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[bookmark: _Ref463014664]Introduction
Requirements for millimeter wave (mmW) UE power class were extensively discussed in RAN4 #85. Although two Way Forward dealing with minimum peak EIRP and spherical coverage were approved [1][2], some key points are still open and need to be clarified in order to finalize the power class definition. 
In this contribution, we provide our view on the simulation assumptions and deployment scenarios which should be used to evaluate the impact of peak EIRP and spherical coverage requirements on NR network performance in mmW deployments. The simulation results - obtained based on the proposed assumptions - should be used as basis to finalize the UE power class definition in frequency range 2 (FR2).
Discussion
In RAN4 #85 both minimum peak EIRP and spherical coverage requirements were addressed. In [1], the following was agreed and already implemented in the first release of UE RF technical specification for FR2 [3]:
· 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
Furthermore, “companies are encouraged to provide additional analysis with the intention to finalize the UE peak EIRP requirement”. 
Regarding to spherical coverage, in [3] it was recognized that “network simulations are required to analyze performance impact and understand tradeoff of spherical coverage”, and the following bullets related to simulation assumptions were agreed:
· Operators to provide guidance on deployment scenarios and use cases
· In absence of guidance TR 38.803 scenarios to be considered
· The minimum UE peak EIRP adopted in the simulation shall be modified in accordance with outcome of RAN4#85
· The following modeling confirmation or enhancements to 38.803 assumptions are needed to assess impact of spherical coverage on network. The list of parameters which can be modified include (but not limited to)
· ISD
· UE indoor/outdoor ratio (All UEs indoor for Indoor Office, All UEs outdoor for dense urban and Macro) 
· Coverage definition and coverage requirement (currently outage is defined as min SINR less than -10dB)
· UE elevation (It is currently fixed at 90 degree)
· Reference antenna pattern CDFs that parameterizes (percentile, EIRP) the spherical coverage requirements (FFS)
· Partial resource allocation (Not allocating all PRBs to UE) (FFS)
· Body Blockage, Handgrip, cover materials (FFS)
· All modifications compared to the baseline in TR 38.803 need to be documented
· Performance metrics 
· Guidance from operators is requested for given deployment scenarios and use cases
· DL and UL throughput, outage
In the following sections, we provide our view on the above simulation settings, including deployment scenarios, UE specific parameters, hand blockage model and spherical coverage evaluation methodology. The same set of proposed assumptions will be used in [4][5] to determine the impact to network performance related of peak EIRP and spherical coverage, respectively.
Proposed Deployment scenarios
Our proposal is to start from existing scenarios defined in TR 38.803 [6] and modifying those ones to get more realistic assumptions. Introducing new scenarios based on different layout would imply a re-calibration phase which could take long time. In particular, we propose the following:
· Indoor scenario (InH): it can be used as is, i.e. as defined in TR 38.803.
· Urban Micro (UMi): UMi is a relevant deployment scenario, however the way it is currently defined does not match well a typical deployment. First of all, a Manhattan grid, which is typical of dense urban deployments, is not considered. Furthermore, the layout consists of 3 base stations dropped in one hexagonal cell. The hexagonal cells correspond to Macro layer ISD distance of 200m. Because of the way the UMi layout is defined (there are three circles within one Macro hexagonal sectors and each Micro base station is randomly placed on the edge of one circle) the resulting UMi ISD is very small and not meaningful to understand the coverage impact in urban dense deployment. Our proposal is to still use 10m antenna height BS and UMi path loss model, but revising the layout. In particular, using a hexagonal layout with variable ISD.
· Urban Macro (UMa): this scenario can be used as defined in TR 38.803, however we propose to modify ISD and number of outdoor UEs. In particular, ISD can be increased and the coverage of outdoor UEs can be estimated, i.e. a situation in which all UE are outdoor.   
As just mentioned, for both UMi and UMa, it is important to understand the capability to cover outdoor UEs. Therefore, we propose to evaluate one configuration with outdoor UEs only and other configurations with a percentage of indoor UEs (20% and 80% indoor ratio, for instance). Finally, we propose to reduce the UE-BS minimum distance, namely 10m and 25m for UMi and UMa, respectively.
Proposal 1 summarizes our view for deployment scenarios:
