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Evolution of Wireless Comm. SystemsEvolution of Wireless Comm. Systems



Definition of SDR TechnologyDefinition of SDR Technology
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Functionalities for SDR-based HandsetFunctionalities for SDR-based Handset
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Digital IF
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Baseband
Modem

1000 MIPS ~
50 ~ 1000 MIPS

1000 ~ 2000 MIPS
10 ~ 50 MIPS (Speech)

1000 MIPS (Video)

- FPGA
- Programmable

Dedicated H/W

DSP (with Accelerator)

Channel
CodingSource

Coding

FPGA

Digital Hardware Resources for SDRDigital Hardware Resources for SDR

DSP (with Accelerator)

“More sophisticated signal processing algorithms must be 
employed to increase throughput over limited frequency resource”



Generic Structure of SDR PlatformGeneric Structure of SDR Platform
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Enhancement of Radio Access by SDREnhancement of Radio Access by SDR
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SDR-based Multimode BS and HandsetSDR-based Multimode BS and Handset
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Blocker Rejection and Digital AGCBlocker Rejection and Digital AGC

Signal

Blocker

RF Input Analog SAW
filter output 

Analog AGC
output 

Digital filter
output

Digital AGC
output

Analog AGC 
Output Level

Digital AGC 
Output Level

Digital ProcessingAnalog Processing

Analog 
Attenuation

Digital 
Attenuation



Open Digital IF Architecture for BSOpen Digital IF Architecture for BS
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Evolution of Digital RF/IF TechniqueEvolution of Digital RF/IF Technique
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Advantages of Digital IFAdvantages of Digital IF
More digital components in Analog Front End

More digitally tunable components

More strong to adjacent co-channel interference

Easy to adapt sophisticated digital signal processing in IF

(eg., Adaptive pre-distorter, IF bandpass filtering, etc) 

Easy to upgrade by software to fit released spec.

More robust to aging problem

Cost effective by reducing analog components



Components for implementing Digital IF Components for implementing Digital IF 
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Characterisitics of Analog-to-Digital ConverterCharacterisitics of Analog-to-Digital Converter
Sampling Speed
− As increasing 

Processing bandwidth is widened
Processing gain for baseband is increased
Power consumption is increased

− As decreasing
Power consumption is decreased 
Suitable for handset with using Zero IF technique

Bit Resolution
− It determines dynamic range of ADC (N bit ADC ~ 6*N [dB])
− ENOB( Effective Number of Bits)

It is less than 6*N [dB] Dynamic Range due to harmonic 
noise 

Analog Input Bandwidth
− It should be greater than Nyquist Freq. for bandpass sampling



Considerations for ADC Circuit  DesignConsiderations for ADC Circuit  Design
Input center frequency  is set to fNyquist /2  due to mitigate
− 1/f Noise around DC 
− Image around fNyquist  
Isolation between analog input and digital circuit
− Isolation between analog components and digital 

components
− Isolation between analog ground and digital ground

Input Clock for ADC should have
− Very low noise 
− Be isolated with the clock for digital circuit
− Be differential clock to alleviate noise 



Performance of current and future ADCsPerformance of current and future ADCs

Feature
Semiconductor-Based Superconductor-Based

Performance Range

10 to 14 bits quoted 
(ENOB typically 2 to 4 less)

14 to 24 bits ENOB

Up to 200 MHz Up to > 2 GHz

60 to 90 dB 100 to 150 dB

N/A (normally post LNA) -120 to -180 dBm

Frequency

Resolution

Spur Free 
Dynamic Range

Sensitivity



Characterisitics of Digital-to-Analog ConverterCharacterisitics of Digital-to-Analog Converter

Sampling Speed
− determines available output frequency

SFDR(Spur Free Dynamic Range)
− determines output dynamic range with 

considering Harmonic Distortion
Inverse Sinc Filter
− is required for the flatness of inband frequency 

characteristic
Image Rejection Filter
− Is required for unintentional harmonic image



Bandpass Sampling Technique (cont.)Bandpass Sampling Technique (cont.)

The technique of under-sampling a modulated 
signal to achieve frequency translation via 

intentional aliasing.

The technique of under-sampling a modulated 
signal to achieve frequency translation via 

intentional aliasing.
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Bandpass Sampling Technique (cont.)Bandpass Sampling Technique (cont.)

