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Introduction 
A way forward on spherical coverage improvement was approved in RAN4 #94-bis-e to summarize companies’ view and to have a common understanding before closing the study on the spherical coverage enhancements [1]. 
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[bookmark: _GoBack]Since the WF agrees to continue looking into new factors until May meeting, and encourages companies to provide further views which have not been considered in RAN4 based on the agreements, this paper introduces our views for this topic in addition to [2, 3].
Discussion
Unprecedented in 3GPP, RAN4 reopens the topic of the spherical coverage improvement to enhance the requirement. Given the previous effort for this requirement in Rel-15, RAN4 should consider which factor can be additionally captured to improve the future UE performance and its requirement rather than how to overturn the previous agreement from the same data provided 2 years ago. 
In this regard, new factors to help UE performance have been discussed over past meetings in RAN4, and so far, it has been agreed that RAN4 had taken into account most types of factors to help UE spherical coverage performance and accordingly derived the Rel-15 requirements [1].
Observation 1: RAN4 should consider which factor can be additionally captured to improve the future UE performance and its requirement rather than how to overturn the previous agreement from the same data provided 2 years ago.
Observation 2: RAN4 has discussed new factors to help UE performance over past meetings, and it has been agreed that RAN4 had taken into account most types of factors to impact UE spherical coverage performance and accordingly used to derive requirement in Rel-15 stage. 
New factors for enhancements
As shown in [4], 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. Some important remarks which was inherited from Rel-15 discussion can be summarized as 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


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 3: Factors which have been considered from Rel-15 are thorough enough in UE design aspects.
In addition, given the current FR2 regulation and market updates, now is not the 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 to introduce new power class for the same handheld UE 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 than unveiled ones, it does not make sense to seek the new factors based on a few UE samples in the market.
Observation 4: Only basing upon the data from few selected UE handsets in the markets will be incomplete and thus not helpful to obtain the overall picture in seeking new factor. 
Proposal 1: RAN4 shall conclude that no new factor can be identified during the study on spherical coverage enhancements of Rel-16. 
New power class for handheld UE
One argument for the spherical coverage enhancement is that it can be improved by introducing another power class for the handheld UE type in FR2 as the high power UE (power class 2) in FR1. However, it should be noted that the detailed power class definition between FR1 and FR2 is totally different even it use the same term. FR2 power class, unlike LTE, where each UE power class is specified as a nominal value with +/- tolerance, only specifies a lower limit, i.e., no power class-dependent peak EIRP nor spherical coverage upper limit is specified. UE meets the requirement as long as it exceeds the defined limit in one direction and, since the requirement is only lower limit, no tolerance is specified.
Observation 5: Current RAN4 FR2 power class is defined with assuming different UE types, thus make power class definitions between FR1 and FR2 be different:
	- The concept of FR1 HPUE cannot be applicable to FR2;
	- Only lower limit is introduced for FR2 peak EIRP and spherical coverage; 
	- Current PC3 handheld UE would not play the role of restricting UE implementation with better peak
 	  EIPR and spherical coverage.
Moreover, a power class discussion for high power UE shall be based on current and future technological advancements in the area of UE RF front-end components and architectures that enable such definition. It was a baseline to introduce new power class for HPUE in FR1 to see if any changes to 3GPP specifications and other regulatory bodies' requirements are needed. Therefore, without enhancements in modules for RF front-end or chipsets, new power class discussion will not derive any positive changes in its UE RF requirements. 
Observation 6: A power class discussion for high power UE shall be based on existing and expected technological advancements in the area of UE RF front-end components and architectures that enable such definition. 
Proposal 2: Without enhancements in modules for RF front-end or chipsets, new power class discussion for FR2 handheld UE shall not initiated in RAN4. 
On top of this, 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 3: RAN4 can continue the spherical coverage enhancement discussion only if there is a clear understanding on the issue of current requirements, or measurable benefits to the network from the enhancements.
Conclusions
In this contribution, we look into new factors for enhancements and provide our view on new power class introduction for handheld UE as below.
Observation 1: RAN4 should consider which factor can be additionally captured to improve the future UE performance and its requirement rather than how to overturn the previous agreement from the same data provided 2 years ago.
Observation 2: RAN4 has discussed new factors to help UE performance over past meetings, and it has been agreed that RAN4 had taken into account most types of factors to impact UE spherical coverage performance and accordingly used to derive requirement in Rel-15 stage. 
Observation 3: Factors which have been considered from Rel-15 are thorough enough in UE design aspects.
Observation 4: Only basing upon the data from few selected UE handsets in the markets will be incomplete and thus not helpful to obtain the overall picture in seeking new factor. 
Proposal 1: RAN4 shall conclude that no new factor can be identified during the study on spherical coverage enhancements of Rel-16. 
Observation 5: Current RAN4 FR2 power class is defined with assuming different UE types (as in clause 6.2.1.0 in TS38.101-2), thus make power class definitions between FR1 and FR2 be different:
	- The concept of FR1 HPUE cannot be applicable to FR2;
	- Only lower limit is introduced for FR2 peak EIRP and spherical coverage; 
	- Current PC3 handheld UE would not play the role of restricting UE implementation with better peak
 	  EIPR and spherical coverage.
Observation 6: A power class discussion for high power UE shall be based on existing and expected technological advancements in the area of UE RF front-end components and architectures that enable such definition. 
Proposal 2: Without enhancements in modules for RF front-end or chipsets, new power class discussion for FR2 handheld UE shall not initiated in RAN4. 
Proposal 3: RAN4 can continue the spherical coverage enhancement discussion only if there is a clear understanding on the issue of current requirements, or measurable benefits to the network from the enhancements.
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* It is concluded that RAN4 had taken into account most types of factors to
help UE spherical coverage performance and accordingly derived the Rel-15
requirements

* RAN4 also agrees to continue looking into new factors until May meeting

* Based on the agreements, companies are encouraged to provide further views
which have not been considered in RAN4

* This study on spherical coverage enhancements of Rel-16 will be concluded
in RAN4 if the group does not reach a consensus on the enhancements in
RAN4#95-e




