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Abstract—Resource allocation under massive connectivity is one of the most important research topics due to widespread
Internet-of-Things and machine-to-machine communication. Since multiple systems share the same frequency band due
to the scarcity of frequency spectrum, resource allocation that takes into account the intersystem interference is essential.
In this letter, an interference detection scheme that detects the change of the intersystem interference state is proposed.
The proposed scheme is based on density ratio estimation using the available information at the resource controller. For
change detection, the controller generates standard samples and test samples. Estimating the density ratio between test
and standard samples enables the controller to detect change of the intersystem interference state. Under long-range
wide area networks and a wireless-sensor utility network coexisting environment, the numerical results elucidate that
the proposed scheme can improve average packet delivery rate by 10% compared to the system without interference
detection.

Index Terms—Sensor networks, frequency allocation, interference detection, low power wide area network (LPWAN), long-range wide
area networks (LoRaWAN), resource allocation.

I. INTRODUCTION

Low power consumption communication is becoming more im-
portant due to the emerge of the Internet-of-Things (IoT) [1]. The
long-range wide area network (LoRaWAN) is one of the promising
network architectures for low power wide area networks. LoRaWAN
provides low power consumption and long-range communication at the
cost of data rate. Due to its simple medium access control protocol,
packet collision happens more frequently as the number of LoRaWAN
nodes increases. In existing works, spreading factor (SF) and frequency
allocation scheme and the application of carrier sense multiple access
with collision avoidance (CSMA/CA) has been proposed in order
to avoid packet collision and mitigate mutual interference, respec-
tively [2]–[5]. In [4], a Q-learning-based resource allocation scheme
has been proposed.

So far, most research works assume that there is only one system
in the communication area, i.e., the system of interest can occupy
the frequency band exclusively. However, this assumption may not be
appropriate in a realistic scenario. Since, in a more realistic scenario,
multiple systems share the same frequency band, the performance of
the system may be severely degraded by the intersystem interference.
In [6], intersystem interference between LoRaWAN and wireless-
sensor utility network (Wi-SUN) is experimentally evaluated under
overlapping operating frequency bands. Therefore, efficient resource
allocation and communication control schemes considering the effects
of other systems are necessary. To take into account the intersystem
interference, it is necessary to detect the intersystem interference state.
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Up to now, roughly two types of research works have been done to de-
tect the intersystem interference that is introduced by the other system.
The first type is based on spectrum sensing [7], [8]. However, these
researches are based on highly accurate spectrum sensing. Therefore,
these schemes may not be suitable for the low power wide area system
that accommodates low-cost devices. The second type is based on
the error pattern of chips, symbols, and packets [9], [10]. However,
these schemes rely on the assumption of typical interference systems,
e.g., the same physical layer technology with the independent operator
or wireless local area network. Therefore, these systems cannot be
adopted for arbitrary systems. Moreover, most of the conventional
schemes only consider detecting the appearance of intersystem inter-
ference. From the viewpoint of operational principles, it is preferable
to detect the change of interference state, i.e., the appearance and the
disappearance without any assumption, prior knowledge, and hardware
enhancement.

An intersystem interference state change detection is developed in
this letter for the efficient utilization of resources. Since the appearance
and the disappearance of the intersystem interference change the state,
the proposed scheme enables more efficient resource utilization. For
the interference state change detection, a density ratio estimation [11]
is applied. In order not to require training data, pseudo training data
and test data are generated. Those data are obtained by sequentially
generating a set of the sample values on each frequency channel. By
this, the change of the intersystem interference state can be detected
without any prior knowledge. Once the change of the intersystem
interference state is detected, the frequency channel is reassigned
to LoRaWAN nodes by relearning. The performance improvement
brought by the proposed detection scheme is confirmed by computer
simulation assuming the coexistence of LoRaWAN and Wi-SUN. It is
shown that the average packet delivery rate (PDR) can be improved by
about 10% by introducing the proposed intersystem interference state
change detection and relearning.
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Fig. 1. LoRaWAN’s frequency allocation model.

Table I. Data Rate and SNR/SIR Threshold.

II. SYSTEM MODEL

In this letter, we assume the LoRaWAN and Wi-SUN coexisting
scenario. Fig. 1 shows the LoRaWAN system considered in this letter.
N LoRaWAN nodes (set N ) are randomly and uniformly distributed
within a network area of D× D [km2]. A fusion center (FC) that
controls LoRaWAN nodes and receives information from them is
located at the center of the area. This FC can inform each LoRaWAN
of available frequency channels regularly [12]. In total, K orthogonal
frequency channels (set K) are available. In this letter, FC allocates
resource using a Q-learning based resource allocation scheme [4].

Each LoRaWAN node generates traffic of two types [13]. The
first traffic is generated regularly at each LoRaWAN node following
predetermined packet generation interval Tinterval,n [s]. A random off-
set Toffset,n ∼ U[0, Tinterval,n] is assigned to LoRaWAN node n, where
packet generation interval indicates application type in the commu-
nication area such as gas meter and water supply meter. The second
traffic is generated when an event is detected. In this letter, an event
occurs once at a random time in each epoch at a random position, and it
propagates in the communication area with predetermined speed [13].
We assume the same packet size of Ntrans [b] for these two traffic types.

