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1
Introduction
The new Study Item on 5G New Radio Access Technology of RF output power related to test requirements and a requested SI topic in draft proposed for this 3GPP TSG-RAN WG4 Meeting #79 Section 9 [1].
· EIRP measurements for transmitter > 6GHz
This paper shares views on 5G NR transmitter RF output requirements and measurements for UE devices using TRP and EIRP.
2
Discussion
Regarding RF output power from potential 5G RAT UE device mmWave transmitters, it is reasonable to use radiated power measurements over conducted measurements as antenna arrays and beamforming have become an integral part of transmitter design.  In legacy LTE-A systems, radiated measurements in Total Radiated Power (TRP) and Effective Isotropic Radiated Power (EIRP) are commonly adopted by Operators and the FCC respectively as reference to performance. 3GPP up till now has been confined to conducted power output specifications at the antenna connector for performance [2], and we like to propose a change of this measurement to radiated power for frequency > 6GHz. The motivation behind is that at these higher frequencies, mmWave in particular, antennas has become a key part of transmitter design to reach needed signal levels at intended receivers.  In that, we like to propose EIRP measurement for consideration. This contribution looks at TRP and EIRP in specifying output levels requirements for UE, and describes the reason for selecting EIRP.

Figure 1 below depicts the difference between TRP and EIRP to address the same transmitter and antennas delivering similar power output with some beamforming directivity scenario.
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Figure 1: TRP versus EIRP for the same transmitter and antennas
Total Radiated Power (TRP) by definition is measured by integrating the time averaged power density of the radiated signal across the entire spherical surface enclosing the antenna, which can be derived and expressed in Equation (1) below [3] as
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(1)

where Pt is the power measured at transmit antenna input port, Gt(,) is the angle-dependent gain of transmit antenna,  is the elevation angle, and  the azimuth.  TRP aggregates the power radiated all around and beamforming has no impact on its result.
Effective Isotropic Radiated Power (EIRP) by definition is the amount of power a theoretical isotropic antenna would emit to generate the peak power density observed in the direction of maximum antenna gain. This is derived and expressed in Equation (2) below [3] as
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(2)
which is simply the transmitted power increase by the antenna gain. This gain is the increase in received signal from the antenna over that which would be received from an isotropic antenna with the same power source. This is a measure of power at maximum gain direction that is impacted by the effectiveness of beamforming.
Given the inherent need to integrate beamforming to achieve mmWave transmitter capabilities, we propose to 5G NR RAN4 to consider adopting EIRP over TRP in UE transmitter radiated output measurements for frequency above 6GHz. While EIRP does not represent the total power radiated from a transmitter antenna, it can be sufficiently used as reference for other transmit related parameters like ACLR, spectrum mask,…etc. similar to total power.

EIRP is also commonly used in transmit to receive link budget analysis in network, and would be a more congruent measure for specifications.
Furthermore, EIRP would be more easily measured than having to integrate the entire spherical surface of an antenna in the case of TRP.

3
Conclusions

This paper shares the following views on the proposal of adopting EIRP for 5G NR RAT transmit output specification for frequencies > 6GHz:
· Radiated measurements is a preferred way for transmitter output at higher frequency bands, particularly mmWave, as antennas becomes an integral part of transmitter design.

· EIRP measurements encompass directivity, which is a Figure-of-Merit for beamforming that would be inherent in mmWave transmitter and antennas design.
· It provides congruency with other incumbent usage in link budget computation for network design and other FCC specifications.
· The parameter is more easily measured than TRP.
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