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ABSTRACT

RDL is the Radio Description Language being devel oped
at Vanu, Inc. It is a language specialized to the needs of
software radios. One important goal for software radio
languages is portahility, which is the capability to execute
a waveform application on hardware platforms from
different manufacturers. RDL is designed to improve the
portability of waveforms compared to existing approaches
such as the JTRS SCA. This paper describes RDL and
reports the experience of a team of engineers who used it
to implement the physical and link layers of the GSM
cellular telephone waveform.

INTRODUCTION

Waveform portability is an important goal for potential
users of software radios, who seek to reduce the
traditionally high cost of achieving interoperability among
radio systems acdquired from multiple vendas. For
example, a mgjor goa of the Software Communicaions
Architedure (SCA) of the US DOD Joint Tadicd Radio
System program is waveform portability. [1]

Waveform implementations have two perts that face
significantly different portability challenges. In this paper
we use the foll owing terms for these parts. The application
part configures and controls the system, and implements
higher level functions sich as protocol state machines and
network routing. The signal processing part implements
the transforms between user data and a sampled
representation o a RF waveform.

Although the SCA does nat state so explicitly, it focuses
onimproving the portability of the goplicdion part, na the
signal processing part. The SCA standardizes the
interfaces between the gplicdion part and the other
comporents of the system. [2] The SCA envisions the
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signal procesgng function as part of the platform, which
will be built by the platform venda with sufficient
flexibility to suppat avariety of waveforms.

The separation between patable gplicaion part and
platform-provided signal processng part will result in a
level of waveform portability that fals smewhere
between two extremes. In known-waveform portability
only the waveforms considered by the platform venda
during platform development can exeaute crredly. This
type of portability reduces the st to develop a new
platform that suppats a range of preexisting waveforms.
In new-waveform portability new waveforms can be
developed to run onthe platform, including waveforms
radicdly different from those cnsidered by the platform
venda, asaming the hardware has  aufficient
computational capability. This type of portability
additionally reduces the st to field a new waveform to a
variety of preexisting platforms.

The etreme of new-waveform portability is an
unapproachable ided. However, software radios shoud be
designed as far along the range towards new-waveform
portability as posdble, to maximize the flexibility and
minimize the upgrade aost experienced by users.

Two fadors limit the anourt of new-waveform portability
adhieved. First is the flexibility of the signal processng
subsystem. At present most radios use dedicated hardware
to perform some signal procesdng functions, li miti ng them
to the waveforms known at design time. However, in the
future platforms will continue to increase in flexibility, as
procesors improve in performance and move more of the
signal processng task from hardware to software.

The second patability limitation is the interfaceused by
the gplicaion part of the waveform to configure the
signal processng subsystem. If the platform offers
flexibility along an axis nat exposed through the interface
new waveforms canna take alvantage of it. It is therefore
important to design current standards such as the SCA
with an eye towards future highly flexible platforms.

The SCA attemptsto provide some level of new-waveform
portability by defining a set of functions giving the



applicaion part control over a greda variety of signal
processng parameters. This APl was developed by
studying the signal processng requirements of a
designated basis st of waveforms. [3] Such an APl is
likely to suppat only future waveforms closely related to
the basis =t, for two reasons. First, waveforms exhibit
gred variation in signal processng requirements. Thereis
a high probability that the interfacewill | adk the aility to
express ®me aped of the procesang nealed for a new
waveform. Second, attempting to suppat awide variety of
possble signal processng functionality will make the API
extremely complex. Thisincreases the dhancethat only the
particular configurations considered by the platform
venda will function corredly. Therefore, we believe the
approach used in the current SCA will limit SCA-
compliant systems to known-waveform portability.

This paper describes a different approach to the interface
between the gplicaion part and the signal processng
subsystem. RDL is a language rather than a list of
functions. This enables the @plicdion part of the
waveform to expressa much larger range of desired signal
processng functionality, in a way that is lesscomplex for
the signal processng subsystem to implement. RDL shows
how thisinterface ca be structured to enable platforms to
suppat a significantly greder range of new waveforms,
thereby significantly reducing user costs.

CONCEPTSBEHIND RDL

The signal processng part of most waveforms can be
expressed as a pipeline or graph whose nodes are primitive
signal processng functions chasen from a standard library.
Examples of primitives include various types of
moduators, convolutional encoders, Viterbi decoders, and
filters. This fad is widely exploited by rapid prototyping
and analysistoadls.

RDL extends this approach to the fielded system. The
waveform applicaion instaled on a platform builds a
graph d software objeds. Each oljed denates a particular
signal processng function, and has member data fields for
the various parameters of the function, bu does not
contain the mde that implements that function. The
resulting graph describes the physicd layer of the desired
waveform.

