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1	Introduction 
The work item specifies the NR operation in the 52.6 – 71 GHz frequency range approved during the RAN #90 meeting [1]. In this contribution we provide our initial views on the minimum peak EIRP and EIS considering our analysis on the PA and LNA challenges at 60 GHz [2].

2 Discussion
At 60 GHz the voltage and current combining methods are limited due to the wavelength. To overcome this issue, combining topologies are required to achieve larger output power. In this contribution we briefly describe in subsection 2.1 the challenges for the PA and LNA design, while given a preliminary estimation for minimum peak EIRP and peak EIS in the wideband 60 GHz operation in subsection 2.2 and 2.3.
2.1		PA and LNA at 60 GHz
The 60 GHz WI specifies the frequency range from 52.6 to 71 GHz, which targets to enable 18.4 GHz bandwidth, that will require to cover approximately 30% fractional bandwidth, which is significantly higher compared to the rest of the FR2 bands. 
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Figure 1: PA and LNA performance overview for all FR2 bands
A high-power efficient PA becomes challenging for wideband designs at high frequencies. The power handling capability decreases with the downscaling of the CMOS technologies resulting in a reduction of the breakdown voltage of the CMOS transistors. A single stage implementation delivers low power gain because of the low maximum frequency operation fmax of the device. Additional stages are required to enable power combining and to increase the maximum saturated output power. However, the multi-stages designs introduce more power losses, while consuming higher dc power and thus limiting the maximum power added efficiency (PAE).
Figure 1 shows an overview of the PA performance for all FR2 bands. The plot considers the parameters used for the estimation of the min. peak EIRP for the FR2 bands. Due to the challenge to obtain high output power at high frequency and based on mentioned observations, we expect a greater degradation on the output power for the 60 GHz band. The worse linearity of the PA will require a significant power back-off. From this extrapolation we expect a power degradation between 4.5 and 5.5 dB compared to band n262. It is also worth noticing that the fractional BW for 60 GHz is much larger compared to the other FR2 bands. This introduces an additional challenge to achieve wideband matching, while not compromising on the power gain of the wideband PA.
Observation 1: The worse linearity of the PA will require a significant power back-off. We expect a power degradation between 4.5 and 5.5 dB compared to band n262
The LNA is the first active block in the receiver chain and key component on the estimation of the noise performance of the whole system. The design of the LNA can be extremely challenging since it needs to achieve high gain, low noise and low dc power consumptions. Among these specifications, NF is one of the most elemental parameters. 
An overview of the LNA NF performance for all FR2 bands is given in Figure 1. The overview considers the parameters used for the estimation of the min. peak EIS for the FR2 bands. As mentioned earlier, the multi-stage topologies are required to provide enough gain, which consume more power and area, and lead to poorer linearity and higher noise. This is one of the reasons that 60 GHz LNAs have poorer performance relative to low frequency LNAs.  LNAs suffer from low gain and high noise due to the transistors operating closer to their cutoff frequencies. Therefore, we expect a further degradation for the 60 GHz band NF. From this extrapolation the NF degradation is between 3.5 and 4.5 dB compared to band n262.
Observation 2: LNAs suffer from low gain and high noise due to the transistors operating closer to their cut-off frequencies. From this extrapolation the NF degradation is between 3.5 and 4.5 dB compared to band n262.
For UEs supporting multiple FR2 bands, the introduction of 60 GHz will extend the UE support to a wider range up to 71 GHz. The introduction of this new band will require further study for the multi-band relaxation requirement. The implementation of a single device supporting all these FR2 bands will bring additional challenges in the design, such as increase in the routing, and increase in the line-loss. All these factors will require further evaluation. Therefore, the next subsections 2.2 and 2.3 share only a preliminary study for peak EIRP and peak EIS.
2.2		Peak EIRP for 60 GHz
Collecting all the parameters for the peak EIRP and considering the PA performance analysis, we have estimated the minimum peak EIRP for 60 GHz is [6.1 dBm].
	Parameter
	Unit
	Proposal

	
	
	Nominal
	Tolerance

	Frequency range
	GHz
	52.6 – 71
	52.6 – 71

	Pout per element
	dBm
	4,50
	0,00

	# of antennas in an array
	
	4,00
	

	Total conducted power per polarization
	dBm
	10,52
	-2,00

	Average antenna element gain
	dBi
	[3,00]
	

	Antenna gain roll-off loss versus frequency
	dB
	[-1,50]
	

	Realized antenna array gain
	dBi
	7,52
	0

	Polarization gain
	dB
	2,80
	

	Mismatch and transmission line loss including load pull
	dB
	[-2,90]
	-0,70

	Beamforming loss (phase shifter and amplitude error)
	dB
	[-2,50]
	-0,60

	Form factor integration losses
	dB
	-4,00
	-2,00

	Total implementation loss (nominal)
	dB
	-9,40
	-3,30

	Total implementation loss (worst case)
	dB
	
	

	Peak EIRP (Nominal)
	dBm
	11,44
	

	Tolerance (+/-)
	dB
	
	-5,30

	Peak EIRP (Minimum)
	dBm
	[6,1]
	



Observation 3: The single-band minimum peak EIRP requirement for 60 GHz is [6.1 dBm].
2.3	Peak EIS for 60 GHz
Collecting all the parameters for the REFSENS for 60 GHz considering the LNA performance analysis, we have estimated the REFSENS budget -74.83 dBm/50 MHz.
	Parameter
	Unit
	Proposal

	Frequency range
	GHz
	52.6 – 71

	SNR Requirement
	dB
	-1,00

	Bandwidth
	MHz
	50,00

	Thermal Noise
	dBm/Hz
	-174,00

	Noise Figure
	dB
	18,00

	# of antennas in an array
	
	4,00

	Average antenna element gain
	dBi
	[3,00]

	Realized antenna array gain
	
	7,50

	Diversity Gain
	dB
	0,00

	Antenna gain roll-off loss versus frequency
	dB
	[-1,50]

	Mismatch and transmission line loss
	
	[-3,60]

	Beamforming Loss
	dB
	[-3,10]

	Total Insertion Loss
	dB
	-12,70

	Form factor Integration losses
	
	-6,00

	REFSENS
	dBm
	[-74,83]




Observation 4: The single-band peak EIS requirement for 60 GHz is [-74.83 dBm/50 MHz]. 
3	Conclusion

In this contribution, we have provided a first estimate of the expected minimum peak EIRP and EIS considering the challenges to support the wideband 60 GHz operation.
In summary, we have made the following observations.

Observation 1: The worse linearity of the PA will require a significant power back-off. We expect a power degradation between 4.5 and 5.5 dB compared to band n262.
Observation 2: LNAs suffer from low gain and high noise due to the transistors operating closer to their cut-off frequencies. From this extrapolation the NF degradation is between 3.5 and 4.5 dB compared to band n262.
Observation 3: The single-band minimum peak EIRP requirement for 60 GHz is [6.1 dBm].
Observation 4: The single-band peak EIS requirement for 60 GHz is [-74.83 dBm/50 MHz].
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