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[bookmark: _Ref463014664]Introduction
The UE power class definition for frequency range 2 (FR2) NR has not been finalized yet. There are two major points which are still under discussion: the minimum peak EIRP and spherical coverage requirements.
Regarding the spherical coverage, in RAN4 AH-1801 meeting a Way Forward (WF) was approved defining the main assumptions to be adopted for the evaluation of this requirement and proposing a specific action plan to finalize the requirement [1].
In this contribution, we provide a set of simulation results showing the impact of spherical coverage on the overall NR DL and UL performance in 28GHz band. The final goal of this paper is to provide information useful to finalize the spherical coverage requirement for the NR UE power class definition. 
Discussion
In this paper we will focus on the NR network performance impact of two different UE panel configurations defined by specific CDFs of antenna gains over the sphere. This contribution is an extension of our previous work summarized in [2]. The metrics adopted for performance evaluation are the SINR, average and 5%-tile throughput and outage. In particular, as agreed in [1], average and 5%-tile throughput evaluations are analysed excluding UEs in outage.
In the following sections, we will first provide a brief summary of the agreed simulation assumptions and methodology, and we will then show DL and UL throughput and coverage performance considering three different deployment scenarios, namely indoor office (InH), dense urban (UMi) and for Urban Macro (UMa).
[bookmark: _Ref498606406]Simulation assumptions 
Simulation assumptions, agreed in [1], are summarized as follows:
· Three network simulation scenarios – InH/UMi/UMa
· Baseline parameters as in TR 38.803 with main modification shown in Table 1
· UE elevation – uniformly distributed in 
· UL UE resource allocation – 20MHz and 200MHz
· UE antenna pattern – based on simulated pattern
· Hand blockage (when used) – specific Angle of Arrival (AoA) region blocked by hand which introduces a supplementary attenuation log-normally distributed around a mean of  with a standard deviation from such value of  . Such mean and deviation values were derived from a fitting of a measurement campaign [5] and capture a more realistic view of diffraction loss with hand in many real use-cases.


[bookmark: _Ref503359305][bookmark: _Hlk503808256]Table 1. Parameters for different deployment scenarios.
	[bookmark: _Hlk503533359][bookmark: _Hlk503533384]InH
	UMi
	UMa

	UE EIRP = 23.2dBm
	UE EIRP = 23.2dBm
	UE EIRP = 23.2dBm

	As defined in TR 38.803
	Indoor/Outdoor UE ratio 
0%, 20% and 100%
	ISD = 200m and 400m

	
	As defined in TR 38.803
	25m antenna height

	
	
	25m UE to BS 
minimum 2D distance

	
	
	Indoor/Outdoor UE ratio 
0%, 20% and 100%

	
	
	All other parameters as defined in TR 38.803



Simulation methodology
To evaluate the impact of spherical coverage on NW performance we considered two different panel configurations and compared their impact on NR network coverage and capacity. The antenna response of the panel is obtained through electromagnetic simulation. To simplify the methodology and reduce the simulation complexity the following methodology is adopted:
1. The antenna element response is obtained through electromagnetic simulation. The antenna gain is characterized across the sphere, i.e. for every azimuth and elevation angle.
2. The spherical antenna pattern is fed into the network simulator.
3. A rotation of the antenna pattern is applied depending on the panel location and UE orientation.
4. Array factor gain based on phase progression is added on top of the element gain.
In the following we will make comparison between the following configurations:
· Configuration 1 (CFG1): a single module/panel is adopted
· Configuration 2 (CFG2): multiple modules/panels are adopted
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[bookmark: _Ref506472885][bookmark: _Ref506539486]Figure 1. Antenna gains CDFs – CFG1 and CFG2 for two different panel configurations.
The CDFs corresponding to configuration 1 and 2 are depicted in UE antenna gains in Figure 1. The CDF is obtained considering an array factor of 6dB, i.e. a total of 4 antenna elements per module.
[bookmark: _Ref506813320]Simulation results 
In the following sections, we consider simulation results for all three deployment scenarios. The focus is on the impact of spherical coverage on NR network performance. The metric adopted are the following:
· SINR
· Throughput (both mean and 5% percentiles) – zero throughput UEs are excluded.
· Outage – as specified in TR 38.803 a UE is considered in outage when throughput is 0.
The results presented in the following sections are organized per deployment scenario (InH, UMi, UMa) and per link direction (DL and UL). Due to the large number of options for the configuration we will present a subset of our simulation campaign showing the most relevant results. In particular, we will focus the “easiest” case, i.e. a configuration in which no hand blockage is considered. The goal is to show that even for this case, which represents an ideal scenario, the CDF based on multi-modules design presents significant gains.
InH
InH scenario represents the easiest scenario in terms of coverage because of the very small average minimum distance between BS and UE. If hand blockage is not considered, the scenario is still interference limited. As a consequence we might think that the impact of spherical coverage is limited. Our results show instead that CFG2 improves throughput performance significantly.
Since this scenario is not affected by outage we focused on the performance of 200MHz channel BW case.
Table 2 shows the DL/UL average and 5%-tile throughput performance, respectively. As it can be observed, for the DL case, a UE based on CDF2 has 5.46% average throughput gain and 12.82% gain at the 5%-tile point. On the other hand, for the UL scenario, the multi-panel configuration shows up 20% throughput gain for the 5%-tile.  

