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1. Introduction
In RAN4#84Bis spherical coverage on mmW UE was discussed extensively [1]. Concerns from UE vendors were mainly if such spherical coverage is implementable in a real design. Same concerns were raised already in RAN4-NR-AH#3 Nagoya [2]. Contributions from vocal companies did not provide good view on performance of properly designed mmW UE. In this paper we present spherical coverage performance of a thin, large display phone. 
2. Discussion

The concerns we mostly about the display and its impact to antenna radiation capability. The best presentation of the issue is found in [5]. This paper seems to implement 2x2 patch array with something that looks like dipoles in the edges. Two such modules are placed on opposite sides of handset and opposite corners. With large display, the module is at least partially under the display and will result in to poor radiation characteristics as it is shown in the paper. The concluded performance for 20th %-tile is 15 dB lower EIRP than maximum which is 5 dB less that proposed 20 dBm and 20th %-tile in [6]. 

Observation 1: mmWave modules and their placement has an impact on the spherical coverage performance
In our view, the large display formfactor performance can be improved significantly by careful consideration of antenna module design and placement. In the following subsection we introduce our view on good design for mmWave UE.      

2.1. Optimised mmWave design

In our work, we designed the antenna modules to fit such design carefully placed antenna modules. The design has PCB, battery, front and back covers and many small details found in modern phones such as charging connectors and side buttons. Size of the design is 142x67x7 mm. The design blowout is shown in Figure 1.  
[image: image1.emf]
Figure 1 Design of large display mmW UE
Material were carefully modeled, and we used similar materials used in modern handset designs today.  In the following we analyses the impact of number of modules, material and finite beamforming settings to spherical coverage performance.  
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Figure 2 Spherical coverage impact of number of modules and their placement
Three versions were analysed, two with two modules and one with three modules. The module placement and number of modules between 2 and 3 will have 3 dB impact on 20 %-tile performance. 
Observation 2: 20 %-tile spherical coverage different between 2 and 3 modules is approximately 1.5 dB 

UE design will have finite set of beam it can choose from. This will introduce quantization error in to spherical coverage. The error is larger at lower %-tiles and at 20 %-tile it is slightly smaller than 2 dB.   

Observation 3: Finite beam control impact to 20 %-tile spherical coverage is less than 2 dB
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Figure 3 Impact of finite beam forming

For material impact, we analysed with two different materials, plastic and glass. The glass is more dispersive and the impact can be seen in Figure 4.  Difference between materials is less than 2 dB. Material impact with 2 modules is very similar.  

Observation 4: Material impact to 20 %-tile spherical coverage is less than 2 dB
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Figure 4 Impact of cover material to Spherical coverage.
In addition to the impairments we show in the Figures 2-4, there is a mutual coupling impact as described in [7] and other error sources. Mutual coupling causes degradation due to mismatch is PA load impedance and can not be simulated in the antenna simulator. We have a companion submissions [8] that outlines the budget for peak and spherical coverage.  
3. Conclusion
We discussed how feasible it is to make a good performing mmWave UE. We have shown the impact of different impairments and design compromises and shown that a modern 142x67x7 mm phone can house mmWave antennas and deliver good spherical coverage performance assuming that design is made carefully. 
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