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1 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, RAN4 #94 should decide to take the below options:
· Alt1: Enhance spherical coverage requirements

· Option1: Enhance %-tile for EIRP spherical coverage value [3]

 REF _Ref32482862 \r \h 
[4]

 REF _Ref32482866 \r \h 
[6].

· Option2: Enhance dBm value for 50%-tile of EIRP spherical coverage value [7].

· Alt2: Introduce new power class for handheld UE [5].

· Other options are not precluded.

Evaluation of feasible studies will be captured in TR 38.831 in RAN4 #94.
In this contribution, we further share our views on the above topics.
2 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 [8], 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 [9], 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 [9]. Plots summarizing the performance of the evaluated assumptions are reproduced in Figure 1. As can be seen, the 50%-tile for EIRP spherical coverage value for PC3 UEs was derived based on single-panel UE, corresponding to the “single side panels, glass cover” plots in Figure 1.
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Figure 1. The spherical coverage of handheld UEs for panel configurations; reproduced from [9].
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, especially when they are directed in different (opposite) directions. This is also illustrated in Table 1, where considerably better EIRP spherical coverage values can be attained by UEs with dual-side panels. It is worth pointing out that UEs endowed with multiple antenna panels, perhaps three or more, are expected to be the most common type of handheld device operating in the frequency range 2. In fact, the spherical coverage performance measured as the delta between peak EIRP and EIRP at 20% CDF of some PC3 handheld UEs is even comparable with the more stringent requirements of PC4. 
Observation 1: The EIRP spherical coverage performance of many currently available handheld UEs exceeds the current requirements set for power class 3 (PC3). Therefore, there is room for enhancing the PC3 spherical coverage.

Table 1. Summary of EIRP spherical coverage value 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
	12.6
	10.0
	8.0
	7.0

	20%-tile
	17.6
	15.3
	12.5
	10.0


In the next section, we show that NR networks can indeed benefit from enhanced EIRP spherical coverage requirements for handheld devices.

3 Spherical coverage of handheld UEs in NR networks

To study the impact of enhanced spherical coverage requirements on NR network performance, we run simulations with two different UE panel configurations, one having a single panel on the back, and a second one having an additional panel placed on the top. The main simulation parameters are given in Table 2Error! Reference source not found., in the appendix section, while the simulation layout is schematically illustrated in Figure 2. As a measure of UE performance in an NR network, we investigate the largest UE received signal strength (largest UE RSS), among all cells. Typically, the largest UE RSS is obtained from the cell nearest to the UE, but not necessarily so, depending on the orientation of the UE. In doing so, we assume that UE antennas are reciprocal and expect that an improvement of the spherical coverage will lead to an improvement of the largest UE RSS as well as EIRP.
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Figure 2. Schematic illustration of the simulation layout.

Based on simulation results, CDFs of the largest UE RSS are presented in Figure 4 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 3). 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 4, which in turn contributes to improving the overall NR network performance. 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., [12]
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Figure 4. 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.
We make the following observation:
Observation 2: Improvements of EIRP spherical coverage values of handheld UEs (see Figure 1) translate directly into NR network performance improvements (see Figure 5). 
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. 
Proposal 1: A new power class for high performance handheld UEs, which should have significantly more stringent EIRP spherical coverage requirements than those of current PC3 but still based on a handheld UE form factor.
Moreover, based on the findings presented in Table 1, we make the following additional proposal:
Proposal 2: For the optional new power class for handheld devices, the EIRP spherical coverage requirements of the new power class can be formulated as

· 50%-tile EIRP spherical coverage value of [15.5] dBm or better for n257, n261, n258.

and/or

· 20%-tile EIRP spherical coverage value of [11.5] dBm or better for n257, n261, n258. 

Other power class related parameter can be for further study. 

Different methods can be used to increase the spherical coverage of handheld UEs. One is to add more antenna panels to cover more directions, 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 and 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 3:  Supporting the new power class can be designed be an optional and dynamic feature of handheld UEs.  

