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[bookmark: _Ref463014664]Introduction
In RAN4 #85, the UE power class for frequency range 2 (FR) NR was extensively discussed. With specific reference to the peak EIRP requirement, a Way Forward (WF) has been approved defining the range 21.2 to 25.2 dBm for the 28 GHz band [1]. 
In this contribution, we provide a set of simulation results showing the impact of peak EIRP on the overall NR 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 peak EIRP requirement, i.e. to select a peak EIRP value within the agreed range. 
Discussion
After a very long debate in RAN4 #84, in [1] the following was agreed:
· The handheld UE peak EIRP range is defined as follows and will be captured in TS38.101-2 in this meeting
· For 28 GHz: [21.2-25.2] dBm
· For 39 GHz: [19.4-23.7] dBm
The ranges in square brackets are already implemented in the first release of UE RF technical specification for FR2 [3].
Furthermore, it is agreed “companies are encouraged to provide additional analysis with the intention to finalize the UE peak EIRP requirement”. The goal of the study presented in this contribution is to understand how NR network performance in millimeter wave (mmW) frequency range is sensitive to the UE peak EIRP requirement. 
In the following sections, after a brief introduction of the adopted simulation assumptions, we will show 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 
The simulation assumptions adopted in this contribution are based on the ones agreed during NR study item and captured in TR 38.803 [4]. However, we propose to improve some of the assumptions 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, a summary of the key settings for each of the deployment scenario under analysis is reported.  
[bookmark: _Ref503359305]Table 1. Table 1. Parameters for different deployment scenarios.
	[bookmark: _Hlk503533359][bookmark: _Hlk503533384]InH
	UMi
	UMa

	EIRP = [21.2 - 25.2] dBm
	EIRP = [21.2 - 25.2] dBm
	EIRP = [21.2 - 25.2] dBm

	As defined in TR 38.803
	Hexagonal Layout 
 ISD from 100m to 400m
	ISD from 200m to 500m

	
	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%, 20% and 80%
	Indoor/Outdoor UE ratio 
0%, 20% and 80%

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



Moreover, in order to characterize UE behavior more accurately, for all deployment scenarios the following modification compared to TR 38.803 are considered:
· UE resource allocation: 20 MHz (200MHz will be provided later or in future meetings)
· Power control SINR target: 22 dB
· UE elevation follows a Gaussian distribution centered at  with a standard deviation 
Since at mmW frequencies losses deriving from hand blockage become relevant, an angular blockage model has been adopted with details broadly discussed in [2] and [5]. 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 standard 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.
Simulation results 
In the following sections, we consider simulation results for all three deployment scenarios. The focus is on the impact of UE peak EIRP on NR network performance. The metrics 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
In order to present the results in a compact format we will show the loss in performance of 21.2dBm EIRP compared to 25.2dBm.
[bookmark: _Ref498606337]Results InH
Figure 1 shows the SINR Cumulative Distribution Function (CDF) in an indoor setting. The comparison is between UE peak EIRP of 21.2 dBm and UE peak EIRP of 25.2 dBm, considering an UL transmission bandwidth of 20MHz. In this scenario, the difference between 21.2dBm and 25.2dBm is negligible. These results differ from our analysis in [6] where we also showed degradation 50% and 5% degradation. Compared to our previous analysis, results presented in this paper consider only one angular region blocked by the hand. As a consequence, the results can be explained as follows:
· When a fixed (over the entire sphere) blockage is considered, co-channel interference becomes negligible and the system becomes noise limited. Under these conditions peak EIRP has a large impact even in InH as shown in [6]
· When only one angular region is selected and two panels are available, the best panel is always selected, therefore the actual loss in the link is much lower compared to a full blockage. In this case the system becomes less sensitive to peak EIRP as shown in Figure 1.  
Because of the last bullet, it is expected that spherical coverage has significant impact in InH as well. This is consistent with what we observed in [7].
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[bookmark: _Ref498350181]Figure 1. SINR CDF comparison between 21.2 and 25.2 dBm UE peak EIRP in InH
Also, it is worth noticing that we are considering 20MHz resource allocation. Increasing the BW allocation will make the system more sensitive to the need of higher EIRP.
Results UMi
In this Section, we present SINR CDF results for UMi scenario. We consider different Inter-Site Distance (ISD) and indoor UE ratios, as defined in Section 2.1.
Figure 2 shows a comparison between SINR CDFs for two different UE peak EIRP values, i.e. 21.2 dBm and 25.2 dBm, when all UEs are outdoor. As expected, the difference changes with different ISD values with major variation for ISD = 400m. In Figure 3 and Figure 4 same comparison is made when 20% and 80% of UEs, respectively, are indoor. Network performance generally worsens with an increase in the number of UEs in outage. Such differences are summarized in the subsequent tables.
The following observations can be made:
· throughput degradation is observed starting for medium/large ISD, both 50%-tile and 5%-tile. In these cases the system is noise limited. 
· the performance degradation due to lower EIRP increases when indoor UE are considered. This is due to the fact that higher EIRP can help to compensate penetration loss for some UEs.
· the benefit of higher EIRP is clearly visible once the system starts to be noise limited. Even considering small resource allocation, higher EIRP helps improving system performance. 
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[bookmark: _Ref503427734]Figure 2. SINR CDF comparison between UE peak EIRP 21.2 dBm (continuous line) and UE peak EIRP 25.2 dBm (dashed line) for different ISD values – all UEs are outdoor
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[bookmark: _Ref503428190][bookmark: _Hlk503775861]Figure 3. SINR CDF comparison between UE peak EIRP 21.2 dBm (continuous line) and UE peak EIRP 25.2 dBm (dashed line) for different ISD values – 20% of UEs are indoor
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[bookmark: _Ref503781178]Figure 4. SINR CDF comparison between UE peak EIRP 21.2 dBm (continuous line) and UE peak EIRP 25.2 dBm (dashed line) for different ISD values – 80% of UEs are indoor

