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Abstract: This proposes changes to section 5.6 of TR 22.827
---------- Use Case template ----------
5.6
Single-source compressed Outside Broadcast Contribution
5.6.1
Description

When working remotely from a broadcasting centre there is a requirement for producers, journalists and cameras crews to contribute audio, video and other data back to a broadcast centre for inclusion in a TV programme. 

This is of a high quality using professional video cameras and other equipment. In some instances, this may use mobile phone technologies.
It is usually a single live stream of content that is intended to go straight to air in a news programme.
In this use case compressed video may be used as it will go straight into a programme with little or no further signal processing. Speed is more important that quality in this use case.

There is also a use case for contribution and delivery of close to air or live content where uncompressed links are unavailable.
Ability to use 3GPP connectivity as a contribution feed of video, audio and ancillary data to a TV studio (e.g. news). We should be able to select content at standard definition (SD) (270 Mbit/s), High definition (HD 1920x1080 pixels (3 Gbit/s)) or UHD up to 24 Gbit/s. This should be possible up to a maximum frame rate of 120fps (25fps, 50 fps or 100fps for Europe). Various forms of compression may be used in order to provide a balance between quality, speed and available bandwidth. It should be noted that compression is usually on the video side and audio and data usually remain uncompressed.
To identify different bandwidth requirements it may be helpful to look at different tiers of production and their compression and latency requirements.
Table 5.6.1-1:
	tier
	Type of use
	Bandwidth for UHD @50 FPS
	Bandwidth for HD (1080i50)
	Link latency
	description

	Mezzanine compression
	Studio and high end production
	3 Gbit/s
	1 Gbit/s
	<6 ms
	Low complexity minimum compression for use in studio environments alongside existing studio resources or for contribution where uncompressed links are unavailable

	Tier One
	High profile sports or music events
	500 Mbit/s
	200 Mbit/s
	<6 ms
	compression used in live environment with no onward processing. Could be used for contribution 

	Tier 2
	Wide area sports events, general production
	100 Mbit/s
	80 Mb/s
	<6 ms
	Used when bandwidth is not available often mixed with wired sources, no onward processing

	Tier 3
	news
	>20 Mbit/s
	10 Mbit/s
	20 ms
	Single camera contribution from a camera or smart phone

	Reverse video/proxy
	Monitoring and non-broadcast
	10 Mbit/s
	<10 Mbit/s
	<6 ms
	Return video feed or lower quality feed for monitoring purposes


The signal source will be derived from a single camera that gives out an uncompressed video feed this is then likely to be compressed before transmission via a 3GPP link. Different forms of compression may be required for different applications with low latency lightweight compression (e.g. VC2) used where quality needs to be maintained and increased compression used where (e.g. H264/5) used where bandwidth is extremely limited, and speed of contribution is required. For this use case we are concentrating on a single video source. Other use cases will explore using 3GPP for control of multiple cameras or sources without any on site facilities without compression.

There should be separate bi-directional audio links to enable the user at the remote site to communicate to the broadcast centre separate to the main video and audio feed. 

On occasion it is necessary for the camera operation to be controlled remotely from the broadcast centre. This application may not require full quality uncompressed video for monitoring but does require extremely low round trip latency (<10 ms) in order to get accurate control of a remote camera. Functions are usually controlled via a standard protocol and functions include focus, zoom and orientation of the camera.

On occasion it may be necessary for the contribution to be mobile such as on a moving vehicle with speeds up to 120 MPH (200 km/h) such as on a train.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The limitations of current mobile or cellular bonded technologies means that the most common current user for this type of technology is within news where a single camera is used to contribute content back to a control room and from there into a production gallery for inclusion into a news programme.  

However, it is hoped that with the latest generation of 3GPP technologies that other wireless systems in common use by production may be incorporated into this workflow.  In an ideal world uncompressed video would be the preference but for practical reasons a number of compressed workflows are in use.

The compressed wireless systems in common use are:
· Steadicam

· Handheld camera

· Drone

· Cable-cam

· Rail-cam

· Onboard camera

· Helicopter with camera operator
· Motorbike with camera operator
· Microwave relay helicopter or fixed wing aircraft

Steady-cam

A Steadicam is a gyro stabilized mount/harness worn by a specially trained camera operator. The camera is carefully balanced and takes care of all the vibrations caused by the movement of the operator.  These wireless cameras are used most of the time for studio productions like “the Voice” or the Eurovision song contest. Sometimes Steadicams are used outside for covering concerts or sporting events and could also be operated from a Segway, snow scooter, etc.

