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1. Introduction

In NR, it was agreed to specify EIRP and TRP OTA BS output power accuracy requirements. For FR1 NR BS, output power accuracy requirement has been already discussed and agreed to reuse the same EIRP and TRP accuracy values of Rel. 15 eAAS. On the other hand, for FR2 NR BS, there was no consensus on EIRP and TRP accuracy values.
In this contribution, we propose the methodologies to derive OTA BS EIRP and TRP output power accuracy requirements for FR2.
2. Background
In the case of E-UTRA eAAS and NR FR1 1-H/1-O, output power accuracy core requirements were already discussed and agreed to use EIRP and TRP as metrics. And also the values for the requirements were fixed as Table 1. On the other hand, NR FR2 2-O output accuracy core requirements were not decided yet because of the following open issues [2].

This results in the following open issues:

· Directivity related power variation may be captured as either EIRP accuracy in dB or a direction error in deg.

· It has been highlighted that for a narrow beam a small direction error could result in a large EIRP error.

· Depending on estimated directivity related variation:

· If the Absolute EIRP accuracy requirement is feasible even for small beamwidths then this method is the favoured method to capture directivity related variation. 

· If absolute EIRP accuracy is so large it is not useful and alternative solution must be found, options identified are:

· Considering an accuracy margin for the beam pointing direction in deg

· Consider an EIRP accuracy requirement based on a beam which is set using a closed loop approachbased on an incoming (UL) signal

· Whether the closed loop approach needs standardizatrion should be further studied

 In this meeting, RAN4 needs to reach the consensus of FFS values highlighted yellow in the Table 1.

Table 1. Status of OTA Output power accuracy requirements for NR FR1 and FR2.
	
	NR FR1 (1-H/1-O)
	NR FR2 (2-O)

	
	Core
	Conformance
	Core
	Conformance

	
	EIRP
	TRP
	EIRP
	TRP
	EIRP
	TRP
	EIRP
	TRP

	Normal
	+/-2.2dB
	+/-2.0dB
	+/-2.7dB
	FFS
	FFS
	FFS
	FFS
	FFS

	Extreme
	+/-2.7dB
	NA
	FFS
	NA
	FFS
	NA
	FFS
	NA


2. Discussion
2.1. EIRP accuracy requirement for FR2
One of open issues is whether EIRP accuracy could be applied even in the case of narrower beam BS, since FR2 NR BS may use large number of antenna elements and transceivers. Narrow beam with small direction error may result in a large EIRP error at a intended direction, however EIRP accuracy requirement will guarantee also the performance to direct the beam to desired UE by beamforming. If EIRP accuracy requirement is not be specified in the narrower beam BS, it cannot be guaranteed BS to direct the beam to desired UE correctly. Therefore, absolute EIRP accuracy requirement should be specified to guarantee the beam steering performance.
Proposal 1 : For NR FR2 BS, absolute EIRP accuracy requirement should be specified as OTA BS output power core requirement.

In the WF in RAN4 NR-AH#2 [1], it was agreed to consider at least following error factors to derive the values of EIRP output accuracy for FR2. 
1) transceiver unit accuracy;

2) phase shift accuracy among transceiver units; 
3) phase shifter accuracy within analog phase shifter; 

4) sub-array gain accuracy, mismatch errors and insertion loss variations; 

5) other factors are not precluded for further considerations; 

In general, EIRP of an array antenna can be calculated by output power, antenna element gain and array factor as a following equation. 
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where
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: Total output power of transceiver unit
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As following, we consider EIRP error caused by each error factor.

· EIRP error caused by gain error related to 
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“1)transceiver unit accuracy” and “4) sub-array gain accuracy, mismatch errors and insertion loss variations” are errors related to gain error affected to EIRP error directly as shown in Figure. 1. Since these accuracy are independent, we can define 
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 as the variation in EIRP error due to “1)transceiver unit accuracy” and “4) sub-array gain accuracy, mismatch errors and insertion loss variations” respectively.
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– is the maximum conducted output power error at the transceiver unit output.
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 – is the variation due to the error in the sub-array gain accuracy, mismatch errors and insertion loss variations.
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Figure 1. EIRP error caused by gain error.
· EIRP error caused by direction error related to 
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“2) phase shift accuracy among transceiver units” and  “3) phase shifter accuracy within analog phase shifter” are errors related to phase error affected to beam direction error as shown in Figure. 2. In addition, the variation in EIRP error caused by final phase shift which related to only array factor in equation (1). Therefore, these phase errors should not be considered separately to derive EIRP accuracy. We should define 
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 as the variation in EIRP error due to beam direction error caused by both phase shift accuracy.
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 – is the variation in EIRP error due to beam direction errors caused by phase error among transceiver units and phase shifter accuracy within analog phase shifter.
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Figure 2. EIRP error caused by beam direction error.
For EIRP accuracy in FR2, we propose following equation including 
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which mentioned above.
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where
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– is the maximum conducted output power error at the transceiver unit output.
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 – is the variation in EIRP error due to beam direction errors caused by phase error among transceiver units and phase shifter accuracy within analog phase shifter.
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 – is the variation due to the error in the sub-array gain accuracy, mismatch errors and insertion loss variations.

Proposal 2 : For EIRP accuracy in FR2, should be using following equation.
 .
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2.2. TPR accuracy requirement for FR2

In the WF [2], it was agreed that TRP accuracy requirement should be specified as OTA BS output power core requirement, but the values have not decided yet. 
It is not necessary to consider the steering error, 
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 , in the case of a TRP accuracy because a TRP does not depend on a beam directivity. Therefore, TRP accuracy should be calculated by below formula. 
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where
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– is the maximum conducted output power error at the transceiver unit output.
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 – is the variation due to the error in the sub-array gain accuracy, mismatch errors and insertion loss variations.

Proposal 3 : For TRP accuracy in FR2, should be using following equation.
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3. Conclusion
In this contribution, we discussed and proposed the methodology of deriving values of EIRP and TRP accuracy for FR2.
Following proposals were obtained.
Proposal 1 : For NR FR2 BS, EIRP accuracy requirement should be specified as OTA BS output power core requirement.
Proposal 2 : For EIRP accuracy in FR2, should be using following equation.
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where
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– is the maximum conducted output power error at the transceiver unit output.
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 – is the variation in EIRP error due to beam direction errors caused by phase error among transceiver units and phase shifter accuracy within analog phase shifter.
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 – is the variation due to the error in the sub-array gain accuracy, mismatch errors and insertion loss variations.

Proposal 3 : For TRP accuracy in FR2, should be using following equation..
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where
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– is the maximum conducted output power error at the transceiver unit output.
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 – is the variation due to the error in the sub-array gain accuracy, mismatch errors and insertion loss variations.
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