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1 Introduction
In this contribution we discuss how to define NB-IOT operating bands, channel arrangements, and NB-IOT UE RF requirements.
2
Discussion
2.1 General requirements
NB-IOT should operate in three scenarios which are stand alone, guard band and inband operation. RAN4 needs to decide if there is a need to define all the requirements for all three scenarios separately or is it enough that requirements are written mainly for stand alone case and if UE fullfills those then it also works in guard band and inband mode. From transmitter requirements point of view there is no difference between the three modes as UE transmits only according to it capabilities either single tone or/and multi tone up to 12 tones signal. Furthermore if NB-IOT unwanted emissions requirements (SEM and ACLR) are tighter than LTE inband emissions requirement there is no impact from NB-IOT to LTE in guardband and inband scenarios assuming that NB-IOT and LTE are co-located. One possible deviation could be that REFSENS needs to be tested also for inband scenario in addition to standalone case. 
Furthermore, guard band operation requires further consideration. While NB-IoT will be placed adjacent to E-UTRA PRBs, required spectrum for such a scenario depends on the guard band’s bandwidth. One possibility for assessing the guard band’s bandwidth is to apply the Foffset,RAT approach for NB-IoT as defined in 37.104 and extend the LTE guard band accordingly.

The guard band that an NB-IOT carrier requires is given by the assumption that an NB-IOT carrier is as wide as a GSM carrier. 37.104 table 4.5.2-1 specifies that the bandwidth needed is Foffset, RAT = 200 kHz to either side. On the side of the LTE carrier without guard band operation, there is no change – the LTE carrier's Foffset, RAT applies as specified. It is expected that for LTE bandwidths up to 5 MHz, the bandwidth requirement on the side of the NB-IOT carrier is given by the NB-IOT carrier's center frequency plus Foffset, RAT = 200 kHz whereas for LTE bandwidths of 10 MHz and more, no additional spectrum is needed for the NB-IOT guard band operation.

There was a decision to use TS 36.101 as a specification for NB-IOT which means that there is a need to assign a new suffix to NB-IOT which is used in dedicated NB-IOT sub-clause headers similarly as for CA, UL-MIMO, DC, Pro-se and MTC. For NB-IOT the suffix would be F.

2.1.1 Operating bands

There was a decision in RAN to specify following E-UTRA bands for NB-IOT
· Bands 1, 3, 5, 8, 12, 13, 17, 19, 20, 26, 28
There are various ways in TS 36.101 how featured operating bands are listed, CA uses CA_1 to indicate support for band 1 frequency range in CA. Dual connectivity uses DC_1-3 to indicate support for both bands 1 and 3. UL-MIMO just refers to E-UTRA operating bands table as all bands are supported. ProSe has own way of indicating this with first listing Prose bands with a band number and  in next column E-UTRA band number which are the same. 
For NB-IOT we suggest to list the bands where NB-IOT operation is allowed and refer back to sub-clause 5.5 E-UTRA operating bands. This way keeps the specification compact and reduces maintenace work if future.
2.1.2 Channel bandwidth
For stand-alone and guard band operation NB-IOT channel bandwith should be aligned with GSM channel bandwidth which is 200 kHz. For in-band operation there is no need to define NB-IOT channel bandwidth as it is operated inside an E-UTRA carrier resource block. RF bandwidth will be 180 kHz in all cases but channel bandwidth is used as a reference point to SEM and ACLR.
Channel bandwith should be same for single tone and multitone operation similarly as E-UTRA channel bandwidth is same for single RB and full RB transmission. This would simplify the specification work greatly.
2.1.3 Channel spacing

Channel spacing between GSM carrier is 200 kHz thus is it loqical to adopt same for at least NB-IOT stand-alone operation. Channel spacing for guardband operation and inband operation requires further consideration and is also pending RAN1 decisions.
2.1.4 Channel raster
As NB-IOT systems are operated on E-UTRA bands it is proposed to adopt the same 100 kHz channel raster for stand alone operation. It is noted that GSM channel raster is 200 KHz but this is not a problem as it is exactly two times 100 kHz thus there is no mismatch between channel rasters. Channel raster for guardband operation and inband operation requires further consideration and is also pending RAN1 decisions.
2.1.5 Channel numbering

