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Abstract

Integrated sensing and communication (ISAC) must balance sensing accuracy, communication reliability, and receiver com-
plexity. Frequency-modulated continuous-wave (FMCW) radar enables low-complexity analog de-chirping and accurate
range—Doppler sensing, while multicarrier waveforms primarily target high-rate links. This paper proposes an affine fre-
quency division multiplexing (AFDM)-FMCW waveform that generates an FMCW-like chirp from selected entries of the
inverse discrete affine Fourier transform (DAFT) kernel and preserves chirp continuity under cyclic prefix (CP) insertion.
The resulting signal maintains an AFDM communication structure while providing a continuous chirp for analog mixing at
the sensing receiver. A unified transmitter/receiver model is presented, supporting DAFT-based demodulation for commu-
nications and 2-D FFT range-Doppler processing for sensing. The sensing—communication trade-off is controlled by the

chirp-to-data power ratio.

1. Introduction

Future 6G networks increasingly target dual-functional
base stations that deliver data while simultaneously sens-
ing the environment, improving spectrum utilization and
reducing duplicated hardware. A persistent challenge
is that high-rate communication waveforms and radar-
friendly waveforms often pursue conflicting objectives
[1]. FMCW radar is attractive for sensing because it en-
ables simple analog de-chirping and efficient multi-target
range—Doppler extraction, yet it is not naturally tailored for
high-throughput communications. Conversely, multicarrier
waveforms offer mature equalization and high spectral ef-
ficiency, but sensing typically incurs additional processing
overhead and can be sensitive in multi-target settings.

Recent work [2] introduced a practical coexistence
mechanism in which an FMCW-like chirp is extracted di-
rectly from the modulator matrix (e.g., diagonal/ladder en-
tries of the IDFT) rather than naively superposed, mit-
igating mutual interference and simplifying implementa-
tion. The same study also proposed a CP-consistent chirp-
continuity method via a frequency-domain phase adjust-
ment, enabling analog de-chirping without CP removal.

However, OFDM-based ISAC [3] can be fragile in high-
mobility, doubly-dispersive channels where Doppler dis-
rupts subcarrier orthogonality [4]. AFDM built on the
discrete affine Fourier transform (DAFT), is structured to
better handle delay—Doppler dispersion through quadratic
phase terms in its kernel. Motivated by this property, we
propose AFDM-FMCW, where an FMCW-like chirp is
generated from selected entries of the inverse DAFT ker-
nel, embedded into the AFDM modulator in a controlled
manner, and stitched continuously across CP boundaries.
The resulting waveform supports conventional AFDM re-
ception for communication and standard FMCW beat-
frequency processing with 2-D FFT range—Doppler estima-
tion for sensing.

2. System Model
2.1. AFDM-FMCW Transmit Signal

Consider an AFDM block of length N with sampling period
T, = 1/B. Let x € C¥*! denote the data symbol vector.
The AFDM time-domain signal is generated by the inverse
DAFT (IDAFT) matrix as

sarpM = A7'X. (D
where A € CMV denotes the DAFT matrix and can be
written as A = D,FD;, with F being the N-point DFT
matrix, D; = diag(e‘j“‘"z) and D, = diag(e‘j"””z) for
n=0,...,N — 1. Accordingly, A™' = D/F/DI.

An FMCW-like discrete chirp is extracted from struc-
tured entries of the IDAFT kernel using an index rule
k(n) (diagonal or ladder), i.e., c[n] 2 VN [A’I]n,k(,,) for
n=0,...,N—1,and ¢ = [c[0],...,c[N = 1]]7. The pro-
posed AFDM-FMCW block is

s=A"'x+ \pcc, )
where p. > 0 controls the chirp-to-data power ratio.

2.2. CP Insertion and Channel

A CP of length L, is appended as § = Tcs. To pre-
serve chirp continuity across blocks, the i-th block chirp
is circularly shifted by iL., samples, i.e., ¢;[n] = ¢[(n —
iLep) mod NJ.

We adopt a delay—Doppler multipath channel, where the
received sample is

P
r[n] = Z apejz”"””T" S[n—€,]1 + win], 3)
p=1

with path gain «,, delay ¢,, Doppler v,, and noise w[n] ~
CN(0,0?).
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2.3. Receiver Processing

After CP removal, y = Rypr. For communication, AFDM
demodulation is performed as X = Ay followed by equal-
ization/detection to compute the BER. For sensing, the re-
ceived signal is de-chirped using the known chirp and 2-D
FFT processing is applied to estimate (R, #) from the dom-
inant spectral peak(s); RMSE; and RMSE, are then ob-
tained over multiple trials.

3. Results Discussion

Simulations assume a single-target delay—Doppler channel
with integer delay £, = 4 and normalized Doppler v, = 0.1,
using N = 256, Lcp = 32, and bandwidth B = 1 GHz.

3.1. Sensing Performance

Fig. 1 compares the sensing accuracy in terms of RMSE
for (a) range and (b) velocity versus SNR., where p.
is fixed (e.g., pc = 0.5). AFDM-FMCW achieves
lower RMSE across the SNR range, with a clear gain in
the low-to-medium SNR regime, indicating more reliable
range/velocity estimation under noisy conditions. As SNR,
increases, the RMSE decreases rapidly and then gradually
approaches a similar floor for both schemes. This floor be-
havior is mainly attributed to finite resolution in the under-
lying beat-frequency/2-D FFT peak-based estimation (i.e.,
binning effects) rather than thermal noise. Overall, the re-
sults suggest that DAFT-kernel chirp embedding improves
sensing robustness without altering the standard FMCW
de-chirping and FFT-based processing.

3.2. Communication Performance

Fig. 2 shows BER versus SNR for two chirp power settings,
pe € {0.5,1}. Increasing p. degrades BER because more
transmit power is devoted to the FMCW component, reduc-
ing the effective power for data detection after AFDM de-
modulation and equalization. Importantly, for the same p,
AFDM-FMCW consistently outperforms OFDM-FMCW,
demonstrating improved communication robustness under
the considered channel conditions. These results highlight
the expected ISAC trade-off: higher chirp power benefits
sensing (lower RMSE), whereas lower chirp power im-
proves link reliability (lower BER). In practice, p, can be
selected to satisfy application requirements while retaining
aunified transmitter and a low-complexity sensing receiver.

4. Conclusion

This paper proposes an AFDM-FMCW ISAC waveform
that embeds an FMCW-like chirp into the AFDM modu-
lator by leveraging the chirp structure inherent to the in-
verse DAFT kernel, inspired by transform-matrix chirp ex-
traction and CP-consistent continuity principles reported
for OFDM-FMCW. The proposed design supports (i) stan-
dard AFDM reception for communication and (ii) low-
complexity FMCW de-chirping with 2-D FFT range-
Doppler processing for sensing. A single control parameter
pe governs the sensing—communication trade-off, consis-
tent with prior OFDM-FMCW observations. Overall, the
framework is well-suited for high-mobility ISAC scenarios,
offering a unified waveform and receiver architecture with
low sensing complexity.
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Figure 1. Sensing accuracy comparison of AFDM-FMCW and
OFDM-FMCW versus SNR with fixed p, = 0.5: (a) range RMSE and (b)
velocity RMSE.
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Figure 2. BER performance comparison of AFDM-FMCW and
OFDM-FMCW versus SNR for p. € {0.5, 1}.
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