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1 Introduction
The Rel-15 further enhancements to NB-IoT WI was approved at RAN#75 [1]. One of the WI objectives is small cell support.

NB-IoT small cell support

· Specify necessary support for NB-IoT to be used in microcell, picocell, and femtocell deployments [RAN4, RAN2, RAN1].

· Appropriate eNB classes [RAN4]

· Support for closed subscriber group (CSG) functionality can be considered. [RAN2]

In last meeting, BS RF impacts were discussed in [2] ~[4]. In this contribution we provide further consideration on TX requirements.
2 Discussion

Based on the discussion in [3] and [4], for transmitter requirements, no impact is foreseen for the following requirements. In the paper we discuss the remaining issues on output power dynamics and unwanted emissions.

· Transmit signal quality.

· Transmit Intermodulation.

Output power dynamics
The power boosting requirement is on the ratio of power of a NB-IoT carrier compared with the average power over all carriers for in-band or guard band operation. There is no output power dynamics requirement for stand-alone operation. For Macro BS, 6 dB power boosting is introduced for in-band and guard band operation. As discussed in Rel-13 WI, per current LTE requirement, up to +4dB power boosting is allowed. Hence at least 4dB power boosting can be applied. Further RB power boosting actually consumes the margin between the signal spectrum and UEM requirement. Furthermore, for in-band and guard band operation the output power is shared between LTE and NB-IoT. I.e LTE power will decrease due to the power boosting of NB-IOT. Using 5 MHz as example, 6 dB power boosting on NB-IoT implies around 0.5 dB decrease of LTE power density. Hence we think 6 dB is a good compromise and should be also adopted for Micro BS and Pico BS. In Current specification of TS 36.104/36.141, output power dynamics are defined without indication on BS classes, hence no change is needed.

ACLR
For in-band and guard band operation, the existing LTE requirements for corresponding BS class shall be reused. Regarding stand-alone operation, for other RATs, a common relative ACLR is defined for all BS classes. It is also applicable for stand-alone NB-IoT. And current specification of TS 36.104/36.141, ACLR requirement is defined without indication on BS classes, hence no change is needed.
UEM
For in-band and guard band operation, the existing LTE requirements for corresponding BS class shall be reused. No change is needed.
For standalone operation, the operating band unwanted emission limits are defined for Wide Area BS.

Table 6.6.3.2E-1 in 36.104: Standalone NB-IoT BS operating band unwanted emission limits
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2, 3, 4, 5)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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	30 kHz 

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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	30 kHz 

	0.15 MHz ( (f < 0.2 MHz

(Note 1)
	0.165 MHz ( f_offset < 0.215 MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215 MHz ( f_offset < 1.015 MHz
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	30 kHz 

	(Note 6)
	1.015 MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( 

min((fmax, 10 MHz) 
	1.5 MHz ( f_offset < min(f_offsetmax, 10.5 MHz)
	-13 dBm
	1 MHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-15 dBm (Note 7)
	1 MHz 

	NOTE 1: 
The limits in this table only apply for operation with a standalone NB-IoT carrier adjacent to the Base Station RF Bandwidth edge.

NOTE 2:
For a BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap.

NOTE 3:
For a BS supporting multi-band operation with Inter RF Bandwidth gap < 20MHz the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.]

NOTE 4:
In case the carrier adjacent to the RF bandwidth edge is a standalone NB-IoT carrier, the value of X = PNB-IoTcarrier – 43, where PNB-IoTcarrier is the power level of the standalone NB-IoT carrier adjacent to the RF bandwidth edge. In other cases, X = 0.

NOTE 5:
For BS that only support E-UTRA and NB-IoT multi-carrier operation, the requirements in this table do not apply to an E-UTRA BS from Release 8, which is upgraded to support E-UTRA and NB-IoT multi-carrier operation, where the upgrade does not affect existing RF parts of the radio unit related to the requirements in this table. In this case, the requirements in subclauses 6.6.3.1 and 6.6.3.2 shall apply.


