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INTRODUCTION

* Machine to machine communication:

* Communication without any human intervention (sensor, industrial machinery or
software application running on wearables and smart devices).

* Short-range radio connectivity (e.g., Bluetooth and ZigBee)
° Wifiand IEEE 802.15.4 WAN

* Cellular technology (2G, 3G and 4G)

°* LPWA communication system

High i High 1
[ LP-WAN I

WSN
CELLULAR (Zigbee, 6l0WPAN)
[ SHORT RANGE

w,

(GPRS, 3G...)
COMMUNICATIONS

(WiF1, Bluetooth...)
SATELLITE
' CELLULAR
WSN LP-WAN (GPRS, 3G...)
(Zigbee, 6l0WPAN) SATELLITE

>

Data rate

COMMUNICATIONS
(WiF1i, Bluetooth...) y

( SHORT RANGE

Energy efficiency

Low/Short Range Long Low Terminal and connection cost High
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INTRODUCTION

* Machine to machine communication:

* Communication without any human intervention (sensor, industrial machinery or
software application running on wearables and smart devices).

Short-range radio connectivity (e.g., Bluetooth and ZigBee)
Wifi and IEEE 802.15.4 WAN

Cellular technology (2G, 3G and 4G)

LPWA communication system

. i I - - - -
Main requirements L Low level of receiver sensitivity,
°* Long range communications —

° Low power consumption at the device level

Low level of SNR at receiver

°* Low data rate
° Large capacity of users
°* Low cost
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INTRODUCTION

* Machine to machine communication:

* Communication without any human intervention (sensor, industrial machinery or
software application running on wearables and smart devices).

Short-range radio connectivity (e.g., Bluetooth and ZigBee)
Wifi and IEEE 802.15.4 WAN

Cellular technology (2G, 3G and 4G)

LPWA communication system

* Main requirements

* Long range communications Low level of PAPR

*  Low power consumption at the device level mmmmp (low protocol overhead,
° Low data rate device complexity, etc.)
° Large capacity of users

°* Low cost
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INTRODUCTION

°* Motivation to propose a new LPWA waveform:
* Shannon limit and area of efficiency

1] ]
10 = Unachievable region :
- :
B | Spectral efficiency region ' :
109 —' :
= : :
T ' *
s ! .
n 1
;E 101 B -
= ! E
10—2 B -
3 | | | —— Maximum Achievable Spectral Efficiency (max)
2 0 2 4 6 8 10 12 14 16 18

Ep/Np (dB)
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INTRODUCTION

°* Motivation to propose a new LPWA waveform:
* Shannon limit and area of efficiency

10 |

Unachievable region

Spectral efficiency region |

1
|
L e e e e e - - = =

100

101}

1 (bits/s/Hz)

_ Low levels of SNR

—— Maximum Achievable Spectral Efficiency (max)

1073
-2 0N 2 _— 4 6 8 10 12 14 16 18

Ey/Np (dB)

10—2
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INTRODUCTION

°* Motivation to propose a new LPWA waveform:

* Turbo-FSK
°* (0dB PAPR
* Performance similar to NB-loT

10t i
- - M-ary orthogonal =
—— Mmax ]
100 |- -
= i NB-loT UL, A =1 ]
| i ® I

|—1- : - /. ]
1071} : e -
P g | o 802.15.4k E
= i Turbo-FSK : » SE=97 :

512
= M =512 " NB-loT UL, LoRa| 1008 ¥ |
1072 | — =054 SF=10 ° E
- \. ¢ C=4 7~ §
i i K ]
| I / ]
{ 7
10_3 | | | | | L | | | |
-2 -1 0 1 2 3 4 5 6 7 8 9
Eb/NO (dB)
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* Turbo-FSK waveform

TURBO-FSK PRINCIPLES

* Constant envelope waveform based on an orthogonal alphabet (FSK codeword)
combined with a set of parallel concatenated simple convolutional codes.