LoRaWAN node n transmits packets with SF Sn ∈
{7, 8, 9, 10, 11, 12}. Each SF has its own data rate, signal-to-noise
power ratio (SNR) threshold �SNR,Sn , and signal-to-interference power
ratio (SIR) threshold �SIR,Sn . In this letter, it is assumed that each
LoRaWAN node selects the SF that can maximize data rate while
satisfying SNR threshold. If both SNR γSNR,n and SIR γSIR,Sn is
above thresholds �SNR,Sn and �SIR,Sn , the packet from LoRaWAN
node n is considered to be successfully received by the FC. For
SIR threshold calculation, three thresholds are taken into account as
�SIR,Sn = max(�co, �system,�inter ), where max(·) returns the maximum
value of the arguments.

1) Co-SF Interference �co: If there are nodes using the same SF
as desired LoRaWAN node n, this interference needs to be
considered. The SIR threshold �SF is 6 [dB] [14].

2) Inter-SF Interference �inter: If Wi-SUN interference exists, SIR
threshold �inter is selected from the middle column entitled “w/
Wi-SUN” in Table 1.

Fig. 2. Proposed model.

3) Wi-SUN Interference �system: If neither intra-SF interference
nor Wi-SUN interference exists, SIR threshold �intra is selected
from the right column entitled “w/o Wi-SUN” in Table 1.

A. Channel Model

The received signal power of LoRaWAN node n at FC is given as

Pr,n = Pt,n − Ppl(dn)− ψ (1)

where Pt,n [dBm] is transmit power of LoRaWAN node n, Ppl(dn) [dB]
is a path loss component, and ψ [dB] is a shadowing component. The
pathloss component is given as

Ppl(dn) = 10alog10dn + b+ 10clog10 fc (2)

where dn [km] is the distance between LoRaWAN node n and the
FC, and fc [MHz] is the carrier frequency. Propagation parameters a,
b, and c are the coefficients for distance, offset, and frequency loss
component, respectively [16].

B. Interference Model

The SNR and SIR for LoRaWAN node n are calculated as
⎧
⎪⎪⎨

⎪⎪⎩

γSNR,n = Pr,n

AnoisePnoise

γSIR,n = Pr,n
∑

n′∈N (n) Pr,n′ + Pint,kt,n

.
(3)

In SNR calculation, Anoise is the noise figure and Pnoise is the noise
power. In SIR calculation, the first term of the denominator indicates
the intrasystem interference that is the sum of received power of
interfering LoRaWAN nodes at FC. N (n) is the set of interfering
LoRaWAN nodes that transmit packets using the same frequency
channel with LoRaWAN node n simultaneously. The second term of
the denominator indicates the intersystem interference. In this letter,
we assume that Wi-SUN flips state {appear, disappear} at the state
change time Tint . If Wi-SUN’s state is “appear,” Wi-SUN packets
interfere with LoRaWAN packets with power Pint,k . We assume that
Pint,k depends on i.i.d. log-normally distribution, i.e., Pint,k ∼ eN (μk ,σint ).
Distribution parameters are empirically obtained with transmit power
of 13 [dBm] [17].

III. PROPOSED SCHEME

Fig. 2 shows the proposed model. The controller detects the in-
tersystem interference state changes from the observable data at the
FC using a distribution change detection scheme, e.g., density ratio
estimation. In this letter, the controller splits observed data into two
exclusive sets and generates two different distributions. The first dis-
tribution is generated from relatively old observed data, and the second
distribution is generated from relatively new observed data. If these
distributions are different, the controller decides that the interference
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state is changed. Although similar approaches are taken in the existing
schemes [9], [10], these schemes assume the interference state before
observation, e.g., the samples of distribution p(x) are observed from
the system without interference. No such assumption is required for
the proposed scheme.

The proposed scheme has two advantages. First, it is not necessary
to assume the interference state. Second, this scheme can detect the
change of interference state, i.e., the appearance and the disappearance
of the interference. This is because the proposed scheme does not
assume the normal interference state.

A. Sequential Sample Set Generation

In this section, how to obtain the sample set from standard distri-
bution p(x) and that from test distribution p′(x) is explained. The nor-
malized number of successfully received packets, xsmpl

k,t , on frequency
channel k during epoch t is used as a sample, which is obtained as

xsmpl
k,t =

∑
n∈N ,kn=k Dn,t

Nk,t × Tepoch
(4)

where Nk,t is the number of LoRaWAN nodes allocated to frequency
channel k during epoch t , i.e., kn = k.

Let us denote the number of standard samples by M and that
of test samples by M ′, and further let us define standard sam-
ple set X = (xsmpl

k,t−M ′−M , . . . , xsmpl
k,t−M ′−1) and test sample set X ′ =

(xsmpl
k,t−M ′ , . . . , xsmpl

k,t−1) that are obtained as follows. Without loss of
generality, let us consider the procedure at epoch t .

