SDR MULTISTANDARD BASESTATION ASA KEY TO FUTURE COGNITIVE
RADIO NETWORKS

Wolfgang Koenig (wolfgang.koenig@alcatel-lucent,ddpus Nolte, Thomas Loewel,
Andreas Pascht, Alcatel-Lucent Deutschland AG

ABSTRACT « Management of cognitive radio networks and provision
of context information towards cognitive network

Flexibility of established RAN architectures is limited due functions
to missing standard/frequency band adaptability of the Overall architecture of a cognitive radio BS
infrastructure to the environment. There are no means to State-of-the-art analysis and perspective developments
adapt the RAN dynamically to the actual mix of terminals  for required technologies
within a cell and to changing traffic demands e.g. caused by Impact on existing modeling approachgsa, FDL, ...)
extraordinary events e.g. such as large sport events.

Furthermore deployed terminals need to support a multitude >  cOGNITIVE RADIO IN INFRASTRUCTURE

of existing radio standards. This leads to longer time to BASED NETWORKS
market, higher complexity and shorter battery lifetime of the
terminals. 2.1  Approach and Benefits

In this contribution a concept, partly developed
within the E2R2 Project [1], a concept on Cognitive Radiorpe pagic architecture of a cognitive Radio Access Network
is introduced that shall overcome these restrictions in @ ,tined in Figure 1.
longer term. Exploiting the capabilities of SDR base stations
a RAN is designed where the infrastructure adapts itself, i.e.
autonomously, to offer the most appropriate mix of RATs
according to e.g.: requested bearer services (bandwidth,
QOS), capabilities of the mobiles within the cell (supported

RATs, frequencies), available resources (spectrum, |
platform). L 4 . ‘
1 INTRODUCTION ! i ,J

The overall concept is based on a Cognitive Radio Network Cognitive

Mx Base Station

Management that inter-works with a function managing Molt -radlio o ater 55 -

HAM: Heterogeneous
Access Manager
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heterogeneous access to the deployed composite radio .
networks supporting different Radio Access Technologies Figure 1: Cognitive Radio Access Network

and with a flexible, multi-band/multi-standard Cognitive

Radio Base Station (BS). Cognitive Radio NetworkA cognitive, multi-standard radio BS is assumed to provide
Management can be either fully distributed or partlyseveral radio access technologies in parallel, creating a
centralized. The cognitive RAN shall autonomously adapheterogeneous RAN. The BS shall be capable to flexibly
radio and infrastructure resources according to itseconfigure itself by dynamic allocation of resources
knowledge on the environment (e.g. type of terminalstowards different radio access technologies (RATS).
traffic demands and interference) and within the scope dbynamic multi-standard operation is not only supported for
policies defined by the network management. The concephe baseband processing but also for the transceiver capable
will not only provide the means for self-optimization andto operate in a multi-standard, multi-carrier fashion.
self-configuration of RANs but also be able to supportFlexible resource allocation respectively reconfiguration is
future techniques on dynamic spectrum access. controlled by the SDR control module, interfacing a

Cognitive Multi-Radio BS Management (CMMR). This

Within this contribution the following topics will be module comprises the cognitive radio properties as well as