"\

=» 0dB PAPR adapted
to low power

PIS consumption

information e - parity .| Coplanar FSK
block g “laccummulator modulator
Repetitions:/ parity Coplanar FSK
—>| T > >
Only reduces the accummulator modulator
spectral effciciency /
Introduces diversity m
between the transmitted | ;. > parity ,| Coplanar FSK
sequences : accummulator modulator
T
Break low weight FSK + PSK
information words modulator
Parameters: f N, -FSK (4-FSK)

N, : Number of carriers in the FSK
(FSK modulation order)

N, : Modulation order of the PSK

k : Number of branches

Af : Carrier Spacing

Y

Data rate:

f1(00)
f, (01)+

="

3 (11)

lar 1.7 kb/s - 70 kb/s
(30 kHz to 960 kHz)

f4 (10) 1

BW =[N, - Af

N;-PSK
symbol
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TURBO-FSK PRINCIPLES

Turbo-FSK waveform
* Rx architecture

________________________

I
/ ! Detector d |
'"| Coplanar FSK | Decoder |

Detector

Coplanar FSK Decoder

Observation
from Channel R

R ——

Detector

| 1
| 1
\ ' | Coplanar FSK Decoder |

________________________

_____

Estimation
—— of the infor-
mation bits

* Reconstruction of the k stages:

* Soft decoder and message passing algorithm
°* Modified BCJR adapted to double coding scheme: CC + FSK

=>» Adapted to Turbo Reception
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Turbo-FSK — Performance
* AWGN channel

=» Similar or close to “OFDM +

Turbo-code” for the same level of
spectral efficiency but with a
PAPR = 0dB

PER

TURBO-FSK PERFORMANCE

100
1071 ¢

102 3

-+-802.15.4k
—+—LoRa based
——32-FSK + TC
—=— Turbo-FSK
—+—NB-LTE based

1073 =

i i i
—12 —11 —10

SNR (dB)

* Asymptotic Optimization using EXIT charts is possible
* Allows for selection of Turbo-FSK parameters for a given spectral efficiency

T T T T T =
'._.J'
1w0-1F A |[—M=16
IZ‘S’, 11— M =32
i i C A / i i | v
i .f? ot 512 . M: 256
- -
ol f 1024 | |—M =512
10 g ’{ L= * 1 |—M = 1022
i *\'\' * ; 512, 1 |[— M = 2048
WG J SF=3 o Q= 100000
5 ‘\x\‘\‘\‘ ) -+- M-ary orthogonal
10~ F t = |—n
. e max
I I I I I I I ]
-2 -1 0 1 2 3 4 5 7

Ey/No (dB)

= Very close to the
Shannon limit (0.28
dB) for the low
spectral efficiencies.
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TURBO-FSK / FIELD TRIAL

°* Field trial:

Obijective: Evaluate and measure the performance of the Turbo-FSK waveform
over the air in one of the most characteristic propagation environment
* Grenoble using ISM 868 MHz band (14 dBm) g PN Suburbar

* Point-to-point demonstration

45.18

Transmitter Receiver

Large Urban

Autrans.

—_—

555 56 565 GGG 585
longitude

Typical test path
(Non-line of sight)

GDR RSD ResCom | LPWAN | 12/07/2019 | 14




Turbo-FSK, 4FSK / 1PSK / 4 rep, 3.8 kb/s

T
(R Exrd

45.22
’r Sassenage La Tronche Mu"%“n P
TURBO-FSK / FIELD TRIAL :1': e Eeae” ]
- ] 45.16 - Saint Mnrlind'Hére: < d.u“
Field trial: Results » 4514 HEL I i
E fiff can
*  Turbo-FSK (4 FSK, 1PSK, 4 rep): 3.8 kb/s g«uf ™" e
= Range of 19.4 km - G -
45.08 | Vizill
45.06 ~ Y o " vy 3:,;,,(1; Séchilienne
45.04 b g fel!—;mum:o
BO%S sss 56 565 57 5.J7_5Lar:rEv 58 585
longitude
* Performance comparison between LoRa and Turbo-FSK j§| &
* Performance of both systems has been simultaneously |
evaluated (P, = 8 dBm)
. Turbo-FSK / LqRa comparison
—a—Turbo-FSK
6 —s—LoRa
.|
= =>» Turbo-FSK significantly outperforms
S 4
o LoRa for every measured
z° configuration by around 4/6 km
21 => Explained by the difference in
L o terms of channel coding (5 dB
. | minimum)
10° 10t 102

Data rate (kb/s)
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TURBO-FSK PHY SUMMARY

Turbo-FSK:

* Parallel combination of orthogonal modulation and convolutional code
* Performance close to Shannon’s limit
* Constant envelope modulation

* Suited for LPWA applications

* Adapted to low energy applications (future 5G NR NB-I0T)
* Flexible: Spectral efficiency can be significantly parameterlzed
* Transmission scheme is similar to OFDM “ A

°* Turbo-FSK waveform proposes more than 60 available MCS tradlng
sensitivity, throughput and energy consumption

=» Which are the optimal configurations for adaptive LPWA networks?
* Performance of massive LPWA networks including PHY/MAC protocols

GDR RSD ResCom | LPWAN | 12/07/2019 | 16
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PHY ANALYSIS FOR TURBO-FSK

The most relevant configurations are selected from the PHY and
MAC layers point of view.

