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Dedicated Short Range Communications
e

* Developing standard for mobile wireless communications

o Targets vehicle-to-roadside and vehicle-to-vehicle
communications

o Variety of applications
— Public safety: emergency vehicle notification, accident warnings
— Traffic management: traffic signal control, adaptive route selection
— Electronic payments: toll collection, drive-through services
— Consumer services: internet access, local service information
— Future applications: collision avoidance, adaptive cruise control
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Dedicated Short Range Communications

 DSRC fills a niche in the wireless infrastructure
— High data rate, low latency, localized range, high mobility

DSRC Wi-Fi Cellular Mobile WIMAX °
Data rate 3-27Mbps 6-54Mbps < 2 Mbps 1-32 Mbps
Latency < 50ms Seconds Seconds ?
Range < 1km < 100m < 10km < 15km
Mobility > 60 mph < 5mph > 60 mph > 60 mph
Nominal
Bandwidth 10MHz 20MHz < 3MHz < 10MHz
Operating Band 5'8(?%335)'42 2'46'?@5')2%2 800MHz, 1.9GHz 2.5 GHz
802.11p
IEEE std. 802.11a N/A 802.16e
(WAVE)
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UCLA DSRC Testhed

« Developed to provide a platform for DSRC-oriented research and
testing

— Algorithm design, implementation, and test in the high mobility wireless
environment

— Conformance testing of 34 party DSRC devices
— Physical layer interface for network and/or application layer testing
— Channel sounding and signal measurement
e Hardware
— Lowe-cost : COTS and/or low-cost custom subsystems
— Portable : largest component is 19” box; further size reductions possible
— Reprogrammable : FPGA is primary processing device
o Software
— Modular : loosely coupled subsystems with intuitive interfaces
— Highly parameterized : flexible simulation setups

— High performance : efficient frame-based implementation, optional
hardware-in-the-loop acceleration
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Hardware Architecture

2.4 t0 5.9GHz

Host PC converter

FPGA Baseband
Processor, ADC/DAC

IF to 2.4GHz

\/ converter
RF front-end \
/
» Xilinx FPGA board by Nallatech %3
Z

e Custom built IF to 2.4GHz converter by E-Monitoring

e Custom built 2.4GHz to 5.9GHz converter by Tomany
Consulting
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Software Architecture
]

* Floating-point model
— |EEE 802.11p draft standard conformant transmitter
— Receiver algorithms:
» channel estimation
» frequency offset tracking
» simplified soft-output demapper
 soft-input viterbi decoder

Floating-point simplified LLR soft-output demapper
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Software Architecture
]

« Floating-point model (cont)

— Time variant, multipath fading
channel model

— DAC/ADC hardware emulation,
RF impairments
(time/frequency/phase offsets)

— Variety of signal visualizations
and data error statistics

» Received and equalized
constellation plots

* Received and equalized
signal spectra

e Actual channel and
estimated channel
responses

« BER, PER, SNR vs. time,
BER vs. SNR
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Software Architecture
]

* Fixed-point model
— Receiver algorithms:

» packet detection/time synchronization, coarse frequency offset
estimation, frequency offset tracking, channel estimation, soft-output
demapper, soft-input viterbi decoder

Fixed-point simplified LLR soft-output demapper
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Software Architecture
]

* Fixed-point model
— Integrated into floating-point simulation

 Reuse of transmitter, RF sections, channel affects,
visualizations, error statistics

— Synthesizable to FPGA through Xilinx System Generator

» Accelerated simulations using hardware-in-the-loop co-
simulation in floating-point model

e Hardware implementation testing using floating-point model
acts as the testbench
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