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1.	Introduction
The revised WI proposal to support Narrowband Internet of Things (NB-IoT) was approved at RAN#70 [1]. One objective of the WI is to specify the Base Station (BS) radio transmission and reception for NB-IoT, including the BS emission mask.
The updated way forward documents on BS receiver (RX) requirements were approved at RAN4#78Bis [2, 3], where several topics are for FFS. These topics were further discussed in RAN#78AH, but no conclusion was made except the FRC parameters for the reference sensitivity level and dynamic range requirements. In this paper, we provide our proposals for the way forward on the remaining topics, in order to complete the Rel-13 WI as targeted.

2.	Discussion
[bookmark: _Toc306263746]2.1	Reference sensitivity level
How to address the band edge issue for guard-band or stand-alone operation is FFS in [3], and further discussed in [4] where it is proposed:
Manufacturer should declare for which band interval it will support 3GPP NB-IoT requirements as specified in TS 36.104 and TS 37.104.
We consider this proposal reasonable for certain operating bands identified for NB-IoT operation to facilitate the use of currently deployed radio hardware for NB-IoT deployment. On the other hand, we propose the manufacturer should also declare the REFSEN outside the band interval where it will support 3GPP NB-IoT requirements as specified in TS 36.104 and TS 37.104, so that the REFSEN at those frequency range(s) can also be tested.

2.2	In-channel selectivity
The need for this requirement is FFS in [2], and it was generally agreed in RAN4#78AH that this requirement is not needed for guard-band and stand-alone operation.
ICS was originally specified to test the image rejection of direct conversion receivers. Sub-carriers received in the upper half of the channel would get mirrored to the lower half of the channel and vice versa. But especially for narrow-band victims there are more mechanisms contributing to ICS (e.g. orthogonality between victim and aggressor sub-carriers and local oscillator phase noise), hence it is not straightforward to specify a good requirement with a realistic desensitisation level, because of the narrowband wanted signal and the frequency dependency of the interference PSD. Also we will have to determine the receiver impairments that would be caught with any new ICS requirement (on top of the existing E-UTRA ICS requirements) and a suitable test configuration to catch these impairments. Only if the exact test configuration is known, it would then be possible to simulate how much desensitisation would occur, making reasonable assumptions on the BS RX implementation. Without an accurately specified test configuration, any estimation of the desensitisation would not be accurate.
In view of the absence of proposal on the requirement and test configuration, we propose not to specify any new ICS requirement for in-band operation in Rel-13, in order to complete the Rel-13 WI as targeted.

2.3	ACS/Blocking
For stand-alone operation, the wider bandwidth interfering signal in TS 36.104 [5], the receiver desensitization level, and the need for narrow-band blocking are FFS, and it was generally agreed in RAN4#78AH to use the more general 5MHz channel bandwidth as the wider bandwidth interfering signal and there is no need for narrow-band blocking as ACS is tested with a narrowband NB-IoT interfering signal. 
For the receiver desensitization level for all three operation modes, we still propose to allow higher desensitization level at least for the ACS requirement, following the current approach in TS 36.104 where narrower bandwidth option are allowed higher desensitization level (refer to Table 7.5.1-3 of TS 36.104). Also the ACS is not flat in practice, and the wanted signal is closer to the interfering signal and hence will see a higher average interference PSD than the corresponding E-UTRA wanted signal. Moreover, a higher desensitization level may also be needed for the in-band blocking requirement, considering the closer offset of the narrower bandwidth wanted signal to the interfering signal compared to the average offset of the E-UTRA wanted signal. On the other hand, out-of-band blocking requirement would reuse the current desensitisation level, but allowance should be made for spurious responses in the receiver due to the character of the test (with a narrowband wanted signal and a CW interfering signal). 
The main discussion point on the receiver desensitization was the effect of the narrower wanted signal bandwidth compared to E-UTRA. At a close spacing to the interfering signal, the main mechanism determining the receiver selectivity is the phase noise of the local oscillators. This phase noise modulates onto the interfering signal and this way it raises the receiver noise floor.
If the phase noise were flat, there would be no effect of the wanted signal bandwidth on the desensitisation level. Thermal noise (determining the reference sensitivity) and phase noise (determining the minimum wanted signal level in the presence of an interfering signal) would scale in the same way with the wanted signal bandwidth. However, in the commonly used local oscillators in BS receivers, the phase noise has a slope of −20 dB per decade in the relevant offset range. Since the narrowband wanted signal will be significantly closer to the interfering signal than the average wanted signal subcarrier in the corresponding E-UTRA scenario, it will see a significantly higher phase noise density.
Under the assumption of a −20 dB per decade slope, the most stringent requirement to the phase noise is set by the narrowband blocking requirement in E-UTRA. In the ACS and in-band blocking scenarios of E-UTRA, an approximately 7 dB higher phase noise level can be tolerated. Therefore, the maximum phase noise level allowed to pass the E-UTRA narrowband blocking test combined with a −20 dB per decade slope is a good starting point to estimate the desensitisation of a NB-IoT signal in the ACS and blocking requirements.
According to our own calculations, the above assumptions would lead to a 16 dB desensitisation of the NB-IoT victim in the stand-alone ACS scenario. In the guard-band ACS scenario, the desensitisation would be approximately 8 dB. In the in-band blocking scenario, it would be possible to achieve a 6 dB desensitisation. There is still an effect of the phase noise slope in the in-band blocking test, but the stringent requirement for E-UTRA narrow-band blocking will guarantee that the phase noise will have sufficient margin in the in-band blocking requirement. Since these calculations are not straightforward and the results depend highly on the assumed frequency offsets, we encourage other companies to provide their own studies.

3.	Conclusion
In this contribution, we provide our proposals for the way forward on BS RX requirements for NB-IoT. Our proposals are summarized below.
For Reference sensitivity level
· The manufacturer should also declare the REFSEN outside the band interval where it will support 3GPP NB-IoT requirements as specified in TS 36.104 and TS 37.104, so that the REFSEN at those frequency range(s) can also be tested.
For In-channel selectivity
· Not to specify any new ICS requirement for in-band operation in Rel-13, in order to complete the Rel-13 WI as targeted.
For ACS/Blocking
· To allow higher desensitization level at least for the ACS requirement;
· To allow certain spurious responses for the out-of-band blocking requirement.

References
[1]	RP-152284, “Revised Work Item: Narrowband IoT (NB-IoT)”, Huawei, HiSilicon.
[2]	R4-162820, 	“Way forward on BS RX requirements for NB-IoT”, Huawei, Ericsson, CMCC.
[3]	R4-162831, 	“Way forward on BS REFSENS for NB-IoT”, Ericsson, Huawei, Docomo, Nokia.
[4]	R4- 78AH-0105, “BS RF requirements and band edge issue”, Ericsson.
[5]	3GPP TS 36.104 v13.3.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception”.
[6]	R4-082475, “TR 36.804 v1.3.0”, Ericsson