IF frequency in information bandwidth which is 
occurred from folding can be determined from 

sampling frequency Fs and center frequency Fa.

IF frequency in information bandwidth which is 
occurred from folding can be determined from 

sampling frequency Fs and center frequency Fa.

Frequency Selection RuleFrequency Selection Rule
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Bandpass Sampling Technique Bandpass Sampling Technique 
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Bandpass Sampling for Multiband Signal Bandpass Sampling for Multiband Signal 

Multiband signals resulted from folding effect should 
not be overlapped each other in information band.

Multiband signals resulted from folding effect should 
not be overlapped each other in information band.
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An Example : IS-95 and W-CDMAAn Example : IS-95 and W-CDMA

< Digital Board >
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Multimode Input (IS-95, W-CDMA, W-LAN)Multimode Input (IS-95, W-CDMA, W-LAN)
Signals considered here
− IS-95

Bandwidth : 1.25 MHz/1FA
Chip rate : 1.2288 Mcps

− W-CDMA
Bandwidth : 5 MHz/1FA
Chip rate : 3.84 Mcps

− IEEE 802.11a W-LAN
Effective Bandwidth : 16.6MHz
Transmission Bandwidth : 20 MHz

Total information bandwidth : 26.25 MHz



IF Freq. Plan for IS-95, W-CDMA, W-LANIF Freq. Plan for IS-95, W-CDMA, W-LAN
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Selected IF Frequency PlansSelected IF Frequency Plans
IF frequency band : 70~130 MHz
Sampling Frequency : 65 MHz

Digital Frequency 
(MHz)IF Frequency (MHz)

214910912674
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23511107125119
238388122127
2172109123128
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Digital IF Down ConversionDigital IF Down Conversion
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Structure of CIC FilterStructure of CIC Filter
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Decimation Filter using CIC & HB FilterDecimation Filter using CIC & HB Filter
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Efficient FIR Filter Processing (cont.)Efficient FIR Filter Processing (cont.)
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Efficient FIR Filter Processing Efficient FIR Filter Processing 
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Digital IF ChannelizerDigital IF Channelizer
- Frequency Conversion
- Analog Channel Selection
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Functionality of Digital IF Channelizer Functionality of Digital IF Channelizer 
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Channelizer using Polyphase Filter BankChannelizer using Polyphase Filter Bank

The above models are equivalent.
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An Example : IS-95 and W-CDMAAn Example : IS-95 and W-CDMA
Sampling Frequency : 80 MHz
FA BW : 5MHz
IS-95 : FA BW 1.25MHz



Multiband Channelizer for IS-95 & W-CDMAMultiband Channelizer for IS-95 & W-CDMA
Characteristics :
− Polyphase filter bank structure performed with low processing 

clock
− Each communicator is employed for each multi-FA standard.

nπfjelLFlF 12
1,1 )1()( −=

)(1,1 myM −

)(1,2 my

FAst10=n nπfjelLFlF 02
1,0 )0()( −=

nπfj
M eMmMhmP 02

1,1 )1()( −−=−

nπfjemMhmP 02
1,2 )2()( −=

∑

nπfje 02−

FAnd2

FAth4

)(1,0 my

nπfjemMPmP 12
1,1 )1()( −=

)(1,1 my

)(1,1 myM −

)(1,2 my

FAst1

)(nx

0=n nπfjemMPmP 02
1,0 )0()( −=

nπfj
M

MeMmMPmP 12
1,1 )1()( −−−=−

nπfjemMPmP 22
1,2 )2()( −=

∑

nπfje 02−

)(1 my

)(2 my
)(10 my

FAnd2

FAth10

W-CDMA

IS-95
)(1 ly

)(2 ly
)(4 ly

W-CDMA
Baseband 

Signal

IS-95
Baseband

Signl



ConclusionsConclusions
For future mobile communication systems, the 
development of multi-mode and multi-band SDR 
platform is necessary.
For multi-mode and multi-band transceiver, the 
development of Digital IF technology is necessary.
To realize multi-mode and multi-band SDR-based 
Digital IF module, reconfigurable RF devices and 
digital processors with high speed and low power 
consumption are required.
More flexible and sophisticated digital signal 
processing algorithms must be employed onto SDR 
platform to improve the performance of future mobile 
communication systems. 


