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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

During last RAN4#78 meeting, we discussed REFSENS requirement ([2]) and a way forward [3] has been agreed. 

This contribution proposes specification for the remaining BS RF ACS and Narrow Band blocking requirements.
This contribution (Narrow Band blocking requirement) is based on the assumption that NB-IoT should have the same selectivity level as the narrowest LTE carrier bandwidth option. Any other possible approach on defining the receiver requirement would require further discussions in RAN4: due to very narrow band nature of NB-IoT carriers, careful consideration on assumptions would be essential.
2 Discussion
2.1 Coexistence simulations output

The coexistence simulations study conclusion ([5]) gave NB-IoT BS ACS value captured in Table 1. Simulations were run assuming pessimistic assumptions regarding ACLR and ACS (flat values over the adjacent bandwidth).
Table 1: ACS values from coexistence simulations study
	RAT
	
	GSM (200 kHz)
	UTRA (5 MHz)
	E-UTRA (10 MHz)

	ACS
	Value (dB)
	45
	40
	45

	
	NB IoT SNR impacts (dB)
	2.8 – 0.4
	0.7 - 0
	1.3 – 0.1


Proposal 1: Consider 45 dB for the ACS value for base station.
2.2 ACS 
As specified in [4], Adjacent Channel Selectivity measures receiver’s ability to receive a wanted signal at its assigned channel frequency in the presence of an interfering adjacent signal. The wanted signal’s throughput shall be more or equal to 95% of maximum FRC (Fixed Reference Channel) throughput. This reference channel is the one specified for REFSENS evaluation, and specified in Annex A of [4].

ACS requirement is illustrated in Figure 1.
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Figure 1: ACS requirement

2.2.1 Wanted signal

For the same rationale as for REFSENS ([2]), the requirement should consider single tone signal for 3.75 kHz and multi-tone 180 kHz for 15 kHz sub-carrier spacing. 

Proposal 1: Specify ACS requirement with multi tone (180 kHz) wanted signal for 15 kHz subcarriers spacing. Specify ACS with single tone wanted signal for 3.75 kHz subcarriers spacing.

BS noise floor for NB-IoT 180 kHz has following value (assuming 5 dB noise floor)
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For LTE, the interferer mean power value PInterfererACS was set to -52 dBm..

Considering this, following similar reasoning described in [6], we can then determine the required desensitisation for 180 kHz signal: 
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Proposal 2: Set desensitisation to 19.5 dB for multi-tone (180 kHz) 15 kHz subcarrier spacing signal.

For 3.75 kHz, following the same rationale, it should then be set to 36 dB, but this would need to be further discussed. 

2.2.2 Interferer

Regarding the interfering signal, we propose to use 1 LTE PRB (180 kHz) with PInterfererACS dBm mean power for 15 and 3.75 kHz. 

Proposal 4: Specify ACS using one LTE PRB signal (180kHz) as interferer with PInterfererACS mean power.

Interferer’s carrier shall be 200 kHz offset from NB-IoT carrier, as agreed for unwanted emission mask.
Proposal 5: The interferer signal shall be with an offset of 200 kHz from NB-IoT carrier.

As mentioned in [6] and previous related contributions, the interferer mean power might be set to PInterfererACS = -52 dBm.
Proposal 6: The interferer mean power should be -52 dBm.
2.2.3 Conclusion
Assuming similar sensitivity performances than LTE, following Table 2 captures our proposals to specify ACS requirements

Table 2: ACS requirement

	Parameters
	Proposed values to agree on

	Wanted signal
	
	

	Type (sub-carrier spacing)
	15 kHz
	3.75 kHz

	Bandwidth
	Multi tone 180 kHz
	Single tone 

	FRC parameters
	Refer to REFSENS ([2])

	Desensitisation
	19.5 dB
	[36 dB]

	Interferer
	
	

	Bandwidth
	180 kHz

	Position
	200 kHz from NB-IoT carrier

	Type
	1 LTE PRB (180 kHz)

	Mean power PInterfererACS
	-52 dBm


2.3 Narrow band blocking
Narrow band blocking requirement is checking ability to receive a wanted signal in the presence of a strong adjacent narrow band interferer. 
Narrow band requirement is illustrated in Figure 2.
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Figure 2: Narrow Band requirement

2.3.1 Wanted signal

For the same rationale as for REFSENS ([2]), the requirement should consider single tone signal for 3.75 kHz and multi-tone 180 kHz for 15 kHz sub-carrier spacing. 

Proposal 7: Specify Narrow Band requirement with multi tone (180 kHz) wanted signal for 15 kHz subcarriers spacing. Specify Narrow Band requirement with single tone wanted signal for 3.75 kHz subcarriers spacing.

Similar to LTE, we propose to consider similar sensitivity performances than LTE1.4 MHz channel bandwidth. 

For this LTE 1.4 MHz signal, desensitisation was set to 6 dB. This means that the considered selectivity was:
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Considering similar selectivity performance for NB-IoT, for multi-tone 180 kHz 15 kHz sub carrier spacing, the desensitisation should then be:
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For 3.75 kHz, it would then be 30.5 dB (to be further discussed).  
Proposal 8: Considering similar performances than LTE 1.4 MHz for Narrow Band blocking requirement, the desensitisation for multi-tone (180 kHz) 15 kHz subcarrier spacing signal should then be set to 14 dB. For 3.75 kHz subcarrier spacing, this would require further discussion, but, with similar rationale, it should then be set to 30.5 dB.
2.3.2 Interferer

Regarding the interfering signal, we propose to use 1 LTE PRB (180 kHz) with PInterfererNB = -49 dBm mean power for 15 kHz sub-carrier spacing, similar to LTE. Mean power value might be reconsidered for 3.75 kHz subcarrier spacing.

Proposal 9: Specify Narrow Band requirement using one LTE PRB signal (180kHz) as interferer with PInterfererNB = -49 dBm mean power for 15 kHz sub-carrier spacing.

Interferer’s carrier shall be offset with 200 kHz + Foffset + m*180 kHz from NB-IoT carrier, with m=0, 1, 2, 3, 4, 5 similar to LTE 1.4Mhz signal. Foffset value should be set to the same value than for 1.4 MHz LTE signal.
Proposal 10: The interferer signal should be positioned with an offset of 200 kHz + Foffset + m*180 kHz from NB-IoT carrier, with m=0, 1, 2, 3, 4, 5, with Foffset =252.5 kHz.
2.3.3 Conclusion

Assuming similar sensitivity performances than LTE, following Table 3 captures our proposals to specify Narrow Band blocking requirement.
Table 3: Narrow Band blocking requirement

	Parameters
	Proposed values to agree on

	Wanted signal
	
	

	Type (sub-carrier spacing)
	15 kHz
	3.75 kHz

	Bandwidth
	Multi tone 180 kHz
	Single tone 

	FRC parameters
	Refer to REFSENS ([2])

	Desensitisation
	14 dB
	[30.5 dB]

	Interferer
	
	

	Bandwidth
	180 kHz

	Type
	1 LTE PRB (180 kHz)

	Mean power PInterfererN
	-49 dBm

	Position
	200 kHz + Foffset + m*180 kHz from NB-IoT carrier, with m=0, 1, 2, 3, 4, 5

	Foffset
	252.5 kHz


3 Conclusion
In this contribution we are proposing parameters and assumptions for BS RF ACS and Narrow Band blocking requirements.
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