
[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #82bis	R4-1703813
Spokane, Washington, USA, 3 - 7 April, 2017

[bookmark: Source]Agenda Item:	5.5.2
Source: 	Nokia, Alcatel-Lucent Shanghai Bell
[bookmark: Title]Title: 	BS RF receiver intermodulation and spurs
[bookmark: DocumentFor]Document for:	Approval


1.	Introduction
A potential issue on NB-IoT BS RF receiver intermodulation and spurs (due to the proximity and output power of the CW interfering signal used in the requirements and tests) was discussed in RAN4#82 [1], and a way forward was agreed to further evaluate and address this issue [2].
This contribution provides an analysis on this issue, and proposes a solution to address it in the RAN4 specifications.

2.	Discussion
[bookmark: _Toc336211415]The NB-IoT BS RF receiver intermodulation performance requirements are specified in TS 36.104 [3] and TS 37.104 [4] with a pair of -48 or -52 dBm CW and E-UTRA interfering signals, with an allowed 6dB E-UTRA receiver desensitization. At a 5 dB noise figure, the thermal noise level in the victim FRC is -127.2 and -133.2 dBm for a 15 and 3.75 kHz subcarrier, respectively. The 6 dB desensitization requirement allows an added interference of up to 4.74 above the thermal noise, which makes -122.5 and -128.5 dBm for a 15 and 3.75 kHz subcarrier, respectively. Therefore, the required spurious response rejections for the -52 dBm CW carrier, without leaving any margin for the intermodulation product itself, would be around 70.5 and 76.5 dB for 15 and 3.75 kHz NB-IoT subcarrier spacing, respectively. For the -48 dBm CW carrier, the required spurious response rejection would be 4 dB higher, i.e. up to 80.5 dB. To allow for the presence of the intermodulation product, the spurious response rejection should preferably be 10 dB higher, i.e. up to 90 dB. For comparison, the blocking requirements in GSM allow spurious responses up to -77.5 dBc for 1 dB desensitization (ANSI bands) and -71.7 dBc for 3 dB desensitization (non-ANSI bands).
For the narrowband intermodulation performance requirement, the rejections must be achieved in the most stringent case at an offset of 420 kHz (3 MHz E-UTRA channel, spacing between CW frequency and edge of victim FRC). Both spurs produced by the local oscillators and spurious responses in the ADC can have this order of magnitude. Hence the RAN4 specifications should allow an exception for these spurs.
Moreover, for the (general) intermodulation performance requirement, the rejections must be achieved in the most stringent case at an offset of 2.26 MHz (1.4 MHz E-UTRA channel, spacing between CW frequency and edge of victim FRC). Spurs produced by the local oscillators should not be a problem in this region, but spurious responses in the ADC can have this order of magnitude. Hence the RAN4 specifications should also allow an exception for these spurs.
To adopt the same solution for both (general) and narrowband intermodulation performance requirements, it is proposed to shift the CW interfering signal frequency by 100 kHz and E-UTRA interfering signal frequency by 200 kHz, if a BS RF receiver fails the test of the corresponding requirement. However, if the BS RF receiver still fails the test after the frequency shift, then the BS RF receiver shall be deemed to fail the requirement, because a good design should ensure that there are no multiple spurs close together in the frequency domain.
On the other hand, adopting the proposal in [1] to place the CW interfering signal at the other side of the E-UTRA signal means the CW interfering signal would be placed further away from the wanted signal, which would mean a more relaxed rejection requirement as the RF receiver filtering would help to provide the required rejection, in case the RF bandwidth covers the full operating band and thus the interfering signals are outside the operating band.

3.	Conclusion and proposals
This contribution has provided an analysis on the issue regarding NB-IoT BS RF receiver intermodulation and spurs, and confirmed that this issue would occur for both (general) and narrowband intermodulation performance requirements.
To adopt the same solution for both (general) and narrowband intermodulation performance requirements, it is proposed to shift the CW interfering signal frequency by 100 kHz and E-UTRA interfering signal frequency by 200 kHz, if a BS RF receiver fails the test of the corresponding requirement. If the BS RF receiver still fails the test after the frequency shift, then the BS RF receiver shall be deemed to fail the requirement.
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