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[bookmark: _Ref463014664]Introduction
In RAN4 #85, the UE power class for frequency range 2 (FR) NR was extensively discussed focusing on both peak EIRP and spherical coverage requirements. With specific reference to the spherical coverage, a Way Forward (WF) [1] has been approved defining a specific action plan to finalize the requirement. 
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 assumptions adopted in this study are listed in [2]. 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 [1] it was agreed that UE spherical coverage requirement for frequency range 2 (FR2) should take into account both UE specific implementation constraints and the impact to NR network performance. In this contribution, we only focus on the network performance aspects. 
Since it was decided to revise the simulation assumptions compared to the ones agreed during NR study item (and captured in TR 38.803 [3]), in [2] we presented a list of specific proposals to improve both deployment scenarios and UE specific assumptions. Those assumptions will be the ones used in the rest of the paper. 
In the following sections, we will first provide a brief summary of the adopted simulation assumptions (following [2]), 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 
As explained in [2], we proposed to improve some of the assumptions compared to TR 38.803 in order to get a more typical deployment and UE behavior. The full set of assumptions which are the basis of this study is described in [2], where a rational for every modification compared to TR 38.803 is given. In Table 1 summary of the key settings for each of the deployment scenario under analysis is reported.  
[bookmark: _Ref503359305][bookmark: _Hlk503808256]Table 1. Parameters for different deployment scenarios.
	[bookmark: _Hlk503533359][bookmark: _Hlk503533384]InH
	UMi
	UMa

	EIRP = 25.2dBm
	EIRP = 25.2dBm
	EIRP = 25.2dBm

	As defined in TR 38.803
	Hexagonal Layout 
 ISD = 200m and 300m
	ISD = 300m and 400m

	
	10m antenna height
	25m antenna height

	
	10m UE to BS 
minimum 2D distance
	25m UE to BS 
minimum 2D distance

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

	
	All other parameters as defined in TR 38.803
	All other parameters as defined in TR 38.803



In addition, in order to be able to characterize more accurately the UE behavior, the following modification to [3] are considered for all deployment scenarios:
· UE resource allocation: 200MHz
· Power control SINR target: 22dB
· UE elevation: Gaussian distributed around  with a standard deviation 
At millimiter Wave (mmW) frequencies, losses deriving from hand blockage become relevant. For this reason, a further feature has been introduced in our simulations with the goal of modelling an angular blockage model whose details broadly discussed in [2] and [4]. In particular, UEs were considered to be held in Portrait mode and subject to a log-normal additional loss with mean  and  . Such mean and deviation values were derived from a fitting of a measurement campaign [4] and capture a more realistic view of diffraction loss with hand in many real use-cases.
A key assumption of this study is the methodology adopted to evaluate the impact of spherical coverage. Our methodology used throughout the paper is based on the following key points [2]:
· The baseline configuration for the antenna panel is the same as [3], i.e. an antenna panel is composed of a planar array of 2x2 patches with two polarizations.
· A comparison between the following two configurations is made:
· Configuration 1: both panels are active and UE can select the best panel (this is the default configuration adopted in TR 38.803).
· Configuration 2: one panel is active.
· The goal is to understand the performance degradation due to the limitation of having only one panel available for transmission.
Finally, we found that an important aspect which needs to be taken into account is the antenna gain in the non-coverage area (back side of the array pattern). If we use the mathematical model defined in [3], although the front-back ratio attenuation of the element is present, a beam could be still created to point at the back of the panel (semi-sphere opposite to the boresight). Since we believe this does not represent a realistic UE behaviour, we will compare the two following assumptions:  
· Classic: Same as TR 38.803
· Flat: Antenna gain is a flat -20 dB in order to be able to model a ground plane behind the antenna array. -20dB corresponds to the minimum single element gain.
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, i.e. a comparison of 2 vs 1 panel configurations. The metric adopted are the following:
· SINR
· Throughput (both 50% and 5% percentiles)
· Outage. As specified in TR 38.803 a UE is considered in outage when UL SINR is less than 10dB



