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Abstract- The enhancement of IoT applications for low-power 
and long-range communication requires developing comm- 
unication techniques that consume a small amount of power 
while transmitting at longer distances. LoRa backscatter is a 
promising solution for such applications. In this work, we will 
develop a model that helps to estimate the communication 
range between a LoRa backscatter tag and a receiver. The 
developed model has been tested by simulation using Python, 
and the results are validated by comparing the achieved range 
using our model with state-of-art LoRa backscatter works. We 
have also extended the model to account for the effect of SNR 
loss due to direct interference from the transmitter and inter-tag 
interference from neighbouring tags in concurrent LoRa 
backscatter systems. 

Keywords: LoRa backscatter, low power communication, 
IoT, backscatter communication, Energy harvesting. 
 

  
   

 
  

   
 

   
 

Table 1:

 

List of Abbreviations

 

Abbreviation

 

Description

 

AmBack

 

Ambient Backscatter

 

IoT

 

Internet of Thing

 

MIoT

 

Massive IoT

 

LoRa

 

Long Range

 

LPWAN

 

Low Power Wide Area Network

 

LoRaWAN

 

LoRa Wide Area Network

 

NB-IoT

 

Narrow Band IoT

 

BLE

 

Bluetooth Low Energy

 

FM

 

Frequency Modulation

 

RF

 

Radio Frequency

 

BPSK

 

Binary Phase Shift Keying

 

OOK

 

On off Keying

 

FSK

 

Frequency Shift Keying

 

SF

 

Spreading Factor

 

AWGN

 

Additive white Gaussian noise

 

NLOS

 

Non-line-of-sight

 

LOS

 

Line-of-sight

 

NF

 

Noise Figure

 

BW

 

Bandwidth

 

CSS

 

Chirp Spread Spectrum

 

SNR

 

signal-to-noise ratio

 

SINR

 

signal-to-interference-plus-noise

 

 

oday, with the expansion of IoT devices, one of the 
most significant challenges is developing a 
communication theory that can reduce the power 

consumption of the nodes while maintaining a long 
communication range. In the last decade, different 
technologies have been proposed for this purpose. 
Recently, LPWAN technology such as LoRa, SIGFOX, 
and NB-IoT has been seen as a promising candidate for 
future IoT applications [1–5]. However, with extremely low 
power requirements in today’s IoT applications, active 
communication using power hungry devices such as 
amplifiers, filters, and oscillators is limited. These small 
objects are sometimes placed in environments where 
battery replacement or recharging is difficult. Therefore, 
backscatter communication has been seen as a 
promising solution to significantly lower power 
consumption by communicating with nodes using 
passive devices [6]. Backscatter communication has 
been widely used for different low-power applications 
such as environmental monitoring, health monitoring, 
and localization [7, 8]. One of the advantages of 
backscatter technology is its ability to rely on available 
ambient RF signal sources in the environment, such as 
FM and TV broadcasting, WIFI, or cellular signal [9–12]. 
This significantly lowers the deployment cost since any 
dedicated signal source is required as in bi-static 
backscatter configuration. Several ambient backscatter 
communication systems have been proposed in the 
literature. In [12], the ready available FM broadcasting 
signal is used to backscatter tag data that can be 
decoded in any FM receiver. In that work, a range of 60 
feet (18.2 m) was achieved and consuming only 11.07 W 
of power. [11] uses Wi-Fi transmission as an excitation 
signal to backscatter tag information to be decoded by a 
Wi-Fi access point. They achieve a communication rate 
of 5Mbps at a range of 1m and 1Mbps at 5m. In work 
[13], the maximum range for backscatter communication 
utilizing the ambient FM radio signal was presented. 
Using a ray-tracing technique and radar equation, and 
placing the receiver antenna close to the FM transmitter 
as in monostatic backscatter, a distance of 14.5 km was 
achieved. 

The limited range of technologies mentioned 
above has motivated the research community to develop 
a backscatter system that uses LoRa transmission as an 
excitation signal. The high sensitivity of the LoRa signal 
due to CSS-type modulation has been used by 
researchers to develop the LoRa backscatter 
communication technique for energy-constrained IoT 
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devices communication [14–18]. LoRa backscatter is 
intended to improve communication range while 
consuming a small amount of energy. For example, [16] 
overturns the conventional short-range wisdom of 
backscatter and presents a LoRa Back system that can 
transmit up to 475m and consumes only 9.25 µW of 
power while being compatible with commodity LoRa 
hardware. The error performance of LoRa backscatter 
has been addressed in the literature. In [19], a closed-
form expression was derived for SER on both the AWGN 
and the Nakagami-m double fading channels. The 
authors in [20] propose a receiver design based on the 
square-law detector to theoretically evaluate the error 
performance of the LoRa backscatter system under the 
AWGN channel and derive an approximate closed-form 
expression of the bit error rate using the union bond 
method. The authors show that LoRa backscatter 
outperforms active LoRa for SNR values between 2 and 
9 dB. The authors in [21] present a comprehensive review 
of the literature on LoRa backscatter technology with an 
emphasis on tag design, interference cancellation 
techniques, receiver design, applications, and future 
research directions. 

Despite the broad literature, the link budget of 
LoRa backscatter is not adequately addressed yet. We 
aim to evaluate the communication channel using a path 
loss channel model to derive the transmission range 
between the LoRa backscatter tag and the receiver. 

Our key contributions to this work are 
summarized as follows. 

• We develop an analytical model to estimate the 
communication range of LoRa backscatter 
technology. The proposed model can be used to 
theoretically estimate how far a receiver can be 
placed from the tag based on the design parameters 
such as the modulation scheme, the properties of the 
tag material and the propagation environment. 

• Analyze the effect of different parameters that affect 
the communication range, such as active LoRa 
parameters, the propagation environment, and 
antenna polarization. 

• We have extended the model to account for the effect 
of inter-tag interference, time, and frequency 
synchronization as well as the near-far problem for a 
concurrent transmission where several tags 
concurrently transmit to a receiver simultaneously. 

• Evaluate the accuracy of our range model by 
comparing it with the achieved range in state-of-the-
art LoRa backscatter systems that use proof-of-
concept prototypes. 

The remainder of this paper is structured as follows. In 
Section 2, we present the principles of LoRa backscatter 
communication. Section 3 develops a theoretical model 
for estimating the range between the RF tag and the 
receiver in LoRa backscatter communication with details 
of each parameter. Section 4 presents the simulation 
results and discussion. The work was concluded in 
Section 5. 