[bookmark: _Ref503432632][bookmark: _Ref503432626]Table 2. 50%-tile SINR loss [dB] compared to 25.2 dBm UE peak EIRP
	
	50%-tile SINR loss [dB] compared to 25.2 dBm EIRP

	Max EIRP [dBm] - % indoor UE
	ISD = 100m
	ISD = 200m
	ISD = 300m
	ISD = 400m

	21.2 dBm - 0%
	0.00
	0.21
	2.72
	3.67

	21.2 dBm - 20%
	0.02
	0.90
	3.29
	3.84

	21.2 dBm - 80%
	3.82
	3.90
	3.92
	3.94



Table 3. 50%-tile throughput loss compared to 25.2 dBm UE peak EIRP
	
	50%-tile throughput loss compared to 25.2 dBm EIRP

	Max EIRP [dBm] - % indoor UE
	ISD = 100m
	ISD = 200m
	ISD = 300m
	ISD = 400m

	21.2 dBm - 0%
	0%
	1%
	13%
	22%

	21.2 dBm - 20%
	0%
	4%
	18%
	28%

	21.2 dBm - 80%
	25%
	44%
	55%
	100%



Table 4. 5%-tile SINR loss [dB] compared to 25.2 dBm UE peak EIRP
	
	5%-tile SINR loss compared to 25.2 dBm EIRP [dB]

	Max EIRP [dBm] - % indoor UE
	ISD = 100m
	ISD = 200m
	ISD = 300m
	ISD = 400m

	21.2 dBm - 0%
	0.10
	3.19
	3.68
	3.73

	21.2 dBm - 20%
	3.97
	3.79
	3.83
	3.81

	21.2 dBm - 80%
	3.85
	3.86
	3.90
	3.95


Table 5. 5%-tile throughput loss compared to 25.2 dBm UE peak EIRP
	
	5%-tile throughput loss compared to 25.2 dBm EIRP

	Max EIRP [dBm] - % indoor UE
	ISD = 100m
	ISD = 200m
	ISD = 300m
	ISD = 400m

	21.2 dBm - 0%
	1%
	27%
	46%
	53%

	21.2 dBm - 20%
	54%
	N.A.
	N.A.
	N.A.

	21.2 dBm - 80%
	N.A.
	N.A.
	N.A.
	N.A.



Table 6. Outage comparison for different UE peak EIRP values and different % of indoor UE
	
	Outage

	Max EIRP [dBm] - % indoor UE
	ISD = 100m
	ISD = 200m
	ISD = 300m
	ISD = 400m

	25.2 dBm - 0%
	0%
	1%
	1%
	2%

	21.2 dBm - 0%
	0%
	1%
	1%
	3%

	25.2 dBm - 20%
	3%
	7%
	11%
	13%

	21.2 dBm - 20%
	4%
	9%
	13%
	16%

	25.2 dBm - 80%
	7%
	25%
	38%
	48%

	21.2 dBm - 80%
	13%
	32%
	46%
	55%



Also in this case, we only considered 20MHz resource allocation. Increasing the BW allocation will make the system more sensitive to the need of higher EIRP, especially if high throughput is required.
Results UMa
In this section, UMa scenario is discussed. The analysis is similar to UMi but based on UMa deployment assumptions.
Figure 5 shows a comparison between SINR CDFs for two different UE peak EIRP values, i.e. 21.2 dBm and 25.2 dBm, when all UEs are outdoor while Figure 6 and Figure 7 are for the cases when 20% and 80% of UEs are indoor, respectively. 
Such differences are summarized in the following Tables.
The same observations made for UMi case apply here. 
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[bookmark: _Ref503778101][bookmark: _Ref503433782]Figure 5. SINR CDF comparison between UE peak EIRP 21.2 dBm (continuous line) and UE peak EIRP 25.2 dBm (dashed line) for different ISD values – all UEs are outdoor – UMa
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[bookmark: _Ref503433826]Figure 6. SINR CDF comparison between UE peak EIRP 21.2 dBm (continuous line) and UE peak EIRP 25.2 dBm (dashed line) for different ISD values – 20% of UEs are indoor – UMa
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[bookmark: _Ref503781346]Figure 7. SINR CDF comparison between UE peak EIRP 21.2 dBm (continuous line) and UE peak EIRP 25.2 dBm (dashed line) for different ISD values – 80% of UEs are indoor – UMa