Proposal 1: to evaluate the impact of UE peak EIRP and spherical coverage to NR network performance, the following deployment scenarios should be considered:
· Indoor Deployment: as defined in TR 38.803.
· Urban Micro Deployment: based on TR 38.803 but with the following comments/modifications:
· Layout is hexagonal with ISD ranging from 100m to 400m
· BS configuration is same as defined in TR 38.803 (same EIRP, same antenna configuration and 10m height) 
· Path loss model same as UMi defined in TR 38.803
· UE-BS minimum distance (2D): 10m
· UE indoor/outdoor ratio:
· 0% (baseline)
· 20% (baseline)
· 80% (optional)
· Urban Macro Deployment: based on TR 38.803 but with the following comments/modifications:
· ISD ranging from 200m to 500m
· BS configuration is same as defined in TR 38.803 (same EIRP, same configuration and 25m height) 
· Path loss model same as UMa defined in TR 38.803
· UE-BS minimum distance (2D): 25m
· UE indoor/outdoor ratio:
· 0% (baseline)
· 20% (baseline)
· 80% (optional)
Proposed modifications of UE settings
In addition to the updated deployment scenarios, we proposed to adopt the following modifications to represent a more realistic UE behaviour compared to the assumptions in TR 38.803:
· UE resource allocation: a reduced allocation, down to 20MHz can be simulated in order to increase coverage in noise limited scenarios (this is compared to 200MHz adopted in TR 38.803)
· Power Control:	PC set in TR 38.803 is targeting to 15dB. It should be updated to target at least 22dB which is the maximum SINR agreed in TR 38.803 tables. 
· UE elevation. In 38.803 a fixed elevation of 90 degrees was assumed for UE, i.e. UE panels are pointing at horizon. We propose to update this assumption considering the following two options:
· Random distribution (uniform from 0 to 180).
· Gaussian distribution, with parametric mean and variance. For instance, mean=45 degrees and variance 10 degrees, mean that UE is tilted compared to the ground with an average value of 45 degrees and sigma=10 degrees.
· Back-side suppression. One important aspects to be clarified, especially in relation to the evaluation of spherical coverage impact, is the antenna radiation in the semi sphere opposite to boresight direction. The current model adopts a front-back ratio of 25dB for the element gain, however a beam could potentially point to the back of the panel. In order to avoid this issue in the mathematical model we propose to use a fix gain of -20dB in the semi-sphere opposite to the boresight direction of the panel. Note that the -20dB corresponds to the minimum gain of the patch element adopted in RAN4 simulation assumptions. 
In summary to characterize UE behaviour more accurately, we propose the following:
Proposal 2: to evaluate the impact of UE peak EIRP and spherical coverage to NR network performance, the following modifications to UE settings should be considered:
· UE resource allocation: 200MHz and 20MHz
· Power control setting should be updated considering a target SNR of 22dB
· Two possible options for UE elevation should be discussed:
· Option 1: Random distribution (uniform from 0 to 180)
· Option 2: Gaussian distribution, with parametric mean and variance
· to use a fix gain of -20dB in the semi-sphere opposite to the boresight direction of the panel
Hand blockage model 
During NR study phase hand and body blockage were not considered. Since the goal of this new set of simulation assumptions is to evaluate the impact of EIRP and spherical coverage on network performance, accounting for realistic blockage due to hand and/or body obstructions is a key aspect. We will mainly focus on hand blockage caused by users handling UEs.
We propose to define a model able to characterize angular direction of the blockage, consistent with the blockage model A defined in 3GPP TR 38.901 [7]. The model depends on the way user holds the phone. An example of simulated gain considering no hand, hand holding the phone in portrait mode and hand holding the phone in landscape mode is shown in Figure 1, for both 28GHz and 60GHz carrier frequency. 
[bookmark: _Hlk503804454]To derive an accurate modeling for hand blockage loss we also conducted a measurement campaign. The details and procedure adopted for the measurements are described in [8]. The model A in 3GPP TR 38.901 is based on a simple square region. This approximation is captured by the center of the blocker ), and the angular spread of the blocker) in azimuth and elevation with the blocking angles captured as  and  in azimuth and elevation, respectively. In the blockage region, the blockage level is defined as a log-normal distribution with mean 15.3dB and standard deviation equal to 3.8dB. 
The full model is summarized in Table 1: 
· the angular region in which blockage is present is the same as the blockage model A in TR 38.901 [7].
· the proposed blockage loss is based on our measurements documented in [8].
Proposal 3: to adopt a hand blockage model based on Table 1.
[bookmark: _Ref503290935]Table 1. Proposed statistical model for hand blockage.
	Scenario
	