E-UTRA channel numbering can be used for stand alone operation of NB-IOT if it uses same bands and channel raster as E-UTRA. Guard band and inband operation may need further thinking.
2.1.6 Tx-Rx frequency separation

No need to have dedicated clause for NB-IOT at least for stand alone scenario as it uses same bands as E-UTRA. In [6] it was pointed out that default UL/DL separation is not valid for guard band and inband case as DL has one extra empty sub-carrier and this leads to +- 7.5 kHz difference to UL/DL separation compared to LTE if same RB are assigned to uplink and downlink. We want to note that same issue exists for eMTC and there has not been any attempt to address this at least so far.
2.2 Transmitter requirements
2.2.1 UE maximum output power
It is proposed to have dedicated clause for NB-IOT UE similarly as for M1 MTC UE as there might be a need in future to have power classes which are different from what we have for E-UTRA. Power classes captured to endorsed eMTC CR [7] could be adopted also to NB-IOT. Wheather deltaTc should be applied depends on filter assumptions. If NB-IOT UE uses same duplex-filter than LTE then it should be applied. If NB-IOT filtering requirements are relaxed then it should be discussed wheather deltaTC is needed or not.
2.2.2 MPR

It is not clear yet which are the final modulation schemes and which are the general emissions requirements but it would be very beneficial from system performance point of view if no MPR is needed. 
2.2.3 A-MPR

It is not clear yet which are the final modulation schemes so final conclusion is not possible. Once the modulation schemes are agreed then especially band 13 additional spurious emissions requirement needs to be checked although we do not anticipate need for A-MPR as the guard bands between band 13 lower edge and protected band is 2 MHz which is 10 times the NB-IOT transmission bandwidth.

2.2.4 Output power dynamics
2.2.4.1 Minimum output power
In GSM specification [1] residual output power measured at least over 300 kHz between bursts is specified as 59 dBc or 54 dBm whichever is the greater. In case burst is at max power this means – 36 dBm power. For GSM 1800 and 1900 bands residual power requirement is ‑48 dBc or ‑48 dBm which in case of max power burst means -25 dBm. 
Residual power could be interpreted as LTE min power which is – 40 dBm for all channel bandwidths which would mean roughly -48 dBm if BW conversion is made from 1.4 MHz to 200 kHz. Considering that E-UTRA min power is 4 dB more stringent for low bands and 15 dB more strigent for high bands than maximum allowed GSM residual power the E-UTRA min power requirement could be reused and it would guarantee good co-existancet towards GSM. In other words the proposal is to have one absolute minimum power requirement (for example -40 dBm) and not relative as in GSM case, this would reduce the need for testing.
2.2.4.2 Transmit off power
E-UTRA off power requirement of – 50 dBm should be applicaple also for NB-IOT to ensure good co-existence for inband scenario.
2.2.4.3 ON/Off time mask

For 15 kHz carrier spacing E-UTRA general and Slot / Sub frame boundary time masks could be re-used but for 3.75 carrier spacing these might not be appropriate as 3.75 carrier spacing has different numerology.
2.2.4.4 Absolute power tolerance

Absolute power tolerance requirement is needed. Re-using E-UTRA requirement is an option
2.2.4.5 Relative power tolerance
Relative power tolerance requirement is needed. Re-using E-UTRA requirement is an option
2.2.4.6 Aggregate power control tolerance

Aggregate power control requirement is needed. Re-using E-UTRA requirement is an option
2.2.5 Transmit signal quality
2.2.5.1 Frequency error
Frequency accuracy for both GSM and E-UTRA is specified to be ±0.1 PPM thus it is proposed to adopt same requirement for NB-IOT.
2.2.5.2 Error vector magnitude

EVM needs to be specifified for NB-IOT but agreement is pending RAN1 decisions on modulation schemes.