[bookmark: _Ref506802689]Table 2. Throughput performance in InH scenario - no blockage.
	
	Average Throughput [bit/s/Hz]
	5%-tile Throughput [bit/s/Hz]

	
	CFG1
	CFG2
	Multi-panel gain
	CFG1
	CFG2
	Multi-panel gain

	DL
	4.61
	4.88
	5.46%
	1.91
	2.19
	12.82%

	UL
	2.39
	2.51
	4.81%
	1.13
	1.42
	20.35%



From the results collected, we can conclude that even in InH scenario there is significant benefit in defining a good spherical coverage requirement. 
It is worth mentioning again that these results were obtained without including any additional blockage. In general, it is recognized that blockage has a relevant impact on the overall performance. We already proposed a model in [3], however other companies needed more time to analyse the model. In particular, it is important to evaluate how the blockage behaves depending on the module location. Since it is impossible to foresee with 100% accuracy how the user handles the phone, in the following we analyse a worst case in which the hand blocks the module available for CFG1. In this particular case, large gain is expected in the CFG2 configurations since only one module is blocked. In other words, we want to estimate what is the panel diversity gain in case one panel is blocked by the hand. To evaluate this in our simulation we add a lognormal loss (mean ,  standard deviation  ) to the semi-sphere in which the panel generating CDF is located. Figure 1 shows the UL SINR distribution in this particular case. The resulting average and 5%-tile throughput gain for CFG2 over CFG1 are 9% and 26%, respectively.
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Figure 2. InH UL SINR CDF in the presence of blockage.
  
Results UMi
UMi deployment is here analyzed for both DL and UL cases. The analysis is very similar to the above for InH setting and will focus on SINR CDF differences between two different panel configurations. Even for UMi we first focus on the “easiest” case, i.e. a configuration in which no blockage is present and all UEs are outdoor. The DL and UL SINR CDF are shown in Figure 3 and Figure 4, respectively. We focus on the 200MHz case since no outage is presented for this scenario.
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[bookmark: _Ref506806331]Figure 3. UMi DL SINR CDF – no blockage, all UEs outdoor.
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[bookmark: _Ref506806401]Figure 4. UMi UL SINR CDF – no blockage, all UEs outdoor.
A summary of the throughput performance with a comparison between CFG1 and CFG2 is shown in Table 3. As it can be observed even in this scenario, a better spherical coverage requirement allows to greatly improve system performance. The 5%-tile throughput gain of CFG2 over CFG1 goes up to 16% and 29% for the DL and UL case, respectively.
[bookmark: _Ref506806613]Table 3. Throughput performance in UMi scenario - no blockage.
	
	Average Throughput [bit/s/Hz]
	5%-tile Throughput [bit/s/Hz]

	
	CFG1
	CFG2
	Multi-panel gain
	CFG1
	CFG2
	Multi-panel gain

	DL
	5.28
	5.55
	4.82%
	2.82
	3.39
	16.77%

	UL
	2.51
	2.70
	7.15%
	1.30
	1.83
	29.01%



In summary, even for UMi case it can be concluded that a UE designed to achieve an antenna gain CDF similar to CFG2 shows significant performance improvement compared to a single module UE. The gains are observed in both DL and UL, for mean and 5%-tile throughput. 
As already argumented for the InH case, a hand blockage causing obstruction of one panel will also increase the performance gap between CFG1 and CFG2.
Results UMa
This section analyzes UMa deployment both for DL and UL setting. The analysis is very similar to the above for InH and UMi settings and will focus on SINR CDF differences between two different panel configurations, Panel CFG1 and CFG2.
Simulation results are shown for different parameters such as:
· ISD = 200m and 400 m
· Indoor UE ratio = 0% 
· No blockage
· Channel BW = 200MHz
The DL and UL SINR CDF for the above configurations are shown in Figure 5 and Figure 6, respectively.
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[bookmark: _Ref506481374]Figure 5. UMa DL SINR CDF – no blockage, all UEs outdoor, BW = 200MHz.
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[bookmark: _Ref506808869]Figure 6. UMa UL SINR CDF – no blockage, all UEs outdoor, BW = 200MHz.
The summary of throughput performance, including the gain of CFG2 over CFG1 is shown in Table 1. Since this is a typical noise limited scenario, in order to improve the link budget and reduce the outage, we analyze the 20MHz configuration as well. As it can be observed the degradation due to a single panel configuration can be quite severe compared to a multi-panel UE. The 5%-tile throughput can be impacted up to 45%, while the mean throughput impact goes up to 18%.
Table 4. Throughput performance in UMa scenario - no blockage.
	