At the PHY layer, a trade-off between data rate, spectral efficiency, energy
consumption and range is considered

The MAC layer deals with the reliability, the latency, the network capacity, the
multi-user access (number of users, traffic intensity) to adapt the network.

* Methodology

Comparison for each configuration using the same FSK modulation order

Comparison of optimal configurations between each FSK modulation
* MCS selection analysis and trade-offs

Parameters:
N, : Number of carriers in the FSK
(N, FSK, N, PSK, k repetitions) (FSK modulation order)
N;, : Modulation order of the PSK
k : Number of branches

GDR RSD ResCom | LPWAN | 12/07/2019 | 18



PHY ANALYSIS FOR TURBO-FSK

* Methodology

* Comparison for each configuration using the same FSK modulation

| Foxma
-—k=3
—k=2 ]
-e-1-PSK
-e-4-PSK
-+-8-PSK
PSK=16-32 -016-PSK
30 [ -e-32-PSK i
z -o-Optimal 4-FSK
0
X 25
2 The blagk curve rgpresgnts
g2 - the optimal configuration
015 for 4-FSK modulation
10+
5t -~--._,‘___._.-_~:.
O 1 1 1 1 1 1 1
114 116 118 120 122 124 126 128 130

MCL [dB]

(N, FSK, N;PSK, k repetitions)
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PHY ANALYSIS FOR TURBO-FSK

* Methodology

* Comparison for each configuration using the same FSK modulation
* Comparison of optimal configurations between each FSK modulation

Comparison of different Turbo-FSK optimal configurations, Py =14 dBm

70 T T T T T T T
=+-Optimal 4-FSK
432,32,2) -e-QOptimal 8-FSK
60 - ""Optimal 16-FSK| |
16,322) 4E2,162) " Optimal 32-FSK Select the best schemes to reduce the
sl l Degree of Freedom and to achieve the
48,32,2) +16,16,2) T . . : :
optimal configurations in terms of:
7 44322) 48,16,2) ™¢(32,32,3)
g 40+ "«.._‘\ -‘7-"‘"""-. ’ "(16 32 3)‘(32 16,3) )
Qo “~o(4,16,2) Ry : * datarate
m e 4323) $§2 89 LA
S0 . 220 vafe]) o, ] * spectral efficiency
g g @103 ek +(32,8.4) ° sensitivity
N80 e 164,30 .
20+ ‘*4483) “(843) “(‘15841 : ° energy consumption
“(443) \‘v( 32,1,4)
10+ N(16.1.4)
T %(8.14)
T 4,1,4)
0 1 1 | 1 | | |
114 116 118 120 122 124 126 128 130
MCL [dB]

(N,FSK, N, PSK, k repetitions)
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* Methodology

PHY ANALYSIS FOR TURBO-FSK

Comparison for each configuration using the same FSK modulation
Comparison of optimal configurations between each FSK modulation

Comparison of different Turbo-FSK optimal configurations, PTH =14 dBm
?O T T T T T T T
=+ QOptimal 4-FSK
80 - .. "'"Optlmal 16tFSK|
— -o-Optimal 32}FSK
118, 322) v(32152)
501 1&132 2 116 15 2)
— h S T
E 40 _14@3‘2) gfa 16 2) '\.__‘-.\ (32,32,3) |
% ~ ] .""E 16, 32 3),(32 16,3)
B "%4,16.2) . \(32,8,3)
;30 L “- """ %a 32 ) hﬁ- ) -
S *k323} “‘4516 3) 32.4.3)
4 GBS (an ol
‘-(, 16,3) 8.8 3} (16,4,3) '~
20F \“H‘f 3) 48 4.3) 18, ?-'1] g i
a4 +3) el
10 6dB BBy 1
& ~ & :(4 1.4)
0 | -~ 1 | el T |
114 116 118 120 122 124 126 128 130
MCL [dB]

