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M2M Core Networks
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Low Power Wide Area
Network (LPWAN)




M2M Core Networks

Client Applications

M2M
Network
Service ! Serv‘ise'
Capabilities Capabilities
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Gateway Z

M2M Device Domain M2M Network Domain  M2M Application Domain




Network
Service
Capabilities

M2M Devices M2M Network Domain M2M Application Domain

LPWAN enables loT devices to connect to backend systems
without a gateway!
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Outline

e 3GPP Licensed Networks Evolution
- EC-GSM
- eMTC - LTE-M
— NB-loT
e Non 3GPP Unlicensed Networks
- LoRaWAN
— Sigfox

— weightlessP
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Low Power Wide Area Network

(LPWAN)

e Non 3GPP Unlicensed Networks (already deployed)
—- E.g. LoRaWAN, Sigfox, Neul and Nwave (based on
Weightless—N) etc.

— Most of these networks take advantage of ISM (industrial,
scientific, and medical) unlicensed frequency bands.

e« 3GPP Licensed Networks Evolution (released in 3GPP
Rel. 13; under development)

- eMTC - LTE-M (M: MTC - machine type communication)
evolution

— NB-loT (evolved from NB-CloT and NB-LTE)
- EC-GSM



LPWAN

o Long-range applications with low bandwidth
regquirements

o« Emerging technology for M2M core network
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Low
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802.11ac
802.11ad
802.11b
802.11g
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LPWAN Topology (1/2)

o Direct device connectivity (base station)

LPWAN Connectvitiy Access Network/ Cloud & Servers Applications

Intert B ‘ - . .
@ o ®
S

3

-7~ (1 &b
w =
e

>|<
Star topology for long | Wired backhaul, |
range radio connectivity TCPI/IP based
(e.g. MQTT)




LPWAN Topology (1/2)

o Indirect device connectivity (through gateway)

Short Range Conn. LPWAN Connectvitly Access Network/ Cloud & Servers Applications
1] Internet
Gateway °
mE @
|< >le > <
| Short range | Startopology forlong | Wiredbackhaul, |
local connectivity range radio connectivity TCP/IP
(e.g. MQTT)
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Important Factors in LPWAN

e The most critical factors in a LPWAN are:
- Network architecture
— Communication range
— Battery lifetime or low power
- Robustness to interference

—- Network capacity (maximum number of nodes in
a network)

~- Network security
— One-way vs two-way communication
— Variety of applications served

11



LPWA
Standards
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IEEE

ETSI

3GPP

IETF

Weightless SIG

LoRa Alliance

DASH?7 Alliance

802.15.4k

802.15.4g

802.11: Long Range
Low Power (LRLP)

Low Throughput
Networks (LTN)

enhanced MTC
(eMTC)

Extended Coverage
GSM (EC-GSM)

NarrowBand loT (NB-
loT)

BLPWAJLP-WAN

Weightless-W/N/P

LoRaWAN

DASHY7

12
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m Rel. 12

N LC-LTE/MTCe
NIMTC CAT-0, PSM

20 MHz'half-duplex

eMTC
Cat-M1, eDRX, CE
1.4 MHz/half-duplax

NB-loT
g Cat-NB1, eDRX, CE mMTC

2

GERAN SI: A EC-GSM-loT

NIMTC SIMTC CloT /l, incl. eDRX

Signaling reduction, overioad control Low Cost, low power, low complexity Ultra-reliable, low -latency




3GPP loT Technical Specifications

r 4 " N
License-exemptspectrum
10 Mbps-- f_--_—-__—__—'\ - .- . ™ Licensedspectrum
1 Mbps +
W
®
& 100 kbps T+
n
©
o
20 kbps T+
100 bps +
= : % : >
1 10 100 1,000 5,000 Range(m)
A Reproduced with kind permission. © 2016 Mobile Experts LLC. All Rights Reserved. J
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' 3GPP loT Technical Specifications

| LTECat0 LTECatM1 | LTECatM2 | LTECatNB1 | LTE CatNB2

in-band LTE in-band LTE In-band LTE ; Guard-band LTE
Standalone
LIS OFDMA[15 kHz] OFDMA [15 kHz] OFDMA [15 kHz]
Uplink _ _ Single-tone [15/3.75 kHz]
TR scrowsva  sorompsi gt 150751
DL: 10 Mbps DL: 1 Mbps DL: 4 Mbps DL: 250 kbps
UL: 5 Mbps UL: 1 Mbps UL: 4 Mbps UL: 20 kbps (ST)
Duplex Mode Full-duplex Full/Half-duplex Half-duplex
FDD/TDD FDD/TDD FDD
UE receiver BW 20 MHz 1.4 MHz 5 MHz 200 kHz
UE TX power 23 dBm 23 or 20 dBm 23/20 dBm 23/20/14 dBm
PSM/eDRX PSM, eDRX PSM, eDRX
Antenna(s) RV P 1 RX/Tx 1Tx, 1 or 2 R (diversity)

-40dBm -30dBm -20dBm -10dBm 0dBm +10dBm +20dBm +30dBm +40dBm

oL 20dbm = 100mW
<| I I | I | | | |= 14dbm = 25mW

100mW IuW 10uW 100uW  ImW 10mW  100mW  1000mW 10000mW 16
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NB-loT

R13: NB-loT R15: Further Enhancement
-180 kboth Hz UE RF bandwidth . NB-loT (NB-loTfenh)
for downlink and uplink :Edojlﬁf;s.'tng (OTDOA)

 3GPP TEG N Meeting #‘!‘2 -Non- Anchor PRB enhancements
:Ed 61324 RA Miaeﬂhg | -Mobility and service continuity
'"Busan,i’{nﬂea‘ Jtme, 2&1.& ............ enhancements

-New low power class

R15 WID:

3GPP TSG RAN-1 88bis
Further NB-loT enhancement
RP-170852

Spokane, USA, April 2017

The Rel-15 further enhancements to NB-loT WI was approved at
RAN#75, with core part completion due by June 2018 (RAN#80),
and the RAN4 performance part by December 2018 (RAN#82).

NB-loT will evolve toward 5G mMTC
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\R14 : NB-loT ,

\ Enhance -TDD support

] L e e—
-Early data transmission
R13 . N B"'OT y -Wa:e-up radio
¢ -Positioning (OTDOA)
. -Multicast
-Non- Anchor PRB enhancements
-Mobility
-Reduced complexity -Low power Class(es)
-Lower power

-Deeper coverage
-Higher density

18
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IoT and EC-GSM-IoT

| emrc(TE cat M) NB-10T EC-GSM-loT

Deployment In-band LTE In-band & Guard-band LTE, standalone In-band GSM
Coverage* 155.7 dB 164 dB for standalone, FFS others 164 dB, with 33dBm power class
154 dB, with 23dBm power class

Downlink OFDMA, 15 KHz tone spacing, Turbo  OFDMA, 15 KHz tone spacing, TBCC, 1 Rx TDMA/FDMA, GMSK and 8PSK
Code, 16 QAM, 1 Rx Tail Biting Convolutional Coding (optional), 1 Rx

Uplink SC-FDMA, 15 KHz tone spacing Single tone, 15 KHz and 3.75 KHz spacing TDMA/FDMA, GMSK and 8PSK
Turbo code, 16 QAM SC-FDMA, 15 KHz tone spacing, Turbo code (optional)

Bandwidth 1.08 MHz 180 KHz 200kHz per channel. Typical system

bandwidth of 2.4MHz [smaller
bandwidth down to 600 kHz being
studied within Rel-13]

Peak rate 1 Mbps for DL and UL DL: ~250 kbps For DL and UL (using 4 timeslots): ~70
(DL/UL) UL: ~250 for multi-tone, ~20 kbps for single tone kbps (GMSK), ~240kbps (8PSK)
Duplexing FD & HD (type B), FDD & TDD HD (type B), FDD HD, FDD

Powersaving  PSM, ext. I-DRX, C-DRX PSM, ext. I-DRX, C-DRX PSM, ext. [-DRX

Power class 23 dBm, 20 dBm 23 dBm, others TBD 33 dBm, 23 dBm

" In terms of MCL target. Targets for different technologies are based on somewhat different link budget assumptions (see TR 36.888/45.820 for more information).

