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1 Why: more reach from the sensors already deployed

A sensor’s reach ends where the gateway stops detecting its packets, and a missed packet never reaches the decoder. Rather than change
every sensor (precise clocks, longer preambles) or add gateways, DeRa makes the detector itself more sensitive.
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lllustrative weak-packet case: line = strength, dot = phase. Bars: ideal gain from adding 8 chirps, magnitudes = 5 logio 8 dB vs. aligned phases 10 logio 8 dB (paper §2.3), one dB scale; not measurements.

Why existing detectors fall short: an unknown carrier frequency offset (CFO) scrambles each chirp’s phase, so they add strengths (CloudLoRa) or align phases only
partly (LoRaTrimmer), and cheap oscillators’ offsets of up to 40 kHz make it worse. DeRa’s key idea: CFO is not noise. It advances every chirp’s phase by the
same step, so finding that step aligns the chirps and detects the packet in one search.

2 How: find the p

acket by finding its phase step

Problem. A packet arrives at unk
P with V; the FFT value there, th

nown time 7y with unknown CFO fcpo. For each candidate ( foro, 7), a signal model predicts every preamble chirp’s FFT bin and phase
e coherent score S = |Zz V;e77%| peaks at the true pair. Detection means finding that peak, accurately enough to decode. The catch:

alignment needs fcro, estimating fcrpo needs alignment, and one chirp’s phase is too noisy to break the loop.

Key observation: CFO advances

every chirp’s phase by the same step, A¢ = 2n fepoT” =~ 20T ( foro — f(%FO/fC) (T": received chirp duration; f.: carrier). So V,..., V7

form one sinusoid across chirps, and a second FFT across them tests every step at once.

Preamble: 8 repeated chirps Sync + SFD Payload (9 symbols shown)
% 0.5 / N\ / / / / / /
S . / / / / /
£ _05- / /| /| / / / / /
0 3 7.14 10.94 18.97
3 receiver windows Time /T
Key observation: equal phase steps 1 Estimate CFO + arrival 2 Align & combine 3 Decode
---- Receiver reference —— Received chirps Before phase correction
Dechirp + FFT on hir
% echirp once / chirp — Packet detected
~ 0.57 < Store height |
%) 0.0 W/\M__M, and phase —~—— o —— ¢
- .U
= d — o t—— Payload FFTs
o —0.5 v Try phase - h bol
& FFT across chirps + Correct phase offsets « (;y P aie Sczre eaCBSym °
A G 0o O © © o 0 fD V O o | ©
© Find the phase step Ag 5 I
~ V €]
% + Up/down chirps Aligned copies add up Cj JLJ_l , ‘ R P
= Resolve frequency + timing v
v @ o | o]
S ) Received phase — referencé phase . i ﬁ_.*# ..... 2 LR
g 5 : CFO + arrival candidates . Largest sum - decode
o \ | Refine 20 ona 5 x 5 grid Coherent score v
o & CRC check ----
0 0 | I | REUSE FFT VALUES v E
= 0 1 2 3 i Fail: pick next candidate Pass - message i
b o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o e e e e o e e e e e e e e = e e e = e = = e

Time /T

Analytic model: T=BW = 1, CFO = 0.08 BW, clock error € = 0.12 (exaggerated); T' = T/(1 + €), no initial timing. Shading: frequency/phase gaps. Spectra and alignment are schematic; seed 2637. Source: paper §5 and appendix.

3 How much weaker a packet can DeRa detect?

PDR (packet detection rate): share

of sent packets detected with CFO error < one FFT bin (BW/2°) and timing error < 1/BW |, accurate enough to start decoding. Threshold

SNR: the lowest SNR with PDR > 90%, i.e. the weakest packet reliably detected (negative: LoRa works below the noise floor). Sensitivity gain: the threshold of LoRaTrimmer,
the strongest baseline, minus DeRa’s; 4.3dB means a packet 2.7 x weaker is still detected. Both plots measure detection, not payload decoding.
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Original paper datasets: paper/tex/figures/raw/data/bar extended PDR.csv; location bar PDR_data with _err.csv. DeRa and baselines use different runs; SF8/9/11 interpolated. Field: point estimates, no error bars shown.




