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1. Introduction
Initial CRs for SEM and spurious emissions TCs for NB-IoT were handled at the last meeting in [1] and [2]. Some of the requirements in both TCs are overlapping and only the stricter ones should be tested.
2. Discussion
2.1 Minimum Requirements

In [1] the TC for SEM for NB-IoT has been introduced in the specification. In the minimum requirements for that TC two tables have been included, one for the SEM for NB-IoT
Table 6.6.2.1F.3-1: category NB1 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 6.6.2.1F.3-1 a category NB1 UE shall also meet the applicable E-UTRA spectrum emission mask requirement in sub-clause 6.6.2. E-UTRA spectrum emission requirement applies for frequencies that are Foffset away from edge of NB1 channel edge as defined in Table 6.6.2.1F.3-2.

Table 6.6.2.1F.3-2: Foffset for category NB1 UE spectrum emission mask 

	Channel BW (MHz)
	Foffset

[kHz]

	1.4
	[165]

	3
	[190]

	5
	[200]

	10
	[225]

	15
	[240]

	20
	[245]


In [2] the Foob boundary between SEM and spurious domain is defined as 1.7 MHz which lines up with upper limit of the SEM for NB-IoT. The limits in the TC are identical to the ones known from LTE.
“When UE is configured for category NB1 uplink transmissions the boundary between category NB1 out of band and spurious emission domain shall be FOOB = 1.7 MHz.”
Table 6.6.3F.1.5-1: General spurious emissions test requirements

	Frequency Range
	Maximum
Level
	Measurement
Bandwidth
	Notes

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	


2.2 Test Requirements

The test requirements derived from the minimum requirements for SEM: 
The measured UE mean power in the channel bandwidth, derived in step 3, shall fulfil requirements in Table [6.2.3F.5-1] as appropriate, and the power of any UE emission shall fulfil requirements in 6.6.2.1F.5-1 as applicable. For frequencies that are Foffset away from edge of NB1 channel edge as defined in Table 6.6.2.1F.3-2, the power of any UE emission shall fulfil requirements in 6.6.2.1F.5-2 as applicable.
Table 6.6.2.1F.5-1: category NB1 UE spectrum emission mask, category NB1 bands ≤ 3GHz
	ΔfOOB (kHz)
	Spectrum emission limit (dBm)
	Measurement bandwidth

	0
	[27.5]
	30 kHz 

	100
	[-3.5]
	30 kHz

	150
	[-6.5]
	30 kHz

	300
	[-27.5]
	30 kHz

	500-1700
	[-33.5]
	30 kHz

	Note 1:
The first measurement position is at ΔfOOB equals to 15 kHz.
Note 2:
The measurement positions for ΔfOOB = 100/150/300 kHz are at ΔfOOB+15 kHz.
Note 3:
At the boundary of 500-1700 kHz, the first and last measurement position is the inside of +15 kHz and -15 kHz, respectively.


Table 6.6.2.1F.5-2: General E-UTRA spectrum emission mask, E‑UTRA bands ≤ 3GHz

	
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	0-1
	-8.5
	-11.5
	-13.5 
	-16.5
	-18.5
	-19.5
	30 kHz

	1-2.5
	-8.5
	-8.5
	-8.5
	-8.5
	-8.5
	-8.5
	1 MHz

	2.5-2.8
	-23.5
	
	
	
	
	
	1 MHz

	2.8-5
	
	
	
	
	
	
	1 MHz

	5-6
	
	-23.5
	-11.5
	-11.5
	-11.5
	-11.5 
	1 MHz

	6-10
	
	
	-23.5
	
	
	
	1 MHz

	10-15
	
	
	
	-23.5
	
	
	1 MHz

	15-20
	
	
	
	
	-23.5
	
	1 MHz

	20-25
	
	
	
	
	
	-23.5
	1 MHz

	Note 1:
The first and last measurement position with a 30 kHz filter is at ΔfOOB equals to 0.015 MHz and 0.985 MHz.
Note 2:
At the boundary of spectrum emission limit, the first and last measurement position with a 1 MHz filter is the inside of +0.5MHz and -0.5MHz, respectively.

