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	Explanation (style: ECC Table Header red font)
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Background
Work done so far in CEPT on M2M
Main considerations - Frequency harmonisation and regulatory regimes aimed to ease roll-out of M2M technologies and ensure co-existence with existing technologies
What should be in report: 
3GPP technology types under development (Rel. 13 and 14), e.g. NB-IOT, LTE MTC, EC-GSM-IOT
ECC Report 242 - narrowband IOT includes NB-IOT and EC-GSM-IOT
What bands are being considered - All MFCN bands, as per Table 1
Spectrum regulatory framework, as per Table 1.

Regulatory considerations: After assessing the technology requirements against existing regulatory conditions in MFCN bands, this report will provide recommendations as to the way forward. 
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	Term
	Definition

	NB-IOT
	ECC Table text

	LTE eMTC
	ECC Table text

	MFCN
	

	BEM
	

	EC-GSM-IOT

	Etc.
	

	


[bookmark: _Toc461625100]IOT - Technology background
[bookmark: _Toc461625101]Introduction to IOT
3GPP is working on three MTC Technologies (Releases 12 to currently 14):
LTE-eMTC
EC-GSM-IoT (Extended Coverage GSM IoT)
Narrow Band IoT
Different solutions can be used for different M2M applications. IOT technologies are typically narrowband compared to the technologies leveraged in mobile broadband, due to the lower data rate requirements, the need for lower power requirements (operating for a number of years on a battery) and the requirement for better link budget. The three technologies listed above are being considered for the purpose of this report. 
[bookmark: _Toc461625102]Deployment models
Deployment models refers to how an MNO decides to deploy IOT technologies, taking into account that these are narrowband technologies, when MNOs' networks are typically mostly wideband technologies. The IOT technologies can conceptually be deployed in three ways, namely:
as a fully independent deployment (standalone deployment),
by pre-empting some of the resources of an existing carrier (in-band deployment),
by being deployed on the side of an existing carrier (guardband deployment).
These three deployment models are described below.
[bookmark: _Toc461625103]Standalone
In a standalone deployment, the IOT carrier is deployed independently, in its own narrowband spectrum. Typically, the IOT carrier only uses a fraction of the band allocated to an MNO. This is exactly the same deployment mode as GSM.
[image: ]
Figure 1: Standalone deployment of IOT

[bookmark: _Toc461625104]In-band
In an in-band deployment, the IOT technology will use some of the resources of an existing wideband carrier. This corresponds to a change of transmission mode on some subcarriers of a wideband carrier. This is very similar to what happens when a specific modulation is selected by the BS to serve a specific terminal.
[image: ]

Figure 2: In-band deployment of IOT
[bookmark: _Toc461625105]Guardband
A guardband deployment corresponds to the case where a narrowband transmission is added on the side of an existing wideband carrier. This is made possible by the fact that wideband transmission technologies typically transmit a signal narrower than the channel bandwidth, i.e. they implement implicit guardbands within their transmission channel. The IOT can leverage these implicit guardbands as operating spectrum.
[image: ]
Figure 3: Guardband deployment of IOT
It is important to note that 'Guard-band' does not refer to any potential guard band between bands of operation (for example the frequency separation 694-703 between NB-IOT in 703-733MHz and broadcasting services below 694 MHz), but to the spectrum on the side of an LTE/UMTS channel, where the emission masks rolls out in order to meet the out of block requirement. From a CEPT point of view, the system would have been more adequately described as 'Channel edge NB-IOT' or 'Block edge NB-IOT'.
[bookmark: _Toc461625106]LTE MTC and e-MTC
[bookmark: _Toc461625107]Technology description
LTE-MTC and LTE-eMTC were standardized in LTE release 12 and 13 technical specification, respectively. The main transmitter and receiver technical characteristics are described in TS 36.101 [REF] for User Equipment and TS 36.104 for BS [REF]. 
LTE MTC and eMTC are covered by the ETSI EN 301 908-13 for the mobile station and either ETSI EN 301 908-14 or ETSI EN 301 908-18 from the base station perspective.
From UE perspective, MTC belongs to category 0 while eMTC UE fulfils category M1 specifications. It is worth noticing that a terminal supporting category 0 and category M1 needs to also support LTE general requirements. In case there is a difference in requirements between the general LTE requirements and the additional requirements, the tighter requirements are applicable. This implies that MTC and LTE-eMTC transmitter requirements are equal or tighter than legacy LTE requirements.
For e-MTC category M1 two power classes are defined, namely class 3 which has 23dBm maximum power and class 5 with maximum output power equal to 20dBm. For the two power classes maximum power reduction (MPR) and additional maximum power reduction (A-MPR) have been defined in order to meet the legacy LTE emissions. 
From the description above, it can be concluded that emission limits for LTE-MTC and LTE-eMTC are the same as the one specified for legacy LTE waveform. Although the description above is focused on UE aspects the same conclusions applies to BS. 
LTE-eMTC allows to use up to 6 resource blocks in a LTE network for M2M applications, each resource block is 180 kHz, 6x180 =1080 kHz. Since LTE-MTC is part of LTE system, the BS and UE spectrum masks are the same as a normal LTE system. 
There is no modification to the LTE SEM, either on the UE or BS side. 
[bookmark: _Toc461625108]Deployment models 
LTE MTC can only be operated in an in-band deployment. LTE MTC use part of an existing or newly deployed LTE carrier. The deployment model is therefore simply the allocation of some existing LTE resources (resource blocks) to MTC. 
[bookmark: _Toc461625109]EC-GSM-IOT
[bookmark: _Toc461625110]Technology description
EC-GSM-IoT is an evolution of the existing GSM air interface with a channel bandwidth of 200 kHz. This EC-GSM-IoT solution will be part of the GSM system for carrying IoT traffic. Since EC-GSM-IOT is part of GSM system, the BS and UE spectrum masks are the same as a normal GSM systems.
EC-GSM-IoT is covered by the ETSI EN 301 502 (BS) and the ETSI EN 301 511 (MS).
[bookmark: _Toc461625111]Deployment models 
An EC-GSM-IoT system is deployed in a standalone mode. EC-GSM-IoT uses the same frequency planning as GSM.
[bookmark: _Toc461625112]NB-IOT
[bookmark: _Toc461625113]Technology description
NB-IOT is standardized in LTE release 14. The main transmitter and receiver technical characteristics are described in TS 36.101 [REF] for User Equipment and TS 36.104 for BS [REF]. 
[Note: update this once we have feedback from ETSI. NB-IOT is covered by the ETSI EN 301 908-13 for the mobile station and either ETSI EN 301 908-14 or ETSI EN 301 908-18 from the base station perspective.]
From UE perspective, NB-IOT corresponds to category NB1.It has a power class of 23 dBm. An NB-IoT UE only needs to support half duplex operations.
NB-IoT is a new air interface using OFDMA multiple access scheme in downlink and Single-Carrier Frequency Division Multiple Access (SC-FDMA) with a cyclic prefix in the uplink. In Release 13, a Half Duplex (for UE) and FDD (for BS) scheme has been specified. NB-IoT does not support TDD operation in Release 13.
The channel bandwidth is 200 kHz and the transmission bandwidth 180 kHz (leaving 10 kHz guard bands on each side from channel edges), equivalent to one LTE resource block[footnoteRef:3]. NB-IoT uses in both downlink and uplink a fixed total carrier bandwidth of 180 kHz so that it can utilize LTE resource blocks within a normal LTE carrier or unused blocks in the guardband of an LTE carrier  but it is not integrated dynamically into a LTE system. [3:  3GPP TS 36.101] 