Since the same standalone ACLR requirements are proposed for all BS classes, we think the UEM limit can be defined by power scaling. The same offset can be applied, i.e. 5 dB offset and 19 dB offset are adopted for Micro BS and Pico BS respectively.
 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)

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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	30 kHz 

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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	30 kHz 

	0.15 MHz ( (f < 0.2 MHz

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

	0.2 MHz ( (f < 1 MHz
	0.215 MHz ( f_offset < 1.015 MHz
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	30 kHz 

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

	1 MHz ( (f ( 

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

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

	NOTE 1: 
The limits in this table only apply for operation with a standalone NB-IoT carrier adjacent to the Base Station RF Bandwidth edge.

NOTE 2:
For a BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap.

NOTE 3:
For a BS supporting multi-band operation with Inter RF Bandwidth gap < 20MHz the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.]

NOTE 4:
For BS that only support E-UTRA and NB-IoT multi-carrier operation, the requirements in this table do not apply to an E-UTRA BS from Release 8, which is upgraded to support E-UTRA and NB-IoT multi-carrier operation, where the upgrade does not affect existing RF parts of the radio unit related to the requirements in this table. In this case, the requirements in subclauses 6.6.3.1 and 6.6.3.2 shall apply.


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)

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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	30 kHz 

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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Pmax,


	30 kHz 

	0.15 MHz ( (f < 0.2 MHz

(Note 1)
	0.165 MHz ( f_offset < 0.215 MHz 
	Pmax,c - 57 dB
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215 MHz ( f_offset < 1.015 MHz
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	30 kHz 

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

	1 MHz ( (f ( 

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

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

	NOTE 1: 
The limits in this table only apply for operation with a standalone NB-IoT carrier adjacent to the Base Station RF Bandwidth edge.

NOTE 2:
For a BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap.

NOTE 3:
For a BS supporting multi-band operation with Inter RF Bandwidth gap < 20MHz the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.]

NOTE 4:
For BS that only support E-UTRA and NB-IoT multi-carrier operation, the requirements in this table do not apply to an E-UTRA BS from Release 8, which is upgraded to support E-UTRA and NB-IoT multi-carrier operation, where the upgrade does not affect existing RF parts of the radio unit related to the requirements in this table. In this case, the requirements in subclauses 6.6.3.1 and 6.6.3.2 shall apply.


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)

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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	30 kHz 

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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	30 kHz 

	0.15 MHz ( (f < 0.2 MHz

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

	0.2 MHz ( (f < 1 MHz
	0.215 MHz ( f_offset < 1.015 MHz
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	30 kHz 

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

	1 MHz ( (f ( 

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

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

	NOTE 1: 
The limits in this table only apply for operation with a standalone NB-IoT carrier adjacent to the Base Station RF Bandwidth edge.

NOTE 2:
For a BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap.

NOTE 3:
For a BS supporting multi-band operation with Inter RF Bandwidth gap < 20MHz the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.]

NOTE 4:
For BS that only support E-UTRA and NB-IoT multi-carrier operation, the requirements in this table do not apply to an E-UTRA BS from Release 8, which is upgraded to support E-UTRA and NB-IoT multi-carrier operation, where the upgrade does not affect existing RF parts of the radio unit related to the requirements in this table. In this case, the requirements in subclauses 6.6.3.1 and 6.6.3.2 shall apply.


3 Conclusion

This contribution provides discussion on TX requirements for support of NB-IoT small cells. It is proposed, 
Proposal 1: no change on output power dynamics is needed for NB-IoT small cells

Proposal 2: no change on ACLR is needed for NB-IoT small cells

Proposal 3: UEM limits in Table 2-2 and Table 2-3 are defined for standalone NB-IoT Medium Range BS

Proposal 4: UEM limits in Table 2-4 are defined for standalone NB-IoT Local Area BS  
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