Note 3:
The measurements are to be performed above the upper edge of the channel and below the lower edge of the channel

Note 4:
For the 2.5-2.8 MHz offset range with 1.4 MHz channel bandwidth, the measurement position is at ΔfOOB equals to 3 MHz.


For spurious emissions the test requirements are identical to the minimum requirements.

2.3 Comparison of Requirements

Outside the FooB of 1.7MHz the spurious emission limits are much stricter than the requirements for the SEM stated in table 6.6.2.1F.5-2.

The requirements for spurious emissions are either -36dBm/100kHz or -30dBm/1MHz, depending on frequency. For the SEM values range from -8.5dBm/1MHz to -23.5dBm/1MHz.
Also when comparing the tables 6.6.2.1F.5-1 and 6.6.2.1F.5-2 overlapping requirements can be found. 

From 500kHz to 1.7MHz table 6.6.2.1F.5-1 has the stricter values (-33.5dBm/30kHz compared to -19.5dBm/30kHz and -8.5dBm/1MHz).

From 300 kHz to 500kHz also the requirements in table 6.6.2.1F.5-1 are stricter than the additional E-UTRA requirements (-27.5dBm/30kHz compared to -19.5dBm/30kHz and -8.5dBm/1MHz).

For frequencies between 150 kHz and 300 kHz the additional E-UTRA requirements are either identical to the interpolated NB-IoT requirements or less strict (see graph 1).
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Graph 1: Comparison of NB-IoT SEM and additional E-UTRA test points

Therefor the easiest solution to sufficiently test all minimum requirements would be to not only test the requirements at certain frequency points, but to test the resulting SEM based on linear interpolation between the individual test points. This option is given in Option 1. Test points further away from the carrier than 1.7MHz should be skipped completely for SEM testing, since they are covered by the spurious emission test.
An alternative solution could be option 2, where only one additional test point is added to the SEM test.
Option 1: Replace currently existing table 6.6.2.1F.5-1 with the following and remove table 6.6.2.1F.5-2  to reduce overlap between the different tests and to avoid redundant testing. Since the UE needs to meet all requirements regardless of the operation mode and the UE shall support all operation modes, it is proposed to perform the test only in standalone mode.
Table 6.6.2.1F.5-1 new: category NB1 UE spectrum emission mask, category NB1 bands ≤ 3GHz
	ΔfOOB (kHz)
	Spectrum emission limit (dBm)
	Measurement bandwidth

	0 -100
	[image: image2.png]([27.5]+ (F





	30 kHz 

	100 - 150
	[image: image3.png][F6.5]— [73-5],
([-3.5]+ (F ~100) x =1 =22





	30 kHz

	150 - 300
	[image: image4.png]



	30 kHz

	300 - 500
	[image: image5.png]([-27.5]+ (F - 300) x —





	30 kHz

	500 - 1700
	[-33.5]
	30 kHz

	Note 1:
Measurement frequency F given in kHz.
Note 2:
At the boundary of spectrum emission limit, the first and last measurement position with a 30 kHz filter is the inside of +15 kHz and -15 kHz, respectively. Additionally,the measurement filter shall be stepped in 30 kHz steps starting from the first measurement point inside a boundary.
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Graph 2: Resulting NB-IoT SEM

Option 2: Replace currently existing table 6.6.2.1F.5-2 with the following to reduce overlap between the different tests and to avoid redundant testing.
Table 6.6.2.1F.5-2 new: General E-UTRA spectrm emission mask, additional requirements E‑UTRA bands ≤ 3GHz
	Channel BW (MHz)
	Foffset

[kHz]
	Spectrum emission limit (dBm)

	1.4
	[165]
	-8.5

	3
	[190]
	-11.5

	5
	[200]
	-13.5

	10
	[225]
	-16.5

	15
	[240]
	-18.5

	20
	[245]
	-19.5


3. Conclusion
In this document a way to improve the testing of NB-IoT SEM and spurious emissions has been presented. It is proposed to endorse Option 1 in this document, since testing the SEM defined in Option 1 fulfils all requirements specified by RAN4.
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