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1 Background
At its 3rd meeting of RAN4 AH for NR in September 2017, RAN4 approved a way forward on power class for mmWave [1]. The WF has two different topics on EIRP, one is power class and the other is spherical coverage. For the power class, RAN4 will specify a requirement for max EIRP with tolerances for a lower limit. For spherical coverage, companies are encouraged to consider following aspects:
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In [1], element and array gain, diversity gain, implementation margin, case losses, and gain variation over frequency were included but the practical implementation in the mobile handsets was not thoroughly presented. As such, in this contribution, we would like to propose our view on mmWave power class based on the simulation results considering the realistic industrial design issues mentioned above.
2 Discussion
There has been a discussion on mmWave UE power class for approximately 9 months. In our view, one of the reasons for these long deliberations on UE power class is that RAN4 tried to combine in these power class and spherical coverage. These topics are now separated in RAN4 #84 Dubrovnik. The power class definition is required before defining and discussing additional power-related requirements including as MPR/A-MPR, ACLR, EVM, and etc. In addition to these radio performance parameters which are well known to RAN4, the spherical coverage requirement adds another dimension that requires further discussion due to complexities incurred by requiring adaptive antenna arrays which include beam tracking modes. It will take time to accurately specify spherical EIRP requirements, especially compared to the specification of power class which is well understood. 
Therefore, we propose RAN4 to have separate discussions and schedules for specification of the EIRP for power class and the specification of EIRP for spherical coverage.  We recommend focused effort on the definition of the EIRP for power class in the Rel-15 timeframe.
Proposal 1:  RAN4 to have separate discussions and schedules for specification of the EIRP for power class and the specification of EIRP for spherical coverage.
Proposal 2: We recommend focused effort on the definition of the EIRP power class for the Rel-15 timeframe.
Moreover, considering the number of usage scenarios of NR including eMBB, mMTC and URLLC which will be further discussed in future releases, defining inaccurate %-tile value for the spherical coverage may limit the UE form factor and/or use cases in the future. In this case, RAN4 would have to revisit the %-tile requirements for different devices. For example, CPE, one of the applications of mmWave for a fixed wireless access, may not have a similar spherical coverage requirement as a UE considering its use case does not generally require spherical coverage. Based on that, the practical implementation and UE design should be taken into account for the spherical coverage discussion.
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Figure 1: EIRP CDF examples as a function of the number of chipset
Figure 1 contains an example of EIRP CDF as a function of the number of chipset in the UE. As described in the figure and several contributions before from other companies [2-5], it seems that adding more antenna module results in better spherical coverage. These results however are based on simplistic and ideal models for the UE and are not representative of a realistic UE implementation. 
There are several reasons why RAN4 should not consider the multiple chipsets the method to enhance the spherical coverage. Figure 2 and 3 contain our simulation results modelling practical implementation in a realistic UE. The figures below can be the answer.
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Figure 2: EIRP CDF examples by the number of chipsets with and without full LCD display
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Figure 3: Beam distortion by display; (a) without display, (b) with display
As shown in Figure 2, the mobile display has a significant impact on the spherical EIRP coverage. Increasing the number of chipsets no longer results in a performance benefit.  Only the display impact is considered here, as it obviously a real requirement for UE and the simulations illustrate the dramatic impact.  Naturally, in real UE there will be additional implementation related effects that will impact spherical coverage.  The display acts as a blocker which leads to the beam distortion as illustrated in Figure 3. 
Therefore, based on the results above, RAN4 has to factor in practical implementation effects in order to avoid the situation that the future UE supporting mmWave bands cannot meet the NR requirements for EIRP for spherical coverage. Our strong recommendation is that UE vendor implementation understanding, best based on measurement data, is required prior to RAN4 making a decision on both %-tile point and dBm value for spherical coverage.
Proposal 3: RAN4 should leave the spherical coverage requirement (%-tile point and dBm value) as FFS until UE vendors can have meaningful implementation understanding, best based on measurements.
3 Conclusion
In this contribution, we provide our simulation results to avoid misleading decision by ideal assumptions, and the necessity of reflecting practical assumptions for the EIRP discussion. The proposals are summarized as below. 
Proposal 1:  RAN4 to have separate discussions and schedules for specification of the EIRP for power class and the specification of EIRP for spherical coverage.
Proposal 2: We recommend focused effort on the definition of the EIRP power class for the Rel-15 timeframe.
Proposal 3: RAN4 should leave the spherical coverage requirement (%-tile point and dBm value) as FFS until UE vendors can have meaningful implementation understanding, best based on measurements.
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Way Forward on spherical coverage

Companies are encouraged to consider following aspects in addition to the parameters listed
in[1]

*  Number or antenna arrays and placement options with realistic industrial design including diplay
and device case material

e  Perturbation or distortion of mmWave antenna radiation by the LCD, and gap in-between antenna
and housing of the UE)

* Possible usage positions of the UE and relevance of spherical coverage
Decision beteen two %-tile values will be made based on submissions in RAN#84Bis
Assumption is that output power is specified with the waveform and modulation with lowest
MPR

*  Waveform and modulation is pending for MPR analysis

dBm Value of %-tiles will be discussed in next meeting

¢ The requirement should be future-proof especially considering current results is only based on simulation result
rather than measurement with practical implementation.

Since requirement is only lower limit, no tolerance will be specified

Test tolerance, as derived from the test system measurement uncertainty, will be defined
based on progress in testability