The waveform applicaion ddivers this graph to the RDL
runtime system, which uses the hardware and software
resources available on the platform to implement the
spedfied processng. The runtime system can, for
example, examine the graph and dedde whether it (or
some subgraph) matches the caabilities of a legacy
hardware modem that is present. If so, the runtime system
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would initialize the hardware parameters of the modem
based onthe parameters =t in the graph. If no herdware
assst is available, the runtime system can use the
information in the graph to configure a software signal
processng system.

In the Vanu software signal processng system, there is a
library of processng modues correspondng to the objeds
that may be in the RDL graph. The runtime system
instantiates an implementation ofjea from the library for
each nock in the gplicdion graph, sets its parameters as
spedfied by the gplicaion, and makes the gpropriate
high-speed data mnredions between the objeds and
lower-speal control conredions to the gplicaion part.
Some of the library objeds are fully generic, such asfilters
and decoders, whil e others provide spedali zed services for
diff erent waveforms.

RDL LANGUAGE
RDL offerstwo primary constructs.

¢ Modules are the nodes in the processng gaph. Each
corresponds to asignal processng function.

¢ Assemblies are graphs. An assembly contains modues
or subassemblies, conreded into a particular topdogy.

Additionally the language mntains the nation d streams
that expressthe graph connedions along which data flows,
ports that are atadhment points for streams on modues,
and channel types describing the messages that can flow
along astream.

AseEmblies ®rve to smplify the expresson d complex
processng gaphs that have meaningful internal structure.
An example aembly would be the recave cain that
monitors GSM control channel traffic. In a test device
which monitors multiple @ntrol channels smultaneously,
the cntrol channel recaéve aembly could be instantiated
multiple times in just a few lines of code, with the center
frequency and adher relevant parameters st differently in
eathh ore. Asemblies are not visible to the signal
processng subsystem. They are epanded to lists of
modu es and conredions before exeaution.

A key design dedsionisthat an aseembly istreaed like a
modue. Assemblies have parameters, control and data
ports, and can be instantiated, conneded and dsconreded
from ead daher. More predsdy, eah asembly
implements a modue, just as a dass implements an
interfacein an ojed-oriented language like Java. All uses
of the asEmbly refer solely to the modue, hiding the
existence of the aswmbly. This approach improves



Gsnfranme extends frane<bool ean>;

nmodul e Burstinterpreter ({

/1 paraneters
par amet er GsnBur st For mat Type for nat;
paraneter int32 training;
paranmeter int32 inputlLength;

/1 data ports
dat ai n Gsnfrane input;
dat aout Gsnfrane output;

/1 control ports
control out Bi ToSyncChannel SyncResponse;
controlin SyncToBi Channel SyncConmand;

}
channel Bi ToSyncChannel {
voi d Report O f set Aver age(
int32 offset,
ui nt 32 franeSt anp,
ui nt 32 nunkl enent s) ;
voi d NoSequenceFound(ui nt32 franeStanp);
}

Figure1: RDL Module

moduarity, since asmbly internads can be fredy
changed, and allows the runtime system to substitute an
optimized implementation for the aseembly.

Modules: Figure 1 shows part of a RDL modue
description file. This describes the modue that seaches
for the known training sequence in the middle of a GSM
time dot and returns the data bits surroundng it which
contain the information transmitted in that slot. Comments
spedfying its behavior have been amitted from this listing.

In the modue dedaration, the parameters are the values
that the goplicaion can spedfy to control the behavior of
the signal processng function. The data ports can be
conreded to data streans enabling exchange of data
values with ather modues. The ntrol ports can be
conredaed to control streams enabling exchange of out-of-
band control signals with ather modues.

Eadh pat islabeled with atype which indicaes the values
that may be sent or receaved through that port. Typing has
turned ou to be very useful to avoid errors in large
processng gaphs.

Data ports are limited to scdar and array types to enable a
high-speed streaming implementation. The GsmFrame
type shown in the example is an array of bits.

