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1 Introduction
In R16, NB-IoT feature was introduced in NR, and all of the RF requirements and test requirements have already completed and incorporated in the TS 38.104 [2] and TS 38.141-1 [3], respectively. However, the requirement of NB-IoT was not included in NR BS EMC specification TS 38.113 [1].
[bookmark: OLE_LINK4]In this contribution, we first recall the situation in TS 38.104 [2]/TS 38.141-1 [3] and LTE EMC TS 36.113 [4] to explain the necessity of adding requirement of NB-IoT in NR BS EMC specification TS 38.113 [1], and then discuss which requirements will be impacted and how to add the relevant description and supplement requirements into TS 38.113 [1]. 
2 Discussion
Before we discuss the necessity of adding requirement of NB-IoT, the definition and description of NB-IoT should be know here. Narrowband Internet of things (NB-IoT) is a low-power wide-area network (LPWAN) radio technology standard developed by 3GPP for cellular devices and services, and it focuses specifically on indoor coverage, low cost, long battery life, and high connection density. 
In the following sections, we review/recall the situation of NB-IoT in NR and LTE specs, respectively.
2.1 The requirement of NB-IoT in LTE BS RF/EMC specification
In LTE TS 36.104 [6], there are in-band/guard band NB-IoT and standalone NB-IoT defined. After all of the RF requirements were defined in LTE TS 36.104, the NB-IoT related requirements were introduced into LTE EMC spec TS 36.113 [4] and MSR EMC spec TS 37.113 [5].
Here, we only focus on TS36.113 [4] to review which requirements/contents should be be added to include NB-IoT.
In TS36.113 [4], the scope is shown as below:
[bookmark: OLE_LINK8]1 Scope
The present document covers the assessment of E-UTRA, E-UTRA with NB-IoT or NB-IoT base stations, repeaters and associated ancillary equipment in respect of Electromagnetic Compatibility (EMC). 
The present document specifies the applicable test conditions, performance assessment and performance criteria for E-UTRA, E-UTRA with NB-IoT or NB-IoT base stations, repeaters and associated ancillary equipment in one of the following categories:
-	base sations of E-UTRA, E-UTRA with NB-IoT or NB-IoT meeting the requirements of TS 36.104 [2], with conformance demonstrated by compliance to TS 36.141 [3].
-	repeaters of E-UTRA meeting the requirements of TS 36.106 [4], with conformance demonstrated by compliance to TS 36.143 [5].
Technical requirements related to the antenna port of E-UTRA, E-UTRA with NB-IoT or NB-IoT base stations or repeaters are not included in the present document. These are found in the relevant product standards [2-5].
The relevant definitions are shown below:
NB-IoT In-band operation: NB-IoT is operating in-band when it utilizes the resource block(s) within a normal E-UTRA carrier
NB-IoT guard band operation: NB-IoT is operating in guard band when it utilizes the unused resource block(s) within a E-UTRA carrier's guard-band.
NB-IoT standalone operation: NB-IoT is operating standalone when it utilizes its own spectrum, for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
The BS test configurations are shown below:
A NB-IoT standalone single carrier shall be used for testing of BS declared to be capable of single carrier operation only. For other NB-IoT BS types, the test configurations in Table 4.6.1a shall be used. The test configurations (ETCx) are defined in TS 36.141 [3], subclause 4.10.
Table 4.6.1a: Test configurations for NB-IoT BS
	BS test case
	NB-IoT standalone BS capable of multi-carrier in contiguous spectrum in single band only
	E-UTRA and NB-IoT standalone BS capable of multi-carrier in contiguous spectrum in single band only
	E-UTRA with NB-IoT operating in-band BS capable of multi-carrier in contiguous spectrum in single band only
	E-UTRA with NB-IoT operating in guard band or NB-IoT operating in-band and in guard band BS capable of multi-carrier in contiguous spectrum in single band only

