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Background
In RAN4 #94-e-Bis [1], the following agreements were made on spherical coverage enhancements:
· 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.  
UE spherical coverage enhancement in Rel-16 has been discussed over several meetings. However, it becomes challenging to pursue any actual enhancement during the limited time frame of Rel-16 discussion and lack of consensus. Nevertheless, UE spherical coverage has an unneglectable impact on the FR2 network coverage, which we believe needs future work, and may also be related to some Rel-17 WI/SI, e.g., coverage enhancements [2]. Therefore, in this contribution, we focus on the potential impact of UE spherical coverage on the FR2 network coverage and the possible methods to specify the coverage enhancement requirement in the spirit of paving the road to the future. 



[bookmark: _Hlk8895418]Spherical coverage of handheld UEs and FR2 network coverage 
[bookmark: _Hlk40443350]A discussion on exploiting EIRP spherical coverage headroom available to handheld UEs was provided in [3], where we quantified possible spherical coverage enhancements for handheld mobile devices. Moreover, it was also shown in [3] that any improvement to the EIRP spherical coverage of handheld devices translates undiminished into network performance gains, for example, as a reduced probability of outage. This is illustrated by Figure 1, which compares the performance of single- and dual-panel UEs in an urban macro-cell setup, in terms of measured RSRP. 
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[bookmark: _Ref40436760]Figure 1. CDF of the largest UE received signal strength of handheld UEs in a NR network in an urban macro cell environment with 19 micro sites, 3 cells per site, 127 beams per cell and 500 UEs. Reproduced from [3].


Observation 1: Improvements of EIRP spherical coverage values of handheld UEs translate directly into network performance improvements. Therefore, defining spherical coverage enhancements also makes sense from the network perspective.

A new power class for handheld UEs
A logical conclusion of the above discussion should be that exploiting EIRP spherical coverage headroom available to handheld UEs is highly desirable. This can be done, as we have previously proposed in [3], by introducing a new power class for handheld UEs. In our view, the new power class should have significantly more stringent EIRP spherical coverage requirements than those of current PC3, to provide differentiation with current PC3, but still based on a handheld UE form factor. As an antecedent, we mention that a high-performance UE (HPUE) power class exists currently in FR1 but not in FR2.

Observation 2: Any potential new power class for high-performance handheld UEs should have significantly more enhanced spherical coverage than those of current PC3 to provide observable gain to the network but still based on a handheld UE form factor.

At the same time, however, handheld UEs barely complying to PC3 EIRP spherical coverage requirements should be able to pass NR compliance tests unhindered, which leads us to the following observation.

Observation 3:  Supporting any potential new power class can be designed be an optional feature.  

Different methods can be used to increase the spherical coverage of handheld UEs. A few ones were of them were listed in [3], which we recap below.

· Adding more antenna panels to cover more directions, as well as optimizing the placement of the panels, the UE form factor and the materials of the UE case, which has been demonstrated in the first part of this contribution. Although some of these contributing factors were discussed in Rel-15, they must now be revisited in the light of a considerably more stringent EIRP spherical coverage requirement.
· Increasing the transmitted power. Compared to the first approach, this one typically consumes more battery and requires a more advanced semi-conductor technology. Hence, it may require some special mode of operation, such as when a UE is connected to an external power supply. 

The latter point suggests that a handheld UE that supports a higher PC shall be allowed to back off to PC3 for, e.g., power saving purpose. Moreover, to allow coexistence with legacy or budget handheld UEs, we conclude that the new power class for handheld devices should be optional. Therefore, supporting the new power class can be designed be an optional and dynamic feature of handheld UEs.  

Proposal 1:  Supporting any potential new power class in the future shall be designed to be an optional and dynamic feature of handheld UEs.  

Conclusions
In this contribution we have shared our views on improvement of spherical coverage for PCs. The following observations have been made:
Observation 1: Improvements of EIRP spherical coverage values of handheld UEs translate directly into network performance improvements. Therefore, defining spherical coverage enhancements also makes sense from the network perspective.

Observation 2: Any potential new power class for high-performance handheld UEs should have significantly more enhanced spherical coverage than those of current PC3 to provide observable gain to the network but still based on a handheld UE form factor.

Observation 3:  Supporting any potential new power class can be designed be an optional feature.   

The following proposals have also been made:
Proposal 1:  Supporting any potential new power class in the future shall be designed to be an optional and dynamic feature of handheld UEs. 
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