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1 Background
Discussions on the UE RF performance for FR2-2 continued at RAN4#101-bis-e, but the MOP requirement of a handheld UE and CPE are yet to be agreed. However, in the WF [1] it was agreed that an eight-element array shall be used as the reference transmitter for deriving the minimum requirement for a handheld UE. In this contribution we propose minimum requirements for the handheld UE.

2 Peak EIRP for handheld UEs
In our previous contributions [2], a 20.5 dBm minimum EIRP is proposed based on a 16 element array with conservative estimates. Comparing to the 16-element array, it is estimated that the routing loss can be reduced 1.5 dB due to the smaller size of the panel, whereas the beam point error can also be lowered by about 0.5 dB due to the lower directivity of the beam, under such a situation. It can be calculated that the peak EIRP of the eight elements will be in the range about 4 dB lower compared to the 16 elements, which results in the peak EIRP lower to 16.5 dBm.
Now, the analysis in [2] was based on a PA output power of 5 dBm. Reassessing this considering the agreed ACLR for UEs and the results in Figure 1, we assume a 7 dBm PA output power.
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Figure 1: relation between output power capability and ACLR (from [3])

This would imply an increased EIRP, we propose
Proposal 1: The minimum peak EIRP is about 18.5 dBm for an 8-element array in mobile handsets. 
3 Spherical coverage of handheld UEs at 60 GHz

For the spherical coverage performance of handheld devices at 60 GHz, full-wave simulations of a handheld device were carried out in collaboration with Sony assuming a three antenna panels facing the left, right and back sides of the device as shown in Fig. 1(a). Each panel is composed of an 8 x 1 patch array with half-wavelength inter-element distance ,the device covered by a glass back cover and a metal frame with plastic-filled window openings for the antenna panels on the side. The overall simulation assumptions are summarized in the Table 1. 
Table 1. Simulation assumption for CDF of antenna gain at 60 GHz
	# of antenna in an antenna module/set
(# of patches, # of dipoles, etc.)
	　
	8*1 patch array
	Depends on the current implementation

	# of antenna module/set in total
	　
	3
	

	Finite UV test points
	Y/N
	Y
	Finite test point shall be the baseline

	Beam phase shifter controller
	degree　
	45
	Finite beam shall be the baseline

	Antenna type (patch, dipole, or both)
	　
	-
	Depends on the current implementation

	Antenna module/set location (front, back, top-side, left-side, right-side, bottom-side)
	　
	Left & Right & Back
	combination of the lists are not precluded.

	Front cover (Plastic, Glass, Ceramic, Metal)
	　
	Glass
	This information is meaningful only if it’s the same with the material which covers antennas. 

	Back cover (Plastic, Glass, Ceramic, Metal)
	
	Glass
	

	Side cover / Frame (Plastic, Glass, Ceramic, Metal)
	　
	Metal/Plastic (with plastic in front of the side panels)
	

	Device size (WxHxD)
	cm3
	66.6
	This is for information

	Display panel – Full (Y) or Partial (N)
	Y/N
	Y
	

	Bezel Margin
	mm
	1.5
	Module can’t be placed outer edge of UE to secure mechanical reliability


The simulated CDF of the array gain is shown in Fig. 1(b). We observe that for an 8 x 1 array topology, the degradation from 100% point to 50% point at 60 GHz for varied number of antenna panels is about 6.5 dB, 8.5 dB and 14 dB, respectively. Similar simulations have been carried out in [4], where a 13 dB performance degradation between 100% and 50% was observed for 28 GHz with a single panel on the backside of the device. Therefore, it can be observed that the gain drop between 100% and 50% in FR2-2 may not be worse than that in FR2-1 for the above array topologies. 

Observation 1: The degradation between 50% and 100% array gain at 60 GHz is not worse than that at 28 GHz. 
From the system performance standpoint, it can be foreseen the multipath components in the propagation channel will be further degraded due to higher diffraction loss and blockage loss for FR2-2, and the link between the UE and gNB will rely more on a LOS component. Consequently, UEs at FR2-2 need to have an even better omnidirectional coverage than FR2-1 to ensure a link budget for different UE orientations. Single array UEs will not be practical, considering that overall performance can be significantly degraded due to blockage of the single panel by the user. Therefore, two antenna panels should be assumed as the minimum to derive the proper spherical coverage requirement.

Observation 2: a single panel is not feasible for practical usage due to the propagation environment and more severe body blockage in FR2-2. 
Proposal 2: 8.5 dB drop from peak EIRP/REFSEN for the spherical coverage. Minimum EIRP at 50% = 10 dBm.  
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Figure 1. (a) Simulation model of handheld UE at 60 GHz. (b) the simulated CDF of array gain at 60 GHz with varied number of antenna panels

4 Proposal
We make the following 
Proposal 1: The minimum peak EIRP is about 18.5 dBm for an 8-element array in mobile handsets. 
Observation 1: The degradation between 50% and 100% array gain at 60 GHz is not worse than that at 28 GHz. 
Observation 2: a single panel is not feasible for practical usage due to the propagation environment and more severe body blockage in FR2-2. 
Proposal 2: 8.5 dB drop from peak EIRP/REFSEN for the spherical coverage. Minimum EIRP at 50% = 10 dBm.  
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