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Abstract—Emergency alerting outside cellular coverage is a
natural use for long-range, low-power radio, yet most published
work on such radios concerns fixed gateways and periodic sensor
data rather than a person who needs to be sure that a call for help
has been heard. This paper reviews what the literature says about
the range, capacity and delivery limits of LoRa-based networks,
discusses the main ways in which relaying and acknowledgement
can be combined, and identifies the open questions that matter
for wearable alerting devices. A single short bench observation,
in which a message relayed through one intermediate node was
acknowledged to its sender, is included only as an indication that
the approach is practical. No quantitative performance results are
claimed.

Index Terms—LPWAN, LoRa, emergency alerting, relaying,
delivery assurance

1. INTRODUCTION

Search-and-rescue work in forests, mountains and flood-hit
districts depends on the first alert reaching someone who can
act. Cellular networks are often thinnest exactly where acci-
dents are most likely, and satellite services, though available,
add cost and weight that limit their use for casual or low-
income users. Low-power wide-area network (LPWAN) tech-
nologies offer a different compromise: very small messages,
sent slowly, over long distances, using little energy [1], [2].

Among these technologies LoRa has received the most
attention, and its radio layer is documented by the chipset
manufacturer [3]. Its usual network layer, LoRaWAN, arranges
end devices around gateways in a star [4]. That arrangement
works well when gateways are installed in advance. It works
less well for an alert originating wherever a person happens
to be.

This paper makes three points. First, it summarises evidence
on how far LoRa links reach and how they scale. Second, it
sets out the design choices that arise when a message must
be relayed and its delivery confirmed, without committing to
one implementation. Third, it lists open problems specific to
devices worn by people. A brief bench observation is added at
the end to show that the combination is feasible on inexpensive
hardware.
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TABLE I
SUMMARY OF CITED APPROACHES

Ref. Focus Relevance to alerting
[51, [7] Range and link be- Shows feasibility; fixed de-
haviour vices
[61, [9] Scaling with device Warns of collisions
count
[10] Protocol limits Delivery guarantee is weak
[13] Mesh relaying Workable; not person-wom
[14] On-demand routing Control overhead is costly
II. WHAT THE LITERATURE ESTABLISHES
A. Range

Field studies have looked at LoRa coverage for remote
health and wellbeing monitoring [5] and at the factors that
limit range and the effect of interference on real links [7].
Application-oriented evaluations in distributed measurement
settings point the same way [8]. The overall message is that
long links are possible, but that terrain, antenna placement
and the chosen radio parameters strongly influence what is
achieved. Most of these trials use devices at fixed, favourable
positions.

B. Capacity and Reliability

When many devices share the channel, collisions become
a limiting factor, and analytical and simulation studies have
examined how quickly performance falls [6], [9]. Discussion
of LoRaWAN’s practical constraints, including duty cycle,
capacity and reliability, appears in [10], and broader surveys
compile the same concerns [11], [12]. For alerting, the most
relevant point is that the standard model gives little guarantee
about whether any one message was received.

C. Multi-Hop Operation

Relaying removes the need for every device to reach a gate-
way directly. A synchronous LoRa mesh used for monitoring
in underground infrastructure shows that this can work over the
same radio technology [13]. General-purpose ad-hoc routing
methods exist [14], but they rely on route discovery traffic,
which is expensive when the channel is slow and shared.
Table I summarises the approaches discussed above.
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Fig. 1. Qualitative view of how added assurance raises channel and energy
cost. The positions are illustrative and not measured.

III. DESIGN CONSIDERATIONS
A. Where to Confirm Delivery

A confirmation can be generated at different points. In a per-
link scheme, each receiver acknowledges to the node that sent
the packet to it, which keeps retransmissions local and short.
In an end-to-end scheme, only the final destination confirms,
which tells the origin what it most needs to know but gives
intermediate nodes no basis for deciding whether to retry.
Many practical designs combine the two. The choice affects
how much channel time an alert consumes and how quickly the
origin learns the outcome. Fig. 1 shows the trade in simplified
form.

B. Limiting Forwarding

Without a limit, a relayed message can circulate indefinitely,
and repeated copies waste airtime. A cap on the number of
forwarding steps is a simple control. In very small networks,
a fixed cap is easier to reason about than a discovered route,
and it avoids the control overhead noted earlier.

C. Handling Repeats

Retransmission and relaying can each deliver the same
message more than once. The destination therefore needs a
way to recognise a message it has already accepted. This
also raises a question about what the destination should do
when a repeat arrives: ignoring it silently could leave the
sender uncertain, so the destination may need to repeat its
confirmation without treating the message as new.

D. Channel Time

Because the channel is slow, the time a transmission
occupies depends strongly on the radio parameters chosen
[3]. Higher spreading factors extend range but lengthen each
transmission, which in turn increases the chance of collision
and the energy spent per message [6]. Any scheme that adds
confirmations and retries should be judged against this cost
rather than against delivery alone.

IV. ISSUES SPECIFIC TO WEARABLE DEVICES

A. Energy

A device worn for days must idle cheaply and still be ready
to transmit. Relaying for others adds to the load of whoever
happens to be nearest, so the energy burden is not shared
evenly.
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B. Mobility and Position

Neighbouring devices move, so a relay that was in range a
minute ago may not be now. A person may also be unconscious
or unable to touch the device, which makes the quality of the
alert contents and the certainty of delivery more important than
for a fixed sensor.

C. Body and Terrain Effects

The wearer’s body absorbs and blocks signals, and trees,
slopes and rock reduce range further. Results from fixed out-
door placements, such as those cited above, should therefore
be treated as optimistic for this use.

D. Trust in the Alert

Operators who receive many alerts must decide which to
act on first, and false alarms waste effort. This is a separate
problem from transport and is not discussed further here.

V. PRELIMINARY BENCH OBSERVATION

To check that relaying and confirmation can be combined on
inexpensive hardware, we arranged two wearable-style nodes
and a receiver so that the first node could reach the receiver
only through the second. A message raised on the first node
arrived at the receiver, and the first node was informed of
the outcome. A message sent twice was not recorded twice.
This was a functional check on a bench. We did not count
packets, time the exchange or measure distance, and we draw
no performance conclusions from it.

VI. OPEN QUESTIONS

The review points to several questions that bench work
cannot answer.

- How does delivery ratio change with each added relay in
realistic terrain?

- How much extra channel time and energy does confirma-
tion cost compared with unconfirmed sending?

- How should a node behave when the return path fails but
the message was in fact received?

- How many simultaneous senders can a small relay net-
work support before collisions dominate?

Answering them will need repeated outdoor trials with logged
results.

VII. CONCLUSION

The literature shows that LoRa links are long and that
relaying is feasible, but it says little about wearable alerting
devices in which the sender must know the outcome. We out-
lined the main choices for confirmation and forwarding, listed
issues particular to worn devices, and reported a single bench
observation consistent with feasibility. Quantitative evaluation
in the field remains to be done.
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