addressed: the multi-radio management functionalities. It interoperates
* Requirements to a BS (BS) derived from cognitivewith the Heterogeneous Access Manager (HAM) and with
radio network scenarios neighboring CMMRs supporting heterogeneous access
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management for efficient coordination of available radio ~ An SDR Control & Configuration function will enable
resources across RATs. Handover (HO) between arbitraffexible reconfiguration of the BS by means of adequate
RANSs further requires a coordinated reconfiguration ofHW and SW changes. A SW framework will effectively
radio connectivity and involved IP mobility protocols. $hi support mapping of signal processing SW on to processing
is managed by the CMMR and HAM functionality that is resources as required by the actual configuration.
inter-working with technology specific legacy radio The multi-band/multi-standard transceiver can be
resource management. The concept supports seamlessiniplemented locally or as a remote RF head, serving single
based mobility and is featuring a coordinated and efficienbr multi-antenna configurations.  Targeted flexibility
management of the entire radio access resources. riquires enhanced antenna networks reconfigurable to the
comprises furthermore a sophisticated support for theelected frequency bands for GSM, UMTS, LTE and
detection of available UE radio properties and enableg/iMAX as well as a combined design for FDD and TDD
introduction of dynamic spectrum management. As a resultnodes. For the receiver at least 1 GHz bandwidth with a
an optimization of the overall air interface and infrastructuresignal bandwidth of 35 MHz is needed. New building
resources in the RAN is obtained with respect to useblocks (e.g. adaptive filters, frequency agile switching, and
application requirements, UE capabilities and networlkconverter linearization) need to be designed and new
efficiency. approaches for signal pre-conditioning are necessary to
reduce filter requirements especially for the antenna filter.

2.2  Cognitive Radio Base Station Ar chitecture and
Requirements 2.3  Cognition in Radio Base Station

To enable the concept of a Cognitive Radio AccesThe idea of cognitive radio was presented 1999 by Joseph
Network as outlined above, significant technicalMitola Ill and Gerald Q. Maguire, Jr. [2]. The term implies
enhancements of BS implementations are required. a certain level of cognition or intelligence in a radio system
The BS needs to support multiple frequency bands anor device: Cognitive radio can autonomously create new
air interfaces in parallel in a very flexible manner.waveforms, can negotiate new interfaces and can adjust the
Operational bands/standards shall be dynamically adjustedoperational state to meet QoS requirements.
For required enhancements mainly three areas can be In general, cognitive functions are characterized by
distinguished: operation and control functions, basebanperforming actions that will autonomously keep a
processing and transceiver. The basic architecture of dynamically changing system in an acceptable state near to

Cognitive Radio BS is shown in Figure 2. the optimum (with respect to a given target and under given
({7 YYYY restrictions). This includes the ability to adapt the strategy
o by learning (taking into account successes or failures of
-Bsx [ mermocTR || MBxTR | previously applied strategies).
Aray Equipment that supports cognitive radio technology

Mx Baseband
Processing

measures e.g. the signal strength, the transmission quality,
the propagation characteristics and the data throughput of
different bands and radio technologies. With help of this

Higher Layer
Processing

: : information it configures itself to match the rules steaming

_ B TR from previous experiences (the rules may be set by other
Remote RF head systems, manually or even be derived by the system itself).

The cognition cycle described by Mitola [2] applied to

a BS can be seen as follows:
Figure 2: Cognitive Radio BS Architecture 1. Observe the performance indicators of the BS (values
and their variations) as well as of the terminals served.
Backhauling to the fixed network is assumed to be based gn Rules (policies) define conditions that may trigger re-
an all-IP network interface, for transport and for signaling. configurations.

Legacy Radio Resource Management functions, e.g. & Events are derived from the rules. If an event occurs -
for LTE, have to be extended by a Multi Radio function the BS checks whether the rules still justify the current
together with self-learning, self-organizing mechanisms for  state and — if not - initiates a re-configuration.
joint resource optimization. Joint optimization will be 4. Some re-configuration actions may be urgent and do not
achieved by inter-working with neighboring BSs and the  allow for an (almost) perfect planning. Instead, they are
HAM function managing traffic distribution, radio performed very soon (application of high priority
resources and infrastructure resources for the subjacent policies).
access networks.

Ineyxoeg
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5. Other re-configuration actions are the result of checking &l decisions
all rules and are well-prepared. \

6. A measure is introduced that allows to say, how far is | ——
the current state from an ideal state (e.g. actual data| [Somext
throughput vs. desired data throughput, etc.).

7. By evaluating the observation data and checking them

against the effect of re-configuration actions, new rules
N
8. The re-configuration execution logic is separated. \ AN

CRN Management

Study
\ Decision
making

impacts
Config.

control

may be derived and applied.