2.2.5.3 Carrier leakage

It depends on UE architecture assumption if carrier leakage needs to be specified. If we assume polar modulator which has been proposed in several papers there is no need to define carrier leakage.
2.2.5.4 Inband emissions
In case polar modulator is selected as reference architecture there might not be a need to define inband emissions as there are no carrier leakage or IQ-image.
2.2.5.3 EVM equalizer spectrum flatness 
Due to very narrow channel bandwidth it is proposed not to define EVM equalizer spectrum flatness requirement for NB-IOT.
2.2.6 Occupied bandwidth

It is propsed to define NB-IOT occupied bandwidth to be less than NB-IOT channel bandwidth which is 200 kHz. This is same way how occupied bandwithd is defined for E-UTRA.

2.2.7 Out of band emissions
GSM out of band emissions are defined in terms of spectrum emission mask, Table 1 where the applicable SEM is highlighted in yellow. For other modulations than GMSK the requirement for 400 kHz offset is relaxed by 6 dB. No ACLR requirement is specified for GSM. One way of defining the NB-IOT out of band emission requirement is to copy the approach from GSM i.e. GMSK mask is defned for low PARR single tone transmissions and the 6 dB relaxed mask for higher PARP multi tone transmissions (subject to RAN1 agreement on modulations schemes). OPTION 1 in Table 2.
Table 1: GSM SEM

	
	Power 
	100
	200
	250
	400
	( 600
	( 1 800
	( 3 000
	( 6 000
	

	
	level
	
	
	
	
	< 1 800
	< 3 000
	< 6 000
	
	

	Case 1
	( 39
	+0,5
	‑30
	‑33
	‑60
	‑66
	‑69
	‑71
	‑77
	

	
	37
	+0,5
	‑30
	‑33
	‑60
	‑64
	‑67
	‑69
	‑75
	

	
	35
	+0,5
	‑30
	‑33
	‑60
	‑62
	‑65
	‑67
	‑73
	

	
	( 33
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑63
	‑65
	‑71
	

	
	Power 
	[100]
	[200]
	[250]
	[400]
	[600]
	( [800]
	( 1 800
	( 3 000
	( 6 000

	
	level
	
	
	
	
	
	< 1 800
	< 3 000
	< 6 000
	

	Case 2
	( 39
	[+0,5]
	[-12.3]
	[-25][**]
	[-40][***]
	[-55]
	[-60]
	[-63]
	[-65]
	[-71]

	
	37
	[+0,5]
	[-12.3]
	[-25][**]
	[-40][***]
	[-55]
	[-60]
	[-63]
	[-65]
	[-71]

	
	35
	[+0,5]
	[-12.3]
	[-25][**]
	[-40][***]
	[-55]
	[-60]
	[-63]
	[-65]
	[-71]

	
	( 33
	[+0,5]
	[-12.3]
	[-25][**]
	[-40][***]
	[-55]
	[-60]
	[-63]
	[-65]
	[-71]

	NOTE:
* For equipment supporting QPSK, 8-PSK, 16-QAM or 32-QAM, the requirement for these modulations is ‑54 dB.
NOTE:
** The requirement shall be [tbd] when the wideband pulse shaping filter with the tight spectrum mask is indicated (see Pulse Format Information Element in 3GPP TS 44.060).

NOTE:
*** the requirement shall be [tbd] when the wide pulse shaping filter with the tight spectrum mask is indicated (see Pulse Format Information Element in 3GPP TS 44.060).


On the other hand one might argue that applying GMSK mask to something that is not GMSK does not make much sense. Alternative approach could be (similarly to E-UTRA) that co-existence against other systems (GSM) is guaranteed by defining a tight ACLR requirement and less stringent SEM. NB-IOT ACLR requirement could be set to two neigbouring GSM channels i.e. ACLR GSM1 and ACLRGSM2 following the approach where E-UTRA protects adjacent UTRA channels. ACLRGSM1 and ACLRGSM2 requirement value could be derived from GSM mask by integrating the noise power for two first GSM channels. GSM channel frequency offsets would be 200 and 400 KHz from center of NB-IOT channel and noise bandwidth would be 180 kHz. . No other ACLR requirements would be necessary. 
ACLR requirements derived from GSM GMSK mask are as follows

ACLRGSM1 =    12 dB

ACLRGSM2 =    50 dB

ACLR requirements derived from GSM 8-PSK etc mask are as follows

ACLRGSM1 =    12 dB

ACLRGSM2 =    47 dB

ACLRGSM1 offset from NB-IOT center frequency is 200 KHz and MBW is 180 kHz.

