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Abstract— The recently irruption of wireless technologies 
operating in the ISM bands like LoRa, Sigfox or Ingenu - known 
as LPWAN (Low Power Wide Area Networks) solutions, designed 
to provide the four L(s), namely Low data rate, Long range and 
Low power consumption while keeping the silicon transceiver at 
Low cost, have significantly changed the WAN connectivity 
landscape of IoT devices. As response to this initiatives, the 3GPP 
released its own versions of LWAN for the frequency licensed 
world, known as LTE-CatM and Narrow Band IoT (NB_IoT). 
Asset tracking and geolocation services are the main sectors that 
will benefit from LPWAN in general and LoRa in particular. 
LoRa is able to provide location information together with data 
communication. LoRa location services do not provide high 
position accuracy but, when combined with other sensor inputs 
and applying intelligent sensor fusion logic, it is possible to create 
a LoRa tracking device to monitor any kind of object, person, pet, 
etc., where the device can be attached to. This paper analyses and 
compares the main LPWAN solutions from a technology and 
market opportunity point of view. Furthermore, it introduces the 
key components, working principles and unique features of the 
LoRa asset tracking device industrialized by Flex for its partner 
Abeeway.     

Keywords—LoRa, SigFox, IoT, Ingenu, NB_IoT, LTE catM, 
LPWAN, long range.  

I. INTRODUCTION 
The M2M (Machine to Machine) connectivity business has 

been dominated so far by the owners of the wide area cellular 
networks (WAN), namely the mobile network operators 
grouped under the GSMA and 3GPP associations. Whoever 
wanted to provide wide area connectivity to its devices would 
need to become a custom of one or more of these operators. But 

the recently irruption of new wireless technologies operating in 
the ISM bands (Industrial, Scientific and Medical), designed to 
provide low data rates, to reach long distances, showing deep 
building penetration characteristics, consuming few energy 
while keeping a low cost on the connectivity services and the 
hardware of the end device, has significantly changed the WAN 
connectivity landscape of Internet of Things (IoT) devices in a 
short time frame of only two years.   

This landscape depicts a scenario in a short term future 
where a myriad of simple and ultra-low-power devices will 
surround all aspects our daily lives. They will be part of our 
homes, the buildings we visit, the transport means we take, will 
be embedded in the clothes we wear, etc. All those devices will 
be sensing our world, collecting all kind of data, providing 
information with an intrinsic value that will help us to take 
actions and decisions. Technologies like LoRa, Sigfox or 
Ingenu, to name the most deployed ones, also known as LPWAN 
(Low Power Wide Area Networks) technologies, are the 
enablers that are changing the actual “smartphone IoT hub” 
paradigm when it is about to connect IoT devices to the cloud. 
With these technologies there is no need any more to have a 
smartphone in the proximity. LPWAN allows us to sense our 
world and transform out daily objects in smart objects, the city 
where we live in a smart city or our work place in a smart 
environment.  

However, the 3GPP association in general and some mobile 
network operators in particular see a big threat in these new 
technologies for their IoT business. As a response to this threat, 
the 3GPP association defined and approved in record time under 
the 3GPP Release 13, a specification of two LPWAN 



alternatives using existing cellular networks known as LTE-
CatM and Narrow Band IoT (NB_IoT).  

Although there would be a market fight among the LoRa 
Alliance (backing LoRa), LPWAN operators SigFox and 
Ingenu, (backing their proprietary solutions), and 3GPP 
(backing LTE-M/NB_IoT), it is likely that all of them will 
coexist in the future, sharing the addressable market by focusing 
in applications where specific technology shows some unique 
advantage. For example, the characteristics of Sigfox 
technology makes it appropriate for static devices that do only 
need to upload tiny amounts of data with very large cadence, like 
smart metering, vending machines, etc. If worldwide coverage 
and some level of quality of service is a must, LTE-M/NB_IoT 
would probably be the right selection. Finally, devices that can 
be in movement and with a medium level of bidirectional data 
volume exchange needs, would be good candidates for LoRa.  

