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Introduction
During RAN4#85, the NR specification should be completed. Sections on RX IM should be populated for both FR1 and FR2, conducted (where applicable) and OTA. An agreement was reached in RAN4#84bis on FR2 RX IM [1]. Currently there are no agreements for FR1 RX IM. Furthermore, due to the different bandwidths, spectrum utilizations and numerologies applicable for NR, some additional considerations are needed for finalizing the RX IM requirements.
This paper makes proposals in order to complete RX IM in a timely manner, including how to devise the FR1 requirements and how to set up the interferers considering the NR spectrum utilization.
FR1 Receiver Intermodulation
Conducted receiver intermodulation requirements are already developed for E-UTRA. Furthermore, during RAN4#84bis, key agreements were reached in order to complete the OTA FR1 E-UTRA requirement.
In any refarming band, a neighbor system to an NR deployment could be E-UTRA. Thus, an NR basestation will need to be able to operate in the same interference conditions as E-UTRA at least. Also, since E-UTRA BS will meet E-UTRA receiver requirements, NR systems will need to cause similar interference characteristics to E-UTRA. Thus, NR will also present E-UTRA like interference characteristics to NR.
It is therefore quite reasonable to base the NR receiver intermodulation requirements for FR1 on the E-UTRA requirements.
Proposal 1: Base the NR receiver intermodulation requirements for FR1 on the E-UTRA requirements, adjusted to take into account NR bandwidths, spectrum utilization and SCS.
The E-UTRA requirements specify wanted signals with the BS channel bandwidths at reference sensitivity plus 6dB. The same level can be taken for NR.
Proposal 2: The NR wanted signal is based on reference sensitivity + 6dB, for each BS bandwidth. The same FRCs shall be used for the wanted signal as for reference sensitivity.

The receiver intermodulation requirement is an RF requirement and does not need to be specified for every subcarrier spacing. To reduce the complexity of specifying the requirements, it is proposed that for each BS channel bandwidth, only the lowest feasible subcarrier spacing is considered.
Proposal 3: For the wanted signal, the lowest supported SCS is used for each BS channel bandwidth

For bandwidths greater than 5MHz, the interferer for E-UTRA is a 5MHz E-UTRA. For NR, it is proposed to use a 5MHz NR signal. Consideration should be given, however to the subcarrier spacing applied to the interferer. As discussed in [2], for the blocking requirement, the lowest SCS should be applied (i.e. 15khz). For RX IM, however, there may exist some potential that where there are peaks due to subcarriers in the interfering signal, there will also be peaks in the IM signal. Of course, the IM signal may be somewhat spread out, but in case there is peakiness in the IM signal,the requirement should consider where the peaks should be positioned.
If the 15kHz SCS is applied for the interferer whilst the wanted signal has a wider SCS, then many of the “peaks” of the IM product will fall between tones of the wanted signal. This would lead to differing requirements for the different wanted signal SCS. 

[image: ]
Figure 1: RX IM with same SCS for interferer and wanted, showing positions for potential peaks in the IM signal.
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Figure 2: RX IM where wanted signal SCS is double interferer SCS

For RX IM, a better approach is to set the SCS of the modulated interferer to be the same as the wanted signal. Then the IM product will the overlap the wanted signal and the requirement will be consistent. 
Since the 5MHz bandwidth is not supported for the 60k SCS, this implies that the interferer bandwidth needs to be 10MHz for the 60k SCS. For the other SCS, the interferer bandwidth should be 5MHz.
Proposal 4: For the interfering signal for FR1, an NR signal with the same SCS as the wanted signal is applied

Proposal 5: The interferer bandwidth is 5MHz for the 15k and 30k SCS and 10MHz for the 60k SCS

For E-UTRA, the modulated interfering signal is specified such that it’s center is 17.5MHz away from the BS RF bandwidth edge. The CW interfering signal position varies slightly depending on the bandwidth of the wanted carrier. The variation of the CW signal is calculated such that the IM products occur exactly over the final 25 PRB of the wanted signal.
For NR, the same approach should be adopted; the IM products of the PRBs of the NR interfering should overlap the final PRBs of the wanted signal. Also, the NR interfering signal should be placed 17.5 MHz from the BS RF bandwidth edge for 5MHz interferer bandwidth or 20MHz for 10MHz interferer bandwidth.
The position of the CW needs to be adjusted for each individual bandwidth taking into account the bandwidth, sub-carrier spacing and consequent spectrum utilization of the wanted signal. The CW position can be calculated as follows:





Where
 = Channel bandwidth of the wanted signal
NRB,carrier = Number of utilized carrier resource blocks on RF carrier
 Gwanted = Guard at each side of the wanted signal (in MHz)
Ginterferer = Guard at each side of the modulated interferer signal (in MHz)
= Distance in MHz of the CW from the BS RF bandwidth edge
BWinterferer (MHz) –The channel bandwidth of the interferer signal

Proposal 6: For the interfering signal for FR1, locate the signal 17.5MHz from the RF bandwidth edge for 15 and 30k SCS, as for E-UTRA, and 20MHz from the RF bandwidth edge for 60k SCS.

