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1
Introduction
The discussion of defining the REFSENS requirement in the NB-IoT Work Item [1] has been shaped by a number of preliminary agreements in [2].
2
Discussion
The agreed REFSENS equation is given in [2] as:
REFSENS calculation

PREFSENS (dBm)= -174dBm + 10log10B + NF + IM + R(IL +[ N1/f  ] + SNR

-174dBm
noise floor at room temperature in B=1Hz (1.38*10-23*300)
B 
operating bandwidth in Hz
NF 
Noise figure in dB of the receiver in antenna connector 
IM
Implementation and production margin
R(IL 
Additional band dependent filter loss

N1/f 
Noise contribution from DC subcarrier
SNR
 Required Signal to Noise Ratio in baseband 
The impact of the insertion loss of the RF front end on the noise figure can be revisited for NB-IoT.  In an effort to reduce the cost and complexity of these devices, a filter-less design can be anticipated as a baseline for UE RX requirements.  This is not to preclude designs with filters, but it is our view that the relationship between REFSENS and out-of-band blocking is important to emphasize.  With a filter-less design, it is our recommendation to select 8 dB for the Nf term.
The implementation margin for NB-IoT devices should be relaxed relative to LTE due to lower complexity of the baseband receiver.  It is our recommendation to select 3 dB for the Im term.

For the frequency-dependent relaxation parameter, we do not anticipate the need to set this to a value different than zero for the bands currently in the scope of the Work Item, but having this parameter in case additional bands are included is useful.  It is our recommendation to revisit R(IL any time a new band is added to the scope of NB-IoT.

The noise figure increase due to flicker noise is a parameter that needs to be accounted for in the REFSENS requirement.  According to internal measurement data, up to 1 dB of noise (integrated across the 12 downlink subcarriers), is caused by this effect.  It is our recommendation to set N1/f  to 1 dB.

This contribution will be updated with demodulation results to derive the SNR point.

Given the filter-less assumption made in the noise figure discussion above, a link with out-of-band blocking requirements has been created.  Without such filtering capability, the UE design features a tradeoff in power consumption, as realized by increasing the linearity of its LNA, to overcome the blocker level currently specified for legacy LTE.  Thus, in the interest of maintaining lower complexity of NB-IoT UEs, it is our recommendation to relax the out-of-band blocker level from -15 dB to -20 dB. 

3
Conclusions

This contribution will be updated with demodulation results to derive the SNR point.
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