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1 Introduction
In RAN4#78b UE reference sensitivity was discussed and a way forward was agreed for the simulation assumptions to be used to specify the power level.
2  Discussion
Reference sensitivity is the minimum mean received signal strength to meet 95%of the maximum throughput. REFSENS can be calculated as follows:
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where -174dBm is the noise floor at room temperature, 
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 is the operating bandwidth in Hz, 
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 is the Tx/Rx noise figure in dB, 
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 is implementation margin in dB, 
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R

 is band-dependent relaxation due to the ratio between duplexer distance and band gap in dB, and SNR is the operating SNR in dB to meet the 95% of maximum throughput under reference measurement channel (RMC), as specified in 36.101.

In the following we show a table of the reference measurement channel that is used for the simulations based on [1]
Table 1 simulation assumptions for REFSENS simulations

	Parameter
	Unit
	Standalone Mode

	Channel bandwidth
	kHz
	200

	Antenna configuration
	
	1x1

	Allocated resource blocks
	
	1

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	10

	Channel Coding
	
	TBCC

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	[88]

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	1

	Binary Channel Bits Per Sub-Frame
	
	[320]

	LTE CRS ports
	
	N/A

	Number of NRS ports
	
	1

	Number of NB-PDSCH repetitions
	
	1

	Channel estimation
	
	Ideal

	Channel
	
	AWGN

	Frequency error
	
	None

	Timing error
	
	None

	Power boosting
	
	N/A


Figure 1 shows the normalized throughput for stand-alone NB-IoT. In this case the Required SNR = 0.65 dB to reach 95% of the maximum throughput.
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Figure 1 Normalized throughput for stand-alone operation
Based on the results above we can find the requirements without implementation margin and band dependent relaxation as follows
Table 2 DL REFSENS
	
	Stand-alone

	Peak Data rate [Kbps]
	56

	
	

	(1) Thermal noise density [dBm/Hz]
	-174

	(2) Receiver noise figure [dB]
	[7 , 9]

	(3) Implementation margin [dB]
	[2.5]

	(4) Occupied channel bandwidth [Hz]
	180000

	(5) Effective noise power = (1) + (2) + (3) + 10 log ((4)) [dBm]
	[-111.95 , -109.95]

	(6) Required SNR [dB]
	0.65

	(7) Receiver sensitivity without Rb = (5) + (6) [dBm]
	[-111.3 , -109.3]


The above number is the reference sensitivity power level without any band-dependent relaxation and for two different noise figures 7 and 9.
3 Conclusion
In this contribution presented simulation results for NB-IoT downlink REFSENS.
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