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1	Introduction
[bookmark: _GoBack]During the RAN #73 meeting, the study item on New Radio access technology [1] was finalized with its outcome captured in TR 38.803 [2]. During RAN #75 the New Radio Work Item was initiated [3]. With an agreement to define and test RF requirements for NR mm-wave over the air (OTA), the discussion on spherical coverage has evolved over a number of agreements.

In RAN4#85, a WF on spherical coverage in FR2 was agreed in [4] and suggests a work plan for forthcoming meetings as follows:

Work Plan: 
· RAN4 NR AH #4 (January ’18)
· Initial discussion of simulation results (Both EIRP CDF and Network) based on the harmonized assumptions in this way forward.
· Propose harmonized NW model assumptions and update based on preliminary analysis. 

· RAN4 #86 (February ’18)
· Deadline to submit the EIRP CDF simulation results based on the harmonized assumptions. Target preliminary EIRP CDF spherical requirement, based on the simulation outcomes.  
· Continue to improve the NW simulation accuracy reflecting initial EIRP CDF requirement (from AH #4)
· Initial discussion of measurement results for prototype devices.

· RAN4 #86bis (April ’18)
· Continue to improve the NW simulation accuracy reflecting preliminary EIRP CDF requirement (#86)
· Continue to improve the prototype measurement effort and compare to preliminary EIRP CDF simulation

· RAN4 #87 (May ’18)
· Finalize the spherical coverage requirement for handheld UEs based on the contributions 



In RAN4#AH-1801, a WF on network performance analysis for spherical coverage in FR2 was agreed in [6] and provides harmonized simulation assumptions to be used in the performance analysis of spherical coverage.

Agreements: 
· NW simulation scenarios
· At least indoor hotspots scenario as described in TR 38.803 should be simulated.
· For dense urban scenario, use the scenario as described in TR 38.803.
· For urban macro scenario, use the scenario as described in TR 38.803 (ISD=200m, 400m) with 0% indoor as the baseline. 

· UE elevation distribution is modified to be uniform from 0 to 180 degrees.

· For UE resource allocation (UL), assume:
· 20MHz for outage evaluation
· Option 1: It is assumed that all UEs in the network are allocated fully overlapping resources
· Option 2: Random resource allocation
· 200MHz for mean throughput evaluation
· Zero throughput UEs are excluded from the mean throughput calculation

· For indoor/outdoor UE ratios, assume:
· For urban macro: 0% is the baseline, 20%, 100% indoor
· For dense urban: 0% is the baseline, 20%, 100% indoor
· Note 1: this is only for initial simulation comparison and NOT for performance requirement conclusion. Further down selection on the ratio to be done for performance requirement conclusion 
· Note 2: Results for 20 and 100% are informative.

· On blockage modeling: 
· No body blockage and hand grip modelling as baseline. 
· Companies are encouraged to provide results with blockage.
· Study of blockage model is out of scope from the work plan. Companies can still bring results with any model of choice.

· On target UL SNR:
· Target UL SNR = 22dB.
· Note that the UL PC formula in TR38.803 should be modified to adjust for the conducted/TRP level assumed (see R4-167751).

· On UE antenna pattern modeling:
· For UE antenna pattern modeling (that parameterizes (percentile, EIRP) the spherical coverage requirements), consider the following options:
· Option 1: based on mathematical modelling. A detailed explanation of the model including each step in the simulation process and the corresponding simulated CDF should be provided
· The proposed mathematical model should be able to achieve large variety of the spherical coverage CDFs by parameterization
· Option 2: based on measured or simulated pattern. The assumption(s) used from the next slide and the corresponding EIRP CDF should be provided













RAN4#AH-1801, another WF on EIRP CDF for spherical coverage in FR2 was agreed in [7] with following agreements:

Agreements: 

· It should be considered that the restrictions of real product UE to decide the spherical coverage requirement
· In order to give a clear information to RAN4#86, companies are encouraged to submit their contribution focusing on following results to meet the workplan 
· Information of display and cover material near antennas should be included
· EIRP CDF Curve or EIRP loss at each %-tile point, [20-50%], from the peak in dB



Most recently in RAN4#86, a WF on spherical coverage in FR2 was agreed in [9] with following agreements:

