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Introduction 
A way forward on spherical coverage improvement had been developed to drive making a decision at the last meeting of the WI between two alternatives, and was approved in RAN4#93. Both alternatives are for enhancing the requirement as follows [1]:
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In this contribution, we would firstly like to remind how the current requirement for spherical coverage was derived in Rel-15. Our views on the improvement and way to move forward are also presented based on the historical analysis for each alternative in [1].
Discussion
The spherical coverage requirement defined in the specification [2] as a minimum dBm value at a certain CDF %-tile had been developed by a fair chunk of the discussion. For example, the dBm value was based on real product considerations and the CDF %-tile was from the result of network performance simulation campaign during the Rel-15 timeframe. 
Observation 1: The current spherical coverage requirement is based on the result of extensive discussions such as real product considerations and network performance analysis during the Rel-15 timeframe.
As clearly noted in [3] and the Appendix below, all stakeholders had defined every UE design parameter necessary for CDF analysis, e.g. the number of panels, their location in UE, material and design parameters surrounding those panels. 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. With these thorough parameters assumption, all stakeholders submitted their contribution to define the peak EIRP and spherical coverage requirement upon the agreed work plan. 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. 
Observation 2: Parameters considered during the Rel-15 is thorough enough in UE design aspect, hence no further parameters can be considered to enhance spherical coverage requirement.
Nevertheless, RAN4 reopens the topic of the spherical coverage improvement to enhance the requirement by approving its first WF at the latest meeting and urging companies to make the decision between two similar alternatives. Given the previous effort of RAN4 for this requirement in Rel-15 mentioned before, the alternatives in the WF should have considered how to improve the future UE or to design a new work plan for the enhancement rather than how to overturn the previous agreement from the same data provided 2 years ago. RAN4 should not consider changing the core requirement without sufficient discussion or consensus for ongoing NR markets or planned deployments. On top of this, there is no precedent in 3GPP to change the value of UE power class requirement from one release to another.
Observation 3: RAN4 should consider how to improve the future UE or to design a new work plan for the enhancement rather than how to overturn the previous agreement from the same data provided 2 years ago.
In sub sections below, we present our view on how each requirement was derived and what RAN4 should consider for the options in the WF.
dBm value (Option 2 of Alt 1)
One argument for the current spherical coverage requirement is that it was decided based on the average of two calculated values between one and two antenna panel assumptions so that if UE implements equal to or more than 2 panels, the requirement can be improved [5]. However, leaving it aside that the current 11.5 dBm is not averaged number between 9.44 dBm and 12.3 dBm from each assumption, it should not be considered that a certain dBm value represents the number of panels UE implements. Even if the current value looks close to the one panel assumption, the panel number does not necessarily mean a criterion of the spherical coverage or UE performance unless all UEs shall share the same form factor and design principle. According to Table 1 [6], the performance can be lower than the current requirement even with 2 panels, depending on UE implementations.
Table 1: Summary of 50%-tile values for 28 GHz [6]
	Company
	Data type
	1 panel
Drop      |      EIRP
	2 panels
Drop      |      EIRP

	A
	Simulated
	-14.50
	8.00
	-13.0
	9.5

	B
	Simulated
	-
	-
	-8.00
	14.4

	C
	Measured
	-
	-
	-11.6
	10.8

	D
	Measured
	-13.10
	9.30
	-9.10
	13.3

	E
	Simulated
	-11.60
	10.8
	-10
	12.4

	F
	Simulated
	-
	-
	-7.40
	15.0

	G
	Simulated
	-11.70
	10.7
	-10.3
	12.1

	H
	Simulated
	-14.00
	8.40
	-12.2
	10.2

	I
	Simulated
	-
	-
	-9.0
	13.4

	Average
	
	-12.98
	9.44
	-10.1
	12.3


Observation 4: Current Rel-15 spherical coverage requirement does not have implication on the number of panel UE implements, and the panel number does not necessarily mean a criterion of the spherical coverage or UE performance unless all UEs shall share the same form factor and design principle.
Moreover, unprecedented in 3GPP requirement, peak EIRP and spherical requirement is a minimum requirement without lower-side tolerance, and it is a baseline for the conformance which is a must to meet. If RAN4 needs another minimum requirement for different implemental factor, unfortunately, multiple requirements should be defined for all other possible designs like antenna array, cover material and form factor as considered in [3]. However, multiple requirements for various possible UE designs would not only limit the UE implementation flexibility, but also might break out of the role of RAN4 specifications.
Observation 5: Multiple requirements for various possible UE designs would not only limit the UE implementation flexibility, but also might break out of the role of RAN4 specifications.
CDF %-tile (Option 1 of Alt 1) 
The CDF %-tile as a reference point of the minimum requirement was also controversial in Rel-15. The discussion led RAN4 to the work on real product UE based simulation and network performance analysis campaign during that period. More than 50 contributions were submitted, 34 for real product considerations and 19 for network performance analysis, after RAN4 had decided to consider the %-tile impact on the real product for the requirement. We do believe that the current requirement was not from averaging or picking out of the proposals, but the conclusion of the discussion based on so much analysis. 
	Real product UE consideration

	[image: ]    [image: ] 
Figure 1: Beam distortion by display

	Network performance analysis
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          (a) 20MHz                                                                              (b) 200MHz
[bookmark: _Ref510616384]Figure 2: UL SINR sensitivity for urban macro ISD 200m


