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MmWave is a viable solution for high bandwidth connected/automated vehicles!']

IEEE 802.11ad-based Joint Communication-Radar

Exploiting the preamble of a single-carrier frame enables high range accuracy!?]
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Using multiple uniformly placed frames incurs significant degradation in data ratels!

The velocity estimation performance is limited by the preamble structurel?]

An IEEE 802.11ad-based virtual pulse design approach will enable high
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Key Assumptions:

» TX/RX antennas closely
separated

» Negligible self-interference

» AWGN noise
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Extract channel vector across multiple
frames in a coherent processing
interval for velocity estimation
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Coprime structure significantly relaxes the trade-off compared to uniform approach

As d increases, multiple coprime degrades much faster than single coprime pair

Notable Observation:
Velocity estimation resolution reduces by a factor of 60x at d = 10m and by a factor of 20x at d = 100m, while simultaneously achieving 7 Gbps
communication data rate using single co-prime pair approach
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As d grows, the optimized velocity error as well as communication distortion decreases

As d increases, the improvement of virtual pulses over uniform pulses reduces
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\ / lll. VIRTUAL PULSE DESIGN \
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General Flexible scalarization
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Communication: Effective Communication N = — L /

Joint Communication and Radar Metric:

The formulation can be modified as minimization
of one objective with second as a constraint
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Allow tractable analysis and are used in classical long range radar®!

For illustration, Chinese remainder theorem/FFT used on coprime/uniform pulses

A coprime pair allows a ~M/4 factor of reduction in communication overhead
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V. CONCLUSIONS AND FUTURE WORK

Developed a virtual pulse approach that permits a trade-off between radar and communication

The co-prime based pulse design approach improves velocity resolution by a factor of 20x,
while simultaneously achieving a communication rate of 7 Gbps at 100 m target distance

For the CRT method, the factor of improvement enhances with the decreasing range

Developed analysis are extendable to Cramer Rao Bound metric and other sparse arraysl®!

Extensions include demonstrating the performance of virtual pulses using a mm\Wave testbed
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