Agreements: 

· To evaluate performance sensitivity to CDF, use the CDF provided in TR38.803 as the reference with finite beam pointing directions per panel: [-60° -30° 0° 30° 60°] X [-60° -30° 0° 30° 60°]. [0°, 0°] is the boresight per panel based on local coordinates. Boresight shift of the two panels is 180° in azimuth  
· Note: Target EIRP CDF should also assume finite beams (beam pointing directions up to implementation for the target EIRP CDF) 

· Absolute performance values of the reference CDF will be provided


During the last several RAN4 meetings, we have provided several simulation results evaluating the impact of EIRP CDF on the network performance.  A brief summary of our previous contributions is provided below:

In RAN4#85, we shared our views on the EIRP CDF for a modern form factor [5] and compared it to a form factor in which the radiating elements see largely plastic. Our results showed that when the phone model employs features which are common to the modern cellular phone, including a full display OLED/LCD and a metal bezel, spherical CDF performance is significantly compromised relative to that of a generally plastic and benign form factor.  We presented our view that setting spherical radiation requirements based on a benign form-factor design, will only impede adoption of the technology. 

In RAN4#AH-1801, we provided our views on the simulation assumptions for spherical coverage performance evaluation in [8] and showed some simulation results on the outage probability of the urban macro scenario using the EIRP CDF in [5]. We showed that the outage probability of the urban macro scenario stays under 5% when the ISD is smaller than 200 m and peak EIRP is within the 21.2-25.2 dBm range.  

In RAN4#86, we provided additional simulation results on throughput and outage performance for the indoor, dense urban, and urban macro deployment scenarios in [10]. We used minimum peak EIRP value of 21.2 dBm and observed that for indoor office, and dense urban scenario when all users are outdoor there is no outage in the network. There is also no outage in the urban macro deployment when all the users are outdoor and ISD is 200 m. It was however observed that urban macro scenario with ISD of 400 m is not a viable option due to high outage in both CDFs. The DL throughput loss of the masked CDF was shown to be less than 5% in indoor office scenario and less than 7% for dense urban and urban macro scenarios when all users were outdoor.

In this paper, we provide additional simulation results on throughput and outage performance for the indoor, dense urban, and urban macro deployment scenarios using the updated assumptions provided in the WF [6] and finite beam directions for the 3GPP antenna pattern in TR 38.803 per [9]. Our goal is to compare the performance the antenna pattern with CDF presented in [5] with that of the 3GPP antenna pattern in TR 38.803. We also intend to verify that the EIRP CDF [5] provides reasonable performance in all three deployment scenarios.
2	Simulation Results
In last few meetings, companies have provided views on the relevant parameters and scenarios in TR 38.803 and necessary modifications to address the spherical coverage performance as summarized in the WF [6] and [9]. In this paper, we follow up the discussion by providing simulation results for all three network deployment scenarios (indoor office, dense urban, and urban macro) at 30 GHz. For each scenario, we evaluated the mean throughput and outage probability. We assumed that all UEs in the network are allocated fully overlapping resources and used the minimum peak EIRP value of 22 dBm on the uplink. Furthermore, we used the spatially masked antenna pattern that we introduced in [8]; this allows us to simulate the same EIRP CDF we introduced in [5]. We have not considered body blockage or handgrip. We used finite beam directions the 3GPP antenna pattern in TR 38.803 per [9]. Figure 1 demonstrates the resulting CDF by application of a spatial mask to the baseline antenna pattern in TR 38.803. The resulting model is a good approximation of the CDF presented by us in [5]. 
[image: ]
Figure 1: EIRP CDF.
2.1	Outage Performance
We simulated the coverage performance for the indoor, dense urban, and urban macro scenarios using the minimum peak EIRP value of 22 dBm on the uplink. We defined the outage as a SNR below -10 dB and compared the outage probability of our realistic masked CDF [5] with that of the CDF defined in TR 38.803 when finite beam directions are being considered per [9].  We observed that there is no outage in the indoor office scenario when the peak EIRP is 22 dBm for both CDF profiles. 

Observation 1: In the indoor office scenario, there is no outage when the peak EIRP is 22 dBm.

