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Introduction
Minimum power is an issue that needs to be defined in the context of phased-array NR radios. This paper analyses minimum total radiated power (TRP) for mm-wave UE’s. TRP is needed for emissions analysis and specification of the performance of PA performance. However, the interpretation of minimum power will be broader than these two criteria.  The purpose of this paper is to start that discussion in RAN4. 
For the purpose of illustration, the link parameters in this paper are taken from the sharing studies (cf. [1], [2], and [3]).  Since the parameters are not normative, the objective is to discuss tentative power budgets with an example of QAM-64 in a single CC scenario. More analysis needs to be done in different scenarios.
As a corollary, we also analyze the dynamic power range that is implied by minimum power. Based on the analysis in this paper, the minimum output TRP for a dual-polarized configuration is found to be -13.6 dBm to support QAM-64.  If we assume a peak TRP of 23 dBm as in the sharing studies, this implies a dynamic range of 36.6 dB.
Discussion
The table below summarizes the analysis. To compute minimum TRP, the obvious method is to select just one antenna of the phased-array, resulting in a wide beam. Hence, the array gain at the UE will be 0 dB.
	
	Value
	Comments

	BS noise figure 
	9 dB
	

	Signal BW
	100 MHz
	Single CC

	Thermal noise floor @ BS 
	-85 dBm
	-174 dBm/Hz + 80 dB + 9 dB

	SNR for QAM-64 +  implementation loss
	25 dB 
	

	Beamforming and gain @ BS (with 16x8 element sub-array)
	29  dB
	10log10(128) + 8 dBi per-antenna gain

	Needed conducted RX power at LNA input
	-89 dBm
	25 dB - 85 dBm  - 29 dB

	Power control margin
	10 dB
	To equalize RX power at BS from UE’s at different distances

	Required RX power at BS 
	-79 dBm
	

	Friis path loss over 2m  @ 28 GHz
	67.4 dB
	

	Required EIRP  @ UE
	-11.6 dBm
	- 79 dBm  + 67.4 dB

	Single patch antenna gain @ UE
	    5 dBi
	

	Required TRP  @ UE for 1 polarization
	-16.6 dBm
	EIRP – antenna gain

	Min TRP @ UE for dual pol
	-13.6 dBm
	+ 3dB from above

	Maximum total conducted power  @ UE
	23 dBm
	14 dBm + 10log10(4) + 3dB 

	Dynamic range of total conducted power @ UE
	36.6 dB
	23 – (-13.6) dB




Conclusion
With an example of QAM-64, we analyse TRP from the UE perspective. Based on the assumptions, we estimate a minimum power of -13.6 dBm for a dual-polarized UE transmitter and QAM-64 constellation. The associated dynamic range is 36.6 dB. The larger objective of the paper is to start the discussion on minimum power, and its very definition.
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