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1. Introduction
In new WID [1] of NR RF Requirement Enhancements for FR2, feasibility study on new test point of spherical coverage for >20%-tile for PC3 UE is one of the scope, which is captured as following:
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 In this contribution, we make feasibility analysis on this topic from standardization, network, testability and UE implementation perspectives. Based on these analysis, we propose not to define UE spherical coverage requirements for PC3 for >20%-tile.
2. Discussion

2.1 standardization perspective
If we consider the feasibility of a new test point of spherical coverage for >20%-tile for PC3 UE, there would be finally three possible options:

· Option 1: only one test point of spherical coverage for 50%-tile

· Option 2: only one test point of spherical coverage for >20%-tile

· Option 3: two test points of spherical coverage for both 50%-tile and >20%-tile
According to TS 38.101-2 [2], power classes are specified based on the assumption of certain UE types with specific device architectures for FR2. There are different peak EIRP/EIS and spherical coverage requirements for different power classes based on UE type architectures, as summarized in Table 2.1-1.

Table 2.1-1 UE power class, UE type and spherical coverage percentile
	UE Power class
	UE type
	EIRP/EIS spherical coverage %-tile

	1
	Fixed wireless access (FWA) UE
	85%-tile

	2
	Vehicular UE
	60%-tile

	3
	Handheld UE
	50%-tile

	4
	High power non-handheld UE
	20%-tile


Different percentile spherical coverage is one of the characteristics to distinguish different UE types, i.e. only one test point of spherical coverage for each power class is expected to reflect its UE type characteristics.

Moreover, in Rel-15 discussion on PC3 spherical coverage requirement, it is the agreement that spherical coverage in one power class is one specification which is captured in TR 38.817-01 [3]:
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According to the same principle, it can be assumed that spherical coverage in one power class is one percentile. So option 3 is not preferred.
Observation 1: UE type architecture desires that spherical coverage in one power class is one percentile.
Based on the assumption of only one percentile in one power class, if the current 50%-tile is changed to >20%-tile, too much specifications will be affected including not only RF but also RRM and other specifications. Many parameters and requirements are derived based on 50%-tile special coverage. By changing 50%-tile to >20%-tile, those related parameters and requirements need to be re-evaluated which is out of the scope of this work item, and it would take long time and could not be expected to be finished within Rel-16 timeline. So option 2 is not practical in Rel-16.
Observation 2: from standardization perspective, spherical coverage for >20%-tile will have side effects to many specifications and thus is not practical in Rel-16
2.2 network perspective
In this section we discuss the relationship between spherical coverage percentile and network deployment. When deriving spherical coverage percentile for PC3 in Rel-15, it is already observed that the network performance was less sensitive to the variations of EIRP at 20%-tile and slightly decreased at 50%-tile, as captured in TR 38.817-01 [3] and reproduced as following:
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Based on the simulation results and conclusion above, there is no benefit to network deployment to define >20%-tile spherical coverage requirement.

Observation 3: there is no benefit to network deployment to define >20%-tile spherical coverage requirement
2.3 testability perspective
There is not only no benefit to network but also new trouble to testability if defining >20%-tile spherical coverage requirement. Due to testability issues, now RRM test is suffering to the limited feasible SNR range for non-beam peak direction which is currently corresponding to 50%-tile EIS spherical coverage. For RF test case of beam correspondence, the current upper limit of feasible SNR range for 400MHz BW is only around 6dB as shown in R4-1908079 [4]. By defining >20%-tile spherical coverage, the feasible SNR range will be further reduced and therefore many test cases will be even not testable.
Observation 4: from testability perspective, the feasible SNR range will deteriorate and many RF and RRM test cases will be not testable if defining >20%-tile spherical coverage requirement.
2.4 UE implementation perspective
Current 50%-tile spherical coverage requirement is derived based on two switchable antenna panels. If defining the >20%-tile spherical coverage requirement with a power level far away from current spec, there is no benefit; If defining the >20%-tile spherical coverage requirement with a power level close to current spec, it will requires more than two panels to cover more spherical angles which is beyond the assumption for spherical coverage simulation. Even UE vendors could apply more than two panels on high end models, it is impractical to apply more panels for low end modes and small size models. Moreover, the screen of most smart phones is full display and has no room for antenna panel oriented to the screen direction.
Observation 4: from UE implementation perspective, it is impractical to define >20%-tile spherical coverage requirement, especially for low end models and small size models.
Based on above analysis from standardization, network, testability and UE implementation perspectives, we make the following proposals:
Proposal 1: spherical coverage in one power class is one percentile.
Proposal 2: For PC3 UE spherical coverage requirement, keep the current 50%-tile requirement and do not define the >20%-tile requirement.
3. Conclusion
Observation 1: UE type architecture desires that spherical coverage in one power class is one percentile.

Observation 2: from standardization perspective, spherical coverage for >20%-tile will have side effects to many specifications and thus is not practical in Rel-16
Observation 3: there is no benefit to network deployment to define >20%-tile spherical coverage requirement
Observation 4: from UE implementation perspective, it is impractical to define >20%-tile spherical coverage requirement, especially for low end models and small size models.
Proposal 1: spherical coverage in one power class is one percentile.
Proposal 2: For PC3 UE spherical coverage requirement, keep the current 50%-tile requirement and do not define the >20%-tile requirement.
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This work item will also study if FR2 UE spherical coverage requirements for PC3 for >20%-tile can be defined.





Based on above evaluation, several companies proposed 50%-tile value. But there was a variety of assumptions for the reported data and some was based of simulations, while a few were based on measurements. To help analyze the data, two tables are provided below summarizing the 50%-tile values for 1 panel and 2 panels. After discussion, spherical coverage in one power class is one specification.





To understand the sensitivity of the network performance to the 50%-tile value, the EIRP was degraded by several dB for all UEs whose EIRP percentile is lower than 50%. In another sets of simulations, the EIRP was reduced as same for all UEs whose EIRP percentile is lower than 20%. By comparing the outage and throughput loss performances, it was observed that the network performance was less sensitive to the variations of EIRP at 20%-tile and slightly decreased at 50%-tile case. Therefor several companies suggested that defining the spherical coverage requirement at 20%-tile value for Power class 3 is impractical but should be specified at not smaller than 50%-tile value. On the other hand, due to lack of sufficient measurement experience, there was the opinion not to be specified below 50%-tile.  After discussion, percentile of spherical coverage for Power class 3 was agreed as 50%-tile.
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