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1. Introduction
New WI proposal NB-IoT was approved in RAN plenary #69, and the latest WID was the approved one in RAN#71 [1]. For BS RF receiver requirements WF was agreed in last RAN4#78 meeting [2]. In this contribution, we discuss how to specify BS REFSENS requirement for NB-IoT.
2. Current agreements for REFSENS
In [2], following agreements for REFSENS was made.

====================
· BS REFSENS
· Methodology
· Reference sensitivity level is the minimum mean received signal strength to meet 95%of the maximum throughput. REFSENS can be calculated as follows:
· REFSENS = -174+10*log10(BW) + NF + IM + SNR
· Where:
· BW is the transmission bandwidth in Hz, 
· NF is the receiver noise figure in dB,
· IM is implementation margin in dB,
· SNR in dB to meet the 95% of maximum throughput under fixed reference channel (FRC)
· For wide area base station, NF = 5, IM = 2.
· Operation mode
· Single same requirement specified for all 3 operation modes
· Requirements 
· Option1: Specify requirement for single-tone transmission of both 3.75kHz and 15kHz.
· Option2: Sepcify requirement for single-tone transmission of both 3.75kHz and 15kHz,  as well as 3 tones of multi-tone transmission. The requirement for 3 tones transmission could be applied for each 3 tones of 6 and 12 tones for multi-tone transmission.
· Configration of FRC for both options
· 3.75kHz and 15kHz for single-tone
· 3 tones transmission for multi-tone (if option 2 is selected)
· Pi/2-BPSK for single-tone
· QPSK for multi-tone (if opition 2 is selected)
· Repetition is not considered
· Others (including transport block size, coding rate, etc.) are FFS.
====================

In the following clause, we discuss which option(s) highlighted in blue shall be adopted. .
3. Discussion
Table 1 summarizes the discussed cases based on # of tones, carrier spacing, and modulation schemes in [2]. From the Table 1, it can be seen that the case 1 and 2 are to be specified while the case 4 and 5 are not to be specified regardless of option 1 or 2 to be adopted. In this clause we discuss either Option 1 or Option 2 is applicable to the case 3 in the Table 1.
Table 1 Summary of Option 1 and Option 2

	Case
	# of tones
	Carrier spacing
	Modulation scheme
	Option 1
	Option 2

	1
	1 (single)
	3.75 kHz
	Pi/2-BPSK
(Pi/4-QPSK would be omitted)
	To specify

	2
	
	15 kHz
	
	To specify

	3
	3 (multi)
	
	QPSK
	Omitted
	To specify

	4
	6 (multi)
	
	
	Omitted

	5
	12 (multi)
	
	
	Omitted


As mentioned in the above, the difference between Option 1 and Option 2 is whether the case 3 requirement (3-tones with 15 kHz spacing and QPSK) is specified or not. We discuss whether the expected performance of the case 3 can be guaranteed or not by only guaranteeing the performance of the case 1 and 2.
· Comparison between the case 1 and the case 3

All of the factors (# of tones, carrier spacing and modulation scheme) are different between the case 1 and the case 3. Thus it is concluded that the performance of the case 3 cannot be guaranteed by the case 1 minimum requirement.
· Comparison between case 2 and case 3

The different factors between the case 2 and the case 3 are # of tones and modulation scheme. In terms of # of tones, the case 3 may be able to be omitted since the case 4 and 5 (6-tones and 12-tones) were already agreed to be omitted. On the other hand, modulation schemes are different between the case 2 and the case 3..For the two cases, pure BER performances vs bit energy itself of these modulation schemes would be the same each other. Some other aspects (e.g., channel estimation accuracy), however, are different if SNR per tone becomes different. Thus it is difficult to conclude that the case 3 is essential or not as a minimum requirement without some practical simulation result. Thus, our proposal is that whether the case 3 is specified or not should be determined based on the simulation results after other parameters (FRC parameters) are fixed.
Proposal: Whether specify the case 3 (3-tones with 15kHz spacing and QPSK) minimum requirement or not should be determined based on the simulation results.
4. Conclusion

In this contribution, we discussed how to specify BS REFSENS requirement for NB-IoT especially for the case 3 (3-tones with 15kHz spacing and QPSK). We obtained a following proposal.

Proposal: Whether specify the case 3 (3-tones with 15kHz spacing and QPSK) minimum requirement or not should be determined based on the simulation results.
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