  

LoRa backscatter technology is an ambient 
backscatter communication technique that uses an 
ambient LoRa signal as an excitation signal. Depending 
on the type of excitation signal, two possible LoRa 
backscatter designs are possible: first, the excitation is 
an unmodulated single tone that a backscatter tag uses 
to synthesize a LoRa compatible packet and transmit 
information to the receiver [16, 17, 22–24]. However, this 
requires complex tag operation and hence increases its 
energy consumption. The second idea consists of using 
the LoRa-modulated signal to encode the tag data and 
backscatter to the receiver [14, 15, 18]. This type of tag 
design is complex because of the cancellation of the 
interference from the LoRa transmitter, which is complex 
and unknown to both the tag and the receiver. To address 
this challenge, the work [18] simply shifts the excitation 
signal to another channel and therefore creates out-of 
band interference that limits network performance. [15] 
shifts the excitation in the same band as the backscatter 
signal and proposes a method to combine the energy in 
double sidebands to enhance the SNR. Using an ambient 
LoRa signal as excitation requires the tag to detect its 
presence and pick it from unwanted signals. This is 
achieved using a packet detection circuit. The packet 
detection circuit in the LoRa backscatter tag is 
characterized by its power consumption and sensitivity. 
The higher the sensitivity, the higher the distance from the 
source to the tag. 

 

In this section, we present the step-by-step 
derivation of the proposed model using the path loss 
channel modeling for different propagation 
environments. Path loss channel models represent the 
power reduction of a transmitted signal as it traverses the 
wireless medium. These channel models are based on 
the medium through which the signal travels, such as free 
space, rain, fog, or gas. We will derive a range estimation 
model for free-space and realistic scenarios of LOS and 
NLOS. 

The flow chart of the proposed model is 
illustrated in Figure 1. At first, a single node 
communication is considered, where one transmitter 
communicates with one receiver. If the propagation 
channel is the free space environment, the theoretical 
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In this paper, we propose an analytical model to 
evaluate the propagation channel and estimate the 
communication range between the tag and the receiver 
in different propagation environments. The proposed 
model can be used to optimize network efficiency.



 

  

Figure 1: Flow Chart of the Proposed Model Derivation 

range is calculated using eq. (11). For a realistic scenario, 
the impacts of different losses are considered. The eq. 
(15) and eq. (36) are used to calculate the range of the 
tag and the receiver for the LOS and NLOS scenarios, 
respectively. When multiple nodes are deployed in the 
network, communication from different nodes will 
introduce interference that affects link quality. Similarly, 
the communication ranges that account for the effect of 
interference are calculated for free space, LOS, and 
NLOS using eq. (40), (41), (42), respectively. 
 

 
 Figure 2:

 

System Overview of Ambient Lora Backscatter

 a)

 

Free Space Propagation

 In backscatter communication systems, the link 
can be divided into two parts, i.e. the forward 
(unmodulated) and backward (modulated) links, as 
shown in Figure 2. The link budget for the forward link 
using the Friis free space equation is given as [25]:

  

  

    

 

 

 

 

  

  

Where PR is the received power at the LoRa 
backscatter receiver, Pt is the received power at the tag, 
and GR is the receiver antenna gain. d2 is the distance 
between the tag and the receiver. We can derive the free 
space path loss for the forward and the backward link 
from Eq. (1) and (2) as-

 

(3)

 

(4)

 

 

Multiplying Eq. (3) by Eq.

 

(4) results in combined 
path loss for the free space the backscatter link and is 
given as-
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Pt = PT GT Gt M(
λ

4πd1
)2

(1)

PFS
f =

PT

Pt
=

(4πd1)2

GT Gtλ2

PFS
b =

Pt

PR
=

(4πd2)2

GRGt Mλ2

Pt is the received power at the tag location, PT is the 
transmit power, GT and Gt are the transmitter and tag 
antenna gain respectively. d1 is the distance between the 
transmitter and tag, and λ is the wavelength. M is the 
modulator factor and will be more detailed in Section 
3.3.1

Similarly, the link budget for the backward link is 
defined as-

(2)PR = PtGRGt M(
λ

4πd2
)2

(5)PFS
c =

PT

PR
=

(4π)4(d1d2)2

GT GRG2
t Mλ4



 

  

 
 

 

  

 

 

  

 

 

 

 

 

 
 

 

 

 

 
 

  should account for the effects of these parameters for a 

better evaluation of the backscatter communication link. 
As defined for free space propagation, a general link 
budget equation for the forward and backward account 
for all the losses introduced in the transmitter-to-tag and 
tag-to-receiver link can be defined as

 

[27]:

 

 

(12)

 (13)

 
Xf and Xb represent the polarization mismatch of 

the forward and backward links, respectively. Bf and Bb 

are the forward and backward lint path blockages, 
respectively. θ

 

is the RF tag antenna’s on-object gain 
penalty, and Fβ

 

is the small-scale fading loss for a bistatic 
dislocated backscatter configuration [27].

 

Using (12) in (13), the combined link budget is 
given as-

 
(14)

 
Following the same reasoning as in free space 

propagation, the tag-to-receiver distance d2 is derived as-

 (15)

 

 

The modulation factor M and the unitless loss 
term Xf , Xb, Bf , Bb, θ

 

and Fβ

 

are well described in Section 
3.3.

 

c)

 

Parameters Description

 

In this subsection, a brief description of each 
parameter involved in radio propagation between the 
LoRa transmitter-to

 

tag and tag-to-receiver is presented.

 

i. Modulation factor

 

The reflected power of the RF tag device 
depends not only on the antenna properties and the 
surrounding environment but also on the modulation 
factor, which also depends on the modulation scheme 
used. The modulation factor is given as [28]

 

   

(16)

 
There are techniques used to amplify the 

reflected power from the RF tag. Therefore, the 
modulation factor can be evaluated in two different ways 
depending on the tag design: using the convectional tag 
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Pt =
PT GT GtX f

B f
(
λ

4π
)2 1

dn
1

PR =
PtGRGtXbM

BbθFβ
(
λ

4π
)2 1

dn
2

PR =
PT GT GRG2

t X f XbM
B f BbθFβ

(
λ

4π
)4(

1
d2d1

)n

dLOS
2 =

PT .GT .GR.G2
t .X f .Xb.M.2S F

S NR0.NF.K.T.BW.B f .Bb.θ.Fβ
(
λ

4π
)4
) 1

n 1
d1

M =
1
4
|Γ1 − Γ2|

2 =
1
4
|∆Γ|2

The Eq. (1) and (2) can also be modified to 
incorporate the effect of different environments. Since the 
received signal decreases with the nth power of the 
distance, where the parameter n is the path loss 
exponent, the value of which depends on the 
environment. The modified equivalent of Eq. (1) and (2)
accounting for the path loss exponent are given as 
follows.