	
	
	
	Blockage Loss [dB]

	Portrait Mode
	260
	120
	100
	80
	

	Landscape Mode
	40
	160
	110
	75
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[bookmark: _Ref503285196]Figure 1. Maximum gain of all antennas at 28 GHz: (a) No hand, (b) Hand in Portrait mode, (c) Hand in Landscape mode; and at 60 GHz: (d) No hand, (e) Hand in Portrait mode, (f) Hand in Landscape mode [8].

Spherical coverage evaluation methodology 
In order to evaluate the impact of spherical coverage to network performance, several options are possible. At least the following two methodologies could be considered:
· Evaluating spherical coverage with real antenna radiation pattern. This could be complicated and time consuming due to the need of computing cross gains for inter-cell and adjacent channel interference (need to have a sphere of data for all possible beam patterns). We believe this option could be further studied based on input from companies.
· The model of 2 panels with 2x2 patches could represent a good starting point for evaluating the achievable SINR. In order to evaluate the impact of spherical coverage a comparison between the following configurations can be made (this could be the default option):
· Configuration 1: one panel is active
· Configuration 2: both panels are active and UE can select the best panel. This corresponds to current assumption in TR 38.803
Proposal 4: to evaluate the impact of spherical coverage to NR network performance, the following methodologies should be considered:
· Methodology 1 (baseline): comparison between the following two UE configurations: 
· Configuration 1: one panel is active
· Configuration 2: both panels are active and UE can select the best panel
· Methodology 2 (FFS): adopting real antenna pattern

Conclusions
In this contribution, we focused on the simulation assumptions needed to evaluate the impact of UE maximum EIRP and spherical coverage on NR network performance. We looked at both deployment scenarios and UE specific settings to be adopted in the Montecarlo simulations. Our proposals are summarized as follows:
Proposal 1: to evaluate the impact of UE peak EIRP and spherical coverage to NR network performance, the following deployment scenarios should be considered:
· Indoor Deployment: as defined in TR 38.803.
· Urban Micro Deployment: based on TR 38.803 but with the following comments/modifications:
· Layout is hexagonal with ISD ranging from 100m to 400m
· BS configuration is same as defined in TR 38.803 (same EIRP, same antenna configuration and 10m height) 
· Path loss model same as UMi defined in TR 38.803
· UE-BS minimum distance (2D): 10m
· UE indoor/outdoor ratio:
· 0% (baseline)
· 20% (baseline)
· 80% (optional)
· Urban Macro Deployment: based on TR 38.803 but with the following comments/modifications:
· ISD ranging from 200m to 500m
· BS configuration is same as defined in TR 38.803 (same EIRP, same configuration and 25m height) 
· Path loss model same as UMa defined in TR 38.803
· UE-BS minimum distance (2D): 25m
· UE indoor/outdoor ratio:
· 0% (baseline)
· 20% (baseline)
· 80% (optional)
Proposal 2: to evaluate the impact of UE peak EIRP and spherical coverage to NR network performance, the following modifications to UE settings should be considered:
· UE resource allocation: 200MHz and 20MHz
· Power control setting should be updated considering a target SNR of 22dB
· Two possible options for UE elevation should be discussed:
· Option 1: Random distribution (uniform from 0 to 180)
· Option 2: Gaussian distribution, with parametric mean and variance
· to use a fix gain of -20dB in the semi-sphere opposite to the boresight direction of the panel
Proposal 3: to adopt a hand blockage model based on Table 1.
Proposal 4: to evaluate the impact of spherical coverage to NR network performance, the following methodologies should be considered:
· Methodology 1 (baseline): comparison between the following two UE configurations: 
· Configuration 1: one panel is active
· Configuration 2: both panels are active and UE can select the best panel
· Methodology 2 (FFS): adopting real antenna pattern
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