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Software Defined Radio Vision
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 Flexibility
 Platform is capable of running different standards

Future SDR Mobile Phone 

S InDevice ← Standard_1.exe, ..., Standard_n.exe

 Efficiency Efficiency
 Power consumption of flexible SDR must be close 

to power consumption of dedicated device (battery driven!)
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Disclaimer

SDR also requires dramatic progress 
in RF front end design and technologyin RF front end design and technology

However I will focus here on the digital part



Latency Constrained Processing
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Parallel Computing in Mobiles

Massive Parallelism required 
i h f bl fin the foreseeable future

2003 2009 2013

Frequency 
(MHz) 300 600 1500

GOPS 0,3 14 2458

OperationsOperations 
per Cycle 1 23 1638

Clock frequency increase not sufficientClock frequency increase not sufficientSource: International Technology Roadmap for Semiconductors (ITRS, TX 2003)Clock frequency increase not sufficient
 Massive parallelism required
 Multi core systems

Clock frequency increase not sufficient
 Massive parallelism required
 Multi core systems Multi-core systems Multi-core systems



Energy Efficiency - Flexibility - Performance

O
 N

DSP
GPP

ASIP*

I P
 A

 T
 I 

O

10
6FPGAL 
I T

 Y

ASIP*

  D
 I 

S
 S

 I

10
5

. .
 . 

 1

ASICE
 X

 I 
B

 I 

General Purpose ProcessorsGeneral Purpose Processors

O
 W

 E
 R

 

Physically
OptimizedLo

g 
 F

 L
 E do not provide sufficient 

throughput and energy efficiency 
do not provide sufficient 

throughput and energy efficiency 

Lo
g 

  P
 Optimized

ICs

L

 Heterogeneous Multi-Core Platforms Heterogeneous Multi-Core Platforms

S T N ll RWTH A h

103 . . . 104

Log   P E R F O R M A N C E
gg

Source: T. Noll, RWTH Aachen
* ASIP: Application Specific Instruction-Set Processor
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JTRS SCA (Software Communication Architecture)

GSM.exe, UMTS.exe, LTE.exe, ...

Hardware Abstraction Layer
(hardware independent interfaces)(hardware-independent interfaces) 



Issues of Proposed SDR Approach

 Independent ORB Express Benchmarks performed by Boeing

CORBA ORB communication
adds around

CORBA ORB communication
adds aroundadds around 
0.3 ... 10 ms

l t !

adds around 
0.3 ... 10 ms

l t !latency !latency !

Source: http://www.ois.com/



Issues of Proposed SDR Approach

121 lines of functional code lead to
1175 lines of generated code for SCA
121 lines of functional code lead to

1175 lines of generated code for SCA1175 lines of generated code for SCA1175 lines of generated code for SCA

Unsuitable for Unsuitable for 
 Baseband Processing
 Medium Access Control (MAC)
 Baseband Processing
 Medium Access Control (MAC)
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The Efficiency vs. Portability Trade-Off

nOptimization

Witte et al.: “SDR Baseband 
Processing Portability: A Case 
Study”, WSR Conference 2008
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SDR Baseband Processing 
Portability“, SDR'08, 2008High level languages 

 support portability
High level languages 
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Energy Efficiency*

* Energy Efficiency = 1 / Energy_Consumption_per_Task



Traditional Library Based Waveform Development

Waveform 1 Waveform 2
These approaches do not offer sufficient reusabilityThese approaches do not offer sufficient reusabilityThese approaches do not offer sufficient reusability
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These approaches do not offer sufficient reusability

W d WF 1 Baseband Receiver
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We need 
 a flexible waveform description („WDL“)
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 a constraint-aware mapping approach (SW  HW) 
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The critical part is the library:The critical part is the library:The critical part is the library:
- Proprietary
- Waveform specific components

The critical part is the library:
- Proprietary
- Waveform specific components
- Platform specific implementation of components- Platform specific implementation of components



Nucleus Approach: Transceiver Development

Waveform 1 Waveform N...Waveform 2Waveform
Class

N l 1
Nucleus 2 Nucleus xLibrary of 

Nucleus 1
Nucleus 3

Nuclei

Nucleus ApproachNucleus ApproachNucleus Approach
 Critical, demanding, algorithmic kernel 
 Captures common kernels across different waveforms

N ith f h d ifi

Nucleus Approach
 Critical, demanding, algorithmic kernel 
 Captures common kernels across different waveforms

N ith f h d ifi Neither waveform nor hardware specific Neither waveform nor hardware specific



Waveform Development Environment (WDE)

Waveform
Description

Waveform1 Baseband Receiver
N 1

N 7 N 5N 2 Non N p N 7 N 5N 2 Tasks

Algorithmic
NucleusFl ibl ffi i t t l b d iFl ibl ffi i t t l b d iNuclei N 1 N 2 N 7 NNN 5
Nucleus
Library

Mapping & 

Flexible, efficient tool based mapping Flexible, efficient tool based mapping 

Board F73

Compile
pp g

EvaluationAdvantages
 Portable and efficient 

Advantages
 Portable and efficient 

Support
Package F12F11 F25F23F52 NF14

 Reusable libraries
 Fast assembly of new transceiver descriptions 
 Reusable libraries
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What Describes a Nucleus Library Element?

 Algorithmic functionality  FFT

Generic Descriptors Example

 Algorithmic functionality

 Flavours

 FFT

 FFT implementations



Flavours
= Optimised implementations
 Algorithmic variants

FFT implementations
 Radix-2, radix-4, DIT, DIF
 Assembler, IP-core 



 Implementation variants

 Configuration parameters  Input/internal data width
 Input/internal scaling 
 Rounding scheme



 Rounding scheme
 Processing mode 

(e.g. stream/block)

 Constraints  Input data order 
I t d t f t



 Input data format



What Describes a Nucleus Library Element?

 Flavours and configuration parameters influence
performance properties
 Processing properties
 Latency
 ThroughputThroughput
 Energy efficiency

 Implementation properties
 Area
 Memory Constraints andConstraints andMemory

 Algorithmic properties

Constraints and 
performance properties 

must be considered

Constraints and 
performance properties 

must be considered Bit error ratemust be considered 
in the mapping process!

must be considered 
in the mapping process!



The Driver Target System: Overview

CHANNELTRANSMITTER

Parameter Flexibility
• Bit rates
• Number of Subcarriers
• Modulation schemes CHANNELTRANSMITTER• Number of antennas
• Coding rate (code)
• Supported modes
• ...
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Outlook

 Develop complete Nucleus library for driver projectDevelop complete Nucleus library for driver project
 Identification of issues
 Refinement of approach
 Proof of concept

 Prototyping
 Design of proof-of-concept ASIC
 FPGA based demonstrator ( demo in foyer) FPGA-based demonstrator ( demo in foyer)
 Manufacturing & testing of ASIC


