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Introduction 
A way forward on spherical coverage improvement was approved in RAN4 #94-e to summarize companies’ view and to have a common understanding before making any decision on the spherical coverage enhancements [1]. It is also agreed that RAN4 should focus on seeking contributing factors to help UE performance as follows:
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Since the WF encourages companies to provide views on new factors which have not been considered for the spherical coverage requirements, we would review what RAN4 has considered to specify the current requirements, and provide our views for this topic based on the analysis.
Discussion
In addition to [2], we have further investigated the parameters and factors which have been considered, and summarize them with their possible impact to the spherical coverage requirements based on the previous assumption table, also put into Appendix below.
	# of antenna elements:
Antenna elements in an array should be considered in terms of radiation characteristics, e.g. gain, sidelobe, HPBW, etc., dimension, power consumption and cost. As the number of elements in the array antenna increases, the gain of the array antenna increases and the beam pattern becomes sharper. However, increasing number of elements array does not guarantee the linear enhancement of array gain. In addition, it requires more power, dimension, beam managing overhead and cost. 
# of antenna panels: 
Antenna panel has limited beam coverage capability. In theory, as the number of antenna panels increases, the spherical coverage can be enhanced. However, due to the display and mechanical reliability, the location and direction of the antenna panels is limited. Thus, increasing number of panels does not significantly enhance the spherical coverage when all panels are facing at the same side. In this perspective, multiple antenna panels were analysed up to 3 and shown that increasing an antenna panel results in 1 to 1.6 dB gain.
Finite UV test points: 
UV plane method is to achieve a linear granularity in u-axis and v-axis of grid point in the sphere. Finite UV test points means that the number of measurement grid points is finite, rather than infinite. Since finite test points will lead to sampling error of antenna pattern by the coarse step size, it is considered to see how much fine resolution is assumed for the simulation. 1 degree step size was considered much higher resolution than [3].
Antenna type: 
Dipole array antenna is end-fire array and the patch antenna array is boresight array. Due to the difference of the radiation configuration and characteristics, each type of antenna has different spherical coverage. 
Antenna location: 
The spherical coverage of various antenna locations such as antenna at top/bottom, left/right and left/right/bottom were analysed in consideration of display panel, other electronic components, mechanical reliability and radiation blockage by user body and hand. 
Cover materials: 
The intensity of the guided wave, which can cause radiation distortion, highly depends on the dielectric constant of the cover materials and the separation distance between antenna panel and cover materials. In the case of beam steering, the effect of the cover materials on radiation distortion becomes more dominant. In addition, the difference in loss tangent of each cover material can vary the level of degradation of the array antenna gain. The effect of each cover material on plastic, ceramic, and glass was analysed and shown that the metal side cover degrades the EIRP with up to 1.2 dB loss at 50%-tile compared to plastic.
Device size: 
The ground size and cover size are related to the device size of the antenna. Since the high permittivity material (cover materials) can guide the surface wave to propagate along the ground plane, the surface current on ground plane becomes stronger. The surface current will be diffracted when it reaches the edge of the ground plane and start to radiate into far-field. Therefore, it will interfere with the radiation form the antenna array and cause an unstable radiation pattern over different beam steering angle. 
Display panel: 
Full display and partial display were concerned. The display acts as a scatterer, which can severely distort the radiation pattern. Also, depending on the display size, the antenna panel can be faced to either front or back side of device. Therefore, there can be a big difference in spherical coverage between the full display case with two panels facing same side and partial display case with two panels facing opposite. It was shown that the full display has an impact of more than 2.5 dB loss at 50%-tile point.
Bezel margin: 
The bezel margin determines the boundary between the display and the cover material. Since radiation properties are sensitive to changes in the boundaries, the bezel margin was concerned. In addition, material of bezels can be severely affect the radiation pattern.


