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Aim of this Document

Aim of this document is to give an overview about the possible RF settings of iM880B for the
868 MHz frequency band.

iM880B_ANO16 RFSettings.docx, Wireless Solutions, V1.1

page 2 of 17 r‘r‘

I
M
S
T



iM880OB - ANO16

Overview

Table of Contents

1

OVERVIEW

INTRODUCTION

APPLICABLE FREQUENCY BANDS AND SUB-BANDS
FREQUENCY SETTING

FREQUENCY ERROR

MODULATION BANDWIDTH

6.1 Signal Bandwidth Setting 125 kHz
6.2 Signal Bandwidth Setting 250 kHz
6.3 Signal Bandwidth Setting 500 kHz

RECOMMENDED FREQUENCY SETTINGS

7.1 Signal Bandwidth Setting 125 kHz
7.2 Signal Bandwidth Setting 250 kHz
7.3 Signal Bandwidth Setting 500 kHz

DUTY CYCLE

8.1 Packet Structure
8.2 Air Time and RF Data Rate

APPENDIX

9

8.3 List of Abbreviations
8.4 List of Figures
8.5 List of Tables

8.6 References

REGULATORY COMPLIANCE INFORMATION

10 IMPORTANT NOTICE

10.1 Disclaimer

10.2 Contact Information

O Vv VvV 00 N o o M bh©

— —
—

11
11
12

13

13
14

15

15
15
15
15

16
17

17
17

iM880B_ANO16 RFSettings.docx, Wireless Solutions, V1.1

page 3 of 17 r‘r‘

I
M
S
T



iM880OB - ANO16

Overview

1 Overview

Aim of this document is to give an overview about the possible RF settings for iM880B in LoRa™
mode, especially the frequency settings for the 868 MHz frequency band.

2 Introduction

The iM880B is a compact, low power, bidirectional radio module for the 868 MHz frequency
band using Semtech’s LoRa™ spread spectrum modulation technique. The module provides
ultra-long range spread spectrum communication and high interference immunity whilst
minimising current consumption.

The LoRa™ modulation, in contrast to conventional modulation techniques, permits an increase
in link budget and increases immunity to in-band interference. It achieves sensitivities 8 dB better
than traditional FSK modulation and it also provides significant advantages in both blocking and
selectivity, solving the traditional design compromise between range, interference immunity and
energy consumption.

In LoRa™ mode the iMB80B offers three bandwidth options of 125 kHz, 250 kHz, and 500 kHz
with spreading factors ranging from 7 to 12 and four different error detection and correction
schemes. This provides a maximum of flexibility for user application.

Spreading Factor Chips/Symbol SNR [dB]
7 128 -7.5
8 256 -10
9 512 -12.5
0 1024 -15
11 2048 -17.5
12 4096 -20

Table 2-1: Spreading Factors from the data sheet of Sx1272

Note that the spreading factor must be known in advance on both transmit and receive sides of
the radio link as different spreading factors are orthogonal to each other.

To further improve the robustness of the radio link iIM880B provides cyclic error coding with
different coding rates.
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Coding Rate Cyclic Coding Rate Overhead Ratio
1 4/5 1.25
2 4/6 1.5
3 4/7 1.75
4 4/8 2

Table 2-2: Coding Rate of iM880B
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3

Applicable Frequency Bands and Sub-Bands

Following table depicts the applicable frequency bands within the 868 MHz band for “Non-
Specific Short Range Devices” specified in the ERC Recommendation 70-03, [2].