In the downlink 12 sub-carriers with a sub-carrier bandwidth of 15kHz are used for all modes of operation (Standalone, In-band, Guardband). 
In the uplink, multi-tone and single-tone transmissions are supported. Single tone transmission supports two numerologies (sub-carrier spacing of 3.75kHz with 2ms slot duration or 15kHz with 0.5ms slot duration). Multi-tone transmission (with 3, 6 or 12 tones) uses 15 kHz sub-carrier spacing, 0.5ms slot and 1ms frame duration as LTE. . 
Channel raster for NB-IoT in-band, guard-band and standalone operation is 100 kHz.
In the rest of this section the general additional requirements for NB-IOT are described, while specific observations about in-band, guard-band, and standalone deployments are provided in section 5.3.1 5.3.2 and 5.3.3, respectively.
NB-IoT is designed to operate in the 3GPP operating bands 1, 2, 3, 5, 8, 12, 13, 17, 18, 19, 20, 26, 28, 66. From a CEPT perspective, Band 1 (2.1 GHz band), Band 3 (1800 MHz band), Band 8 (900 MHz band), Band 20 (800 MHz band) and Band 28 (700 MHz band) are relevant.
As for LTE-eMTC, two UE power classes can be adopted for NB-IOT, namely power class 3 and power class 5, with maximum output power equal to 23dBm and 20dBm, respectively. 
The in-band power and spectrum emission mask of the category NB1 UE is provided in Table 1 below. For frequencies greater than (ΔfOOB) as specified in Table 4 the general spurious requirements are applicable.
Table 1. NB-IOT UE spectrum emission mask
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	 0
	26
	30 kHz 

	 100
	-5
	30 kHz

	 150
	-8
	30 kHz

	 300
	-29
	30 kHz

	 500-1700
	-35
	30 kHz



In addition to the spectrum emission mask requirement in Table 2, an NB-IOT UE shall also meet the applicable general E-UTRA spectrum emission mask requirement. The general E-UTRA spectrum emission requirement applies for frequencies that are offset away from edge of NB-IOT channel edge as defined in Table 2.	Comment by Guillaume Lebrun: What does that mean?
Table 2. Foffset for category NB-IOT UE spectrum emission mask
	Channel BW (MHz)
	Foffset
[kHz]

	1.4
	[165]

	3
	[190]

	5
	[200]

	10
	[225]

	15
	[240]

	20
	[245]



It is worth noticing that offset in Table 2 is used to guarantee co-existence for guard-band operation.
For ACLR computation, the NB-IOT UE channel power and adjacent channel power are measured with filters and measurement bandwidths specified in Table3. If the measured adjacent channel power is greater than –50dBm then the NB-IOT UE ACLR shall be higher than the value specified in Table 3. GSM ACLR requirement is intended for protection of GSM system. UTRA ACLR requirement is intended for protection of UTRA and E-UTRA systems.
Table 3. NB-IOT UE ACLR requirements
	
	GSM ACLR
	UTRA ACLR

	ACLR
	20 dB
	37 dB

	Adjacent channel
 center frequency offset
from NB-IOT Channel edge
	±200 kHz
	±2.5 MHz

