3GPP TSG-RAN WG4 #86BIS meeting                                                       R4-1803982
Melbourne, Australia, 16 – 20 April, 2018
Agenda Item:
7.4.8.2
Source:
LG Electronics

Title:
Revised NR UE peak EIRP and Spherical EIRP levels at mmWave
Document for:
Approval
1. Introduction

In the last RAN4 #86 meeting, UE peak EIRP level and CDF test points were discussed but two different WF are provided [1][2], RAN4 did not reach any consensus to define the EIRP levels for power class of handheld UE.
· For Maximum EIRP
· Two proposals 

· Proposal 1 [R4-1803372]

· @28GHz = 23.20 dBm

· @39GHz = 21.00 dBm

· Proposal 2

· @28GHz = 22.0 dBm as compromise

· @39GHz = 20.08 dBm as compromise

Hence, in this paper, we provide our further evaluation results for power class definitions at mmWave since there was changed PA conducted power and antenna design.
2. Detail description for NR UE power class
The power class for NR UE in mmWave are discussed and encouraged to propose the detail parameters of interested companies to define reasonable UE power class in mmWave.  One major reason for change is that the conducted output power level was changed and modified antenna type and antennas position at mmWave.
So, these real UE design impacts were reflected to derive EIRP level at 28GHz and 39GHz as shown in Table 1and Table 2.

Table 1: Expected EIRP level at n257 based on RF parameters
	Parameter
	Unit
	Nominal value
	Contribution to tolerance

	Frequency range
	GHz
	24.25 - 29.5 GHz

	Pout per element
	dBm
	14.0 (12.00
	　

	# of antennas in an array
	　
	4
	　

	Total conducted power per polarization
	dBm
	20 (18.00
	-1.00

	Avg antenna element gain
	dBi
	5 ( 5.50
	　

	Antenna rolloff loss versus frequency
	dB
	-1.00
	　

	Realized antenna array gain
	dBi
	10 (10.50
	　

	Polarization gain
	dB
	2.50
	　

	Mismatch and transmission line loss including load pull
	dB
	-1.00
	-0.50

	Beam forming loss (phase shifter and amplitude error)
	dB
	-0.25
	-0.25

	Finite beam table
	dB
	-0.25
	0.00

	Beam forming loss (one beam table fits all)
	dB
	-0.25
	0.00

	Form factor integration losses (including cover loss)
	dB
	-5.5 ( -4.50
	-2 (-1.50

	Total implementation loss (nominal)
	dB
	-7.25 ( -6.25
	　

	Total implementation loss (worst case)
	dB
	　
	-10 ( -8.50

	Peak EIRP (Nominal)
	dBm
	24.75
	　

	Tolerance (+/-)
	dB
	　
	 3.75 ( 3.25

	Peak EIRP (Minimum)
	dBm
	21.50
	　

	Peak EIRP (Maximum)
	dBm
	28.00
	　


Table 2: Expected EIRP level at n260 based on RF parameters
	Parameter
	Unit
	Nominal value
	Contribution to tolerance

	Frequency range
	GHz
	37.0 - 40.0 GHz

	Pout per element
	dBm
	14 ( 10.50
	　

	# of antennas in an array
	　
	4
	　

	Total conducted power per polarization
	dBm
	20 ( 16.50
	-1.00

	Avg antenna element gain
	dBi
	4.0 (5.00
	　

	Antenna rolloff loss versus frequency
	dB
	-1.50
	　

	Realized antenna array gain
	dBi
	9.50
	　

	Polarization gain
	dB
	2.50
	　

	Mismatch and transmission line loss including load pull
	dB
	-1.25
	-0.70

	Beam forming loss (phase shifter and amplitude error)
	dB
	-0.25
	-0.25

	Finite beam table
	dB
	-0.25
	0.00

	Beam forming loss (one beam table fits all)
	dB
	-0.25
	0.00

	Form factor integration losses (including cover loss)
	dB
	-6.5 ( -4.50
	-2.0 ( -1.75

	Total implementation loss (nominal)
	dB
	-8.5 (-6.50
	　

	Total implementation loss (worst case)
	dB
	　
	-11.45 ( -9.20

	Peak EIRP (Nominal)
	dBm
	22.5 ( 22.00
	　

	Tolerance (+/-)
	dB
	　
	3.95 ( 3.70

	Peak EIRP (Minimum)
	dBm
	18.55 ( 18.30
	　

	Peak EIRP (Maximum)
	dBm
	25.70
	　


Based on above test parameters and calculation, we can derive minimum peak EIRP is 21.5dBm even if the conducted output power was reduced from 14dBm to 12dBm at 28GHz.
Also we provide the EIRP CDF curve for the spherical coverage at n257 based on the handheld NR UE as shown in Figure 1 by changed antenna design and modem performance. 
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Figure 2 CDF of peak EIRP performance of UE over all angles.
In figure 1, we can see the 50% EIRP is less than 10 dBm from the peak EIRP level (21.5dBm) for n257 UE.
Based on our CDF curves to cover spherical coverage, we initially propose that RAN4 can define CDF based EIRP levels as shown in Table 3 considering above implementation factors. However, the CDF curve of the measurement data using real form factor will be provided at next RAN4 meeting to determine the EIRP test point for spherical coverage of handheld UE for final decision.
Table 3. Power class for CDF based test point at mmWave (n257)
	
	Required EIRP
(at n257)
	Required EIRP
(at n260)

	EIRP (50%)
	9 dBm
	6 dBm

	EIRP (20%) if needed
	3 dBm
	0 dBm


Proposal 1: To derive the Peak EIRP levels, RAN4 should consider reasonable conducted output level and implementation margin considering antenna position based on bezel-less display design and architecture.
Proposal 2: For the spherical coverage of power class at mmWave, RAN4 should determine the test point based on the measurement CDF curve.
3. Conclusions


In this contribution, we provide further evaluation results since some modification of PA output power at handheld UE and antenna design. Based on the analysis in session 2, we share our proposals as below
Proposal 1: To derive the Peak EIRP levels, RAN4 should consider reasonable conducted output level and implementation margin considering antenna position based on bezel-less display design and architecture.
Proposal 2: For the spherical coverage of power class at mmWave, RAN4 should determine the test point based on the measurement CDF curve.
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