Band Edge Frequencies Field Power Spectrum Access | Band Width
g (Notel,2) 863 MHz 870 MHz +14 dBm 0.1% or LBT+AFA 7 MHz
(Note 2) 863 MHz 870 MHz -4.5dBm /100 kHz | 0.1% or LBT+AFA 7 MHz
(Note 2) 865 MHz 870 MHz -0.8dBm /100 kHz | 0.1% or LBT+AFA 5 MHz
(Note 1) 865 MHz 868 MHz +14 dBm 1% or LBT+AFA 3 MHz
gl 868.0 MHz 868.6 MHz +14 dBm 1% or LBT+AFA 600 kHz
g2 868.7 MHz 869.2 MHz +14 dBm 0.1% or LBT+AFA 500 kHz
g3 869.4 MHz 869.65 MHz +27 dBm 10% or LBT+AFA 250 kHz
g4 869.7 MHz 870 MHz +14 dBm 1% or LBT+AFA 300 kHz
g4 869.7 MHz 870 MHz +7 dBm No requirement 300 kHz
Notel: Modulation bandwidth < 300 kHz is allowed. Preferred channel spacing is < 100 kHz.
Note2: Sub-bands for alarms are excluded (see ERC/REC 70-03 Annex 7).

Table 3-1: Applicable Frequency Bands for Non-Specific Short Range Devices.

Note: National laws and regulations, as well as their interpretation can vary with the
country. In case of uncertainty, it is recommended to contact either IMST’s accredited
Test Center or to consult the local authorities of the relevant countries.

4 Frequency Setting
The iIM880A uses a 32 MHz crystal for its RF oscillator. The carrier frequency fi; is given by:
for =fee * F4[23,0],
where Fis a 24 bit register value of Sx1272 and the frequency synthesizer step given by:
forer = 32 MHz / 217
= F,[23,0]= floor (f / fsrep)

See “Radio Configuration Field” of [4].
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S Frequency Error

Generally the total frequency error f, of an oscillator is mainly a combination of the initial error
f... temperature drift error . and aging error f

eini/ etemp eage*

f=f +f1 + f

e eini etemp eage
For the iM880B the following maximum frequency errors are specified:

e initial frequency variation of £10 ppm
e frequency variation within the temperature range of -40°C to +85°C is £15 ppm
e frequency variation due to ageing over 10 years is £5 ppm

The maximum total frequency variation is £30 ppm (+26kHz at 868MHz).

The following figure depicts the typically frequency drift versus the temperature range of the

iM880B.

WiMOD iM880B
Typical Frequency Error vs. Temperature

L —
B&6.5 MHz
915 MHz

8 - 4

Frequency Error [kHz]
o

Typicalfrequency Error nofmdz ed o srror at 25°C, VDD = 3V, mds. Qutpit Power

I T I O P T PO IR PO U NN B I

TN TN N TP TR SN I EU
-40 -35 -30 -25 -20 15 10 5 0 5 10 15 20 25 30 35 40 45 50 55 6

Temperature [°C]

T PR B B
0 B85 70 75 80 85

Figure 5-1: Frequency error vs. temperature.
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6 Modulation Bandwidth

Within ETSI EN 300 220 [3] the modulation bandwidth is given as “the difference between the
two frequencies f, and f, obtained with a resolutions bandwidth 1 kHz and level T uW”.

This emission limits must be met under both normal and extreme conditions (frequency error and
drift). Additional requirements e.g. for emission limits at the band edge frequencies are given

also in [3].

Due to the fact that in LoRa™ mode the iM880B offers three signal bandwidth options 125 kHz,
250 kHz, 500 kHz and six different spreading factors all reasonable combinations of

modulation bandwidth are given within the following tables.

All measurements have been carried out conducted for temperature range from -40°C to
+85°C and therefore consider initial frequency error and temperature drift error.

Within [6] the following measurements results have been determined:

Pout conducted / dBm
Pout @-40°C |Pout @ 25°C |Pout @ 85°C | Powersetting / dBm
Subband G1 / LORA /125 kHz 13,85 13,7 13,54 13
Subband G2 / LORA /125 kHz 13,82 13,68 13,53 13
Subband G3 / LORA /125 kHz 19,23 18,85 18,34 20
Subband G1 / LORA /250 kHz 13,84 13,7 13,55 13
Subband G1 / FSK /250 kHz 13,79 12,6 13,51 13

Remark: Depending on the final application the output power has to be set according to
the limits of the REC 70-03. For the subbands G1 and G2 the power setting has
to be limited to 13 dBm. For subband G3 the power setting can be set to the
maximum value of 20 dBm.

