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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 how to define UE power class and represent the UE’s spherical coverage has progressed over several agreements.
This paper presents current agreements on NR mm-wave power class definition in terms of spherical coverage provided by EIRP CDF data and details our views on how to plot, process and choose the most suitable CDF percentile points.

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], the WF from RAN4 #83 [5], and the WF from RAN4 #84 [6].
From RAN4 #83 [5]:

[image: image1]
From RAN4 #84 [6]:
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2.2
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 proposed in [7], will help provide the necessary details for network planning. The mask should focus on several probability (percentile) points depicting whether EIRP can meet the desired performance. Within this framework, the off-boresight output power will be defined as a percentile from a CDF of all EIRP values distributed on a sphere around the UE. The outage will then represent the minimum spatial coverage requirement for the device. Choosing the percentile points for the mask is important, as this will show the gain distribution. 

Various simulations were performed to plot the cumulative distribution function (CDF) and select the appropriate percentile points. These were not full-sphere simulations, they were a subset, as we assume multiple arrays will be integrated into the UE to achieve full-spherical coverage. The simulations included implementing an ideal beamformer for a 4-element antenna array (no mutual coupling, no ground plane effect, no phase shifter quantization error, and no implementation losses) with boresight steering. Beam steering was done, sweeping theta from 60° to 120°, and phi from -60° to 60°. The data was processed taking the sin(theta) scaling into account. Figure 1 shows the gain distribution results for a single antenna array.
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Figure 1 CDF Gain Distribution for Single Array
The CDF may not be a useful metric from an antenna design point of view, since the interpretation of a point on the CDF curve is that the y-axis value represents the probability of finding an output power in the distribution, which is less than or equal to the x-axis value.  It is more natural to consider probabilities of finding gain values which are greater than or equal to the outage point.  Thus, using the complementary cumulative distribution function (CCDF) is more appropriate to illustrate this point.
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 Figure 2 CCDF Gain Distribution for Single Array
Proposal 1: Define the power class requirement as a CCDF mask

Table 1: Percentile EIRP values on CCDF in this example
	Percentile CCDF
	Corresponding
EIRP (dBm)

	10
	26.0

	20
	25.3 

	50
	23.0

	80
	19.0

	90
	17.3


Table 1 shows various percentile points and their corresponding EIRP results from our simulated example. It should be noted that the overall range from 5 to 95 percent is about 10 dB. This is significantly broader than the 4 dB range of an ideal case that focuses on the main beam and fails to sweep through blind spots in the radiation pattern [8]. The 50% point is close to half-way between these points, making it a good figure to include in the mask. Choosing an additional point will help illustrate when the design is able to meet the minimum EIRP requirement.

Proposal 2: Define the CCDF mask at the 50th percentile.
When calculating the histogram of the gain values on a measured pattern, care should be taken to compensate for the grid of data points on the sphere around the antenna. For the case when the elevation angles are uniformly sampled, a sin(theta) weight needs to be applied to the frequency counts in the histogram. Alternatively, a sampling grid which selects measurement points proportionally on the surface of the sphere can be used as an input to a linear histogram calculation. The error between a linear histogram calculation without compensation and the calculation with sin(theta) compensation is expected to be small for patterns which are maximized in the azimuth plane, such as the scanning example provided above. This error is expected to become significant for other cases, thus it is best to use the sin(theta) compensation. At the 50th percentile the error between the linear histogram and the corrected histogram is 3 dB.
Proposal 3: Compensation for sin(theta) is needed either as an optimization of measurement points on the sphere or as a sin(theta) weight in the histogram calculation

There are some issues that need to be addressed before finalizing the EIRP mask. These issues focus on the antenna topology used, specifically the number and placement of antenna array in the UE, and how to align all the results.

Open issues:

1) How to reach alignment among companies on the CCDF around the DUT rather than across a range of steering angles associated with a single array?

Option 1a: Make an assumption on the minimum number of arrays for the purpose of deriving the requirement

Option 1b: Make no assumption on the number of arrays and align CCDFs from different companies with potentially different assumptions

Option 1c: Derive an initial set of mask values from the CCDF of a single array and add a loss term representing an allowance for some gaps in coverage between arrays, etc.

2) How to derive the CCDF mask values once issue #1 is resolved and CCDF percentiles are agreed?

Option 2a: Seek agreement on an alignment value of the peak EIRP for the antenna array defined by the reference architecture table in [power class] and use it to calibrate the 0th percentile of the CCDF; then derive the mask values by averaging across the relevant results

Option 2b: Derive the mask values directly from companies CCDF contributions

Further discussions to address the open issues are recommended in order to make progress on the power class requirement definition.
3
Conclusions

This paper has shared our views of the following on how to approach several spherical coverage aspects for the EIRP mask needed to define power class for mm-wave. The following proposals have been made and two open issues have been highlighted:

Proposal 1: Define the power class requirement as a CCDF mask

Proposal 2: Define the CCDF mask at the 50th percentile
Proposal 3: Compensation for sin(theta) is needed either as an optimization of measurement points on the sphere or as a sin(theta) weight in the histogram calculation
Open issues:

1) How to reach alignment among companies on the CCDF around the DUT rather than across a range of steering angles associated with a single array?

2) How to derive the CCDF mask values once issue #1 is resolved and CCDF percentiles are agreed?
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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


Feasible definition and values for spherical coverage





Agreement: 


To agree on Power class definition, the following candidates are to be considered


Peak EIRP over sphere with minus tolerance


EIRP at CDF percentiles with minus tolerance


[5-20]%


[50]%


[80-90]%
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