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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 (UE output power values) and specific loss term definitions for discussion.

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]: 
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From RAN4 #84 [6]:
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2.2
Example UE output power values

To begin the power class discussion, we present some example values of UE output power at mm-wave. It important to separate the specification of a minimum requirement from a particular implementation. To achieve this separation, we 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 seen below [2]:
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Figure 6.2.1.2.2-1: UE reference architecture




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 any associated requirements. For example, the number of distributed PAs may not be aligned with the NR SI feasibility study outcome.

Thus, when preparing the UE output power values, we first need to define common assumptions from this reference architecture for a list of parameters (such as the number of antennas, single element gain, practical antenna implementation and integration losses, and the input power delivered to a single antenna element). The complete list of these parameters for an example UE output power is found in Table 1. All parameters are taken at boresight operation.
Table 1: Example UE output power values (boresight)
	Parameter
	Unit
	Value

	Measured or simulated
	
	Simulated

	Frequency range
	　
	28.0 GHz

	Antenna type
	　
	patch array with dual-pol. elements 

	Pout per element
	dBm
	14.0

	# of antenna in an array
	
	4

	# of arrays in the UE
	
	FFS

	# of measurement point
	
	sufficient to converge CDF mask; 325 points were used in [7]

	Element gain
	dBi
	4.0

	Array gain
	dB
	10

	Polarization gain
	dB
	2.2

	Gain variation with frequency
	dB
	-1.0 

	Implementation margin
	dB
	-2.0

	Case losses (not include beam pointing loss)
	dB
	-2.5

	TRP
	dBm
	18.7

	TRP Tolerance (+)
	dB
	FFS

	Peak EIRP over the sphere
	dBm
	26.7

	EIRP Tolerance (-)
	dB
	FFS


Observation 2: Table 1 reports power values for a handheld UE application example with boresight beam operation. 
The antenna type found in Table 1 is a 4-element patch array with dual-polarization elements. Every value derived from then on is based on this topology. The actual number of arrays found on the UE is not included in the table. The number and specific placement of the arrays will certainly impact the spherical coverage and EIRP mask of the UE. Therefore, this is subject for further study.

Observation 3: Because of their impact on spherical coverage and EIRP mask, the number of antenna arrays and their placement in the UE should be studied and discussed in future meetings.

Regardless of the chosen topology, UE antennas for mm-wave devices need to support wide frequency ranges. All figures provided in Table 1 take this, and common-practice implementations, into account. In a typical design, we anticipate a variation in gain of 1 dB across the bandwidth. From the chip perspective, additional losses due to the implementation and integration of the entire array into the device enclosure usually contribute 2 dB loss. This implementation margin loss also includes any transmission and routing losses to complete interconnections for the antenna package (conducted losses in antenna feed network). On the other hand, case losses focus on radiation losses due to enclosing and casing for the entire device. Cases losses are dependent on angle of departure, which can be captured on the CDF distribution. Since this table is focused on boresight operation figures, a single value is provided. We also note that the single element gain was set to 4 dBi since it is subject to the specific optimization focus of the design (lower gain provides a more broadside pattern).
Whether the data provided in Table 1 is from simulation or measurements, the number of measurement points should be enough to attain sufficient convergence of CDF mask. Finally, to ensure proper alignment is reached, the budget losses included should be better defined to facilitate discussion. This will ensure clarity in CDF EIRP studies and help define the final EIRP requirement.
Observation 4: For proper alignment discussions between companies, a detailed definition of each loss parameter should be included in contribution analysis.

Observation 5: The impact of defining and measuring the power class requirement as an OTA quantity on the tolerance of TRP and EIRP values needs further discussion in order to align the companies’ views.
3
Conclusions

This paper has shared our views of the following aspects: power class definition, example UE output power values, and loss parameters discussion. 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: Table 1 reports power values for a handheld UE application example with boresight beam operation. 
Observation 3: Because of their impact on spherical coverage and EIRP mask, the number of antenna arrays and their placement in the UE should be studied and discussed in future meetings.
Observation 4: For proper alignment discussions between companies, a detailed definition of each loss parameter should be included in contribution analysis.

Observation 5: The impact of defining and measuring the power class requirement as an OTA quantity on the tolerance of TRP and EIRP values needs further discussion in order to align the companies’ views.
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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





Agreements: 


For NR mm-wave, power class definition and CDF have been discussed and it was agreed to define power class based on EIRP


Table format for specific budget loss parameters has been defined


Table now includes more design details (antenna type, number of arrays)


CDF EIRP studies will be provided based on the agreed table format to determine final EIRP requirement
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