For high end content production (compressed) we would need:
· HQ video from camera

· LQ video Mbps to camera

· 6 ms latency (RTT)

Handheld camera

For studio productions and outside broadcasts sometimes, handheld cameras are used in situations where the director needs to have multiple angle shots from competitors or artists.  So, in situations where maximum flexibility is demanded and for obvious reasons no cables are allowed, handheld cameras are equipped with transmitters and receivers. These cameras can operate line of sight and non-line of sight.

For high end content production (compressed) we would need:
·  HQ video from camera

· Control and LQ video to camera

· 6 ms latency (RTT)

Drone

Since regulations are getting in place for Drone usage the demand for getting live shots from these highly sophisticated aerial platforms is getting bigger. The onboard camera is already producing 4K footage but for locale storage only. 

For high end content production (compressed) we would need:
· HQ Video from camera

· control Video to camera

· 6 ms latency (RTT)

Cable-cam

During large football events, ski jumping or open-air concerts sometimes a cable-cam is used. The camera is mounted on a small platform which is attached to steel cables. This platform can virtually go to any position on the football field. The system is fully remote operated.

For high end content production (compressed) we would need:
· HQ Video Mbps from camera

· control to camera

· 6 ms latency (RTT)

Rail-cam

For Formula One, cross-country skiing, and speedskating a rail-cam is used. This system is using a specific track for instance during formula 1 it operates in the pitlane. And during speed skating the camera track is just above the boarding. The system is fully remote operated.

For high end content production (compressed) we would need:
· HQ Video Mbps from camera

· control Mbps to camera

· 6 ms latency (RTT)

Onboard cameras

Formula 1 and MotoGP provide the director with a lot of onboard camera shots including important sensor data for the graphics department. These systems require terrestrial coverage.

For high end content production (compressed) we would need:
· HQ Video Mbps from camera (per camera)

· control Mbps to camera (combined)

· 6 ms latency (RTT)

Helicopter with camera operator (downlink mode)

Making aerial shots during sports or event productions most of the time a twin-engine helicopter is used which is equipped on the outside with a so-called gyro stabilized camera for instance a Cineflex or Shotover. The camera operator is operating the system from within the helicopter and follows the cues from the director. The operating distance can vary from 150 m to 150 km.

For high end content production (compressed) we would need:
· HQ Video Mbps from camera

· Control, comms and control Mbps to camera

· 6 ms latency (RTT)

Helicopter with camera operator (up-link mode)

Making aerial shots during sport or event productions most of the time a twin-engine helicopter is used which is equipped with a so called gyro stabilized camera for instance a Cineflex or Shotover. The camera operator is operating the system from within the helicopter and follows the cues from the director. The operating distance can vary from 150 m to 150 km. Depending on the altitude of the camera helicopter the signals can go direct to the receive site or need to be transmitted towards a fixed wing relay plane operating at a higher altitude and from there the signal are combined in a mux and transmitted towards the receive site.

For high end content production (compressed) we would need:
· HQ Video Mbps from camera

· Control LQ video and comms Mbps to camera

· 20 ms latency (RTT) via aerial relay

Motorbike with camera operator

For covering Cycling races and Marathons several motorbikes with camera operator are involved. Especially cycling races that can last for up to 8 hours the technology has to function over large distances. For that reason, most of the time a microwave midpoint is used for receiving and re-transmitting the footage. This midpoint can either be a helicopter or a fixed wing airplane. For Marathon coverage a terrestrial solution would be preferred.

For high end content production (compressed) we would need:
· HQ video from camera {per camera)

· Comms and control Mbps to camera (combined)

· 6 ms latency (RTT) terrestrial

· 20 ms latency (RTT) via aerial relay

Microwave Relay helicopter or fixed wing aircraft

Long distance live event coverage like triathlons, cycling races and WRC rally racing is done by means of a microwave aerial relay. This relay can either be a helicopter or a fixed wing aircraft handle up to 8 uplinks of HQ video. and will send at least a mux down to the receive site.

For high end content production (compressed) we would need:
· HQ Video from camera {per camera) to airplane

· Control and comms to camera (combined) from airplane

· HQ MUX video main downlink from airplane to receive site

· HQ MUX back-up downlink from airplane to receive site

· Video, comms and control main uplink from receive site

· Video comms and control back-up uplink from receive site

· 20 ms latency (RTT) via aerial relay

All services carried by these Bi-directional IP-link

From camera:

· 4K video with 8 times embedded audio

· 4 separate audio channels

· Intercom

· AR sensor data

· Synchronization data

· Camera ID data

· Link status

· RS232/485/422 data

To camera:

· return HD video programme
· return HD video autocue 
· focus pulling data

· camera control

· lock data

· intercom

· link status

· PTZ commands
· RS232/485/422 data

5.6.2
Pre-conditions

· Uncompressed video signal.
· Software or hardware-based compression tools to provide compressed video feed. 