Based on the factors above, as mentioned in [2], all stakeholders have defined every UE design parameter necessary for CDF analysis. Material parameters include dielectric constants, loss tangent and etc. Design parameters are accounted the thickness of the edge material at the front, back, and sides, gaps between the panel and the outer surrounding materials, and whether full display or not. Its impact on the network performance was also studied. After a long campaign of the feasibility study with realistic UE, RAN4 finally introduced the requirement of FR2 UE enabling NR market deployments with the Rel-15 specification. On top of the minimum RF requirements, each company implements the UE based on their own hardware, software and exterior design philosophy.
Observation 1: Factors which have been considered from Rel-15 are thorough enough in UE design aspects.
The first UE RF requirements for NR FR2 was developed and specified in Rel-15 about 2 year ago. After that, it took almost 1 year for its first UE supporting FR2 bands coming out, and now we are living in a one-year anniversary of 5G era. Although, over the past year, some implementation gap might be seen between the values for the simulation campaign and for commercial UEs to meet the requirements, the one year apart would be very small and nothing to do with the new factor for the spherical coverage improvements. 
Observation 2: Implementation gap would be very small and nothing to do with the new factor for the spherical coverage improvements. 
In addition, given the current FR2 regulation and market updates, now may not be the best time to let RAN4 take meetings and search for the possibility to change the requirement or to introduce new power class for the same UE type. Even if RAN4 agrees to look for the performance difference in the future, the discussion will be the same as what we had before because most factors have been considered already in RAN4 as analysed above. Also, in the view of the current situation that there are still much more UEs now being planned or under developments than unveiled ones, it does not make sense to seek the new factors based on a few UE samples in the market.
Observation 3: Most factors have been considered already in RAN4, and seeking the new factors based on a few UE samples in the markets does not make sense.
Moreover, it should be noted that the spherical coverage is a core requirement connected with most requirements specified in [4]. Also, the practical UE output power is intricately related to other factors including human exposure regulation (MPE) and supported FR2 bands (MBR), and some of them are still under discussion to deal with each explicit issue within the same WI. Likewise, it is our view that the enhancement of the RF core requirements can be discussed only if RAN4 has clear understanding on the issue of the current requirements, or measurable benefits to the network from the enhancements. Without such motivations among the companies, the discussion progress of the topic cannot be guaranteed.
Proposal: Continue the spherical coverage enhancement discussion when RAN4 has clear understanding on the issue of current requirements, or measurable benefits to the network from the enhancements.
Conclusions
In this contribution, we look into the factors that RAN4 has considered for spherical coverage requirements in Rel-15, and try to find out new factors that might help UE performance. Our view based on the analysis is also provided as below.
Observation 1: Factors which have been considered from Rel-15 are thorough enough in UE design aspects.
Observation 2: Implementation gap would be very small and nothing to do with the new factor for the spherical coverage improvements. 
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Proposal: Continue the spherical coverage enhancement discussion when RAN4 has clear understanding on the issue of current requirements, or measurable benefits to the network from the enhancements.
Reference
[1] [bookmark: _Ref500762801][bookmark: _Ref319582845]R4-2002829	WF for spherical coverage enhancements,		Samsung
[2] R4-2000317	View on spherical coverage improvement for Rel-16	Samsung
[3] [bookmark: _Ref503591433]3GPP TR 38.810
[4] 3GPP TS 38.101-2
[5] [bookmark: _Ref503677766]R4-1801202	WF on EIRP CDF for spherical coverage		Samsung et al.
Appendix
Assumptions for EIRP CDF [5]
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EIRP CDF simulation environment [5]
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* RAN4 agrees to focus on seeking contributing factors before deciding on
the method to specify possible enhancements

* Following option is also agreed for further study in RAN4
* RAN4 continues discussion on new factors, if any, which have not been considered
(see Appendix pages)

* Based on the agreements, companies are encouraged to provide views on
new factors to help UE performance

* The spherical coverage enhancement discussion for PC3 in Rel-16 can be
concluded if RAN4 does not reach the consensus
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Assumptions1 [Assumptions2 | Assumptions3 [ Assumptions4 | Assumptions5 | Assumptions6 | Assumptions7 Notes
Frequency range n257 n257 n257 n257 N257 n257 N257
# of antenna in an antenna module/set ; ; ; ; . ; ; Depends on the currentimp)
(# of patches, # of dipoles, etc.) lementation
# of antenna module/set in total 1 1 2 2 2 3 3
Finite UV test points Y/N Y Y Y Y Y Y Y Finite test point shall be the
baseline
Beam phase shifter controller degree 45 45 45 45 45 45 45 Finite beam s.haII be the
baseline
- Depends on the current
Antenna type (patch, dipole, or both) - - - - - - - implementation
Antenna module/set location (front, ba . . i .
ick, top-side, left-side, right-side, bottom| Top / Bottom | Top / Bottom | Top & Bottom | Top & Bottom | Top & Bottom Left & Right & | Left & Right & | combination of the lists are
side) Bottom Bottom not precluded.
fontcoren(Bla=teiGlasaleramiciVey Glass Glass Glass Glass Glass Glass Glass o -
al) This information is
Back cover (Plastic, Glass, Ceramic, Met Glass Plastic Glass Glass Plastic Glass Plastic meanlngful only if it’s Fhe
al) same with the material
Side cover / Frafne (Plastic, Glass, Cera Metal Plastic Metal Metal Plastic Metal Plastic which covers antennas.
mic, Metal)
Device size (WxHxD) cm3 66.6 66.6 66.6 66.6 66.6 66.6 66.6 This is for information
Display panel — Full (Y) or Partial (N) Y/N Y Y Y N Y Y Y
Module can’t be placed
Bezel Margin mm 1.5 1.5 1.5 1.5 1.5 1.5 1.5 outer edge of UE to secure
mechanical reliability





