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1	Introduction 
In RAN4#99-e meeting a power class parameter framework for 52.6-71 GHz UEs was agreed to along with an initial set of UE types to be considered [1]. In discussing the TX power class parameters of minimum peak EIRP and maximum TRP, it is thought beneficial to discuss antenna array sizes. This contribution shows our views on UE array size and link budget for 70 GHz Handheld UEs
2	Discussion
There are several deployment scenarios and ISDs in TR38.807. In each scenario, maximum communication range between UE and BS will be half of the ISD. From this we can calculate pathloss at 70GHz by equations in TR38.901. Table 1 shows the result of this calculation.
[bookmark: _Ref78202298]Table 1: maximum communication range and pathloss
	scenario
	ISD [m]
	max range [m]
	Pathloss [dB]
	Calculation condition

	Dense Urban
	200
	100
	128.7
	UMa NLOS

	Urban Micro
	100
	50
	121.7
	UMi NLOS

	Urban Macro
	500
	250
	[bookmark: _Hlk78194656]117.7
	UMa LOS



Observation 1:	Pathloss will be 128.7 dB in Dense Urban, 121.7 dB in Urban Micro, 117.7 dB in Urban Macro.

[bookmark: _GoBack]In order to estimate feasible antenna array size, we made uplink and downlink link budgets. Table 2 and Table 3 show sample link budgets.



[bookmark: _Ref78201539]Table 2: Link budget of uplink
	Common
	Frequency
	70.0
	70.0
	70.0
	70.0
	70.0
	70.0
	GHz

	
	Bandwidth
	400
	400
	400
	400
	400
	400
	MHz

	
	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	　

	UE
	# of antennas in an array
	4
	4
	8
	8
	16
	16
	　

	
	Pout per element
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0
	dBm

	
	Total conducted power per polarization
	13.0
	13.0
	16.0
	16.0
	19.0
	19.0
	dBm

	
	Average antenna element gain
	4.0
	4.0
	4.0
	4.0
	4.0
	4.0
	dBi

	
	Antenna roll-off loss versus frequency
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	dB

	
	Realized antenna array gain
	8.0
	8.0
	11.0
	11.0
	14.0
	14.0
	dBi

	
	Polarization gain
	2.8
	2.8
	2.8
	2.8
	2.8
	2.8
	dB

	
	Total implementation loss
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	dB

	
	Peak EIRP
	17.3
	17.3
	23.4
	23.4
	29.4
	29.4
	dBm

	BS
	# of antennas in an array
	128
	1024
	128
	1024
	128
	1024
	　

	
	Average antenna element gain
	6.0
	6.0
	6.0
	6.0
	6.0
	6.0
	dBi

	
	Antenna roll-off loss versus frequency
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	dB

	
	Realized antenna array gain
	25.1
	34.1
	25.1
	34.1
	25.1
	34.1
	dBi

	
	Total implementation loss
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	dB

	
	Thermal noise
	-87.8
	-87.8
	-87.8
	-87.8
	-87.8
	-87.8
	dBm

	
	Rx NF
	10.0
	10.0
	10.0
	10.0
	10.0
	10.0
	dB

	
	Required C/N
	-1.0
	-1.0
	-1.0
	-1.0
	-1.0
	-1.0
	dB

	
	EIS
	-97.4
	-106.4
	-97.4
	-106.4
	-97.4
	-106.4
	dBm

	Peak EIRP - EIS
	114.8
	123.8
	120.8
	129.8
	126.8
	135.8
	dB






[bookmark: _Ref78201538]Table 3: Link budget of downlink
	Common
	Frequency
	70.0
	70.0
	70.0
	70.0
	70.0
	70.0
	GHz

	
	Bandwidth
	400
	400
	400
	400
	400
	400
	MHz

	
	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	　

	BS
	# of antennas in an array
	128
	1024
	128
	1024
	128
	1024
	　

	
	Pout per element
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0
	dBm

	
	Total conducted power per polarization
	28.1
	37.1
	28.1
	37.1
	28.1
	37.1
	dBm

	
	Average antenna element gain
	6.0
	6.0
	6.0
	6.0
	6.0
	6.0
	dBi

	
	Antenna roll-off loss versus frequency
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	dB