	
	Average Throughput [bit/s/Hz]
	5%-tile Throughput [bit/s/Hz]

	
	
	CFG1
	CFG2
	Multi-panel gain
	CFG1
	CFG2
	Multi-panel gain

	200MHz
	DL - ISD 200m
	5.38
	5.57
	3.35%
	3.24
	3.56
	8.99%

	
	DL - ISD 400m
	4.76
	5.13
	7.14%
	2.20
	2.85
	22.90%

	
	UL - ISD 200m
	2.04
	2.32
	11.75%
	0.44
	0.81
	45.51%

	
	UL -ISD 400m
	1.13
	1.37
	17.98%
	N.A.
	N.A.
	N.A.

	20MHz
	DL - ISD 200m
	5.38
	5.57
	3.35%
	3.24
	3.56
	8.99%

	
	DL - ISD 400m
	4.76
	5.13
	7.14%
	2.20
	2.85
	22.90%

	
	UL - ISD 200m
	2.51
	2.60
	3.60%
	1.26
	1.63
	23.10%

	
	UL -ISD 400m
	1.61
	1.92
	16.04%
	0.13
	0.25
	46.62%



Another important observation is related to the outage affecting the ISD=400m. We observed that the number of UEs in outage is about double if CFG1 is selected. This observation holds for both 20MHz and 200MHz cases.
General observation and proposals
In section 2.3 we tried to evaluate the impact of spherical coverage requirement considering different aspects. We analyzed different deployment scenarios (Indoor, Dense Urban, Urban Macro), different channel BW (20MHz and 200MHz) and different blockage conditions. Our observations can be summarized as follows:
· Performance of CFG2 is always better than CFG1 in all scenarios
· The impact of spherical coverage requirement affects both DL and UL, i.e. both maximum EIRP and REFSENS requirement are impacted.
· Even if blockage is not considered CFG2 significantly outperforms CFG1
· In InH scenario:
· for the DL case, a UE based on CDF2 has 5.46% average throughput gain and 12.82% gain at the 5%-tile point. 
· for the UL scenario, the multi-panel configuration shows up 20% throughput gain for the 5%-tile.  
· Gain is larger if blockage is considered
·  In UMi scenario:
· for the DL case, a UE based on CDF2 has 4.82% average throughput gain and 16.77% gain at the 5%-tile point. 
· for the UL scenario, the multi-panel configuration shows up 29% throughput gain for the 5%-tile.  
· Gain is larger if blockage is considered
· Gain is larger if indoor UEs are considered
· In UMa scenario:
· Maximum average gain for CDF2 over CDF1 is 18% for UL with ISD=400m
· Maximum 5%-tile gain for CDF2 over CDF1 is 46% for UL with ISD=400m. 
· For the 400m case, CDF2 shows half of the UEs in outage compared to CDF1
· Gain is larger if blockage is considered
· Gain is larger if indoor UE are considered
· In all the simulations, a completely random UE elevation is considered. Typical UE position is not completely random, and this could make the difference between CFG1 and CFG2 even larger. 
· If a reduced number of beams per module is considered, the gain of multi-module UE will be larger.
Based on the observations above, we see a clear benefit in defining a spherical coverage requirement which is based on CFG2:
Proposal: the UE spherical coverage requirement should be specified in such a way that the 20%-tile UE antenna gain is 10dB lower than the peak value.
Conclusions
In this contribution we studied the spherical coverage requirement for UE operating in FR2. We compared two UE implementations corresponding to two different CDFs representing single module (CFG1) and multi-modules (CFG2) design. We analyzed several deployment scenarios and results always show significant benefit when multi-module configuration is adopted. The gains were observed for the following metrics: mean throughput, 5%-tile throughput and outage. A good spherical coverage requirement improves both DL and UL directions, by improving peak EIRP and EIS.
Based on the above observations we made the following proposal:
Proposal: the UE spherical coverage requirement should be specified in such a way that the 20%-tile UE antenna gain is 10dB lower than the peak value.
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