The dhanndl construct dedares a type that may be used for
a oontrol port. In the example shown, control ports of type
Bi ToSyncChannel can cary two messages, ore that
deliversthreeinteger datavalues and ore that delivers one.
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nodul e RxConvDecoder {
par amet er Encoder Format fornmat;
dat aout Gsnfrane out put;
dat ai n Gsnfrane input;
}
assenbl y RxConvDecoder Def
i mpl enent s RxConvDecoder {
nodul e ConvDecoder convDecoder;
nodul e Decoder Fr ameGener at or frameGen;
nodul e Decoder StreanGener at or streanten;
/1 data fl ows
st reanCen. nProt ect edQut put ->
convDecoder . i nput ;
st reamGen. munpr ot ect edQut put - >
franmeGen. nlnpr ot ect edl nput ;
st reanen. nHeader Qut put - >
franmeGen. nHeader | nput ;
convDecoder. out put ->
frameGen. nPr ot ect edl nput ;
/1 link ports

franmeGen. nQut put -> out put;

i nput -> streanGen. m nput;
}
Figure 2. RDL Assembly

r xConvDecoder

convDecoder

Figure 3: Data flows of assembly in Figure 2

Although function dedaration syntax is used in channel
dedarations for convenience, control streans are message
pipes with asynchronous queued message delivery.

Assemblies. Figure 2 shows an assembly consisting of
three ©mporent modues, eadh o which might be
implemented as an aseembly or as a primitive modue. The
function d this asembly is to separate its inpu into
encoded and urencoded perts, deamde the encoded part,
and recombine the parts to produce afully deaded output
stream.

Thefirst part of the assembly dedares the moduesthat are
parts of the asembly. The second describes the desired
conredions among the modues. The syntax X.Y refers to
the port named Y of the modue named X. The data flows
lines in this asembly describe the graph shown in
Figure3. The link port lines of the asembly indicae
which pats on the subcomporents ad as the ports of the
modue that the assmbly implements. The wde that
initializes the parameters of the parts of the assmbly
based onthe f or mat parameter of the asembly is nat
shown.



INTERFACE TO HIGHER LAYERS

The processng gaph described by a mlledion d RDL
modues and assmblies is one part of a larger waveform
applicaion. Other parts of the goplicaion, such as protocol
state machines, nedd to interad with the processng gaph.
For example, a processng modue that monitors receved
signal strength must natify the GSM applicationto begin a
handdf when signal strength drops below some threshald.

RDL reuses the control channel construct described in the
previous dion for conredions between the processng
graph and Hgher layers. A modue which has control ports
but no data ports may be dedared a control module.
Control modues represent portions of the gplicaion
rather than signal processng comporents.

When an applicaion dHivers a processng gaph to the
RDL runtime for exeaution, it provides a reference to an
objed in its address pacefor eat control modue in the
graph. Control messages @nt to controlin pats of that
modue by other modues in the graph are delivered as
procedure cdls to the gplicaion oljed. For the reverse
path, there is an APl by which the gplication can send
messages through the ntrolout ports of the ontrol
modue.

RDL IMPLEMENTATION

The airrent implementation wses Java dass files as the
download format for RDL descriptions, C++ as the signal
processng implementation language, and CORBA to
conred the two. RDL modues are wmpiled to a
colledcion d CORBA IDL, Java, and C++. RDL
asemblies are mmpiled to a Java dass which the
waveform developer subclasses and extends with a
function that sets the parameters of the mmporents based
onthe parameters of the assembly.

The waveform developer writes Java for the gplication
part of the waveform and links that code together with the
Java produced from the RDL asemblies that describe the
signal processng part of the waveform. This produces a
portable download image & a Javaj ar file. Much o the
applicaion part of waveforms such as GSM consists of
state madiines, so a ommercial statechart toodl that
generates Java de isintegrated with the system. [4]

STATUSOF THE GSM IMPLEMENTATION

The implementation & GSM in RDL has readed a
laboratory demonstration level of functionality but is nat
yet ready for field trials. For example, the airrent
demoduator does not hande noise robustly. Such
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limitations do nd hinder the evaluation d RDL. On the
other hand, runtime changes to the RDL graph are not yet
suppated by the runtime system. The GSM engineeaing
tean plans to use this fedure extensively but no
information is yet available on the dfediveness of the
feaure’ s design.

The RDL description  GSM layer 1 is built from 36
different primitive modues and 28 dfferent assemblies,
totalling 3190lines of RDL code including comments. In
one eeadtion corfiguration, when a GSM mobile is
camping on a ontrol channel waiting for a cdl, the
processng gaph contains 20 signal processng modues
and 7 control modues, conneded by 25 dita streans and
16 control streams.

LESSONSLEARNED

Implementing GSM enabled evaluation d a variety of
aspeds of RDL. Three ae described here.

Assemblies. The asembly construct proved extremely
succesgul. Writing assmblies rather than flat graphs
enables the waveform programmer to encapsulate
knowledge of a part of a waveform in a reusable
comporent and Hdeitsinternal details. This contributed to
the small size of the RDL description and its readabilit y.

