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1. Introduction
In the RAN4#84 meeting, there are some initial discussion on the ICS (in-channel selectivity)requirement for both range1 and range2 NR BS, however no much progress was made during the meeting, therefore in this contribution, we want to share some further considerations on this aspect. 
2. Discussion  
2.1 Range1 NR BS: 

During the Athens meeting, as RAN4 has agreed to reuse the legacy E-UTRA requirement for range1 NR BS as much as possible, therefore it’s quite necessary to review how this ICS requirement was defined for E-UTRA BS firstly and how this requirement could be reuse for range1 NR BS with additional modifications. 
For E-UTRA BS, the ICS requirement is defined as following equation: 

· Pwanted= -174dBm/Hz+ 10*log10(BW)+NF+IoT+SNR+IM+3; 
· Pinterf=-174dBm/Hz+ 10*log10(BW)+NF+IoT+C/I;  

Where: 
· NF is assumed as 5dB; 

· IoT is assumed as 16dB; 

· SNR is derived according to FRC configuration of wanted signal; 

· C/I was assumed as 9dB; 

· IM is assumed as 2dB;
More detailed specification of ICS requirement could be found as following which is coming from TR 36.804. 
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For the “wanted” RB allocation no additional interference is assumed (worst case). It is proposed to have a 3 dB desensitisation of the “wanted” RB allocation in the presence of the “interfering” RB allocation. This results in a ~25 dB in-channel selectivity requirement. 


Based on the above clarification for E-UTRA, therefore we propose to reuse 25dB ICS requirement for range1 NR BS which is aligned with proposal in the contribution [2].
Figure1. Some simulation results could be added here for further confirmation
Proposal1: 25dB ICS requirement could be reused for range1 NR BS;
2.2 Range2 NR BS:  
For ICS requirement for range2 NR BS, according to simulation results of IoT levels obtained in the Annex, the observed IoT level is around [0-5]dB which is much less than 16dB assumed for legacy LTE BS. Even considering the legacy C/I 9dB assumed for interfering signal, then maximum in-channel selectivity is 14dB which is still much less than 25dB assumed for legacy LTE BS.  
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Figure 2. illustration of image interference in range2 NR BS
Observation1: observed IoT level is around [0-5]dB which is much less than 16dB assumed for legacy LTE BS. Observation2:considering the legacy C/I 9dB assumed for interfering signal, then maximum in-channel selectivity is around 14dB;
In addition, during the last NR AH#2 meeting, some concerns are raised that higher modulation scheme could cause higher PSD which could also bring some power imbalance for this image interference. In the following section, we will investigate this potential phenomenon in detail. 
In general, MQAM signal could be expressed as following equation: 
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Where 
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 is the amplitude of I and Q branches, 
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is impulse response of baseband shaping filter. 
The above equation could be rewritten as following: 
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Where 
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To compare PSD levels of transmitted signal with different modulation scheme, 
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 is calculated in the following Table4 where we find that maximum PSD difference caused by different modulation scheme is 3.6dB. In addition, it was also not possible for all scheduled RE containing the same information. In fact, we think that biggest impact of higher order modulation scheme on interfering signal is the required assumption of C/I. If higher modulation scheme and higher coding rate is required, then the assumed C/I requirement will also increase correspondingly which means interfering signal power level should also be increased. 
Table4. the maximum amplitude of I/Q branches
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	Note: not sure whether 256QAM would be supported for mmWave UL.


From implementation point of view, Urban Macro NR BS would use superheterodyne receiver in general which means no such kind of image interference issue occur anymore, however for other types of BS station (e.g. Pico or Micro BS), zero-IF receiver is more preferable which would still cause the image interference and perhaps this ICS requirement is still necessary to guarantee the system performance.
3. Conclusions
In this proposal, we shared some considerations on ICS requirement of NR BS and the proposals are made as following:
Proposal 1: 25dB ICS requirement could be reused for range1 NR BS;

Observation1: observed IoT level is around [0-5]dB which is much less than 16dB assumed for legacy LTE BS. Observation2:considering the legacy C/I 9dB assumed for interfering signal, then maximum in-channel selectivity is around 14dB;
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5. Annex
Urban Macro: 
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Figure4.1-1. simulation results for IoT level for Urban Macro NR BS at 30GHz
Dense Urban scenario:  
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Figure4.1-1. simulation results for IoT level for Dense Urban NR BS at 30GHz
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Figure4.1-2. simulation results for IoT level for Dense Urban NR BS at 45GHz
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Figure4.1-3. simulation results for IoT level for Dense Urban NR BS at 70GHz

Indoor hotspot scenario: 
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Figure4.2-1. simulation results for IoT level for InH NR BS at 30GHz
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Figure4.2-2. simulation results for IoT level for InH NR BS at 45GHz
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Figure4.2-3. simulation results for IoT level for InH NR BS at 70GHz
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