4 Conclusions
In this contribution we have shared our views on improvement of spherical coverage for PCs. The following observations and conclusions have been made:
Observation 1: The EIRP spherical coverage performance of many currently available handheld UEs exceeds the current requirements set for power class 3 (PC3). Therefore, there is room for enhancing the PC3 spherical coverage.
Observation 2: Improvements of EIRP spherical coverage values of UEs (see Figure 1) translate more or less directly into NR network performance improvements (see Figure 6).
Proposal 1: A new power class for handheld UEs shall be introduced (Alt. 2). The new power class should have significantly more stringent EIRP spherical coverage requirements than those of current PC3 but still based on a handheld UE form factor.
Proposal 2: For the optional new power class for handheld devices, the EIRP spherical coverage requirements of the new power class can be formulated as

· 50%-tile EIRP spherical coverage value of [15.5] dBm or better for n257, n261, n258.

and/or

· 20%-tile EIRP spherical coverage value of [11.5] dBm or better for n257, n261, n258. 

Proposal 3: Supporting the new power class can be an optional and dynamic feature of PC3 UEs.
5 References

[1] R4-1916184, “WF for spherical coverage enhancement for FR2,” NTT DOCOMO, Verizon, KDDI, AT&T, SoftBank Corp., T-Mobile USA Inc., CHTTL, Vodafone, Nokia, RAN4 #93.
[2] RP-192227, “Revised WID on NR RF Requirement Enhancements for FR2,” Nokia, Nokia Shanghai Bell, RAN #85.
[3] R4-1909884,
“Enhanced spherical coverage requirement for FR2 PC3 UE,” Nokia, Nokia Shanghai Bell, RAN4 #92.

[4] R4-1909981,
“FR2 power class enhancement,” NTT DOCOMO, INC., RAN4 #92.

[5] R4-1911594,
“Enhanced spherical coverage requirement for FR2 PC3 UE,” Nokia, Nokia Shanghai Bell, RAN4 #92bis.

[6] R4-1911715,
 “Power class framework in FR2,” NTT DOCOMO, INC., RAN4 #92bis.

[7] R4-1913146,
“On Improvement of Spherical Coverage for PC3,” Qualcomm Incorporated, RAN4#93.

[8] R4-1809601, “RAN4#87 Meeting Report, chapter 7.5.8.2,” ETSI MCC
[9] R4-1802868, “UE spherical coverage at mm-wave 28 GHz,” Sony, RAN4 #86.

[10] TR 38.831, “User equipment (UE) radio frequency (RF) requirements for frequency range 2 (FR2),” v0.1.0.

[11]  TR 38.803, "Study on new radio access technology: Radio Frequency (RF) and co-existence aspects," v14.2.0.
[12]  R4-1805669, "Impact of spherical coverage requirement to NR network performance," Qualcomm Inc.

[13]  R4-1805668, "Network performance analysis for spherical coverage," Apple Inc., Intel Corp.
[14]  R4-1804489, "NW performance analysis based on peak EIRP levels," LG Electronics.
[15]  TR 36.873, "Study on 3D channel model for LTE," v12.7.0.

[16]  TR 38.901, "Study on channel model for frequencies from 0.5 to 100 GHz," v16.0.0.

6 Appendix
Table 3. Summary of NR network simulation parameters.

	Parameter
	Value
	Remark

	Frequency band
	n257
	

	Bandwidth
	200 MHz
	

	Network layout
	Hexagonal grid, 19 macro sites, 3 sectors per site with wraparound
	

	Inter-site distance
	200 m
	

	gNB antenna height
	25 m
	

	gNB number of beams
	127 beams per site
	Double-polarized beams from a (1,1,8,16,2) array with dv = dh = 0.5λ and GE_max=8 dBi. See [11], Table 5.2.3.2.1-1.

	UE location
	Outdoor
	

	UE LOS/NLOS
	LOS
	Propagation based on the CDL-D profile defined in [15].

	UE antenna height
	Same as 3D-UMa in TR 36.873
	For outdoor UEs, 1.5 m.

	UE distribution (horizontal)
	Uniform
	

	Minimum gNB-UE distance
	35 m
	

	Channel model
	Uma
	

	Shadowing correlation
	Between cells: 1.0

Between sites: 0.5
	

	Number of active UE
	500
	

	UE orientation
	Uniform on the unit sphere
	

	UE number of beams
	Single panel: 7

Dual panel: 14
	Double-polarized beams based, for each panel, on 4-element linear antenna arrays and the designs in [9].


3 dB








