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Abstract

This meno specifies an unified radio and optical control architecture
based on Software Defined Networking (SDN). The architecture is

desi gned for the purposes of end-to-end 5G Radi o Access Networks
(RAN) service, which enables joint radio and optical network resoures
orchestration. Based on this architecture, sone new applications
coul d be achi eved, such as enhanced Coordi nated Mil ti Point (eCoMP)
servi ce, Baseband Unit (BBU) aggregation, fronthaul traffic

predi ction and so on.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
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Internet-Drafts are draft docunents valid for a maxi mnum of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on Decenber 18, 2019.
Copyright Notice

Copyright (c) 2019 I ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunent is subject to BCP 78 and the I ETF Trust’s Legal
Provisions Relating to | ETF Docunents
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1. I nt roducti on

This meno i ntroduces an unified radio and optical network control
architecture based on the Software-Defined Networking (SDN). The
architecture consists of three planes: application plane, control

pl ane, and data plane. For data plane, each physical node of radio
and optical networks (i.e., BBU RRU and optical transport node) is
attached with an OpenFl ow agent (OF-Agent) that comrunicates with the
OpenFl ow control I er through the extended OpenFl ow protocols (CFP)

For the control plane, it realizes the control of the physical

devi ses, such as configuration of optical/radi o network nodes and the
information collection of network statuses. |In addition, the control
pl ane realizes radi o and optical resources virtualization, and
perfornms joint resourses allocation (orchestration). The application
pl ane consists of various services, and each service injects a policy
rule to the control plane for orchestrating radio and opti cal

resour ces.

2. Requirenents Language

The key words are "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL
NOTr", "SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTI ONAL".
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3.

Ter m nol ogy

This meno uses the following terns: SDN, BBU, RRU, Service,
Interface, Control.

Thi s docunent uses the follow ng terns:

OpenFl ow Agent (OF-A): is associated with a physical node to
communi cates with the controller through extended OpenFl ow prot ocol
(OFP)

Radi o-Control ler (Radio-C): is used to control w reless network
devi ces.

Transport-Controller (Transport-C): is used to control optical
net wor k devi ces.

Resource Mai ntenance (RM: is to collect and mai ntain physical
resource information.

Protocol Control (PC): is to code/decode extended OF nessages.
Integrated Traffic Engi neering Database (Integrated-TED): is a

dat abase to store virtualized radio and optical resources which are
abstracted fromraw physical resources.

Virtual Optical Resource (VOR): abstracts the raw data of optical
physi cal network which are reported fromthe RM nodul e.

Virtual Radio Resource (VRR): abstracts the raw data of radio
physi cal network which are reported fromthe RM nodul e.

Orchestrator Engine: is an execution nodul e which has two
functions, |ightpath managenent and radi o resource nappi ng.

Li ghtpath Cal cul ation(LPC): is used to establish lightpaths for the
connections .

Radi o Resource Mappi ng(RRM: is responsible for nmappi ng RRU-BBU pairs
Policy Injection: the scheduling schene for eCoMP , BBU aggregation
scheme and fronthaul traffic prediction could be running init.

Sout h Bound Interface (SBI): the interface between control plane and
dat a pl ane.
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Not h Bound Interface (NBI): the interface between application plane
and control plane.

4. Mbti vati on and Goal s

The radi o access network (RAN) architecture towards nobile 5G and
beyond i s undergoi ng a fundanmental evol ution, which brings optics
into the radio world. Fronthaul is a new segnent that |everages on
t he advant ages of optical communication for RAN. However, the
current fronthaul architecture shows a fixed connection between an
RRU and a BBU, which leads to inefficient resource utilization.In
addition, the existing network control architectures of radio and
optical networks are built independently, where the convergence of
radi o and optical networks is inefficient in terns of end-to-end
del ay and joint resources allocation. Therefore,to provide a good
RAN performance, an unified control plane architecture for radio and
optical networks SHOULD be proposed.

SDN i s an energing paradigmthat prom ses to change this state of
affairs, by breaking vertical integration, separating the network’s
control logic fromthe underlying devices, pronoting (logical)
centralization of network control, and introducing the ability to
programthe network. SDN nakes it easier to create and introduce new
abstractions in networking, sinplifying network managenent,

especially for the convergence of different network pardi gns.

Based on the advantages of SDN, we have established an radi o and
optical control architecture to achi eve new applications, such as
eCoMP service, BBU aggregation, and fronthaul traffic prediction,
whi ch are shown as foll ows.

4.1. BBU aggregation

BBU aggregation is to turn off the lowutilized BBUs and nmigrate
their RRUs to other active BBUs through |ightpath reconfiguration.
Wth the hel p of BBU aggregation, BBU resource utilization can be
significantly inproved, and this is enabled through the unified radio
and optical networks control architecture.

4.2. eCoWP

The eCoMP exploits the fronthaul flexibility by dynamcally
reconfiguring the |ightpath between RRUs and BBUs, which is to
reassoci ate coordi nated RRUs (connected to different BBUs) within a
single BBU. Wth the help of eCoMP, several geographically-adjacent
RRUs jointly process/transnit as a single antenna systemthat serves
for the cell-edge users.It realizes the backhaul bandw dth saving
bet ween the coordi nated BBUs.
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4. 3.

5.

fronthaul traffic prediction

The date rate of new fronthaul interfaces, such as eCPRI and NG
CPRI, are depending on the wireless traffic |oad. Therefore, the
wreless traffic prediction is an inportant thing to inprove the
front haul bandwi dth utilization. It could be predicted by using
machi ne | earni ng approach to perceive user’s behavior (e.g.,traffic
| oad, nmobility), which can be enabled by this unified control
architecture.

Overview of Radio and Optical Network Control Architecture
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Figure 1. Unified Radio and Optical Control Architecture based on SDN

The framework of SDN- enabl ed control architecture is consisting of

t hree pl aness: application plane, control plane, and data plane, are
i nterconnected via a northbound interface (NBI) and a sout hbound
interface (SBlI). For data plane, each physical node (i.e., BBU RRU
and TN) is attached with an QpenFl ow agent that communicates with the
controller through extended OpenFl ow protocols (CFP)
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6.

6.

7.

8.
9.

The control plane is consisting of five nodules: Policy |Injection
nodul e, Optical-Controller (Optical-C) nodule, Radio-Controller
(Radi 0-C) nodul e, and Integrated Traffic Engi neering Dat abase
(Integrated-TED) nodule. Policy Injection (eCoMP) runs application
policies, such as the eCoMP al gorithm BBU aggregration. Radio-
Controller (Radio-C) is used to control radio devices. Optical-
Controller (Optical-C) is used to control optical devices.
Integrated Traffic Engi neering Database (Integrated-TED) is a

dat abase to store virtualized radio and optical resources which are
abstracted fromraw physical resources.

The application layer includes sonme applications inplenented in the
framewor k of SDN-enabl ed control architecture, such as eCoMP, BBU
aggregation, traffic prediction and so on.

Architectural Considerations of Radio and Optical Control

Interface of Control Architecture

SBI:In radio and optical control architecture, control plane and data
pl ane are interconnected via SBI. Existing SBI includes: NETCONF
OpenFl ow, SNWP, OpenCONFI G, PCEP, et al

NBI:In radio and optical control architecture, application plane and
control plane are interconnected via NBI. The NBI is mainly REST
API .

Security Consi derations
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