[bookmark: _Ref498606337]Results InH
2.2.1.1 [bookmark: _Ref503773354]InH DL
Figure 1 shows the SINR Cumulative Distribution Function (CDF) in InH DL scenario. Spherical and semi-spherical coverage are compared both for Classic and Flat approach. Up to 4 dB in SINR advantage with two panels in place of one for the Classic approach. On the other hand, when the Flat approach is used, we see a gain of 7 dB in SINR between spherical and semi-spherical coverage.
It is worth emphasizing the difference in SINR between spherical and semi-spherical increases going from Classic to Flat approach. This is caused by cell-edge UEs that “look” at the corresponding serving BSs with an angle that belongs to the non-coverage area, i.e. the active panel is not facing at the serving BS:
· In the Classic approach cell-edge UEs still benefit of the beamforming gain
· In the Flat approach cell-edge UEs have their signal power completely attenuated
Such observations are particularly true for the semi-spherical coverage case. In fact, when UE uses two panels, it will always choose the panel that looks at the corresponding serving BS with an angle that belongs to the coverage area (front side of the array pattern). For this reason, the difference between Classic and Flat in a spherical coverage setting is negligible.
For InH scenario, the maximum DL SINR and throughput gains due to spherical coverage are reported in the following tables. The gain is computed comparing 2x2 panels with the worst single panel performance:
	
	SINR maximum gain [dB] of spherical versus semi-spherical

	Approach
	50%-tile
	5%-tile

	Classic
	4
	3.6

	Flat
	7
	9.5



	
	Throughput maximum gain of spherical versus semi-spherical

	Approach
	50%-tile
	5%-tile

	Classic
	15%
	30%

	Flat
	25%
	68%



[image: ]
[bookmark: _Ref498350181]Figure 1. SINR CDF comparison in InH - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line).
2.2.1.2 InH UL
Figure 2 shows the SINR Cumulative Distribution Function (CDF) in InH UL scenario. Spherical and semi-spherical coverage are compared both for Classic and Flat approach. In this scenario we notice different gains between spherical and semi-spherical compared to DL, that can be summed up in the following observation:
For InH scenario, the maximum UL SINR and throughput gains due to spherical coverage are reported in the following tables. The gain is computed comparing 2x2 panels with the worst single panel performance:
	
	SINR maximum gain [dB] of spherical versus semi-spherical

	Approach
	50%-tile
	5%-tile

	Classic
	1.8
	4

	Flat
	3
	12



	
	Throughput maximum gain of spherical versus semi-spherical

	Approach
	50%-tile
	5%-tile

	Classic
	9%
	33%

	Flat
	15%
	80%



[image: ]
[bookmark: _Ref503538159]Figure 2. SINR CDF comparison in InH - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line).
Results UMi
UMi deployment is here analyzed both for DL and UL setting. The analysis is very similar to the above for InH setting and will focus on SINR CDF differences between spherical and semi-spherical coverage. Simulation results are shown for different parameters such as:
· ISD = 200m and 300m
· Indoor UE ratio = 0% and 20%
2.2.2.1 UMi DL
Figure 3 and Figure 4 show a comparison between SINR CDFs for UMi DL for 200m and 300m ISD, respectively, when all UEs are assumed to be outdoor. Figure 5 and Figure 6 instead show the case when 20% of UEs are indoor. It can be observed that the trend is similar to InH setting and same considerations of Section 2.2.1.1 apply. It is also interesting to note that the performance degradation due to additional penetration losses when indoor UEs are considered.
Our findings for the analyzed scenario are summarized in the following observation:
For UMi scenario, the maximum DL SINR and throughput gains due to spherical coverage are reported in the following tables. The gain is computed comparing 2x2 panels with the worst single panel performance:
	
	SINR maximum gain [dB] of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 200m
	ISD = 300m
	ISD = 200m
	ISD = 300m
	

	Classic – 0%
	3.8
	4.4
	3.6
	4.6

	Flat – 0%
	6.4
	7.1
	10
	10.3

	Classic – 20%
	3.8
	4.3
	4.7
	5.1

	Flat – 20%
	6.8
	6.9
	8.8
	8.9



	
	Throughput maximum gain of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 200m
	ISD = 300m
	ISD = 200m
	ISD = 300m
	

	assic – 0%
	13%
	18%
	23%
	39%

	Flat – 0%
	22%
	28%
	59%
	73%

	Classic – 20%
	14%
	19%
	62%
	N.A.

