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1 Introduction

NR strives for higher spectrum utilization with spectrally confined waveforms for both single numerology and mixed numerology scenarios.

As stated in the previous RAN4 contribution[1], at transmitter side, the spectral confinement can be achieved by either filtering or windowing.  However, at receiver side, filtering is the only way to fulfill ACS (adjacent channel selectivity, ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s)) requirement for both BS and UE, whatever windowing or filtering is applied at transmitter side.
In our another companion contribution [2], we propose to define NR spectrum utilization as a set of possible BS capabilities and UE capabilities (>=90%), considering the implementation flexibility.
In this contribution, we analyze the impact on Rx filtering in both single numerology and mixed numerology scenarios, assuming that different BS and UE capabilities are supported in NR in terms of spectrum confinement performance.
2 Discussion
2.1 Rx filtering analysis for single numerology
The receiver ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s)) requirement for both BS and UE.  Figure 1 illustrates the Rx in carrier 1 with lower spectrum utilization capability (e.g. 90%), has to suppress the adjacent channel interference in carrier 2 with higher spectrum utilization capability (e.g. 99%), while  in LTE, all the carriers have the same spectrum utilization .
For carrier 2, the SEM and ACLR requirement can still be fulfilled in spite of the higher spectrum utilization within carrier bandwidth. For carrier 1, the ACS will not be violated by the higher spectrum utilization in carrier 2 even with the same Rx filtering, as long as the Rx filter design in carrier 1 can meet the existing ACS requirements. The reason is that the additional data transmission bandwidth in carrier 2 is still localized at the stopband of Rx filter in carrier 1 and in general will not hurt Rx ACS performance in carrier 1.
For carrier 2, the Rx filtering performance has to be improved in order to achieve higher spectrum utilization since the transitional band of the Rx filtering is shrunk.

Based on the above analysis, the following observation can be made,
Observation1:  In single numerology case, the ACS performance of the Rx filtering with lower spectrum utilization capability in general will not be hurt by the adjacent carrier with higher spectrum utilization capability.  In other words, even BS/UE doesn’t improve Rx filtering performance, their ACS performance will not be violated due to the other BS/UE with higher spectrum utilization. 
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Figure 1: Rx filtering impact for single numerology case
2.2 Rx filtering analysis for mixed numerologies
In mixed numerology case, UE’s Rx filtering requirements from ACS perspective is the same as section 2.1, that is to say, the Rx filtering requirements on a carrier bandwidth basis for both single numerology and mixed numerologies cases are the same.
If UEs’ carrier bandwidth is bigger than its target numerologies, but smaller than the BS carrier bandwidth, as shown in Figure 2, in addition to the Rx filtering on a carrier bandwidth basis, additional subband filtering or windowing is needed on the target numerology subband (i.e. numerology 2) in order to suppress the inter-numerology interference, i.e., interference from numerology 1, which will be defined by the in-band requirements.
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Figure 2 Rx filtering impact for mixed numerologies case

It is feasible to allow the co-existence of UEs with different subband Rx filtering/windowing performance, since UEs can treat different number of subband edges’ PRB(s) as its guard band individually so as to fulfill the in-band selectivity requirements. And also the guard band between numerologies can be treated as an implementation issue, which has been discussed in other contributions. 
Based on the above analysis, the following observation can be made,

Observation 2:  In mixed numerology case, the impact on Rx filtering on a carrier bandwidth is the same as that of single numerology case. If UEs’ carrier bandwidth is smaller than that of BS carrier bandwidth, but bigger than its target numerologies, additional subband filtering or windowing is needed to suppress the inter-numerology interference.

Observation 3: It is feasible to allow the co-existence of UEs with different subband Rx filtering/windowing performance, since UEs can treat different number of subband edges’ PRB(s) as its guard band individually so as to fulfill the in-band selectivity requirements.
Based on the above analysis and observation, for whatever single numerology and mixed numerology scenarios, UEs with different Rx filtering capability on either carrier bandwidth basis or subband bandwidth basis, can co-exist in a friendly way without mutual impact. 
3 Conclusions
In this contribution, we discuss the impact on UE Rx filtering in both single numerology and mixed numerology scenarios.  Based on the analysis, the following observations can be made,
Observation1:  In single numerology case, the ACS performance of the Rx filtering with lower spectrum utilization capability in general will not be hurt by the adjacent carrier with higher spectrum utilization capability.  In other words, even BS/UE doesn’t improve Rx filtering performance, their ACS performance will not be violated due to the other BS/UE with higher spectrum utilization. 

Observation 2:  In mixed numerology case, the impact on Rx filtering on a carrier bandwidth is the same as that of single numerology case. If UEs’ carrier bandwidth is smaller than that of BS carrier bandwidth, but bigger than its target numerologies, additional subband filtering or windowing is needed to suppress the inter-numerology interference.

Observation 3: It is feasible to allow the co-existence of UEs with different subband Rx filtering/windowing performance, since UEs can treat different number of subband edges’ PRB(s) as its guard band individually so as to fulfill the in-band selectivity requirements.
Based on the above analysis and observation, for whatever single numerology and mixed numerology scenarios, UEs with different Rx filtering capability on either carrier bandwidth basis or subband bandwidth basis, can co-exist in a friendly way without mutual impact. 
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