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	This document contains tentative questions O/11, P/11 and revised Q8/11 (H/11) to be discussed at the further SG11 interim sessions prior to the next SG11 plenary scheduled for December 2020. This document is based on SG11-TD1415/GEN.



Draft Question H/11
[bookmark: _Toc22846726]Protocols supporting distributed content networking, and information centric network (ICN) and [new transport] for future networks, and IMT-2020 network and beyond, including end-to-end multi-party communications
(Continuation of Question 8/11)
[bookmark: _Toc343850862][bookmark: _Toc22846727]Motivation
The emerging multimedia services and applications require various functions and facilities. One of the key features of the multimedia applications that require multi-party communication capability is end-to-end multicast transport functions. Based on this motivation, a set of recommendations have had been developed on frameworks and protocols for group management and end-to-end multicast communications over IP multicast as well as non-IP multicast network environments. As a result of collaboration work with ISO/IEC JTC 1/SC 6, many common text standards 
These standardization works have been progressing successfully in collaborative manner with ISO/IEC JTC 1/SC 6 had been developed successfullyto develop common text standards for both standardization bodies. The common text standards developed by collaborative team for multi-party communications include ITU-T X.606-series | ISO/IEC 14476-series, ITU-T X.607-series | ISO/IEC 14476-series, ITU-T X.608-series | ISO/IEC 14476-series, ITU-T X.602 | ISO/IEC 16513, ITU-T X.603-series | ISO/IEC 16512-series, ITU-T X.604-series | ISO/IEC 24793-series, ITU-T X.605 | ISO/IEC 13252. These Recommendations will need to be continuously maintained and updated if any further requirements from the market arise.
Various distributed and conversational multimedia services, such as multimedia telephony, telepresence, IPTV, smart TVDigital signage, VoD, telepresence, personal broadcasting service, network multimedia streaming and other emerging contents delivery services require efficient communications capability over various network environments and need to support enhanced contents such as AR/VR, UHD (4K, 8K). . Distributed service networking protocols based on peer-to-peer (P2P) technology can be one of the useful solutions for supporting new emerging applications which require high performance and scalable communications capability. 
During 2013~2016 2020 study periods, SG11 has been developeding Recommendations on signalling architecture and protocols for managed P2P (MP2P) communications and , which can be applied to end-to-end multimedia communications including video streaming and content distribution services including video streaming. Standards development for the hybrid P2P (HP2P) communications which consist of mesh-based P2P network and tree-based P2P network has also been started and it needs to be continued to develop relevant protocols for HP2P communications in the next study period. HP2P communication protocols would provide more efficient and flexible information distribution capabilities for IoT related services and Distributed Ledger Technology services. There is a need to continue development of such protocols in the next study period. The set of Recommendations developed will provide solutions and guidelines for the vendors and providers who want to implement and deploy content distribution and delivery services for various types of content using P2P technologies.
Another important area of study by SG13 concerns requirements and architectural technical issues have been raised and studied on information centric network (ICN) in many SDOs. for future networks (FNs) and 5G/IMT-2020 networks. Therefore, it is required to develop protocols and mechanisms supporting content networking to meet requirements and architecture of FNs as well as 5G/IMT-2020 networks. Especially, multimedia content delivery and service networking related issues need to be initially focused on but the work should be extended to support other capabilities of FNs. Protocols and mechanisms for content discovery, distribution and delivery based on information centric network (ICN) technology will constitute very important emerging issues to support related requirement and capabilities of 5G/IMT-2020 network and beyond.