	Flat – 20%
	25%
	30%
	100%
	N.A.
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[bookmark: _Ref503427734]Figure 3. SINR CDF comparison in UMi - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs outdoor – ISD = 200m.[image: ]

[bookmark: _Ref503428190]Figure 4. SINR CDF comparison in UMi - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs outdoor – ISD = 300m.
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[bookmark: _Ref503603877]Figure 5. SINR CDF comparison in UMi - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 200m.
[image: ]
[bookmark: _Ref503603901][bookmark: _Ref503603893]Figure 6. SINR CDF comparison in UMi - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 300m.
2.2.2.2 UMi UL
Figure 7 and Figure 8 show a comparison between SINR CDFs for UMi UL for 200m and 300m ISD, respectively, when all UEs are assumed to be outdoor. Figure 9 and Figure 10 instead show the case when 20% of UEs are indoor. Notice that the trend is similar to InH setting and same considerations apply for the difference between Classic and Flat approach. It is also interesting to observe the performance degradation due to additional penetration losses when indoor UE are considered.
Our findings for the analyzed scenario are summarized in the following observation:
For UMi scenario, the maximum UL SINR and throughput gains due to spherical coverage are reported in the following tables. The gain is computed comparing 2x2 panels with the worst single panel performance:
	
	SINR maximum gain [dB] of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 200m
	ISD = 300m
	ISD = 200m
	ISD = 300m
	

	Classic – 0%
	5.8
	6
	5.9
	5.2

	Flat – 0%
	8.8
	9.27
	12.5
	10.8

	Classic – 20%
	5.8
	6
	4.8
	5

	Flat – 20%
	9.6
	9.6
	8.6
	8.7



	
	Throughput maximum gain of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 200m
	ISD = 300m
	ISD = 200m
	ISD = 300m
	

	Classic – 0%
	30%
	44%
	65%
	100%

	Flat – 0%
	45%
	63%
	100%
	100%

	Classic – 20%
	34%
	52%
	N.A.
	N.A.

	Flat – 20%
	55%
	73%
	N.A.
	N.A.
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[bookmark: _Ref503605098]Figure 7. SINR CDF comparison in UMi - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs are outdoor – ISD =200m.
 [image: ]
[bookmark: _Ref503605112]Figure 8. SINR CDF comparison in UMi - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs are outdoor – ISD = 300m.
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[bookmark: _Ref503605124]Figure 9. SINR CDF comparison in UMi - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 200m.
 [image: ]
[bookmark: _Ref503605127]Figure 10. SINR CDF comparison in UMi - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 300m.

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 spherical and semi-spherical coverage.
Simulation results are shown for different parameters such as:
· ISD = 300m and 400 m
· Indoor UE ratio = 0% and 20%
2.2.3.1 UMa DL
Figure 11 and Figure 12 show a comparison between SINR CDFs for UMa DL for 300m and 400m ISD, respectively, when all UEs are assumed to be outdoor. Figure 13 and Figure 14 show instead the case when 20% of UEs are indoor. Notice that the trend is similar to InH setting and same considerations apply for the difference between Classic and Flat approach.
It is also interesting to observe the performance degradation due to additional penetration losses when indoor UE are considered.
Our findings for the analyzed scenario are summarized in the following observation:
For UMa scenario, the maximum DL SINR and throughput gains due to spherical coverage are reported in the following tables. The gain is computed comparing 2x2 panels with the worst single panel performance:
	
	SINR maximum gain [dB] of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 300m
	ISD = 400m
	ISD = 300m
	ISD = 400m
	

	Classic – 0%
	3.8
	4
	2.9
	4.2

	Flat – 0%
	6.6
	6.9
	8.8
	10.4

	Classic – 20%
	4
	4
	6.5
	6.4

	Flat – 20%
	6.8
	6.9
	11.4
	10.3



	
	Throughput maximum gain of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 300m
	ISD = 400m
	ISD = 300m
	ISD = 400m
	

