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1. Introduction
This contribution provides a preliminary mmWave smartphone boresight peak evaluation result for the reference of requirement discussion.
2. Discussion
Whether or not boresight peak EIRP will be defined is not decided, but when the EIRP link budget is discussed the boresight peak EIRP can be a reference.
We did some simulation and measurement for the EIRP link budget. If the same antenna number and the 14 dBm PA power is used as in reference [1], our preliminary evaluation result is shown in Table 1.
Table 1: mmWave smartphone boresight peak EIRP performance
	PA average (dBm)
	14

	Antenna number per polarization
	4

	Polarization
	2

	Antenna element directivity (dBi)
	5

	Antenna efficiency + return loss(dB)
	1

	Phase-shifter error loss (dB)
	0.5

	Feedline loss (dB)
	2

	Cover loss - plastic, glass (dB)
	2

	Pol. gain
	1.5

	Total TRP (dB)
	17.5

	Total EIRP Boresight (dBm)
	27.0


The losses may need some discussion. We estimated 5.5 dB losses and assumed plastic or glass cover. It seems much larger than we expected, but we don’t think there’re much margin. However, even we did some measurement on some components or part of the implementation, the real commercial smartphone losses may be different with our current estimation. Plastic and glass material are more suitable than metal, metal acts bad because of reflection. However, we’re not very sure if there could be some new cases implementation. Or there is a need to combine small part of metal. Then the whole EIRP performance could be worse than the evaluation, even the boresight peak EIRP also can have some degradation. The LTE OTA requirements were discussed based on the measurement, but NR standard timeline is very urgent that it’s very possible no commercial mmWave smartphone will be available before the end of the WI. Therefore, we think when commercial mmWave smartphone is available, measurement can be done to revisit the evaluation and requirement.
The polarization gain should also be discussed. We used linear power addition to get the total EIRP of the two polarization. The different gain discrepancy of the two polarization causes different dual pol. gain. Table 2 shows the relationship.
Table 2: Polarization gain vs. gain discrepancy

	Gain discrepancy between the two pol. (dB)
	2
	3
	4
	5
	6

	Two pol. gain compared with the larger EIRP per pol. (dB)
	2.1
	1.8
	1.5
	1.2
	1.0


As mmWave connection loss is much larger than sub-6GHz and it’s also very difficult to have equal antenna gain/array gain performance when the case martial impacts the two polarization differently, the gain discrepancy between the two polarizations is very easy to reach more than 4 dB. We estimated the difference can as large as 6 dB. Then the theory 3 dB dual pol. gain is not possible. We used 1.5 dB dual pol. gain in the estimation.
With the above assumption, the two polarization with 4 antenna elements each can achieve the peak EIRP of 27 dBm and the TRP is only 17.5 dBm. The TRP is much below the agreed upper limit 23 dBm and also the EIRP is much lower than the evaluations before. That low EIRP may have very limited UL coverage for mmWave. Then the possible improvement for the smartphone is that using more mmWave RF paths, i.e. more PA and antennas are combined. For example, 16 elements are used. However, smartphone room and power problem will be very challenge. Therefore, we don’t think more elements is a good idea for smartphone.
We’re not very confident of defining peak EIRP requirement because peak EIRP is not a good target of the implementation. But we provided our estimation to at least find some common understanding of the PA power, antenna element gain, antenna number, losses and the dual polarization gain assumptions for the further EIRP discussion.

3. Conclusion
We provided our preliminary estimation of smartphone mmWave boresight peak EIRP. We’re not confident of defining peak EIRP requirement but we would like to discuss the common understanding of the PA power, antenna element gain, antenna array number, losses and the dual polarization gain assumptions for the further EIRP discussion.
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