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1. Introduction
Although these documents were not treated in RAN4#NR-AH2 meeting, references [1, 2] addressed the topic of UE REFSENS for NR. In this contribution we address the topic further and in particular, discuss how REFSENS should be derived for the different NR modes of operation and their potential MSD issues.
2. Discussion
Documents [1, 2] addressed REFSENS requirements for NR UE. In the following chapter we will discuss REFSENS further and specifically address REFSENS for the different NR operating modes and frequency ranges.
2.1. NR Modes of Operations to be Considered
In NR there are three different modes of operation that are foreseen (and partially discussed in [1]), and this will have different impact in terms of potential MSD issues, thus it also impacts the RF front-end architecture potentially leading to different REFSENS values.
The three different modes to consider are:

· SA operation where no extra band is supported simultaneously, this case is equivalent to current non-CA operation and thus shall not account for extra front-end losses related to multiplexing of bands to a single antenna.

· NSA dual connectivity case where LTE UL/DL and TDD NR UL/DL are supported simultaneously, three separate cases should be treated depending on the NR frequency range:

· NR sub-6GHz with FDD LTE: both main and diversity antennas are shared by LTE and NR, thus extra multiplexing losses can be added, and moreover being a 2UL simultaneous to one DL case MSD related to IMD and harmonic responses should be carefully studied.
· NR sub-6GHz with TDD LTE: both main and diversity antennas are shared by LTE and NR, thus extra multiplexing losses can be added, since this is a TDD case, synchronization should be assumed and no MSD anticipated.
· NR above-24GHz: LTE RF and NR mmWave have fully separate antennas, in this case there is no extra front-end constrains to multiplex the two systems, thus both systems have intrinsic “single band” REFSENS. Given the frequency separation, it was already found that the main potential MSD issue was related to harmonic responses.
· SUL operation, in this case it is not absolutely clear yet what should be the concurrent UL/DL operations and thus whether it looks like a 2DL/1UL or 2DL/2UL case.

Proposal 1: 

· The REFSENS for NR bands should first consider SA operation and should not include any antenna multiplexing losses related to NSA/SUL cases.
· For NSA/SUL cases extra losses may be considered to cope with multiplexing losses and potential MSD issues.
2.2. Contributing Elements to REFSENS

In both [1] and [2] the constituents of the REFSENS equation are discussed. For a quick comparison the two sub-6GHz REFSENS results are compared for the same channel bandwidths and a 3dB difference is found. The main differences come from the assumed SNR (-1dB vs -3dB), NF (9dB vs 10dB), and implementation margin (2.5dB and 0.5dB) which results in the 3dB difference.
We certainly favor the results in [2] but believe further improvements are feasible:

· In [2] 0.5dB IM is assumed, which we believe is the right approach as the 2.5dB IM included issues like DC notches, analog BB filters, RX image, IP2 that are no longer relevant for 2017 state-of-the-art BB and TDD solutions.

· NF assumed in [2] was rounded to 10dB from 9.5dB but already included extra 0.5dB front end losses linked other band support [3]. In this case we believe that 9dB is the correct value, although we believe that state-of-the-art solutions are even better. It is to be noted that 5dB NF is achievable for the RFFE part of 28GHz NR at die level. 
· For SNR as stated in paper [2], reference receiver structure and signal must be finalized to have a definitive number.

Proposal 2 for 2RX REFSENS for sub-6GHz NR:

· REFSENS = -174dBm + NF + 10*log(RXBW) - 3dB (Diversity gain) + SNR + 0.5dB (IM)
· NF is maximum 9dB for sub-6GHz band above 3GHz, better NF numbers are still foreseen.
· SNR is FSS depending on reference signal and receiver demodulator performance.
3. Conclusion
This contribution analyzes contributions [1, 2] on NR REFSENS that were not treated in last NR-AH2 meeting. Based on the analysis of the inputs, the differences, and our own analysis, we propose the following:
Proposal 1: 

· The REFSENS for NR bands should first consider SA operation and should not include any antenna multiplexing losses related to NSA/SUL cases.
· For NSA/SUL cases extra losses may be considered to cope with multiplexing losses and potential MSD issues.
Proposal 2 for 2RX REFSENS for sub-6GHz NR:

· REFSENS = -174dBm + NF + 10*log(RXBW) - 3dB (Diversity gain) + SNR + 0.5dB (IM)
· NF is maximum 9dB for sub-6GHz band above 3GHz, better NF numbers are still foreseen.

· SNR is FSS depending on reference signal and receiver demodulator performance.
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