One of these applications is asset tracking and geolocation 
services, where LoRa technology gives an additional advantage, 
as it is able to provide location information together with the data 
communication. LoRa location services do not provide high 
position accuracy, and that one is not that reliable, as it depends 
on the type of environment (rural, urban, etc.) and on the 
existence or not of line of sight between the end device and the 
LoRa network base stations. However, by applying intelligent 
sensor fusion logic to LoRa location information, combined with 
GNSS data (outdoor), WiFi access points information (indoor) 
and some other sensors (accelerometer, pressure, etc.), it has 
been possible to create a LoRa tracking device to monitor any 
kind of object, person, pet, etc., where the device can be attached 
to. 

This paper analyses and compares the main LPWAN 
solutions from a technology and market opportunity point of 
view. In addition, the paper introduces the key components, 
working principles and unique features of the LoRa asset 
tracking device industrialized by Flex for its partner Abeeway.     

II. LPWAN TECHNOLOGIES 
Although there are several wireless technologies out there 

providing both long range and low power consumption 
transceivers, some of them being open (Weightless N, P, W, 
Dash7, etc.), some proprietary (e.g. Texas Instruments narrow 
band solution), in this paper we will focus only on those which 
have been clearly penetrate the market, with more or less impact, 
and that have network deployments and implementations in real 
use cases.   

A. LoRa  
LoRa is a chirp-based spread-spectrum radio technology 

initially developed by Cycleo, a company acquired by Semtech 
in 2012. Because of its spread spectrum nature, a LoRa signal 
looks like noise, which gives the technology a kind of additional 
security or earsdrop protection. Due to the modulation technique 
and built-in forward error correcting capability, the LoRa signal 
can transmit data with signal strengths well below the noise 
floor. Also, thanks to an improved tolerance to frequency offsets 
a temperature compensated oscillator (TCXO) is not necessary 
and only a 20-30ppm XTAL would be enough to clock the 
device.  

LoRa transceivers for the end nodes offer various selectable 
bandwidths to spread the signal over (e.g. the Semtech’s 
transceiver SX1272 can be set to 125kHz, 250kHz or 500kHz 
bandwidth, but the SX1276 has broader range from 500KHz to 
as low as 7.8KHz). The spreading factor is also selectable 
between 6 and 12 bits. A higher spreading factor improves 
transmission performance for a given BW, but it also increases 
transmission time. Longer spreading factors provide higher 
sensitivity but longer transmission times and therefore lower 
data rates. These can vary from as few as 18bps up to 40Kbps. 
It also offers the possibility to improve the noise immunity by 
means of an error forward error correction (FEC) mechanism. 
The error correction code imposes an overhead on transmitted 
data to allow receiver to recover data in presence of errors.  

On top of the radio LoRa technology (PHY) the LoRa 
Alliance has defined an open protocol stack and a network 
architecture known as LoRaWAN. The open nature of the LoRa 
Alliance has facilitated the creation of an ecosystem where chip 
and modules providers, device and network infrastructure 
equipment manufacturers, and network management solution 
providers could come together to create an easy and low cost 
solution to provide connectivity to many IoT devices.  

The network architecture has been designed to enable a 
gateway or base station to cover hundreds of square kilometers. 
The achievable range depends on the environment or 
obstructions in a given location, but LoRa can provide link 
budgets in excess of 150dB. Communication between end 
devices and gateways is spread out on different frequency 
channels and data rates. Because the spreading factors are 
orthogonal to each other, communications with different data 
rates do not interfere with each other and create a set of “virtual” 
channels that effectively increases the capacity of the gateway. 
LoRaWAN network architecture is typically laid out in a star-
of-stars topology in which the gateways are transparent bridges 
relaying messages between end devices and a central network 
server in the backend. All network management is done from 
there. The gateways are connected to the network server via 
standard IP connections and don’t implement any data 
processing on the payload of the end nodes, they just add 
information to identify the gateway and the level of the RF signal 
the message has been received with. This means that the end 
nodes are not assigned to a specific cell or base station, as it 
happened in cellular networks, and a message from an end node 
will be received by all gateways located in the transmission 
range of the sensor. It is task of the network server to find out 
duplication of messages and to select the most suitable gateway 
for the downlink path.  

