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1 Introduction
In RAN4#77AH a WF was agreed on the receiver requirements for NB-IoT UE [1]. According to the way forward some of the existing requirements can be reused for NB-IoT UE, while some other requirements need to be specified for NB-IoT UE. In the following we discuss the open issues for the specification of NB-IoT UE receiver requirements.

2 Discussion
According to the WF in [1], the following legacy requirement can be reused for NB-IoT

· Receiver spurious emissions: reuse the existing requirements
Also the following receiver characteristics should be studied in RAN4:

· NB-IOT UE Maximum input level shall be -25 dBm
· ACS
· Level comes from Co-existance simulations
· What kind of interferers BW are used. 200 kHz and/or 5 MHz and what offset?
· REFSENS
· Baseline is HD-FDD CAT-0 MTC REFSENS for which BW correction factor (I.e. from 5 MHz REFSENS to 200 kHz REFENS) is applied and affect of new RMC is taken into account
· All blocking requirements (In-band blocking, out of band and so on)
· We need to consider scenarios
· Out-of band blocking
· Investigate If LTE OOB-bocking requirement can be relaxed what is the benefit for example for cost, size and battery life. Justification for the relaxation should be provided in terms of system performance degradation due to relaxed OOB-blocking specification.
· Narrowband blocking
· Intermodulation
· Spurious response
2.1 Maximum input level
Maximum input level is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet the minimum requirements for the specified reference measurement channel. The requirements for a legacy UE is -25dBm for reference measurement channel as in Annex A.3.2 in 36.101 with 64QAM modulation and code rate R=3/4. For NB-IoT UE lower order modulation is used and the reference measurement channel will be different than the legacy UE. However since the BS power is the same as legacy and the minimum coupling is assumed the same as the legacy (36.942), which is 70dB, the maximum input level is expected to be the same as legacy UE, i.e. -25dBm. 
2.2 REFSENS
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 Tx/Rx noise figure in dB, 
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 is implementation margin in dB, 
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R

 is band-dependent relaxation due to the ratio between duplexer distance and band gap in dB, and SNR is the operating SNR in dB to meet the 95% of maximum throughput under reference measurement channel (RMC), as specified in 36.101, where 2Rx diversity is used.

In Rel-12 MTC, and Rel-13 eMTC, the reference sensitivity requirement was relaxed due to a single receiver as compared to the two receiver assumption in the legacy case. However due to new bandwidth for NB-IoT, that approach cannot be used and new requirements need to be defined based on simulations with 200kHz system bandwidth. Also the new UE may have a lower NF.
In a similar approach to the Rel-13 eMTC, REFSENS requirements for NB-IoT will only be defined for normal coverage case, i.e. without any repetition. Demodulation performance requirement that will be defined later will cover the extreme coverage operation.
2.3 Selectivity and blocking

For NB-IoT operated in the in-band of existing LTE system bandwidth, we can expect that legacy definition and requirement for selectivity and different blockings can be reused.  

For guard-band operation, since the NB-IoT RB is closer to the adjacent channel blocker and the narrow-band blocker that is just a few hundred kHz away, there might be an issue to use existing requirement. This can be decided based on the outcome of the coexistence studies. However in-band and out-of-band blockers are rather far from the wanted NB-IoT signal in the guard band, and the existing requirements are likely to be sufficient for this case. As it was agreed, for NB-IoT UE if there is any gain observed in terms of cost, size and battery life, RAN4 can consider relaxation on soem of these requirements. Justification for the relaxation should be provided in terms of system performance degradation due to relaxed OOB-blocking specification. The spurious response should follow out-of-band blocking requirements.
In case of stand-alone operation the blockers need to be defined first and the requirements can be based on the coexistence studies. 
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Figure 1 Illustration of different blockers for 5MHz UE
3 Conclusion
In this contribution we looked at the core RF requirements for UE receiver, and made the following proposal:

· Maximum input power level for NB-IoT UE is -25dBm

· New REFSENS requirements must be specified for NB-IoT UE

· For guard-band operation of NB-IoT, new ACS and narrow-band blocking might be needed, but the existing in-band blocking, out-of-band blocking and spurious response requirement for LTE can be reused unless any gain observed in terms of cost, size and battery life due to relaxation of these requirements

· For stand-alone operation of NB-IoT, due to the new system bandwidth and channel arrangements, new definition and requirements for selectivity and blocking requirements need to be specified 
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