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1 Introduction
        Extensive discussion around NR systems has initiated from previous RAN4 meetings. UE Maximum output power has been discussed in-depth but without conclusion [1]. In this paper, maximum output power is further discussed in millimeter wave realm. 
2 Discussion
There will be a few of key parameters constituting maximum output power definition: 
· Single conductive transmitting power: this is the maximum transmitting power defined for single transmitter before the antenna. 

· Single antenna gain: the gain out of each single antenna;

· Beamforming gain: the gain out of the beamforming;

· Number of transmitters: how many transmitters will be in use. This number will affect the total conductive power, radiated power and EIRP.
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Figure 2.1 Simplified RF reference archhitecture
It is important to study and define relevant RF parameters to design workable NR system. EIRP is the most straightforward parameter to reflect the transmitter performance. There are further considerations on the maximum output power a UE can achieve without unreasonable interference to other NR devices in the network. But that would depend on the outcome from coexistence study, which is still ongoing in parallel. Therefore, in this contribution, we are deriving EIRP from the UE capability perspective. Based on our experience, we derived EIRP with below considerations:
· Single conductive transmitting power: This is the output power for each single TX chain. As architecture illuminated in Figure 2.1, a single PA is implemented on each transmitter chain and attached with one antenna elements, it is believed 11dBm is the maximum output power. However, if single PA is used for multiple transmitters, the output power from a single transmitter could vary due to different PA technologies.
· Single antenna gain: the gain of each antenna could be about 5dB;

· Number of transmitters: For UEs, multiple transmitters with dedicated antenna elements are assumed for millimeter wave NR. Usually, 3dB is expected when doubling transmitters, as shown in Table 2.1.
Table 2.1
	Number of transmitters
	Power Gain (dB)

	1
	0

	2
	3

	4
	6

	8
	9

	16
	12


· Beamforming gain: This gain is affected by the number of antenna elements as well. Different beamforming gain shall be anticipated due to different number of transmitters. The theoretical assumption of the gain from doubling the number of transmitters is 3dB. The detailed values are listed in Table 2.2.

Table 2.2
	Number of antenna elements
	Beamforming Gain (dB)

	1
	0

	2
	3

	4
	6

	8
	9

	16
	12


· Antenna implementation loss: When implementing antenna array, there will always be certain antenna mismatch loss and coupling loss. This loss is dependent to the number of antenna elements as well. For example, for 8 antenna element array, a good 1.5 to 2dB implementation loss is reasonably anticipated.
Accordingly, UE EIRP shall be calculated as below:

EIRP1 (dBm)  =  Single transmitter output (dBm) + Antenna gain (dB) + Power gain (dB) + beamforming gain (dB)+ Antenna implementation loss (dB)
For example of an UE equipped with 8 transmitters, the EIRP is calculated as 11dBm + 5dB +9dB +9dB-2dB = 32dBm. 
The potential issue in the above definition is that the EIRP is dependent to the number of transmitters. It may end up with multiple UE maximum output powers unless the number of transmitters is fixed, which may limit the UE realization adversely. Therefore, it may be simpler to come up with a total transmitting power regardless of the individual transmitter power. In such a way, the EIRP would be calculated as in Formula 2:   
EIRP2 (dBm)  = Total transmitter output (dBm) + Antenna gain (dB) + beamforming gain (dB)+ Antenna implementation loss (dB)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
Conventionally in LTE, the power class 3 is defined for UE with 23dBm maximum output power. It might be useful to define similar power class for UE’s maximum output power, regardless of the number of transmitters and antenna array. This approach may rely on the input from regulatory requirement as well. It will be beneficial if we could explore more in the future.
3 Conclusion
        In this contribution, it discusses the importance and necessity of UE maximum output power. It also lays out two possible ways of EIRP calculation. 
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