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1 Introduction
According to the agreements from RAN1 #86[1], 
· In-band frequency multiplexing of different numerologies is supported in NR for both DL and UL, at least from the network perspective 

· It is expected that spectrum confinement on sub-band basis is specified as requirements on 

· Transmitter side in-band emission and EVM requirements  

· Reception performance in presence of other-subband interferer

· From RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver.
and also RAN4#80 agreement[2], 
· RAN4 would start to study how to define DL and UL in-band requirements for enabling both FDM and TDM multiplexing of different numerologies within the same carrier. 
In the frequency multiplexing of different numerologies case, the inter-numerology interference is generated at both transmitter side and receiver side.
· At transmitter side, the out-of-subband emission from aggressor numerology will interfere with the victim numerology due to the frequency non-orthogonality of different numerologies.
· At receiver side, the victim numerology receiver’s FFT window truncates the aggressor numerology signal as shown in Figure 1, and worsens the out-of-subband emission level of the aggressor numerology. The victim receiver will pick up high interference from the aggressor numerology due to the hard truncation at receiver.  
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Figure 1 Receiver FFT window truncation
These two types of interference will impact subband edge PRB(s) demodulation of the victim numerology, and have to be suppressed by Tx spectrally confined waveform, and Rx spectrally confined waveform respectively. 
In this contribution, we discuss the Rx selectivity requirements in presence of other-subband interferer.
2 Rx spectral confinement impact on link performance

In this chapter, some simulation results are provided to show the Rx spectral confinement impact on the desirable numerology performance. In the evaluation, two numerologies (15 kHz and 30 kHz subcarrier spacing) are assumed in a FDM way, shown as Figure 2.
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Figure 2 Mixed numerology illustration
In the evaluation, the victim numerology’s BLER performance are studied with the assumption of victim receiver with and without spectrally confined techniques, and CP-OFDM without any spectrally confined techniques for each numerology at transmitter side.
For the purpose of comparison, we also provide the performance reference of desired numerology without any inter-subband interference. From Figure 3(a), it can be observed that the interference from the aggressor numerology is not negligible, especially for 64QAM. Taking the MCS with 64QAM, 3/4 coding rate as example, the SNR loss exceeds 5 dB if no spectrally confined technique is applied at victim numerology receiver, compared to the baseline. While with receiver spectrally confinement, the loss will shrink to around 2dB. Obviously, the inference caused by victim FFT window operation can be mitigated effectively by the receiver spectral confinement. The remaining 2 dB loss is mainly caused by the aggressor numerology out-of-band leakage at transmitter side, which has to be suppressed by the transmitter spectral confinement. If taking power imbalance between numerologies into account (e.g.5dB), the interference caused by receiver even degrades 16QAM as shown in Figure 3(b). 
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(a) 0 dB power offset between numerologies
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(b) 
5 dB power offset between numerologies
Figure 3 Receiver impact on link performance
3 Requirements of in-band RX selectivity 
For the RAN1 LS and also the above evaluation, some in-band RX selectivity needs to be defined for both BS and UE. The Rx selectivity is a measure of the receiver ability to receive a wanted signal at the target subband in the presence of other-subband interferer. Rx selectivity should be defined as the ratio of the received wanted signal power to the received other subband interfere signal power. 
In current LTE BS and UE specifications, ACS (adjacent channel selectivity) requirement is specified. For the in-band RX selectivity, we believe some requirement similar to ACS can be specified. In what follows, we discuss some aspects of the way to specify it: 

· The ACS level: currently for a 10 MHz channel, the ACS level for BS and UE is 46 dB and 33 dB, respectively. Those levels are determined based on both coexistence simulation results and RF implementation. If similar RF capabilities are assumed for LTE and NR for below 6 GHz, then the main factor to determine the level is coexistence between two different numerologies. Therefore, we need to rely on simulations to derive a proper level.
· In the ACS requirements, both the wanted signal level and the interference signal level, or more specifically the wanted signal level of the one numerology and the signal level of the interfering numerology in the context of NR in-band selectivity requirement, need to be decided. Considering the different deployment scenarios, those signal levels may require further discussion.
· Signal bandwidth: currently for LTE, for channel bandwidth no smaller than 5 MHz, the wanted signal bandwidth is 5 MHz and interfering signal is 5 MHz for BS, while they are full channel bandwidth and 5 MHz for UE. For NR, as the width of sub-band could be varied, there are many combinations. How to choose the representative signal bandwidth is an issue to be addressed.

In addition, there is another requirement of in channel selectivity defined for LTE BS. For NR, we believe it can still be defined to ensure the RX performance within the same sub-band.
4 Conclusions
In this contribution, we discuss the in-band selectivity requirements at receiver side to support frequency multiplexing of different numerologies. Based on the analysis, we have the following proposal,

Proposal: Follow the current structure of defining the LTE ACS requirement as starting point for both downlink and uplink in-band selectivity for the frequency multiplexing of different numerologies.
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