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Background
In RAN4 #93 [1], companies were 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.
Furthermore, the following agreements were made during RAN4 #94-e [7]:
· 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 [7])
· Based on the agreements, companies are encouraged to provide views on new factors to help UE performance.  
In this contribution, we share our views on the above topics.


[bookmark: _Hlk8895418]Spherical coverage of handheld UEs 
The spherical coverage of PC3 had been discussed in RAN4 for almost two years, and a 50%-tile for EIRP spherical coverage value of 11.5 dBm for n257, n261 and n258 was finally adopted in RAN4 #87 [2], which is 10.9 dB below the peak EIRP. The agreement reflects a compromise between limitations of single-panel UE implementations, and the improved performance offered by multiple panels. 
In [3], a comparison of the spherical coverage of handheld UEs was presented based on full-wave electromagnetic simulations of the UEs. In the simulations, various assumptions on the number and placement of UE antenna panels as well as on the material (glass or plastic) of the front and back UE covers were evaluated. A detailed description of the assumptions can be found in [3]. Plots summarizing the performance of the evaluated assumptions are reproduced in Figure 1.
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[bookmark: _Ref32490485]Figure 1. The spherical coverage of handheld UEs for panel configurations; reproduced from [3].

An important observation to be made from Figure 1 is that significantly better performance can be achieved by devices incorporating two or more UE antenna panels when they are directed in different (opposite) directions. This is summarized in Table 1, where considerably better EIRP spherical coverage values can be attained by UEs with dual-side panels comparing to the single-side configuration. 

[bookmark: _Ref37439787]Table 1. Summary of antenna gain for PC3, in dB units, for various UE panel configurations.
	Assumption
	Single side panels, glass cover
	Single side panels, plastic cover
	2-side panels, glass cover
	2-side panels, plastic back cover

	50%-tile
	0
	3
	4
	6



Therefore, to our understanding, the placement of antenna panels is another factor that can potentially influence the spherical coverage of PC3 UE.
[bookmark: _GoBack]
Observation 1: The EIRP spherical coverage performance of handheld UEs depends not only on the number of antenna panels but also on other contributing factors, such as the placement of the antenna panels. 

In the next section, we show that NR networks can indeed benefit from enhanced EIRP spherical coverage requirements for handheld devices. 
Spherical coverage of handheld UEs in NR networks
To study the impact of enhanced spherical coverage requirements on NR network performance, simulations of two different UE panel configurations, one having a single panel on the back, and a second having an additional panel placed on the top, were prepared for [8]. As a measure of UE performance in an NR network, the largest UE received signal strength (largest UE RSS), among all cells, was investigated. UE antennas were assumed reciprocal and it was expected that an improvement of the EIRP spherical coverage will lead to an improvement of the largest UE RSS. See [8] for details.
Based on simulation results, CDFs of the largest UE RSS are presented in Figure 2 for single- and dual-panel configurations. It can be seen that improvements of the EIRP spherical coverage values of handheld UEs (see Figure 1) translate more or less directly into NR network performance improvements (see Figure 2). More specifically, an improvement of the spherical coverage value of 3 dB can be observed essentially over the entire range of %-tile values in Figure 2, which in turn contributes to improving the overall NR network performance. This is the best one could reasonably hope for. Similar improvements of the spherical coverage of multiple panel configurations compared to single-panel configurations for UEs operating in NR networks have previously been reported in, e.g., [4][5][6].
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[bookmark: _Ref32497485][bookmark: _Ref37312544]Figure 2. 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 [8].

Observation 2: Improvements of EIRP spherical coverage values of handheld UEs (see Figure 1) translate directly into NR network performance improvements (see Figure 2). 

In the light of these results, we conclude that exploiting EIRP spherical coverage headroom available to handheld UEs in a NR network is highly desirable. At the same time, however, handheld UEs barely complying to PC3 EIRP spherical coverage requirements should be able to pass NR compliance tests unhindered. In our view, the improvement of spherical coverage should have significantly more stringent EIRP spherical coverage requirements than those of current PC3 but still based on a handheld UE form factor, which may need a new power class to support it. Currently, a high-performance UE (HPUE) power class exists in FR1 but not in FR2. Therefore, defining a new power class for HPUE in FR2 can be a feasible way to enhance the current handheld UEs. 

Observation 3: 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.

Different methods can be used to increase the spherical coverage of handheld UEs. One is to add more antenna panels to cover more directions, as well as optimizing the panel placement, UE form factor and the materials of the UE case, which has been demonstrated in the first part of this contribution. Another approach is to increase the transmitted power. Compared to the first method, the latter one typically consumes much more battery as well as more advanced semi-conductor technology, and it may be only triggered when the UE operates in some special mode, such as when a UE is connected to an external power supply. Therefore, a handheld UE that supports a higher PC shall be allowed to back off to PC3 for, e.g., power saving purpose. In addition, to allow coexistence with legacy or budget handheld UEs, 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 the new power class can be designed 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: The EIRP spherical coverage performance of handheld UEs depends not only on the number of antenna panels but also on other contributing factors, such as the placement of the antenna panels.
Observation 2: Improvements of EIRP spherical coverage values of handheld UEs (see Figure 1) translate directly into NR network performance improvements (see Figure 2).
Observation 3: 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.


The following proposals have also been made:
Proposal 1:  Supporting the new power class can be designed be an optional and dynamic feature of handheld UEs.  
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