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1. Introduction
In last RAN4#84 meeting, revisiting NR REFSENS was discussed in a few paper and a way forward was agreed [1] to enable different companies to provide REFSENS proposals for NR in an aligned way. If agreement were reached for thermal noise integration bandwidths, a few elements needs further study like SNR need at UE receiver and some other still have ranges like IM and NF. This contribution provides input to the last two.
2. Discussion
2.1. Background for Improved NR IM versus LTE
The agreed IM range from [1] varies from 0.5dB based on one contribution to 2.5dB which is the current legacy LTE number based on UTRA band 1 studies that are more than 15 years old.
Compared to the assumptions at the time, the technology evolution and increased receiver requirements of current LTE releases allow a significantly improved IM number. A few of these improvements are discussed here.

The IM number mostly covers baseband related impairments that were relevant at the time like:

· EVM contribution of in band distortion in analog channel filters

· Limited dynamic range of analog to digital converters

· LO phase noise contribution

· EVM contribution of image in down converters to BB

· Demodulator performance of the time related to digital dynamic range, channel estimation, first implementation algorithms performance

· TX noise contribution in FDD systems

· IMD2 related BB interference due to limited RF front end IP2 in FDD systems

Most of these are far from valid today:

· Channel filters are realized with optimal digital filters

· All dynamic range limitations have been improved significantly in order to support higher order modulations like 64QAM and 256QAM.
· OFDM demodulation is no longer a new topic, as algorithms and digital implementations now benefit from years of experience

· FDD induced impairments have been significantly reduced with advances in PA design an dtechnology, duplexer technology and receiver IP2 performance improvement based on calibrations.
Observation 1: Advances in technology, maturity of OFDM receiver and higher dynamic range receiver required for newer LTE releases results in IM reduction.
2.2. Background for improved NR NF versus LTE
Even if only 3.5GHz and 4.5GHz TDD band NF range was agreed the range is within 1dB, the upper limit being based on legacy LTE (or even UTRA) numbers.
The 9dB band 1 NF reference dates from a time where the duplexer was still realized with ceramic resonators which size was bigger (in all dimensions) than current RF front end modules that integrates PA, LNA, duplexers and switches for multiple bands. 

Similarly, the LNAs were fabricated in 0.25um Bipolar technology, where advanced SOI RFCMOS or advanced sub 45nm digital CMOS is used today that have higher Ft/Fmax and lower NFmin. This also means that not only NF is lower, but also that NF does not increase significantly with frequency below 6GHz.
It must be acknowledged here that at the same time, the RF front end complexity has exploded with increased number of bands and CA combinations, incurring some extra loss due to added switches, diplexers and/or multiple duplexers. Here again the switch technology has significantly improved with SOI CMOS with low losses and large isolation enabling losses well below 0.5dB for multi-branch switches. Diplexers have seen similar improvements, thus allowing more complex RF front end at almost constant losses compared to the numbers considered for the first simple multi-band and CA cases.
Still some critical FDD bands with small duplex gaps or band with critical OOB requirement should get special attention. Potential de-sense issues anyhow requires a specific approach for the first case. 
Considering that the NF and IM numbers are first used for SA case, and that additional loss can be considered for NSA case, lower NF numbers must be considered and also only a slight increase may be considered for frequencies above 3GHz.

2.3. Proposed IM and NF for Different Band Cases
Based on our analysis and considering the aspects discussed above the following proposals are made:
Proposal 1 for IM:
· IM of less than 1 dB is considered for TDD case
· IM of less than 1.5dB is considered for FDD cases

Proposal 2 for NF:

· 9dB noise figure is considered for TDD bands above 3GHz and below 5GHz, and FDD bands with low duplex gap between 1.4GHz and 2.7GHz
· 8dB noise figure is considered for FDD bands with relaxed duplex gap, and SDL/TDD bands between 1.4GHz and 2.7GHz

· Low FDD bands with reasonable duplex gaps use 8dB NF 

· Low FDD bands with very challenging duplex gaps are studied specifically, especially as new challenges may arise for NR DC operation.

· Extra losses accounting for NR NSA support are considered separately
3. Conclusion
In this contribution, we have provided background for improved IM and NF, the following proposals are made:
Proposal 1 for IM:
· IM of less than 1 dB is considered for TDD case

· IM of less than 1.5dB is considered for FDD cases

Proposal 2 for NF:

· 9dB noise figure is considered for TDD bands above 3GHz and below 5GHz, and FDD bands with low duplex gap between 1.4GHz and 2.7GHz
· 8dB noise figure is considered for FDD bands with relaxed duplex gap, and SDL/TDD bands between 1.4GHz and 2.7GHz

· Low FDD bands with reasonable duplex gaps use 8dB NF 

· Low FDD bands with very challenging duplex gaps are studied specifically, especially as new challenges may arise for NR DC operation.

· Extra losses accounting for NR NSA support are considered separately
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