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1 Introduction
The new work item Further NB-IoT enhancements was approved at RAN#75 [1]. 

A way forward [2] was agreed during last RAN4#84 meeting where many open issues have been addressed. The only remaining open topic to be further discussed is the Operating Band Unwanted Emission for local area and medium range BS, which is further discussed in this contribution.

2 Discussion 
As agreed in the way forward [2], we further investigated the 2 proposed masks for Operating Band Unwanted Emissions requirements, for medium range and local area BS. 

The two proposals consist in:
· Using the MSR BC2 OBUE masks for 1.4MHz LTE/GSM as specified in TS 37.104. 

· Power scaling of the NB-IoT standalone mask for macro BS specified in TS 36.104, as proposed in [3].
First, the NB-IoT standalone OBUE mask for wide area base station which was specified in TS 36.104 is the same OBUE mask specified in TS 37.104 for MSR BC2 wide area base station with GSM or 1.4/3 MHz LTE adjacents to the BS RF BW edge (table 6.6.2.2-2). It would be logical and straight forward to keep the same rationale for the small cells, and so re-use OBUE MSR BC2 table 6.6.2.2-5 for medium range BS with maximum output power in [31, 38] dBm range, OBUE MSR BC2 table 6.6.2.2-5 for medium range BS with maximum output power less than 31dBm and OBUE MSR BC2 table 6.6.2.2-8 for local area BS.
Observation 1: The OBUE mask specified for NB-IoT standalone wide area BS is the same as OBUE mask specified in TS 37.104 for MSR BC2 wide area base station with GSM or 1.4/3 MHz LTE adjacents to the BS RF BW edge (table 6.6.2.2-2).

Instead of reusing the MSR BC2 OBUE masks for small cell, the contribution [3] is proposing to power scale the NB-IoT standalone wide area BS OBUE mask to specify the small cells OBUE. 

The following 3 tables are extracted from [3], and the applied power scaling was aded in the last column (to simplify all notes have been removed).
Table 2-3: Medium Range Standalone NB-IoT BS operating band unwanted emission mask (UEM), BS maximum output power 31 < Pmax,c ( 38 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2, 3, 4)
	Measurement bandwidth (Note 8)
	Proposed power scaling

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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Pmax,


	30 kHz 
	-43dBm

	(Note 6)
	1.015 MHz ( f_offset < 1.5 MHz 
	Pmax,c - 69 dB
	30 kHz 
	-43dBm

	1 MHz ( (f ( 

min((fmax, 10 MHz) 
	1.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	Pmax,c - 56 dB
	1 MHz 
	-43dBm

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	Pmax,c - 56 dB
	1 MHz 
	-41dBm


Table 2-2: Medium Range Standalone NB-IoT BS operating band unwanted emission mask (UEM), BS maximum output power Pmax,c ( 31 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2, 3, 4)
	Measurement bandwidth (Note 8)
	Proposed power scaling

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
	
[image: image4.wmf])

27

,

015

.

0

60

7

(

dBm

dB

MHz

f

dBm

Max

offset

-

÷

÷

ø

ö

ç

ç

è

æ

-

×

-

-


	30 kHz 
	-13dBm

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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	30 kHz 
	-13dBm

	0.15 MHz ( (f < 0.2 MHz

(Note 1)
	0.165 MHz ( f_offset < 0.215 MHz 
	-27 dBm
	30 kHz 
	-13dBm

	0.2 MHz ( (f < 1 MHz
	0.215 MHz ( f_offset < 1.015 MHz
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	30 kHz 
	-13dBm

	(Note 6)
	1.015 MHz ( f_offset < 1.5 MHz 
	-38 dBm
	30 kHz 
	-12dBm

	1 MHz ( (f ( 

min((fmax, 10 MHz) 
	1.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	-25 dBm
	1 MHz 
	-12dBm

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-25 dBm (Note 7)
	1 MHz 
	-10dBm


Table 2-4: Standalone NB-IoT BS operating band unwanted emission limits for Local Area BS
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2, 3, 4)
	Measurement bandwidth (Note 8)
	Proposed power scaling

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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	30 kHz 
	-21dBm

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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	30 kHz 
	-21dBm

	0.15 MHz ( (f < 0.2 MHz

(Note 1)
	0.165 MHz ( f_offset < 0.215 MHz 
	-35 dBm
	30 kHz 
	-21dBm

	0.2 MHz ( (f < 1 MHz
	0.215 MHz ( f_offset < 1.015 MHz
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	30 kHz 
	-21dBm

	(Note 6)
	1.015 MHz ( f_offset < 1.5 MHz 
	-47 dBm
	30 kHz 
	-21dBm

	1 MHz ( (f ( 

min((fmax, 10 MHz) 
	1.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	-32 dBm
	1 MHz 
	-19dBm

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-32 dBm (Note 7)
	1 MHz 
	-17dBm


From those tables, it’s difficult to guess what power scaling scheme is really proposed as the values are not consistent.  
Observation 2: From the given tables, it’s difficult to evaluate exact power scaling scheme applied for small cells OBUE.