For the dense urban and urban macro scenarios, indoor-outdoor ratios of 0%, 20% and 100% were simulated. Per WF [6], we simulated ISDs of 200 m and 400 m. The outage performance for the dense urban and urban macro scenarios are described below.  
2.1.1	Dense Urban Scenario
Figure 2 shows the outage performance for the dense urban scenario. We observe that there is almost no outage when all the users are outdoor and the UE peak EIRP is 22 dBm. 

The scenario with 100% UEs indoor gives us a clearer understanding of the outage performance. We observe that 25% of indoor UEs are in outage for the masked CDF [5] and 18% of indoor UEs are in outage for the  TR 38.803 when finite beam directions are considered. Therefore, almost all the outage comes from the indoor UEs when we have 20% indoor UEs (i.e., among 20% of UEs that are indoor, 25% of them are in outage which results in a 5% overall outage probability, which is very close to the simulated results). 

Since there is a very high probability that indoor UEs experience outage and this contributes detrimentally to the overall outage performance of the network, we suggest that the dense urban deployment only support outdoor users.
[image: ]
Figure 2: Outage Probability in the Dense Urban Scenario

Observation 2: In the dense urban deployment, there is almost no outage when all the users are outdoor and peak EIRP is 22 dBm. 

Observation 3: In the dense urban deployment, 25% of indoor UEs are in outage when the masked CDF [5] is used.

Observation 4: In the dense urban deployment, 18% of indoor UEs are in outage when the CDF derived from TR 38.803 with finite beam directions is considered.

Proposal 1: The dense urban deployment scenario shall only consider outdoor users.
2.1.2	Urban Macro Scenario
Figure 3 shows the outage performance for the urban macro scenario when the UE peak EIRP is 22 dBm. We observe that for both CDFs, there is almost no outage when ISD is 200 m and all users are outdoor. Additionally, we observe that at least 30% of indoor users are in outage for an ISD of 200 m. We therefore suggest that the urban macro scenario also consider only outdoor UEs.



[image: ]
Figure 3: Outage Probability in Urban Macro Scenario

Observation 5: In the urban macro deployment, there is almost no outage when ISD is 200 m and all users are outdoor.

Observation 6: In the urban macro deployment with an ISD of 200m, at least 30% of indoor users will be in outage.

Proposal 2: The urban macro deployment scenario shall only consider outdoor users.
2.2	Throughput Performance 
We simulated DL and UL throughput performance for the indoor, dense urban, and urban macro scenarios. We compared the mean throughput performance of the CDF presented in [5] with that of the CDF defined in TR 38.803 when finite beam directions are considered [9].  The simulated BW is 200 MHz.

2.2.1	DL Throughput

2.2.1.1	Indoor Office  Scenario

For the indoor office scenario, we observe that the mean DL throughput loss of the masked CDF in [5] is less than 1% compared to that of the TR 38.803 antenna pattern. 

Observation 7: For the indoor office scenario, the mean DL throughput loss of the masked CDF is less than 1% compared to that of the TR 38.803 antenna pattern CDF.

2.2.1.2	Dense Urban Scenario
For the dense urban scenario, we simulated DL throughput of our CDF [5] and the CDF derived from the antenna pattern in TR 38.803 with finite beam directions [9]. We simulated indoor-outdoor user ratios of 0% and 20%. Figure 4 shows the mean DL throughput loss for the dense urban deployment. We observe that the DL throughput loss of the realistic masked CDF [5] with respect to the TR 38.803 CDF is less than 1% and 3% when 0% and 20% of users are indoor respectively.

[image: ]
Figure 4: DL Throughput in Dense Urban Scenario

Observation 8: In the dense urban deployment, the mean DL throughput loss is less than 1% and 3% when 0% and 20% of users are indoor respectively.

2.2.1.3 	Urban Macro Scenario  
For the urban macro scenario, we simulated DL throughput of the CDF in [5] and the CDF derived from the TR 38.803 antenna pattern with finite beam directions[9]. We simulated indoor-outdoor user ratios of 0% and 20%. Figure 5 shows the mean DL throughput loss for the urban macro deployment. We observed that the DL throughput loss of the masked CDF [5] is less than 0.5% and 2.5% when 0% and 20% of users are indoor respectively and the ISD is 200 m. We also observed that the DL throughput loss of the masked CDF [5] with respect to DL throughput of TR 38.803 antenna pattern is about 3% for both 0% and 20% indoor user ratios when the ISD is 400 m. 