Source: 3GPP 44
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EC-GSM-loT

Objectives
Long Battery Life
Extended coverage:

Run with 5Wh battery for about 10 years
_(depending on flow mode and coverage)
Equipment Costs are lower compared to 164 dB MCL for 33 dBmUE
154 dB MCL for 23 dBmUE

GPRS/GSM
Variable Data Rate
GMSK : ~350bps to 70kbps
8PSK: up to 240kbps
Support Large number of devices
000 About 50,000 devices per unit
Improve securlty for loT constraints
Shorter time to market‘and lower costs due
Source: 3GPP
20
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EC-GSM Technology Introduction

o« GSM (Global System for Mobile
Communications)
— The most widely used mobile phone standard.

~ Due to the widespread use of GSM, international
roaming which is used by mobile phone operators
to sign "roaming agreements" is also
commonplace.

21



EC-GSM Technology Introduction

o The difference between GSM and the old
communication system is that its signaling
and voice channels are digital, so GSM is

considered a second-generation (2G) mobile
phone system.

« The GSM standard is developed and
maintained by the 3GPP organization.

22



EC-GSM Technology Introduction

e EC-GSM (Extended Coverage GSM)
— One of LPWAN Technologies
~ EC represents extended coverage
— EC-GSM is the |oT optimized GSM network

—- EC-GSM-loT is to adapt and leverage existing
2G/3G/4G infrastructure to provide efficient and
reliable 10T connectivity through extended GSM

coverage.

23



HLR/AUC

Network.Subsystem (NSS)
(EIR)

GSM Access

(( )) - .Gn GPRS backbone

Mobile UE
IP network

GGSN

BTS
Base Station Subsystem (BSS) GPRS Core Network

F 1o ) el U\ (TR N e SR e
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End device

GSM Acce

Mobile'UE

N
=

_—

End device

EC-GSM
Frequency Band NarrowBand

Range ~15Km
Throughput ~ 10 Kbps

HLR/AUC
MSC/VLR (EIR

[} — -
v

CustomerIT

.
e _O.' Ih
Network ‘ ol
GGSN

S

Remote
Monitor

10

GPRS Core Network
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EC-GSM-loT (Cont.)

e Main PHY Features

-~ New logical channels designed for extended coverage Repetitions to
provide necessary robustness to support up to 164 dB MCL

~ Overlaid CDMA to increase cell capacity (used for EC-PDTCH and EC-
PACCH)
o Other Features
— Extended DRX (up to ~52min)
— Optimized system information (i.e. no inter-RAT support)
—- Relaxed idle mode behavior (e.g. reduced monitoring of neighbor cells)

— 2G security enhancements (integrity protection, mutual
authentication, mandate stronger ciphering algorithms)

— NAS timer extensions to cater for very low data rate in extended
coverage

— Storing and usage of coverage level in SGSN to avoid unnecessary
repetitions over the air

Source: 3GPP

26



LTE-M

e A study for low-cost LTE is on-going in 3GPP since September
2011. Release 12 has specified LTE CatO (LTE-M) and Release
13 evolves to eMTC.

12 G0 TN
Downlink peak rate (Mbps) 1
Uplink peak rate (Mbps) 50 5 1
Number of antennas (MIMO) 2 2 1
Duplex Mode Full Full Half
UE Receive Bandwidth (MHz) 20 20 20
UE Transmit Power (dBm) 23 23 23

Source: 3GPP

27
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Both LTE-M and NB-loT
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LTE-M

o Main goal of the study is to reduce cost of LTE
devices to be utilized for M2M.
|dentified approaches include:
~ Reduction of Bandwidth
—- Hardware simplification
— Reduction of Transmit Power
— Reduction of Peak Rate

Source: 3GPP
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High Transfer Rate -

~ The LTE-M terminal supports a larger bandwidth
5 times the peak rate of NB- IoT upllnk/ downlink

@ Throughput .
< 1Mbps -

Support.mobility.
E[:I Supports base station handover
'Low Latency
<100mMms
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LTE-M for 3GPP Rel. 12

e Antennas

— Only 1 receive antenna compared to 2 antennas for
other device categories

o Transport block size

— Send or receive up to 1000 bits of unicast data per
sub-frame

—~ Reduce the max data rate to 1 Mbps in both the
uplink and the downlink

o Duplex

— Half duplex FDD devices are supported as an optional
feature

Source: 3GPP
F 1o ) el U N TR N o S e —— 31
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LTE-M for 3GPP Rel. 12

o Existing LTE architecture

MME HSS/PCRF
\9) ((@))
é s1-C
Vo
S1U_ s1-C
X2 $11
3} ((R))
A $1-U
U N Gs:trev:‘:v Ga':::av

Source: 3GPP
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Frequency Band

s$1U_ s1-C
s1

X2

Range

Throughput

1

l l $5/88

4

Serving

eNodeB Gat

End device

FEERE, N S NN I =

eway

“\

LTE-M

NarrowBand
~11Km

~ 1 Mbps

L

i

PDN
Gateway

E

\

—— —

e,

Monitor

Source: 3GPP
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eMTC for 3GPP Rel. 13

Objectives
o Long battery life: ~10 years of operation with 5 Watt Hour
battery

e Low device cost: comparable to that of GPRS/GSM devices
o« Extended coverage: >155.7 dB maximum coupling loss (MCL)

o Variable rates: ~10 kbps to 1 Mbps depending on coverage
needs

Deployment

o« Can be deployed in any LTE spectrum

o Coexist with other LTE services within the same bandwidth
o Support FDD, TDD and half duplex (HD) modes

o Reuse existing LTE base stations with software update

o« Coverage can reach 11km.

ETRRU. IR SR S N . ——mme———eQULEEIGPP



eMTC for 3GPP Rel. 13 (Cont.)