Hard for MAC Layer or decision module
to adapt with such granularity = 6dB
B

Select the best schemes to reduce the
Degree of Freedom and to achieve the
optimal configurations in terms of:

* datarate

* spectral efficiency

* sensitivity

° energy consumption

(N,FSK, N, PSK, k repetitions)
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PHY ANALYSIS FOR TURBO-FSK

* Methodology

* Comparison for each configuration using the same FSK modulation
* Comparison of optimal configurations between each FSK modulation
* MCS selection analysis and trade-offs

Comparison of different Turbo-FSK optimal configurations, PTX =14 dBm

70 T T T T T T T
-e-QOptimal 4-FSK
-=-QOptimal 8-FSK
%32,32,2) - Onfi ) : .
60 | o 3 raK| *  Short range with higher data rate :
16,32.2) e
(4,32,2) (32,32,2)
50 ®322) |
7 Ra322 ™ L .
P -l
2 e . (44,3) (16.16.3)
..g 30 - " ‘.\\\ ™. (8,8,3)
(=] s A
20 - T *  Long range with lower data rate:
(8,1,4) (32,1,4)
101 (4,1,4) (16,1,4)
0 | 1 | |
114 116 118 120 122 124 126 128

MCL [dB]

(N,FSK, N, PSK, k repetitions)
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MAC STRATEGIES FOR ADAPTIVE TURBO-FSK

We made a selection of the best MCS configurations to be exploited by the
decision module

* We selected 6 main MCS (from 60 possible configurations) that cover the main
LPWA scenario requirements

* Decision module optimally selects the MCS according to the scenario criteria
(support mobility, save energy, increase data rate, release network congestion)

Long
range
High data » Spectrum
rate E E efficiency
(16,16,3)
(8.,8,3) 4
BW

Energy
reduction

How do these configurations behave in a LPWA multi-user context?
(N, FSK, N;PSK, k repetitions)
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SIMULATION SETUP AND SCENARIOS

* WSNet-based simulator (C/Modern C++) under CeCILL free license.

* Modular event-driven wireless network simulator simulating the communication
protocol layers and the network behavior with a high level of accuracy.

* Accurate PHY model including spectrum use, modulation, interference, capture effect...
* The spectrum models both time and frequency aspects of communications

Application - Deptoyment
Ei—
MAC

Environment

Spectrum in Use

PHY-=> Medium

WSNET Core
Signal Tracker

RX (un)regisleri
|
4

— Sﬁrum model _
https://github.com/CEA-Leti/wsnet

L] Medium
=» Evaluation of the performance and limits of Turbo-FSK waveform for the selected

applications (Smart Metering, Agri, Factory of the Future systems) through four
metrics (i.e. Resilience, Network Capacity, Lifetime and End-to-end latency)

GDR RSD ResCom | LPWAN | 12/07/2019 |25
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https://github.com/CEA-Leti/wsnet

PERFORMANCE EVALUATION (MASSIVE ACCESS)

. . . . 'max = 5.5K m
* Simulation results of massive access for Agri-systems _.-&.,
* Nodes send one data packet (100 Bytes) randomly in an application period Y &\.
* Random frequency selection with Af = 15KHz (sub-carrier) e oo
* Transmission power is fixed to 14dBm ,))) Syt
* Pathloss setin open rural \\ A
* 1 physical band (1 MHz) starting at 868MHz ) A s @
* Nodes remain static at random positions in a disk
*  The radius max is always set at 5.5 Km S
PDR with 1s application period Average Battery Lifetime with 30000 nodes
: : : Lamd TEI-FSK_aII_ran::IDm I I
100 = 1+ TB-FSK_randem_class_1 _
‘Bl TE-FSE_random_class_2 ¥
¥ % TB-F53K_4-1-4
_ 15 s TE-FSK_4-4-3 *,.1
8ol E - - TB-F3K_4-32-2 . o
3 g * s TE-FSK 16-16-3 *
- = ¥ W TB-F5K_32-1-4 &
2 fi +—+ TE-F5K_32-32-2 *
S o) E 10 - ;
g i L
% -7 TB-FSI(iaII_random E )
% AW TB-FSK_random_class_1 E **
gl B TB-FSK_random_class 2 = *
% TB-FSK_3-1-4 £ s Fro
A& TB-FSK_4-4-3 =<
20 = - TBFSK 4-32.2
L TB-FSK:]E—IG-B
V¥ TB-FSK_32-1-4
—+ TB-F5K_32-32-2
0 1 I_‘! |3 - 4 = 0 = o= LR, . . F—— . el . F——
10 10 10 10 10° 10! 10° 103 10*