ACLRGSM2 offset from NB-IOT center frequency is 200 KHz and MBW is 180 kHz.

SEM can be defined to be more relaxed than GSM SEM (see Fig 1 NB-IOT SEM (LTE like)) as co-ex is guaranteed by ACLR. Furthermore GSM SEM is relative to output power whereas E-UTRA SEM is absolute levels. If NB-IOT co-ex is guaranteed with ACLR which is relative requirement then NB-IOT SEM could be based on absolute values. OPTION 2 in Table 2.
A third option could be that RAN4 would define “GSM like” absolute mask, see Figure 1, which would be relaxed compared to GSM mask because it would consider the signal shape properties of NB-IOT signal. Co-ex would be guaranteed with ACLR requirement. OPTION 3 in Table 2.

Selecting appropriate out-of-band emission requirements is crucial as it has direct impact on co-existence between the systems and what is the amount of MPR necessary for some waveforms.  Finally it is noted that already now E-UTRA can co-exists with GSM even though it does not fullfill GSM mask.
Table 2: Emission requirement options

	
	single-tone SEM
	multitone SEM
	ACLR
	SEM type

	Option 1
	GSM
	relaxed GSM
	NO
	relative

	Option 2
	NB-IOT SEM (LTE like)
	YES
	absolute

	Option 3
	NB-IOT SEM (GSM like)
	YES
	absolute




Figure 1: NB-IOT SEM example


[image: image1]
2.2.8 Spurious emissions

GSM spurious emissions requirement starts from 1.8 MHz away from carrier frequency and the measument bandwidth depends on whether the measured frequency is inband or out of the band and what is the offset to the carrier of edge of the transmit band. Why the spurious emissions region start 1.8 MHz from carrier frequency is not known as [2] recommends that all transmissions which are 250% or more of the necessary bandwidth of the emission will generally be considered as emissions in the spurious domain. Necessary bandwith for GSM is 200 kHz which would then give 500 kHz from center of the carrier. The requirement itself is – 36 dBm for F < 1 GHz and – 30 dBm for F > 1 GHz as defined in [2].

It is proposed for NB-IOT to follow spurious emissions requirement as defined for E-UTRA (Table 6.6.3.1-2) as it follows the ITU recmendation [2]. What is the boundary between out of band reqion and spurious emissions region can be decided when there is an agreement of NB-IOT SEM. But certainly 1.8 MHz offset from carrier center as in [1] is one option. 

2.2.9 Spurious emissions band UE co-existence 

GSM needs to protect other 3GPP systems similarly as UTRA and E-UTRA. There are separate clauses in [1] for GSM 400, T-GSM 810, GSM 900, ER-GSM 900 and DCS 1 800 and GSM 700, GSM 850 and PCS 1 900 bands. Below is a capture how the requiremetns are defined, clause 4.3.3.1 of [1].

-
-62 dBm in the bands 390.2 - 400 MHz and 420.2 - 430 MHz for T-GSM 380 and T-GSM 410 MS only;

‑
-67 dBm in the bands 460.4 – 467.6 MHz and 488.8 - 496 MHz
for GSM400 MS only;

-
-66 dBm in the band 791 - 821 MHz
-
-79 dBm in the band 851- 866 MHz  




for T-GSM 810 MS only;
‑
-60 dBm in the band 921 - 925 MHz




for R-GSM MS only;

‑
-60 dBm in the band 918 - 921 MHz




for ER-GSM MS only;

‑
-67 dBm in the band 925 - 935 MHz;

‑
-79 dBm in the band 935 –960 MHz;

‑
-71 dBm in the band 1805 - 1880 MHz;

‑
-66 dBm in the bands 1900 - 1920 MHz, 1920 - 1980 MHz, 2010 - 2025 MHz, 2110 - 2170 MHz and 2300 – 2400 MHz.