Main PHY/RF Features

Narrowband operation with 1.08 MHz bandwidth (6 RBs)

Frequency hopping with narrowband retuning for frequency
diversity

TTI bundling/repetition to achieve large coverage
enhancements

New UE power class of 20 dBm

Further cost reduction beyond Cat 0 (ho wideband control

channel, reduced TM support, reduced HARQ)
Source: 3GPP

35
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NB-loT

NB-loT GLOBAL COVERAGE

NB-loT = 60

Operator Market Bands Operator Market Bands Operator Market
3 HONG KONG 8 ETISALAT UAE 3
AlS THAILAND 8 JFAREASTONE[ TAIWAIN 28 TELEFONICA SPAIN 20
KT SOUTH KOREA| 8 TELENOR NORWAY 20, 8
CHINA MOBILE CHINA 8 LGU+ SOUTH KOREA| 12 TIM ITALY 20
CHINA MOBILE HONG KONG 3 M1 SINGAPORE | 20,8 TIM BRAZIL 3,28
CHINA TELECOM CHINA 5 MOBITEL SRI LANKA 8 TURKCELL TURKEY 20
CHINA UNICOM CHINA 8 MEGAFON RUSSIA 20,8,3 TRUE THAILAND 8
L_CHUNGHWA TAIWAIN 8 MTS RUSSIA 3 TELKOMSEL IDONESIA 8
DIALOG SRI LANKA 3,8 ORANGE BELGUIM 20 VELCOM BELARUS 8
DNA FINLAND SINGTEL SINGAPORE VODAFONE AUSTRALIA 8
DT AUSTRIA 8 SOFTBANK JAPAN VODAFONE CZECH REPUBLIC | 20
DT CROATIA 20,8 STC SAUDI ARABIA| 12 VODAFONE GERMANY 20
DT HUNGARY 20 | SWISSCOM |SWITZERLAND| 20 VODAFONE IRELAND 20
DT GERMANY 20 STARHUB | SINGAPORE 8 VODAFONE ITALY 20
DT GREECE 20 TDC DENMARK 20 VODAFONE SPAIN 20
DT POLAND 20 TELIA FINLAND 20,3 VODAFONE |THE NETHERLANDS| 20
DT SLOVAKIA 20 TELIA NORWAY 20 VODAFONE TURKEY 20
DT THE NETHERLANDS| 20 TELIA SWEDEN 20 VODAFONE SOUTH AFRICA 8
T-Mobile US us 2,4,12 TELIA DENMARK |20,8| VODAFONE MALTA 20
ELISA FINLAND 20,3 | TELSTRA AUSTRALIA 28 VODAFONE NEW ZEALAND 28
=a-,
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NB-loT

Objectives

. Even lower cost than eMTC

. Extended coverage: 164 dB maximum coupling loss

. Long battery life: 10 years with 5 Watt Hour battery

. Support for massive number of devices: ~50,000 per cell

Main simplification
. Reduced data rate/bandwidth, mobility support and further protocol optimizations

NB-loT supports 3 modes of operation:

o Stand-alone: utilizing stand-alone carrier, e.g. spectrum currently used by GERAN
systems as a replacement of one or more GSM carriers

e Guard band: utilizing the unused resource blocks within a LTE carrier’s guard-

band
. In-band: utilizing resource blocks within a normal LTE carrier
In-band operation Guard-band operation Standalone operation
I III Illilla % >ource: 3GPP
LTE camer LTE carrler eqg. GS;F:I carrier — 37




Technology Attributes

* In-band, Guard band, Standalone (GSM) GSM STAND ALONE

e 180KHz bandwidth = 1 PRB  (12x15KHz) T

200kHz
* Half duplex FDD I GUARD BAND
e Downlink (DL) e

— OFDMA, 15 kHz subcarrier spacing, | INBAND

— All numerology identical to LTE Eiiiiin
— Slot, subframe, and frame durations: 0.5 ms, 1 ms, and 10 ms
— Modulation: QPSK
e Uplink (UL)
— (F1) SC-FDMA/ST @15 kHz spacing; (F2) ST @ 3.75 kHz spacing

“ L m

15 KHz Subcarrier Spacing

Identical to LTE QPSK

3.75 KHz Subcarrier Spacing Slot : 2ms N/A m/2-BPSK or m/4-QPSK

F 1oy e T\ (Y CReT  Nm———




Technology Attributes

Standard - 3GPPR14.2 (3-2017)
Duplex « Half Duplex FDD (Type B) - BW 200kHz
Frequency Bands « Band3-5 -7 8(900) -+ 20 (800) - 28 (700), HEE= 0ol (450MHz £

21GHZ %E‘Eﬁ) (Stand alone)

GSM
Mode + Stand-alone AR onnant b
RF » Tx power: 23dBm (1T2R) ' o o)
Data Rate « DL:27.2 kbps, UL: 62.5 kbps (R13)
Cell Size . <2 km (NPRACH format 0) | (7027
200kHz

Low Power « Support PSM and eDRX for 10+ year battery

Massive Connections + Up to 52547 devices for up to 588526 UL reports per day (TR-45.820)
« Concurrent #devices: 64 (TBD) @

Backhaul + Sl-lite interface
~ Low Cost + Platform BOM cost < $100 (Q1-2018)



W8 ES 4R Tk TR E/MHz T TaEREE/MHz
Band1 1920~1980 2110~2170
Band?2 1850~1910 1930~1990

~ Band3 | 1710~1785 | 1805~1880
Band5 824~849 869~894
Band8 880~915 925~960
Band12 699~716 729~746
Band13 777~787 746~756
Band17 704~716 734~746
Band18 815~830 860~875
Band19 830~845 875~890
Band20 832~862 791~821
Band26 814~849 859~894

Band28 703~748 758~803

Band66 1710~1780 2110~2200

180 kHz for
each carrier

BEATA
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NB-loT Key Features
/ High end-point\ / Lowdcor-nplexity

[ Optimised power\ m-ligh propagatiorh
consumption Better coverage density
M2M
@ @
@ @ ©
GSM - ® ©
+ 20 db link budget > 100,000 connections Targeting modules
\ (vs. GSM) / \ per cell / Costing just a few $

( Bi-directional \ /LTE Level security\ /C?Iobal standard in
Licensed spectrum

(" Limited )
throughput communication
M2M

(10 year battery Lifxy

A GLOBAL INITIATIVE

<200 kb Uplink and downlink Encryption,SIM based \Uplink and downlink
\\ 2 i - A caEabiliy / \ authentication / capability
Fror y e S\ (TRt N - S hh




NB-loT Key Features

High Coverage .
Strong indoor coverage and 20dB gain over LTE

equwalent to 100 tlmes coverage area.,

o \ High Connectlwty .
Ly
oog/ One sector can support 50- -100K connections.

Low Power Consumption
NB-loT uses PSM and eDRX technology for up to

several years of standby t|me

Low Cost
High Security

HE A T T o ), . W, o T e e e M S . e T T
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NB-IoT
Frequency Band Ultra Narrow Band
Range ~ 11 Km
Throughput ~ 150 Kbps

Email

I
I
| =
|— =
| ®
| Customer IT
-
= —
PR S—

Remote
Monitor

End device
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LTE-M to NB-loT

3GPP Release 12 (Cat.0) |13 (Cat.1,1.4 MHz) 13 (Cat. 200KHz)
LTE-M LTE-M NB-loT

Downlink peak rate 1 Mbps 1 Mbps 300 bps to 200 kbps
Uplink peak rate 1 Mbps 1 Mbps 144 kbps
Number of antennas (MIMO) 1 1 1

Duplex Mode Half Half Half

UE Receive Bandwidth 20 MHz 1.4 MHz 200 kHz

UE Transmit Power (dBm) 23 20 23

44



NB-loT _
= . - |

Main PHY features T

o Narrow band support of 180 kHz .
o Supports two modes for uplink

- Single tone with 15 kHz and/or 3.75 kHz tone
spacing

~ Multiple tone transmissions with 15 kHz tone
spacing (12x15=180)
e No support of Turbo code for the downlink

o Single transmission mode of SFBC (Space Frequency
Block Coding) for PBCH, PDSCH, PDCCH

e New narrowband channels:

— NPSS, NSSS, NPBCH, NPDCCH, NPDSCH, NPUSCH,

, NPRACH Source: 3GPP 45
F 1o ) el U N\ TR N S —am——— ——
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Resource Block

7 or 6 Symbols
Slot Resource ' i N
Block ™~ f=1
f=2
f=3
. §_ :
i EN :
S = [ =< * Resource
g8 .§ R -~ Element
°3 no
o~
- \;\
3
=11
f=12
=0 LR S=n
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10 ms

Frame

1 frame = 10 sub-frames

1 sub-frame = 2 timeslots

1ms
Slot o Slot 1
0.5 ms 0.5 ms




NB-loT (Cont.)

