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| This Technical Specification is a living document which is subject to review and revision. |

NOTICE

THE INFO-COMMUNICATIONS MEDIA DEVELOPMENT AUTHORITY (“IMDA”) MAKES NO WARRANTY OF ANY
KIND WITH REGARD TO THE MATERIAL PROVIDED HEREIN AND EXCLUDES ANY EXPRESS OR IMPLIED
WARRANTIES OR CONDITIONS OF NON-INFRINGEMENT, MERCHANTABILITY, SATISFACTORY QUALITY AND
FITNESS FOR A PARTICULAR PURPOSE. SUBJECT TO THE MAXIMUM EXTENT PERMITTED UNDER LAW, IMDA
SHALL NOT BE LIABLE FOR ANY ERRORS AND/OR OMISSIONS CONTAINED HEREIN OR FOR ANY LOSSES OR
DAMAGES (INCLUDING ANY LOSS OF PROFITS, BUSINESS, GOODWILL OR REPUTATION, AND/OR_ANY
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES) IN CONNECTION WITH THE USE OF THIS MATERIAL.

IMDA DRAWS ATTENTION TO THE POSSIBILITY THAT THE PRACTICE OR IMPLEMENTATION OF THIS STANDARD
MAY INVOLVE THE USE OF INTELLECTUAL PROPERTY RIGHTS AND TAKES NO POSITION CONCERNING THE
EXISTENCE, VALIDITY AND/OR APPLICABILITY OF ANY SUCH INTELLECTUAL PROPERTY RIGHTS, WHETHER
ASSERTED BY TSAC MEMBERS OR ANY THIRD PARTY.

AS OF THE DATE OF APPROVAL OF THIS STANDARD, IMDA HAS NOT RECEIVED WRITTEN NOTICE OF ANY PATENT
RIGHTS WHICH MAY BE RELEVANT IN RELATION TO THE IMPLEMENTATION OF THIS STANDARD. HOWEVER,
IMPLEMENTERS ARE CAUTIONED THAT THIS MAY NOT REPRESENT THE LATEST INFORMATION AND ARE
THEREFORE STRONGLY URGED TO CHECK WITH THE RELEVANT DATABASE IN ITU, ISO, IEC OR THE RELATED
STANDARDS DEVELOPMENT ORGANISATION FOR INFORMATION OF PATENT RIGHTS. IMPLEMENTERS ARE
ADVISED TO OBTAIN THEIR OWN LEGAL AND/OR TECHNICAL ADVICE IN RELATION TO THE IMPLEMENTATION OF
THE STANDARD IF REQUIRED.
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The Specifications of Devices for Internet of Things

Scope

This Specification defines the minimum technical requirements for Internet of Things (loT) devices that
use low power wide area network (LPWAN) technologies to operate in one of the authorised frequency
bands or frequencies and transmit within the corresponding output power levels stated in this
specification.

LPWAN technologies provide low-throughput, low-power and wide-area coverage for connecting loT
devices. Due to the diversity of loT application requirements, a single technology is not capable of
addressing all of the low power wide area technology use cases. While this Specification sets out
requirements for User Equipment (UE) and Base Station (BS) which employ the Narrowband-loT (NB-
loT) and/or Category M1 technologies defined in 3GPP Release 13 onwards, it is intended to include
the different LPWAN technologies that operate in both licensed and licence-exempted frequency bands
moving forward.

References

For the technical requirements captured in this Specification, reference has been made to the following
standards. Where versions are not indicated, implementation of this Specification shall be based on
current and valid versions of these standards published by the respective Standards Development
Organisations. Where versions are indicated, implementations may also be based on subsequent
approved versions of these standards.