	Adjacent channel
measurement bandwidth
	180 kHz
	3.84 MHz

	Measurement filter
	Rectangular
	RRC-filter α=0.22

	NB-IOT channel measurement bandwidth
	180 kHz
	180 kHz

	NB-IOT channel Measurement filter
	Rectangular
	Rectangular



The additional requirements specified for NB-IOT are equal or tighter than what specified for legacy LTE waveform. 
In terms of emission's power, the power of the NB-IOT can be boosted, with this possibility limited to 1 NB-IOT carrier per LTE carrier (i.e. in case of a second NB-IOT carrier, it cannot be power boosted). The dynamic range of the difference between the power of NB-IoT carrier and the average power over all carriers (both LTE and NB-IoT) must be higher than 6dB. 
[bookmark: _Toc461625114]Deployment models 
There are 3 options for NB-IOT under study in 3GPP: in band, in guard bands and standalone deployment. 
[bookmark: _Toc461625115]In-band NB-IoT
As shown in figure 1, In-band NB-IoT is the case where the NB-IoT carrier of 180 kHz is placed inside of a LTE channel on a 100kHz raster, or within a frequency band allocated to a given mobile operator. The idea is to free one or several RBs (Resource Block) in a LTE system to deploy this NB-IoT In-band option within a LTE channel. 
Embedding an NB-IOT in an LTE carrier does not change the power or the SEM, either on BS or on UE side. In particular, it is not possible to go closer to block edge than a current LTE UE could go.
It is important to note that 'In-band' in the denomination 'In-band NB-IOT' does not refer to the band of operation (for example the band 880-915/925-960 MHz), but to the channel of an MNO. From a CEPT point of view, the system would have been more adequately described as 'In-channel NB-IOT'.
[bookmark: _Toc461625116]Guard band NB-IoT
As shown in figure 2, in LTE system, a 10 MHz LTE channel occupy an effective bandwidth of 9 MHz, at each side, there is 500 kHz “guard band”, the NB-IoT guard band option is to put up to 2 NB-IoT carriers in the LTE guard bands.
NB-IOT carriers have a 5 kHz channel raster, i.e. their center frequency can be positioned with a 5 kHz granularity. It is up to the MNO to position the NB-IOT guard band carrier.
For guard band operation with several NB-IOT carriers, the NB-IoT carrier that can be power boosted should be placed adjacent to the LTE signal edge as close as possible (i.e., away from edge of system bandwidth).
[bookmark: _Toc461625117]Standalone NB-IoT
The standalone NB-IoT scenario is to deploy NB-IoT in a dedicated frequency band. 
For a Standalone NB-IoT carrier, the spacing between the NB-IoT center frequency and the center frequency of an adjacent GSM or UMTS carrier should be at least 0.3MHz and 2.6MHz respectively. A Standalone NB-IoT carrier in a band used by GSM systems would replace two GSM carriers to leave 100KHz unoccupied spectrum on both sides. As a result, frequency re-planning in the deployment area is required in order to allow a tighter frequency reuse. The latter will consequently have an impact on received signal quality or GSM system capacity because the number of available GSM carriers will have been reduced in the particular area. 
The channel bandwidth of NB-IOT standalone is 200kHz.
NB-IOT carriers have a 5 kHz channel raster, i.e. their center frequency can be positioned with a 5 kHz granularity. It is up to the MNO to position the NB-IOT guard band carrier.
If Standalone NB-IoT is deployed in a GSM band within a 200 kHz GSM carrier, then there is a need to consider how to apply the current ECC regulatory rules for Standalone NB-IoT in GSM bands. The current 900 MHz and 1800 MHz bands are regulated for GSM/UMTS/LTE/WiMAX referring to the relevant harmonised standards. 
NB-IoT is included in the LTE harmonised standard. As such a terminal supporting NB-IOT standalone needs to also support LTE general requirements. In case there is a difference in requirements between the general LTE requirements and the additional requirements, the tighter requirements are applicable.the current ECC regulatory rules are defined for MFCN at a technology neutral basis, the deployment of Standalone NB-IoT has to meet the defined regulatory conditions. 
If Standalone NB-IoT is deployed in a GSM band within a 200 kHz GSM carrier, then there is a need to consider how to apply the current ECC regulatory rules for Standalone NB-IoT in GSM bands. The current 900 MHz and 1800 MHz bands are regulated for GSM/UMTS/LTE/WiMAX referring to the relevant harmonised standards. It may not be appropriate to include NB-IoT in the GSM harmonised standard. 
If NB-IoT is included in a LTE harmonised standard, the current ECC regulatory conditions have not considered the case of LTE 200 kHz. It is more likely that the current ECC regulatory conditions have to be modified for the standalone NB-IoT deployment in 900 MHz and 1800 MHz bands.  
The deployment scenarios of standalone NB-IoT in other IMT frequency bands need further clarification.
[bookmark: _Toc461625118]Summary Table of IOT technology descriptions
	Technology
	Harmonised standard
	Deployment
	3GPP User Equipement Category

	
	
	Standalone
	In-band
	Guardband
	

	EC-GSM-IOT
	ETSI EN 301 502 (BS)
ETSI EN 301 511 (UE)
ETSI EN 301 908-18 (BS)
	X 
	
	
	

	LTE MTC
	ETSI EN 301 908-1
ETSI EN 301 908-13 (UE)
ETSI EN 301 908-14 (BS)
ETSI EN 301 908-18 (BS)
	
	X
	
	Cat. 0 

	LTE eMTC
	ETSI EN 301 908-1
ETSI EN 301 908-13 (UE)
ETSI EN 301 908-14 (BS)
ETSI EN 301 908-18 (BS)
	
	X
	
	Cat. M1

	NB-IOT
	[to update after ETSI feedback]
	X 
	X 
	X 
	Cat. NB1


Table 4: IOT technologies references
[bookmark: _Toc461625119]Technical regulations
[bookmark: _Toc461625120]Generic regulation
The Framework Directive[footnoteRef:4] introduced the concept of technology neutrality, i.e. the idea that the regulatory framework should not be technology specific, but allow different technology as much as possible, The Framework Directive states (Recital 18): [4:  DIRECTIVE 2002/21/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL] 