Main radio protocol Features

Single HARQ process
Only RLC AM mode with simplified status reporting
Two PDCP options:

- SRB 0 and 1 only. No AS security (NAS security is
used instead). PDCP operating in transparent mode.

- SRBO, 1, 2 and one DRB. AS security, which is
cached upon RRC connection release.

For PDCP option 2, RRC connection suspend/resume
procedures to maintain AS security context.

Significantly reduced broadcast system information

Source: 3GPP

48



SBO, 1,2

MasterInformationBlock

e e H EEM SRS RS

SBO =%, » #1phich-Config -
systemFrameNumbers
SystemInformationBlocks1 SB1 2= ERUEE & 188 "\ Gcell LI
EEAM RS ST ERTEEET
SystemInformationBlocks2 SB2 geTEZcel TEEEEEIEES

o ESE RS

User Plane
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3GPP R14(Enhance NB-loT, eNB-loT)

o 34 {7 Anchori* /i 9313347 §* (Non- Anchor PRB
enhancements)

o M FARA B * E B 2 ¥ 2 (Mobility)

o ATEE f?@%ﬁ]ﬁ * F % (Low power Class(es))
~ 14dBm (&« 21 85,(MCL) Z #& & 7]164 dB)

. w@ﬁ@%ﬂﬁﬁéﬁﬁﬁﬁwwmm@w
Point to MultiPoint, SC-PTM)

o T_i~7 5y (Positioning, OTDOA)

o PEiREAXF(UE)RARAFEE T3 221008 B

Source: 3GPP
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ANIS 70
PN

s
.

R15

e IDD support
o Higher spectral efficiency
o Early data transmission

o Wake-up radio

Source: 3GPP
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NB-loT “Cell Access”

o NB-loT UE needs to establish connection with
base station first (same as LTE UE)

1. Search signal from default channel to get

System Information Base (SIB) from base station.

2. Issue Random Access sighal to establish a
connection (RRC connection) with base station.
3. Receive or transmit data.

1o ) el T N\ TR, N SR e
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R14 NB-loT Connection Establishment

Random Access Preamble

Random Access Response

RRC Connection Request

RRC Connection Setup

fo  — — — — — —

f o m— — — — —

RRC Connection Setup Complete

RRC Connection Reconfiguration
(Measurment configuration)

RRC Connection Reconfiguration Complete — — — — — — >

— — — Security Mode Complete — — — — — — — — — »

RRC Connection Reconfiguration
(Radio bearer setup)

RRC Connection Reconfiguration Complete — — — — — — ¥

UL Data Packet

DL Data Packet

RRC Connection Release
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o FLR - el B B kTR
NB-loT UE eNB

- NPSS(PHY)
< NSSS(PHY)
PHY Cell 1D

MIB-NB(RRC) on NPBCH
- inband/Guardband/standalone
SIB1-NB scheduling

5/81-N8 (RRC) on PDSCH

i Sis scheduling
SIB2-N8B (RRC) on PDSCH
-
NPRACH resources/ul-CarrierfFreq
NRS(PHY)
-

Determine CE level




HEBIE

. ALR - Al BB kAT

- UE-L 3 P~eNB>tAnchord' jit + #7 3§ cFINB-loT & /g
Narrow Band Primary Synchronization Signal (NPSS)2
Narrow Band Secondary Synchronization Signal (NSSS) » 14
% = e o I f% J) Physical Cell ID -

- & ¥ > UE E’~eNB"v?Anchor$\" B AT R 5 NB-loT
Master Information Block-Narrow Band (MIB-NB)£2
System Information Block-Narrow Band (SIB-NB) o g &
FF AR LA B B2 PR S640F Fj 8
2560% f) o £ ¥ > NB-loTMIB-NBE A8 & B iy i = 1 3L
t=(Frame) ® % 05Sub-frame » 3% 731 % BN € 45 77 3%
FA ePiE 7 B0 (BB (In-band) ~ 3B 4E £ (Guard
band) !/ % jH = (Stand-alone) £ = #:i& {7 -7V ) &2 NB-loT &
B % -k SRF I H(SIBI-NB) 2 38 (> 1 A7 7 20
(Scheduling Information) o
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o FRB — A7dnTF M BIZE B k5
~ NB-loT SIB1-NB #: 42 F 3 & & -
loT SIB2-NB~SIB16-NB:Fft 42 F

- NB-loTi# * % % § 2 "téﬁh JNB-1oT SIB2-NB
? eINarrow Band Physical Random Access
Channel (NPRACH) T /e B 33t » = e B {7 (S
B2 Klﬁitk‘ FBARE o

- t‘* *t > 2%ZNB-loTSIB2-NB» [ P& 2 1 $F/R>

Anchorft et 7 VA E e B T o

2 ;FT,‘\ %
%5 7 H A-NB-

Fro o\ ey T\ (TRt N - = ===
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HLRIRIE
o MHIFA(FLE - T 3PS
NB-loT UE eNB

RA Preamble (MAC) on NPRACH

ST/MT for Msg3 -
= RA Response (MAC) on NPDSCH
RRC Connection Request (RRC SRB 0) on NPUSCH
(DV and PH MAC Control Element) -

Support multiCarrier/MT
Resume ID

RRC Connection Setup (RRC SRB 0) on NPDSCH
Setup SRB 1 and 1bis

RRC Connection Setup Complete (RRC SRB1bis)
Attach Request B
Support UP solution
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o WMAIEM(FESE - "L FBLE)
- NB-loT UE LJ%E»@ WGP LR TR E T3
6o TE U AFHPEEPFEELYE L EAY

%ﬁ%ﬁﬁo
- NB-loT UE & 38 (758 5 Bo A2 B 2 0 0 JF A
Eamw*#ﬂﬁﬁi&wﬂwm 5 % B

'i—%\n»\NB loTig * ﬂ ZEp 7 ﬁd 5 /EJT i

B %Jb&ﬂ{ﬁ ‘ (Reference Signal Receive Power,
RSRP) T %% NB-loT SIB2-NB® e ¥ =1 8 &%
{7 X ‘TE’?‘ AR

Fro o\ ey T\ (TRt N - = = S
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o HALFAR(ALS - I T BARR)

- FHPEERFIEREE DT RAREE S 2
TARBLETR D R g
Fpht ¥ SR hizy vl
% 23 ‘gr*\? M ¥cE > Preamblesx ~ & 35 =x #c 2
Preamble* =X &% € 4F T # & o

- NB-loT UE{R45 p & % = 31 & B 2 L 42 5 4f
B 5 ﬁfﬁ@ﬁ;‘j S e Uk B Preamble o

- NB-loT 7 %75 234 ;% (Contention Free) s7%g 1%

TR
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o M ARMIFAL(FLS = (L FPAEF)

