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1. Introduction

 Objective

• Implementation of both APIs 

based on OSSIE platform

• To modify SA API and XCVR 

API in such a way that the two 

APIs be compatible with each 

other

• To accelerate the standardization 

of both APIs

Interoperability TestInteroperability Test
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2. SA API and XCVR API

 SA subsystem



 

Control Facilities
• Manage the control interfaces required 

in SA subsystem



 

Synchronization Facilities
• Manage the synchronization interfaces 

required for symbol/frame 
synchronization and calibration



 

Algorithm Facilities
• Manage the various algorithms 

required for SM, STC, beamforming, 
DOA estimation, etc.

Smart Antenna SubsystemSmart Antenna Subsystem
Control FacilitiesControl Facilities

Algorithm FacilitiesAlgorithm Facilities Synchronization Synchronization 
FacilitiesFacilities

Synchronization 
ControlRF/IF ControlAlgorithm 

Control

Beamforming 
Component

Spatial Multiplexing 
Component

STC Component

Channel Estimation 
Component

DOA Estimation 
Component

Synchronization 
Component

Calibration 
Component

*SM: Spatial Multiplexing
**STC: Space Time Coding
***DOA: Degree of Arrival
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2. SA API and XCVR API

 XCVR API
• The XCVR is comprised between the Modem and the Antenna.

• The XCVR exchanges the baseband signal with modem, and radio signal with the 

antenna subsystem.

• Modem, XCVR and Antenna are generally considered as part of the PHY layer.

<Block diagram of XCVR subsystem>
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2. SA API and XCVR API

 Entire system
• We implemented both SA subsystem and XCVR subsystem.

Smart Antenna SubsystemSmart Antenna Subsystem
Control FacilitiesControl Facilities

Algorithm FacilitiesAlgorithm Facilities Synchronization Synchronization 
FacilitiesFacilities

Synchronization 
ControlRF/IF ControlAlgorithm

Control

Beamforming
Component

Spatial Multiplexing 
Component

STC Component

Channel Estimation 
Component

DOA Estimation
Component

Synchronization
Component

Calibration
Component

XCVRXCVR
SubsysteSubsyste 

mm

Modem SubsystemModem Subsystem
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 Implementation of SA API
• Spatial Multiplexing case

3. Implementation and Experiment

SA subsystemSA subsystem
SA subsystemSA subsystem

Modem subsystemModem subsystem

Modem subsystemModem subsystem
XCVR subsystemXCVR subsystem
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 Implementation of SA API
• Spatial Multiplexing case

3. Implementation and Experiment

ModemModem
subsystemsubsystem

SA subsystemSA subsystem Multichannel Multichannel 
XCVRXCVR

SA subsystemSA subsystem

ModemModem
subsystemsubsystem

Transformed
signal

Spatial 
Multiplexing 
component 

Spatial Spatial 
Multiplexing Multiplexing 
componentcomponent

M
odulated signal

SM 
encoded 
signal

ModemModemModem

Synchronization 
Component 

Synchronization Synchronization 
ComponentComponent

Spatial 
Multiplexing 
Component 

Spatial Spatial 
MultiplexingMultiplexing 
ComponentComponentReceived

signal

Framed 
signal

pilot signal

Transformed
signal

SM
 decoded signal

ModemModemModem

Channel
Estimation 
Component 

ChannelChannel
Estimation Estimation 
ComponentComponent

Transformed
signal

channel 
coefficient

<Transmitter>

<Receiver>
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 Implementation of SA API
• Receive Beamforming case

3. Implementation and Experiment

SA subsystemSA subsystemModem subsystemModem subsystem

Modem subsystemModem subsystem

XCVR subsystemXCVR subsystem
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 Implementation of SA API
• Receive Beamforming case

3. Implementation and Experiment

SA subsystemSA subsystem

Multichannel Multichannel 
XCVRXCVR

ModemModem
subsystemsubsystem

Calibrated
signal

Synchroni- 
zation 

Component 

SynchroniSynchroni-- 
zationzation 

ComponentComponent

Channel 
Estimation 
Component 

Channel Channel 
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ComponentComponent

Calibration 
Component 
Calibration Calibration 
ComponentComponent

Received signal

Transform
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signal

Fram
ed signal

C
om

bined signal
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ModemModemModem

Beamforming 
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BeamformingBeamforming 
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Transformed
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channel 
coefficient
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 Implementation of XCVR API
• Current version of XCVR API provided by WINNF does not support multi- 

antenna system.

• In new 2.0 specification of XCVR API, multichannel structure is introduced.

• 2-channel XCVR has been implemented to verify the feasibility of this new 

structure.

• Two USRP2 XCVRs, working independently are used in our implementation.

USRP2USRP2

Baseband
Modem

Baseband
Modem

USRP2USRP2

X
C

V
R

Facade
X

C
V

R
Facade

XCVR 
API

U
SR

P2 D
river

U
SR

P2 D
river

3. Implementation and Experiment
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3. Implementation and Experiment

• Transmit signal in time domain is shown that the interval between the preamble 

signals is 5ms, and the duration of a preamble signal is 102.4us.

Master Slave

PPS
(Pulse Per 
Second)

Ref. 
Clock
10MHz

Ref. 
Clock 
10MHz

5ms

Signals in the 2 antennas are perfectly 

synchronized so that they look like one.

<Transmit and receive antennas using USRP2>
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3. Implementation and Experiment

 Implemented system of SA and XCVR subsystem

• The transmit and receive antennas are 

connected to USRP2.

• The receive signal from each antenna is 

transferred to the baseband unit through 

the Ethernet switch.

• Baseband unit is a personal computer 

which has an OSSIE platform.

USRP2

Ethernet Switch

Baseband Unit

Spectrum Analyzer
<Implemented system>
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 Verification of transmit signal
①

 

Duplex: TDD

②

 

Frame Duration: 5ms

③

 

Bandwidth: 10MHz

3. Implementation and Experiment

10MHz

<Time Domain Measurement>

<Frequency Domain Measurement>

Downlink

Uplink

5ms



15/17

http://dsplab.hanyang.ac.kr,     Tel : 82-2-2299-6267    Fax : 82-2-2299-6263 All rights reserved by Prof. S. Choi

Beam pattern(DoA:20°)

Main beam

 Verification of receive signal
①

 

Spatial Multiplexing case

②

 

Receive beamforming case

3. Implementation and Experiment

Constellation of received signal 
after SM decoding algorithmSA API SA API 

subsystemsubsystem
Multichannel Multichannel 

XCVRXCVR

Modem subsystemModem subsystem

Received signal

Array antenna

Transformed signal
& Pilot signal

Decoded
signal
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4. Conclusion

• We implemented the components and interfaces 

in SA API standard on OSSIE platform.

• We implemented the multichannel XCVR for 

multiple antenna system on OSSIE platform.

• The interoperability between the two APIs has 

been confirmed through the implementation.

• The implementation of SA and XCVR API will 

accelerate the standardization of both APIs.

SA API and XCVR API SA API and XCVR API 
StandardizationStandardization

Implementation of Implementation of 
SA API and XCVR APISA API and XCVR API



17/17

http://dsplab.hanyang.ac.kr,     Tel : 82-2-2299-6267    Fax : 82-2-2299-6263 All rights reserved by Prof. S. Choi

E-mail: ahncy@dsplab.hanyang.ac.kr
If you have any further question, please contact me by e-mail.

I will reply as soon as possible.
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