There are three different types of LoRaWAN classes, each 
with its own way of receiving and transmitting signals [1]: 

 Bidirectional end-devices (Class A): End-devices of 
Class A allow for bidirectional communications 
whereby each end device’s uplink transmission is 
followed by two short downlink receive windows. The 
transmission slot scheduled by the end device is based 
on its own communication needs with a small variation 
based on a random time basis. This Class A operation is 
recommended when the end-device only require 
downlink communication from the server shortly after 
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the end device has sent an uplink transmission. 
Downlink communications from the server at any other 
time will have to wait until the next scheduled uplink. 

 Bidirectional end devices with scheduled receive slots 
(Class B): These type of devices open extra receive 
windows at scheduled times. The synchronization is 
provided from the gateways by broadcasting a beacon at 
regular intervals. Class B is recommended when the 
latency has to be limited to certain maximum. 

 Bidirectional end devices with maximal receive slots 
(Class C): End devices of Class C have nearly 
continuously open receive windows, only closed when 
transmitting. Only applicable to main power devices.  

 LoRa technology and equipment providers are starting to 
offer geolocation services on top of the data communication. 
This is achieved by highly accurate timestamping the messages 
arriving to the gateways using the fine GPS clock which allows 
to synchronize the gateways within few nanoseconds accuracy. 
By feeding a Time Difference of Arrival (TDOF) solver with 
this timestamping information, the backend application server is 
able to estimate the potion of the end node with certain accuracy. 
Such accuracy will depend on the environment where the end 
nodes are deployed and if they are in line of sight to the gateways 
in their range. Direct signal paths from the end node cannot be 
accurately discriminated in a multipath environment, which 
introduce position estimation errors. Experiments done so far 
show accuracies between 50 to 500 m but a specific accuracy 
cannot be guaranteed. LoRa geolocation however does not 
pretend to be a GNSS replacement, but another source of 
position information than can be very useful when combined 
with other sensor data information and/or machine learning 
algorithms.   

B. SigFox  
SigFox is the name of an ultra-narrowband radio technology 

and the company that promote and deploy it. In a narrowband 
system, for a given output power, the achievable range of the RF 
link is partially determined by the bandwidth of the receiver: the 
smaller the bandwidth is, the lower the noise figure of the 
receiver (i.e., the sensitivity for the receiver is increased and the 
range extended). There is of course a trade-off, since very 
narrow bandwidth also means very low data rates, hence very 
long time on air, which will in turns will reduce the battery 
lifetime. Having very long telegrams also increases the 
probability of interference/collisions with other wireless 
systems. So in practical installations, ultra-narrowband systems 
typically use a reasonably low data rate, typically down to less 
than 1 kbps [2] [3].  

Typical narrowband systems are defined as having less than 
25 kHz bandwidth and 12.5-kHz channel spacing with 10-kHz 
receive bandwidth is commonly used. Such a narrow band 
tuning of the receiver puts higher requirements on the RF crystal. 
A frequency error here leads to an offset on the programmed RF 
frequency and, if the offset gets too big, the signal will fall 
outside the channel and will be filtered out by the receive filters. 
Legacy narrowband systems typically use temperature-
controlled oscillators (TCXOs). Although these have been 

traditionally more expensive than standard crystals, the 
difference nowadays has been drastically reduced.  

SigFox uses a bandwidth which is even 100 times narrower 
with a channelization mask in the uplink of 100 Hz in EU (600 
Hz in the USA). For this reason, the technology is known as 
Ultra Narrow Band (UNB) and provides and uplink data rate of 
100bps in EU (600 bps in the USA) using a DBPSK modulation 
scheme. For the downlink the channel bandwidth is 1.5kHz 
modulated with GFSK to provide a data rate of 600bps. In 
Europe, the UNB uplink frequency band is limited to 868,00 to 
868,60 MHz, with a maximum output power of 25mW and a 
maximum mean transmission time of 1%. The downlink 
frequency band is limited to 869,40 to 869,65 MHz, with a 
maximum output power of 500mW with 10% duty cycle. These 
duty cycles are defined by European regulation [4] to fairly share 
the spectrum in the ISM band and it also affects to LoRa 
technology, but the impact is bigger in SigFox because data rate 
is fixed. Because of these duty cycle restrictions, the maximum 
length of a SigFox’s packet is 24 bytes, where the used data may 
occupy a maximum of 12 bytes. At 100bps each packet 
transmission takes about 2 seconds, and each transmission from 
the IoT SigFox device consists of 3 of these packets transmitted 
on 3 pseudorandom frequencies.  