[
…
And the traditional layer 4 protocols provide end-to-end reliability and related functions, such as congestion control. There are classical protocols like TCP and UDP, which have been widely deployed in the past years and also new proposals like QUIC, DCCP and so forth in recent years. The current design has several limitations. For example, almost all the layer 4 protocols assume the upper layer data owns equal priority in one session. This assumption was reasonable in the past and mostly in current but may be challenged in the future network. Actually, the data natively owns differential priorities due to the design and feature of application. Another example is that the layer-4 protocol collects few of parameters from network layer. They are almost blind to the low layer situation. The actions (e.g. window adjustment, multipath load balance) of layer 4 should own the capability to perceive the network situations, such as end-to-end delay, path, and congestion. The information will benefit layer 4 protocol to adjust its actions so that implement higher throughput. This question focuses on the study of the protocols and mechanisms on key technologies to realize new transport layer (layer 4) protocol system. Furthermore, a new layer 4 architecture is expected so that can guide the work of implementation.
…]

Another emerging issue for multi-party, multimedia communications is audio-visual streaming to support various services and applications including personal broadcasting. The efficient signalling protocols and mechanisms to support these emerging new audio-visual services including personal broadcasting services are urgently required by the market.
Recommendations under responsibility of this Question include: X.601, X.602, X.603, X.603.1, X.603.2, X.604, X.604.1, X.604.2, X.605, X.606, X.606.1, X.607, X.607.1, X.608 and X.608.1, X.609, X.609.1, X.609.2, X.609.3, X.609.4, X.609.5, X.609.6, X.609.7, X.609.8, X.609.9, X.609.10, Q.4100-Q.4139 (for protocols and signalling for P2P communications).
[bookmark: _Toc343850863][bookmark: _Toc22846728]Questions
Study items to be considered include, but are not limited to:
–	What maintenance or enhancements to existing Recommendations on end-to-end multicast need to be developed in response to new market requirements?
–	What Recommendations need to be developed to provide protocols for content discovery, distribution and delivery to support requirements and functional architectures of legacy and FNs, IMT-2020 network and beyond?
–	What Recommendations need to be developed to provide protocols for content discovery, distribution and delivery based on ICN technology which are taken into account in FNs, 5G/IMT-2020 network and beyond network environments?
[..
–	What Recommendations need to be developed to provide protocols for end-to-end communications including new transport layer protocol?
…]
–	What Recommendations protocols and mechanisms need to be developed to provide protocols to support managed and hybrid peer-to-peer communications?
–	What protocols and mechanisms need to be defined for the key technologies to realize application defined and network aware?
–	What interfaces and parameters need to be defined to the upper and low layer, respectively?
–	What Recommendations need to be developed to provide protocols to support emerging multi-party, multimedia end-to-end communications services and applications in FNs and 5G/IMT-2020 network environments?
[bookmark: _Toc343850864][bookmark: _Toc22846729]Tasks
Tasks include, but are not limited to:
–	maintenmaintainance and enhancement of Recommendations X.60x-series, including common text standards for multi-party communications in collaboration with ISO/IEC JTC 1/SC 6 in response to new market requirements;
–	develop Recommendations on protocols to support end-to-end multi-party, multimedia communication services including personal broadcasting services and applications, considering various network environments;
–	developing Recommendations on protocols to support contents discovery, distribution and delivery issues considering various network environments, which include for legacy network, and FNs, IMT-2020 network and beyond;
 –	developing Recommendations on protocols to support contents discovery, distribution and delivery issues based on information centric network (ICN) technology considering various network environments, which include for 5G/IMT-2020 network networksand beyond;
–	developing Recommendations on protocols and mechanisms to support managed and hybrid peer-to-peer communications;
[…
–	develop Recommendations on the signalling and control architecture of new transport layer system;
–	develop Recommendations on the related protocols for management and control of transport layer architecture, and the interfaces and parameters to the upper and low layer.
…]

–	developing Recommendations on protocols to support end-to-end multi-party, multimedia communications including personal broadcasting services and applications.
An up-to-date status of work under this Question is contained in the SG11 work programme (http://itu.int/ITU-T/workprog/wp_search.aspx?Q=8/11).