The operating voltage showed no influence to the output power. Therefore only

the results for the nominal voltage are shown

Figure 6-1: Measurement results from ERM report.

Depending on the used antenna and frequency subband the corresponding power settings has
to be used. E.g. if the antenna is an ideal half wave dipole with 2.15dBi gain the power setting

for G1 subband should not exceed 13 dBm.
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6.1  Signal Bandwidth Setting 125 kHz

The smallest signal bandwidth for the iM880B in LoRa™ mode is 125 kHz. With this
configuration the highest sensitivity can be achieved.

Modulation BW iM880B LoRa 125 kHz

-40 to 85°C / Transmit Filter = OFF

Mod. BW [kHz]

6 8 10 12 14 16 18 20
Power Level Setting

SF7,125 kHz SF8,125 kHz SF9,125kHz  =®=SF10,125kHz M SF11,125kHz =& SF12,125kHz

Figure 6-2: Modulation bandwidth of a 125 kHz LoRa signal.

6.2  Signal Bandwidth Setting 250 kHz

In addition to 125 kHz signal bandwidth iM880B provides the 250 kHz bandwidth setting. In
comparison with the smallest signal bandwidth setting this setting enables an increase the
effective data rate, but also decreases sensitivity.

Modulation BW iM880B LoRa 250 kHz
-40 to 85°C / Transmit Filter = OFF

Mod. BW [kHz]
&
g

6 8 10 12 14 16 18 20
Power Level Setting

SF7,250 kHz SF8,250 kHz SF9,250kHz ~ =#=SF10,250kHz =M= SF11,250kHz =& SF12,250 kHz

Figure 6-3: Modulation bandwidth of a 250 kHz LoRa signal.

iM880B_ANO16 RFSettings.docx, Wireless Solutions, V1.1 page 9 of 17 f‘ “



iM880B - ANO16 )
Modulation Bandwidth WlMOD)))

6.3  Signal Bandwidth Setting 500 kHz

The highest signal bandwidth of iIM880B in LoRa™ mode allows using the maximum of effective
data rate.

Modulation BW iM880B LoRa 500 kHz
-40 to 85°C / Transmit Filter = ON
700
600
500
E 400
H
5
g
2 300
200
100
0
6 8 10 12 14 16 18 20
Power Level Setting.
SF7,500 kHz SF8,500 kHz SF9,500 kHz ~ —#=SF10,500kHz ~ —H=SF11,500kHz  ~# SF12,500 khz

Figure 6-4: Spectrum of a 500 kHz LoRa signal.
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7 Recommended Frequency Settings

The iIM880B uses the PA-BOOST power amplifier of the Sx1272. Power levels of -4.5 dBm and

-0.8 dBm are not accessible and are therefore not considered.

7.1 Signal Bandwidth Setting 125 kHz
Edge Frequencies Lowest  Center | Highest Center
Band Field Power Frequency Frequency
f, f

g (Notel,2) 863 MHz 870 MHz +14 dBm f,+ 0.13 MHz f, = 0.13 MHz

865 MHz 868 MHz +14 dBm f,+ 0.13 MHz f,—0.13 MHz
gl 868.0 MHz 868.6 MHz +14 dBm f,+ 0.13 MHz f,—0.13 MHz
g2 868.7 MHz 869.2 MHz +14 dBm f,+ 0.13 MHz f,—0.13 MHz
g3 869.4 MHz | 869.65 MHz +20 dBm 869.525 MHz 869.525 MHz
g4 869.7 MHz 870 MHz +14 dBm 869.850 MHz 869.850 MHz
g4 869.7 MHz 870 MHz +7 dBm 869.850 MHz 869.850 MHz
Notel: Modulation bandwidth < 300 kHz is allowed. Preferred channel spacing is < 100 kHz.
Note2: Sub-bands for alarms are excluded (see ERC/REC 70-03 Annex 7).

