiculously number, astromic numbers, numbers no-one has ever seen before except the US president. (https://news.vice.com/story/how-to-count-with-donald-trump). Who deals with the big big video numbers in 3GPP: SA4. So there should be lots of work to do. 
In some recent study by NicePeopleAtWork (NPAW) and Limelight networks
, the importance of mobile viewing has been stressed as well. The below figure shows that online video is watched more often on smartphones than TVs.
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Among others, the relevant factors for online consumption are provided here:
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The obvious factors are:

· Rebuffering
· Video quality
· Non-device support
· Start-up delay
2.2 Multimedia Frameworks
In the lack of time, this document does not provide yet a detailed analysis or diagrams on existing smartphone architectures, but it is considered important to provide a set of reference architectures, relevant low level APIs.
Considered architectures and APIs for which background information may be useful:

· Android Stagefright

· Browser-based media playback

· iOS media framework

· others?

2.3 3GPP Functions

Whereas 3GPP defines services today in a vertical manner, a significant amount of traffic is delivered via non-3GPP services, i.e. neither PSS or MBMS. Nevertheless, the relevant specifications provide a significant amount of enablers that may be beneficial to not only 3GPP services, but can be used in isolation by apps or browser-applications.
A non-complete list of such functions is listed here:

· Codecs

· Decryption and DRM

· Rendering

· DASH Client
· MBMS Services

· Web Browser/Engine

· QoS

· QoE Reporting

· SAND Network assistance 

· MooD and Consumption Reporting
· Metrics collection
· 
The functions then typically communicate with network functions in order to optimize the delivery. Such functions may impact the media path or may only be used externally. In order to provide access to such functions, typically APIs are defined.
3 Use Cases
3.1 Introduction

Based on the discussion in clause 2, this section documents a few use cases relevant for media distribution in the context of 5G.

3.2 OTT Service Provider 

An OTT service provider wants to distribute content to mobile devices. For this purpose, it develops an application, but for optimized performance the application wants to use broadly available capabilities on mobile phones. In particular, the OTT service provider wants to deploy only a single content encoding library. The OTT service provider reads the 3GPP user service specifications and is interested in reusing 

· the codecs that seem to be broadly available on devices and well tested, but is unclear how to use and access the codecs defined in 3GPP specifications.
· A DASH client as it offers the service as DASH content library
The content provider is unclear how he can develop applications for Android and iOS reusing the above 3GPP device capabilities.

3.3 Browser-based consumption

In an extension to the use case above, the service provider does not want to rely on user installing app, and wants to make sure that the content plays back also on browsers. For this, it develops a progressive web application, but wants to use also use the same content library. The content provider is unclear how he can develop progressive web applications for browser to reuse 3GPP device capabilities.
3.4 Ad Insertion

In an extension to the use cases above, the content provider wants to do targeted and personalized ad insertion. The service provider has a library of content, but the ads are provided through a different library, typically encoded with different codecs and formats, despite these codecs and formats are also included in the 3GPP device capabilities.
The content provider is unclear how he can ensure that ad insertion with different codecs works to it satisfaction.

3.5 Live Services

The service provider uses now the 3GPP codecs, but for certain live services the latency of the content distribution is too high. The service provider wants to use network functionalities to improve the latency of Live streaming services without changing the streaming protocol. The service should be available on different platforms including Android, iOS and web browsers.
3.6 VR Services 

The service provider now introduces VR Service distribution. In order to enable access and playback of the content, the app developer needs the following functions, either from the service platform with proper APIs, or integrated into the app. 
· A DASH client, unless the DASH client is part of the application, (type 3), possibly with configuration APIs to supported optimized playback and rendering.

· OMAF metadata functionality to parse and extract the relevant information or at the minimum to instruct playback in the media pipeline.

· File format parsing functionality for video playback

· Decryption module, if the content is encrypted

· HEVC video decoder to decode the video content  
· Secure rendering and GPU functionalities to generate viewports

· Sensors for viewport tracking

Generally, the content provider prefers to use HW supported functionalities to optimize speed, latency, power consumptions and overall performance. Each of those above functions may be accessed with APIs.
4 Interoperability Considerations

Whereas 3GPP services typically address interoperability on network interfaces, in nowadays media architectures the protocols and formats are typically decoupled. Figure 2 provides a basic idea on the OTT application. Content conforms such that it can be played back on the 3GPP device. The app uses instructions to download and access the content and controls the presentation.
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Figure 2 OTT application using 3GPP capabilities
An interop specification may primarily deal with the capability requirements of 3GPP Conforming Device that is used by an OTT application using well defined APIs in order to playback 3GPP Conforming content. The APIs may be abstract in order to support different application and device interface models. The media APIs also differentiate between devices supporting different playback variants, primarily “type 1” and “type 3”:

· Type 1 Playback: The 3GPP device receives a manifest and downloads and plays back the contained media based on the information in the manifest. An OTT application may control the playback with limited control features. 

· Type 3 Playback: The OTT application receives a manifest, downloads the media and uses media APIs in order to playback individual tracks of the media experience. The application is controls of the download and playback of the media using the well-defined track buffers.

The two models are shown in Figure 4 and Figure 3, respectively.
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Figure 3 Type 3 type device
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Figure 4 Abstracted device model for type 1
Initially focusing on type 3 playback, the application has access to the streaming manifest and parses and processes the manifest. Based on the information in the manifest, the application makes use of two primary high-level APIs:

· The control API: This API is primarily responsible for capability discovery of the device platform, establishing and tearing down track buffers for specific codecs, as well as to control the playback of media through track buffer controls.

· The media API: this API consists of one or multiple track buffers where the track buffers can be dynamically established and removed. The track buffers enable playback of content by the device platform.

It is expected that the application deals with manifest updates as well as with providing/downloading the segments that are then provided using the media APIs to the device platform for playback. 
For 3GPP, the definition of such APIs as well as the necessary capability exchange and so on would be beneficial, in an abstract manner. Important instantiation would be 

· HTML-5 Media APIs: https://www.w3.org/TR/html51/semantics-embedded-content.html#the-media-elements
· Android Framework APIs: http://developer.android.com/reference/android/media/MediaCodec.html
In addition, such an application may be embedded into a framework of network and device APIs as shown in Figure 5. The application may use proprietary protocols and functions to connect and communicate with the app server. The application may also use device internal APIs that abstract functionalities that are provided by network functions on the device. Finally the application may define well defined 3GPP codecs and local functions. Whereas many of the orange parts already exist and are documented in 3GPP specs, the green parts require new work and the blue parts are assumed out of scope.
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5 Proposal
It is proposed to progress the work on device APIs for the 5G study. To progress the work, the following steps are proposed:

· Agree the use cases and architecture discussions in clause 3 and 4 for the TR.

· Collect more information on existing smartphone architectures and the interfaces that apps can access today for media consumption

· Identify relevant existing 3GPP functions in PSS and MBMS that may be used independently of PSS and MBMS for 3rd party applications. The list in clause 2.3 ´should be used as a starting point.
· Identify potential new functions that are developed in the context of 5G service and network architecture that may benefit 3rd party applications.
· Identify the relevant API calls and parameters for such functions

· Define call flows and stage 2 for the exchange such parameters
It is proposed to add clause 3 and 4 to the Technical Report.
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� http://www.streamingmedia.com/SponsoredContent/7261-Optimizing-the-Mobile-Video-Experience.htm
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