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Motivation
Why vehicular ISAC? 6G vehicular networks demand integrated sensing and communication 

(ISAC) from shared hardware and spectrum to meet strict latency and efficiency goals.

Why AFDM for vehicular ISAC? Affine Frequency Division Multiplexing (AFDM) employs 

chirp-modulated subcarriers that are robust to high Doppler shifts.  This enables enhanced 

multipath separability, benefiting both communication diversity and sensing estimation.

AFDM waveform & on-grid sensing
Key modulation structure
  Time-domain transmit signal [2]:

𝑠 n = 1𝑁 ෍𝑚=0𝑁−1 𝑥 𝑚 𝑒 𝑗2𝜋(𝑐1𝑛2+𝑚𝑛𝑁 +𝑐2𝑛2) , 𝑛 = 0,1, ⋯ , 𝑁 − 1.
Chirp parameters design for full diversity: 𝑐1 = 2 𝛼max+𝜉 +12𝑁 , 𝑐2 = 12𝜋𝑁, 

where 𝛼max is max integer Doppler shift (normalized to Δ𝑓); 𝜉 is 

inter-path interference margin. Setting 𝑐1=𝑐2=0 recovers OFDM.

System model
Monostatic ISAC at urban intersection
  Propagation modeled with Sionna [1] ray-tracing 
engine at 26 GHz.

Single-pilot on-grid sensing
❑ One pilot + guard intervals < full subcarrier grid → lower sensing bandwidth overhead.

❑ Chirp structure separates delays into distinct bins → direct per-delay Doppler estimation via 1D FFT.

❑ Doppler estimates reused for equalization → sensing and communication share one processing pass.

❑ Sparse pilot spacing 𝑇𝑠 ≤ 1/ 2𝑓𝑑,max  prevents Doppler aliasing while improving spectral efficiency.

Results
Single-target detection performance vs. SNR 
  All metrics (pixel-level AP, target-level AP) increase monotonically with SNR 

across numerologies.

Two-targets well-separated vs. closely-spaced cases
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AFDM + MRC edges 
above OFDM at high 

SNR via coherent 
combining.

AFDM consistently 
leads in target-level 

AP → extended 
detection range.

Halving Δ𝑓 costs 
~3 dB — sensing 

resources scale with 
bandwidth.

Sparser pilots reduce 
sensing budget → 
lower detection 

performance.

Case 1 (Δ𝑣 = 5 m/s): both 
waveforms resolve targets cleanly.

Case 2 (Δ𝑣 = 1 m/s): overlapping DD 
responses degrade pixel-level AP.

Target-level AP rises in case 2: merged peaks boost detection, but resolution is lost.
Future work
❑ Multi-target tracking for complex scenarios.

❑ Off-grid estimation (super-resolution methods) to push beyond bin-level Doppler resolution.

Key takeaways: AFDM-based sensing attains comparable accuracy or superior accuracy 

to OFDM at lower computational cost.

Simulation configuration
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