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Abstract— In this paper, comparative analysis of
transceiver payload size impact on the
performance of LoRa-based sensor node is
presented. The analytical model for determination
of the appropriate payload size for a given sensor
node based on the data capture per cycle and
duty cycle requirement is presented. Also
presented are analytical models for determination
of the mean current and energy consumption per
cycle, as well as analytical models for battery
lifetime, the bit error probability and the
transmission range. A case study sensor dataset
used for numerical computations consists of the
following parameter values: transmitter power of
13 dBm, sensor node cycle time of 1800 seconds,
frequency(f) of 868 MHz, bandwidth (BW) of 125
KHz, spreading factor (SF) of 12, payload delivery
success ratio ( Rgu)of 0.99 , and battery
capacity (Bat.y,) of 2400 mAh. The payload sizes
of 5, 10, 20, 25, 30 and 50 bytes were used and the
results show that the packet transmission time
increases with payload size with about 52 %
change in the packet transmission time within the
payload size range considered. Also, the mean
current and the total energy consumed decrease
with payload size with about -14 % change in the
mean current and the total energy within the
payload size range considered. Again, the battery
life span increases with payload size with about -
12 % change in the battery life span within the
payload size range considered. The transmission
range decreases with payload size with about -5 %
change in the transmission range within the
payload size range considered. Finally, the bit
error probability decreases with payload size with
about -900 % change in the bit error probability
within the payload size range considered. The
results show that the payload size has significant
impact on the performance of LoRa transceiver.
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1. INTRODUCTION

Nowadays, with the increasing adoption of LoRa-
based wireless sensor networks for Internet of things and
smart systems applications researchers are increasing
seeking for ways to enhance the performance of the LoRa
technology [1,2,3,4]. Notably, LoRa transceiver has several
parameters that needs to be properly selected for effective
and efficient performance [5,6,7,8,9,10].

Furthermore, sensor nodes are generally resource
constrained  which  requires  efficient  utilization
[11,12,13,14,15]. In some cases, the sensors are battery-
powered [16,17,18,19,20]. This requires estimation of the
energy consumption of the sensors and the battery lifetime
as well as the impact of various parameters on the energy
consumption of the sensors and the battery lifetime
[21,22,23,24]. Accordingly, in this paper the impact of
payload size on the energy consumption of the sensors, the
battery lifetime and on other performance parameters of the
LoRa-based sensor node are presented [25,26,27,28 The
study presented analytical approach for selecting
appropriate payload size for LoRa-based sensor node and
then evaluate the impact of varying the payload size on the
performance of the sensor node.

2. METHODOLOGY

When the sensor units in a LoRa-based sensor node capture
data in each cycle the LoRa transceiver need to transmit all
the data within the sensor node cycle time. Consider a case
where the sensor units in a node that generate a total useful
payload data, denoted as TTLPayLd per cycle with sensor
node cycle time, denoted as tgycycie, the LORa transceiver
can deliver the TTLPayLd with transmitter payload size,
denoted as PayLdUsFI, such that the whole TTLPayLd
sensor data per cycle is transmitted in n;g, number of
transmissions per cycle, where;

TTLPayLd
MRtx = [PayLdli’sFll (1)

where [.] means round up to the nearest integer; for
instance, [2.4] gives 3. The LoRa transceiver transmission

repeat time or the transmitter cycle time, denoted as

tirixcycle IS therefore given as;

_ tsNcycle
tLRthycle - NLREx (2)

Usually, LoRa transceivers have duty cycle restriction
which in most cases requires that the LoRa transceiver duty
cycle should not exceed 1%. In that case, the LoRa
transmission time (denoted as t; gy, ) for the useful payload
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size of PayLdUsFI should not exceed 1 % of t;picycle-
Hence,
tire < 0.01(trexcyete)  (3)
For a LoRa with useful payload size of PayLdUsFI, the
packet transmission time, t;g. fora spreading factor
(denoted as SF) is computer as follows;

ZSF
tirex = (py + npg + 4.25) (W) (4)
where npy is the size of the preamble in the packet. For the
case study npg =8 [29];

BW is the bandwidth, (BW can have values of 125 KHz,
250 KHz or 500 KHz). For the case study BW =125 KHz;

H is the header flag (H can have value of 0 when enabled
or 1 when disabled). For the case study H =0;

DE is the low data rate optimization flag (D can have value
of 1 when enabled or 0 when disabled). For the case study
DE =1;

CR is the coding rate (CR can have values of 1, 2, 3, or 4).
For the case study CR =1,

CRC =1 for uplink and= 0 for down link. For the case
study CRC =1;

PL is the total payload size including the useful payload
(denoted as PayLdUsFI) and all the header bytes (denoted
as Header) which are overheads, hence;

PL = PayLdUsFl + Header (5)

_ ., |8(PL)—4(SF)+28+16 (CRC)—20(H)
np, = 8+ max ((cezl [ Gr208) ] (CR+ 4)) , 0) (6)

Then, for a case study sensor node with 4 states, as shown
in Table 1, the sleep state time denoted as Tsleep is given
as;
Tsleep = tsNecycle — Z;z‘{(tx) )
The mean current, I,y drawn by the sensor node per cycle
and the energy consumed per cycle, E,, are given as;
_IEHU )
Iuv = =555 ©))
Ecycl = IMN(VSN)(tSNCycle) (9)
where Vgy is the voltage of the sensor node.
Table 1 The sensor node state current and time parameters
for the case study sensor node

