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1	Introduction
On RAN4#86Bis, with the further discussion and more clear understanding on the use case for Fixed Wireless Access (FWA) UE [1][2], the spherical coverage requirement for this UE type is well discussion, with the following agreements provided in WF [3]:
	Way Forward [3]:
· Spherical coverage for FWA UE type (max EIRP 55 dBm, operating in stationary location):
· RAN4 should consider practical deployment scenarios for FWA UE
· For initial deployment, installation will be done by professional technicians and future deployment is FFS
· Spherical coverage requirement is defined as: 
· X%-tile requirement for EIRP CDF is [TBD] dBm
· where X may be in the range of [80-90]
· Specification of minimum peak EIRP and EIRP spherical coverage requirements for FWA UE type should be finalized in RAN4 #87



To continue this discussion with the target of finalizing FWA UE type’s spherical coverage requirement, in this paper, we would like to further provide our understanding and proposal on this topic, specifically the applicable spherical coverage requirement including X%-tile point selection and minimum requirement at this percentile point will be proposed based on our analysis. 
It should be noted that this paper can be regarded as the building block in our accompanying paper [4] which targets to finalize other related RF requirement not completed for FWA UE type. 
2	Discussion
2.1 FWA Deployment Scenario
As emphasized in our previous paper [1], FWA UE type with 55dBm peak EIRP limit will be deployed and installed by professional technicians, rather than by customers. With the professional knowledge of mmWave device and location information for gNB, professional technician can guarantee FWA UE type to be installed in the position with the boresight beam towards gNB directly or to the direction with satisfactory signal strength. 
[bookmark: _GoBack]2.2 FWA UE Spherical Coverage
With the above fact considered, RAN4 has the common understanding that professional installment can guarantee the direction difference between ideal boresight beam direction and LOS direction to gNB be well controlled within the angle of half beam width, thus only the limited area of sphere (i.e., 10-20% based on RAN4 WF [3]) is needed for spherical coverage. This is quite different from handheld UE, for which coverage in all sphere needs to be guaranteed since UE’s LOS direction to serving gNB can be random in practical deployment. 
Specifically, based on knowledge of FR2 CPE device deployment, we expect the beam coverage area should be +/-50 degree, i.e., the top sphere area with in elevation direction provided that the boresight direction is along with z-coordinate. 


Fig.1 Beam coverage area, i.e., top sphere area with in elevation direction
With the simple math for sphere area, the beam coverage area is 17.8% of total surface area of sphere i.e., . To reserve certain margin for the outer range of beam coverage area, we propose to use 85%-tile requirement for EIRP CDF should be specified to guarantee FWA’s spherical coverage performance. 
Proposal 1: For FWA UE type, 85%-tile requirement for EIRP CDF should be specified to guarantee the spherical coverage performance. 

2.3 Achievable Spherical Coverage Performance
Based on the 4x4 array panel by which one direction is covered, the following beamforming pattern can be simulated, where beams with 39 directions are utilized for the beam coverage area with in elevation direction. Two observation angles are shown in below figures. 
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Fig.2 Beam coverage area, i.e., top sphere area with in elevation direction
It can be observed that the antenna gain achieved by beams in the outermost beam layer can be at least 3dB less than the center boresight direction, while the boundary areas between individual beams can be further degraded with the amount as much as around 6-7 dB. 
Similar to handheld UE analysis, CDF plot of achievable antenna gain based on ideal simulation environment is provided in the following figure, in which around 4dB degradation from peak direction can be observed at 85%-tile CDF point, i.e., 13.18dB at 85%-tile from 17dB in peak direction. In other words, the beam scanning loss without radome into account could be 4dB. 
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Fig.3 CDF of ideal antenna gain for 4x4 panel at 28GHz, 5.5mm element-spacing in both x- & y-directions
Furthermore, additional radome loss should also be considered, which arises when beam is steered away from boresight direction considering radome material can be beam-direction dependent and this loss has not be reflected in above simulation for ideal propagation environment. Based on our understanding and experience, at least 2.5dB should be reserved for this additional radome loss. Finally, additional 1.5dB should be reserved for implementation margin, to account for mmWave radiation distortion, practical design options for directional beam book design, and inaccuracy of pre-coder implementation etc. 
As a summary, we propose to have 8.0dB at 85%-tile from peak EIRP value, with the breakdown of 8.0 dB as below:
        . Scan Loss w/o Radome: ~4 dB
        . Additional Radome Loss: 2.5 dB
        . Implementation Margin: ~1.5 dB 
Proposal 2: For FWA UE type, 85%-tile requirement for EIRP CDF is specified as 8.0 dB down from peak. 

Conclusion
In this paper, we provided the analysis to finalize FWA UE type’s spherical coverage requirement in Rel-15, especially the applicable spherical coverage requirement including X%-tile point selection and minimum requirement at this percentile point. Specifically, the following proposals are provided for approval: 
Proposal 1: For FWA UE type, 85%-tile requirement for EIRP CDF should be specified to guarantee the spherical coverage performance. 
Proposal 2: For FWA UE type, 85%-tile requirement for EIRP CDF is specified as 8.0 dB down from peak. 
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