(6)

(7)

The new combined path loss accounting for the 
effect of the environment can then be expressed as 
follows:

(8)

Assume PR to be the sensitivity of the LoRa 
receiver, which is a function of the spreading factor and 
bandwidth (PR (SF, BW)) and is defined as the minimum 
received power required to decode the information. The 
sensitivity of the LoRa receiver is determined using the 
following formula [26]

(9)

Where, SNR (SF, B) is the signal-to-noise ratio 
and depends on the spreading factor and the bandwidth. 
NF is the noise figure, K is the Boltzmann constant, T is 
the temperature in kelvin, and BW is the LoRa 
transmission bandwidth. Applying the processing gain 
and spreading factor effect, the signal-to-noise ratio can 
defined as-

(10)

Where 𝑆𝑁𝑅0 is the minimum required SNR to 
decode information. Using Eq. (10) and (9) into Eq. (8),
we can defined the RF tag-to-receiver distance as:

(11)

We can notice from Eq. (11) that the distance 
between RF tag and the receiver is inversely proportional 
to the transmitter-to-tag distance. Additionally, an 
increase in the spreading factor leads to an increase of 
distance 𝑑2.

Pt = PT GT Gt(
λ

4π
)2 1

dn
1

PR = PtGRGt M(
λ

4π
)2 1

dn
2

PFS
c =

PT

PR
=

(4π)4(d1d2)n

GT GRG2
t Mλ4

PR(S F, BW) = S NR(S F, BW) ∗ NF ∗ K ∗ T ∗ BW

S NR(S F, BW) =
S NR0

2S F

dFS
2 =

PT .GT .GR.G2
t .M.2

S F

S NR0.NF.K.T.BW
(
λ

4π
)4
) 1

n 1
d1

b) A General Link Budget
In practice, different parameters can affect the 

performance of the system. A complete link budget 

design without reflection amplifier and using the reflection 
amplifier.

Using the conventional tag design without 
reflection amplifier A typical tag modulates the 



 

 

 

 

 

 

 

 

  

(19)

 

Where K is a constant whose value varies from 0 
to 1, the maximum reflection is achieved for K = 1 and ϕ1 

= −ϕ2, resulting in reflection coefficient values Γ1 = 1 and 
Γ2 = −1. And using (16), the modulator factor M can be 
easily derived for the BPSK. For an ASK modulation, only 
the amplitude of the reflected signal will change; the 
phase will remain the same, and this is translated in 
reflection coefficients as in Eq. (20)

 

    

(20)

  

Where K1 and K2 are two constants whose values 
vary from 0 to 1 with K1 ≤ K2. When K1 = 0 and K2 = 1, the 
reflected signal is an OOK modulated signal, which is 
represented by a transition between a total absorption 
(stage 1) and total reflection (state 2) states. Table 2 
summarized some modulation factor values calculated 
using Eq. (16) and by choosing arbitrary values of K, K1, 
and K2.

 

Table 2:

 

Modulation Factor for Different Modulation 
Scheme

 

Modulation type

 

𝑲

 

𝑲𝟏

 

𝑲𝟐

 

𝜞𝟏

 

𝜞𝟏

 

M

 

BPSK

 

1

 

-

 

-

 

-1

 

1

 

0.5

 

ASK

 

-

 

0.2

 

0.8

 

0.2

 

0.8

 

0.15

 

OOK

 

-

 

0

 

1

 

0

 

1

 

0.25

 

 

 

 

     

 

 

 

   

The minimum reflection is derived for K=1 and 
ϕ2 = ϕ1 and is given as-

 

(24)

  

When K=0, the resulting modulation is an OOK, 
then the difference in the reflection coefficient will be-

 

(25)

 

In [35], an antipodal modulation of type BPSK is 
achieved by performing a 0 or 180 phase shift on the 
backscattered signal. The reflection coefficients for the 
two states are defined as follows.

 

    

(26)

 

Resulting in a reflection coefficient difference of-

 

(27)

 

The value of the reflection gain depends on the 
input power at the tag. Table 3 gives different values of M 
calculated from (16) using the tag reflection amplifier gain 
G of 10.2dB for various modulation schemes.

 

Table 3:

 

Modulation Factor for Different Modulation 
Schemes using a Reflection Amplifier at Rf Tag

 

Modulation 
Type

 

Reflection Amplifier 
gain G in dB

 

Modulation 
Factor

 

BPSK

 

10.2

 

6.48

 

ASK

 

10.2

 

2.24 -

 

4.24

 

ASK

 

10.2

 

3.24
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information bit by switching between two impedance 
values Z1 and Z2 resulting in two reflection coefficients Γ1 

and Γ2 representing states 1 and 2, respectively. Where Γ1 

and Γ2 are defined by Eq. (17) and (18) [29]

(17)

(18)

Modulation on the tag will alter the amplitude 
and/or phase of the signal backscattered by the RF tag 
[30], [31], resulting in an ASK and/or a PSK signal, 
respectively. Additionally, switching between two loads 
multiple times per bit period produces an FSK signal [32]. 
When using a binary phase shift keying (BPSK), only the 
phase of the reflected signal will change, and the 
amplitude will remain the same, resulting in two reflection 
coefficients, as given in Eq. (19)

Γ1 =
(Z1 − Z∗a)
(Z1 + Z∗a)

Γ1 =
(Z2 − Z∗a)
(Z2 + Z∗a)

Γ1 = Ke jϕ1 Γ2 = Ke jϕ2

Γ1 = K1e jϕ Γ2 = K2e jϕ

Using RF tag reflection amplifier in the past 
decade, researchers have introduced the principles of 
the reflection amplifier to improve the efficiency of RF tag 
scattering, which refers to the amount of power a tag can 
reflect for a given induced power level and therefore to 

increase the communication range between the tag and 
the receiver [33], [34], [35]. In [33], an ASK modulation is 
achieved by switching on and off the amplifier, resulting 
in two reflection coefficients defined as-

(21)

Where K and G are the amplitudes of the 
reflected signal during the on and off state, in their 
respective phases, respectively. The reflection coefficient 
difference amplitude is-

(22)

The maximum reflection is achieved for K=1 and 
ϕ2 = ϕ1 + π and is given as-

(23)

Γ1 = Ke jϕ1 Γ2 =
√

Ge jϕ2

|∆Γ| = |Ke jϕ1 −
√

Ge jϕ2 |

|∆Γ|max =
√

G + 1

|∆Γ|min =
√

G − 1

|∆Γ|min =
√

G

|∆Γ|min =
√

G

Γ1 =
√

Ge jϕ Γ2 =
√

Ge− jϕ

|∆Γ|min = 2
√

G

ii. Polarization Mismatch
The polarization of an EM wave is a term that 

describes the direction of the radiated electric field from 
the antenna. We distinguish three types of polarization, 



 

 

 
 

 

(28)

 

where ρT = (ART +1)(ART −1) is the circular polarization 
ratio of the transmitted wave and ρR = (ARR + 1)(ARR −

 

1) 
is the circular polarization ratio of the receiving antenna. 

