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Cross-domain management in IBN
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- Resource federation based
on exposure APIs,

- On-demand slice design,

- Cross-domain deployment
and orchestration



Different research works proposed models and frameworks for federated clouds through brokering to solve
the issue of resource limitations so that Cloud service providers can share their resources as one Cloud
infrastructure [1]-[3].

Also, components for resource discovery, resource allocation and mapping of virtual topologies over a
federated multi-domain network virtualization environment have been proposed [4].

Moreover, a broker and federation architecture for resource allocation as per end-to-end SLA established in
Cloud Networking Environment (laaS and NaaS) has been proposed in [5].

Particularly, a model of Virtual Cloud using the interaction model of “Rent Out the Rented Resources” based
on renting 3rd-party resources to provide its own services was defined in [6]. It aims at reducing cloud service
costs by virtualizing already virtualized infrastructures where a cloud provider offers its own cloud services by
acquiring and federating underutilized resources from 3rd-party enterprises.

Furthermore, falling within the “Edge Cloud” paradigm, solutions like Blue Horizon [7] proposes to extend the
Cloud to the edge by gathering data from the edge.



From the architectural point of view, many initiatives have targeted to address the challenges that
operators face today in providing network services to OTT 3rd party actors.

Open Networking Foundation (ONF) defined SDN-based solution for “Operator Network Monetization”
promoting SDN as a framework to enable interactions between operator’s network and applications [8]
and has proposed “A Flexible NFV Networking Solution” using SDN for VNF deployment [9].

Also, an SDN-aware NFV architecture for operators is presented in [10] enabling dynamic provisioning of
network services.

Moreover, T-NOVA project [11] proposed an operator architecture framework for providing network
functions-as-a service while UNIFY project proposed a network unified programmability framework [12].



Regarding network slicing, there is no consensus on one definition for a network slice. Several definitions
exist in the literature [19]-[24]. For example, the logical architecture for network slicing based 5G systems
proposed in [22] includes an introduction to the fundamental concepts of network slicing.

These approach does not take into account the integration of resources from different actors and the
means of enabling an interaction between different 5G system domains.

In [25], a network slicing mechanism was defined for network edge nodes. This approach relies on cloud
edge to achieve network slicing and core network functions and entities need to be shifted and placed
into the network edge.



Regarding orchestration and management, ETSI NFV reference framework defines virtual resource
management and network service orchestration [27]. Different initiatives like TeNOR NFV orchestrator
platform [28] provide orchestration for automated management of network services over virtualized
infrastructures.

Further, Open Source projects like Open NFV (OPNFV) [29], Open Source MANO [30], Open Baton [31] have
implemented ETSI NFV architectural framework for NFV orchestration and management. However, these
initiatives have been designed for the orchestration of a single domain where NFVO has full access and
control over resources.

More recently, Open Network Automation Platform (ONAP) [32] has emerged as the orchestration platform
for carrier-scale automatic VNF and network services orchestration and management. The Active and
Available Inventory (AAIl) in ONAP provides real-time views of available resources and services and their
relationships and is thus equivalent to a Resources Cartography. However, ONAP AA|, in its actual version,
stores the resources and services of a single provider or tenant.
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Network (Slice)-as-a-Service Architecture
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Automation for Management and Orchestration
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Application of cross-domain slicing
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Need to consider a large scope of resources embracing IT and all network (connectivity,
access and core) resources belonging to different profiles of actors,

The interactions between the network operator and 3rd-party actors and the federation of their
resources need to be jointly addressed,

Need to investigate management and orchestration of network slices that span across
different network domains and may include network functions deployed in the core, access
and edge networks,

Work on evolving approaches and initiatives targeting the cross-domain multi-actors
management and orchestration,



Merci




[1] Y. Demchenko, C. Ngo, C. de Laat, and C. Lee, “Federated access control in heterogeneous intercloud environment: Basic
models and architecture patterns,” in 2014 IEEE International Conference on Cloud Engineering, pp. 439-445, March 2014.

[2] S. S. Chauhan, E. S. Pilli, and R. C. Joshi, “A broker based framework for federated cloud environment,” in 2016 International
Conference on Emerging Trends in Communication Technologies (ETCT), pp. 1-5, Nov 2016.