Number of nodes Application period (s)
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PERFORMANCE EVALUATION (MASSIVE ACCESS)

°* Simulation results for FoF

* 1 gateway at the center of the industrial zone (50mx50m)

* 1 physical band (1 MHz) starting at 868MHz

* Random frequency selection with Af = 15KHz and Ideal capture effect

* Up to 30000 nodes, uniformly deployed

* Nodes send one data packet (100 Bytes) randomly in an application period (1 minute)
*  Transmission power is fixed to 14dBm

*  Homogeneous deployments (using the same MCS during a simulation)

* Several FoF Path loss [18][19][20][21]

PDR as a function of the FoF pathloss model with Turbo-FSK (8,1,4)

100

80 -

40F -

¥¥ PL_KTH_absorbent
F 4 PL_KTH_reflective
¥ PL_DErmco_determinist :
20H 4 PL_cosST231_mixedwall | -~
¥ PL_Tanghe

F 4 PL_S _Tanghe
* % PL S F Tanghe

Packet Delivery Ratio [%5)

D T ek 1 " dei ) " aeil
10% 101 102 107 10*
Number of nodes
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°* Equivalent MCS of LoRa and Turbo-FSK

COMPARISON LORA AND TURBO-FSK IN FOF

Turbo-FSK LoRa (CR 4/5)
Spectral Spectral
MCS D?&i /r:)te efficiency MCS D?Iz?) /rsa)te efficiency
(b/s/Hz) (b/s/Hz)
(8,1,4) 120 kHz 7.0 0,059 SF7 125 kHz 54 0,043
(16,1,4) 240 kHz 10.5 0,044 SF7 250 kHz 10.9 0,043
SF7 500 kHz 21.9 0,043
(32,1,4) 480 kHz 14.0 0,029 SF8 500 kHz 125 0.025

=»Add LoRa Models in WSNET
* LoRa modulation with 7 quasi-orthogonal Spreading Factor (SF6 to SF12)

* Interference module taking into account the effect of the quasi-orthogonality of SFs.

* Co-Channel rejection matrix

* LoRa SX1276 and SX1301 Transceivers capabilities and capture effect
* SX1276 architecture for nodes

° SX1301 architecture for the Gateway

=2 The Gateway can simultaneously receive several LoRa packets (with different SFs and up to

8 channels)
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COMPARISON LORA AND TURBO-FSK IN FOF

°* Equivalent MCS of LoRa and Turbo-FSK

Turbo-FSK LoRa (CR 4/5)
Spectral Spectral
MCS D?&i /r:)te efficiency MCS D?Iz?) /rsa)te efficiency
(b/s/Hz) (b/s/Hz)
(8,1,4) 120 kHz 7.0 0,059 SF7 125 kHz 54 0,043
(16,1,4) 240 kHz 10.5 0,044 SF7 250 kHz 10.9 0,043
SF7 500 kHz 21.9 0,043
(32,1,4) 480 kHz 14.0 0,029 SF8 500 kHz 125 0.025

* Simulation results for FoF

1 gateway at the center of the industrial zone (50mx50m)

Channel bandwidth of 1MHz, divided in non overlapping sub-channels (up to 8)

Up to 30000 nodes, uniformly deployed

Nodes send one data packet (100 Bytes) randomly in an application period (1 minute)
Transmission power is fixed to 14dBm

Homogeneous deployments (using the same MCS during a simulation)

FoF propagation model set to Tanghe (Pathloss, Shadowing and Fading)
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COMPARISON LORA AND TURBO-FSK IN FOF