ART 

 

and ARR are the axial ratio of the transmitted wave and 
the axial ratio of the receiving antenna (in linear scale), 
respectively. θ

 

is the angle between the polarization 
vectors.

 

We can notice from Eq. (28) that two arbitrary 
polarizations are orthogonal (X=0 in linear scale) only if

 

      

(29)

 
Moreover, The maximum and minimum 

polarization mismatch occurs when θ

 

equals 0◦

 

and 90◦, 
respectively. A homograph showing maximum and 
minimum losses is presented in Figure 3 and can be used 
to calculate the value of the polarization mismatch 
between the transmitting and receiving antennas [37].

 

Figure 3: Maximum and Minimum Polarization Loss given the Axial Ratio [37] 

A linear polarized wave is an elliptically polarized 
wave with an infinite axial ratio of infinity. For a linear 
polarization, the Eq. (28) is simplified to- 

 
(30)

 
In backscatter communication systems, we can 

define two polarization mismatches Xf and Xb that 
represent the forward and backward links,

 

respectively.

 

 

• Case 1: LoRa transmitter, the tag and LoRa receiver 
antennas are all linearly polarized. 

• Case 2: LoRa transmitter and LoRa receiver antennas 
are right-hand circularly polarized, and the tag 
antenna is linearly polarized. 

• Case 3: LoRa transmitter, tag, and LoRa receiver 
antenna are all left-hand circularly polarized. 

Table 4 presents some values of the forward and 
backward polarization mismatch Xf 

  
and Xb 

 
given θ values 

computed using the assumption in case 1. 
In case 2, a linearly polarized tag antenna is 

trying to receive a circularly polarized wave from the LoRa 
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depending on the shape traced by the electric field 
vector: linear, circular, or elliptical. Signal reception is 
damaged if the polarization of the antennas does not 
match, which is also known as polarization mismatch. It 
represents the electromagnetic (EM) power lost due to 
polarization mismatch between transmitting and 
receiving antennas and is characterized by a factor X that 
varies from 0 (perfect mismatch or no power is transferred 
between the antennas) to 1 (matched or no power lost) 
on linear scale. The polarization mismatch loss for any 
angular alignment θ between the principal axes can be 
calculated as in [36].

X(dB) = 10log
1 + ρ2

Tρ
2
R + 2ρTρRcos2θ

(1 + ρ2
T )(1 + ρ2

R)



ρR =
1
ρT

and θ = 90◦

X(dB) = 10log(cos2(θ

Polarization mismatch calculation Xf   and Xb Let 
us consider three cases of antenna polarization for 
forward and backward links:



 

transmitter which can be seen as two orthogonal linearly 
polarized waves with one in phase; therefore, the linearly 
polarized tag antenna will simply pick up the in-phase 
component of the circularly polarized wave from the LoRa 
transmitter, resulting in a forward polarization mismatch 
value Xf = 0.5. Similarly, the linearly polarized 

Table 4: Polarization Mismatch 𝑋𝑓 and 𝑋𝑏 Values Given 

𝜃 for Case 1 

Scenario 𝜽𝒇 𝜽𝒃 𝑿𝒇 𝑿𝒃 
Scenario 1 0∘ 0∘ 1 1 

Scenario 2 90∘ 90∘ 0 0 

Scenario 3 24∘ 81∘ 0,83 0,02 

Scenario 4 36∘ 59∘ 0,65 0,26 

Scenario 5 63∘ 15∘ 0,20 0,93 

Scenario 6 6∘ 11∘ 0,99 0,96 

receiver antenna will pick up the in-phase component of 
the circularly polarized wave from the tag, resulting in a 
backward polarization mismatch Xb of 0.5. 

In case 3, we assume that all antennas are right-
hand circularly polarized (RHCP). Similarly, Table 5 
presents some values of the polarization mismatch for 
forward and backward links using the monograph in 
Figure 3, given the axial ratio in dB. 

Table 5: Polarization Mismatch 𝑋𝑓 And 𝑋𝑏 Values 

Calculated from Monograph in Figure 3 Given Axial 
Ratio Values for Case 3 

Scenarios 
𝑨𝑹𝑻𝑿 

dB 

𝑨𝑹𝒕𝒂𝒈 

dB 
𝑨𝑹𝑹𝑿 

dB 

𝑿𝒇 

dB 
𝑿𝒃 
dB 

Scenario 1 0 0 0 0 0 

Scenario 2 2.4 1.5 3 0.02 0 

Scenario 3 5 2 0.8 0.1 0,02 

Scenario 4 10 0.1 4 1 0,26 

Scenario 5 7 2 5 0,3 0,93 

 
iii. Path Blockage 

Path blockage B represents the loss in the link 
budget that occurs when an obstruction, such as 
buildings, trees, ridges, bridges, vegetation, cliffs, etc., 
blocks the signal propagation path. The obstruction 
causes a non-line-of-sight (NLOS) between the 
transmitting and the receiving antennas. In [38], a 
frequency-dependent NLOS equation is defined to 
characterize the NLOS path loss as given as below. 

   
(31)

 
where FC  

is in GHz, d is the distance between transmitter 
and receiver in meters, and χa is the shadowing 
component modelled according to a lognormal random 
variable with standard deviation σ = 4dB [39] 

We calculate the values of the forward and 
backward path blockages Bf and Bb using Eq. (31). Since 

the carrier frequency is the same for the forward and 
backward links, and assuming the same value of the 
standard deviation σ

 

= 4dB for both links, the blockage 
loss values Bf and Bb will only depend on the transmitter-
to-tag and tag-to-receiver distance and are given as: 

 (32)

 The Table 6 presents some values of path 
blockage computed at distances d in the 915 MHz ISM 
band.