	Emission tests
	ETC6
	ETC7
	ETC8
	ETC9

	Immunity tests 
	ETC6
	ETC7
	ETC8
	ETC9



And for the performance criteria for continuous phenomena and transient phenomena :
Table 6.1.1a: NB-IoT BS Performance criteria for continuous phenomena for BS
	NB-IoT
Sub-carrier spacing
[kHz]
	Bearer Information Data Rate
	Performance Criteria 1, 2 

	15
	FRC A14-1 in Annex A.14 in TS 36.104 [2]
	Throughput > 95 %
No loss of service

	3.75
	FRC A14-2 in Annex A.14 in TS 36.104 [2]
	Throughput > 95 %
No loss of service



Table 6.2.1a: NB-IoT BS Performance Criteria for transient phenomena for BS
	NB-IoT
Sub-carrier spacing
[kHz]
	Bearer Information Data Rate
	Performance Criteria 1, 2 

	15
	FRC A14-1 in Annex A.14 in TS 36.104 [2]
	Throughput < 95 % temporarily, however the communication link shall be maintained

	3.75
	FRC A14-2 in Annex A.14 in TS 36.104 [2] 
	Throughput < 95 % temporarily, however the communication link shall be maintained



[bookmark: OLE_LINK7]Based on the background above, the requirements of NB-IoT have already been included in LTE EMC TS 36.113 [4], and almost all of them are from the TS 36.104 [6] and TS 36.141 [7]. Similar situation are in the MSR EMC TS 37.113 [5] spec.
[bookmark: OLE_LINK12][bookmark: OLE_LINK6]Observation 1: The requirements of NB-IoT have already been included in TS 36.113 and TS 37.113, where the RF requirement and test requirement/configuration are from the TS 36.104 and TS 36.141, respectively. 

2.2 The requirement of NB-IoT in NR BS RF specification
The requirement of NB-IoT is introducted in NR BS RF and conformance test specifications TS 38.104 [2] and TS 38.141-1 [3] from release 16, also continued in release 17 so far.
The scope in TS 38.104 [2] with release 16 is shown as below:
1 Scope
The present document establishes the minimum RF characteristics and minimum performance requirements of NR and NB-IoT operation in NR in-band Base Station (BS).
The relevant definition in TS 38.104 [2] with release 16 is shown as below:
NB-IoT operation in NR in-band: NB-IoT is operating in-band when it is located within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel.
NB-IoT operation in NR guard band: NB-IoT is operating in guard band when it is located within a NR BS channel bandwidth but is not NB-IoT operation in NR in-band.
All of the RF requirements are defined in the related clauses in TS 38.104 [2] and TS 38.141-1 [3]. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK9]Observation 2: The requirements of NB-IoT operation in NR in-band have already been included in TS 38.104 and TS 38.141-1.NR BS RF and conformance test specification. 
2.3 The requirement of NB-IoT in NR BS EMC specification TS 38.113
The scope of TS 38.113 [1] is captured as follow:
1 Scope
The present document covers the assessment of NR Base Station (BS) and ancillary equipment in respect of Electromagnetic Compatibility (EMC).
Also there are no contents related to NR NB-IoT in the following clauses in TS 38.113 [1]. Due to the requirements of NB-IoT have already been included in NR BS TS 38.104 [2]/TS 38.141-1 [3] specifications, by using the same approaches with LTE, the NR NB-IoT should be introduced into NR EMC TS 38.113 [1] spec.
[bookmark: OLE_LINK11]Proposal 1: The requirement of NB-IoT operation in NR in-band should be added in NR BS EMC specification TS 38.113.
According to the requirement of NB-IoT in RF and EMC specification, the corresponding description should be added in TS 38.113 [1], including in the scope, definitions, abbreviations, test configurations, performance criteria etc. For the content and description of scope, definition, abbreviations and performance criteria, we can refer to NR BS RF specification TS 38.104 [2]; for the content and description of test configuration, we can refer to NR BS conformance test specification TS 38.141-1 [3].
The test configurations (NRTCx) are defined in TS 38.141-1 [3], subclause 4.7 for BS type 1-C and BS type 1-H; NB-IoT is not applicable to BS type 1-O and BS type 2-O.
Table x: Test configurations for NB-IoT BS
	BS test case
	NR Contiguous spectrum operation with NB-IoT operation in NR in-band 
	NR Non-contiguous spectrum operation with NB-IoT operation in NR in-band 