SigFox is a network operator that deploys and manage the 
network. Actual coverage includes many countries in EU and is 
being quickly deployed in other continents. Being the only 
provider allows SigFox to offer global roaming of devices, a 
problem that still needs to be solved by the LoRa Alliance. 
Currently SigFox has a tiered option plan for how many uplink 
transmissions you are allocated per day, as well as how many 
downlink transmissions you get from the main network station 
to your device: Platinum (101 to 140 uplink messages + 4 
downlink), Gold (51 to 100 uplink messages + 2 downlink), 
Silver (3 to 50 uplink messages + 1 downlink) and One (1 to 2 
uplink messages + no downlink).  

Although Sigfox signal modulation is a proprietary solution, 
several wireless transceivers providers like Atmel, Silicon Labs, 
ST Microelectronics or Texas Instruments, have made 
agreements with the SigFox to embed their technology as 
another modulation option in the transceivers.   

C. Ingenu  
Ingenu (former OnRamp) is another LWAN provider with 

similar business model as SigFox: deploy the network and offer 
connectivity services for IoT devices at low cost. In this case 
however, the only way to provide an IoT device with this 
technology is through a module provided by one of its partners. 
To the author’s knowledge, it is not possible to acquire a 
transceiver on the market implementing the Random Phase 
Multiple Access (RPMA) modulation Ingenu uses in its 
network. Only though modules provided by both Ingenu or 
uBlox it is possible to get access to the technology.  

RPMA employs direct-sequence spread spectrum (DSSS) 
with multiple access. The data is first encoded (1/2 rate), 
interleaved, and the resulting stream is then D-BPSK modulated. 
The resulted signal is then spread using a spreading factor from 
512 to 8192 in powers of 2. Each time the spreading factor is 
doubled, the processing gain increases of 3 dB [5]. The endpoint 



unilaterally decides the optimal (minimum) spreading factor to 
transmit at, based on measurements of the downlink signal 
strength. Random multiple access is performed by delaying the 
signal to transmit at each end node, which randomly chooses a 
number of chirps, among a set of possible values, to intentionally 
delay the starting point of its communication with the network 
access point (AP) within the time slotted structure of the medium 
access layer. Such a delay can be as large as thousands of chirps. 
This combination results in a simultaneously arrival of multiple 
overlapping signals using different spreading factors and delays 
in each time slot. The access point doesn’t need to know a priori 
which spreading factor the node will select: it just uses brute 
force through all spreading factors and all possible chirp delay 
hypothesis. If the sum of the selected chirp delay of each node, 
and the number of chirps required for the propagation results in 
unique values, the link can be demodulated. In other case the 
data cannot be demodulated but the embedded forward error 
correction (FEC) allows for these data loss to be reconstructed. 
Ingenu claims to be able to typically demodulate 1200 fully 
overlapping signals with a guaranteed message arrival for a 
packet error rate of up to 50%, i.e., even if half the message 
packets drop out, the entire message can still be decoded [6] [7].  

Ingenu network is deployed using the 2.4GHz frequency 
band, which facilitates the worldwide deployment. Today it is 
mainly available in US but starting to roll out new deployments 
in EU and Asia. This unlicensed frequency band provides 
Ingenu’s technology with 80MHz bandwidth to support 40 
simultaneous 1MHz channels with a 1MHz guard bands. A 
single common RPMA channel can be used for an entire 
network.  

The Table I summaries the main features of these three 
unlicensed LPWAN technologies.  

D. 3GPP (Cellular) proposals 
The fast irruption of the new LPWAN technologies being 

deployed in the unlicensed spectrum was threaten the dominance 
position of cellular 2G technologies in the M2M market. New 
low power technologies were demonstrating that providing long 
range access at very low connectivity costs was possible that, 
combined with the uncertainty about the future of the 2G 
networks, created a high interest for these new technologies in 
the IoT community.  