Sensor
node Description Symbol Duration Symbol Current
state of sensor for the (ms) for the (mA)
number node state duration current
, X
o tLRex
Transmissio givenin
! n h Equation h 83113
4
Receive
2 data t, 504.081 I 31.913
Measure
3 state and ts 31050.67 I 45.500
other states
Tsleep
givenin
4 Sleep t, Equation I, 0.158
7

With battery capacity, Bat.q, in mAh, the sensor node
battery lifespan Bat;¢r,, in hours can be estimated as;

Batcap

(10)
ImN
where I,,yisin mA. If the targeted payload delivery success
ration, Rg,.. IS given, then the actually delivered useful
payload size, denoted as PayLdUsFIDLVD is given as as,
PayLdUsFIDLVD = Rg,..(PayLdUsFI) (11)
Then, the bit error probability, BEP is obtained as follows;

Rsuce (G)(TTLPayLd—Header) )71
BEP =1 - ([(IP;IACCOU) ) (12)
where PMAC,,; is the probability that a packet collision
occurred in the media access control layer. In this work,
PMAC,,;; is set to 0 and Header is set to 13 bytes, hence,

BEP = 1 — ([Rsu“]((%)(TTLPayLd—ﬁ) )-1) )

The energy per bit to noise power spectral density is

BathTm =

denoted as E”/No, and for LoRa modulation scheme with

spreading factor, SF, the value of E”/NO is obtained as;
Eb/NO _ erfinv(1-2(BEP)) (12)

(logl\/zg(SF))

The value of Eb/NO in dBm is given as;

Ep| _ Ep
_=10Log ( /No) (14)
The link margin, LM for LoRa is given as;

No

_Ep 4\ _
LM =2 +10logyy(SF) +10logy, (MR)
10108,6(25F) — LRypps — 174 + 101log,(BW) + NF

(15)
where LR, is the LoRa receiver sensitivity and NF is the
noise figure. For a modified free space path loss with path
loss exponent of 3 rather than 2, the transmission range, d is

given as,
Pt— LRsens—LM—32.5—3010og10(f)

d = 10 % ) (16)

where P, is the transmitter power in dBm and f is is the
signal frequency in MHz.

3. RESULTS AND DISCUSSION

A case study sensor dataset used for numerical
computations consists of the following parameter values:
P, = 13 dBm, sensor node cycle time of 1800 seconds, f
=868 MHz, BW =125 KHz, NF = 6 dBm, CR =1, SF =12,
LRsens =—137 dBm, PMACgoll = 0, RSucc =0.99 y VSN
=3.6 V and Bat.q, = 2400 mAh. The payload sizes of 5,
10, 20, 25, 30 and 50 bytes are used and the results obtained
for the packet transmission time versus payload are shown
in Figure 1. The results in Figure 1 show that the packet
transmission time increases with payload size with about 52
% change in the packet transmission time within the
payload size range considered. The results in Figure 2 show
that the mean current decreases with payload size with
about -14 % change in the mean current within the payload
size range considered. The results in Figure 3 show that the
total energy consumed per cycle decreases with payload
size with about -14 % change in the total energy consumed
within the payload size range considered. The results in
Figure 4 show that the battery life span increases with
payload size with about -12 % change in the battery life
span within the payload size range considered. The results
in Figure 5 show that the energy per useful bit decreases
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with payload size with about -1044 % change in the energy
per useful bit within the payload size range considered. The
results in Figure 6 show that the transmission range
decreases with payload size with about -5 % change in the
transmission range within the payload size range
considered. The results in Figure 7 and Figure 8 show that
the bit error probability decreases with payload size with
about -900 % change in the bit error probability within the
payload size range considered.

In all, the results show that increasing payload size
improves the energy efficiency of the node but reduces the
transmission range. As such, the choice of payload size is a
compromise between energy efficient system and longer
transmission range. In addition, the results in Figure 9 show
that only payload size of 50 bytes and above satisfied the 1
% duty cycle requirement. So, for the case study sensor
node, payload size lower than 50 bytes will not be used
where the 1% duty cycle restriction applies.

Packet transmission time (in ms)
versus payload (in bytes)

5 10 25
Byt

20 30 50
Byt Byt Byt Byt Byt
es es es es es es
® Packet transmission
time (in ms) versus 1319 1483 1810 1974 2138 2793
payload (in bytes)
Percentage change
with respect to that of
the 50 byte payload
(%)

52.79 46.92 35.19 29.33 23.46 0.00
Figure 1 The bar chart for the packet transmission time
versus payload
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Figure 2 The bar chart for the mean current versus payload
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Figure 3 The bar chart for the total energy consumed per
cycle versus payload
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Figure 4 The bar chart for the battery life span versus
payload
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Figure 5 The bar chart for the transmission range versus
payload
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Figure 6 The bar chart for the transmission range versus
payload
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Figure 9 The graph of duty cycle versus payload size
ZoE04 4 CONCLUSION
The effect of transmitter payload size on the energy
consumption and related performance parameters for a
sensor node employing LoRa transceiver is presented. The
mathematical expressions for the computation of the
various LoRa sensor node performance parameters as
function of the payload size are presented. The study
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