Table 7-1: Center frequencies for settings 125 kHz LoRa signal bandwidth.
7.2  Signal Bandwidth Setting 250 kHz
Edge Frequencies Lowest  Center|Highest Center
Band Field Power Frequency Frequency
fu fb

g (Notel,2) 863 MHz 870 MHz +14 dBm Note 3 Note 3

865 MHz 868 MHz 14 dBm £+ 0.2 MHz f,- 0.2 MHz
gl 868.0 MHz 868.6 MHz +14 dBm f,+ 0.2 MHz f, — 0.2 MHz
g2 868.7 MHz 869.2 MHz +14 dBm 868.950 MHz 868.950 MHz
g3 869.4 MHz | 869.65 MHz +27 dBm
g4 869.7 MHz 870 MHz +14 dBm
g4 869.7 MHz 870 MHz +7 dBm -
Notel: Modulation bandwidth < 300 kHz is allowed. Preferred channel spacing is < 100 kHz.
Note2: Sub-bands for alarms are excluded (see ERC/REC 70-03 Annex 7).

Table 7-2: Center frequencies for settings 250 kHz LoRa signal bandwidth.

Note 3: The use of 863 MHz to 870 MHz with signal bandwidth of 250 kHz is possible when
reducing the output power so that the modulation bandwidth is less than 300 kHz.
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7.3  Signal Bandwidth Setting 500 kHz
Edge Frequencies Lowest  Center |Highest Center
Band Field Power Frequency Frequency
fu fb
g (Note1,2) | 863 MHz 870 MHz +14 dBm :

865 MHz | 868 MHz 114 dBm I+ 0.4 MHz f.— 0.4 MHz
gl 868.0 MHz 868.6 MHz +14 dBm 868.300 MHz* 868.300 MHz*
g2 868.7 MHz 869.2 MHz +14 dBm
g3 869.4 MHz | 869.65 MHz +27 dBm
g4 869.7 MHz 870 MHz +14 dBm
g4 869.7 MHz 870 MHz +7 dBm

Note2: Sub-bands for alarms are excluded (see ERC/REC 70-03 Annex 7).
*Only in combination with Spectral Transmit Filter setting.

Note1: Modulation bandwidth < 300 kHz is allowed. Preferred channel spacing is < 100 kHz.

Table 7-3: Center frequencies for settings 500 kHz LoRa signal bandwidth.
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8 Duty Cycle

To design a communication system not only the range is of interest. Also data throughput and
duty cycle are important. The duty cycle requirements from [2] are given in column “Spectrum
Access” of Table 3-1. A systems duty cycle is given as the sum of all total packet air times within
one hour related to one hour. To calculate the packet air time the structure of a RF packet must
be known.

8.1 Packet Structure

The following figure outlines the message format which is used for communication purposes.
The HCI message must contain a Destination Endpoint Identifier and a Message Identifier
followed by the user payload. The first 24 Bits of the user payload must include the destination
address information, Destination Group Address and Destination Device Address.

HCI Message
Dst ID Msg ID Payload Field

8 Bit 8 Bit n * 8 Bit

Dest. Dest.

Group Addr | Device Addr User Payload

8 Bit 16 Bit (n - 3) *8 Bit
Radio Message -~
Radio Ctrl Dest. Dest. Source Source Radio User Payload
Field Group Addr | Device Addr | Group Addr | Device Addr | Stack Fields Y

16 Bit 16 Bit (n - 3) * 8 Bit

\/

;;\—Header 64 Bit

PHY

Header CRC PHY Payload CRC

Preamble Symbols Header Symbols 64 Bit + (n-3) * 8 Bit 16 Bit

\

<«4—CR =4/3—+»<«+——CR = Coding Rate

\

A

Spreading Factor
Figure 8-1: iM880B packet structure

The firmware of the module extends the data with 6 additional Bytes, the Radio Control Field,
the Source Address Information and the Radio Stack Field.
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Within the transceiver frontend (Sx1272) this data is extended with a PHY-Preamble, a PHY-
Header including its own CRC and a PHY-Payload-CRC. The (explicit) header is error coded
with a coding rate of CR = 4/8 separately. The payload and the PHY-CRC is error coded
according to the configured coding rate (CR). The whole packet is then spread with the
configured spreading factor (SF).