Although some Mobile Network Operators (MNO) have 
invested in SigFox, and others have been supporting LoRa from 

the beginning and deploying nationwide networks with this 
technology, the possibility to connect IoT devices directly to the 
cloud without going through the existing networks was seen as 
a threat for the 3GPP organization in general and for some 
MNOs and cellular network infrastructure providers in 
particular. The reaction of the 3GPP to this thread resulted in 
three proposals to adapt existing technologies to reduce the data 
rate requirements and improve coverage, power consumption 
and hardware costs, trying to achieve or improve the numbers 
offered by unlicensed LPWAN technologies for these 
performance indicators. These three proposals are known as 
Extended Coverage GSM (EC-GSM), LTE_Cat.M (also known 
as LTE-M, LTE_Cat.M1 or eMTC) and Narrow Band IoT 
(NB_IoT, also known as LTE_Cat.M2 and LTE_CatNB1). This 
paper will briefly describe and compare only the last two, where 
the market of licensed LPWAN solutions is going to be focused 
in the future. 

 LTE-M:  it is an evolution of LTE optimized for IoT in 
3GPP RAN. It has been first released in Rel.12 in 
Q4/2014 and further optimization is being included in 
Rel.13 with specifications completed in Q1/2016 (3 
GPP 36.888, RP-150492). An LTE channel is made up 
of Resource Blocks (RB) of about 180 kHz of spectrum 
(Fig. 1), and LTE-M combines 6 of these RBs in a 
1.4Mhz block. Energy efficiency has been improved in 
LTE-M by extending the discontinuous repetition cycle 
(DRX), which means the endpoint can agree with the 
base station (eNodeB) and the network on how often it 
will wake up to listen for the downlink. A similar feature 
was implemented already in the Rel-12 as part of the 
LTE Power Saving Mode (LTE-PSM) but the extended 
DRX was created specifically for LTE-M in Rel 13. The 
main advantage of LTE-M from the roll out point of 
view, is that it can work with standard 4G network 
infrastructure by just applying the corresponding 
software upgrade. LTE-M has higher data rate than NB-
IoT and it is able to transmit fairly large chunks of data, 
allows the transmission of voice (VoLTE support) and 
supports mobility. These last two features make LTE-M 
an appealing candidate technology for the next 
generation of wearables devices. 

 NB_IoT: this is the narrowband evolution of LTE for 
IoT in 3GPP RAN, included in Rel.13 with 
specifications completed in Q2/2016 (3GPP 45.820 
7A). To reduce the hardware price of the transceivers 
for battery operated IoT applications, the 3GPP merged 
two solutions in one: NB_CIoT (Narrow Band Cellular 
IoT) and NB_LTE. NB_CIoT was a solution promoted 
by Huawei and partners (Ericsson, Qualcomm, and 
Vodafone), based on the solution defined by the 
Weightless interest group to promote the utilization of 
TV White Spaces (TVWS). The main promoter of that 
technology was the company Neul from Cambridge, 
acquired by Huawei in September 2014, who adapted 
Neul’s solution to the cellular network. This proposal 
was actually not a variation of LTE, but a DSSS 
modulation, which would make the modem complexity 
simpler than a pure narrow band version of LTE which, 
in turns, would allow lower cost chipsets. The problem 

TABLE I. UNLICENSED LPWAN TECHNOLOGIES 

 SigFox LoRa Ingenu 
Band 868/915 MHz 868/915 MHz 2.4GHz 
PHA UNB CSS RPMA 
Spreading factor NA 27 - 212 24 - 213 
Channel BW 100 Hz (UL) 

600Hz (DL) 
125 KHz to  
500 KHz 

1 MHz 

UL data rate 100 bps 29– 50 Kbps 0.06– 30 Kbps 
DL data rate 600 bps 27– 50 Kbps 0.06– 30 Kbps 
Efficiency (b/s.Hz) 0.05 0.12 0.1 
Doppler sensitivity Unconstrained Up to 40ppm Up to 10ppm 
Max Tx power EU: +14dBm 

US: +23dBm 
EU: +14dBm 
US: +23dBm 

20dBm 

Link Budget (Max) 156 dB 156 dB 172 dB 
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of NB_CIoT with such implementation would be that it 
would not be able to support spectrum sharing with LTE 
networks, and would either need to operate in a side 
band using different software, which would be costly for 
the MNOs, or would need to be deployed in deprecated 
GSM spectrum. The second alternative, NB-LTE is a 
narrow band version of LTE, designed to operate in a 
200kHz carrier re-farmed from GSM, but with the 
advantage of being able to operate in shared spectrum 
with an existing LTE network, thus requiring no 
additional deployment of antennas, radio or other 
hardware [8]. 3GPP has combined both proposals in the 
NB_IoT specification and can be deployed In-band, 
Guard-band or standalone (GSM bands) (Fig. 1). The 
Table II summaries the more relevant characteristics of 
both proposals. 