Base Station CR Management\
\

Study
impacts

Cognitive functions within a base station could be classified -
by different criteria: \
e A function may be carried out autonomously within the
BS or in collaboration with other entities.
¢ In the collaborative case the BS may act as centralized
manager, as an agent, or on equal rights as other

Context
update

Config.
control

participants and et et
In practice, we can distinguish the following situationss(th
is not an exhaustive list): Figure 3: Management in Cognitive Radio Networks

1. A network management system performs a cognitive
function (e.g. intelligent dynamic frequency band
distribution in a geographical area due to varying3-2  Provision of context information towards
demands). As a result re-configuration actions are cognitive network functions
externally triggered in the BS.
2. Two or more BSs may negotiate a re-configuration (e.gcontext information provision depends on results of
sub-channel assignment in overlapping cell areas). measurements performed and on test results. Context data
3. A BS autonomously may - based on its observations somprise e.g. SW parameter settings such as: sensing results
partly re-assign its local processing resources from ongemperature etc.), date and time, as well as not changing
RAT to another. parameters (number of antennas, geographical position etc.)
4. A terminal, the BS and an access management systeimat can be kept in a data base.
may collaborate to improve the radio conditions for the For the measurement data collection three rules are to be
terminal. Usually, this causes re-configuration of theobeyed:
terminal and not in the BS. 1. Perform measurements only if necessary (i.e. provide a
In general, terminal related cognitive functions and re- SW mechanism to switch them on and off).
configuration actions require very short execution time2. Summarize the measurement results as near as possible
compared to BS related functions. This is because BSs are to their origin and send these summarizations to the
expected to provide enough resources for a certain number measurement consumers (keep the number of messages

of users of a standard. small).
3. Re-use measurement results collected for radio standards

(RATS) or O&M purposes.

3 COGNITIVE RADIO BASE STATION Context information coming from different RATs shall be
MANAGEMENT unified and, therefore, comparable.
3.1  Management of cognitiveradio networks 33  BaseStation Re-configuration

Figure 3 gives an overview on the management hierarchy f°" the radio front-end there arg_usually re-configurable
cognitive radio networks. Autonomous functions in the BSParameters that can be modified by software, the
shall work in the frame defined by the superior managemestependency from the RAT is rather small compared to the
level — the network management. The picture forbaseband processing parts. Therefore we put emphasis on

autonomous cognitive terminal functions is similar. the baseband re-configuration in this section.
The baseband processing in a composite wireless network

environment shall take into account:
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External Network

« Baseband operations are different per RAT (and@ Mapping of external network lines onto the RATs

sometimes, even within a RAT'’s sub-services) (transport network configuration)
« Baseband operations at RAN side are scaled per users / Mapping of cell/antenna resources onto supported RATs
services per user e Mapping of suitable HW entities onto inner or outer

* A RAN side baseband processing shall serve in parallel modem processing
multiple users in multiple networks with different At RAT level the following (re-)configuration actions may

RAT's be provided (not exhaustive): control of local RAT
« Baseband operations shall down-link summarize input(s)esources, RAT specific cell management and user
for a cell management.
» Baseband operations shall up-link divide input data into
data chunks dedicated to a single user /user service 4 SW-CONTROL ARCHITECTURE

» Baseband operations at RAN side shall serve the core
network according to its interface(s)

A single BS may represent by its own a number of cells

hot spots on different frequencies in different wireles%‘

71.1 Overall Architecture and Requirements

ost of the re-configuration actions mentioned above are
ound to complete or partial replacement of SW in different
processing entities of a BS. Therefore it is helpful to have
generic means that help to decide what SW files shall be
installed on which HW. In a BS this will be a part of the
SW management. It must be possible to describe several

networks with different technologies — all depending on th
BSs capabilities. Figure 4 illustrates the main functional
architecture of such a flexible BS.

