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1	Introduction
[bookmark: _Hlk85036404]In RAN4 #100-e meeting, antenna size and minimum peak EIRP was discussed. And further analysis on the UE RF requirements was needed [1]. This contribution shows our views on antenna characteristics and REFSENS of handheld UE for FR2-2.

2	Discussion
In RAN4 #100-e meeting, several companies showed their intention to adopt 2x8 array size for FR2-2. On the other hand, some companies expressed that smaller array size (1x8 or 2x4 array) should be investigated considering the implementation in handheld UE as well.

2.1 Antenna gain
Based on the previous discussion, we analysed the both 1x8 and 2x8 array antennas for this frequency range. We assumed the both antenna structures as Figure 1.
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(a) 1x8 array
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(b) 2x8 array


Figure 1. Model of antenna structure

We designed and simulated three antenna models. Table 1 shows their antenna size and simulation result. Antenna pitch between each element is 2.3mm (it is equivalent to half wavelength of 65GHz) and antenna gains and roll-off exclude antenna feed line.
Table 1. Antenna size and characteristics.
	#
	Array size
	Dimension
	Antenna gain (peak) [dBi]
	Roll-off [dB]

	
	
	(W x L x t) [mm]
	Element gain
	Ant. array gain
	52.6-71GHz
	66-71GHz

	1
	1x8
	4.0 x 20.1 x 0.3
	5.2
	14.2
	2.8
	0.6

	2
	2x8
	4.0 x 20.1 x 0.3
	3.4
	15.4
	2.8
	0.7

	3
	2x8
	6.3 x 20.1 x 0.3
	5.1
	17.1
	3.3
	0.5



We assumed the limitation of antenna width is 4.0mm, because of the thickness of the current handheld UE products. In this case, elements gain of 1x8 array is 5.2dBi, 2x8 array is 3.4dBi (refer to #1, #2 case). It shows that 4mm width is not enough for 2x8 array to achieve more than 4dBi element gain. Actually, when we increased width from 4.0mm to 6.3mm (refer to #3 case), element gain of 2x8 array increased to 5.1dBi. So it seems that 2x8 array needs wider width (ex. 6mm), but we think it is difficult to implement it on side of handheld UE.
On the other hand, 4mm width is enough for 1x8 array and it could easily achieve over 4dBi element gain. It seems big benefit for handheld UE design. So we think that 1x8 array antenna is suit for handheld UE from antenna performance and implementation point of view.
Observation 1:	Because of antenna size limitation, antenna element gain of 2x8 array is lower than it of 1x8 array. Expected element gain is 5.2dBi for 1x8 array antenna, 3.4dBi for 2x8 array antenna. 
Observation 2:	1x8 array antenna is suit for handheld UE from antenna performance and implementation point of view.

Another item to consider is antenna gain roll-off loss versus frequency. Currently there is no assigned band class in FR2-2, so we analysed RF performance on full range of 52.6 to 71GHz. Therefore, antenna gain roll-off became 2.8dB or more, it is larger than it of FR2-1’s band. Of course, if frequency range is small, antenna gain roll-off gets better. For example, in case of 66 to 71GHz frequency range, antenna gain roll-off is smaller than 1dB, and we think it is same or smaller than it of FR2-1 bands. So we will need to revise our antenna gain roll-off estimation when specific band class will be assigned in FR2-2.
Observation 3:	Since there is no specific band class in FR2-2, the estimated antenna gain roll-off is 3dB or more because of its wider frequency range.
[bookmark: _GoBack]Proposal 1:	Antenna gain roll-off should be revised, when specific band class will be assigned in FR2-2. 

2.2 Peak EIS
Based on the previous discussion, we set the number of antenna elements as 8 and 16 for EIS estimation. Then the minimum peak EIS evaluation for FR2-2 is shown in Table2. We adopted bit lower element gain from value of Table 1, considering the case of width is smaller than 4mm.

Table 2. The minimum peak EIS evaluation for FR2-2.
	Parameter
	Unit
	Value

	Frequency range
	GHz
	52.6-71.0

	Modulation
	
	QPSK

	SNR requirement
	dB
	-1

	Bandwidth
	MHz
	400

	Thermal noise
	dBm/Hz
	-174

	Noise Figure 
	dB
	16.0
	16.0

	# of antennas in an array
	
	8
	16

	Array gain
	dB
	9.0
	12.0

	Average antenna element gain
	dBi
	4.5
	3.0

	Realized antenna array gain
	dBi
	13.5
	15.0

	Diversity gain
	dB
	0
	0

	Antenna gain roll-off over frequency
	dB
	-3.0
	-3.0

	Total Implementation loss
	dB
	-11.7
	-11.8

	REFSENS
(400MHz)
	dBm
	-71.8
	-73.2



Observation 4:	Peak EIS requirement for FR2-2 is -71.8dBm/400MHz for 8 elements array, and -73.2dBm/400MHz for 16 elements array.

3	Conclusions
This contribution provides our view on antenna performance and the peak EIS for handheld UE on FR2-2:

Observation 1:	Because of antenna size limitation, antenna element gain of 2x8 array is lower than it of 1x8 array. Expected element gain is 5.2dBi for 1x8 array antenna, 3.4dBi for 2x8 array antenna. 
Observation 2:	1x8 array antenna is suit for handheld UE from antenna performance and implementation point of view.
Observation 3:	Since there is no specific band class in FR2-2, the estimated antenna gain roll-off is 3dB or more because of its wider frequency range.
Proposal 1:	Antenna gain roll-off should be revised, when specific band class will be assigned in FR2-2. 
Observation 4:	Peak EIS requirement for FR2-2 is -71.8dBm/400MHz for 8 elements array, and -73.2dBm/400MHz for 16 elements array.
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