8.2 Air Time and RF Data Rate

In LoRa™ mode the packet air time is influenced by the:

payload size (3 Byte destination address information)

the firmware adds 6 Bytes overhead

bandwidth option (SB =125 kHz, 250 kHz, 500 kHz)

spreading factor (SF = 7,8,9,10, 11, 12)

error correction scheme (CR = 4/5, 4/6, 4/7, 4/8)

preamble length (8 symbols are used)

header mode (explicit header is used)

low data rate optimization (activated for SB = 125 kHz and SF = 11, 12)

Semtech provides a tool [5] to calculate the packet air time for different configurations. With this
packet air time the duty cycle and the equivalent bit rate can be calculated.
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9 Regulatory Compliance Information

The use of radio frequencies is limited by national regulations. The radio module has been
designed to comply with the European Union’s R&TTE (Radio & Telecommunications Terminal
Equipment) directive 1999/5/EC and can be used free of charge within the European Union.
Nevertheless, restrictions in terms of maximum allowed RF power or duty cycle may apply.

The radio module has been designed to be embedded into other products (referred as “final
products”). According to the R&TTE directive, the declaration of compliance with essential
requirements of the R&TTE directive is within the responsibility of the manufacturer of the final
product. A declaration of conformity for the radio module is available from IMST GmbH on
request.

The applicable regulation requirements are subject to change. IMST GmbH does not take any
responsibility for the correctness and accuracy of the aforementioned information. National laws
and regulations, as well as their interpretation can vary with the country. In case of uncertainty, it
is recommended to contact either IMST’s accredited Test Center or to consult the local
authorities of the relevant countries.
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10  Important Notice

10.1 Disclaimer

IMST GmbH points out that all information in this document is given on an “as is” basis. No
guarantee, neither explicit nor implicit is given for the correctness at the time of publication.
IMST GmbH reserves all rights to make corrections, modifications, enhancements, and other
changes to its products and services at any time and to discontinue any product or service
without prior notice. It is recommended for customers to refer to the latest relevant information
before placing orders and to verify that such information is current and complete. All products
are sold and delivered subject to “General Terms and Conditions” of IMST GmbH, supplied at
the time of order acknowledgment.

IMST GmbH assumes no liability for the use of its products and does not grant any licenses for
its patent rights or for any other of its intellectual property rights or third-party rights. It is the
customer’s duty to bear responsibility for compliance of systems or units in which products from
IMST GmbH are integrated with applicable legal regulations. Customers should provide
adequate design and operating safeguards to minimize the risks associated with customer
products and applications. The products are not approved for use in life supporting systems or
other systems whose malfunction could result in personal injury to the user. Customers using the
products within such applications do so at their own risk.

Any reproduction of information in datasheets of IMST GmbH is permissible only if reproduction
is without alteration and is accompanied by all given associated warranties, conditions,
limitations, and notices. Any resale of IMST GmbH products or services with statements different
from or beyond the parameters stated by IMST GmbH for that product/solution or service is not
allowed and voids all express and any implied warranties. The limitations on liability in favor of
IMST GmbH shall also affect its employees, executive personnel and bodies in the same way.
IMST GmbH is not responsible or liable for any such wrong statements.

Copyright © 2013, IMST GmbH

10.2 Contact Information

IMST GmbH

Carl-Friedrich-Gauss-Str. 2-4
47475 Kamp-Lintfort
Germany

T +49 2842 981 0

F +49 2842 981 299

E sales@imst.de

| www.wireless-solutions.de

iM880B_ANO16 RFSettings.docx, Wireless Solutions, V1.1 page 17 of 17 r‘ “

I
M
S
T