 
Table 6:

 

Path

 

Blokage

 

for Given Distances at 915

 

MHz 
ISM BAND

 
Distance in (m)

 

Path blockage in (dB)

 

1

 

40.12

 

10

 

70.12

 

50

 

91.09

 

100

 

100.12

 

1000

 

130.12

 

10000

 

160.12

 

 

The tag-to-receiver distance defined in Eq. (15) 
can be modified to account for the effect of path blockage 
on forward and backward links. First, let us express the 
Eq. (32) and (33) in linear form as follows.

 

  

(34)

 

  

(35)

 Replacing Eq. (34) and (35) in (15) will result in a 
tag-to

 

receiver distance d2 as-

 

 iv. Fade Margin

 

The fade margin results in interference from 
scattered waves that are caused by objects surrounding 
the environment of the tag. It is a function of the position 
of the RF tag, even in line-of

 

sight [27] and results in a 
variation of the backscattered signal and is known as 
small-scale fading [27]. Its value is calculated using the 
outage probability. The fade margin is defined as [27]:

 

 
 

(37)

 Where, Pav is the average channel power, and 
FR

−1 is the cumulative distribution function of the received 
envelope. In this thesis, we assume a deployment in an 
agriculture application where there are few objects that 
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PLNLOS = 36.85 + 30 log10(d) + 18.9 log10(FC) + χa,

B f = 36.85 + 30 log10(d1) + 18.9 log10(FC) + χa,

B f = 6487 χa d3
1

Bb = 6487 χa d3
2

dNLOS
2 =

PT .GT .GR.G2
t .M.X f .Xb.M.2S F

42.106.S NR0.NF.K.T.BW.χ2
a.θ.Fβ

(
λ

4π
)4
) 1

3n 1
d1

(36)

F = 10 log10

F−1
R (outage probability)2

Pav



can produce interference; therefore, the outage 

probability can be chosen as small. From [27], for an 



 

 

 

 

 

 

 

 Table 7:

 

On-Objet Antenna Gain Penalties for Various 
Material Measured at 915

 

mhz in Db [40]

 Material

 

θ

 

(in dB)

 
Aluminum

 

10.4

 
De-Ionized water

 

5.8

 
Acrylic Slab

 

1.1

 
Cardboard Sheet

 

0.9

 

 
d)

 

Concurrent transmission in LoRa backscatter and 
interference effects

 
It has been shown that different tag signals can 

be decoded at the receiver, enabling concurrent 
transmission using the LoRa signal as excitation. Such 
receiver designs are commonly used in Internet of Things 
(IoT) applications where different sensors need

 

to be 
deployed to cover the entire monitoring area. In [41] a 
LoRa backscatter configuration based on concurrent 
transmission was proposed for automatic irrigation 
monitoring where all sensor nodes transmit their data to 
a LoRa backscatter receiver. However, in such an 
implementation, some key challenges have to be 
addressed. Note that interfering signals contribute to the 
receiver noise power and hence reduce the SNR which 
affects the receiver performance and decreases the 
range. The key challenge while designing such receiver 
consists in removing the effect of interferences generated 
by the excitation signal (strong in-band interference) and 
the one from neighboring tags (inter-tag interference). 
These challenges have been addressed in [15, 42]. In 
[15], the inter-tag interference is addressed by using a 
hamming window that smoothly reduces signal 
amplitude toward zero from the centre to the edges. [15] 
also adds additional empty bins between two allocated 
bins to deal with the frequency and time offset caused by 
the difference in ToF (Time of Flight) between the tag and 
receiver. A similar technique is used in [42] to combat the 
time synchronization effect. Additionally, [42] uses a 
power-aware cyclic shift technique where lower SNR 
devices use a much different cyclic shift than higher SNR 
devices.

 
On the basis of these observations, we extend 

our model to account for the effect of interference. Let us 
denote I as the combined power of interfering signals that 
represents the total signal loss due to the interference. 
The value of I depends on the receiver interference 
removal capability and on the combined received signal 
power from neighboring tags and transmitter (direct path) 
at the receiver location. Figure 4 illustrates a concurrent 
LoRa backscatter link. di11 and di12 are the forward and 
backward links separation distance for interfering tag 1, 
di21 and di22 are the forward and backward links separation 
distance for interfering tag 2, and dr is the distance 
between the LoRa transmitter and receiver. Pd

r is the 
power received through the direct path (between the 
transmitter and the receiver). It is better for the receiver to 
eliminate interference and lower the value of I. Note that 
the interferences are non-coherent, i.

 

e. they are not all at 
the same frequency and locked in phase. Therefore, the 
total interference power can be written as:

 

 
(38)

 

Where, Pd
r , Ptag

ri

 

are the received powers from 
the direct path ( from the transmitter to the receiver) and 
the received power from the N neighboring tag (i.e. the 
interfering tags), respectively.

 Now, we define the signal-to-interference-plus-
noise (SINR) as:

 

 
(39)

 

Where Pn is the noise power.
 Note that the receiver sensitivity is inversely 

proportional to the level of interference. Using Eq. (9), the 
extended model accounting for the effect of interference 
of the achieved tagto-receiver distance for free space, 
LOS realistic, and NLOS realistic

 
scenarios are given in 

Eq. (40), (41), and (42), respectively, as:
 

 Figure 4:
 
Concurrent Transmission Link Illustration
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outage probability of 0.005 and a gain of 3dB, the 
calculated fade margin for a dislocated backscatter link 
was 26 dB.

v. Tag on object gain
The on-object antenna gain accounts for the 

losses when the RF tag is close to or attached to an 
object [27]. The value of θ depends on the properties of 
the material, the geometry of the object, the frequency, 
and the type of antenna. In [40], the values of θ for 
different materials have been measured using simulation. 
Table 7 shows some values of θ for various materials 
measured at 915MHZ [27, 40]. In this work, we assume 
the tag to be attached to a cardboard sheet.

I = Pd
r +

N∑
i=1

Ptag
ri

S INR =
Pr

Pn + I



 

(40)

 

(41)

 

The received power from the direct path 𝑃𝑟
𝑑

 

and 

neighboring tags 𝑃𝑟𝑖
𝑡𝑎𝑔

 

can be measured or computed 

using Eq. (43) and [44], respectively.