[image: ]
Figure 5: DL Throughput in Urban Macro Scenario

Observation 9: In the urban macro deployment when the ISD is 200 m, the DL throughput loss is less than 0.5% and 2.5% when 0% and 20% of users are indoor respectively.

Observation 10: In the urban macro deployment when the ISD is 400 m, the DL throughput loss is about 3% for both indoor user ratios of 0% and 20%.

2.2.2	UL Throughput   

2.2.2.1	Indoor Office  Scenario

For the indoor office scenario, we observed that the mean UL throughput loss of the masked CDF in [5] is less than 4% compared to that of the TR 38.803 antenna pattern. 

Observation 11: For the indoor office scenario, the mean UL throughput loss of the masked CDF is less than 4% compared to that of the TR 38.803 antenna pattern CDF.

2.2.2.2	Dense Urban Scenario
For the dense urban scenario, we simulated UL throughput of our masked CDF [5] and the CDF derived from the antenna pattern in TR 38.803 when finite beam directions are being considered per [9]. We simulated indoor-outdoor user ratios of 0% and 20%. Figure 6 shows the mean UL throughput loss for the dense urban deployment. We observe that the UL throughput loss of the realistic masked CDF [5] with respect to the TR 38.803 CDF is less than 9% and 6% when 0% and 20% of users are indoor respectively.

[image: ]
Figure 6: UL Throughput in Dense Urban Scenario

Observation 12: In the dense urban deployment, the mean UL throughput loss is less than 9% and 6% when 0% and 20% of users are indoor respectively.

2.2.2.3 	Urban Macro Scenario  
For the urban macro scenario, we simulated UL throughput of the masked CDF in [5] and the CDF derived from the TR 38.803 antenna pattern with finite beam directions [9]. We simulated indoor-outdoor user ratios of 0% and 20%. Figure 7 shows the mean UL throughput loss for the urban macro deployment. We observed that the UL throughput loss of the masked CDF [5] is about 13% when 0% and 20% of users are indoor and the ISD is 200 or 400 m. 



[image: ]
Figure 7: UL Throughput in Urban Macro Scenario

Observation 13: In the urban macro deployment, the UL throughput loss is approximately 13% when 0% and 20% of users are indoor and the ISD is 200 or 400 m. 

In our opinion through EUTRAN-NR Dual Connectivity (EN-DC) we can maintain UL coverage in the lower bands and provide high DL throughput via FR2. Therefore, the UL throughput performance in FR2 is not a key criterion for deriving the spherical coverage requirement. We note that as long as the user is in coverage (i.e., the UE has an SNR in excess of -10 dB) it can  close the control channel loop with a  20 MHz bandwidth.

Observation 14: UL throughput performance in FR2 is not a key criterion for deriving the spherical coverage requirement.

Observation 15: As long as the user is in coverage (i.e., the UE has an SNR in excess of -10 dB), it can close the control channel loop with a 20 MHz bandwidth.

2.2.3	Reference Throughput 
In the last WF on spherical coverage performance simulation [9], it was agreed that the absolute throughput values of the reference CDF will be provided. The Tables 1 and 2 show the absolute UL and DL throughput for the CDF derived from the TR 38.803 antenna pattern with finite beam directions. The peak EIRP is 22 dBm and bandwidth is 200 MHz.


	
	UMa
(ISD = 200 m)
	Dense Urban


	
	Mean DL Throughput (Mbps)
	Mean UL Throughput (Mbps)
	Mean DL Throughput (Mbps)
	Mean UL Throughput (Mbps)

	Indoor 0%
	18321099
	450
	18421107
	534

	Indoor 20%
	1661997
	416
	16951017
	488



Table 1: Throughput Performance for the spherical CDF from TR 38.803 with finite beams for the  UMa and Dense Urban Scenarios

	Indoor Office

	Mean DL Throughput (Mbps)
	Mean UL Throughput (Mbps)

	1635981
	504



Table 2: Throughput Performance for the spherical CDF from TR 38.803 with finite beams the for Indoor Office Scenario