1) The observation data at epoch t , xsmpl
k,t−1 is obtained by (4).

2) Test sample set X ′ is updated as

X ′ ← X ′\xsmpl
k,t−M ′ ∪ xsmpl

k,t .

3) Standard sample set X is updated as

X ← X \xsmpl
k,t−M ′−M ∪ xsmpl

k,t−M ′ .

4) The density ratio, r(X ,X ′), is obtained as

r(X ,X ′) = p(X ′)
p(X )

where p(X ) is a function to generate a probability distribution
function from set X .

5) If r(X ,X ′) > ath, then interference state is treated as changed.

B. ReLearning

Once the intersystem interference state is detected to be changed,
the FC performs a Q-learning based wireless resource allocation
proposed in [4]. Once the intersystem interference appears on a specific
frequency channel, the system tries to avoid that frequency channel.
On the other hand, once the intersystem interference disappears, the
system tries to use the frequency channel previously contaminated by
the intersystem interference.

IV. PERFORMANCE EVALUATION

The wireless system parameters and traffic parameters are de-
rived from the Japanese parameter configuration of LoRaWAN, Lo-
RaWAN AS923, from document [18] and radio law of Japan [19]. The
node-FC shadowing is calculated by a spatially correlated shadowing
model [20]. This component is expressed as a function of the location
of LoRaWAN node n, i.e., ψ (xn, yn). Between LoRaWAN nodes,

Table 2. Simulation Parameter.

Fig. 3. PDR performance with appearing intersystem interference. (a)
Learning process. (b) CDF of PDR.

shadowing is calculated using uncorrelated shadowing. Therefore, this
component is expressed as the function of nodes indexψ (n, q) where n
and q are indices of nodes. In both situations, uncorrelated shadowing is
based on log-normally distributed shadowing loss with zero-mean and
standard deviation of σ [dB]. For learning parameters, the appropriate
parameters are selected empirically, and we adopt stochastic gradient
descent [21] as an optimizer and radial basis function kernel for
calculation of basis function, which is given by

φm(x) = exp

(

−‖x − xm‖2

2h2

)

. (5)

Since most of the simulation parameters follow [4], only typical
simulation parameters are shown in Table 2 due to the lack of space.

A. Simulation Results

For comparison, the PDR performance of the system without learn-
ing and that of [4] are shown. Since FC should send acknowledgment
message to packets transmitted from LoRaWAN nodes as less as
possible in order to satisfy the duty cycle recommendation [22], no
retransmission protocol is introduced. Thus, PDR performance is
selected as a performance metric to evaluate the reliable transmission
in this letter. The performance of the system with the proposed inter-
ference detection is plotted by green-colored lines and that without is
plotted by yellow-colored lines.

1) Scenario 1. Interference Appearance: In this scenario, the inter-
ference state is initially “disappearance,” and the interference appears
at Tint . Fig. 3(a) shows how the proposed interference detection scheme
can detect the change of the interference status. It can be seen from the
figure that the PDR performance severely degrades if no interference
detection is introduced. By introducing the proposed interference
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Fig. 4. PDR performance with disappearing intersystem interference.
(a) Learning process. (b) CDF of PDR.

detection scheme, the system can successfully detect the change of
the interference state and execute the relearning process. Thus, it
can significantly improve the PDR performance. Although the PDR
performance degrades during relearning process due to additional
learning overhead, the proposed scheme can efficiently allocate the
frequency channels by avoiding the frequency channel contaminated
by the intersystem interference. This performance improvement is also
clear in Fig. 3(b), where the cumulative distribution function (CDF) of
PDR is shown. In this scenario, the proposed scheme can improve the
average PDR performance by about 10%. This improvement is seen
from Fig. 3(a) after t = 475 [epoch].

2) Scenario 2. Interference Disappearance: In this scenario, the
interference state is initially “appearance,” and the interference disap-
pears at Tint . Fig. 4(a) shows how the interference detection scheme
can also detect the disappearance of the interference status. It can be
seen from the figure that the PDR performance slightly improves if no
interference detection is introduced. The available frequency resources
are not efficiently utilized. By introducing the proposed interference
detection scheme, the system can successfully detect the change of
the interference state and execute the relearning process. Thus, it can
significantly improve the PDR performance. Although it takes addi-
tional learning overhead, the proposed scheme can efficiently utilize
the frequency channel previously contaminated by the intersystem
interference. This performance improvement is also shown in Fig. 4(b).
In this situation, the proposed scheme can improve the average PDR
performance by about 8%.

V. CONCLUSION

In this letter, we proposed a detection scheme of the state of the
intersystem interference to enable efficient frequency channel alloca-
tion. This detection scheme estimates the interference state based on
the density ratio estimation by sequentially generating pseudo data
sets. Thus, FC can detect the change of intersystem interference state
without any prior assumption and knowledge. Computer simulation
results have shown that the proposed scheme can detect the change of
interference state and can improve average PDR performance by about
10% compared to the system without the detection of the intersystem
interference state.
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