"The requirement for Member States to ensure that national regulatory authorities take the utmost account of the desirability of making regulation technologically neutral, that is to say that it neither imposes nor discriminates in favour of the use of a particular type of technology, does not preclude the taking of proportionate steps to promote certain specific services where this is justified, for example digital television as a means for increasing spectrum efficiency."
Technology neutrality was reinforced in 2009 during the revision of the EU telecommunication framework[footnoteRef:5] by introducing the notion that all spectrum licences are supposed to be technology neutral - with some exceptions allowed.  [5:  DIRECTIVE 2009/140/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL] 

"(68) The introduction of the requirements of service and technology neutrality in granting rights of use, together with the increased possibility to transfer rights between undertakings, should increase the freedom and means to deliver electronic communications services to the public, thereby also facilitating the achievement of general interest objectives. However, certain general interest obligations imposed on broadcasters for the delivery of audiovisual media services may require the use of specific criteria for the granting of rights of use when it appears to be essential to meet a specific general interest objective set out by Member States in conformity with Community law. Procedures associated with the pursuit of general interest objectives should in all circumstances be transparent, objective, proportionate and non-discriminatory." 
In parallel to the legislative activities, the Radio Spectrum Committee issued in July 2006 a mandate to CEPT to "Develop Least Restrictive Technical Conditions for frequency bands addressed in the context of WAPECS".[footnoteRef:6] CEPT developed in response to the mandate the CEPT Report 19 which identified Block Edge Masks (BEMs) as the most mature tool to determine Least Restrictive Technical Conditions (LRTCs) for a given frequency band. CEPT later adopted Block Edge Masks (BEM) as the regulatory approach of choice for the definition of a set of “common and minimal (least restrictive) technical conditions” optimised for, but not limited to, Mobile/Fixed Communications Networks (MFCN). [6:  http://ec.europa.eu/newsroom/dae/document.cfm?action=display&doc_id=7493] 

Finally, CEPT published in ECC Recommendation (11)06[footnoteRef:7] on "Block Edge Mask Compliance Measurements for Base Stations" which provides a common measurement method to enable CEPT administrations to verify BEM compliance in the field.     [7:  ECC Recommendation (11)06, Approved October 2011 - Approved Annex 3 - October 2013] 

[bookmark: _Toc461625121]Band specific regulation
The MFCN bands currently harmonised by CEPT are:
703-733/758-788 MHz (700 Band), 
791-821/832-862 MHz (800 Band), 
880-915/925-960 MHz (900 Band),
1452-1492 MHz (L-Band),
1710-1785/ 1805-1880 MHz (1800 Band), 
1920-1980/2110-2170 MHz (2.1GHz Band), 
2300-2400 MHz (2.3GHz Band), 
2500-2570/2620-2690 MHz (2.5 GHz Band),
2570-2620 MHz (TDD 2.5 GHz Band), 
3400-3600 MHz (3.5 GHz Band), 
3600-3800 MHz (3.7 GHz Band).
The Table 1 below lists the relevant CEPT/ECC/EC documents for each MFCN frequency band.
The frequency bands can be separated in 2 categories, depending on how technology neutrality is applied for these bands:
The 900 and 1800 Bands achieved technology neutrality by explicit authorisation of each candidate technology in the band through inclusion in the Annex of the Commission Implementing Decision of 18 April 2011[footnoteRef:8] (2011/251/EU), with corresponding technical conditions to co-exist with incumbent technologies in the band.  [8:  Commission Implementing Decision of 18 April 2011 amending Decision 2009/766/EC on the harmonisation of the 900 MHz and 1 800 MHz frequency bands for terrestrial systems capable of providing pan-European electronic communications services in the Community (2011/251/EU)] 

All other MFCN bands have specific LRTCs, namely BEMs complemented by specific conditions to protect services in adjacent bands.
The reason for this dual approach is that narrowband systems - GSM networks - and wideband systems - UMTS, LTE, WiMAX - can be deployed in the 900 and 1800 MHz bands, rendering the identification of LRTCs more complex. From a purely regulatory perspective, M2M technologies covered by the harmonised standards included in the Annex of the Commission Implementing Decision of 18 April 2011[footnoteRef:9] (2011/251/EU) can already legally be deployed in the 900 and 1800 MHz bands. The introduction of a new technology in the band can be achieved through inclusion of the appropriate Harmonised Standard in the Annex of the Commission Implementing Decision of 18 April 2011[footnoteRef:10] (2011/251/EU).      [9:  Commission Implementing Decision of 18 April 2011 amending Decision 2009/766/EC on the harmonisation of the 900 MHz and 1 800 MHz frequency bands for terrestrial systems capable of providing pan-European electronic communications services in the Community (2011/251/EU)]  [10:  Commission Implementing Decision of 18 April 2011 amending Decision 2009/766/EC on the harmonisation of the 900 MHz and 1 800 MHz frequency bands for terrestrial systems capable of providing pan-European electronic communications services in the Community (2011/251/EU)] 

