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Motivation
• The LoRa modulation offers quasi-orthogonal channels

✓ SF12 mostly insensitive to lower SFs (23+ dB rejection)1

✓ SF7 a little weaker in front of SF8, SF9…(8 to 9 dB rejection) etc.
But SF7 nodes are near the GW…

• If all nodes are near the GW, SF8 to SF12 doubles (approx.) the
capacity of SF7 alone;

• If the nodes are far from the GW, some SF values are unusable!
• In all cases, the SF sensitivity steps are not generally aligned with
traffic demand

What can we do?

• Use LR-FHSS?

• mioty?

⇒ Those come at a cost!
(Software radio gateways)
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1Croce et al. « Impact of LoRa Imperfect Orthogonality: Analysis of Link-Level
Performance »
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Quick tutorial on LoRa (de)modulation
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2I samples t

pente a décalage bSlope a Offset b

1. e2πjt[f0+(at+b) mod BW] × e−2πjt[f0+(at) mod BW]

= e2πjt[b mod BW]

N.B. : a = BW2

2I → so it takes a time 2I

BW to sweep BW

2. Sample at frequency BW (typically 125kHz) and use an FFT
to find b

3. That’s it!
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Let’s build other modulations!
Concatenating M identical chirps
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• 2 (ou 4, 8 …) assembled identical chirps correspond to M = 2
times (4 times) more time samples

• Equivalent to à SFI+ 1 (I+ 2…) ; same orthogonality
characteristics…

• Demodulation using 2 (4…) inverted chirps…
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�� ��Things are not this simple… (and this presentation is not over)
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LoRa Synchronisation quick tutorial
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Receiver :

2 inverted chirps + 1/4 symbol
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There is an alignment problem!
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Figure �: SFIxM synchronization procedure. The dashed lines represent the demodulation SFIxM symbols
(withM = 2) used by receiver � and �which are o�set from each other, in time, by one SFI chirp duration

Figure �: Alignment stage for SFIxM modulation,
M = 2

�.� Low node density

The bene�ts of SFIxM in the case of randomly placed
senders is not so clear-cut. Therefore, we �rst consider
sensors placed in the plane around one GW following
a Poisson point process (PPP).
We do SF allocation iteratively with the objective to

maintain a ��%PDR (so that an inter-frame error cor-
recting code of coding rate 1

3 would result in reliable
data delivery). With basic SF� to SF�� LoRa modu-
lations and a single receiver, the results appear in �g-
ure �(a). In this �gure, the sharp contrast between the
low and high spreading factors is apparent: for SF �

Figure �: Alignment stage for SFIxM modulation,
M = 4

and �, the load (thin line) is very low and the switch
to the next SF is constrained by the modulation sensi-
tivity. For SF��, on the contrary, the load is high and it
is the increasing probability of collision which pushes
the nodes to the next SF.
With SFIxM modulations, we can use more quasi-

orthogonal modulations and we have �exibility to de-
cide on their robustness. In this way, the load may be
more evenly distributed. Figure �(b) illustrates how,
with SFIxM , the load is well balanced throughout the
cell. In this case, the limiting factor becomes the SF��
(or SFIxM equivalent) sensitivity, which we choose

�

• Which of the M=2 (or 4, 8…) chirps are we sync’ed with?

• We need to add an alignment preamble!�



�
	Alignment preamble of 2M− 1 staggered chirps

… demodulated by M staggered chirps
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SFIxM Frame format

Preamble
10 2.25

Sync Freq.
2

Payload

Preamble Sync Freq. Align Payload

LoRa:

SFIxM: 10M 2M 2.25M 2M-1
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SFIxM Alignment Preamble

f

f

FFT

FFT

Recv. 1

Recv. 2

C

D



SFIxM — 10

How often alignment will fail?
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Capacity gains with SFIxM
If only SF12 is usable, capacity increases 600% with SFIxM

(SF7x32, SF8x16…)
(Here: target success rate of individual transmission 40%)
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Capacity gains with SFIxM
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SFIxM is (not) as good as adding a 2d GW!
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But you can use SFIxM and diversity

!

SF2x32, SF3x32, SF4x32, SF5x16, SF6x8, SF8x4, SF8x4, SF9x2, SF10,
SF11, SF12
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Conclusion

• New modulation based on CSS, with lower data rate
• Requires a new alignment preamble – we evaluated the loss
probability for that

• Significant capacity gains
(May be combined with diversity)

• The ADR will need to take the M parameter into account�� ��Thank you