Proposal 7: Calculate the position of the CW interferer according to the following formula for FR1:





With these assumptions, the positions of the interferers can be calculated. The conducted interferer levels should be the same as for E-UTRA.

Proposal 8: The FR1 conducted interferer levels should be the same as for E-UTRA

For eAAS, it was agreed to specify RX IM using both the OTA REFSENS and the OTA sensitivity levels. It is proposed that the same approach is adopted for NR FR1.

Proposal 9: FR1 OTA levels should be based on both REFSENS and the minimum sensitivity levels.
FR2 receiver intermodulation
For FR2, there is no existing E-UTRA precedent for receiver intermodulation. It was agreed in [1] that the RX IM levels should be 9dB lower than the in-band blocking level. Since the in-band blocking has not yet been agreed, it is not yet possible to assign an absolute value to the RX IM levels. It was also decided that the RX IM interferer bandwidth should be 50MHz.
In order to be consistent with the approach for FR1, it is proposed that the second interferer should be CW.
Proposal 10: For FR2, the second interferer should be CW (The first is a 50MHz modulated NR signal)
Further work is required, however to decide on the interferer type and frequency offsets. For the RX IM requirement to be effective, the interferers must be placed close to the carrier so that they represent a worst-case interference situation that is not much attenuated by any filtering. This can be achieved by -setting the CW to be 7.5MHz away from the BS RF bandwidth edge, and the 50MHz modulated interferer 40MHz away from the BS RF bandwidth edge
Proposal 11: Set the frequency offset for the modulated interferer to 40MHz for FR2
For the wanted signal, in order to reduce the number of calculations we propose to assume the lowest supported SCS for the bandwidth. This provides sufficient requirement coverage for the RF aspects of RX IM.
Proposal 12: For FR2, the wanted signal SCS should be the lowest supported SCS for the CHBW.
As discussed above for FR1, if the interferer SCS would differ from the wanted signal SCs, then the IM produce might not align with the wanted signal, which would lead to differing requirements for differing SCS. To avoid this, we propose that the SCS for the 50MHz interferer is the same as the SCS for the wanted signal.
Proposal 13: The interferer SCS should be the same as for the wanted signal.
Following the same approach as for FR1, the intermodulation product should aim to cover the final PRBs of the BS channel bandwidth. This is achieved if the position of the CW is calculated according to the following formula:





Where
CBWwanted = Channel bandwidth of the wanted signal
NRB,carrier = Number of utilized carrier resource blocks on RF carrier
Gwanted = Guard at each side of the wanted signal (in MHz)
Ginterferer = Guard at each side of the modulated interferer signal (in MHz)
= Distance in MHz of the CW from the BS RF bandwidth edge
25MHz – half of the channel bandwidth of the interferer
BWChannel  (MHz) –The channel bandwidth of the wanted signal


Proposal 14: Calculate the CW frequency offset according to the following formula for FR2:




Conclusion
The following proposals are made in this document:
Proposal 1: Base the NR receiver intermodulation requirements for FR1 on the E-UTRA requirements, adjusted to take into account NR bandwidths, spectrum utilization and SCS.
Proposal 2: The NR wanted signal is based on reference sensitivity + 6dB, for each BS bandwidth. The same FRCs shall be used for the wanted signal as for reference sensitivity.
Proposal 3: For the wanted signal, the lowest supported SCS is used for each BS channel bandwidth
Proposal 4: For the interfering signal for FR1, an NR signal with the same SCS as the wanted signal is applied
Proposal 5: The interferer bandwidth is 5MHz for the 15k and 30k SCS and 10MHz for the 60k SCS
Proposal 6: For the interfering signal for FR1, locate the signal 17.5MHz from the RF bandwidth edge for 15 and 30k SCS, as for E-UTRA, and 20MHz from the RF bandwidth edge for 60k SCS.
Proposal 7: Calculate the position of the CW interferer according to the following formula for FR1:



Proposal 8: The FR1 conducted interferer levels should be the same as for E-UTRA
Proposal 9: FR1 OTA levels should be based on both REFSENS and the minimum sensitivity levels.
Proposal 10: For FR2, the second interferer should be CW (The first is a 50MHz modulated NR signal)
Proposal 11: Set the frequency offset for the modulated interferer to 40MHz for FR2
Proposal 12: For FR2, the wanted signal SCS should be the lowest supported SCS for the CHBW.
Proposal 13: The interferer SCS should be the same as for the wanted signal.
Proposal 14: Calculate the CW frequency offset according to the following formula for FR2:
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