[3] M. Aazam and E. N. Huh, “Broker as a service (baas) pricing and resource estimation model,” in 2014 IEEE 6th International
Conference on Cloud Computing Technology and Science, pp. 463-468, Dec 2014.

[4] C. Pittaras, C. Papagianni, A. Leivadeas, P. Grosso, J. van der Ham, and S. Papavassiliou, “Resource discovery and
allocation for federated virtualized infrastructures,” Future Generation Computer Systems, vol. 42, no. Supplement C, pp. 55 —
63, 2015.

[5] M. Hamze, N. Mbarek, and O. Togni, “Broker and federation based cloud networking architecture for iaas and naas qos
guarantee,” in 2016 13th IEEE Annual Consumer Communications Networking Conference (CCNC), pp. 705-710, Jan 2016.

[6] S. Malik and F. Huet, “Virtual cloud: Rent out the rented resources,” in 2011 International Conference for Internet
Technology and Secured Transactions, pp. 536—541, Dec 2011.

[7] Horizon Project. Blue Horizon, Edge Insights. [Online] Available on:
https://bluehorizon.network/documentation/introduction.

15



[8] ONF, Solution Brief, Operator Network Monetization Through OpenFlow-Enabled, April 2013.

[9] Open Networking Foundation (ONF). Solution Brief, OpenFlow-Enabled SDN and Network Functions Virtualization,
February 2014.

[10] J. Matias, J. Garay, N. Toledo, J. Unzilla, and E. Jacob, “Toward an sdn-enabled nfv architecture,” IEEE Communications
Magazine, vol. 53, pp. 187-193, April 2015.

[11] G. Xilouris, E. Trouva, F. Lobillo, J. M. Soares, J. Carapinha, M. J. McGrath, G. Gardikis, P. Paglierani, E. Pallis, L. Zuccaro,
Y. Rebahi, and A. Kourtis, “T-nova: A marketplace for virtualized network functions,” in 2014 European Conference on
Networks and Communications (EUCNC), pp. 1-5, June 2014.

[12] P. Skidstrm, B. Sonkoly, A. Gulys, F. Nmeth, M. Kind, F. J. Westphal, W. John, J. Garay, E. Jacob, D. Jocha, J. Elek, R. Szab,
W. Tavernier, G. Agapiou, A. Manzalini, M. Rost, N. Sarrar, and S. Schmid, “Towards unified programmability of cloud and
carrier infrastructure,” in 2014 Third European Workshop on Software Defined Networks, pp. 55-60, Sept 2014.

[13] A. Gran, S. C. Lin, and I. F. Akyildiz, “Towards wireless infrastructure-as-a-service (wlaas) for 5g software-defined cellular
systems,” in 2017 |IEEE International Conference on Communications (ICC), pp. 1-6, May 2017.

[14] I. F. Akyildiz, P. Wang, and S.-C. Lin, “Softair: A software defined networking architecture for 5g wireless systems,’
Computer Networks, vol. 85, no. Supplement C, pp. 1 — 18, 2015.]

16



[15] G. Xilouris, E. Trouva, F. Lobillo, J. M. Soares, J. Carapinha, M. J. McGrath, G. Gardikis, P. Paglierani, E. Pallis, L.

[19] M. Berman, J. S. Chase, L. Landweber, A. Nakao, M. Ott, D. Raychaudhuri, R. Ricci, and |. Seskar, “Geni: A federated testbed for
innovative network experiments,” Comput. Netw., vol. 61, pp. 5-23, Mar. 2014.

[20] G. Americas, Network Slicing for 5G Networks and Services; White paper, November 2016.

[21] X. Li, M. Samaka, H. A. Chan, D. Bhamare, L. Gupta, C. Guo, and R. Jain, “Network slicing for 5g: Challenges and opportunities,”
IEEE Internet Computing, vol. 21, no. 5, pp. 20-27, 2017.

[22] H. Zhang, N. Liu, X. Chu, K. Long, A. H. Aghvami, and V. C. M. Leung, “Network slicing based 5g and future mobile networks:
Mobility, resource management, and challenges,” IEEE Communications Magazine, vol. 55, no. 8, pp. 138—-145, 2017.

