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1 Background
In RAN#99-e, the UE RF performance at frequency range from 52 GHz to 71GHz was preliminary discussed, and the following agreements have been made [1]: 

· Agreement: Power classes will be a package of four parameters

· Minimum peak EIRP
· EIRP spherical coverage
· Maximum TRP
· Maximum EIRP (regulatory defined, captured for reference)
· Further discuss which, if any, of the existing power classes in 38.101-2 can be reused for an unlicensed NR band or a new power class is needed. As basis for power class definition, it is beneficial to discuss what are representative antenna array sizes in this frequency range.
The array size has deterministic effects on both the maximum value of conductive power and achievable EIRP. In this contribution, we share our view on the feasible array sizes and achievable EIRP level at 60 GHz.
2 Estimated Array Size and EIRP of handheld UEs at 60 GHz
2.1 Estimated array gain of handheld UEs at 60 GHz
Beamforming arrays for handheld UE have been introduced in FR2 to compensate for the higher propagation loss in mmwave frequency range. For PC3 in FR2, 4×1 linear arrays have been popularly used in commercial phones and RAN4 as a baseline assumption to derive various RF requirements. Moreover, larger arrays, e.g., 5×1 linear array, have recently emerged in commercial production. Nevertheless, a typical FR2 antenna panel has a size in the range of about 20mm× 4mm. Multiple arrays are typically used in a mobile phone to full fill a good spherical coverage. 
Going up to the frequency range around 60 GHz, to maintain a similar link budget of the wireless network, the array aperture needs to remain at least similar to current FR2 antennas if the total radiated power is assumed the same. On the other hand, if the same number of elements is assumed (in other words, the array gain is constant over frequency), the free space path loss will be quadruple if the operating frequency is doubled. Considering the already limited uplink coverage in the current FR2 range, it will be critical that the UE offers higher array gain in the extended frequency range of 52.6 GHz -71 GHz.
Observation 1: At least a similar array aperture is needed to maintain the network coverage at 60 GHz as in FR2. 
To further estimate the EIRP level of handheld UE Tx at 60 GHz, a preliminary simulation of a 4×1, 8×1, and 8×2 array at 60 GHz on FR4 has been carried out. The simulation model is shown in Fig. 1. The inter-element distance is set to be 2 mm. The realized gain of each array (including impedance mismatching, mutual coupling, and ohmic losses) is around 8, 11, and 14 dBi, respectively. It is worth mentioning that the arrays are simulated under a high-loss substrate (FR4), and the 60 GHz is on the edge of the operation band of the proposed arrays. Therefore, the results here provide a conservative estimation. 
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Figure 1. simulation model of different size of antenna arrays at 60 GHz.

2.2 Estimated PA output power of handheld UEs at 60 GHz
According to the study in [2], it can also be predicted that the output power from the PA will be reduced with an increased operating frequency. Taking CMOS PA as an example, saturated outpower power at 60 GHz can be 5-6 dB lower than at 30 GHz, which lowers the output power level down to about 5 dBm as a conservative estimation (see Fig. 2). 
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Figure 2. Power Amplifiers Performance Survey 2000-Present [2]
However, a lower single PA output power does not necessarily lead to a lower total conductive power. With a larger number of antenna elements, it is also possible to have a higher number of PAs. Assuming an architecture where each polarization of a patch element is connected with a PA, a 16 elements array can reach 22.5 dBm total conductive power (assuming 2.5 dB polarization gain). Moreover, III-V technology PAs (GaAs and GaN) are available at 60 GHz, providing superior output power compared to CMOS PAs. Therefore, the minimum requirement of UE Tx power should be a balanced trade-off between the system requirement and actual implementation limitation (e.g., cost). 

2.3 Estimated integration and implementation loss of handheld UEs at 60 GHz
Higher integration loss can also be expected at 60 GHz comparing to current FR2 bands. Comparing to the value estimated at 28 GHz for PC3 UEs, it can be estimated that about 1-2 dB extra loss due to the transmission line while in the range of 2dB due to the phone housing impact and up to 1 dB extra loss due to the potential beam pointing error. Assuming about 8 dB total implementation loss at 28 GHz (according to the worst-case values in Table 7.2.1.4.1-1 of TR 38.817), Without losing the generality, we estimate a total implementation loss would be in the level of 12-13 dB for integration into a smartphone device. The total estimated loss includes the insertion loss between PA output and antennas and the phone housing impact (assuming glass phone cover with metal bezels). With such an estimation, the achievable EIRP link budgets of different arrays at 60 GHz are summarized in Fig. 3.
It can be observed that to reach a similar EIRP level as current FR2 devices, at least an 8*2 array is needed at 60 GHz, where the array aperture is similar to 4*1 arrays at 30 GHz. 

Observation 2: At least 16 element array in handheld devices would be needed to provide a similar EIRP as current FR2 devices. 
It is worthy of mentioning that the estimation provided in this paper is based on a relatively conservative link budget. Space for optimization on the antenna efficiency, phone integration loss, and output power level is available. 
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Figure 3. A conservative link budget estimation of EIRP level of handheld devices at 60 GHz
3 EIRP level of other UE types at 60 GHz
The previous analysis is limited to the case of handheld UEs. For other UE types, e.g., FWA devices, it can be estimated that achievable EIRP and TRP can be significantly higher than the handheld devices due to the larger array aperture, better integration performance, and more advanced RF components. Therefore, the maximum EIRP level for such a device can be expected to surpass the estimated value of maximum TRP/EIRP (21/25 dBm) in RAN1 LS [3]. 
Observation 3: UE types other than handheld UE, e.g., FWA, may surpass the EIRP level of 25 dBm. 
Taking FWA type devices as an example, array size at least 8*8 can be assumed, and other antenna types, e.g., lens antenna, which may provide more efficient performance, may also be used for FWA type of devices. Moreover, more advanced semiconductor technology, e.g., III-V semiconductors, are also feasible technology for FWA devices since they can offer high output power while the FWA requires less integration level comparing to mobile handsets. In fact, prototypes of WI-FI access points at 60 GHz that can reach 40 dBm EIRP can be found already. Therefore, we believe the uplink of FWA devices may be limited by the regulatory requirement rather than the antenna and RF component performances. 

Observation 4: for FWA type of devices, the performance may be limited by the regulatory requirement rather than the antenna and RF component performances.
Considering the multiple variants of antenna type (phased array, lens, etc.) can be potentially used for FWA devices, especially at higher frequencies, as an alternative to agreeing on array size, taking array gain or directivity as the major figure of merit may more implementation agonistic solution. Moreover, array gain or directivity also indirectly implies the beamwidth used, which might be a useful metric to consider if RAN4 later would need to define any requirement towards directional LBT or align with protentional directivity requirement in EN 303 753 (ongoing discussion).
Observation 5: In addition or alternative to array size, the antenna gain and/or directivity may also be a useful metric to consider. 
4 Conclusions
In this contribution, we make the following observations and conclusions: 
Observation 1: At least a similar array aperture is needed to maintain the network coverage at 60 GHz as in FR2. 
Observation 2: At least 16 element array in handheld devices would be needed to provide a similar EIRP as current FR2 devices. 

Observation 3: UE types other than handheld UE, e.g., FWA, may surpass the EIRP level of 25 dBm. 

Observation 4: for FWA type of devices, the performance may be limited by the regulatory requirement rather than the antenna and RF component performances.
Observation 5: In addition or alternative to array size, the antenna gain and/or directivity may also be a useful metric to consider. 
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