- RLTE® > UEL 5 T @1 o0 R~ F
Buffer Status Report (BSR)£? Power Headroom
Report (PHR)Z_ 2. & - & UE;%EV Pk w R ARRE S
A5 é’%’“ﬁ%l%“% Ry BG4
R BEDFTHELESS éfﬁwif MR
FRp L

- NB-loT #f 4 7 Data piggyback in NAS message ( &
fsm BT
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Preamble of NPRACH

e« Preamble of NPRACH consists of 4 continuous
Preamble Symbol Groups

o For larger coverage, also uses repetition and
frequency hopping

o« Hopping range: 12, 24, 36, or 48 neighbor sub-
carriers

o Aslong as start sub-carrier is different, then the
following hopping will not have sub-carrier
conflict
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z : 3
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EFE

Preamble Repetition and Hopping

E Preamble = 4 Preamble Symbol Groups
2
l
23

2
19

—"

I'—lst repetition + 2™ repetition 'I‘ e repelition—-|
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(£ ;\?ﬁ
g—%g“‘j
NPRACH Periodicity
peeamble leagth (545 ms) (16" 2 repetitions
2 I ) R 111 T 111111 R
e 1% ‘g ~ [ [T | [T = o0
N E : é 2 B [t RU | RU | RU | RU l l 1 """ = / é -g
N o v 0 S kil { IS S el
Z Z Z Z [ L] | z 72X
= 3 ® ® M 2 |
5 = 3 3 (i | e ||| (i B
& e \ ! &
4 Z I \ Z
5.6 ms X 4 repetitions / | NPUSCH
NPRACH Normal, NPRACH RObUSt, 1 timeslot x 1 subcarrier
NPRACH Extreme 47 5 5 CEO, CE1, CE2 (@3 msx 15 kHz) svadistissfis
4 repetitions 2 repetitions L] NPDCCH or

NPDSCH
H
|

NPDSCH
NPDSCH
NPDSCH
NPDSCH
NPDSCH
NPDSCH
NSSS

DOWNLINK
180 kHz

even frame (10 ms)

B 'l‘ "
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Require Physical Channels or Signals

m Require Physical Channels or ‘

Narrowband Physical Broadcast Channel (NPBCH)
Receive SIB from base Narrowband Primary Synchronous Signal (NPSS)
station Narrowband Secondary Synchronous Signal (NSSS)
Narrowband Reference Signal (NRS)

Issue Random Access | Narrowband Physical Random Access Channel (NPRACH)
signal, establish RRC  Narrowband Physical Downlink Share Channel (NPDSCH)
connection Narrowband Physical Uplink Share Channel (NPUSCH)

Narrowband Physical Downlink Control Channel
Starts receive data (NPDCCH)
De-modulation Reference Signal (DMRS)

Uplink: NPRACH(random access), NPUSCH (data)
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NB-loT Control Channel

o =+ iBNB-loT#subframe #time domain_t &
A% — 1HPRB ﬁ:«’?ﬂélms o

Subframe number 10ms
2,1 0 1 2 3 - 5 b 7 B g
%% E NPDCCH | NPDCCH | NPDCCH | NPDCCH NPDCCH | NPDCCH | NPDCCH
27 | NPBCH or or or or NPSS or or or NSSS
NPDSCH | NPDSCH | NPDSCH | NPDSCH NPDSCH | NPDSCH | NPDSCH
Subframe number 10ms
2, 0 1 2 3 - 5 6 7 8 g
ﬁ % E NPDCCH | NPDCCH | NPDCCH | NPDCCH NPDCCH | NPDCCH | NPDCCH | NPDCCH
= NPBCH or or or or NPSS or or or or
NPDSCH | NPDSCH | NPDSCH | NPDSCH NPDSCH | NPDSCH | NPDSCH | NPDSCH
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Downlink Data Transmission

o (QPSK signal modulation, support up to 2
antenna ports

o For 2 antenna ports, multiple antenna
transmission mode use Space Frequency Block
Coding (SFBC)

o« These 3 channels use the same antenna ports:
— Narrowband Physical Broadcast Channel (NPBCH)

-~ Narrowband Physical Downlink Share Channel
(NPDSCH)

- Narrowband Physical Downlink Control Channel
(NPDCCH)
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NB-loT Synchronization Signal

o« Downlink OFDM signal uses Cyclic Prefix (CP) to
reduce Inter Symbol Interference (ISI)

o« Node needs to know the start of OFDM symbol
to remove the CP precisely = Synchronization

o NB-loT Synchronization signal as LTE structure

e NPSS: Narrowband Primary Synchronization
Signal

e NSSS: Narrowband Secondary Synchronization
Signal




NPSS and NSSS

e UE uses NPSS to detect frame boundary

o Sent at 6 th subframe (SF5) of each frame (every
10ms)

e UE uses NSSS to detect subframe boundary and the
ID of base station (NcellID) sent these signals

e Sent at 10 th subframe (SF9) of each even frame
(every 20ms)

- “ “ -
- - -
- w “ -“
- b 5
~
% “
. L
- A

sran nmod2=0 .-~
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NPSS and NSSS Signals

e In-band mode, * o J
TE downlink \|||"|’,| [ N s O
control nmedz
channel al s
(PDCCH) uses
3 symbols

e LTE also needs
CRS resource

elements |

« CRS puncture N
on NPSS or ) ——
NSSS
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NRS Signal

o After receives antenna po d antenna pc

NSSS, UE gets

One Antenna Port Two Antenna Ports
NCelllD and all = sibfme 0
slot 0 slot 1 slot 0 slot 1

NRS parameters | [o[ilz]a[4]s]e[7]s]s wo]u] o[1T2]3 ] [sTs[7Ta o o[l

o Todemodulate
|

signals from
each physical
channel
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NPBCH

o Base station uses this channel to send MIB-NB
(Narrowband Master Information Block), 34 bits

— System parameters, System frame number (SFN),
superframe number, scheduling, operation mode, etc

o After coding and modulating, 34 bits generate
800 QPSK symbols

o Divided into 8 blocks, each of 100 symbols
o Each block’s mapping
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Block’s Mapping (100 symbols)

e Sentat1l st
subframe of each
frame, and repeated
at after 7 frames

e Each block sent 8
times

« Whole MIB-NB (8
blocks) is partitioned
into 64 frames (640
ms)

Fro o ey U\ (TRt N -

subframe 0

slot 0

slot 1

[o—y
[e—

p—
o

Ol [INDNIW|ASIUNIA |~ |0 |O

PRB

2

3
12

11

4

20

5

28

6

36
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44

8

52

75

84

92
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100

10

19

27

O

18

26

34

43

42

51

g

50

74

83

91

72

82
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98

17
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25
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33

32
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49 (5

48 | 5

71

81

70
69

80

89

88

97

96

15

23

31

14

22

30

38

47
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68

79

87

67

66

78

86

95
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37
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65

17

85
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MIB-NB Transmission via 64 frames

MIB-NB

BL1 | BL2 BL3 BL4 BL5 BL6 BL7 BL3

o Whole MIB-NB (8 blocks) is
5 artitioned into 64 frames,
. 640ms
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NPDCCH

Used to inform UE that data is coming and
parameters to receive the data (for example,
when)

Also provides Uplink grant to UE (when to
transmit)

Paging UE
Update UE’s system information

Each UE has a Radio Network Temporary
dentifier (RNTI) to decode the DCI (Downlink
Control Information)
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NPDCCH’s resource elements

