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1	Introduction
During the NB-IoT ad hoc meeting, the BS REFSENS requirements are agreed in [1] under the condition of further checking of the REFSENS values.  The FRC table for BS REFSENS is agreed; however more simulations are needed to check the SNR performance so that the proper REFSENS value can be defined.
This paper provide simulation results based on the agreed FRC table in [1].  The REFSENS values are also calculated based on the simulation results for both 3.75kHz single tone and 15kHz single tone cases.
2	NB-IoT uplink simulation results
The agreed FRC table from [1] is shown here:
Table 1    FRC Table for BS REFSENS requirements
	Reference channel
	NB-IoT

	Sub carrier spacing (kHz)
	3.75 or 15

	Number of tone 
	1

	Modulation
	π/2 BPSK

	IMCS / ITBS
	0 / 0

	Payload size (bits) 
	32

	Allocated resource units
	2

	Transport block CRC (bits) 
	24

	Coding rate (target)
	1/3

	Coding Rate
	0.29

	Code block CRC size (bits)
	0

	Number of code blocks – C
	1

	Total symbols per resource unit
	96

	Total number of bits per resource unit
	96

	Tx time for 15 kHz  (ms)
	16

	Tx time for 3.75 kHz  (ms)
	64



Based on the FRC table, uplink link simulation is performed with AWGN channel and 2Rx.  The simulation results of NPUSCH throughput are shown in Figure 1 for both 3.75kHz and 15kHz single tone.
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[bookmark: _Ref450853373]Figure 1    NPUSCH throughput performance for 15kHz and 3.75kHz single tone
From Figure 1, it shows that the required SNR is -2.7dB for both 15kHz and 3.75kHz to reach 95% of the maximum throughput.
Based on the SNR=-2.7dB, the REFSENS values for single tone 15kHz and 3.75kHz can be calculated in Table 2, with the agreed BS noise figure of 5dB and implementation margin of 2dB.
[bookmark: _Ref450853582]Table 2    REFSENS Calculation for single tone 15kHz and 3.75kHz
	Sub-carrier spacing
	kHz
	15
	3.75

	Tx signal bandwidth
	tone
	1
	1

	
	kHz
	15
	3.75

	Noise bandwidth
	kHz
	15
	3.75

	BS Noise Figure
	dB
	5

	Implementation Margin
	dB
	2

	FRC parameters
	
	Table 1
	

	SNR
	dB
	-2.7
	-2.7

	REFSENS
	dBm
	-127.9
	-134.0



3	Conclusions
In this contribution, link-level simulation results are provided to evaluate the NPUSCH performance with the given FRC table.  At SNR=-2.7dB,  95% of the maximum throughput can be reached for both 3.75kHz single tone and 15kHz single tone NPUSCH channel.  With SNR=-2.7dB, it can be calculated that REFSENS minimum performance requirements are -128dBm and -134dBm for 15kHz single tone and 3.75kHz single tone, respectively.

Reference
[bookmark: _Ref430611759][bookmark: _Ref431017336][1]	R4-78AH-0206	“NB-IoT BS RF – REFSENS requirement”, Ericsson, RAN4 #78b-NB-IoT
[bookmark: _GoBack]
image1.emf
-4 -3.8 -3.6 -3.4 -3.2 -3 -2.8 -2.6 -2.4 -2.2 -2

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

SNR (dB)

Throughput

NPUSCH - single tone, TBS=32bits, RU=2, 1Tx-2Rx, AWGN

 

 

15 kHz

3.75 kHz