[1] ITU-R Recommendation SM.329-12: Unwanted emissions in the spurious domain
[2] ITU-R Recommendation SM.328-11: Spectra and bandwidth of emission

[3] 3GPP TS 36.101 V13.8.0 (2017-06): 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-
UTRA); User Equipment (UE) radio transmission and reception (Release 13)

[3a] 3GPP TS 36.101 V14.4.0 (2017-06): 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-
UTRA); User Equipment (UE) radio transmission and reception (Release 14)

[4] 3GPP TS 36.104 v13.8.0 (2017-06): 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-
UTRA); Base Station (BS) radio transmission and reception (Release 13)

[5] S38GPP TS 37.104 V13.6.0 (2017-06): 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; E-UTRA, UTRA and GSM/EDGE; Multi-Standard
Radio (MSR) Base Station (BS) radio transmission and reception (Release 13)

[6] 3GPP TS 36.521-1 V14.3.0 (2017-06): 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-
UTRA); User Equipment (UE) conformance specification; Radio transmission and reception;
Part 1: Conformance Testing (Release 14)

[7] 3GPP TS 36.141 V13.8.0 (2017-06): 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-
UTRA); Base Station (BS) conformance testing (Release 13)

[8] 3GPP TS 37.141 V13.8.0 (2017-06): 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network; E-UTRA, UTRA and GSM/EDGE; Multi-
Standard Radio (MSR) Base Station (BS) conformance testing (Release 13)

[9] ETSIEN 301 489-1: EMC standard for radio equipment and services; Harmonised Standard
covering essential requirements of article 3.1(b) of the Directive 2014/53/EU and the
essential requirements of article 6 of Directive 2014/30/EU; Part 1: Common technical
requirements
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[10]

[11]

[12]
[13]

[14]

ETSI EN 301 489-24: EMC standard for radio equipment and services; Part 24: Specific
conditions for IMT-2000 CDMA Direct Spread (UTRA and E-UTRA) for Mobile and portable
(UE) radio and ancillary equipment

ETSI EN 301 489-50: EMC standard for radio equipment and services; Part 50: Specific
conditions for Cellular Communication Base Station (BS), repeater and ancillary equipment

IEC 60950-1: Information technology equipment — Safety — Part 1. General requirements

IEC 62368-1: Audio/video, information and communication technology equipment — Part 1:
Safety requirements

IEC 60215: Safety requirements for radio transmitting equipment

3 Abbreviations

3GPP
AC
ACLR
BS
DC
EARF

3rd Generation Partnership Project
Alternating Current
Adjacent Channel Leakage power Ratio
Base Station
Direct Current
CN E-UTRA Absolute Radio Frequency Channel Number

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EMS Electromagnetic Sustainability

EN European Standard

ETSI European Telecommunications Standards Institute

E-UTRA Evolved Universal Terrestrial Radio Access (also known as LTE)
FDD Frequency Division Duplex

ICNIRP International Commission on Non-lonizing Radiation Protection
IEC International Electrotechnical Commission

ITU-R ITU Radiocommunication Sector

LTE Long Term Evolution (also known as E-UTRA)

MPR Maximum power reduction

NB-loT Narrowband — Internet of Things

OOB Out-of-band

RF Radio Frequency

UE User Equipment
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4 General Requirements

4.1 Power Supply

The 10T device may be AC powered or DC powered. For AC powered equipment, the
Specification shall be complied with when operating from an AC mains supply of voltage,
230V + 10%, and frequency, 50 Hz + 2%. Where external power supply is used (e.g. AC/DC
power converter), it shall not affect the capability of the equipment to meet the requirements
of this Specification.

4.2 Radiation Safety Requirements

42.1

42.2

Use of the 10T device (UE or BS) shall comply with the International Commission on Non-
lonizing Radiation Protection (ICNIRP) guidelines for limiting exposure to time-varying
electric, magnetic, and electromagnetic fields (up to 300 GHz).

Compliance with the specified radiation safety standards does not by itself confer
immunity from legal obligations and requirements imposed by national health or safety
authorities. IMDA may invalidate the equipment registration if so requested by the
relevant authority for reasons of safety or hazards that would likely be caused to users.

4.3 Electromagnetic Compatibility (EMC) and Equipment Safety Requirements

43.1

4.3.2

EMC assessment

For EMC assessment, the IoT device (UE or BS) shall be classified as equipment for
portable/mobile use (i.e. powered by its integral battery); or equipment for fixed use. This
equipment classification is used to determine the applicability of the EMC (emission and
immunity) testing requirements based on §5.5 and §7 of ETSI EN 301 489-1 [9].

