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1 Introduction
RAN4 have been discussing Rel-16 FR2 spherical coverage enhancement, which is a scope of Rel-16 WI for FR2 UE RF enhancement [1]. In the previous meeting, the only consensus in RAN4 was that seeking new factor is also one of options to enhance spherical coverage, and there is different understanding between companies. This paper further discuss this topic.  
2 Discussion
2.1 Agreements
As a reference, the below is the agreed contents proposed in [2]:

[image: ]
As a reference, the below is the agreed contents proposed in [3]:
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2.2 New factor
In the previous meeting, the only consensus was that seeking new factor is also one of options to enhance spherical coverage performance. Considering feasible enhancement, we think we need to eliminate bottlenecks of spherical coverage enhancement. One example is, which was provided in [4], that UE can enhance its spherical coverage performance only when the bottlenecks of power consumption can be eliminated, i.e., UE is connected to an external power supply. One of other bottlenecks is the size of UE form, i.e., space where mmWave antenna module is limited. Therefore, one possible approach is that if UE implement limited number of bands or mainly focus on FR2 bands, the UE can enhance spherical coverage. Furthermore, if some of bottlenecks are for only EIRP but not for EIS, we would like to know the possibility of spherical coverage EIS enhancement.

Observation 1: One possible approach is to enhance spherical coverage performance when some of bottlenecks can be eliminated.
 
Proposal 1: RAN4 should clarify the bottlenecks of spherical coverage enhancement for handheld UE, where the analysis of bottlenecks for spherical coverage EIRP and EIS should be conducted separately if needed.

2.3 Clarification on mandatory or optional feature
 During the discussion, we saw strong objection to change existing PC3 requirement. For clarification, our understanding is that the enhancement of spherical coverage is optional feature and does not touch existing PC3 requirement. The intension is that we saw that some of actual products have much margin compared to existing PC3 requirement, and thus we think there should be possibility of spherical coverage enhancement technically. We don’t try to overturn Rel-15 conclusion and exclude UE with 11.5dBm @ 50%-tile.

Proposal 2: Spherical coverage enhancement for PC3 should be optional feature.

2.4 Number of antenna panels
 For number of antenna panels, there seems to be different understanding between companies during discussion in the previous meeting. Therefore, firstly we would like to check the facts to make common understanding.
 In our understanding, there are two difference understanding about number of antenna panels. First, assumption of number of antenna panels used to conclude Rel-15 PC3 spherical requirement seems to be different. As described in TR 38.817-01[5], there are two table for one panel assumption and two panels assumption, and as a result, the value of Rel-15 spherical coverage requirement was between the averaged value of the one panel assumption and the averaged value of the two panels assumption. (Note we don’t say PC3 spherical coverage requirement is averaged value of companies’ input). This fact means that UE may meet Rel-15 requirement using one or two panels. However, different view is that there is more than two panels was also assumed in discussion in Rel-15. According to [6], there seems to be assumption of 3 antenna panels, and one company in [6] provided the date based on 3 antenna panels [7]. So we agree that there was 3 antenna panel assumption in Rel-15, but we think the observation above mentioned still seems to be correct. Second, the possibility of spherical coverage enhancement by increasing number of panels. There seems to be view mentioning that increasing number of antenna panels does not improve spherical coverage performance. However, according to [4] [7], there seems to be possibility of enhancement. Considering the fact that the increasing number of panels can cover more number of direction of UE sides, it should directly impacts on spherical coverage performance.
 Since there are different understanding about Rel-15 discussion and performance enhancement possibility, we would like to conduct analysis based discussion.
Proposal 3: Companies are encouraged to provide the following information:
· Information about the number of panels that actual product are/will be implementing
· Data of spherical coverage performance difference based on increasing number of antenna panels.
· The purpose is to see the performance difference, and thus it is even helpful that provided data is relative values (i.e., not absolute values) of different number of panel assumption.
· Resubmission of Rel-15 analysis is also helpful if there is no updated and the number of panels that actual product are implementing is covered by Rel-15 analysis.

3 Conclusion
In this contribution, we provided our view on spherical coverage enhancement. Our observations and proposals are as follows:
Observation 1: One possible approach is to enhance spherical coverage performance when some of bottlenecks can be eliminated.
 
Proposal 1: RAN4 should clarify the bottlenecks of spherical coverage enhancement for handheld UE, where the analysis of bottlenecks for spherical coverage EIRP and EIS should be conducted separately if needed.

Proposal 2: Spherical coverage enhancement for PC3 should be optional feature.

Proposal 3: Companies are encouraged to provide the following information:
· Information about the number of panels that actual product are/will be implementing
· Data of spherical coverage performance difference based on increasing number of antenna panels.
· The purpose is to see the performance difference, and thus it is even helpful that provided data is relative values (i.e., not absolute values) of different number of panel assumption.
· Resubmission of Rel-15 analysis is also helpful if there is no updated and the number of panels that actual product are implementing is covered by Rel-15 analysis.
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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[2][3][5]
* Option2: Enhance dBm value for 50%-tile of EIRP spherical coverage value[6]

* Alt2: Introduce the new power class for handheld UE[4]
* Other options are not precluded

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




