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/ ABSTRACT

* Use of millimeter wave (mmWave) spectra for wireless communications

\

- enable extra radar functionalities
* Dual functional systems for radar and communications
- reduced power consumption & physical space
- jointly optimized especially for vehicular environments
* |EEE 802.1 |ad waveform

- good correlation property of preamble suitable for target sensing

* Proposed multi-vehicle velocity estimation technique
- form a wide beam to detect multiple target vehicles
- estimate round-trip delays and Doppler shifts

- compensate the phase wrapping in Doppler shifts

SYSTEM MODEL

* A vehicle-to-vehicle (V2V) multi-target scenario
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- Two-way radar channel model
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P :The number of target vehicles v, (t) :Doppler shift ¢p(t) :Azimuth angle

G, (t): Large-scale channel gain

Tp(t) : Round-trip delay Qp(t) : Elevation angle

Bp : Small-scale complex channel gain ~ CN/(0,1)

- Wide beam
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Nc :The number of combined beams

fTX,az X fTX,y

Ifrx.e @ frx,y |
Yi :Azimuth angle of the j-th beam

Vi :Weight coefficient for the i-th beam 1. :Fixed elevation angle
- Radar echo signal model
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hp : Backscattering coefficient (hp ~ /GpBpfrxanx (dp, Op)arx (0, 9p)fo)
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—k =050+ 1, | Kpre — 1+ 4§ Kpre : the number preamble samples

DELAY ESTIMATION

M :the number of frames in one coherent processing interval (CPIl)

* Golay complementary sequences
- Used for the preamble of IEEE 802.1 |ad waveform

- Correlation property
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* Delay estimation method
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2.Find a delay /% = argmax, |Rs 5, [{]]
3.Search ¢, which results in |Rs_y, [¢]| greater than a certain threshold o, both

backward and forward from ég”
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/ DOPPLER SHIFT ESTIMATION

* Backscattering coefficient estimation

- Approximation at the 0-th frame by the small symbol period T, (wide bandwidth)
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- Least square estimation (LSE) concatenating all the echo samples
SE (SSE) Styq
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* Effective radar channel estimation K :the number of samples in one frame

- Approximation for posterior frames using the fact k < mK
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L—» Effective radar channel

- Least square estimation (LSE) concatenating all the echo samples
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* Doppler shift estimation
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* Phase wrapping compensation
- Magnitude difference of Doppler shift estimates
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* Vehicular velocity

- Using the definition of Doppler shift & small angle approximation
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SIMULATION RESULTS
20 , , , , , , , * Simulation set-up

- 3dB azimuth beamwidth: 0.4084 rad
- TX anteanns: 8x2 UPA
- RX antennas: 8x2 UPA
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High velocity estimation accuracy
within a short CPI
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