A resource block
consists of 2 NCCE
(Narrowband
Control Channel
Element)

NPDCCH format O
uses 1 NCCE,

format 1 uses 2
NCCE

subframe 0

slot 0

slot 1

2

3

4

5

6

7

8

9

10

11

12

13




NPDSCH

Allocation of resource elements as NPDCCH
format 1 (whole 180 kHz)

Maximum Transport Block Size (TBS) is 680 bits
Transmitted over NSF subframes

To extend base station coverage, NPDSCH also
uses repeat transmission

Each Transport block repeat NRep times

Totally, NSF x NRep subframes
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Subframe mapping of NPDCCH and NPDSCH

e NB-loT downlink transmission NO automatic
ACK/NACK

e Base station needs ask at NPDCCH, the UE
then will use corresponding NPUSCH format 2
to transmit ACK/NACK to base station

NAGCH

Repetition = 4 Format 2

II"'—"' - = ACK

NPDSCH
77
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NB-loT Control Channel

o Uplink

NPRACH TI1
—5_.6N,—
% & B = = %
= EE|...|2] 1s0xkHz NPUSCH g2 g -
ke g AE 5 A
e L = — §o3 -
2 =
I' L W— |
! s ub-carriers )
17 Sub"F = Pseudo Rar}inn1 Hopping
ﬂﬂ_t'l'iEj_E" I:::||||||||

- =
] 1 !

[ | Fixed Size Frequency Hopping e
E—— E—— |i|||i|l|||||
4

5.6 ms - —
3.75 kHz A Preamble Symbol Group Lune
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NB-loT Control Channel

Uplink

— Narrowband physical random access channel
(NPRACH)

o — B NPRACH Preambled = igSymbol group = » =
i Symbol group=s 7z — i CP(Cycle Prefix)f-1 i
Symbol - (= i#Symbol group i = — & Preamble)

- Narrowband physical uplink shared channel
(NPUSCH)

CP:
Format( : 66.67 us

Formatl : 267 us Tseq = 1.333 ms,

Ccp

A AR SR . <« F s Tsea gl —
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NPUSCH

o Signal: LTE’s Single-carrier Frequency-Division Multiple
Access,

« SC-FDMA
e Subcarrier space: 15kHz or 3.5kHz
o« Bandwidth = 180kHz (for in-band mode)

e A SC-FDMA symbol =12 sub-carriers (15kHz) = 48 sub-
carriers (3.5kHz)

e 1timeslot =7 SC-FDMA symbols = 0.5 ms(15kHz) =
2ms (3.5kHz)

e 1 sub-frame =2 timeslots, 1 frame = 10 sub-frames
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Tu®
NPUSCH Subcarrle NRU UL
3.75 kHz 1 BPSK,QPSK
1 16 8 BPSK,QPSK
Format 1 3 8 4 QPSK
15 kHz
6 4 5 QPSK
12 2 1 QPSK
3.75 kHz 1 4 8 BPSK
Format 2
5 kHz 1 4 2 BPSK
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o Sighal Modulation: QPSK or BPSK
o To keep UE simple, only 1 antenna port

o After receive NB-MIB from NPBCH and SIB1-
NB, SIB2-NB from NPDSCH, UE has all system
parameters to transmit Random Access
Preamble to base station

e TO0 Mmake a connection to base station
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NPRACH (Random Access Channel)

e Preamble Symbol Group

e Use 3.75kHz subcarrier = 48 subcarriers (3.75x48 =
180 KHz)

o Cyclic Prefix (CP) and 5 repeated symbols

CP I 3.75 kHz
E ] TiF s TSEQ -
'll' 1.333 ms
”\\\ Format 0 : 67 us
~ Format 1: 267 us
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Preamble of NPRACH

e Preamble of NPRACH consists of 4 continuous Preamble
Symbol Groups

o For larger coverage, also uses repetition and frequency hopping
o« Hoppingrange: 12, 24, 36, or 48 neighbor sub-carriers

o Aslong as start sub-carrier is different, then the following
hopping will not have sub-carrier conflict

E Preamble = 4 Preamble Symbol Groups

— / \
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DMRS (DeModulation Reference Signal)

o For base station’s channel estimation and
then demodulates NPUSCH correctly

o« Format 1 (data): 1 DMRS symbol in each slot
o Format 2 (ACK): 3 DMRS symbols in each slot
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Format 1/2 DMRS symbol
Slot = 0.5ms
Vo — ~~
Format 1
DMRS symbol
Slot
S
[ | | || | |
3.75 kHz TR sl e 15 kHz 7l e e
Format 2
I T ) _
3.75 kHz F-# R aieE 15 kHz -0 SR
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R14: Coverage Enhancement

s X iE A e i % (Cell edge) e 3
é}fg‘rﬁu%mUE » b S BUEZ [ iR iE R

9:;%.‘_ ZESEE A /ﬁ‘»(Subcarrler) 29 % 18 jum?"q‘»' T’F:a‘_ i
;(r petltlon)'/ﬂ} R EE R L AR ’
I b

o ik E & [Fl2f ¥ (Coverage Enhancement Level, CE Level)
L e ZfAE B AN 5 E IV Sk S %&A#E’*
(Maximum Coupling Loss, MCL)(J&_zk =k % S o 3| &
e e mﬁ" JE 48 #~) > = 144dB ~ 154dB ~ 164dB
m %%';uﬂb T /}E\‘

° Zﬁl""’ 5 NB |OT UE g

Py ©7 7 eCE Level X 35 3
#B_ﬁf@m% CE AR BiE X HE oo
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Power Saving Mode

G IDLEfE ™ L 373 4c — B ATk fiPSM (idleshd &) >
BT o MRS M O o Ap g MR A
& PSMyk fi ¥ > T {77 ¥ i¥ > DDNF|: MME{s > MMEid
FSGW I w5 * T {7 Hedp T 4k VB f 3 paging o

T B E R IR e BB
% = fe pEiE ~ PSMGK i 0 12 2 APSMGK i BLY chpF £ d P

NN ﬁP—f‘ ’?f’,é‘)} :1% T‘?’v —r“g °

HAME TAU ZIHA Service Req/TAU
)

Connected
Mode

==

Actlve Timer FI|HfA RRC BRI 88
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Power Saving Mode

o Hr% L A FPSM (Power Saving Mode ) » frattachz‘
TAU (Tracking Area Update ) 427 » & ¥ 35— B
Activer Timer value(T3324 > 0-255 #j) -

e FHRABBINZRL HIFERLHEF -5 IFEX
ko KR E R

o XY RTEF XA AL S jpagingi) L

o UE:E »PSMfics 18 » © 3 nUEZ & 3 EMO#Iy > &
TAU/RAU Z_p¥ BAZ PF (S > 1 € i3 JIPSMHE5S o

e TAUZ = % ¥ 5310 p% -

Paging
PSM
%

: - Up to 310hours Time

____________

AUATERIRE  ZS[EA
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PSM

545 45 3]310-] pF

5 TAU (T3412) z
4 >

Active Timer
i (T3324)
>

Connect

[dle , - Pagng

I I I PSM time




eDRX (Extended DRX)

eDRX(Discontinuous Reception) A& At 4% 4
i 7 fd o

a7 R @'ff’ﬁiﬁ-

eDRX ez v iF dp d Je i ;’i_ATTACH feTAU L ¢ dp 2
(UE¥ ridn %u23kie) » 7 510.24f) $]2.92/) p& o
~ = BeDRXitrHp ¢ 5 - BPTWit #p (2.564) 7]40.96%; ) f-PSMik #p -
PTWit# p > % % 1B DRXiE #) (1.284) 310.244))