[23] R. Trivisonno, X. An, and Q. Wei, “Network slicing for 5g systems: A review from an architecture and standardization perspective,’
in 2017 IEEE Conference on Standards for Communications and Networking (CSCN), pp. 36—41, Sept 2017.

[24] Z. Kotulski, T. Nowak, M. Sepczuk, M. Tunia, R. Artych, K. Bocianiak, T. Osko, and J. P. Wary, “On end-to-end approach for slice
isolation in 5g networks. fundamental challenges,’ in 2017 Federated Conference on Computer Science and Information Systems
(FedCSIS), pp. 783-792, Sept 2017.

[25] J. Heinonen, P. Korija, T. Partti, H. Flinck, and P. Pyhnen, “Mobility management enhancements for 5g low latency services,” in
2016 IEEE International Conference on Communications Workshops (ICC), pp. 68—73, May 2016.

I

[26] M. Richart, J. Baliosian, J. Serrat, and J. L. Gorricho, “Resource slicing in virtual wireless networks: A survey,” IEEE Transactions
on Network and Service Management, vol. 13, pp. 462—-476, Sept 2016.

17



[15] G. Xilouris, E. Trouva, F. Lobillo, J. M. Soares, J. Carapinha, M. J. McGrath, G. Gardikis, P. Paglierani, E. Pallis, L.

[27] ETSI NFV ISG, Network Functions Virtualisation (NFV); Management and Orchestration. ETSI GS NFV-MAN 001 V1.1.1.
http://www.etsi.org/technologies-clusters/technologies/nfv, Dec 2014.

[28] T-NOVA Project. TeNOR NFV Orchestrator. [Online] Available on: http://www.t-nova.eu/open-source/.

[29] Linux Foundation. Open Platform for NFV (OPNFV). [Online] Available on: https://www.opnfv.org/.

[30] ETSINFV ISG. Open Source Management And Orchestration (OSMANO). [Online] Available on: https://osm.etsi.org/.
[31] Open Baton, NFV-MANO compliant framework. [Online] Available on: https://openbaton.github.io/.

[32] Open Networking Automation Platform (ONAP) project. [Online] Available on: https://www.onap.orgy/.

[33] A. Francescon, G. Baggio, R. Fedrizzi, E. Orsini, and R. Riggio, “Xmano: An open-source platform for cross domain management
and orchestration,” in 2017 IEEE Conference on Network Softwarization (NetSoft), pp. 1-6, July 2017.

[34] Ciena, Blueplanet. Multi-domain service orchestration. [Online] Available on:/http://www.blueplanet.com/products/multi-
domainservice-orchestration.html.

18



: X-MANO Dashboard :

i ‘core
' REST |
Dom a i n 1 S A R A —— ::.- .-.-.- : .- P —— .-.-.-..-.-.-.-..-.-‘-.-.-.-‘-.-..-.-.-.-.-.-.-.-.: . -D--o-m-@-in
i Zabbix | | E Zabbix
OpenBaton g Sgrver OpenBaton P Sarier
W el e meW Mo [zl o= ZAgl Re¥|  [AcT (zAg fptp] |
E NFEL o o vnFeo 1 i 4y wnERo i VNF£1
v | Streamer Bridge VNF | . | Bridge VNF | Transcoder

The aim is to show that the X-MANO is able to deploy network services with a negligible overhead and
without imposing limitations on the underlying domains.

The X-MANO architecture. A federation manager (fm) is interfaced with one or more federation agents (fa).
The user interacts with the FM trough a web dashboard. Each domain is locally managed by its local domain
orchestrator/manager (dom).

A cross-domain link is created between the two domains using openvpn. Zabbix is used to monitor each
domain. Each instantiated VNF can be accessed by the FA to trigger actions (i.e., local scripts).

19



	Slide 1
	Cross-domain management in IBN
	Cross-domain management in IBN
	Multi-domain federation and brokering
	Network and Service Exposure
	Network Slicing for a cross-domain service
	Automated Management and Orchestration
	Network (Slice)-as-a-Service Architecture
	Network (Slice)-as-a-Service Architecture
	Automation for Management and Orchestration
	Multi-actor cross-domain management
	Application of cross-domain slicing
	Identified challenges
	Slide 14
	References
	References
	References
	References
	Multi-domain Orchestration: X-MANO

