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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#78b meeting, a way forward [2] has been agreed: REFSENS will be specified for 15 and 3.75 kHz considering single tone only. Furthermore, an email discussion was triggered to agree on associated FRC parameters. This contribution proposes further NB-IoT REFSENS requirement specification and SNR simulation results according to agreed FRC parameters.
Note that the band edge issue is addressed in a separate contribution [6]. Following requirements specification is not applicable as is for band edge.
2 Discussion
As specified in [3], the reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel. The LTE reference channel is specified in Annex A of [3].
As agreed in [2], REFSENS shall be specified over one single tone only for 15 kHz and for 3.75 kHz sub-carrier spacing. 

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 receiver noise figure in dB,
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 is implementation margin in dB, 

SNR is the operating SNR in dB to meet the 95% of maximum throughput under reference measurement channel as specified in Annex A, as specified in TS 36.104.

To evaluate this SNR value, we should consider scenario close to extreme coverage, without any repetition, as agreed in [4]. Modulation (
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 BPSK) was also agreed during Malta meeting (refer to [4]).
Based on RAN1 agreement for UL MCS/TBS, and according to email discussions in RAN4 on this topic, Table 1 captures agreed FRC parameters.
	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


Table 1: Fixed Reference Channel parameters for REFSENS
Based on those FRC parameters, we should run associated simulations. Unfortunately, we were not able to get results with this short deadline. We should be able to provide an update of this contribution with simulations results for next AH meeting
For all operation modes, following SNR values are captured in Table 2.
	Sub carrier spacing 
(kHz)
	Operation mode
	SNR

(dB)

	15
	In band, guard band, standalone
	[-2.8] (*)

	3.75
	In band, guard band, standalone
	[-2.8] (*)


Table 2: SNR values
(*): to be updated with more than 1 company’s results. 
Those parameters have also been agreed during last RAN4#78 meeting (refer to [4]):
· Implementation margin 
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set to 2dB.
· BS Noise figure 
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set to 5dB. 
From those, we are proposing following REFSENS values in Table 3.
	Sub carrier spacing 
(kHz)
	Operation mode
	REFSENS

(dB)

	15
	In band, guard band, standalone
	[-128] (*)

	3.75
	In band, guard band, standalone
	[-134] (*)


Table 3: REFSENS values

(*): to be updated with more than 1 company’s results. 
Proposal: Specify REFSENS requirements for 3.75 and 15 kHz sub-carrier spacing using values mentioned in Table 3.
3 Conclusion
In this contribution we are proposing parameters, assumption and final values for REFSENS specification.
Proposal: Specify REFSENS requirements for 3.75 and 15 kHz sub-carrier spacing using values mentioned in Table 3. Following Table 4 captures proposals and previous agreements.
	Parameters
	Proposed values to agree on

	Wanted signal
	
	

	Type (Sub-carrier spacing)
	15 kHz
	3.75 kHz

	Wanted signal bandwidth
	1 tone 

15 kHz
	1 tone

3.75 kHz

	Noise bandwidth
	15 kHz
	3.75 kHz

	BS Noise Figure
	5 dB

	Implementation Margin
	2 dB

	FRC parameters
	Refer to Table 1

	SNR
	[-2.8] (*)
	[-2.8] (*)

	REFSENS
	[-128] (*)
	[-134] (*)


Table 4: REFSENS requirements
(*): to be updated with more than 1 company’s results.
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