EMI or emission measurements shall be performed on the loT device (UE or BS), where
applicable. EMS or immunity testing may be performed on the loT device (UE or BS),
where applicable.

The ETSI EN 301 489-1 [9] standard shall be used in conjunction with the ETSI EN 301
489-24 [10] standard for loT device of UE Category NB1 and/or UE Category M1; and
the ETSI EN 301 489-50 [11] standard for BS of E-UTRA, E-UTRA with NB-IoT, or
standalone NB-loT.

Equipment safety testing

Equipment safety testing or assessment shall be performed to requirements defined in
IEC 60950-1 [12] or IEC 62368-1 [13], based on the following assumptions:

(a) IoT device (UE or BS) is powered by a dedicated external power supply, AC/DC
power converter or charger/power adapter; and

(b) 10T device (UE or BS) operates with SELV in environments where overvoltage from
telecommunication networks may be possible. SELV refers to voltages not
exceeding 42.4 V peak or 60 V DC.

E-UTRA, E-UTRA with NB-loT or standalone NB-loT BS shall also be assessed for
meeting the safety requirements defined in IEC 60215 [14] for radio transmitting
equipment, operating under the responsibility of skilled persons.
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5 Technical Requirements

5.1 Operating Frequencies

5.1.1 The loT device (UE or BS) shall operate within the applicable frequency bands given in
Table 1 of this Specification.

5.1.2 The precise operating frequency range of an loT device (UE or BS) shall follow that of
the Network Operator from whom the service is obtained.

Table 1: loT Operating Frequency Bands

Frequency Range
STRA Uplink (UL) Downlink (DL) Duplex Mode
BS receive / UE transmit BS transmit / UE receive
1 1920 MHz — 1980 MHz 2110 MHz — 2170 MHz FDD
3 1710 MHz — 1785 MHz 1805 MHz — 1880 MHz FDD
7 2500 MHz — 2570 MHz 2620 MHz — 2690 MHz FDD
8 880 MHz — 915 MHz 925 MHz — 960 MHz FDD
40 2300 MHz — 2400 MHz Note 1 2300 MHz — 2400 MHz Note 1 TDD

Note 1: Category M1 UE may operate in bands 1, 3, 7, 8 and 40 (85.5E, 3GPP TS 36.101
[3a]). However, Category M1 UE operating in band 40 shall only transmit and receive
within 2300 MHz — 2340 MHz.

Note 2: NB-loT (UE and BS) may operate in E-UTRA bands 1, 3 and 8.

5.2 Radio Frequency (RF) Requirements
5.2.1 RF requirements for UE

Manufacturers or suppliers shall demonstrate that the UE (an loT device which supports
UE Category NB1 and/or Category M1) has been tested for operating in the applicable
frequency bands stated in clause 5.1, Table 1. In addition to the general requirements
outlined in Table 2 of this Specification, the UE shall be tested to comply with requirements
specific to UE Category NB1 and/or Category M1 (differentiated by clauses with suffix F
and E).

5.2.2 RF requirements for BS

Manufacturers or suppliers shall demonstrate that the BS which supports E-UTRA, E-
UTRA with NB-IoT (in band and/or guard band) or standalone NB-IoT, has been tested
for operating in frequency bands stated in clause 5.1, Table 1 and requirements outlined
in Table 3 of this Specification. E-UTRA BS shall interwork with Category M1 UE operating
in the same frequency bands.
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Table 2: RF requirements for UE Category NB1 and Category M1

RF requirement

3GPP TS 36.101 [3]