The LRTCs for other MFCN bands have been developed on the basis of 5 MHz blocks, with the underlying assumption that the systems deployed in these bands would have a bandwidth at least equal to 5 MHz. Though narrowband systems are - from a pure regulatory perspective - allowed in these bands, the LRTCs have been developed based on studies for wideband systems. Therefore, further studies would be required to ensure that narrowband systems can be deployed under the current LRTCs without creating interference to networks in adjacent blocks - and in adjacent bands.
The technical conditions applicable to each MFCN band are summarised in the Table 2 below. The requirements are expressed differently in the different bands, with BEMs including or not maximum power, expressed on different BW and with limits either per BS or per antennas. The following bands include specific considerations/limits to protect services in adjacent bands: 
700 - broadcasting below 703 MHz, 
800 - broadcasting below 790 MHz, 
900 - PMR/PAMR above 915 MHz, GSM-R in 876-880/921-925 MHz, Aeronautical systems above 960 MHz, 
1800 - Fixed service above 1805 MHz, 
2.3 GHz - Unlicenced systems above 2403 MHz,  
3.5 GHz - military radiolocation systems below 3400 MHz.
Any new system with technical characteristic significantly different from the characteristics of the incumbent systems in these MFCN bands will need to demonstrate coexistence with these services in adjacent bands. Interactions with current authorisations in force, (see ECO report 03)	Comment by Guillaume Lebrun: Where is this coming from? Reference?
Though the regulatory framework of MFCN bands at CEPT/ECC/EC level is technology neutral, licences at national level are sometimes technology or service specific, according to ECO Report 03 - See Table 3 below. It is necessary for these countries to examine the exact terms of the licences impacted in order to determine whether M2M networks can be deployed under such licences.
[bookmark: _Ref457209990]Table 5: Band specific regulatory framework	Comment by Stanescu, Alin: Generate Annex 1 referring to 3GPP band nomenclature/CEPT bands

	Band
	Report
	ECC Decision
	EC Decision
	X-border

	
	
	
	
	

	700 (B28)
	CEPT Report 60
CEPT Report 53
	ECC/DEC/(15)01
	Draft Commission Implementing Decision on the harmonisation of the 694-790 MHz
	ECC/REC/(15)01

	800
	CEPT Report 31 
CEPT Report 30
	ECC/DEC/(09)03
	Commission Decision 2010/267/EU
	ECC/REC/(11)04

	900 (B8)
	ECC Report 229
ECC Report 146
ECC Report 82
ECC Report 96
CEPT Report 40
CEPT Report 41
CEPT Report 42
	ECC/DEC/(06)13
	EC Decision 2011/251/EU
EC Decision 2009/766/EC
	ECC/REC/(08)02 

	 
	

	1800 (B3)
	ECC Report 96
ECC Report 146
CEPT Report 40
CEPT Report 41
CEPT Report 42
	ECC/DEC/(06)13
	EC Decision 2011/251/EU
EC Decision 2009/766/EC
	ECC/REC/(05)08
ECC/REC/(08)02

	
	

	2.1 (B1)
	CEPT Report 39
	ECC/DEC/(06)01
	EC Decision 2012/688/EU
	

	
	
	
	
	

	2.3 (B40)
	ECC Report 172
ECC Report 216 
CEPT Report 55
CEPT Report 56
	ECC/DEC/(14)02
	
	ECC/REC/(14)04

	2.5 (B7)
	ECC Report 119
ECC Report 131
CEPT Report 19
	ECC/DEC/(02)06
ECC/DEC/(05)05
	EC Decision 2008/477/EC
	ECC/REC/(11)05

	TDD 2.5 (B38)
	ECC Report 119
ECC Report 131
CEPT Report 19
	ECC/DEC/(02)06
ECC/DEC/(05)05
	EC Decision 2008/477/EC
	ECC/REC/(11)05

	3.5 (B42)
	ECC REPORT 100
ECC Report 216 
ECC Report 203
CEPT Report 49
	ECC/DEC/(07)02
ECC/DEC/(11)06
	EC Decision 2008/411/EC
EC Decision 2014/276/EU
	ECC/REC/(15)01

	3.7 (B43)
	ECC REPORT 100
ECC Report 216
ECC Report 203
CEPT Report 49
	ECC/DEC/(07)02
ECC/DEC/(11)06
	EC Decision 2008/411/EC
EC Decision 2014/276/EU
	ECC/REC/(15)01

	
	
	
	
	



[bookmark: _Ref457221676]Table 6: Overview of technical conditions in MFCN bands
	Band
	In-band 
	Adjacent bands

	Bands achieving tech neutrality through reference to EN

	900 + 1800
EC Decision 2011/251/EU
	UMTS vs GSM:
Carrier separation of 2.8MHz or more

LTE/WiMAX vs GSM:
Frequency separation of 200 kHz or more between the LTE channel edge and the GSM carrier's channel edge 

	No specific emission limits but recommendations on coordination for:
PMR/PAMR above 915MHz, 
GSM-R in 876-880/921-925 MHz,
Aeronautical systems above 960MHz,
Fixed Service operating above 1805MHz,
Are available in various ECC/CEPT Reports (See Table 1)


	Bands achieving tech neutrality through LRTCs

	700
ECC/DEC/(15)01
	Base Stations:
MFCN BS in-block power limit not mandatory, if desired: 64 dBm/5 MHz per antenna.
Transition requirements: Maximum mean e.i.r.p. dBm/5MHz/antenna 
Baseline Requirements: Maximum mean e.i.r.p. dBm/cell or antenna/varying BW (depends on precise band)

Terminal Stations:
Maximum mean in-block power: 23 dBm




	Base Stations:
Adjacent bands above 703: Maximum mean e.i.r.p. in dBm/antenna/varying BW
Below 703: Maximum mean e.i.r.p. in dBm/cell/varying BW




Terminal Stations:
Adjacent bands above 694: Maximum mean out-of-block e.i.r.p. in dBm/ varying BW
470-694 MHz: Maximum mean unwanted emission power of -42dBm/8MHz 

	800
ECC/DEC/(09)03
	Base Stations:
MFCN BS in-block power limit not mandatory, if desired: 56 to 64 dBm/5 MHz per antenna.
Transition requirements: Maximum mean e.i.r.p. dBm/5MHz/antenna for 1 to 4 antennas
Baseline Requirements: Maximum mean e.i.r.p. dBm/MHz/antenna for 1 to 4 antennas