	Emission tests
	NRTC1
	NRTC3

	Immunity tests 
	NRTC1
	NRTC3



In addition to add the requirement of NB-IoT in the test configuration for NR BS EMC specification, the corresponding performance criteria part also should introduce the requirement of NB-IoT. Performance criteria is recommended to describe like this with below tables: (1) The notes for FR1 performance criteria; (2) The NB-IoT BS Performance criteria.
Table x: FR1 performance criteria for continuous phenomena for BS
	NR channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Bearer information data rate
	Performance criteria
(Note 1, Note 2)

	5, 10, 15
	15
	G-FR1-A1-1 in annex A.1 in TS 38.104 [2]
G-FR1-A1-10 (Note 3)
	Throughput > 95 %,
no loss of service

	10, 15
	30
	G-FR1-A1-2 in annex A.1 in TS 38.104 [2]
	

	10, 15
	60
	G-FR1-A1-3 in annex A.1 in TS 38.104 [2]
	

	20, 25, 30, 40, 50
	15
	G-FR1-A1-4 in annex A.1 in TS 38.104 [2]
G-FR1-A1-11 (Note 4)
	

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	30
	G-FR1-A1-5 in annex A.1 in TS 38.104 [2]
	

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	60
	G-FR1-A1-6 in annex A.1 in TS 38.104 [2]
	

	NOTE 1:	The performance criteria, throughput > 95 %, no loss of service, applies also if a bearer with another characteristics is used in the test.
NOTE 2:	The performance criteria, throughput > 90 %, no loss of service, applies instead if the uplink and downlink paths are evaluated as a one loop.
NOTE 3:	PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-10 mapped to the 24 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-1 mapped to disjoint frequency ranges with a width of 25 resource blocks each.
NOTE 4:	PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for a single instance of G-FR1-A1-11 mapped to the 105 NR resource blocks adjacent to the NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-A1-4 mapped to disjoint frequency ranges with a width of 106 resource blocks each.


Table x: NB-IoT BS Performance criteria for continuous phenomena for BS
	NR channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Bearer Information Data Rate
	Performance Criteria 
(Note 1, Note 2)

	5, 10, 15, 20, 25, 30, 40, 50
	15
	FRC A14-1 in Annex A.14 in TS 36.104 [6]
	Throughput > 95 %,
no loss of service

	5, 10, 15, 20, 25, 30, 40, 50
	15
	FRC A14-2 in Annex A.14 in TS 36.104 [6]
	

	NOTE 1:	The performance criteria, throughput > 95 %, no loss of service, applies also if a bearer with another characteristics is used in the test.
NOTE 2:	The performance criteria, throughput > 90 %, no loss of service, applies instead if the uplink and downlink paths are evaluated as a one loop.



3 Conclusion
[bookmark: OLE_LINK1]Our observations and proposal for the requirement of NB-IoT are listed as below: 
Observation 1: The requirements of NB-IoT have already been included in TS 36.113 and TS 37.113, where the RF requirement and test requirement/configuration are from the TS 36.104 and TS 36.141, respectively.
Observation 2: The requirements of NB-IoT operation in NR in-band have already been included in NR BS RF and conformance test specification TS 38.104 and TS 38.141-1. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK14]Proposal 1: The requirement of NB-IoT operation in NR in-band should be added in NR BS EMC specification TS 38.113.
In addition, the companion CRs to add NB-IoT operation in NR in-band in TS 38.113 [1] can be found in [8][9].
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