As shown in Figure 1, it had been discussed and proved that the spherical coverage performance is heavily dependent on the implemental and essential factors of UE design rather than the number of antenna panels [7]. The relationship is even worse at the point lower than 50%-tile, e.g. 20%-tile point, according to [8] and [9] as summarized below. 
	1. Full display has an impact of more than 2.5 dB and 3.6 dB loss at 50%-tile and 20%-tile point, respectively
2. Metal side cover degrades the EIRP with up to 1.2 dB at 50%-tile and 4 dB at 20%-tile loss compared to plastic
3. Increasing the number of modules results in 1 to 1.6 dB gain


In addition, Figure 2 shows the UL SINR CDFs for the different EIRP values at the 20%-tile point [10]. It is observed that the change in SINR is not significant despite the large change in the 20%-tile EIRP. There is also no change in the outage performance.
According to the previous work, as described in figures above, the current requirement of 50%-tile is inevitable decision considering the UE implementation impact and its network performance. Therefore, in view of the history of RAN4, it does not make sense to change the %-tile point for 11.5 dBm without technical justification. We do believe that RAN4 has to take the result of study and discussion into account, and it should be respected once companies reach a consensus. Otherwise, the fragmented product lines for the same handheld UE type will not benefit to new FR2 markets and new release of new product will also be delayed. 
Observation 6: In view of the history of RAN4, current requirement of 50%-tile is inevitable decision considering the UE implementation impact and its network performance.
New power class for handheld UE (Alt 2)
Additional power class (PC) for a handheld UE in FR2 is the topic handled already by UE type discussion in Rel-15. During the discussion, RAN4 had concluded that only PC3 can be specified with the handheld UE because others are not based on the assumption of such a device type [2].
Table 6.2.1.0-1: Assumption of UE Types [2]
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE


In addition, it should be noted that the spherical coverage requirements is the minimum requirement without upper or lower tolerance, which means that the Alt 2 will lead the new power class to a sub part of the current PC3 since there is no upper limit in each power class of FR2. It is not an overstatement to say the possible high power UE can also be called PC3. Therefore, it is not necessary to introduce another power class for the same handheld UE.
Observation 7: Alt 2 will lead the new power class to a sub part of the current PC3 since there is no upper tolerance in each power class of FR2. 
It is our view that the enhancement of the RF core requirement can be discussed only if there is a common understanding of its benefits. RAN4 should set up a new work plan, if needed according to the discussion, and consider other parameters that might help the spherical coverage but missed in the previous work as shown in the Appendix. It is a fundamental procedure not only for UE vendors to improve their device performance, but also for RAN4 to change their requirement with justification.
Proposal 1: The spherical coverage enhancement can be discussed only if there is a common understanding of its necessity or benefits. 
Proposal 2: If needed according to the discussion, RAN4 should set up a new work plan and consider other parameters that might help the spherical coverage but missed in the previous work.
Conclusions
In this contribution, we look into the history of RAN4 discussion on spherical coverage requirements in Rel-15 to see how they was introduced and what RAN4 can do to revise or add them. Our view on the improvement is also provided with seven observations as below.
Observation 1: The current spherical coverage requirement is based on the result of extensive discussions such as real product considerations and network performance analysis during the Rel-15 timeframe.
Observation 2: Parameters considered during the Rel-15 is thorough enough in UE design aspect, hence no further parameters can be considered to enhance spherical coverage requirement.
Observation 3: RAN4 should consider how to improve the future UE or to design a new work plan for the enhancement rather than how to overturn the previous agreement from the same data provided 2 years ago.
Observation 4: Current Rel-15 spherical coverage requirement does not have implication on the number of panel UE implements, and the panel number does not necessarily mean a criterion of the spherical coverage or UE performance unless all UEs shall share the same form factor and design principle.
Observation 5: Multiple requirements for various possible UE designs would not only limit the UE implementation flexibility, but also might break out of the role of RAN4 specifications.
Observation 6: In view of the history of RAN4, current requirement of 50%-tile is inevitable decision considering the UE implementation impact and its network performance.
Observation 7: Alt 2 will lead the new power class to a sub part of the current PC3 since there is no upper tolerance in each power class of FR2. 
Based on the above observations, we would like to propose that:
[bookmark: _GoBack]Proposal 1: The spherical coverage enhancement can be discussed only if there is a common understanding of its necessity or benefits. 
Proposal 2: If needed according to the discussion, RAN4 should set up a new work plan and consider other parameters that might help the spherical coverage but missed in the previous work.
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Appendix
Assumptions for EIRP CDF [3]
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EIRP CDF simulation environment [3]
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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
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* Companies are encouraged to provide their feasibility studies in RAN4#94 for
handheld UE

* Possible enhancement 1: add a different %-tile for EIRP spherical coverage value, i.e., 11.5dBm
for n257, n261, n258, and 8dBm for n260 or other lower EIRP spherical coverage value

* Possible enhancement 2: increase current 50%-tile EIRP spherical coverage value by Y dB
* Bands for feasible studies can be prioritized as n257, n261, n260, n258

* If needed, provide parameters related to UE form factor assumption to achieve enhancement of spherical
coverage requirement

* RAN4#94 should decides to take the below options:

* Altl: Enhance spherical coverage requirements
* Optionl: Enhance %-tile for EIRP spherical coverage value
* Option2: Enhance dBm value for 50%-tile of EIRP spherical coverage value

* Alt2: Introduce the new power class for handheld UE
* Other options are not precluded

* Evaluation of feasible studies will be captured in TR 38.831 in RAN4#94.
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