One can identify that Band 20 DL, Band 8 DL, Band 3 DL, Band 33, Band 1 UL and DL, Band 34, Band 40 are protected from GSM. List seems to cover most of European bands but not all.

Another approach for NB-IOT is to refer to E-UTRA UE to UE co-ex table. Then UE to UE co-ex requirement would be complete and updated automatically which is a merit itself. 
2.2.10 Additional spurious emissions 

For some E-UTRA bands there are additional emissions requirements that are indicated with NS-signalling. For GSM there is no such mechanism. There might not be a need to have NS-signalling mechanism to NB-IOT as the channel bandwidth is only 200 kHz and the emissions are substantially lower than LTE.

2.2.11 Transmit intermodulation

There is no transmit intermodulation requirement for UE’s in GSM specification. It is proposed not to define one for NB-IOT either.
2.3 Receiver requirements
2.3.1 REFSENS
It is agreed that NB-IOT UE is single receiver design and shall operate either in TDD or HD-FDD duplex modes similarly as Category 0 MTC UE. RAN4 has already agreed REFSENS for Category 0 for some bands both for TDD and HD-FDD duplex modes. These agreements could be used as a basis when determining NB-IOT REFSENS.

Scaling is needed as reception bandwidth is different for NB-IOT UE compared to Cat 0 UE. If we take 5 MHz REFSENS value as a basis as it is defined for all Cat 0 bands we need to reduce the 5 MHz REFSENS value by 14 dB to have correct REFSENS value for NB-IOT.

2.3.2 Maximum input level

As the maximum basestation output power for NB-IOT is same than what is currently defined for E-UTRA then NB-IOT UE maximum input level can be specifid to be the same as for E-UTRA i.e. – 25 dBm.

2.3.3 Adjacent Channel Selectivity

GSM adjacent channel interference for 200 kHz offset is C/Ic - 18 dB and a tighter requirement exists for 400 and 600 kHz offsets. E-UTRA has ACS requirement of 33 dB for 1.4 MHz channel bandwidth. Neither of the requirements can be directly used to derive the requirement for NB-IOT as GSM has different modulation and E-UTRA has 6 times larger bandwidth. One way to determine the necessary ACS requirement is to study the NB-IOT Co-existance studies done in RAN4 and see what level of ACS is needed. It was shown in [4] that 30 dB ACS might give acceptable performance and [5] shows that NB-IOT UE 25 dB ACS can co-exists with GSM, UMTS and LTE. Thus it seems that ACS requirement of 25 to 30 dB could be adequate to NB-IOT which would be between GSM and E-UTRA ACS requirements.
2.3.4 In-band blocking

GSM inband blocking frequency range for interferer extends 20 MHz outside downlink band and starts from 600 kHz offset from channel center frequency with level of – 43 dBm, see yellow highlighted values in Table 2 for more details. Wanted signal level is 5 dB above reference sensitivity level.
Table 3: GSM blocking spec

	Frequency
	GSM 400, T-GSM 810, P-, E-, R- and ER-GSM 900
	DCS 1 800 & PCS 1 900



	band
	other MS
	small MS
	BTS
	MS
	BTS

	
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	dBm

	
	(emf)
	
	(emf)
	
	(emf)
	
	(emf)
	
	(emf)
	

	in‑band
	
	
	
	
	
	
	
	
	
	

	600 kHz
( |f‑fo | < 800 kHz
	75
	‑38
	70
	‑43
	87
	‑26
	70
	‑43
	78
	‑35

	800 kHz
( |f‑fo | < 1,6 MHz
	80
	‑33
	70
	‑43
	97
	‑16
	70
	‑43
	88
	‑25

	1,6 MHz
( |f‑fo | < 3 MHz
	90
	‑23
	80
	‑33
	97
	‑16
	80
	‑33
	88
	‑25

	3 MHz 
( |f‑fo | 
	90
	‑23
	90
	‑23
	100
	‑13
	87
	‑26
	88
	‑25

	out‑of‑band 
	
	
	