· Video transport signal carried as an IP stream in SMPTE ST2110-20 (compliant to an ST2110-21 wide sender profile).
· Audio transport signal carried as an IP stream in SMPTE ST2110-30 / AES67.
· Devices compliant to the AMWA NMOS specifications IS-04 and IS-05 APIs.
· AMWA NMOS IS-06 API between broadcast controller and a controller of the 3GPP infrastructure.
· Suitable signal processing hardware or Facilities to provide a single video feed from multiple sources (OB truck).

· 3GPP transmission hardware (network interface).
· Signal path to 3GPP base station or cell.
· Suitable connection to network at the receive point or broadcast centre.
· Ability to uplink content from the broadcast centre to the field an added benefit.
· Monitoring tools to identify signal path and quality of service.
5.6.3
Service Flows
· Journalist turns on local UE.
· Signal is routed to the network interface (journalist).
· Establish link between network interface and 3GPP network (journalist).
· Identify available bandwidth (cam engineer).
· Configure signal processing to optimise against available bandwidth (engineer).
· Send signal to base station (journalist).
· Route signal to broadcast centre (automated).
· Broadcast centre receives and monitors signal (engineer).
· Broadcast centre sends back communications including clean feed and talk back (usually audio only) but may have compressed video (engineer).
· Video signal is routed live to air via production gallery (director).
5.6.4
Post-conditions

Final production programme output to go to air either via 3GPP network or other directly connected hand-off.
5.6.5
Existing features partly or fully covering the use case functionality












5.6.6
Potential New Requirements needed to support the use case
Video link bandwidth shall support compressed video up to UHD 4K at 50 fps as per table below.
	tier
	Type of use
	Bandwidth for UHD @50 FPS
	Bandwidth for HD (1080i50)
	Link latency
	description

	Mezzanine compression
	Studio and high end production
	3Gbit/s
	1Git/s
	<6 ms
	Low complexity minimum compression for use in studio environments alongside existing studio resources or for contribution where uncompressed links are unavailable

	Tier One
	High profile sports or music events
	500 Mbit/s
	200 Mbit/s
	<6 ms
	compression used in live environment with no onward processing. Could be used for contribution 

	Tier 2
	Wide area sports events, general production
	100 Mbit/s
	80 Mbit/s
	<6 ms
	Used when bandwidth is not available often mixed with wired sources, no onward processing

	Tier 3
	news
	>20 Mbit/s
	10 Mbit/s
	20 ms
	Single camera contribution from a camera or smart phone

	Reverse video/proxy
	Monitoring and non-broadcast
	10 Mbit/s
	<10 Mbit/s
	<6 ms
	Return video feed or lower quality feed for monitoring purposes


[PR 5.6.6-001]:
Video link bandwidth shall be a minimum of 50 Mbit/s for HD or 100 Mbit/s for UHD per source.
[PR 5.6.6-002]:
Audio link shall allow 16 channels at a minimum of 48 kHz, 24-bit. carried as an IP stream as 


defined by SMPTE ST2110-30 / AES67.
[PR 5.6.6-003]:
Voice communication bandwidth shall be a minimum of 14 Mbit/s per user.

[PR 5.6.6-004]:
Control communications shall be a minimum of 1 Mbit/s per camera.

[PR 5.6.6-005]:
The 3GPP system shall not show more than 1 lost packet per hour measured at the receive point of 

the link.
[PR 5.6.6-006]:
The 3GPP system shall allow for seamless handover between multiple cells of the same MNO.

[PR 5.6.6-007]:
The 3GPP system shall deliver a maximum end-to-end latency of 100 ms for programme contribution.

[PR 5.6.6-008]:
The 3GPP system shall be able to transport IPv4 and IPv6 multicast traffic.
[PR 5.6.6-009]:
The 3GPP system shall be able to transport IP-Packets with an MTU of 1500 byte.s

[PR 5.6.6-010]:
The 3GPP system shall deliver a distribution of high-precision time information by the Precision Time 

Protocol (IEEE 1588-2008) in SMPTE ST2059 profile.
[PR 5.6.6-011]:
The 3GPP system shall have the ability to natively support open standard based broadcast 


workflows. 


[Editor’s note: VSF and SMPTE and exploring the requirements for SMPTE 2110 compatible video 

over wireless links]
[PR 5.x.6-012]:
The 3GPP system shall support the provision of elemental flows of synchronous video, audio and data feeds.
 

[PR 5.x.6-013]:
The 3GPP system shall support protocols for discovery, registration, connection management, 


network control and security compatible with current broadcast best practice.
[PR 5.6.6-014]:
The 3GPP system shall allow for seamless handover between multiple cells of the same MNO.