Common Base Station Management

software configurations for a BS and to store these
o&m descriptions in a database.
Backhaul B Radio Policies are seen as the right means that may control in
Network Specific User Level  CellLevel Front- . . . .. .
_nteriace_ | __Conwol _ Progessi a generic way the configuration decisions in a BS. Another
: l ! part of SW control is the download management. This is not
RAT T further discussed in the paper. However, one should be
|
|

aware of the following problems: consistency of different
SW packages running in parallel in a BS, internal file
distribution and fallback strategy in case of failures.

Control |,

!

4.2  EZ2R Architecture: Re-configuration Management
Approach

Outer Modem Processing

|

Antenna Network

|

RAT
e R | In brief, E2R defines three layers (modules) for realizing re-
! 1 configuration in a reconfigrable radio equipment [3,4]:
(PR p—— [ S PR e « Configuration Management Module (CMM): It is
Figure 4: Base Station Functional Architecture responsible for taking configuration decisions and the
reception of configuration requests from higher level
The figure shows that baseband re-configuration (as part of Mmanagement systems. Logical configurations are
the overall management tasks in the BS) can be done at two reduested at this level only.
levels: » Configuration Control Module (CCM): It is responsible

« Station level: The BS Management part is the functional for carrying out re-configuration requests. It determines
entity that is able to trigger configuration settings how to pest fit the required logical conﬁg_uratlon onto
spanned over multiple RATs, over multiple external the available HW resources. The supervision of re-
network interfaces, over the installed L1 software etc. configuration transactions is done by CCM, too.

« RAT level: The RAT Control is able to trigger * Conﬂgurabl_e Eqw.p.men.t Module (CEM): Abstraction
configuration settings that are RAT specific and do not OF Processing entities like GPP, DSP, FPGA.
influence the work of other parts of the BS.

At station level the following configuration /re- 43  Objectsfor BS Self-Management and

Pl
>
3
— N

configuration actions may be provided (this is not an Cognitive Radio
exhaustive list): ) . .
« Number and types of RATS served Policy and profile objects are proposed as means that

control the decision management. They help to realize the
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Configuration Management (CMM) layer in a data driven applications on them. Based on this framework, a BS

manner. Nowadays, a BS uses static resource allocation and can implement an efficient SW management that is

allows to run only one RAT on a dedicated hardware. flexible enough for adaptable multi-standard operation.

Moving to a more flexible SDR hardware, the first question Improvement of the SW radio spec supporting scalable

that comes up, how to reflect this flexibility in the saite? applications (add/remove component instances or
One important point is to develop new management instance groups to an application during operation)

software, which can (re-)configure the multi standard BS. would better reflect the need of BSs.

Software deployment profiles are defined as abstractions te Definition of a functional description language for

store software configurations. A deployment profile can be describing the logical configurations and their

realized as an object that contains several attributes like corresponding functions is highly desirable.

predefined frequency bands, the maximum number of users

that can be supported and how many boards shall be use¢ TRANSCEIVER FOR COGNITIVE RADIO BS

for this configuration. Default profiles are predefined and

available after start up of the control management. A Cognitive Radio Transceiver is a radio front-end that can

The mé?jor point is that a profile can include a deploymenbe operated in a number of frequency bands and standards.
of multiple RATs. That means for example, 1o deploy 4The frequency bands and standards can easily be changed

gg/ITS dF‘;A-L andt;\ W'MA_E_I!?A: at tTe sartrt:e tlms A?_P onhe without modifying the hardware, giving network operators
and fo have the possibility fo scale up tnese S WNe€lbnsiderable flexibility not only when introducing new
necessary. With the assistance of a profile handler it i

_ . ) _ Frequency bands and standards, but also for subsequent
possible to manage all the profiles and their settings, cwork reconfiguration and optimization.
Especially, the profile handler supports the creation and the
removal of profiles.

