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1 Introduction
NR BS requirements were discussed in last RAN4#80. WF on NR BS RF requirements was approved in [1] which captures Output power as follows
Further investigate options:	
· TRP only
· EIRP (in the main beam) only
· Both TRP and EIRP (in the main beam)

In this contribution we discuss BS output power and alignment of AAS and NS work. We propose to follow AAS approach for defining output power requirement for NR BS.
2	Discussion

Figure 1 shows the difference between TRP and EIRP to address similar output power with beamforming directivity scenario.
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[bookmark: _Ref442443332]Figure 1: TRP versus EIRP
Radiated requirements have been discussed in AAS WI and agreements captured in TR 37.842 [2]. The minimum requirements for AAS BS radiated transmit power, shall be placed on one or more manufacturer declared beam(s) that are intended for cell-wide coverage. The characteristics of the manufacturer declared beam and the requirement on the declared EIRP are defined in following sub-clauses.

2.1	Beam definitions for AAS BS

A beam (of the antenna) is the main lobe of the radiation pattern of an antenna array. An AAS BS beam is created by means of a superposition of the signals radiated from different parts of the AAS BS antenna array. 
A cell specific beam is an AAS BS beam which is intended to facilitate communication to all UEs within a cell.
A UE specific beam is an AAS BS beam which is intended to facilitate communication to a specific UE or a specific group of UEs.
Each beam direction pair is associated with half-power contour of the beam centre direction and a beam peak direction. The EIRP is declared at the beam peak direction. The beam centre direction is used for describing beam steering.
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Figure 2: Example of beam direction pair
In Figure 2 left sub-figure shows a symmetrical beam where beam centre direction and beam peak direction are the same. Figure 2 right sub-figure shows an example of a beam with ripple where the beam centre direction and the beam peak direction are different.
For an AAS BS beam, the following parameters that belong to the beam are declared:
· A beam identifier.
· A reference beam direction pair, including reference beam peak direction and reference beam centre direction.
· A maximum EIRP achieved in the beam peak direction when the beam direction pair is set to the reference beam direction pair.
· The EIRP accuracy directions set.
· Four further beam direction pairs at the maximum steering directions, where the maximum steering direction is the beam direction pair associated with the maximum beam centre steering direction. Selection of these 4 maximum steering directions is described in section 7.1.4 of [2].
· For each of the four further beam direction pairs at the maximum steering directions
· Maximum EIRP achieved in the beam peak direction (one EIRP per beam direction pair)
· Beamwidth (one beamwidth per beam direction pair)
NOTE: If an AAS BS is not capable of beam repositioning in one or both directions, any of the maximum steering directions may be the same as the reference beam direction.
The term “maximum steering direction” refers to maximum repositioning capability of the beam centre direction of the beam by any means, and makes no assumption about the type of implementation.

Observation 1: AAS approach for Beam definitions and manufacturer declarations could be followed for NR BS
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2.2	EIRP accuracy requirements for AAS BS
The radiated transmit power generated by the AAS BS is distributed in the space by means of radiating and allocation of conducted power to single or multiple beams. The beam configuration and corresponding power allocated to each beam is application dependent.
The radiated transmit power per beam of the AAS BS is the maximum achievable EIRP in a declared beam peak direction for a manufacturer-declared AAS BS beam generated during the transmitter ON period. The minimum requirement for radiated transmit power shall be specified for one or more manufacturer-declared AAS beam(s). 
The number of declared AAS BS beams is for the manufacturer to declare. Some examples of declarations of beams are illustrated in a directions diagram in Figure 3.

Figure 3: Examples of AAS BS beam declarations depicted in a directions diagram
In Figure 3 the shaded areas/points represent the declared EIRP directions set, which may be continuous (top right, bottom right) or not continuous (bottom left), or be restricted to just the points of maximum steering (top left). The red coloured points represent the compliance test points at which EIRP is declared. The maximum EIRP and its accuracy are defined for the declared beams when activated individually on all corresponding RE (radiating element) and the requirements are placed per individual beam.
The maximum radiated transmit power of the AAS BS beam is the mean power level measured at the declared beam peak direction at the RF channels B (bottom), M (middle) and T (top) when configured for maximum EIRP value for a specific AAS BS beam of the supported frequency channels declared by the manufacturer.
In normal condition, when a beam is steered within the maximum EIRP directions set, if a maximum EIRP is claimed by the manufacturer then the AAS BS maximum EIRP shall remain within +2.2 dB and –2.2 dB of the claimed value.
Intended maximum EIRP is only declared for the beam peak direction associated with the reference beam direction pair and the beam peak directions associated with the beam direction pairs corresponding to the maximum steering directions; for the remainder of the EIRP directions set there is no need to declare maximum EIRP as part of the 3GPP compliance declaration.
Observation 2: The minimum requirement for radiated transmit power will be on the accuracy with which declared EIRP level is met
Observation 3: For each beam, the maximum configurable EIRP measured at the beam peak direction associated with a beam direction pair corresponding to the main beam shall be declared.

2.3       Output power definition for NR BS
As discussed during the NR SI, it is reasonable to specify radiated power measurements over conducted measurements as antenna arrays and beamforming will be integral part of BS design. In NR BS the antenna connectors may not be available any longer. At higher frequencies the antennas will be a key part of transmitter design to reach required performance.  
While EIRP does not represent the total power, it can be sufficiently used as reference also for other transmitter related parameters like discussed in our accompanying contribution for AAS ACLR in [3]. EIRP is also commonly used in link budget analysis when considering the performance of the wanted link i.e. the SNR between the BS and its associated UE(s). EIRP would therefore be a suitable parameter for specifications.
In EIRP case the most relevant sector (main lobe) is chosen in such a manner that it contains majority of the radiated power generated by the base station transmitters. Other sectors that contain the nulls, back lobes or lobes pointing to different directions can be considered irrelevant. 
EIRP definition takes into account the directivity, which is a merit for beamforming being inherent in higher frequency transmitter and antennas design. Furthermore, EIRP would be more easily measured than having to integrate the entire spherical surface of an antenna in the case of TRP.
Proposal: RAN4 define NR BS output power as EIRP (in the main beam) only

3	Conclusions
Based on findings in this contribution we have following observations and proposal.

Observation 1: AAS approach for Beam definitions and manufacturer declarations could be followed for NR BS
Observation 2: The minimum requirement for radiated transmit power will be on the accuracy with which declared EIRP level is met
Observation 3: For each beam, the maximum configurable EIRP measured at the beam peak direction associated with a beam direction pair corresponding to the main beam shall be declared.

Proposal: RAN4 define NR BS output power as EIRP (in the main beam) only
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