General Requirements

Suffix F Requirements for
UE Category NB1

Suffix E Requirements for
UE Category M1

3GPP TS 36.521-1 [6]
Reference for conformance
testing

TX-RX frequency separation §5.74 § 5.7.4F for in-band and guard | § 5.7.4E §5.3
operations, it is flexible within
the assigned channel
bandwidth
Channel bandwidth §5.6 § 5.6F, Table 5.6F-1 - §54.2
Channel spacing §5.71 §5.7.1F - §5.4.1
Channel raster §5.7.2 §5.7.2F - §54.3
Carrier frequency and §5.7.3 §5.7.3F - §54.4
EARFCN
Transmit power §6.2 §6.2
- UE maximum output power | § 6.2.2 § 6.2.2F, Table 6.2.2F-1 § 6.2.2E, Table 6.2.2E-1 §6.2.2
- Maximum power reduction | §6.2.3 §6.2.3F § 6.2.3E-1, Table 6.2.3E-2 §6.2.3
(MPR)
- Additional maximum power | § 6.2.4 § 6.2.4F § 6.2.4E-1, Table 6.2.4E-1 §6.24
reduction (A-MPR)
- UE transmitted output §6.2.5 § 6.2.5F - §6.2.5
power
Output power dynamics §6.3 §6.3
- Minimum output power §6.3.2 § 6.3.2F - §6.3.2
- Transmit OFF power §6.3.3 § 6.3.3F - §6.3.3
- ON/OFF time mask §6.3.4 § 6.3.4F - §6.34
- Power control §6.3.5 § 6.3.5F § 6.3.5E §6.3.5
Transmit signal quality §6.5 §6.5
- Frequency error §6.5.1 §6.5.1F §6.5.1E §6.5.1
- Transmit modulation §6.5.2 § 6.5.2F §6.5.2E §6.5.2
quality
- Error vector magnitude § 6.5.2F1 § 6.5.2E1 §6.5.2.1
- Carrier leakage § 6.5.2F.2 §6.5.2E.2 §6.5.2.2
- In-band emissions § 6.5.2F.3 §6.5.2E.3 §6.5.2.3
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Table 2: RF requirements for UE Category NB1 and Category M1 (Cont’d)

RF requirement

3GPP TS 36.101 [3]

General Requirements

Suffix F Requirements for

Suffix E Requirements for

3GPP TS 36.521-1 [6]
Reference for conformance

UE Category NB1 UE Category M1 testing
Output RF spectrum emissions | § 6.6 §6.6
- Occupied bandwidth §6.6.1 §6.6.1F - §6.6.1
- Out-of-band (OOB) §6.6.2 - - §6.6.2
emission
- Spectrum emission mask §6.6.2.1 § 6.6.2F.1 - §6.6.2.1
- Adjacent Channel Leakage | § 6.6.2.3.1 § 6.6.2F.3, Table 6.6.2F.3-1 - §6.6.2.3
power Ratio
- Spurious emission § 6.6.3 (in line with Category B | § 6.6.3F - §6.6.3
limits defined in § 4.3 of ITU-R
SM 329-12 [1])
Transmit intermodulation §6.7.1 §6.7.1F - §6.7
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Table 3: RF requirements for E-UTRA, E-UTRA with NB-loT or NB-loT BS

RF requirement Note 1)

3GPP TS 36.104 [4] or 3GPP TS 37.104 [5]

3GPP TS 36.141 [7] or 3GPP TS 37.141 [8]
Reference for conformance testing

Operating bands

§55[4]or§4.5[5]
BS shall operate within applicable frequency bands given
in § 5.1 and Table 1 of this Specification.

§5.5[7] or § 4.4 [8]

Channel bandwidth

§5.6
NB-loT requirements for channel bandwidths are defined
in Tables 5.6-3, 5.6-3A [4].

§ 5.6, Tables 5.6-1, 5.6-3, 5.6-3A[7]

Channel arrangement

Channel spacing

§5.7.1[4] or § 4.6.1 [5]

§5.7.1[7]or § 4.5.1[8]

Channel raster

§5.7.2[4] or § 4.6.2 [5]

§5.7.2[7]or § 4.5.2 [8]

Carrier frequency and numbering

§5.7.3[4] or § 4.6.3 [5]

§5.7.3[7] or § 4.5.3[8]

Transmitter characteristics

Base station output power

§ 6.2 [4 or 5] - BS rated output power shall be as specified
in Table 6.2-1, according to the BS class of the E-UTRA
(LTE) BS (Note 2) deployed.