Equivalent MCS of LoRa and Turbo-FSK
Turbo-FSK LoRa (CR 4/5)
Spectral Spectral
MCS D?&% /r:)te efficiency MCS D?Ii?) /;a)te efficiency
(b/s/Hz) (b/s/Hz)
(8,1,4) 120 kHz 7.0 0,059 SF7 125 kHz 54 0,043
(16,1,4) 240 kHz 10.5 0,044 SF7 250 kHz 10.9 0,043
SF7 500 kHz 21.9 0,043
(32,1,4) 480 kHz 14.0 0,029 SFE8 500 kHz 125 0.025
PDR and Throughput of LoRa and Turbo-FSK in FoF (Application period = 1 minute)
¥—¥ TB-FSK_B-1-4_CE_orth
100 = 4 TB-FSE_L6-1-4_CE_orth
30 Hw - TB-FSK_32-1-4_CE_oith
ol 3 [os e
't o % LoRa_SFE_S00kHZ
(AN 8
* N C 0
® 3\, i
N . \‘ E‘l sl
40 "y "
V¥ TEFSK §-14_CEortn N T PO S SO
+ 4 TE-FSK_l6-1-d4_CE_orth E AL 1
offey B % :
-4 LoRa_SFT_250kHz Ry L\ 5)
* & LoRa_SF7_500kHz A
*.# LoRa_SF8_500kHz Tay
=== - o . . _
10” 10° 10? 10? 104 100 10! 102 107 104

Number aof nodes

Number of nodes

2019 |30



COMPARISON LORA AND TURBO-FSK IN FOF

°* Equivalent MCS of LoRa and Turbo-FSK

Turbo-FSK LoRa (CR 4/5)
Spectral Spectral
MCS D?Ii?) /r:)te efficiency MCS D?Ii?) /;a)te efficiency
(b/s/Hz) (b/s/Hz)
(8,1,4) 120 kHz 7.0 0,059 SF7 125 kHz 54 0,043
(16,1,4) 240 kHz 10.5 0,044 SF7 250 kHz 10.9 0,043
SF7 500 kHz 21.9 0,043
(32,1,4) 480 kHz 14.0 0,029 SF8 500 kHz 125 0.025

PDR and Throughput of LoRa and Turbo-FSK in FoF (Application period = 1 minute)

¥ TB-FSK_B-1-4_CE_orth
4 TB-FSK_16-1-4_CE_orth
30 W % TB-FSK_32-1-4_CE orth

Y% LoRa_SFT_12%kHz Tu rbO- FSK

=4 LoRa_SF?_250kHz

25 % LoRa_SF7_S00kHz 120kH Z

*-@ LoRa_SFB_SO0kHZ

100

LoRa
~Same spectral__.
efficiency

/

Metwork Thrgughput (packets/s)

Packet Delivery Ratio (%)

¥¥ TE-FSE_§ 1-4_CE orth
4+ TB-FSK_L6-1-d4_CE_orth
% & TB-FSK 3214 CE orth
20 W LoRa_SFT_125kHz
=+ LoRa_SFT_250kH2
% 4 LoRa_SFT_500kHz
= s LoRa_SFE_500kHz

10 102 10? 10? 104 100 10! 107 107 104
Number of nades Mumber of nodes 2019 | 31




OUTLINE

1 Introduction & context

2 Introduction to Turbo-FSK
* Turbo-FSK definition
* Physical layer performance

3 MAC strategies for Turbo-FSK

L& Massive access

5 Conclusion . . .
N LR :":::::':'EE:E:E::"::.:" -bi)Ez-'RsEEeéscc;m'fLé\K/Am12/07/2019|3?



CONCLUSION

°* LPWA networks need to cover a large variety of applications with contradictory
requirements: Long range, Low power consumption and Adaptive throughput

* We proposed a flexible Turbo-FSK waveform trading throughput, sensitivity,
spectral efficiency and energy consumption

* We proposed an adaptive LPWA network exploiting the flexibility of Turbo-FSK
thanks to a decision module selecting the most appropriate RF/PHY configuration

° Large-scale LoRa/ Turbo-FSK deployments have been studied and compared in
the FoF context with WSNet simulator

* PHY flexibility and specificities of different LoRa / Turbo-FSK configurations

* Random massive access

* FoF application models considering mMTC traffic (non-URLLC scenario)

* FoF propagation models considering pathloss, shadowing and multi-path fading

°* Others studies not presented today

* Evaluation of multi-gateway impact on LoRa performance in FoF environment.

* Impact of DL communication on the LoRa network performance

* Define and simulate cross-layer decision modules to enable adaptive operation with
single or multi-gateway infrastructure.
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