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ABSTRACT

Cellular telephony networks depend on an
extensive wired network to provide access to the
radio link. The wired network, called a radio
access network, provides such functions as power
control and, in CDMA networks, combination of
soft handoff legs (also known as macrodiversity
resolution) that require coordination between
multiple radio base stations and multiple mobile
terminals. Existing RAN architectures for cellu-
lar systems are based on a centralized radio net-
work controller connected by point-to-point links
with the radio base transceiver stations. The
existing architecture is subject to a single point
of failure if the RNC fails, and is difficult to
expand because adding an RNC is expensive.
Also, although a network operator may have
multiple radio link protocols available, most
RAN architectures treat each protocol separate-
ly and require a separate RAN control protocol
for each. In this article we describe a new archi-
tecture, the OpenRAN architecture, based on a
distributed processing model with a routed IP
network as the underlying transport fabric.
OpenRAN was developed by the Mobile Wire-
less Internet Forum IP in the RAN working
group. The OpenRAN architecture applies prin-
ciples to the radio access network that have been
successful in reducing cost and increasing relia-
bility in data communications networks. The
result is an architecture that can serve as the
basis for an integrated next-generation cellular
radio access network.

INTRODUCTION

Cellular telephony networks depend on an
extensive wired network between the core net-
work and the radio transceivers that handle par-
ticular cells. This network, called a radio access
network (RAN), provides functions that coordi-

nate access to the radio link between multiple
radio base stations and between mobile terminals.

In this article we discuss a new architecture
for mobile wireless RANs. The architecture,
called the OpenRAN, is based on a distributed
processing model with a routed IP network as
the underlying transport fabric. The next sec-
tion briefly discusses existing cellular RAN
architectures and why a new architecture might
be appropriate for fourth-generation (4G) cel-
lular systems. We then present the principal
requirements that drove the OpenRAN archi-
tectural design. In a later section the Open-
RAN architecture is summarized. The
architecture consists of a collection of 77 atom-
ic functions grouped into 16 functional entities
with 32 interfaces between them, so only a brief
overview of the architecture is possible to pre-
sent here. The full architecture is discussed in
[1]. We then discuss future work on issues
encountered during development of version 1
of the OpenRAN architecture. Finally, we sum-
marize the article.

THIRD-GENERATION
RAN ARCHITECTURES

Existing RANSs are based on a star topology and a
centralized architecture. A centralized radio net-
work controller (RNC) is connected by point-to-
point links with the radio base transceiver stations
(BTSs) that handle radio network connectivity for
a particular geographic region or cell (Fig. 1).
RNC:s are typically interconnected themselves to
allow mobile nodes to roam between geographical
areas controlled by different RNCs without
requiring the participation of the core network in
a handoff. As a mobile node roams between cells
controlled by the same or an interconnected
RNC, the RAN arranges for active voice or data
sessions to be handed off between cells.
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In third-generation (3G) systems, the RNC is
typically connected to a circuit-switched core for
voice calls and circuit-switched data, and a packet-
switched access gateway, for direct access to the
Internet. If a mobile node roams beyond the area
where RNCs are interconnected, a handoff through
the core circuit-switched network or between pack-
et-switched gateways is necessary. This architec-
ture description is extremely generalized, and the
two most prominent existing architectures
(UTRAN [2] and IOS [3]) differ in details.

Although the 3G architecture has served well,
there are a few potential problem areas:

IThe RNC is a single point of failure. If an
RNC fails, an entire geographical region consist-
ing of many cells is left without service.

fIncrementally upgrading RAN capacity to
handle more mobile terminals is sometimes not
possible. If the number of cells exceeds the
expansion limit of the RNC, an entirely new
RNC must be bought, at great expense, even
though only an incremental upgrade in bearer
capacity is required.