Moreover, in [3], the only given reason to justify using any power scaling is that ACLR would be kept the same for small cells BS comparing to wide area BS. Or, with E-UTRA, ACLR is also the same for all BS types, wide area, medium range and local area. And still, for all those BS types, power scaling was not used to specify OBUE requirements for small cells. The reason of having same ACLR for all BS types is so not sufficient to justify doing power scaling of wide area OBUE.
Observation 3: All E-UTRA BS types have same ACLR value, but still their respective OBUE masks are not power scaled.

In the following figures, we have compared the 2 proposals for each small cells types, OBUE masks were calculted for 30 kHz.
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Figure 1a and 1b: OBUE masks comparison for Medium Range BS
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Figure 2: OBUE masks comparison for Local Area BS
As one can noticed on these figures, the new proposed OBUE masks is more stringent. This would have some direct consequences on BS cost, and might also need some HW changes on legacy BS, which was not expected initially. Moreover, specifying a new mask instead of re-using an existing one would bring some additional complexity not only in BS design, but also to validate the BS. This would also mean extra cost for future BS.

Observation 4: A more stringent OBUE mask would increase BS cost and design complexity and might require HW upgrade on legacy BS.
Introducing more stringent OBUE masks could have been considered if there was any concern with the considered MSR BC2 masks which have been proposed for NB-IoT small cells. But this is not the case. Those masks have been extensively deployed and guarantee coexistence with adjacent system.

Observation 5: The MSR BC2 OBUE mask for GSM/E-UTRA 1.4 MHz is a well deployed mask and guarantees coexistence with adjacent systems.
For all the reasons exposed previously, we propose to re-use the MSR BC2 OBUE requirements for NB-IoT standalone small cells.
Proposal 1: For medium range BS and NB-IoT standalone, the unwanted emission should not exceed the maximum levels specified in TS 37.104 table 6.6.2.2-5 if BS maximum output power is greater to 31 dBm and less or equal to 38 dBm.

Proposal 2: For medium range BS and NB-IoT standalone, the unwanted emission should not exceed the maximum levels specified in TS 37.104 table 6.6.2.2-6 if BS maximum output power is less or equal to 31 dBm.

Proposal 3: For local area BS and NB-IoT standalone, the unwanted emission should not exceed the maximum levels specified in TS 37.104 table 6.6.2.2-8.

3 Conclusion
In this contribution, we further analyzed the 2 proposed alternatives for Operating Band Unwanted Emissions requirements and came to the followng conclusion.
Observation 1: The OBUE mask specified for NB-IoT standalone wide area BS is the same as OBUE mask specified in TS 37.104 for MSR BC2 wide area base station with GSM or 1.4/3 MHz LTE adjacents to the BS RF BW edge (table 6.6.2.2-2).

Observation 2: From the given tables, it’s difficult to evaluate exact power scaling scheme applied for small cells OBUE.

Observation 3: All E-UTRA BS types have same ACLR value, but still their respective OBUE masks are not power scaled.

Observation 4: A more stringent OBUE mask would increase BS cost and design complexity.
Observation 5: The MSR BC2 OBUE mask for GSM/E-UTRA 1.4 MHz is a well deployed mask and guarantees coexistence with adjacent systems.
Proposal 1: For medium range BS and NB-IoT standalone, the unwanted emission should not exceed the maximum levels specified in TS 37.104 table 6.6.2.2-5 if BS maximum output power is greater to 31 dBm and less or equal to 38 dBm.

Proposal 2: For medium range BS and NB-IoT standalone, the unwanted emission should not exceed the maximum levels specified in TS 37.104 table 6.6.2.2-6 if BS maximum output power is less or equal to 31 dBm.

Proposal 3: For local area BS and NB-IoT standalone, the unwanted emission should not exceed the maximum levels specified in TS 37.104 table 6.6.2.2-8.
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