 

(42)

 

(43)

 

 

In this section, we evaluate our derived models 
in different scenarios. First, we evaluate the 
communication range of LoRa backscatter technology 
between a tag node and a receiver in free space 
propagation. We examine the effect of LoRa transmission 
parameters on the tag-to-receiver distance. In this paper, 
for a better illustration, we consider an application 
scenario in which the LoRa backscatter system is 
deployed to monitor an irrigation field as presented in 
Figure 13a. However, the model can be adapted for other 
types of application in both outdoor and indoor 
environments simply by changing some parameter 
values. We assume that the LoRa signal source will be 
generated by the LoRa radio chip SX1272. LoRa chip 
SX1272 uses a spreading factor that varies from 6 to 12 
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dFS
2 =

 PT .GT .GR.G2
t .M.2

S F

S NR0.(NF.K.T.BW + Pd
r +

∑N
i=1 Ptag

ri )
(
λ

4π
)4


1
n 1

d1

dLOS
2 =

 PT .GT .GR.G2
t .X f .Xb.M.2S F

S NR0.(NF.K.T.BW + Pd
r +

∑N
i=1 Ptag

ri ).θ.Fβ.
(
λ

4π
)4



Pd = PT GT GR
λ2

4π
1
dn

Ptag
ri =

PT GT GRG2
tagi

X f XbM

B f BbθFβ
(
λ

4π
)4(

1
idi1idi2

)n

Table 8: Simulation Parameters

Parameters Values
𝐹𝑐( MHz) 915

𝑃𝑇 (dBm) 20

𝐺𝑇 , 𝐺𝑅 (dBi) 2.4

𝐺𝑡 (dBi) 2.1

𝐵𝑊 (KHz) 125

𝑆𝑁𝑅0 (dB) 15

SF 7
Path loss exponent n 3 for realistic case for free space case

𝑀 0.5

𝐹𝛽 (dB) 26

𝑋𝑓 0.26

𝑋𝑏 0.65

𝜃 (dB) 0.9

NF (dB) 6

dNLOS
2 =

 PT .GT .GR.G2
t .X f .Xb.M.2S F

42.106.S NR0.(NF.K.T.BW + Pd
r +

∑N
i=1 Ptag

ri ).χ2
a.θ.Fβ.

(
λ

4π
)4


1

3n 1
d1

and operates in the frequency range of 860 to 1020 MHZ 

the transmit power at 20 dBm, which is the maximum 
allowed value in most regions. The LoRa provides three 
main transmission bandwidths: 125 KHZ, 250 KHZ, and 
500 KHZ. We use the SX1308P915G LoRa gateway as 
the receiver which operates in the 915 MHZ band [44]. 
We fix the receiver noise figure at 6 dB and the minimum 
signal-to-noise ratio (S NR0) at 15 dB.

Second, we evaluate the tag-to-receiver distance 
in a realistic scenario where additional losses are 
considered in the link budget in both the LOS and the 
NLOS scenarios. The modulation factor M is equal to 0.5 
for the BPSK, as given in Table 2. We also assumed a 
linear polarization for the transmitter, tag, and receiver 
antennas with an angle between the polarization vector of 
36◦ and 59◦, resulting in a forward and backward 
polarization mismatch of 0.65 and 0.26 dB, respectively. 
We consider a tag attached to a cardboard Sheet which 
correspond to an tag-on-object gain penalty of 0.9dB. 
The fade margin is chosen to be 26dB as mentioned 
above. The path blockage effect is taken into account in 
the NLOS scenario and computed by Eq. (36). Moreover, 
the impacts of the above-mentioned parameters on the 
tag-to-receiver distance are also analyzed.

Third, we extend our model to account for both 
in-band strong interference and that generated by 
concurrent tag transmission. In concurrent transmission, 
a single receiver receives several tags signal, increasing 
the interference noise power and the receiver complexity, 
as detailed in Section 3.4. The effect of the interfering tag 
is also analyzed in this section.

The simulation parameters are summarized in 
Table 8 un-less otherwise stated.

In Free Space Propagation
We place the signal source at a fixed location, 

move the tag to different locations from the transmitter, 
and calculate the distance between the tag and the 
receiver. Figure 5 shows the com-

[43]. We set the transmission frequency at 915 MHz and 

(42)

a)
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munication range achieved between the RF tag and the 
LoRa receiver (distance d2) in free-space propagation 
using Eq. (11). When the Rf tag is in the vicinity of the 
transmitter (distance less than 1m), the receiver can be 
placed as far as 6.8 km. This distance decreases as the 
transmitter-to-tag distance increases. For example, when 
the tag is placed 10m from the signal source, the receiver 
can be placed as far as 700m. At 60m from the 
transmitter, this distance drops to only about 114m. The 
midpoint between the LoRa transmitter and the receiver 
is measured at a distance d1=d2= 88m, which 
translates to a total distance of 176m between the RF 
source and the receiver. Note that the maximum 
communication range of LoRa backscatter technology 
depends also on tag sensitivity; i.e. the maximum 
distance at which an RF tag can detect the transmitted 
signal, limiting its applications range. The higher 
sensitivity circuit can be used on the tag to increase the 
detection range to hundreds of meters [15, 45].

i. Effect of LoRa Parameters
In this subsection, we analyze the effect of LoRa 

parameters, such as the spreading factor, bandwidth, 
and transmit power, on the LoRa backscatter range. 
LoRa uses different spreading factors. Now, we will 
increase the value of SF from 7 to 12 and visualize its 
impact on the communication range. As shown in Figure 
6, the communication range increases with increasing SF 
value. For example, for a distance d1 of 20m, the receiver 
can be placed as far as 7.7 km, 2.7 km, and 1.3 km using 
SF values of 12, 9, and 7, respectively. By changing the 
spreading factor from 7 to 12 for a tag-to-source distance 
of 20m, we can improve the communication range by 6.4 
km. However, for the LoRa communication system, 
higher throughput is achieved for small values of the 
spreading fac-

Figure 5: Tag-To-Receiver Distance for Free Space Model as a Function of Transmitter-to-tag Distance (D1)

Figure 6: Tag-to-Receiver Distance for Free Space Model as a Function of Transmitter-to-Tag Distance (D1) for 
Different SF

tor [18]. Hence, there is a trade-off between throughput 
and range. For low data-rate applications such as 
automatic irrigation [41, 46], animal tracking [47], and 

forest fire detection, small values throughput can be 
tolerable; since the sensor node needs to transmit only a 
few bits of data.