	
	Realized antenna array gain
	25.1
	34.1
	25.1
	34.1
	25.1
	34.1
	dBi

	
	Polarization gain
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	dB

	
	Total implementation loss
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	dB

	
	Peak EIRP
	46.6
	64.7
	46.6
	64.7
	46.6
	64.7
	dBm

	UE
	# of antennas in an array
	4
	4
	8
	8
	16
	16
	　

	
	Average antenna element gain
	4.0
	4.0
	4.0
	4.0
	4.0
	4.0
	dBi

	
	Antenna roll-off loss versus frequency
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	dB

	
	Realized antenna array gain
	8.0
	8.0
	11.0
	11.0
	14.0
	14.0
	dBi

	
	Total implementation loss
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	-6.5
	dB

	
	Thermal noise
	-87.8
	-87.8
	-87.8
	-87.8
	-87.8
	-87.8
	dBm

	
	Rx NF
	14.0
	14.0
	14.0
	14.0
	14.0
	14.0
	dB

	
	Required C/N
	-1.0
	-1.0
	-1.0
	-1.0
	-1.0
	-1.0
	dB

	
	EIS
	-76.4
	-76.4
	-79.4
	-79.4
	-82.4
	-82.4
	dBm

	Peak EIRP - EIS
	123.0
	141.1
	126.0
	144.1
	129.0
	147.1
	dB



We made some other link budgets. Table 4 shows all values of “Peak EIRP – EIS”.

[bookmark: _Ref78294309]Table 4: “Peak EIRP – EIS” [dB] values with some antenna array sizes
	　
	BS antenna array size

	
	Uplink
	Downlink

	
	BS=8x16
	BS=16x16
	BS=32x32
	BS=8x16
	BS=16x16
	BS=32x32

	UE antennas
	4
	114.8
	117.8
	123.8
	123.0
	129.0
	141.1

	
	8
	120.8
	123.8
	129.8
	126.0
	132.0
	144.1

	
	16
	126.8
	129.8
	135.8
	129.0
	135.0
	147.1



[bookmark: _Hlk78565827]Comparing Table 1 and Table 4, we can know the required number of UE antenna elements to support the communication link range defined by the ISD. Table 5 shows the summary of required number of UE antenna elements in order to communicate the half-ISD range.





[bookmark: _Ref78312220]Table 5: Required number of UE antenna elements for each scenario
	Scenario
	ISD [m]
	max range [m]
	BS antenna array size
	reference

	
	
	
	8x16
	16x16
	32x32
	Max pathloss [dB]
	Pathloss calculation condition

	Dense Urban
	200
	100
	Over 16
	16
	8
	128.7
	UMa NLOS

	Urban Micro
	100
	50
	16
	8
	4
	121.7
	UMi NLOS

	Urban Macro
	500
	250
	8
	4
	4
	117.7
	UMa LOS



If we use 4 antenna elements in the UE, we need base stations with 32x32 antenna elements, but only urban micro and macro will be supported, not dense urban. Using 8 antenna elements for handheld UE would assure connectivity for all three scenarios. 
On the other hand, increasing the number of antenna elements (i.e. the number of PA) makes power consumption higher, and we should investigate of its influence. However, we believe connectivity is important as well as power consumption. Recommend considering 8 antenna elements for the handheld UE as baseline architecture.

[bookmark: _Hlk78486852]Observation 2:	If we use 4 antenna elements in UE, we need base stations with 32x32 antenna elements to support urban micro and urban macro – dense urban will not be supported.
Proposal 1:	Recommend considering 8 antenna elements for the handheld UE as baseline architecture.

3	Conclusions
This contribution provides our view on the antenna array size for handheld UE:

Observation 1:	Pathloss will be 128.7 dB in Dense Urban, 121.7 dB in Urban Micro, 117.7 dB in Urban Macro.
Observation 2:	If we use 4 antenna elements in UE, we need base stations with 32x32 antenna elements to support urban micro and urban macro – dense urban will not be supported.
Proposal 1:	Recommend considering 8 antenna elements for the handheld UE as baseline architecture.
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