Table 7. 50%-tile SINR loss [dB] compared to 25.2 dBm UE peak EIRP
	
	50%-tile SINR loss compared to 25.2 dBm EIRP [dB]

	Max EIRP [dBm] - % indoor UE
	ISD = 200m
	ISD = 300m
	ISD = 400m
	ISD = 500m

	21.2 dBm - 0%
	0.04
	0.90
	3.39
	3.85

	21.2 dBm - 20%
	0.14
	2.57
	3.80
	3.89

	21.2 dBm - 80%
	3.92
	3.91
	3.96
	3.97



Table 8. 50%-tile throughput loss compared to 25.2 dBm UE peak EIRP
	
	50%-tile throughput loss compared to 25.2 dBm EIRP

	Max EIRP [dBm] - % indoor UE
	ISD = 200m
	ISD = 300m
	ISD = 400m
	ISD = 500m

	21.2 dBm - 0%
	0%
	4%
	18%
	25%

	21.2 dBm - 20%
	1%
	12%
	23%
	32%

	21.2 dBm - 80%
	25%
	44%
	55%
	100%




Table 9. 5%-tile SINR loss [dB] compared to 25.2 dBm UE peak EIRP
	
	5%-tile SINR loss compared to 25.2 dBm EIRP [dB]

	Max EIRP [dBm] - % indoor UE
	ISD = 200m
	ISD = 300m
	ISD = 400m
	ISD = 500m

	21.2 dBm - 0%
	2.77
	3.72
	3.82
	3.83

	21.2 dBm - 20%
	3.89
	3.84
	3.83
	3.86

	21.2 dBm - 80%
	3.88
	3.90
	3.93
	3.97



Table 10. 5%-tile throughput loss compared to 25.2 dBm UE peak EIRP
	
	5%-tile throughput loss compared to 25.2 dBm EIRP

	Max EIRP [dBm] - % indoor UE
	ISD = 200m
	ISD = 300m
	ISD = 400m
	ISD = 500m

	21.2 dBm - 0%
	18%
	40%
	51%
	55%

	21.2 dBm - 20%
	100%
	N.A.
	N.A.
	N.A.

	21.2 dBm - 80%
	N.A.
	N.A.
	N.A.
	N.A.



Table 11. Outage comparison for different UE peak EIRP values and different % of indoor UE
	
	Outage

	Max EIRP [dBm] - % indoor UE
	ISD = 200m
	ISD = 300m
	ISD = 400m
	ISD = 500m

	25.2 dBm - 0%
	0%
	1%
	1%
	2%

	21.2 dBm - 0%
	1%
	1%
	2%
	4%

	25.2 dBm - 20%
	5%
	8%
	11%
	13%

	21.2 dBm - 20%
	7%
	10%
	13%
	17%

	25.2 dBm - 80%
	17%
	29%
	39%
	47%

	21.2 dBm - 80%
	24%
	36%
	47%
	55%



Conclusions
In this contribution, we presented simulation results showing the impact of UE peak EIRP on NR network performance. Based on the outcome of the study, we made the following observations:
· For InH deployment, 25.2 dBm EIRP does not bring significant gain. In this scenario, spherical coverage is the most relevant aspect as observed in [7]. If additional losses are considered, even in InH higher EIRP brings gain. 
· For UMi and UMa:
· When lower EIRP is considered, throughput degradation is observed starting for medium/large ISD, at both 50%-tile and 5%-tile. In these cases, the system is noise limited. 
· The performance degradation increases when indoor UE are considered. This is due to the fact that higher EIRP can help to compensate penetration losses for some UEs.
· Even considering small resource allocation, higher EIRP helps improving system performance.
· All the simulations presented in this paper were based on 20MHz UL resource allocation. Larger allocation will make the system even more sensitive to peak EIRP, especially if high UL throughput is required.
· In summary, the benefit of higher EIRP is clearly visible once the system starts to be noise limited. In particular, in a pure noise limited scenarios the 4dB gap in EIRP between 21.2-25.2dBm directly translates into 4dB gap in SINR.
Based on the data obtained and presented so far, our recommendation from system level perspective is to define a minimum EIRP requirement as high as possible within the agreed range.
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