Terminal Stations:
Maximum mean in-block power: 23 dBm
Out-of-block requirements: Maximum mean out of band power in dBm/varying BW
	Base Stations:
Spectrum allocated to broadcasting: Maximum mean e.i.r.p. varying with BS in block e.i.r.p.. Limit expressed in dBm/8MHz 




Terminal Stations:
Adjacent bands below 790 MHz: Maximum mean out of band power of -65dBm/8MHz

	2.1
EC Decision 2012/688/EU
	Base Stations:
MFCN BS in-block power limit not mandatory, if desired: 61 to 65 dBm/5 MHz.
Out-of-block requirements: Maximum mean e.i.r.p. dBm/5MHz/antenna for up to 4 antennas per sector

Terminal Stations:
Maximum mean in-block power: 24 dBm
	

	2.3
ECC/DEC/(14)02
	Base Stations:
MFCN BS in-block power limit not mandatory in 2300-2390, if desired: 61 to 68 dBm/5 MHz per antenna.
2390-2400 MHz: maximum in-block e.i.r.p. of 45 dBm / 5 MHz.
Out-of-block requirements: Maximum mean e.i.r.p. sometimes depending on in-band power, dBm/5MHz/either cell or antenna

User Equipment:
Maximum e.i.r.p of 25 dBm for fixed UE
Maximum Total Radiated Power of 25dBm for mobile/nomadic UEs. 
	Base Stations:
Above 2403 MHz: MFCN BS maximum e.i.r.p. varying with BS in block e.i.r.p.. Limit expressed in dBm/5MHz










	2.5 + TDD2.5
ECC/DEC/(05)05
	Base Stations:
MFCN BS maximum e.i.r.p. 61 to 68 dBm/5 MHz.
Out-of-block requirements: Maximum mean e.i.r.p. in dBm/ varying BW

User Equipment:
Maximum e.i.r.p of 35dBm/5MHz for fixed UE
Maximum Total Radiated Power of 31dBm/5MHz for mobile/nomadic UEs.
	

	3.5 + 3.7
EC Decision 2014/276/EU
	Base Stations:
MFCN BS in-block power limit not mandatory, if desired, no more than 68 dBm/5 MHz/antenna.
Out-of-block requirements: Maximum mean e.i.r.p. sometimes depending on in-band power dBm/5MHz/antenna

Terminal Stations:
Maximum e.i.r.p of 25dBm for fixed UE
Maximum Total Radiated Power of 25dBm for mobile/nomadic UEs.
	Base Stations:
Countries with military radiolocation 
systems below 3400 MHz: maximum e.i.r.p. below 3400 MHz:  –50 or-59 dBm/MHz 









[bookmark: _Ref457224775]Table 7: Bands/Countries where service/technology specific licences are in force
	Band
	Countries with technology or service specific licences

	800
	Andorra, Austria, Belgium, Croatia, Czech Republic, Iceland, Ireland, Moldova, Norway, Romania

	900
	Albania, Andorra, Austria, Azerbaijan, Belarus, Belgium, Bosnia and Herzegovina, Croatia, Denmark, Finland, Georgia, Iceland, Ireland, Italy, Macedonia (FYROM), Norway, Poland, Romania, Russian Federation, Serbia, Ukraine

	1800
	Albania, Andorra, Austria, Azerbaijan, Belgium, Bosnia and Herzegovina, Croatia, Denmark, Finland, Georgia, Iceland, Ireland, Italy, Macedonia (FYROM), Norway, Poland, Romania, Russian Federation, Serbia, Ukraine, United Kingdom

	2.1 
	Albania, Andorra, Austria, Belarus, Belgium, Bosnia and Herzegovina, Croatia, Czech Republic, Denmark, Finland, Georgia, Hungary, Iceland, Ireland, Italy, Macedonia (FYROM), Malta, Moldova, Montenegro, Norway, Poland, Romania, Russian Federation, Serbia, Ukraine, United Kingdom

	2.3
	Norway

	2.5 
	Andorra, Austria, Belgium, Czech Republic, Italy, Moldova, Norway, Romania

	TDD 2.5
	Austria, Belgium, Italy, Norway

	3.5
	Andorra, Austria, Belgium, Croatia, Estonia, Finland, France, Iceland, Ireland, Italy, Latvia, Macedonia (FYROM), Malta, Montenegro, Norway, Portugal, Slovakia, Spain, United Kingdom

	3.7 
	Austria, Denmark, Estonia, Ireland, Latvia, Norway, Poland, Portugal, Slovakia, Spain, United Kingdom




[bookmark: _Toc461625122]Compliance of iot technologies[footnoteRef:11] with MFCN regulatory framework [11:  See section 3.1, technologies is to be understand as EC-GSM, LTE-MTC, LTE-eMTC and NB-IOT, e.g. ECC Report 242.] 

