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Introduction
	 We present further considerations regarding UE REFSENS in mmWave to extend our observations in [1], especially for carrier frequency greater than 24GHz. 
Discussion on REFSENS 
For carrier frequency in mmWave range, especially greater than 24GHz, Path Loss (PL) is significantly worse than PL in sub-6 GHz. So analog beamforming is considered to improve the link quality. 

REFSENS formula in [1] is captured here for discussion 
REFSENS (dBm) = KTB +NF + SNR+ IM – effective RX signal BF gain – diversity gain      ------------ (eq. 1)                                            																						
· kTB is the thermal noise level in specified bandwidth (B)
· NF is the prescribed maximum noise figure for the receiver
· SNR is the required SNR to decode the chosen fixed reference channel (FRC)
· IM is the impairment margin 
· Diversity gain (previously MIMO gain was used) : 2 baseband receivers as a baseline
· Effective RX signal BF gain is the combined gain value which represents the element and array gains as well as the losses associated with antenna design trade-offs and implementation and platform integration losses of the overall receiving antenna system. 

The EIS formula in [2] is captured here for comparison:
PEIS (dBm)=Nt + 10log10(BW) + NF + SNR + Other losses+ margin - array gain + beam pointing loss – diversity gain

The key distinction between the two REFSENS formulas is the handling of the effective Rx signal BF gain: in this proposal the term is encapsulated into a single variable with the intent to itemize into the component gain and loss terms once an agreement on the handling of the outage coverage definition can be made, while in [2] the component gain and loss terms are itemized (although some terms do not adequately represent some practical antenna array considerations).

Observation 1: There exists some common ground between the proposals for REFSENS discussion in RAN4 thus far 

The hand-held UE devices can be positioned relative to BS arbitrarily in 3D dimension, UE should be capable to adjust its analog BeamForming (BF, without ambiguity, omit ‘analog’ for simplicity) direction to any desired direction in elevation and azimuth. The desired directions follow the UE’s working condition acceptable in expected directions [3]. UE BF performance is a function of antenna element radiation pattern, number of antenna elements in each antenna array, and the number of antenna arrays built in the UE. Not all BF directions can have equal BF gains. This was captured in [1] by considering boresight/non-boresight of antenna systems. So the effective Rx signal BF gain is not a value derived from peak (boresight) performance but should include the effect of steering the beam away from boresight. This results in the different EIS levels across different spherical directions relative to the UE. In [2], the CDF of spherical coverage vs REFSENS values was provided to reflect this difference.
Instead of using CDF terminology, we propose to use REFSENS at ‘x% outage coverage’, which we think is a term to define REFSENS values more clearly. Since the UEs with strong boresight gains may not necessarily provide the good coverage, outage coverage can provide a better way to evaluate UEs’ coverage. REFSENS at x% outage coverage is defined as the sensitivity level at which UE, when steering its BF directions to all predefined spherical directions, pass the performance test at (100-x)% of the predefined directions, where x is real value from 0 and 100. Clearly, when x = 0 or 100, the required EIS values are not unique. The maximum value should be taken as sensitivity level when x = 100, and the minimum value should be taken as sensitivity level when x =0. The test set of predefined spherical directions (test grids) is FFS, but needs to be defined early to make progress in REFSENS. 
Other UE types, e.g. the fixed wireless access terminals and fixed mounted devices, may not need full spherical coverage. This can be done by defining a different set of directions covering the interested directions only. Outage coverage only refers to this set.
Proposal 1: Use REFSENS at x% outage coverage as REFSENS criterion. 
For 5G NR, user experience is an important metric to evaluate new technology. For cell edge UEs, the weakest directions instead of boresight directions are more under interest to guarantee user experience to minimize the outage. It is necessary for all companies to have agreement upon the values of x corresponding to the outage coverage requirement of REFSENS. The value of x can be considered to be upper bounded by certain values and 0 is not precluded. Final value is FFS.
Proposal 2: It is proposed for interested companies to provide the values of x corresponding to the outage coverage requirement of REFSENS, where x can be considered to be upper bounded by certain value, x = 0 is not precluded.
In order to for all companies have the same REFSENS system configurations, the FRCs for the sensitivity measurement are needed, e.g. operating frequency bands, BW configurations, modulation levels, coding rates, and numerologies etc. The SNR target in the above REFSENS equations depends on the RAN1 agreement on the LDPC channel coding design.
Proposal 3: The RAN1 PHY design needs to be finalized before the FRC for REFSENS can be defined.
Conclusion
We have presented some further considerations on REFSENS for mmWave UE. 

Observation 1: There exists some common ground between the proposals for REFSENS discussion in RAN4 thus far 

Proposal 1: Use REFSENS at x% outage coverage as REFSENS criterion. 
Proposal 2: It is proposed for interested companies to provide the values of x corresponding to the outage coverage requirement of REFSENS, where x can be considered to be upper bounded by certain value, x = 0 is not precluded.
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