There are two options to activate such a profile. The':"l
first is t it manually via an external trigger, e.g. on
beshali 0?‘ cflal(r)w ope?atl(])?. yButat(é: gzt eit rioreg?l;(’ibel}eg angig‘”e S depicts the modules deployed in the Cognitive

independent, it is also possible/necessary to trigger th RX? each of them must ”_‘eet much more stringent
activation dynamically by a decision-making modulerequwementsthan those for a single-band approach [6].
(policy handler). With this module the BS is able to
reconfigure itself. The policy handler contains a dynamic
number of policies.

A policy consists of a condition that evaluates ax
Boolean value and of one or more actions. The policy
handler checks the condition of a policy and runs the
corresponding actions. Attention should be paid to the
relation between the RATs and the condition, becausg

values used in the condition can have different

interpretations depending on the selected RAT. The ._.:-i

corresponding actions are function calls with predefined B Common part

parameters, generally to reconfigure the active deployment [ Dedicated part

profile or to exchange it with another profile. For Figure 5: Overall architecture of the Cognitive TRX

customization the policy handler offers the possibility to

modify and to remove a policy or to create a new one. The approach splits the transceiver front-end in a dedicated
For both, the profiles and the policies, it is importantand in a common part. The dedicated part consists of the

that only one authority has the exclusive managememower amplifier and the antenna network. This is required

access them. It must be ensured that the policies active atiae to the large frequency range, the different power classes

Architecture of a Cognitive Radio Transceiver

Power Amplifier

Antenna

Network

time do not contradict each other. and the different operating modes like FDD and TDD.
With regard to the impact on existing modelaggproaches, The common part consists of the signal conditioning
currently two main areas have to be addressed: units, the converters, the frequency conversion units, the

* Within OMG a SW Radio Specification [5] is defined low noise amplifier and the clock generation and
as a Framework for re-configurable Hardware. Thisdistribution unit. For the linearization of the power arfigi
well-known specification (derived from SCA) helps to an additional feedback path in the transmit unit is required.
implement a framework that knows and tracks the
available hardware resources of a distributed system and
is able to install and configure distributed SW
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The digital module consists of a crest factor reduction  Smart Filters: A second importing approach is the
module, a pre-distortion module for the linearization & th realization of so-called “Smart Filters”. The idea is to
power amplifier and a module for the image- and carrier reduce the overall filter requirements by digital pre-
suppression required due to analogue imperfections of the processing of the signal in the digital domain.
transmit chain of the transmit chain. These building blocks and innovations are needed and used
5.2  Cognitive TRX Building Blocks to set up a Cognitive Transceiver Unit. By using the direct-

conversion principle — due to analog imperfections — it is

Compared to an SDR TRX the following building blocks necessary  to  implement adequate compensation

need to be enhanced: mechanisms, which are very effective. It has been shown

« Enhanced Antenna Network: it has to be reconfigurabléghat an architecture based on direct-conversion is really
to select different frequency bands like GSM, UMTS,multi-band capable. The selected concept has been proven
LTE or WIMAX bands. To cover not only FDD in TX direction for zero-IF and low-IF operation.
operation but also TDD operation a combined antenna
network is required. This antenna network is based on a 6 CONCLUSION
combination of a duplex filter and a circulator.

+ Enhanced Receiver Desian: the next buildina block is &xploiting the capabilies of an SDR BS introducing
broadband receiver des w3+ —cognition functions in the RAN opens the way for
bandwidth is limited due  Mme—t—ei | | | significant enhancements of mobile network operation. New
the Low Noise Amplifie P sme—wt&thniques and technologies are required to implement a
bottleneck advanced LN, i i cognitive radio BS as outlined in this contribution. Dasig
a bandwidth of more tha w4 ~i~has already been started in number of initiatives; E2R2 is

20f4-

noise figure and the gain  [i i i i . ! | providing a major contribution to that. The way to an
frequency. i i i 1 1 [ ultimate Cognitive Radio BS is still a long one and further
T YT "'éi)nrts on technological innovations as well as on the

‘ ——&——=—s——=-standardization and regulation framework is required. The

planned E3 project [7], in the context of the EU research
program FP7, intends to further develop these enablers to
2 make cognitive radio networks a reality in the near future.
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