[bookmark: _Toc461625123]LTE-MTC and LTE-eMTC regulatory analyses
[bookmark: _Toc461625124]900 and 1800 MHz bands
LTE-MTC and LTE-eMTC are covered by EN 301908-13 and EN 301908-14. Therefore, LTE-MTC and LTE-eMTC are allowed by the current regulatory framework in the bands 900 MHz and 1800 MHz, under the technical conditions relating to LTE, as specified in the Annex of the Commission Implementing Decision 2011/251/EU.
[bookmark: _Toc461625125]Other MFCN bands
Since there is no modification to the LTE SEM, either on the UE or BS side, LTE-MTC and LTE-eMTC BSs and UEs will comply with the BEM. As such, the current regulatory framework allows the deployment of LTE-MTC and LTE-eMTC in the MFCN bands.
[bookmark: _Toc461625126]EC-GSM IOT regulatory analyses
[bookmark: _Toc461625127]900 and 1800 MHz bands
EC GSM IOT is covered by EN 301 502 and EN 301 511. Therefore, EC GSM IOT is allowed in the 900 and 1800 MHz band through the Commission Decision 2009/766/EC, with technical conditions relating to GSM.
[bookmark: _Toc461625128]Other MFCN bands
From purely regulatory perspective MNO's can deploy EC GSM IOT under a 5 MHz BEM. However, compatibility studies to derive the BEM did not consider this case. The BEMs were derived for wideband technologies and did not consider narrowband technologies. 
[bookmark: _Toc461625129]NB-IOT regulatory analyses
[bookmark: _Toc461625130][bookmark: _Ref457383898]Generic analysis
NB-IOT covers very different systems, since NB-IOT is a narrowband system under a standalone deployment, a wideband system under an in-band deployment, and the sum of a wideband carrier and a narrowband component under a guardband deployment. Typically, regulatory conditions applicable to wideband and narrowband systems are not the same. Therefore, it may prove problematic to have narrowband and wideband technologies governed by a single harmonised standard.
[bookmark: _Toc461625131]900 and 1800 MHz bands
To be reviewed according to ETSI response to LS
[The current 900 MHz and 1800 MHz bands are regulated for GSM/UMTS/LTE/WiMAX referring to the relevant harmonised standards. NB-IOT, recently standardised in 3GPP is yet to be included in the ETSI harmonised standards. 
NB-IOT standalone is a narrowband system, but is currently specified by 3GPP in TS 36.101 and TS 36.104 which typically are transposed as harmonised standards in EN 301908-13, EN 301908-14 and EN 301908-11. If this assumption is correct, NB-IOT standalone would be covered by harmonised standards EN 301908-1, EN 301908-13, EN 301908-14 and EN 301908-11. 
The technical conditions were derived for LTE 5 MHz, not for NB-IOT. In particular, NB-IOT standalone is a narrowband system, whereas the technical condition in the Annex of the Commission Implementing Decision 2011/251/EU are applicable for a wideband system.
In case standalone NB-IOT is covered by the GSM harmonised standard, there is no need to change the ECC Decision(06)13 and Commission Decision 2009/766/EC as modified by the Commission Implementing Decision 2011/251/EU for allowing the roll-out of NB-IOT standalone in the 900 and 1800 MHz bands. 
Should NB-IOT be covered by EN 301908-13 and EN 301908-14, then the ECC Decision(06)13 and Commission Decision 2009/766/EC as modified by the Commission Implementing Decision 2011/251/EU would need to be changed.


The applicability of the technical conditions to NB-IOT are discussed further in Section 6.]
[bookmark: _Toc461625132]Other MFCN bands 
For NB-IOT deployed in in-band mode, there is no modification of the LTE Out-of-Band emissions on either the UE or the BS side. Therefore, from a regulatory perspective, NB-IOT can be deployed under the existing BEMs in in-band. As long as the composite {NB-IoT + LTE} signal radiated by radio equipment complies with the applied regulatory technical conditions and BEMs, there ought to be no regulatory impediments towards the deployment of NB-IoT in a MFCN block. This applies to both in-band NB-IoT user equipment and base stations.
Regarding NB-IOT deployed in guard band mode there is no modification of the LTE Out-of-Band emissions on either the UE or the BS side, beyond a specific frequency separation defined in Table 2. The impact on adjacent services needs to be further assessed in order to determine the suitability of the current regulatory framework. For the purpose of this report NB-IOT standalone deployment has been considered only in the 900 and 1800 MHz bands. Deployment in other frequency bands and co-existence with other systems than GSM, UMTS and LTE will require further consideration. 

[bookmark: _Ref460835503][bookmark: _Toc461625133]Technical compatibility studies 
Section to discuss the compatibility of the current regulatory framework with M2M technologies, e.g. MFCN vs. MFCN and deployment in guard bands. Overview of compatibility requirements
Compatibility with other in-band applications 
Compatibility with applications in adjacent bands
[bookmark: _Toc461625134]Cases where compatibility studies are not required 
[bookmark: _Toc461625135]LTE eMTC
LTE eMTC is embedded in a 'standard' LTE Carrier and does not modify the LTE SEM. BEM's were developed taking into account LTE SEM and Tx power and remain unchanged. Therefore, LTE eMTC is perfectly equivalent to LTE from an adjacent channel/adjacent band compatibility standpoint, with no change in power control nor spectrum emission. No new study required in bands where LTE is allowed.
[bookmark: _Toc461625136]EC-GSM-IoT technical compatibility
Since EC-GSM-IoT reuses the same modulation/SEM as GSM, it is perfectly equivalent to 'standard' GSM from an adjacent channel/adjacent band compatibility standpoint, with unchanged SEM and Tx requirements. No new study required in bands where GSM is allowed, e.g. 900/1800MHz. For deployments in any other bands, further studies are required.
[bookmark: _Toc461625137]In-band NB-IOT technical compatibility
NB-IOT in-band deployment would not modify the LTE SEM. BEM's were developed taking into account LTE SEM and Tx power and remain unchanged. In-band deployment of NB-IOT does not require changes in power control nor spectrum emissions. 
[bookmark: _Toc461625138]Compatibility with other in-band applications 
3GPP performed adjacent channel coexistence studies for NB-IOT, considering all the possible deployment scenarios, namely in-band, in LTE guard-band and standalone. Victim systems analysed in these studies were LTE, UMTS and GSM. The outcome of this study is described in 3GPP Technical Report 36.802 (REF).. 
[Here is text copied from 3GPP TR 36.802, §6.4.20 for conclusions in-band guardband]>
NB-IoT can coexist with LTE in-band and guard band with the observations as follows,
•	NB-IoT perform some interference on 1st adjacent LTE PRB, while the interference on other PRBs is insignificant or acceptable.
•	Some impact on NB-IoT at high SNR. 
•	Guard band operation perform slightly better coexistence compared to in-band operation.