	
	
	
	
	
	
	

	(a) (Note 3)
	113
	0
	113
	0
	121
	8
	113
	0
	113
	0

	(b)
	‑
	
	‑
	‑
	‑
	‑
	101
	‑12
	‑
	‑

	(c)
	‑
	‑
	‑
	‑
	‑
	‑
	101
	‑12
	‑
	‑

	(d)  (Note 3)
	113
	0
	113
	0
	121
	8
	113
	0
	113
	0

	NOTE 1: 
f refers to the interfering blocker signal and fo refers to the wanted signal being considered.

NOTE 2: 
For definition of small MS, see subclause 1.1. 
NOTE 3: 
These requirements are applicable for general co-existence. More stringent requirements apply in other frequency bands when co-location capability is declared for any band(s), see table 5.1-5a.

NOTE 4: 
For a MS in DLMC configuration, the requirements only apply

- whenever the maximum supported DLMC carrier frequency spacing only allows for a single carrier to be received in a given radio block period, see 3GPP TS 45.002. 

- when fallback to single carrier reception is performed, see 3GPP TS 45.002.
- when PTCCH/D is being received.


GSM in-band blocking specification differs quite much from E-UTRA in-band blocking specification as blocker come much closer with over 10 dB higher power. Discussion is needed what would be appropriate in-band blocking requirement for NB-IOT. 

2.3.5 Out-of-band blocking

GSM out-of-band blocking frequency range start from where in-band blocking range ends i.e. 20 MHz away from band edge. Blocker level is highlighted in green in Table 2 i.e. 0 dBm. Wanted signal level is 5 dB above reference sensitivity level. When comparing to E-UTRA out-of-band blocking requirement we observe that GSM requirement is very stringent. Discussion is needed what would be appropriate out-of-band blocking requirement for NB-IOT.
2.3.6 Narrowband blocking

GSM specification does not have narrow band blocking specification as ACS test covers this aspect. Pending on decision on NB-IOT ACS test there might not be a need to define narrowband blocking to NB-IOT.
2.3.7 Intermodulation

GSM intermodulation requirement is defined such way that interferers are located f0 = 2f1 ‑ f2 and |f2‑f1 | = 800 kHz at the level of -49 dBm when wanted signal is 5 dB above reference sensitivity level. Comparing to E-UTRA wideband intermodulation requirement we can note that interferers have 3 dB higher power and wanted signal is 7 dB lower in power when comparing to 1.4 MHz channel. Also it is noted that interferers are closer to wanted signal. Discussion is needed what would be appropriate intermodulation requirement for NB-IOT.
2.3.8 Spurious response

For in-band blocking up to 6 spurious responses are allowed for GSM 850 and 900 MHz bands and up to 12 for GSM 1800 and 1900 MHz bands with level of - 43 dBm. For out-of-band blocking up to 24 spurious responses are allowed with level of - 43 dBm. When comparing to E-UTRA spurious response requirement we can note that requirements are very similar if using Nrb=1 in formula
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which defines the number of E-UTRA exceptions.
2.3.9 Receiver image

In our view there is no need to define receiver image requirement for NB-IOT receiver.

3 Conclusion

In this contribution we have discussed how to NB-IOT define operating bands, channel aggrengements NB-IOT UE RF requirements.

Annex-A contains Draft CR for some subclauses giving indication how we think those requrements could be written.

Annex-B contains spectrum plots for various NB-IOT waveform against various possible SEM’s and also showing ACLR performance for proposed ACLRGSM1 and ACLRGSM2 requirements.