	Classic – 0%
	6%
	14%
	17%
	26%

	Flat – 0%
	15%
	23%
	48%
	60%

	Classic – 20%
	13%
	15%
	65%
	72%

	Flat – 20%
	23%
	25%
	87%
	100%
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[bookmark: _Ref503433782]Figure 11. SINR CDF comparison in UMa - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs are outdoor – ISD = 300m.
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[bookmark: _Ref503433826]Figure 12. SINR CDF comparison in UMa - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs are outdoor – ISD = 400m.
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[bookmark: _Ref503606803]Figure 13. SINR CDF comparison in UMa - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 300m.
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[bookmark: _Ref503606806]Figure 14. SINR CDF comparison in UMa - DL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 400 m

2.2.3.2 UMa UL
Figure 11 and Figure 12 show a comparison between SINR CDFs for UMa UL for 300m and 400m ISD, respectively, when all UEs are assumed to be outdoor. Figure 13 and Figure 14 instead show the case when 20% of UEs are indoor. Notice that the trend is similar to InH setting and same considerations apply for the difference between Classic and Flat approach.
It is also interesting to observe the performance degradation due to additional penetration losses when indoor UE are considered.
Our findings for the analyzed scenario are summarized in the following observation:
For UMa scenario, the maximum UL SINR and throughput gains due to spherical coverage are reported in the following tables. The gain is computed comparing 2x2 panels with the worst single panel performance:
	
	SINR maximum gain [dB] of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 300m
	ISD = 400m
	ISD = 300m
	ISD = 400m
	

	Classic – 0%
	7.4
	7.3
	5.4
	5.3

	Flat – 0%
	12
	11.4
	11.6
	11.4

	Classic – 20%
	7.6
	7.2
	5.8
	5.8

	Flat – 20%
	12.2
	10.9
	10.3
	10.1



	
	Throughput maximum gain of spherical versus semi-spherical

	Approach – % indoor UE
	50%-tile
	5%-tile

	
	ISD = 300m
	ISD = 400m
	ISD = 300m
	ISD = 400m
	

	Classic – 0%
	44%
	57%
	67%
	N.A.

	Flat – 0%
	66%
	78%
	100%
	N.A.

	Classic – 20%
	52%
	65%
	N.A.
	N.A.

	Flat – 20%
	75%
	83%
	N.A.
	N.A.
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Figure 15. SINR CDF comparison in UMa - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs are outdoor – ISD = 300 m
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Figure 16. SINR CDF comparison in UMa - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – all UEs are outdoor – ISD = 400 m
[image: ]
Figure 17. SINR CDF comparison in UMa - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 300m
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Figure 18. SINR CDF comparison in UMa - UL - between spherical and semi-spherical coverage either for Classic approach (continuous line) and Flat approach (dashed line) – 20% of UEs are indoor – ISD = 400m.
Conclusions
In this contribution, we analysed the impact of UE spherical coverage characteristics on the DL and UL NR network performance in 28GHz band. We adopted a simple model to compare the following two scenarios:
· A configuration in which UE has only one panel available for transmission (back or front)
· A configuration in which UE can select the best of the two panels (back and front)
All results show a performance hit when a single panel is adopted. The following observations can be made:
· Larger degradation is observed in UL compared to DL. We assumed peak EIRP=25.2dBm. With lower EIRP the degradation due to a single panel configuration is even higher.
· Both 50% and 5%-tile throughput points are affected.
· In many scenarios, significant UL cell edge performance degradation is observed, i.e. UL coverage is impacted in the scenarios analysed.
· [bookmark: _GoBack]If a single panel (or semi-spherical coverage) is considered, it is important to characterize antenna radiation in the semi-sphere out-of-coverage. In our results, we see a significant performance variation depending on the radiation pattern in the back side. Even the more optimistic pattern (consistent with TR 38.803) shows degradation when the configuration with single panel is adopted.
Based on the results collected and presented so far, our recommendation from system level perspective is to define an RF requirement able to guarantee a minimum UE RF performance over the entire sphere. Lack of such requirement could impact the overall NR performance in mmW deployments. 
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