§ 6.2.1 [4 or 5] - Accuracy requirements

§ 6.5.4 [4] and § 6.2.6 [5] - Minimum requirement for DL
NRS power

§ 6.2 [7or 8]

§6.5.4 [7] or § 6.2.2, § 6.2.5 [8]

Output power dynamics

§6.3,§6.3.1,§6.3.2, § 6.3.3[4], or § 6.3.1, § 6.3.5 [5]

§ 6.3 [7 or 8]

Transmitter signal quality

§ 6.5 [4 or 5]

§ 6.5 [7 or 8]

- Frequency error

§6.5.1, Table § 6.5.1-1 [4] or § 6.5.2.1, § 6.5.2.5 [5]

§6.5.1, Table 6.5.1-1[7] or §6.5.2, §
6.5.2.5.1,6.5.2.5.5 [8]

- Modulation quality

§ 6.5.2, Table 6.5.2-1, Table 6.5.2-2 [4] or § 6.5.1.1, §
6.5.1.5 [5]

§ 6.5.2, Table 6.5.2.5-1, Table 6.5.2.5-1a [7]
or § 6.5.1, § 6.5.1.5.1, § 6.5.1.5.5 [8]

- Time alignment error

§6.5.3[4]or § 6.5.3.1, § 6.5.3.4 [5]

§6.5.3[7 or 8]

Unwanted emissions

§ 6.6 [4 or 5], Category B limits (Note 3) defined in ITU-R
SM.329-12 [1] shall be applied.

§ 6.6 [7 or 8]

- Occupied bandwidth

§6.6.1 [4] or § 6.6.3 [5]
ITU-R SM.328-11 [2]

§6.6.1[7]or§ 6.6.3[8]

- Adjacent Channel Leakage power Ratio
(ACLR)

§6.6.2[4]; 0r§6.6.4.1,§6.6.4.5[5]

§6.6.2[7]or § 6.6.4[8]

- Operating band unwanted emissions

§6.6.3,§6.6.3.2 [4]; or § 6.6.2 [5]
§ 6.6.3.2E [4] — Minimum requirements for standalone NB-
loT BS

§6.6.3[7]or § 6.6.2 [8]

- Transmitter spurious emissions

§6.6.4,§6.6.4.1.2, §6.6.4.2[4], 0r§ 6.6.1,§ 6.6.1.1.2 [5]

§6.6.4[7]or§6.6.1,§6.6.1.5.2 [8]
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Table 3: RF requirements for E-UTRA, E-UTRA with NB-loT or NB-loT BS (Cont’d)

. 3GPP TS 36.141 [7] or 3GPP TS 37.141 [8]
(Note 1)
RF requirement ™ot¢ 3GPP TS 36.104 [4] or 3GPP TS 37.104 [5] Reference for conformance testing
Co-location with other BS(where relevant) §6.6.4.4[4] or §6.6.1.4 [5] §6.6.4.5.5[7] or § 6.6.1.5.6 [8]
Transmitter intermodulation § 6.7.1 [4 or 5], shall not exceed the unwanted emission § 6.7 [7 or 8]

limits defined in § 6.6 [4 or 5] in the presence of interfering
signal outlined in Table 6.7.1-1, Table 6.7.1-2 and Table
6.7.1-3 [4]; or Table 6.7.1-1 [5].

Note 1:  Where relevant, requirements shall be applied to BS that supports E-UTRA, E-UTRA with NB-loT in-band and/or guard-band operation; or NB-loT
standalone operation.

Note 2: For NB-loT in-band and guard band operations, the E-UTRA (LTE) carrier and the NB-IoT carrier shall share the E-UTRA (LTE) carrier output power.
Category M1 operations shall share the same E-UTRA (LTE) carrier and carrier output power.

Note 3: Category B limits have been adopted for fixed and mobile equipment defined in § 4.3 of ITU-R SM.329-12 [1], e.g. land mobile services and short
range devices.
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