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1. Introduction
In RAN4#82Bis how to set the requirement for UE spherical coverage was discussed [1], the discussion was mainly for TX. Also discussion on reference sensitivity was discussed [2]. In this paper we discuss how to set requirement for reference sensitivity and propose a definition so that discussion on the actual value can start.
2. Discussion

Setting a general requirement for reference sensitivity for mmW is not equally straightforward as for LTE or sub-6 NR since requirement and test will be performed over the air. Compared to TRP & TRS discussion ongoing in LTE, mmW UE is assumed to have beam forming capability. In beam formed system, peak antenna gain direction can be steered to different directions and the achieved peak antenna gain may not be same for all targeted directions but can vary more than 10 dB. One way to set a requirement is defining that certain percent of direction achieve better than X dBm EIS like we have been proposing for EIRP [3] and EIS [4]. There has been very little data provided on the spherical performance of the UE, only in [5] relative antenna gain was provided so that needs to be scaled to some EIS and EIRP value. Easier way to start the discussion maybe be to start the discussion on boresight EIS and then continue to the decay towards other directions. 

In [6] we discussed formula for setting reference sensitivity. 

PEIS (dBm)=Nt + 10log10(BW) + NF + SNR + Other losses+ margin - array gain + beam pointing loss – diversity gain 

In Table 1 we show our understanding on EIS budget based on formula above. 
Table 1 EIS boresight budget for QPSK

	CC BW (MHz)
	50
	100
	200
	400

	NF  (dB)
	10
	10
	10
	10

	Single element KTBF (dB)
	-87.0
	-84.0
	-81.0
	-78.0

	Antenna Array number
	4
	4
	4
	4

	Single element gain
	5
	5
	5
	5

	Implementation margin (dB)
	2
	2
	2
	2

	Plastic losses
	2
	2
	2
	2

	Diversity gain
	2.2
	2.2
	2.2
	2.2

	SNR min, QPSK-cell edge
	-3
	-3
	-3
	-3

	QPSK-cell edge EIS Bore sight
	-99.2
	-96.2
	-93.2
	-90.2


Beam pointing loss is not considered here since we assume for this requirement, the test setup finds the peak value. If a fixed testpoint is defined, a loss for beam pointing must to be added to the budget. 
The spherical performance of the UE for EIS is shown in Figure 1 from where %-tile values can be read and requirements can be defined. However, additionally, a tolerance for each value should be agreed since it depends much on the antenna configuration. This is from our antenna configuration, more data from other antenna configurations should be reviewed before agreeing the requirement.   
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Figure 1 EIS CDF for UE over all directions for 100 MHz and QPSK 

From Figure 1, we can see that 10 %-tile value is -94 dBm, 50-% tile value is -91.3 dBm, 90%-tile is -88.4 dBm. 
In TR38.308 for REFSENS for Range 2, it was written the following

· Beamforming feature is expected to compensate the higher pass-loss. Since it is necessary to specify transmission power including antenna array gain from system performance point of view, it should be specified in EIS. Necessity of TRS is FFS. Spatial coverage requirement assuming full sphere as a baseline in Rel-15. 
 With this text and the data provided above, we propose the following requirement setting for mmW

Proposal 1: RAN4 will specify boresight reference sensitivity value as maximum EIS over any direction
Proposal 2: RAN4 will specify Reference sensitivity to other directions as maximum values for %-tiles over all directions relative to UE 

3. Conclusion
We presented our understanding on boresight EIS.  We also discussed the requirement setting with CDF.  We made two proposals on how to specify the reference sensitivity for mmW
Proposal 1: RAN4 will specify boresight reference sensitivity value as maximum EIS over any direction relative to UE
Proposal 2: RAN4 will specify Reference sensitivity to other directions as maximum values for %-tiles over all directions relative to UE 
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