III. LORA TRACKER DEVICE  

A. HW description  
The microtracker is divided on several sub-systems 

including the RF section for communication and geolocation, 
the power management, sensors and actuators managed by a low 
power micro-controller (Fig. 2). 

RF sections are carefully designed to achieve maximum 
output power and sensitivity as well as complying with the 
electromagnetic regulations. For long range wireless 
communication and low power geolocation, the LoRa radio 
transmits an output power of 14.4 dBm EIRP with a receiver 
sensitivity of -128dBm. The design of the GNSS radio is the 
most critical area and achieves a high performance sensitivity 
with total Noise Figure (NF) of 2dB by inserting an external 
LNA + SAW filter in the GPS receiver line-up. The BLE and 
WiFi section are sharing the same 2.4GHz RF path to provide 
short range geolocation by sniffing beacons or access points. 
Good circuit board layout and careful routings for supplies, RF 
and control signals are essential to meet high RF performance 

 Optimizing the power management system is crucial for IoT 
products to reach a long battery lifetime. This section consists of 
a 450mAh lithium-polymer battery rechargeable with a high 
performance charger connected to an IP64 micro usb and 
voltage regulators to supply sub systems. The battery voltage 
and temperature are closely monitored by the micro-controller 
during operation to manage the application and estimate the 
remaining charge level in the battery. A very low average current 
of 1.5uA from the system is achieved in stand-by mode. The 
product can reach one-year battery life time in stand-by mode 
with 96 LoRa transmissions per day or 2 days in continuous GPS 
tracking mode. Fig. 3 shows the current profile during a LoRa 
transmission. The charger operates various charging modes to 
optimize battery life time with trickle charge for fully depleted 
battery, Constant Current (CC) during the charging period and 
Constant Voltage when the battery voltage reaches 4.2V.  

The low power micro-controller based on 32-bit ARM 
cortex M3 provides sufficient GPIOs and low energy serial 
digital interfaces to control LEDs, buzzer, sensors and sub 
system radio circuits. Clocks and real time counter are also 
available for keeping track of time and schedule operation.   

The microtracker includes temperature, accelerometer and 
pressure sensor which can also give good indications for 
geolocation. 

B. Antenna Desing 
Integrating multiple antennas in a mobile terminal has been 

largely addressed in the last decade. However, requirements for 
IoT terminal are far more constraints because of the reduced 
terminal size. Especially, the LoRa tracker device has a 
50*30*12mm form factor. In Europe, the LoRa operates in 
868MHz band, which corresponds to a 340mm wavelength. So 
the larger dimension of the terminal is smaller than 0.15which 
is very small compare to a classical half-wavelength dipole. 
In order to limit the fabrication cost, printed antenna 
technology has been chosen. 

TABLE II. 3GPP NB_IOT PROPOSALS 

 NB-CIoT NB-LTE NB_IOT 
3GPP Release Rel 13 Candidate Rel 13 Candidate Rel 13 
Peak data rates DL 360 Kbps, UL 48 Kbps DL 128 Kbps, UL 65 Kbps DL up to 250kbps  

UL single tone up to 20 to 64kbps,  
UL multi-tone up to 250kbps 

Bandwidth DL 180kHz DL (48 x 3.75kHz) 
UL (36 x 5kHz) 

180kHz DL (12 x 15kHz)  
UL (72 x 2.5kHz) 

180kHz  (12 x 15kHz)  

Bandwidth UL OFDMA OFDMA Single-tone 180kHz by 3.75kHz or 15kHz)  
or multi-tone (180kHz by 15kHz) 