YEach radio link protocol has its own radio
network layer protocol implemented by the
RNC to control the radio link. Although there
are many functions peculiar to the radio link
protocol, some functions, such as mobility man-
agement, are common and could be handled by
IP protocols such as routing. Spectrum manage-
ment is hindered by the lack of commonality in
handling common functions.

fBecause the RAN/core interfaces were origi-
nally designed for connection to a circuit-
switched core, the interface between the RAN
and IP-based networks requires a heavyweight
gateway. In 4G cellular networks, where the core
network is based on IP, such gateways may
become a performance or complexity bottleneck.

These potential problem areas led to the
design of the OpenRAN architecture.

OPENRAN REQUIREMENTS

The OpenRAN requirements were formulated
as part of the Mobile Wireless Internet Forum’s
(MWIF’s) OpenRAN design, undertaken by the
IP in the RAN working group. The requirements
were developed in consultation with mobile
operators who also participate in MWIF, and
they reflect the MWIF operators’ requirements
for a next-generation RAN design.

ARCHITECTURAL REQUIREMENTS

The architectural requirements for OpenRAN
originated out of a desire for improvement over
the current centralized 3G RAN architectures.
The following are a few of the key architectural
requirements:

fBecause no change in radio link protocols is
anticipated, the architecture must support existing
multiple radio technologies, in particular, the
existing 2G and 3G radio technologies (e.g.,
wCDMA and cdma2000), but also wireless LANS.
The architecture should also be flexible enough to
accommodate new radio link protocols.

1To facilitate cost-effective scaling as the
number of mobile nodes and the bearer traffic
they generate increase, the architecture must
support separate and distributed control and
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M Figure 1. Third-generation RAN architecture.

bearer paths on the core network side of the
RAN. On the radio side of the RAN, control
and bearer separation becomes less important
because existing radio protocols often mix con-
trol and bearer traffic on one channel.

ITo facilitate cost-effective scaling of cell func-
tions vs. mobile terminal functions, the architec-
ture must support separate and distributed cell
and mobile node control and bearer functions.

YBecause radio spectrum is costly and band-
width-constrained, radio links are effectively
underprovisioned from a networking standpoint
and require particular attention to quality of ser-
vice (QoS). The architecture must support multi-
ple QoS levels in handoff scenarios, in addition
to end-to-end QoS and the ability to dynamically
change QoS while a session is in progress. QoS
on the wire in the RAN and over the air must be
integrated.

9To provide maximum deployment flexibility
of the wired network, the architecture must sup-
port IP as the base layer for both control and
bearer transport.

fBecause network management is the area
with the highest lack of interoperability between
RAN vendors in current 3G RAN architectures,
the architecture must support operation, admin-
istration, and network management based on
open interfaces and Internet Engineering Task
Force (IETF) network management protocols.

TSince IP core networks are anticipated to be
widespread in 4G, the architecture must support
optimal connection with IP-based core network
architectures.

OPERATOR AND SERVICE REQUIREMENTS

A collection of operator and service require-
ments were developed based on what operators
perceived as important. A few key requirements
are the following:

fThe architecture must support open inter-
faces between network entities, with IETF pro-
tocols wherever possible. Open interfaces are
desirable to support an open interoperable mar-
ket in equipment from vendors, similar to the
situation in the datacom networking area.
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M Figure 2. OpenRAN architecture.

TThe architecture must support interoperabil-
ity with 2G/3G core networks, and with 2G/3G
access networks if those access networks are run-
ning the same radio link protocol. No interoper-
ability is required with access networks that are
running different radio link protocols.

9In order to facilitate deployment of dis-
tributed OpenRAN components, the architec-
ture must support easy installation and
configuration by allowing components to auto-
configure wherever possible.

To maximize the ability of operators to man-
age usage of spectrum assets, the architecture
must allow handoff between different radio link
protocols on a single RAN. An example is a
handoff between the Global System for Mobile
Communications (GSM) and wideband code-
division multiple access (WCDMA).

