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1. Introduction
In RAN4#78 San Jose Del Cabo, WF for refsens was agreed [1]. A formula was agreed with some values for parameters but number of parameters were still not agreed. Also, WF for OOB [2] was agreed. OOB was agreed to be no stringent than LTE. This paper discusses refsens and OOB for NB IoT in relation to SAW less architecture and proposes values.
2. Discussion

The agreed REFSENS calculation principle [1] is: 
PREFSENS (dBm)= -174dBm + 10log10B + NF + IM + R(IL +[ N1/f  ] + SNR
Where:

Table 1 Refsens parameters

	Parameter
	Explanation
	Agreed value
	Notes

	-174dBm
	noise floor at room temperature in B=1Hz (1.38*10-23*300)
	-174dBm
	

	B
	operating bandwidth in Hz
	180 kHz
	

	NF
	Noise figure in dB of the receiver in antenna connector
	[7 - 9 dB]
	Including extreme temperature

	IM

	Implementation and production margin
	[2.5] dB
	In chairman report, agreement is without []

	R(IL
	Additional band dependent filter loss
	[0 - 1.5 dB]
	

	N1/f
	Noise contribution from DC subcarrier
	TBD dB
	

	SNR
	Required Signal to Noise Ratio in baseband
	TBD
	Based on simulation assumptions also in [1]


In the following, we will discuss each parameter separately. 

2.1. NF and R(IL – Noise Figure with band adjustment
The noise figure of the receiver depends mainly on RF front end loss and transceiver noise figure. Front end loss consists of receive filters and TX/RX and band switches and PCB trace losses. This parameter is very much discussed when ever refsens is discussed in RAN4. 

The impact of SAW less architecture has been discussed in NB many times. The NF impact of SAW less architecture comes from removed SAW and possibly some band switches. The band dependency can be also included in the R(IL term. In Table, 2, we have proposed values for R(IL depending on if band is high band or low band and what is the relative bandwidth of the band. This takes in to account the higher losses in PCB and TX RX switches and the larger roll of LNA matching when band is wider. 
2.2. N1/f – Impact of DC subcarrier

In LTE, DC subcarrier is not allocated any data. This is because it would very difficult to receive data that coverts to DC in direct conversion receiver. DiCo receiver suffers from internal imperfections and special measures are needed to remove DC and therefore information put to DC would be lost. DC could be placed to in between the subcarriers also but the phase noise from LO would cause significant desense to surrounding subcarriers.

For NB, all 12 subcarriers will be used for information transport. The DC would then need to be takes into account somehow. The added noise of LO phase noise with the distance from LO is shown in table 1.

	Distance from LO

[kHz]
	Phase noise compared to thermal noise

[dB]
	Desence of victim subcarrier

[dB]

	2
	3
	4.76

	4
	0
	3

	7.5
	-2.625
	1.89

	8
	-3
	1.76

	15
	-5.625
	1.05

	16
	-6
	0.97

	32
	-9
	0.52


This is illustrated also in Figure 1. The impact of phase noise to overall sensitivity can be then calculated by assuming 1.89 dB desentisation to 2 subcarriers out of 12. This yields 0.26 dB desence due to missing DC subcarrier when LO is placed in between 15 kHz subcarriers. 
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Figure 1 Phase noise of LO in NB case (a) and LTE case (b)
2.3.    OOB with SAW less
The OOB was agreed to be “OBB requirements for NB-IoT shall not be more stringent than OBB for LTE referred to Table 7.6.2.1-2  in TS 36.101”  [2]. The low cost nature of NB target setting in WID [3] open possibility to consider SAW less implementation. The SAW filter is needed to protect receiver from own TX and high power blockers. NB-IoT system operates in half duplex operation and therefore own TX is not present but high power out of band blockers still remains. 
The linearity of LNA and its noise figure share a relation. If linearity needs to be improved, the noise figure shall increase also. This principle is shown in Figure 2.
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Figure 2 Noise figure vs. linearity
For SAWless operation, the insertion loss benefit that comes from removing SAW and related components, is lost almost completely when linearity of the receiver is improved. One possibility to enable lower noise figure is to lower linearity requirements like OOB. However, relaxing OOB to enable lower NF we would need to analyse already agreed ACS, IBB and NBB if any of those become limiting condition for NF. 
2.4. Blocking requirements and NF
Related to SAW less discussion, we need to bring up a point that the assumed improvement in FE loss has an impact on blocker levels. The blocker rejection is a figure of merit of receiver linearity. For the cases where blocker is far enough for band filters to reduce the relative level of blocker, performance depends on combined filter attenuation and receiver linearity. If we assume the refsens improvement is due to improved FE loss, the blocker requirement increases by as much with the same test case parameters. This issue is explained in a Figure 3.
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Figure 3 Refsens improvement due to FE IL loss improvement tightens the blocking requirements. Assume refsens is -103 dBm in (a) and -105 dBm in (b). IB Blocker levels from [4]
The case is different if REFSENS improvement is assumed due to narrower BW since the PSD difference is the same. Therefore we come to two observations:

Observation 1: The wording for OBB in [3] does not mean that blocker level will remain the same if refsens improvement is assumed

Observation 2: If NF is assumed different than legacy LTE 9 dB, also all absolute blocker levels need to be revisited 

To conclude and respect already made agreements, we propose the parameters for NB-IoT in Table 2. The SNR is still open but we provide min and max from all presented proposals. BW in Table 2 is 180 kHz
Table 2 Reference sensitivity parameters for NB-IoT. BW is 180 kHz.
	Band 
	Cat-M1 refsens
	NF
	RIL
	IM
	N1/f  
	SNR
	NB refsens

	
	
	
	
	
	
	Min
	Max
	Min
	Max

	1
	[-103]
	8.5
	1
	2.5
	0.26
	-0.3
	3
	-109.5
	-106.2

	2
	-101
	8.5
	1
	2.5
	0.26
	-0.3
	3
	-109.5
	-106.2

	3
	-100
	8.5
	1.2
	2.5
	0.26
	-0.3
	3
	-109.3
	-106.0

	5
	-101.5
	8.5
	0.3
	2.5
	0.26
	-0.3
	3
	-110.2
	-106.9

	8
	-100.5
	8.5
	0.5
	2.5
	0.26
	-0.3
	3
	-110.0
	-106.7

	12
	-100
	8.5
	0.3
	2.5
	0.26
	-0.3
	3
	-110.2
	-106.9

	13
	[-100]
	8.5
	0.5
	2.5
	0.26
	-0.3
	3
	-110.0
	-106.7

	17
	N/A
	8.5
	0.3
	2.5
	0.26
	-0.3
	3
	-110.2
	-106.9

	18
	[-103]
	8.5
	0.3
	2.5
	0.26
	-0.3
	3
	-110.2
	-106.9

	19
	[-103]
	8.5
	0.3
	2.5
	0.26
	-0.3
	3
	-110.2
	-106.9

	20
	[-100.5]
	8.5
	0.7
	2.5
	0.26
	-0.3
	3
	-109.8
	-106.5

	26
	-101
	8.5
	0.7
	2.5
	0.26
	-0.3
	3
	-109.8
	-106.5

	28
	[-101.5]
	8.5
	1
	2.5
	0.26
	-0.3
	3
	-109.5
	-106.2

	66
	N/A
	8.5
	1.2
	2.5
	0.26
	-0.3
	3
	-109.3
	-106.0


Conclusion
Aspects and relation of reference sensitivity to blocker requirement was discussed. We propose NF of 8.5 and band dependent RIL according to Table 2. 
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