In ore example, the lead GSM developer dedded to test
whether the system could recéve two channels
simultaneously. Given an assembly that implemented a
single recave channel, it took just a few lines of code to
configure the signal processng subsystem to implement
two at the same time, asdgn them to the gpropriate
channels and time dots, and exeaute the test. Performing
the same cnfiguration operation withou assmblies, or
with a parameter-controlling APl such as that used in the
SCA, would have bean much more expensive.

Streams: Developers reported that several aspeds of the
stream design were succesdul. First, the type system
worked well to catch simple programming errors. Ports are
typed and their conredions are thedked for type matches.
Sewond, dvelopers appredated that a single stream
construct is used for both data and control streams, despite
the significant semantic diff erences between them, so the
developer can just conned A to B without worrying about
what A and B are. The use of function cdl syntax for
channel types, which dona have function cdl semantics,
caused initial confusion bu was regarded as the corred
approach orcethe construct becane famili ar.

Expressiveness. The language gppeasto provide & clea
a description d a signal procesing gaph as can be



achieved textualy. The decomposition into assemblies
keeps the number of conredionsin ead group davn to a
reassonable size. Still, graphicd representations are eaier
to work with, so we wrote tods to produwce useful
visuali zations (using the dot tod from AT&T [5]). Despite
the importance of visualization, textual source de is
better than graphicd source for a language like RDL
becaise of the availability of editing, source @de
management, compil er and aher todls.

The lead GSM developer found hmself having to write a
nortrivial amount of bailerplate for the asmblies. We
wrote a simple graph-editing too with a RDL code
generation badkend that handles most of the common
cases. This proved to be succesdul at reducing the coding
effort. It is naot cler how to make the language
significantly more ancise withou giving up types or the
ability to handle cetain unrcommon bu important cases, so
this approach appeas areasonable mwmpromise.

PORTABILITY OF RDL WAVEFORMS

RDL as alanguage gpeasto be mmpletely flexible: any
desired waveform can be expressed in RDL. That does not
mean, havever, that any desired waveform can exeaute on
agiven platform. The set of moduesin the runtime system
determines which waveforms can exeaute on that platform.

An ided runtime system will suppat a flexible set of
simple primitive modues that can be cmbined to
implement any desired waveform. It is difficult to
approach the ided, for two reasons:

*  Waveforms exhibit gred variation in signal processng
requirements. To make it passhle to implement any
desired waveform, the individua modues neda to
implement the smallest unit of functionality possble.
This exposes the performance overhead of the modue
interconred mechanism of the signal processng
subsystem. Pradicd implementations need to chocse a
modue size that balances the desire for flexibility
against the need to amortize these overheads.

e The implementation d individual functions can be
significantly optimized if the parameters to those
functions are known. Therefore there is a tension
between performance and generality of modues. A
modu e which implements a particular linea feedbadk
shift register, for example, is substantially faster than a
generic register instructed to generate that particular
polynomial. Pradicad implementations need to chocse
a modue generdity that balances the desire for
flexibility against the need to optimize performance
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Examining the GSM implementation, we find that the
modues fall into two caegories, those that are generic
signal processng functions, and thase whose functions
appea spedfic to GSM. Six modues were reused
unchanged from previous waveforms. Ten were newly
developed bu appea widely applicable to 2G and later
cdlular systems. Twenty appea unlikely to have ay
utility except for waveforms gmilar to GSM.

These numbers dow that the aiurrent system falls
somewhere between known-waveform and rew-waveform
portability. The GSM waveform coud na have exeauted
on a preeisting fielded system, developed withou
knowledge of GSM, because of the twenty modues used
that perform GSM-spedfic tasks.

However, if a software signal processng system like that
built by Vanu is used, the necessary modues could be
added to the fielded system through an over-the-air
platform-spedfic software upgrade. Once these modues
are present, any of a wide variety of new waveforms that
reuse comporents of the GSM design can exeaute withou
platform-spedfic software devel opment.

CONCLUSIONS

The language eproach o RDL alows the signa
processng cgoabiliti es of a software radio platform to be
combined together and reused in ways not considered by
the platform designer. Therefore aplatform providing an
RDL interfaceto its sgnal processng functionality will
suppat a much wider range of new waveforms than a
platform whose interface is a set of signa processng
parameter control functions. RDL will thus improve the
flexibility and reduce the aosts experienced by end wsers
who seek to upgrade fielded software radio systems.

A language like RDL shoud be ansidered as a potential
extension to the JTRS SCA, to ensure the SCA properly
suppats future software radios with highly flexible signal
processng subsystems.
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