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Introduction
Reference sensitivity and out-of-band blocking are key parameters in NB-IoT downlink. In this contribution, we summarize and analyse proposals from several companies in the recent meetings, and propose our views on these two parameters based on low power and low cost UE implementation.
Discussion
2.1 Brief summary of proposals on UE reference sensitivity 
In past several meetings, several proposals on UE reference sensitivity are proposed, which are summarized briefly in Table 1. 
Table 1 Summary of proposals on UE reference sensitivity
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2.2 Analysis on reference sensitivity requirement
2.2.1 NF and IM
In some proposals, it is proposed that since SAW-less architecture may be a must for NB-IoT for low cost implementation 2dB insertion loss of SAW filter eliminated can be due to SAW filter removal. Therefore, Noise Figure requirement is updated from 9dB as in LTE receiver to 7dB for NB-IoT. However, regarding to RFIC design, NB-IoT transceiver design is much different with LTE transceiver design. For LTE transceiver, performance, i.e. low noise figure is more important than power and cost. On the country, for NB-IoT transceiver, power and cost are more important than performance. For example, as shown in [10], a WCMDA receiver can achieve 2.4dB NF (RFIC only, excluding SAW filter and any other insertion loss) at the price of 15.1mA current consumption (shown in Figure 1).  However, for low power low cost application, as shown in [11], NF is 5.7dB with a much low current consumption of 5.6mA (shown in Figure 2). We can safely expect that NB-IoT transceiver should be categorized into low power low cost transceiver similar as Zigbee instead of high performance transceiver similar as WCDMA. NB-IoT must consume much less current than LTE, thus NF will be higher, e.g. about 2~3dB. Therefore, we believe it is vital necessary to keep 9dB NF for NB-IoT reference sensitivity calculation.  
[image: ]           [image: ] Fig. 1 NF and current consumption in a WCDMA receiver[10] Fig.2 NF and current consumption in a Zigbee receiver[11]
Regarding to IM, we think it should be kept at least as the same in LTE, since some additional margin should be allocated for e.g. on-chip RF switch, which has worse performance than off-chip RF switch in LTE.
2.2.2 N1/f term and R∆IL term
It is known that 1/f noise is very important in Zero-IF receiver, but is trivial in Low-IF receiver, since it appears at near DC frequency.  Similar as GSM/EDGE receiver, which is also narrowband, low-IF receiver is more suitable for NB-IoT due to narrowband. Therefore, it is unnecessary to consider 1/f noise for NB-IoT transceiver. Figure 3 shows an example of Low-IF receiver that is a popular architecture in GSM/EDGE receiver.

Fig. 3 An example of Low-IF receiver
Regarding to R∆IL, we suggest it is set  to 0dB as baseline currently and it can be discussed in more details later.
2.2.3 SNR requirement
According to the simulation results from several company shown in Fig. 1, SNR requirement ranges from -0.3dB to 3dB; With the consideration that the difference between floating point simulation and digital implementation, we think that SNR=2dB can be adopted as the baseline, which may be comfortable for different algorithm from different companies.
2.2.4 Repetition
We agree with the proposal in [12]. NB-IoT REFSENS is defined only for no repetitions case, which is similar as that in LTE. Such a definition will lead to straightforward arrangement for chip evaluation.

2.3 Brief summary of proposals on out-of-band blocking 
Table 2 shows the summary of proposal on UE OOB requirement in the previous meetings. It is shown that two ways exist for the relaxation of OOB requirement, i.e. 1) increasing the wanted signal power level; 2) decreasing OOB power level. The main issues focus on OOB2 and OOB3. 
Table 2 Summary of proposals on UE OOB
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2.4 Analysis on out-of-band blocking requirement
In our view, there are mainly two aspects that affects the out-of-band blocking requirement, i.e. 1) OOB vs LO phase noise; 2) OOB vs RF front-end linearity. 
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Fig.4 Simplified illustration on the relationship between OOB and LO phase noise 
Figure 4 shows a simplified illustration on the relationship between OOB and LO phase noise. On the one hand, RF signal is mixed with LO and down-converted into a low IF for further processing. On the other hand, the phase noise at A point will also be mixed with the large blockier and down-converted into the same IF. The mixing product will decrease the effective SNR for signal at analog baseband. In another word, more stringent OOB requirement will lead to more stringent phase noise requirement on LO. In general, lower phase noise requirement will lead to much more current consumption in synthesizer. It has much adverse effect to low power implementation in NB-IoT applications. Moreover, an improper OOB definition will even cause it impossible to achieve low phase noise in synthesizer to meet the requirement without an expensive SAW filter. As we all know, this also has very seriously adverse effect to low cost implementation in NB-IoT application. 
Regarding to OOB vs RF front-end linearity, a large interference will block RF-front-end of receiver, and decrease its effective gain, and lead to larger noise and lower SNR. In practice, without a SAW filter, RF front-end gain has to be decreased by AGC control to cope with a large blocker. However, a lower gain of RF front-end will lead to larger effective noise of receiver.  Therefore, the wanted signal has to be increased accordingly for proper demodulation. 
Based on above analysis, since SAW-less may be a must for low power, low cost applications, OOB requirement has to be relaxed in some extent. We have the following proposal:
Proposal: update power of blocker in OOB3 from -15dBm to -25dBm. 
Conclusions
Proposal: update power of blocker in OOB3 from -15dBm to -25dBm. 
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TABLE V
'WCDMA RECEIVER PERFORAMNCE COMPARISION

Design Simplex N DuplexNF  TX Power  2-Tone 1IP2
(dB) (dB) (dBm) (dBm)
Without
Correction
Factor
41 19 - 29 388
(5] 29 - - 49.5
61 - 31 25 =65
This 22 2.4 -245 >90
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TABLE IV
CORE RECEIVER BLOCK CURRENT DRAIN
RX Block Current Drain
High Band
TCA 6.6 mA
Mixer 0 mA
Baseband Filters (Total I and Q) 8.5 mA
Total [15.1mA]
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