In addition we have provided WF contributions [8][9] and [10] which have two meanings. Firstly those can be used to collect all topics that Ad-Hoc endorses and also list the topics that companies in Ad-Hoc think are needed to be addressed in Malta meeting. With this approach RAN4 could efficiently focus limited resources to correct issues. These three WF’s are divided for operating bands and channel arrengements, transmitter characteristics and receiver characteristics.
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Annex-A Draft CR
5.5F
Operating bands for NB-IOT
Narrowband IOT is designed to operate in E-UTRA operating bands 1, 3, 5, 8, 12, 13, 17, 19, 20, 26, 28 as defined in Table 5.5-1. Allowed duplex modes are Half duplex FDD and TDD.
5.6F
Channel bandwidth for NB-IOT
Narrowband IOT channel bandwidth is 200 kHz for both single tone and multi tone transmissions.
5.7.1F
Channel spacing for NB-IOT
Nominal channel spacing between NB-IOT channels is 200 kHz. The channel spacing can be adjusted to optimize performance in a particular deployment scenario.
5.7.2F
Channel raster for NB-IOT

The channel raster for NB-IOT is 100 kHz for all bands, which means that the carrier centre frequency must be an integer multiple of 100 kHz.
6.2.2F
UE maximum output power for NB-IOT
The following NB-IOT UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2F-1: UE Power Class

	EUTRA band
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	1
	23
	±2
	20
	±2

	3
	23
	±21
	20
	±21

	5
	23
	±2
	20
	±2

	8
	23
	±21
	20
	±21

	12
	23
	±21
	20
	±21

	13
	23
	±2
	20
	±2

	17
	23
	±2
	20
	±2

	19
	23
	±2
	20
	±2

	20
	23
	±21
	20
	±21

	26
	23
	±21
	20
	±21

	28
	23
	+2/-2.5
	20
	+2/-2.5

	NOTE 1:
1 refers to the NB-IOT channels fully confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

NOTE 2:
PPowerClass is the maximum UE power specified without taking into account the tolerance 


6.6.1F
Occupied bandwidth
 for NB-IOT

Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for NB-IOT shall be less than the 200 kHz.
6.6.2.1F
Spectrum emission mask for NB-IOT

FFS

6.6.3.1F
Minimum requirements for NB-IOT
For NB-IOT, the spurious emission requirement Table 6.6.3.1-2 apply for the frequency ranges that are more than [1.8] MHz away from edges of the NB-IOT channel.
6.6.3.2F
Spurious emission band UE co-existence for NB-IOT

NB-IOT UE shall meet the UE co-existence requirements for applicaple bands as defined in clause 6.6.3.2.
7.3.1F
Minimum requirements (QPSK) for NB-IOT
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1F-1.

Table 7.3.1F-1: Reference sensitivity for HD-FDD NB-IOT PREFSENS 

	E-UTRA Band
	REFSENS
(dBm)
	Duplex Mode

	1
	-112.3
	HD-FDD

	3
	-109.3
	HD-FDD

	4
	-112.3
	HD-FDD

	5
	-110.3
	HD-FDD

	8
	-109.3
	HD-FDD

	12
	-109.3
	HD-FDD

	13
	-109.3
	HD-FDD

	17
	-109.3
	HD-FDD

	19
	-109.3
	HD-FDD

	20
	-109.3
	HD-FDD

	26
	-109.8
	HD-FDD

	28
	-110.8
	HD-FDD


The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1F-1 shall be met with uplink configured to maximum number of tones supported by the UE which are located as close as possible to the downlink operating band.

7.4.1F
Minimum requirements for NB-IOT

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.4.1F-1

Table 7.4.1F-1: Maximum input level

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	200 kHz

	Power with in NB-IOT channel bandwidth
	dBm
	-25


Annex-B Spectrum plots
Table B-1 presents necessary MPR when NB-IOT signal is simulated against four different SEM’s with two different PA models. No other emission requirement was considered.

Table B-1: Necessary MPR to meet the SEM
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Below is presented spectrum plots against NB-IOT “LTE-like”, NB-IOT “GSM-like) and relaxed GSM (8-BPSK) SEMS. Single, four and twelve tone cases are presented for both pi/2-BPSK and pi/4-QPSK modulations for two different PA models.
NB-IOT ”LTE-like” SEM
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NB-IOT ”GSM-like” SEM
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8-BPSK SEM (Relaxed GSM)
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