OPENRAN ARCHITECTURE

The OpenRAN architecture was developed by
partitioning a RAN into atomic functions, then
grouping the atomic functions into functional
entities based on the requirements. Interfaces
between the functional entities were then identi-
fied, and the nature of the traffic over those
interfaces was characterized as a first step toward
possible protocol development on those inter-
faces that are declared open. The following sub-
sections describe the functional entities,
separated into control and bearer planes. The
radio layer 1 functions, and the operations,
administration, and management functions were
kept separate because they span control and
bearer. Transport functional entities were also
developed, but were not included in the archi-
tecture because they are described more com-
pletely in a separate report devoted exclusively
to the problem of using IP transport in RANs
[4]. Figure 2 contains an illustration of the archi-

tecture, including numbered interfaces between
the functional entities.

CoONTROL PLANE FUNCTIONAL ENTITIES

Control plane functional entities are involved in
controlling the radio link protocol between the
mobile terminals and the BTSs. The following
subsections describe the control plane functional
entities.

Cell Control: The Cell Control functional
entity is responsible for all control functions
associated with the cell. These functions include
allocation of common cell physical and logical
radio resources, admission and congestion con-
trol, system information broadcast, dynamic
channel allocation, and downlink open loop
power control. The Cell Control functional enti-
ty also executes paging on common paging chan-
nels in response to a command from the
Paging/Broadcast functional entity.

Mobile Control: The Mobile Control func-
tional entity is responsible for all control func-
tions associated with a particular mobile
terminal. Functions involved in coordination of
a mobile’s access to the radio network are one
area managed by Mobile Control, including
allocation of physical and logical radio
resources dedicated to a particular mobile ter-
minal, coordination of admission control for
allowing a new mobile terminal into the net-
work, and setting up and releasing radio con-
nections. Another area is coordination involved
in maintaining a mobile’s connection with the
RAN, including admission control on packets
to the radio network, management of the radio
resource context recording the mobile’s
resource allocations, and uplink outer loop and
downlink outer loop power control. The Mobile
Control functional entity also handles mapping
of QoS between the radio and wired parts of
the network, and such diagnostic functions as

120

IEEE Communications Magazine * May 2002



tracing a mobile terminal’s activity and mea-
surement of the MAC layer for diagnostic and
administrative purposes. Paging of the mobile
on dedicated (as opposed to common) channels
is also handled by the Mobile Control function,
although the Paging/Broadcast functional entity
controls paging overall.

The Mobile Control function also plays a big
role in handover. The Mobile Control handles
both soft and hard handover, changing the
BTSs with which the mobile is in communica-
tion in response to changes in QoS and net-
work load. In CDMA systems, Mobile Control
is responsible for controlling combining and
splitting of soft handoff legs, or macrodiversity
resolution, although the process of actually per-
forming the macrodiversity resolution is han-
dled by the User Radio Gateway (see below).
Should a mobile’s communication line become
so stretched that a relocation of the Mobile
Control function or User Radio Gateway func-
tion is necessary, the Mobile Control function
also controls relocation of the old Mobile Con-
trol and/or User Radio Gateway dedicated to
that mobile to a new Mobile Control and/or
User Radio Gateway.

UE Geo-location: The UE Geo-location func-
tional entity collects geographic location data
from the geo-position information generation
function in the Radio Layer 1 function or by
querying the mobile terminal and calculates the
geographic location. The information is then for-
warded on either the Mobile Control function or
the core network.

Common Radio Resource Management: The
Common Radio Resource Management func-
tional entity collects radio channel quality esti-
mates on both the dedicated and common
channels for purposes of load balancing. It also
signals a request for handover for purposes of
load balancing, path optimization, and resource
optimization, using information from the Mobile
Control function.

Paging/Broadcast: The Paging/Broadcast
functional entity coordinates alerting mobile ter-
minals in response to a paging message from the
core network. An important part of this function
is determining whether the mobile terminal has
an active context or is in dormant mode. If the
mobile terminal has an active context, the
Mobile Control function is informed so that pag-
ing can be done over a dedicated channel. If no
active context is available, the Cell Control func-
tion performs the page over a common channel.
The function also controls broadcast/multicast
between the core network and the RAN.

