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1	Introduction
During the RAN #75 meeting the study item on New Radio access technology [1] was finalized with its outcome captured in TR38.803 [2]. During RAN #76 the New Radio Work Item was initiated [3]. With the agreement to define and test RF requirements for NR mm-wave over the air (OTA), the discussion of UE power class definition has evolved over a number of agreements.
This paper summarizes current agreements on NR mm-wave power class definition and depicts our views on power class definition (UE output power values, and spherical coverage aspects) for approval.
2	Discussion
2.1	Background
The existing RAN4 agreements on UE power class definition include the NR SI outcome in TR38.803 [2], the WF from RAN4 #82bis [4], and the WF from RAN4 #83
From RAN4 #82 [1-4]:
Agreement: 
 Proposal: For CDF method, RAN4 method for describing spherical coverage of RF parameters is CDF where each point represent equal surface area in sphere surrounding the UE. 
· Companies are encouraged to study the advantage of this CDF method.
· The other method(s) are not precluded.

From RAN4 #82bis [2-5]:
· Agreement
· UE must be able to produce certain EIRP
· Powerclass definition includes upper limit for TRP which need to be met regardless of beamforming settings
· Further details for power class definition are FFS

From RAN4 #83 [6]: · Both TRP and EIRP are considered for power class definition
· EIRP can be peak, boresight or %-tile or minimum value
· TRP can be max or min and max 
· Max allowed EIRP for all UEs is 43 dBm for regulatory reasons
· Companies are encouraged to provide input
· For discussed issues mentioned in previous slides and their relevance for power class definition
· Feasible UE output power values, both TRP and EIRP considering different implementations
· Understanding of co-existence study outcome and impact to power class definition
· Feasible definition and values for spherical coverage

2.2	Example UE output power values
We begin the discussion of UE output power values for mmWave with a presentation of a set of example values; we note that it is necessary to separate the specification of a minimum requirement from a particular implementation. One way to achieve this separation is to derive minimum required values for a range of parameters derived from the common UE architecture.
Figure 6.2.1.2.2-1 in TR38.803 defines this architecture as shown below [2]:
[image: ] 
Observation 1: We note that the reference architecture diagram from TR38.803 may not align with the reference architecture used to define the power class and the associated requirements. For example, the number of distributed PAs may not be aligned with the NR SI feasibility study outcome.
Thus, when preparing the example UE output power values, we first derive some common assumptions from this reference architecture for parameters such as the number of antennas (and their polarization properties), the single element gain, practical antenna implementation and integration losses, and the input power delivered to a single antenna element.
With UE antennas targeting mm-wave devices needing to support wide frequency ranges, we anticipate a variation in gain of 1 dB throughout the bandwidth in a typical design. An additional loss due to the implementation and integration of the entire array into the device enclosure contributes 2 dB loss in a typical design. We also note that the single element gain is subject to the specific optimization focus of the design and thus there will be a trade-off with other RF system design parameters. Therefore, we provide a range for this value.
Table 1 below summarizes the example UE output power values for boresight EIRP.

[bookmark: _Ref485289533]Table 1: Example UE output power values (boresight)
	Parameter
	Unit
	Value

	Number of dual-polarized antenna elements
	
	4

	Single element gain
	dBi
	4.0 to 5.0*

	Gain variation with frequency
	dB
	-1.0

	Array implementation loss
	dB
	-2.0

	Effective BF gain
	dB
	6.0 to 8.0

	Single element input power per polarization
	dBm
	14.0

	Dual polarization gain
	dB
	2.2

	Beam pointing loss
	dB
	0.0

	Pout EIRP total
	dBm
	28.2 to 30.2



Observation 2: The example UE output power values, as provided in Table 1, are prepared assuming a handheld UE application and boresight beam operation. Additional discussions on power class definition for other applications, such as fixed wireless access (FWA) terminal, are needed in future meetings. 
2.3	Spherical coverage aspects
Limiting power class definition to max EIRP fails to provide a full picture of antenna performance. When the beam is formed away from boresight, mutual coupling effects and increased side lobes reduce the gain in the desired direction. Quantifying the impact of beam pointing loss depends on the spherical coverage design targets and constraints. Using an EIRP mask, as the one proposed in [7], will help provide the necessary details for network planning. The mask can focus on several probability (percentile) points depicting whether EIRP can meet the desired performance value. Working within this framework of defining the off-boresight output power as a percentile from a CDF of all EIRP values distributed on a sphere around the UE, then this outage represents the minimum spatial coverage requirement for the device. Choosing the points for the mask is important, as this will show the gain distribution. Regardless of the chosen values, when processing the EIRP data distributed across a theta and phi, probability measurements should be scaled by sin(theta).
Observation 3: We note that when forming a CDF of gain values measured on a sphere around the DUT, care should be taken to correctly scale the probability mass of each measurement. Assuming a measurement grid of equally distributed points across theta (elevation) and phi (azimuth) angles, the probability mass of each measurement should be scaled by sin(theta) to avoid skewing the CDF toward the values near the poles. 
A 4-element array with max EIRP of 29.2 dBm was swept through theta and phi. Naturally, the gain dropped as the beam was steered away from boresight. The measured data was processed taking the sin(theta) scaling into account. Figure 1 shows the produced results and Table 2 summarizes several percentile EIRP points.CDF
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Figure 1 CDF of EIRP values swept over a range of angles


Table 2: Percentile EIRP values on CDF
	Percentile
	Corresponding
EIRP (dBm)

	5
	24.61

	20
	25.44

	50
	26.62

	80
	27.62

	95
	28.61









It should be noted that for our measurements, the overall range from 5 to 95 percent is only 4 dB, and 50% presents the halfway point of these. This serves to showcase that one value point at 50% may suffice for the mask. However, depending to the radiation pattern of the antenna, which itself depends on the array topology and number of elements, the percentile points may present larger variations. Therefore, having more than one percentile point will cover all cases and present a clear and comprehensive view of the antenna performance.
Proposal 1: Since antenna design is open, to present the full picture of the performance, three percentile points should be used in the EIRP mask. These can be 5%, 50% and 95%.

3	Conclusions
This paper has shared our views of the following aspects: power class definition, example UE output power values, and spherical coverage aspects. The following observations and conclusions have been made:
Observation 1: We note that the reference architecture diagram from TR38.803 may not align with the reference architecture used to define the power class and the associated requirements. For example, the number of distributed PAs may not be aligned with the NR SI feasibility study outcome.
Observation 2: The example UE output power values, as provided in Table 1, are prepared assuming a handheld UE application and boresight beam operation. Additional discussions on power class definition for other applications, such as fixed wireless access (FWA) terminal, are needed in future meetings.
Observation 3: We note that when forming a CDF of gain values measured on a sphere around the DUT, care should be taken to correctly scale the probability mass of each measurement. Assuming a measurement grid of equally distributed points across theta (elevation) and phi (azimuth) angles, the probability mass of each measurement should be scaled by sin(theta) to avoid skewing the CDF toward the values near the poles.
Proposal 1: Since antenna design is open, to present the full picture of the performance, three percentile points should be used in the EIRP mask. These can be 5%, 50% and 95%.
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Figure 6.2.1.2.2-1: UE reference architecture
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