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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, a way forward [6] has been agreed. This contribution proposes NB-IoT REFSENS requirement specification and is basically an update of [5] considering agreements from the way forward.
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. This reference channel is specified in Annex A of [3].
In our previous contribution [5], we proposed to specify REFSENS over one tone only which would be required for 3.75 kHz sub-carrier spacing as multi-tone doesn’t support 3.75 kHz. For 15 kHz, first approach was to specify it also for single tone. 

But, by investigating further the other Rx requirements, and mostly motivated by the very tight schedule we have to finalize those specifications, we are reconsidering this proposal and would suggest specifying REFSENS requirement over 180 kHz (12 multi-tones then) for 15 kHz sub-carrier spacing. By doing so, we would specify requirement for a signal which is like 1 LTE PRB. We could then reuse efficiently all simulations and agreements done in the past for LTE to specify all needed parameters, e.g. desensitization, interferer mean power, implementation margin,… 
Proposal 1: Specify REFSENS over one tone for 3.75 kHz sub-carrier spacing and 180 kHz (multi-tone) for 15 kHz sub carrier spacing. 
In our previous contribution [5], we also mentioned that the implementation margin should be adjusted with edge insertion losses of the RF filters which was not reflected in the agreed WF [6]. But filter edge losses consideration is essential before concluding on any REFSENS value. Indeed, due to the nature of NB-IoT (compared to LTE) and depending on where NB-IoT would be deployed in the band (edge or not), filters might be more or less sharp (as shown on Figure 1) and would have some impact on NB-IoT sensitivity. This has also to be considered when specifying REFSENS requirement. One option is to have this additional margin per band, or to have an absolute value that would cover all bands.
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Figure 1: Impacts of Edge insertion loss - RF filters
Proposal 2: Consider additional margin 
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for RF filters edge insertion losses when specify REFSENS requirement.

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, 
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 is the additional margin to consider RF filter edge insertion losses, 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 have considered the extreme coverage scenario. But to achieve this, we would need to include transport block repetitions. To remain consistent with eMTC, we would so consider the normal coverage scenario, with worst case conditions, to define REFSENS and add performance requirements that will cover the extended coverage capability.
During Malta’s meeting, as mentioned in the way forward [6], we agreed to use 
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 BPSK for the modulation of the fixed reference channel for single tone. But for multi tone, according to RAN1 outcomes, only QPSK is considered.
From RAN1 outcomes related to MCS/TBS, we propose the following parameters (Table 1) for the Fixed Reference Channel that is considered to determine the SNR value and specify so BS RF REFSENS requirement. When this contribution was written, MCS/TBS tables (UL) were still not agreed in RAN1. This is just an early proposal that need to be confirmed later.
	Reference channel
	NB-IoT

	Sub carrier spacing (kHz)
	15
	3.75

	Number of tone
	12
	1

	Bandwidth (kHz)
	180
	3.75

	Allocated resource units
	1
	2

	DFT-OFDM symbols per slot
	6
	6

	Modulation
	QPSK
	Pi/2 BPSK

	Payload size (bits) 
	72
	32

	Transport block CRC (bits) 
	24
	24

	Coding Rate
	1/3
	0.29

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Coded block size including 12bits trellis termination (bits)
	(72+24)/0.33+12= 300
	(32+24)/0.24+12= 205

	Total number of bits per resource unit
	96
	96

	Total symbols per resource unit
	144
	96

	Tx time (ms)
	1
	64


Table 1: Fixed Reference Channel parameters for REFSENS
Proposal 3: Agree on list of parameters mentioned in Table 1 to specify Fixed Reference Channel for REFSENS.
Based on those FRC parameters, we made some early simulations to evaluate corresponding SNR at 95% throughput for multi tone 180 kHz – 15 kHz sub carrier spacing only due to the lack of time. We ran simulation for all operation modes: in band (Figure 2), guard band (Figure 3) and standalone (Figure 4).
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Normalized throughput, 0.95 @ 0.131dB
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Figure 2: SNR at 95% throughput - in-band


    Figure 3: SNR at 95% throughput - guard band
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Figure 4: SNR at 95% throughput - standalone
For all operation modes, we get same SNR value which is 0.13 dB (for information).

Following parameters have also been agreed during last RAN4#78 meeting (refer to [6]):
· Implementation margin 
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set to 2dB.
· BS Noise figure 
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set to 5dB. This shall then be adjusted with edge insertion losses of the RF filters given by
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3 Conclusion
In this contribution we are proposing parameters and assumption to finalize REFSENS specification.
Proposal 1: Specify REFSENS over one tone for 3.75 kHz sub-carrier spacing and 180 kHz (multi-tone) for 15 kHz sub carrier spacing. Modulation for Fixed Channel Reference and 15 kHz sub carrier spacing shall then be QPSK. 

Proposal 2: Consider additional margin for RF filters edge insertion losses when specify REFSENS requirement.

Proposal 3: Agree on list of parameters mentioned in Table 1 to specify Fixed Reference Channel for REFSENS.
Following table captures proposals and previous agreements:
	Parameters
	Proposed values to agree on

	Wanted signal
	
	

	Type (Sub-carrier spacing)
	15 kHz
	3.75 kHz

	Bandwidth
	Multi-tone 180 kHz
	Single tone

	BS Noise Figure
	5 dB
	5 dB

	Implementation Margin
	2 dB
	2 dB

	Implementation margin due to RF filter edge filter losses 
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	[tbd]
	[tbd]

	FRC parameters
	Refer to Table 1

	SNR
	From simulation
	From simulation
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