[If the victim system is WIMAX, adjacent channel coexistence studies for NB-IOT need to be conducted on a case by case basis. ] - WIMAX to be looked at when regulatory solution
To add conclusions from 3GPP studies
[bookmark: _Toc461625139]Guardband NB-IOT

[bookmark: _Toc461625140]Standalone NB-IOT
It is noted that in the context of its propensity to cause harmful interference, a NB-IoT carrier is similar to a GSM carrier. It can be concluded that regulatory technical conditions for GSM in the 900/1800 MHz bands are appropriate to mitigate any risk of harmful interference caused by standalone NB-IOT to other users of the spectrum. 

The ECC regulatory conditions do not currently match NB-IOT standalone operation. Should there be a review of the ETSI harmonised standard… 

NB-IoT is included in a LTE harmonised standard, the current ECC regulatory conditions have not considered the case of LTE 200 kHz. It is more likely that the current ECC regulatory conditions have to be modified for the standalone NB-IoT deployment in 900 MHz and 1800 MHz bands.  
The current 900 MHz and 1800 MHz bands are regulated for GSM/UMTS/LTE/WiMAX referring to the relevant harmonised standards. As such NB-IOT is not included in the harmonised standard.
The deployment scenarios of standalone NB-IoT in other IMT frequency bands need further clarification]
[bookmark: _Toc461625141]Compatibility in adjacent bands
By adjacent bands, it is referred to applications operating in a band adjacent to the band where the IOT carrier is deployed. Typically, it corresponds to an non MFCN system operating in a band adjacent to an MFCN band. One practical example is to analyse the compatibility of an IOT system deployed in 910-915/955-960 MHz with aeronautical DME operating at frequencies above 960 MHz.  
[bookmark: _Toc461625142]Guardband NB-IOT
Additional studies are required. 
[bookmark: _Toc461625143]Standalone NB-IOT
NB-IoT is included in a LTE harmonised standard, the current ECC regulatory conditions have not considered the case of LTE 200 kHz. It is more likely that the current ECC regulatory conditions have to be modified for the standalone NB-IoT deployment in 900 MHz and 1800 MHz bands.  
The current 900 MHz and 1800 MHz bands are regulated for GSM/UMTS/LTE/WiMAX referring to the relevant harmonised standards. As such NB-IOT is not included in the harmonised standard.
The deployment scenarios of standalone NB-IoT in other IMT frequency bands need further clarification
[bookmark: _Toc461625144]Overview
[bookmark: _Toc461625145]Conclusion
[LTE MTC and EC-GSM-IOT => no issue - either technical or regulatory, expected. No need to change anything.
NB-IOT conclusions will depend on the compatibility studies, taking into account developments and 3GPP Rel. 14 to be completed in June 16. 
If need be recommendations: 
Future LRTC?
For future bands, need to consider separately IOT techs or will these not impact?
If blocking problem(s) is BEM's still the best way to implement LRTC going forward (If blocking problem, can NB-IOT still operate in guard bands)?
What other regulatory and technology recommendations?]

















[bookmark: _Toc380056507][bookmark: _Toc380059757][bookmark: _Toc380059795]
[bookmark: _Toc169147730][bookmark: _Toc380059616][bookmark: _Toc380059758]

Main technical parameters of IOT technologies for coexistence studies

	Parameter
	EC GSM
	LTE MTC and eMTC
	NB-IOT

	
	
	
	Standalone
	In-band
	guardband

	BS BW
	200 kHz
	BW of support LTE carrier
	200 kHz channel BW
180 kHz signal BW 
180 kHz (adjacent to NB-IOT) 
	BW of support LTE carrier
	BW of support LTE carrier + use of channel 'guardband'

	Minimum in-channel guardband
	Not applicable
	Same as support LTE carrier
10MHz => 500kHz

	10kHz
	Same as support LTE carrier
	0kHz

	BS OOBE
	GSM OOBE
	LTE OOBE
	New NB-IOT OOBE
	LTE OOBE 
	LTE OOBE for emissions 165 to 245 kHz away from NB-IOT channel edge (see Table 2)

	BS Power control
	
	
	
	
	

	Min UE BW
	200 kHz
	180 kHz
	[15/3.75]kHz
	[15/3.75]kHz
	[15/3.75]kHz

	Max UE BW
	200 kHz
	1080 kHz
	180 kHz
	180 kHz
	180 kHz

	UE OOBE
	GSM OOBE
	LTE OOBE
	New NB-IOT OOBE
	LTE OOBE
	LTE OOBE for emissions 165 to 245 kHz away from NB-IOT channel edge (see Table 2)

	UE Tx power
	
	23dBm (class 3)
20dBm (class 5)
	23dBm (class 3)
20dBm (class 5)

	UE Power control

	
	
	
	
	

	Min UE data rate
	
	
	
	
	

	Max UE data rate
	
	
	
	
	



Other relevant studies
[bookmark: _Toc380059619][bookmark: _Toc380059761]Heading 3 (style: ECC Annex heading3)
[bookmark: _Toc380059620][bookmark: _Toc380059762]Heading 4 (style: ECC Annex heading4)
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