[bookmark: _Toc343850865][bookmark: _Toc22846730]Relationships
Recommendations
–	X-series Recommendations on multi-party, multimedia communications
–	Y-series Recommendations and Supplements on IPTV, content delivery, DSN, FNs and 5G/IMT-2020 network and beyond
–	H-series Recommendations on multimedia services and applications
–	Q-series Recommendations on signalling, protocols, measurements and test specifications related to the scope of Question
Questions
–	All Questions of SG11
Study groups
–	ITU‑T SG13 on FNs, and 5G/IMT-2020 network and beyond
–	ITU‑T SG16 on multimedia services and applications
–	ITU‑T SG17 on related security issues
Standardization bodies
–	ISO/IEC JTC 1/SC 6
–	IETF
WSIS Action lines
–	C2
Sustainable Development Goals:
–	SDG9
[…
Draft Question O/11
[bookmark: OLE_LINK2]Signalling and protocols for ManyNets support in Future Vertical Communication Networks
(New Question)
Motivation
IP-based network layer protocols have been widely deployed as the fundamental technologies in existing networks. On the other hand, the network integration of vertical communication networks, such as factory networks, utilities networks, automotive networks and other proprietary networks, is becoming more and more essential. A number of limitations are identified for the support of future communication networks for verticals (in other words, “future vertical communication networks”) through conventional network protocols.
The satellite networks, and their integration with terrestrial networks, have become a key trend for the internetworking of many vertical communication networks, such as those for airliners, ships, mining, environmental monitoring and remote education. The satellite network has different features from the terrestrial network in many aspects, such as medium type, networking topology, transmission delay, and packet loss ratio, and these features bring challenges as well as opportunities to an integrated space-terrestrial network. The vast Mobility-Related Topology Changes (MRTCs) in integrated space-terrestrial network can put great stress on the BGP stability, while conventional routing performance can decrease dramatically and a severe route oscillation problem can occur in the cross region of satellite orbits. On the other hand, signalling and protocols for an integrated space-terrestrial network may utilize the features provided by satellite networks to enhance the network capabilities: for example, due to the shared medium, it is more efficient to build transmission by using multicast than unicast, though the challenge of how to run reliable multicast in space networks needs to be addressed.
Besides the integrated space-terrestrial network, many future vertical communication networks, like factory networks and utilities networks, demand new network layer protocols and signalling for the convergence of Information Technologies (IT) and Operational Technologies (OT) networks as targeted, for instance, by the fourth industry revolution).
[bookmark: OLE_LINK6]As the limiting factor for the two scenarios mentioned above, conventional IP-based fixed-length addressing wastes bandwidth and energy for various power constrained devices in utilities networks. Many existing applications in factory networks port the data directly onto the layer 2 bypassing the network layer. It increases the communication efficiency, however is consequently limited to small scale networks. Therefore, new network layer protocols and signalling need to be studied to provide pervasiveness and efficiency of communications.
Considering the internetworking of numerous and heterogeneous vertical communication networks as a combination of Many Networks (ManyNets) including all kinds of networks and devices, the current network layer protocols are showing limitations with respect to numerous scenarios of the ManyNets network system. Powerful signalling and protocols are needed to achieve ubiquitous and seamless interconnections among all these networks and devices. This Question will study signalling and protocols for ManyNets support in future vertical communication networks.
Questions
Study items to be considered include, but are not limited to:
· What flexible signalling and protocols are suitable for ManyNets support in future vertical communication networks, including all kinds of networks and devices?
· How to optimize protocols and develop design principles for ManyNets support in future vertical communication networks?
· Which evaluation models of protocols performance are needed for ManyNets support in future vertical communication networks?
· What are the unique features in space networks and relevant requirements to be supported in signalling and protocols for integrated space-terrestrial network?
· Which multicast signalling and protocols need to be designed for integrated space-terrestrial network?
· With which standards development organizations (SDOs) collaboration would be necessary to maximize synergies and harmonize existing standards?
Tasks
Tasks include, but are not limited to:
· the development of Recommendations, Reports, Roadmaps, Guidelines etc. as appropriate, in order to:
· design flexible signalling and protocols which are suitable for ManyNets support in future vertical communication networks, including all kinds of networks and devices;
· optimize protocols and develop design principles for ManyNets support in future vertical communication networks;
· develop evaluation models of protocols performance for ManyNets support in future vertical communication networks;
· identify the unique features in space networks and relevant requirements to be supported in signalling and protocols for integrated space-terrestrial network;
· develop multicast signalling and protocols for integrated space-terrestrial network.