FpvC 14 j1 1.28s5/2.565 & DRX F efi¥ Hp fic &

AR M i s o

eDRX cycle

B

» eDRX £ 7 &
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eDRX

/ llllllllllll : RRC Released 5"\"‘
; : { RRC Resumed
RRC Establishment TAU (T3412) : esum

)
g

o

Active Timer (T3324)

Inactivity Timeré eDRX cycle :
P

4
i |

. 4

C-eDRX Cycles

DRX cycle

time

4

=

o]

3

paging i G|
P

Active
| ]
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Data piggyback in NAS message

#5NB-IoTUER 3 » &7 % ui 7 4 5 Wyh- £ F
AL Frip RaE 2 ﬂéﬁ?z@ﬁ’_#‘]@éﬂ » 2_ 18 ﬂ:if'rr:’} e AR

NB-loTUEZ { 7 75 efic & TR @484 o ARI3FIFREK
FRHATT AT - A F AEART RV MG R LY
F s FOR EiE & #4445 (Data Value and Power Headroom,
DV and PH)s /i & 3 B~37 41 & F 3 =~ % (Medium Access
Control Information Element, MAC IE) -

;C”Fl?;‘%fu%;}ﬂ AR Y5 E FTBSREPHRS i A2 5 0 #c
Bend ot 3 Vs AB TG FBSREZPHR » F H_ig * & & o

Index Data Volume (DV) value Inde Data Volume (DV) value
[bytes] X [bytes]
0 DV=0 8 67 <DV <=91
1 O0<DV<=10 9 91 <DV<=125
2 10<DV<=14 10 125<DV<=171
3 14 <DV<=19 11 171 <DV <=234
4 19 <DV <= 26 12 234 < DV <= 321
5 26 <DV <= 36 13 321 <DV <=768
6 36 <DV <=49 14 768 < DV <= 1500 93
7 49 <DV <= 67 15 DV > 1500 e,
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R14: Anchor g8 HIE T

e NB-loT UEE_AL * 4] & 4p Anchorgk R A i e
BAR K 1R E?%gPaglngF

o ML FHE IR HE Y (Narrow Band Physical
Broadcast Channel, NPBCH) R i R
FHE R e 2B E mﬁ;’é«i\ Anchori\ ) S

o Ix AR Pr PH e ST % 03 P 3 (NB-loT Random Access
Channel, NPRACH)‘:1 M @ % 7}5”" Lo ﬁ?/m iy
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NB-loT Module Status
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Non 3GPP LPWAN
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LoRa Alliance

o LoRa Alliance
—- Open & Non-Profit, Founded: March 2015

—- Board: IBM, Cisco, HP, Semtech, ...
o Specification: LoRaWAN R1.1

e 30+ Announced Deployments
— Taipei’s open loT platform

L§Ra' Alliance

- Wide Area Networks for loT

104
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LoRa Alliance

e RF Band: Sub 1G
o« Modulation: Chirp Spread Spectrum or FSK
o Data rate: 250 ~ 50k bps (adaptive)

o Range: urban 2-5km, suburban 15 km, rural
45km

o« Lower Power: estimated 10 years with two
AAA batteries (end node)
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LoRa and LoRaWAN

o LoRa® physical layer enables the long- range
communication link.

o« LoRaWAN defines the communication
protocol (MAC) and system architecture for
the network

Source: LoRa Website
106
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LoRaWAN (1)

Target key requirements of Internet of things such as
secure bi-directional communication, mobility and
localization services.

Typically laid out in a star-of-stars topology in which
gateways are transparent bridges relaying messages
between end-devices and a central network server in
the backend.

All end-point communication is generally bi-
directional, but also supports operations such as
multicast, enabling software upgrade over the air or
other mass distribution messages to reduce the on-air
communication time.

Source: LoRa Website
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Rola Architecture

Concentrator Network Application
End Nodes /Gateway Server Server

pet
tracking

3G/
Ethernet
Backhaul

vending
machine

gas monitoring

LoRa™ RF TCP/IP SSL TCP/IP SSL
LoRaMAC LoRaMAC Secure Payload
AES Secured Payload
Application Data

avu
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LoRaWAN (2)

o Communication between end-devices and
gateways is spread out on different frequency
channels and data rates.

o Data rates range from 0.3 kbps to 50 kbps.

o« The LoRaWAN network server is managing
the data rate and RF output for each end-
device individually by means of an adaptive
data rate (ADR) scheme.

Source: LoRa Website
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LoRaWAN (3)

o« LORa® (Long Range) is the physical layer or the
wireless modulation utilized to create the long range
communication link.

o Frequency shifting keying (FSK) modulation to achieve
low power.

e Chirp spread spectrum modulation to increase the
communication range.

o Secure communications by several layer of encryption:
Unigue Network key (EUI64) on network level, Unique
Application key (EUI64) for end to end security on
application level and Device specific key (EUI128).

Source: LoRa Website
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LoRaWAN Protocol

o« The protoco
the most inf

— the battery

and network architecture have
uence in determining

ifetime of a node,

- the network capacity,

~ the quality of service,

- the security, and

- the variety of applications served by the network.
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Class B Class C
(Baseline) (Continuous)




LoRaWAN Protocol

AppllCBthn Application
~ loRaMAC MAC
Forward Error
Correction (FEC) w Modulation
spread spectrum

EU EU us AS

Regional ISM band
868 433 915 430
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Network Capacity

o If anode has a good link and is close to a
gateway, it can use higher data rate.

e Thetime on airis then shortened.

o Adaptive data rate also optimizes the battery
lifetime of a node.

o A network can be deployed with only ONE
gateway first, and as capacity is needed,

—- Adding more gateways
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LoRaWAN Device Classes

Battery powered sensors

* Most energy efficient

* Must be supported by all devices

* Downlink available only after sensor TX

Battery Powered actuators
* Energy efficient with latency controlled downlink
* Slotted communication synchronized with a beacon

Battery Lifetime

Main powered actuators
* Devices which can afford to listen continuously
* No latency for downlink communication

Downlink Network Communication Latency

i ey Y e T e 116
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LoRaWAN Device Classes

o Support three classes of end-point devices:

— Bi-directional end-devices (Class A): Devices require
downlink communication from the server shortly after
the end-device has sent an uplink transmission.

— Bi-directional end-devices with scheduled receive
slots (Class B): In addition to the Class A random
receive windows, Class B devices open extra receive
windows at scheduled times.

- Bi-directional end-devices with maximal receive slots
(Class C): End-devices of Class C have nearly
continuously open receive windows.

Source: LoRa Website
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Class A end devices

o Bi-directional end-devices (Class A):

— Uplink transmission is followed by two short
downlink receive windows.

o« Random time basis (ALOHA-type) protocol.

o« The lowest power end-device system

o« Downlink communications from the server
will have to wait until the next scheduled
uplink.
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Class A end devices

For every uplink, there are two
possible downlink slots.
Uplink Received Downlink is pOSSible Only at

B ewars these times.

Time

" NETWORK

o Network Server selects: o
% (1) Gateway for downlink %
'% (2) Which downlink slot to use %9
% %,

End Devices
y - transmit at any
A R R LV EE - Programmed wait 1 Programmed wait2

END DEVICES

Receiver Initiated Transmission strategy (RIT)
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Class B end devices

o Class B devices open extra receive windows at
scheduled times.

o It receives a time-synchronized beacon from
the gateway.

o This allows the server to know when the end-
device is listening.