Interworking: Two control interworking
functions are included in the OpenRAN archi-
tecture: Core Network Control Interworking
and RAN Control Interworking. Core Network
Control Interworking handles control interac-
tions between the OpenRAN and legacy Sig-
naling System No. 7 (SS7)- based core
networks. RAN Control Interworking handles
control interactions between the OpenRAN
and legacy 3G RANSs that support the same
radio protocol. The OpenRAN architecture is
not intended to support control interworking
with a legacy RAN using a different radio link
protocol.

BEARER PLANE FUNCTIONAL ENTITIES

Bearer plane functional entities are involved in
adapting application IP traffic to the radio in
both the uplink and downlink directions. The
following subsections describe the bearer plane
functional entities.

User Radio Gateway: The User Radio Gate-
way functional entity is primarily responsible for
adapting application IP traffic to the radio. The
adaptation involves segmenting IP packets into
radio frames on the downlink and reassembling
radio frames into IP packets on the uplink. This
function is performed for all channels, both
common and dedicated. In CDMA systems, the
User Radio Gateway does macrodiversity resolu-
tion. Dedicated control traffic from the Mobile
Control to the mobile terminal is multiplexed
onto the dedicated control channels at the User
Radio Gateway. The User Radio Gateway also
performs such functions as uplink outer loop
power control, header compression, and radio
link encryption and decryption (to the extent this
is not handled by the Radio Layer 1 function). If
the User Radio Gateway function for a particu-
lar mobile must be relocated, the old User Radio
Gateway assists in the relocation.

Cell Bearer Gateway: The Cell Bearer Gate-
way functional entity is responsible for managing
common channel access. The Cell Bearer Gate-
way handles multiplexing of common channel
control and bearer traffic, and performs broad-
cast/multicast. Segmentation/reassembly for the
common channels is not performed by the Cell
Bearer Gateway, but is handled by the User
Radio Gateway.

Micromobility Anchor: The Micromobility
Anchor functional entity is responsible for adapt-
ing between inter-RAN core network macromo-
bility and intra-RAN micromobility. If
intra-RAN micromobility is handled by an IP
transport protocol (e.g., routing), this functional
entity might not be needed, and it has been
included in the architecture for further study.

Interworking: Two bearer interworking func-
tions are included in the OpenRAN architec-
ture: Core Network Bearer Interworking and
RAN Bearer Interworking. Core Network Bear-
er Interworking handles application traffic
between the OpenRAN and legacy asynchronous
transfer mode (ATM)/DS0-based networks.
RAN Bearer Interworking handles bearer inter-
actions between the OpenRAN and legacy 3G
RANS that support the same radio protocol. The
OpenRAN architecture is not intended to sup-
port bearer interworking with a legacy RAN
using a different radio link protocol.

RADIO LAYER 1

Functions involved in controlling radio layer 1
were collected into the Radio Layer 1 function-
al entity. System information broadcast, such as
the pilot channel in CDMA systems, and cer-
tain power control functions, such as uplink
outer loop power measurement, downlink outer
loop power control, and uplink inner loop
power control, are performed by Radio Layer
1. Initial detection and establishment of contact
with a mobile terminal is also handled by Radio
Layer 1.

To maximize
the ability of
operators to
manage usage of
spectrum assets,
the architecture
must allow
handoff between
different radio
link protocols on
a single RAN.
An example is a
handoff between
GSM and
WCDMA.
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OPERATIONS, ADMINISTRATION,
AND MANAGEMENT

The initial OpenRAN study did not identify a
complete set of operations, administration, and
management functions, but a few were called
out. Identified operations, administration, and
management functions are:

* Static configuration and allocation of com-
mon radio resources

* Configuration of system information broad-
cast

* Management of IP address assignment in
the RAN

* Radio network operations and maintenance

* Database management

* Tracing control

Interoperable RAN management using IP
protocols such as Simple Network Management
Protocol (SNMP) [5] was identified as an impor-
tant part of the OpenRAN architecture,
although work on defining interoperable man-
agement was deferred.