Multiple Access DL OFDMA OFDMA OFDMA 
Multiple Access UL FDMA SC-FDMA Single-tone FDMA or  

multi-tone SC-FDMA 
Modulation DL BPSK, QPSK, optional 16QAM BPSK, QPSK, optional 16QAM BPSK, QPSK, optional 16QAM 

Modulation UL GMSK, optional BPSK, 
QPSK,8PSK BPSK, QPSK, optional 16QAM TBC π/4-QPSK, rotated π/2- 

BPSK, 8PSK optional 16QAM 
Link Budget +20dB better than LTE +20dB better than LTE ~164 dB 
Mobility No Yes Nomadic 
Max Tx Power +23 dBm +23 dBm +23 dBm 
VoLTE support No Yes No 
Duplex Mode Half Half HD-FDD (TDD under discussion) 

 



Considering the electronic components, the clearance zone 
available for the antenna part is close to 450mm². A tradeoff 
on the antenna performance has to be done among the 
different standards. Considering the application, the standard 
for which the better performance is required are the LoRa and 
the GPS. 

Moreover, they operate at the frequency, 868MHz and 
1575MHz for LoRa and GPS respectively. Thus, the majority 
of the available space (400mm²) has been dedicated to a dual 
band antenna simultaneously covering these two bands. A 
25mm² size was allocated to the WiFi/BLE antenna working 
at 2400MHz. 

The design of a triple band antenna merging all standards 
would be possible, but insertion loss due to the RF switching 
part will be higher compared with the two antenna solution. 

 The design of a dual-band miniature antenna suitable for 
a geolocation IoT device is very sensitive. The antenna is 
required to cover the GPS service at 1.57 GHz as well as the 
LoRa European allowed band at 868 MHz needed to transmit 
the position information. The antenna geometry is based on 
the Inverted F Antenna (IFA), which has been properly 
modified to obtain the dual band behavior. The first mode of 
the IFA is tuned to 868MHz. A slot is inserted in the IFA strip 
to create an additional resonance at 1.57GHz. The antenna is 
printed in the top section of the device PCB, whereas the 
remaining part is occupied by the device circuitry.  

The entire terminal size is small compare to the 
wavelength. The maximal size of the terminal is 50mm, which 
correspond to 0.25 λ0 at 1.575GHz, and 0.15 λ0 at 868MHz. 
Thus, any modification in the environment of the antenna will 
have a strong impact on its radiation mechanism, and it should 
be accurately considered. Such type of geolocation system is 

 
    Fig 1: LTE-M & NB_IoT possible deployments  

 
Fig. 2: 3D view of the microtracker 
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powered with a battery, and the size of it is quite large compare 
to the system (25x27x5mm). Then the plastic casing protecting 
the electronic will also affect the resonance of the antenna [9], 
[10], [11]. 

In order to limit the antenna environmental sensitivity, the 
electromagnetic model used for simulations includes the antenna 
on the PCB, the battery needed to power the device and the 
plastic casing. The effects of these components on the antenna 
impedance matching are shown in Fig. 4. With respect to the 
antenna in free space (FS), the presence of both the battery 
(BAT) and the casing (CAS) shifts the antenna resonances 
towards the lower frequencies. This non-negligible variation has 
been taken into account in the design phase to obtain a solution 
covering the requested bands (red curve). The frequency 
bandwidth for a -6dB criteria is 25MHz and 56MHz for LoRa 
and GPS respectively. 

The total efficiency of the antenna over the same frequency 
range is shown in Fig. 5 The antenna efficiency reach -4 dB 
(about 40%) over the LoRa and -1.2dB (about 75%) GPS bands, 
which is acceptable for IoT applications. 

Concerning the BLE/WiFi antenna, a 5x5mm surface was 
used to integrate a meandered IFA. EM simulation predicts a 
106MHz -6 dB reflection coefficient bandwidth around 
2.44GHz and a -1 dB radiation efficiency (about 80%). 

The 3D simulated radiation pattern for the different 
standards are presented on Fig. 6. The radiation for the 3 
standards are quite similar with a quite omnidirectional shape 
which is classical for miniature antenna. 
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Fig. 6:Simulated 3D radiated frequency for the LoRa, GPS and BLE/Wifi 
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