 

Similarly, we vary the transmit power from 7 dBm 
to 30 dBm and evaluate its impact on the tag-to-receiver 
distance. In Figure 7, it can be seen that the 
communication range varies with transmit power. Higher 
transmit power leads to a longer communication range. 
For example, when we move the RF tag 5m away from 

the transmitter, the receiver can be placed as far as 0.3 
Km, 0.7 Km, 1.3 Km, and 4.3 Km for transmit power of 7 
dBm, 14 dBm, 20 dBm, and 30 dB, respectively. In other 
words, an increase of 6dB in transmit power improves the 
communication range by 47%. Note that a higher transmit 
power trans- 

 

Figure 8: Tag-To-Receiver Transmission Range in Free Space Model as a Function of Transmitter-to-Tag Distance 
(D1) for Different Lora Transmission Bandwidths

Figure 9: Tag-To-Receiver Ranges in Free Space Model for Different Modulation Schemes 

lates into higher energy consumption. In addition, in 
backscatter communication systems, the direct signal 
received from the transmitter creates interference, which 

limits the detection of the weak backscatter signal from 
the tag at the receiver. In the literature, direct interference 
cancellation techniques have been 
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Figure 7: Tag-to-Receiver Transmission Range for Free Space Model as a Function of Transmitter-to-Tag 
Distance (D1)



 

 
Figure 10: Tag-to-Receiver Transmission Range as a Function of Transmitter-to Tag Distance (D1) Different Path 

Loss Exponent 

 
 

Figure 11: Tag-To-Receiver Distance Comparison Between Free Space and Realistic Model Corrected Version 
Under Same Antenna Gain (GT = GR = Gt = 1) 

 

Figure 12: Reflection Amplifier Effect on tag-to-Receiver Range for BPSK and OOK Modulation Scheme

proposed to mitigate the strong interference effect and 
improve the SNR [16, 17, 23]. The variation in bandwidth 
as a function of distance is shown in Figure 8. We 
observe that the distance 
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(a) d1 = 1m (b) d1 = 10m 

 

(c) d1 = 50m (d) d1 = 100m 

Figure 13:
 
Tag-to-Receiver Distance as a Function of SF for Different on Object Gain Penalty and Fixed Distance D1 

 

Figure 14:

 

Tag-to-Receiver Range in Free Space Model for Different Transmitter, Tag, and Receiver Antennas 
Polarization 

decreases with increasing LoRa bandwidth. For example, 
the communication range drops from 1.3Km to 0.6Km by 
increasing the bandwidth from 125KHz to 500KHz. 

The communication range of LoRa backscatter 
systems can also vary parameters, such as the modulator 
factor and the path loss exponent. 
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ii. Effects of Environment on Lora Backscatter Range 
The path loss exponent describes the nature of 

the propagation environment. Figure 10 shows its 
impacts on the communication range. For a source-to-
tag distance of 10m, the communication range is up to 
685m using a path loss value of 2, which corresponds to 
the case of free space propagation. As the path loss 
exponent increases, the range decreases, as shown in 
the figure. For the rest of this work, we assume a path 
loss value of 3, which is the worst case in the outdoor 
environment. 

iii. Effects of Modulation Factor on LoRa Backscatter 
Range 

In backscatter communication systems, the 
communication range is depends on tag scattering 
efficiency, which is also referred to as the modulator 
factor M. The tag modulation factor M depends on the 
modulation scheme used to backscatter the tag data to 
the receiver, as discussed in Section 3.3.1. We vary the 
value of M according to different modulation schemes as 
shown in Table 2 and compute the communication range 
for each value of M. In Figure 9, it can be seen that the 
BPSK achieves the highest communication range 
compared to ASK and OOK. However, the ASK scheme 
is more simple to implement than the BPSK. When the 
tag is placed at 5m, the BPSK scheme can reach the 1.3 
km communication range while only 0.7 km is possible 
using ASK. 

b) Realistic Scenario 
In this subsection, we will evaluate the LoRa 

backscatter range in a realistic scenario in both LOS and 
NLOS. In a realistic scenario, different parameters affect 
the communication range between the RF tag and the 
LoRa receiver, as detailed in Section 3.2. 

i. In Line-of-Sight 
We compare the communication range of the 

free space model and the realistic scenario model in LOS 
(path blockage ignored) using Eq. (11) and (15). In Figure 
11, it can be seen that the achieved range in the realistic 
case is much lower than that of the free space case. For 
example, for a source-to-tag distance of 3m, a 
communication range of 2.3 km is achieved, compared 
to only 4m for the realistic LOS scenario using unit 
antenna gain for both transmitter, the tag, and receiver. 
This difference becomes important as the tag is brought 
close to the transmitter. 

To further improve the LoRa backscatter 
communication range, a reflection amplifier can be used 
[35]. To evaluate the effect of the reflection amplifier on 
the communication distance, we compare the range with 
and without the reflection amplifier in the realistic LOS 
scenario, as shown in Figure 12. We can observe an 
increase in the range when a reflection amplifier is used. 
Next, we evaluate the effect of tag-on-object gain in the 
communication range. As discussed in Section 3.3.5, 

different materials have different impacts on the 
performance of tag communication. Figure 13 shows the 
communication range as a function of the spreading 
factor for a tag attached to various materials. The 
cardboard sheet has the best performance, which is 
close to one obtained using an Acrylic slab. For a source-
to tag distance of 1m, the communication range of 180m 
for an SF value of 12 is achieved for a cardboard sheet 
compared to only 83m with aluminum. Note also that the 
impact of the material becomes important as the SF 
values increase. However, as we increase the source-to-
tag distance, the effect of the attached material becomes 
negligible as shown in Figure 13d. There was only a 
decrease of 0.7 between the cardboard sheet and the 
aluminum. 

Antenna polarization is another cause of signal 
attenuation and hence limits the communication range. 
Figure 14 shows the communication range achieved in 
different polarizations. It can be noticed that the linear 
polarization in Scenarios 1 has a better communication 
range (about 97m) compared to linear scenarios 3 and 4. 
This is due to the fact that, in the linear polarisation of 
Scenario 1, the polarization mismatches Xf and Xf b are 
maximal (Xf =Xf b=1). 

c) In NON Line-of-Sight (NLOS) 
In some applications, the LOS cannot be 

guaranteed, hence we must account for the effect of path 
blockage between the transmitter and tag antenna, and 
between tag and receiver antenna. We compare the 
maximum theoretical communication range of LoRa 
backscatter technology in both LOS and NLOS as shown 
in Figure 15. We set the value of M at 6.48 which is the 
maximum value in Table 3, and the transmit power at 
30dBm. As can be seen from the figure, for a source-to-
tag distance of 1m and an SF of 12, the receiver can be 
as far as 820m for LOS while only a range of 2m is 
possible in NLOS scenario. As the tag is moved away 
from the source, this distance drops to only 8.12m and 
0.02m for LOS and NLOS, respectively. This 
compromises the long-range wisdom of LoRa 
backscatter and 
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 (a) d1 = 1m (b) d1 = 10m 

 

 (c) d1 = 50m (d) d1 = 100m 

Figure 15: Maximum Tag-to-Receiver Range Comparison between LOS and NLOS Model for Fixed Distance D1 with 
A Maximum Transmit Power PT = 30 dbm

hence limits the range of its application deployment 
where there is no LOS between transmitter, tag, and 
receiver antennas. 

d) Concurrent Transmission and Interference Effect 
The performance of LoRa backscatter system 

degrades in the presence of strong interference from the 
transmitter and the inter-tag interference from the 
neighboring tags in concurrent transmission as 
discussed in Section 3.4. The effect of interference on the 
receiving distance depends on the signal level of the 
interfering signal at the receiver location, which also 
depends on the separation distance between the 
transmitter and the tag. First, we consider a LoRa 
backscatter system in which only one tag can transmit 
data to the receiver at a given instant t. Therefore, 
interferences from neighboring tags are ignored. We vary 
the values of direct interference power Pd

r   from -140 dBm 
to -30 dBm. Figure 16 shows the distance achieved 
between the tag and the receiver for different values of 
direct interference power in the LOS scenario. 