ACCESS GATEWAY

Although not part of the OpenRAN, the Access
Gateway handles traffic between the OpenRAN
and an IP core network. The Access Gateway
does not handle traffic between the OpenRAN
and legacy core networks; the Core Network
Interworking functions are responsible for that.

The Access Gateway’s primary functions are
to handle admission control and QoS. The
Access Gateway is responsible for performing
authorization and authentication to admit IP
packet flows between the core and RAN. The
Access Gateway maps QoS classifications on
incoming and outgoing application packets
between the RAN and the core. It is not directly
responsible for managing radio QoS, which is
handled by the Mobile Control function, but as
part of the admission control function it for-
wards a request for RAN QoS coming from the
core to the Mobile Control function to perform
radio QoS, and, in the reverse direction forwards
a request for core QoS to the appropriate band-
width request manager in the core. QoS policing
and accounting is also performed on packet
flows between the core and RAN.

The Access Gateway also has a few other
functions. The Access Gateway may be involved
in providing firewall service if the core and
RAN are in separate administrative domains.
The Access Gateway is additionally responsible
for coordinating between the Micromobility
Anchor and the core network macromobility
manager to perform inter-RAN mobility.
Depending on the core and mobile terminal
support for dormant mode and paging, the
Access Gateway may be involved in coordinat-
ing inter-RAN movement of dormant mode
mobile terminals and paging.

FUTURE WORK

The focus in version 1 of the OpenRAN archi-
tecture has been on identifying the radio-specific
atomic functions of the RAN and grouping them
into functional entities that can be implemented
as a distributed system. The working group is

currently working on mechanisms for pushing
mobility management, QoS, and security/AAA
from the radio network layer into the transport
layer, where they would be common across all
supported radio link protocols.

A common radio network layer protocol for
multiple radio link protocols was identified as
another area for future work.. Having a common
radio network layer protocol for controlling mul-
tiple radio link protocols facilitates pushing
mobility management, QoS, and security/AAA
to the transport layer, and in addition simplifies
inter-radio link protocol handoff, allowing net-
work operators to optimize use of spectrum
assets. However, there are questions about how
broad such a protocol can be, given the diversity
in channel structures and other features of exist-
ing radio link protocols.

A crucial issue for the OpenRAN is opera-
tions, administration, and management. A major
problem with existing RANS is that these areas
are not standardized, so it is difficult to achieve
interoperability even in systems such as UTRAN
[2] where the protocols and interfaces are stan-
dardized. RANs require more and different kinds
of network management than standard IP-based
wired networks, but IP-based network manage-
ment protocols seem general enough for the task.

Finally, as a practical matter, network opera-
tors wishing to deploy the OpenRAN require a
blueprint for interoperability and deployment
with their existing infrastructure. Most opera-
tors won’t be deploying new networks from
scratch, but rather gradually replacing existing
networks as their operational lifetime comes to
a close, or as the expense of operating them
becomes more than the expected expense of
replacing them with newer, less expensive gear.
Although the OpenRAN architecture has provi-
sion for interoperability, the details remain to
be worked out.

SUMMARY

The OpenRAN architecture presented in this
article is a first step toward an all-IP radio access
network. The architecture as it currently stands
describes how to decompose radio access network
functionality in a way that allows a distributed
implementation and opens the door to imple-
menting functions common among multiple radio
link protocols, namely mobility management,
QoS, and security/AAA, at the transport layer
instead of in separate radio network layer proto-
cols. There is still much work to be done on key
issues involving how to implement common func-
tions and on a common radio network layer pro-
tocol, and on interoperable network management.
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