· the establishment of the necessary collaboration for joint activities in this field within ITU and between ITU-T and other relevant SDOs, consortia and fora.
[bookmark: _Toc22846755]Relationships
· Other Questions involved in future vertical communication network studies
ITU Recommendations:
· Q-series in SG11
Questions:
· Other Questions involved in future vertical communication networks 
Study Groups:
· ITU Study Groups involved with future vertical communication networks and applications
· ITU Study Groups involved with satellite network technologies
· ITU-R WP4B
Standardization bodies:
· IETF
· IRTF
· ETSI
· 3GPP

…]
[…
Draft Question P/11
Protocols for control and management of high precision communications in Future Vertical Communication Networks
(New Question)

[bookmark: _Toc22846756]Motivation
[bookmark: _Toc22846757]Current IP networks provide best effort service or coarse-grained Quality of Service, with no guarantees of successful and in-time packet delivery. However, more and more applications in vertical communication networks that demand high precision services are emerging in the recent years. For instance, advanced media applications like Augmented Reality/Virtual Reality and holographic type applications require low latency communications to support the immersive and interactive communication experience. The industrial cloudification tends to move control functions from the manufacturing field to the edge clouds in order to reduce the cost and increase the flexibility of the manufacturing process, bringing a big challenge to the underlying networks for support of industrial operations with ultra-low latency and small jitter. And many other applications, like autonomous driving and smart grid, demand deterministic services.
[bookmark: _Toc22846758]Current network technologies show insufficient ability to provide high precision services. It is required to study technologies for control and management of high precision communications in future communication networks for verticals (for simplicity, “future vertical communication networks”) in order to enable the aforementioned time-critical applications.
[bookmark: _Toc22846759][bookmark: OLE_LINK4]This Question will focus on the study of the control and management protocols for high precision communications in future vertical communication networks. The study will also address the architecture for high precision and deterministic control and management and the relevant interfaces for interoperability support within a single vertical communication network and among different vertical communication networks with high precision communication support.
Key technologies enabling high precision control and management include, but are not limited to, technologies for orchestration, slicing, identification, authentication and network management. The control and management protocols for high precision communications in future vertical communication networks will be studied with respect to the identified key technologies.
[bookmark: _Toc22846760]Question
Study items to be considered include, but are not limited to:
· What are the requirements and capabilities of high precision control and management protocols in future vertical communication networks?   
· What is the mechanism for high precision control and management in future vertical communication networks?
· What are the key technologies enabling high precision control and management in future vertical communication networks? 
· What are the requirements for signalling and protocols for high precision control and management in future vertical communication networks?
· What protocols need to be specified for the key technologies enabling high precision control and management in future vertical communication networks? 
· What interfaces need to be specified for interoperability support within a single vertical communication network and among different vertical communication networks with high precision communication support?
Tasks
Tasks include, but are not limited to:
· the development as appropriate of Recommendations, Reports, Roadmaps, Guidelines etc., covering:
· requirements and capabilities of high precision control and management protocols in future vertical communication networks;
· mechanism for high precision control and management in future vertical communication networks; 
· requirements for protocols for high precision control and management in future vertical communication networks;
· key technologies and related protocols enabling high precision control and management in future vertical communication networks;
· interfaces for interoperability support within a single vertical communication network and among different vertical communication networks with high precision communication support;
· [bookmark: _Toc22846761]the establishment of the necessary collaboration for joint activities in this field within ITU and between ITU-T and other relevant SDOs, consortia and fora.
Relationships
Recommendations
Q-series in SG11
Questions
Other Questions involved in future vertical communication networks
Study groups
ITU Study Groups involved with future vertical communication networks
Standardization bodies
IEEE, IETF
WSIS Action lines
SDGs
…]
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