It can be noticed that when the level of 
interference signal power is low, for example -140dBm, 
the receiver can decode the backscatter signal at a 
distance of about 160m from the tag for a source-to-tag 
distance of 1m and a SF value of 12. As the level of 
interference signal increases, the receiver sensitivity 
decreases, and the distance achieved drops to 140m, 
20m, and 2m for interference power of -120 dBm, -90 
dBm, -60 dBm, respectively. For interference signal 
levels higher than -30dBm, the receiver cannot work 
anymore. One way to mitigate the interference effect is to 
increase the transmit power. Several other interference 
cancellations for LoRa backscatter systems have been 
proposed in the literature [15, 16, 23]. 

Another source of interference in LoRa 
backscatter systems is the inter-tag-interference. The 
signal received from the neighboring tags is very weak. 
However, the LoRa receiver has a high sensitivity, hence 
a receiver can receive both the desired tag signal and 
interference from neighboring tags. We fix the value of 
direct interference power to -120 dBm. We assume that 
all tags have received power at the receiver location of -
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140 dBm and evaluate the effect of the number of 
neighboring tags on the tag-to-receiver distance. The 
range decreases as the number of interfering tags 
increases, as shown in Figure 17. Note that in practice, 
the received powers from both the neighboring tag and 
the transmitter are randomly distributed and vary 
depending on the channel condition. 

e) Evaluation of Our Model 
To evaluate the accuracy of our model, we will 

run different simulations using the same experiment 
setup and under the same scenario as the state-of-the-

art LoRa backscatter systems. The simulation 
parameters are shown in Table 9. 

It can be seen that the range achieved in our 
model is close to that obtained in practice for works 
PloRa [18], P2LoRa [15], Aloba [14]. PLoRa uses 
frequency shift keying to encode tag information. The 
range achieved using our model is significantly higher 
than the one obtained in PLoRa (about 55%). This is due 
to the poor interference cancellation in PLoRa. 
Additionally, the PLoRa tag uses packet detection with a 
limited range 

 

Figure 16: Direct Interference Effect on Lora Backscatter Communication Range 

 

Figure 17: Number of Interfering Tag Effects on Lora Backscatter Communication Range for Identical Neighboring 
Tag Power of -120 dbm and a Fixed Direct Interference Power of -110 dbm 

Table 9: Comparison of Our Range Model with Existing Lora Backscatter Prototypes Achieved Range in The 
Literature. Note That the Reported Ranges are Measured in A Line-Of-Sight (LOS) Scenario 

Parameters PLoRa 𝑷𝟐𝑳𝒐𝑹𝒂 ALOBA LoRa backscatter 

Modulation type FSK FSK OOK CSS 

Tx power 21dBm 30 dBm 20dBm 30dBm 

Tx gain 2dBi 4dBi 3 dBi 6 dBi 

Rx gain 2dBi 4dBi 3 dBi 6 dBi 

tag gain 2dBi 4 dBi 3 dBi 2 dBi 

SF 8 12 12 12 

BW 500KHz 31.25 kHz 125KHz 31.25 kHz 
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Parameters PLoRa 𝑷𝟐𝑳𝒐𝑹𝒂 ALOBA LoRa backscatter 

𝐹𝑐 915 MHz 433 MHz 902.5MHz 915 MHz 

d1 20 cm 1m 1m 5 m 

Range 1.1Km 2.2Km 250 m 2.8Km 

Our model 2Km 2.5Km 206m 188m 

of 50m which limits the overall range of the system. 
Moreover, the frequency-shifting operation in backscatter 
communication introduces mirror copies of the 
backscatter signal and spreads the energy in double 
sidebands which significantly degrades the SNR, hence 
limiting the communication range. Aloba[14] range is 
similar to one obtained using our model. The short range 
of Aloba is due to the OOK modulation which sacrifices 
the range for better throughput. Additionally, Aloba 
checks the amplitude and phase characteristics of the 
signal in the time domain, which results in a limited 
accumulated energy and hence a limited range. For 
P2LoRa[15], the theoretical range computed using our 
model is slightly higher than the one obtained during their 
experiment about 12%, and this may be due to the effect 
of the environment and losses due to the surrounding 
materials. Notice that P2LoRa achieved better 
communication range over both PLoRa and Aloba, this 
can be explained by the fact that they combine the energy 
in double sidebands to enhance the SNR. On the other 
hand, for LoRa backscatter [16] the achieved range 
during their experiment is about 2.8Km while using our 
method, this range is only 188m. To understand this, note 
that [16] synthesizes the LoRa compatible packet at the 
tag, while the state-of-the-art work mentioned above 
simply backscatters the ambient LoRa signal. This means 
that our model is not compatible with the LoRa 
backscatter system, where the tag generates a LoRa 
signal. Therefore, a more extensive model is required to 
cover all possible LoRa backscatter systems, and this is 
left for future research work. 

 

In this work, we have developed a model to 
estimate the transmission range in LoRa backscatter 
communication. The developed model is based on both 
free space and a realistic LOS and NLOS propagation 
scenario. Throughout the simulation in Python, we 
analyzed the effect of different parameters that can affect 
transmission performance and discussed techniques to 
enhance link quality. We have also extended our model 
to account for the effect of interference from both the 
direct signal and the neighboring tags in concurrent 
transmission. We have also evaluated the accuracy of our 
model by comparing the range achieved using our model 
with state-of-the-art LoRa backscatter works. The 
developed model model is a useful tool for estimating 
coverage and deployment cost in real wireless sensor 
network applications. 

This work was funded by the National Natural 
Science Foundation of China under Grant No 61871174. 
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