‘ 120
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Class B end devices

There are pre-programmed downlink
slots. Downlink is possible at any of
these times. Application dependent.

NETWORK

Time

93 “"‘.\ Network Server selects: 93
22 (1) Gateway fordownlink :%
22 (2) Which downlinkslottouse 23

/

Pre-programmed RX slots synchronized by gateway beacons

Coordinated Sampled Listening (CSL)

b e I
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Class C end devices

e Bi-directional end-devices with maximal
receive slots.

o End-devices of Class C have almost
continuously open receive windows, only
closed when transmitting.

122
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Devices

LoRa Network Server

Gateways

Web
Administration

LoRaWaN Server

Wpe I LoRaP
oRa Processor
—UDP;

WebSocket
Adapter

I Custom Internal

|
| Applications

Backend systems

Custom External
Applications
.-"f ¥ LY .,
S AV
Custom External Y
Applications /
<
™,

Amazon Web Services 'I
IBM Watson loT !

Microsoft Azure
e _'__fﬂhh—\-\_ -.___-"""'-___:-"f
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LoRa Coverage

Countries — LoRaWAN ™ Networks

« 42 Publicly Announced
Operators

« 30 Aliance Member
Operators

+ 250+ on-going trials &
city deployments

* 480+ members in the

Alliance
Legend:
@) Publicly Announced
B - Other Deployments
LoRa Alliance N— O

Al informafion contaned herein is cument of Sime of publishing ~ LoRa Allonce & not responsitie for the accuracy of
nlormation presented

o M N e e — e =
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SIGFOX

A NETWORK DESIGNED FOR MASS IOT

RESISTENCE TO INTER_EEBENCE

amin

i |
| LINK OK | T
N Interferer, B0
: II dE (1)
400 100Hz channels 5‘;"3:::;”
random choose 3 channels .| Thenamowband, signal at anly
.|  wanted signal 25 kHz offsat

transmitted multiple times . 11 T T 1

= Narrowband is the de-facto standard for long
range reliable connections in noisy spectrum
= Extremely low rate of collision

LARGE COVERAGE

= High sensibility
= Base Station sensitivity: -142dBM
= Link Budget Sigfox
14+3+142 = 159 dB Link Budget

I VNP8

= High Device density thanks to optimized low data rate

POWER EFFICIENCY

For long life cycle Devices:

= Short messages, low data rate

= Awakes only for transmit

= Leading edge low power technologies by
Silicon Partners

MNetwork
= Very low collision rate, no retransmission
= High Base Station sensitivity

LOW COST DEVICES

Free IP

Leading edge Silicon vendors

No specific chipset, benefiting of the volume scale
Very low memories foot print (short message,

rotocol
P ) UNGENU

MB-loT ARE

9 sigfox LQRI 1T - -
u.l 11 - = . L4
FE E L

--- (LT L1 X caor
Sub §2
module




o SIGFOX provides a tailor-made solution for low-throughput
loT/M2M applications.

o Designed for IoT/M2M devices characterized by:
— Up to 140 messages per device per day
— Payload size for each message is 12 bytes
— Wireless throughput up to 100 bits per second

o Based on Ultra-Narrow Band (UNB) technology such as
unlicensed ISM radio bands (in Europe, 868MHz; in the US,
915MHz)

e Cellular scope at an average range of about 30-50km in rural
areas and in urban areas between 3 and 10km.

o« Deploymentin Netherlands, France, the UK, Spain and San
Francisco in the US.
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SIGFOX Coverage

' sigfox

/ qﬁ,m. & Highly Scalable

Started in France in 2009

Most mature LPWAN technology worldwide
1.9 million km?

486 million people covered

7 million devices booked on the network

e |
eé “ thinxtra : aened @ WN

() wrerrorren @ e () ormemec
@ To @ came® & Orva
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LoRa vs. SigFox

|| SiGFox | LORAWAN |
Modulation UNB DBPSK(UL), GFSK(DL) CSS
Band SUB-GH ISMIEU (SGSMHD, | g U (015MHoy, A
(430MHz)
Data rate 100 bps(UL), 600 bps(DL) 0.3-37.5 kbpzp(éigR”” >0 Kbps
Range 10 km (URBAN), 50 km (RURAL) 5 km(URBAN), 15 km (RURAL)

Num. of channels
/ orthogonal

360 channels

10 in EU, 64+8(UL) and 8(DL) in
US plus multiple SFs

signals
Link symmetry X v
Forward error X v
correction
MAC unslotted ALOHA unslotted ALOHA
Topology star star of stars
Adaptive Data % v
Rate
Payload length 12B(UL), 8B(DL) vp to 250B (depends on SF &
region)
end devices do not join a single end devices do not join a single

base station

Handover .
base station
Authentmat_;mn & —eneryption-not-supported AES 128b
encryption
Over the air »® v
updates

SLA support . %
v
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DBPSK

Differential BPSK

— 0 = same phase as last signal element

— 1 = 180° shift from last signal element

Amplitude

Y 0 1 0 1

I gATavavaY VAvA

» Time
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Neul

o Neul provides a highly-scalable ubiquitous wide
area wireless connectivity solution, providing
deep indoor coverage, 10-15 year battery life at
low cost and the ubiquity of security without
awkward configuration.

o Based on Weightless-N (based on ISM bands),
also a UNB technology.

o Deployed and trialed in Milton Keynes of the UK.

o Acquired by Huawei on September 22, 2014 at
S25M.
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Architecture
& Topology

Wireless

Technologies

*Adaptive
Data Rate

Base Station
Functionality

BS and
Device Cost

Security
Support

Backend
Support

Applications

Standards

Deployment
Field

Star-of-stars
topology

Spread
spectrum,
ADR* 0.3-
50kbps, ISM
band, point-
to-point and
multicast

3~8/15~45
Km, 1M nodes

B $4980 Euros
3 class devices

Network/
application/
device keys

Backend
server

Healthcare,
Tracker,
agriculture,
lighting

LoRaWAN

USA, France,
Netherlands

Star Topology

UNB, Nwave
software-
defined radio,
in sub-GHz
license-
exempt
spectrum

10~30 Km,
1M nodes

D<S$8

NWave
security

Backend
server

Smart parking,
smart meter,
smart
agriculture

Weightless-N,
30k~100k bps

London, UK

Star Topology

ISM band
(868/902MHz
), TV white
space, or
licensed sub-
GHz

NeulNET, 10
Km

D (Iceni) $4

AES

Data cloud
(Naas), billing,
DM, OSS/BSS

Waste mgmt.,
Pest control,
wind energy

Weightless-N,
-W, -P (P:
16Mbps)

Smart city -
Milton Keynes,
UK

§  [loRa |NWave |Neul |Sigfx _

Star Topology

UNB, ISM
band, payload
12 bytes, up
to 100 bps,
Sigfox
protocol

3~10/ 30
~50Km/1Mn

B 3000 Euros
D < USS3

AES

Sigfox
0SS/BSS

Car theft
detector,
water meter,
valve control

Netherlands,
France, UK,
Spain and USA

Comparion
among
LoRaWAN,
NWave, Neul
and Sigfox
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Summary

« LPWAN is emerging as the key technology of
the M2M Core network.
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