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1. Introduction

In the last meeting, WFs on REFSENS and Out-of-band blocking for NB-IoT were approved [1, 2]. In this contribution, we discuss how to specify those requirements.
2. Discussion
2.1 REFSENS
In [1], it was agreed to set below parameters for NB-IoT REFSENS calculation.
· PREFSENS (dBm)= -174dBm + 10log10B + NF + IM + R(IL +[ N1/f  ] + SNR
· NF : [7 – 9 dB] including extreme temperature
· IM : [2.5] dB
· R(IL : [0 – 1.5dB]
· The default value of this factor is 0. Application of non-zero factor for some bands is FFS
· [N1/f : TBD dB]
· SNR : Simulation assumptions were agreed
In UMTS timeframe, NF of 9dB was defined for REFSENS calculation. Even in LTE cases, the same value has been reused for the purpose. As well known, this value of 9dB composes of RFIC and RF front-end loss including duplexer.
In NB-IoT cases, since duplexer is not required thanks to HD-FDD operation, the NF assumption needs to be revisited. If we assume duplexer IL of 2dB, the NF will also be reduced by 2dB in principle. Although there was an opinion that Rx SAW filters are highly beneficial in some cases even with HD-FDD case [3], our view is still that the NF should be set as 7dB because even if NF of 7dB is assumed, implementation of SAW filter is not necessarily excluded. This is based on that there were a lot of discussions in RAN4 that current UEs have much margin for the requirements. For example, if we look at the TR 36.862 V13.0.0, the following observation can be found.

In [R4-154819the NF of 9 dB which was originally specified in release 99 is quite generous since a state of art of receiver has a much lower NF in the region of 5-6dB, taking in account; 2.0-2.5dB duplexer filter contribution (UMTS/LTE Band1) insertion loss and a NF for RFIC of about 3dB or less. In this case the total implementation margin would now be 5.5 to 6 dB for a B1 non-CA device. 
From the above, even with NF of 7dB, there would still be room to implement SAW filters if needed. In addition, REFSENS is the most fundamental receiver characteristics which are referred by other receiver requirements. Looser REFSENS means degradation of blocking and intermodulation characteristics whose interference level is absolute value meanwhile wanted signal level is relative one. Thus, it is not reasonable to assume NF of 9dB for all NB-IoT UEs.
Proposal 1: NF of 7dB should be assumed for NB-IoT REFSENS calculation.

2.2 Out-of-band blocking

In [2], the following descriptions were captured as a WF.
· 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
· Companies are encourage to study additional relaxations for 3GPPRAN4#78-NB-IoT, and provide analysis on performance impact and cost benefit
With regard to “performance impact” in second bullet, NB-IoT UEs are more likely to be used without mobility assumption due to machine-to-machine use case by comparison with existing LTE UEs. This means that once NB-IoT UE is allocated near eNB of adjacent operator unfortunately, the UE always suffer from the blocking interference. Therefore, out-of-band blocking is also surely important and it should not be relaxed unless significant benefits are identified. In addition, it should be noted that NB-IoT may be more likely to be used in low bands than high bands according to an endorsed draft CR [3].
NB-IoT is designed to operate in the E-UTRA operating bands 1, 2, 3, 5, 8, 12, 13, 17, 18, 19, 20, 26, 28, 66 which are defined in Table 5.5-1. NB-IoT system operates in HD-FDD duplex mode. 
For those bands, relaxations would be more critical from operational point of view since low bands are closer each other compared to high bands. As an example, a spectrum allocation below 1GHz is shown in figure 1.
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Figure 1: Spectrum allocation below 1GHz (as an example)
Taking into account the proximity of low bands, relaxations for out-of-band blocking for NB-IoT could cause significant degradation in contrast with the Band 42 case. As mentioned in clause 2.1, we observed that even with NF of 7dB, there would still be room to implement SAW filters if resistance property of RFIC for blocker is insufficient. Therefore, it can be concluded that NF of 7dB and no relaxation of out-of-band blocking would be compatible.
Proposal 2: Out-of-band blocking requirements for NB-IoT should not be relaxed.
3. Conclusion

Based on the discussion above, we propose as follows.

Proposal 1: NF of 7dB should be assumed for NB-IoT REFSENS calculation.

Proposal 2: Out-of-band blocking requirements for NB-IoT should not be relaxed than LTE case.
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