3	Network Performance Sensitivity to EIRP CDF
Over the last several meetings, companies have discussed the suitable percentile value of EIRP CDF to be used for the spherical coverage requirement. We studied the sensitivity of the network performance to the EIRP percentile at 20%-tile and 50%-tile. We used the CDF from TR 38.803 where two panels are used. To understand the sensitivity of the network performance to the 50%-tile value, we reduced the EIRP by 0-to-8 dB for all UEs when the EIRP percentile is lower than 50% (i.e., at least 6 dB lower than peak per Figure 1). In another sets of simulations, we reduced the EIRP by 0-to-8 dB for all UEs when the EIRP percentile is lower than 20% (i.e., at least 10 dB lower than peak per Figure 1) to study the sensitivity of the network performance to the 20%-tile value.  As an example, Figure 8 illustrates how we degraded the ERIP CDF by 5 dB at 50%-tile and 20%-tile points.

[image: ]
Figure 8: CDF Degradation

Figures 9(a) and 9(b) show the impact of EIRP degradation on the network performance of the urban macro scenario about the 50%-tile and 20%-tile points respectively. Figure 9 also shows that degrading the EIRP by 8 dB at 50%-tile and 20%-tile does not change the outage performance when ISD is 200 m and adds less than 2% to outage probability when the ISD is 400 m. We also observe that degrading the EIRP by 8 dB at 50%-tile increases the 5%-tile UL throughput loss by more than 25% while degrading the EIRP by 8 dB at 20%-tile adds only about 10% to the 5%-tile UL throughput loss. Furthermore, we observe that degrading the EIRP by 8 dB at 50%-tile increases the mean UL throughput loss by more than 10% while degrading the EIRP by 8 dB at 20%-tile adds only about 3% to the mean UL throughput loss. We therefore believe that the network performance is less sensitive to the variations of EIRP at 20%-tile and thus the spherical coverage requirement if specified should be at a percentile not less than 50%.

[image: ] [image: ]
(a)                                                                               (b)

Figure 9: Sensitivity of Network Performance to EIRP Degradation

Observation 16: In the urban macro deployment, degrading the EIRP by 8 dB at 50%-tile increases the 5%-tile UL throughput loss by more than 25% while degrading the EIRP by 8 dB at 20%-tile adds only about 10% to the 5%-tile UL throughput loss.

Observation 17: In the urban macro deployment, degrading the EIRP by 8 dB increases the 50%-tile mean UL throughput loss by more than 10% while degrading the EIRP by 8 dB at 20%-tile adds only about 3% to the mean UL throughput loss.

Observation 18: The network performance is less sensitive to the variations of peak EIRP at 20%-tile.

Proposal 3: The spherical coverage requirement should be specified at not smaller than 50%-tile value.
4	Conclusions
In this contribution, we provided simulation results on throughput and outage performance for indoor, dense urban, and urban macro scenarios using the updated assumptions provided in the WF [6]. Our goal was to compare the performance of our antenna pattern with CDF presented in [5] with that of the antenna pattern in TR 38.803.

Based on the simulation results, the following observations and proposal are made:

Observation 1: In the indoor office scenario, there is no outage when the peak EIRP is 22 dBm.
Observation 2: In the dense urban deployment, there is almost no outage when all the users are outdoor and peak EIRP is 22 dBm. 
Observation 3: In the dense urban deployment, 25% of indoor UEs are in outage when the masked CDF [5] is used.
Observation 4: In the dense urban deployment, 18% of indoor UEs are in outage when the CDF derived from TR 38.803 with finite beam directions is considered.
Observation 5: In the urban macro deployment, there is almost no outage when ISD is 200 m and all users are outdoor.
Observation 6: In the urban macro deployment with an ISD of 200m, at least 30% of indoor users will be in outage.
Observation 7: For the indoor office scenario, the mean DL throughput loss of the masked CDF is less than 1% compared to that of the TR 38.803 antenna pattern CDF.
Observation 8: In the dense urban deployment, the mean DL throughput loss is less than 1% and 3% when 0% and 20% of users are indoor respectively.
Observation 9: In the urban macro deployment when the ISD is 200 m, the DL throughput loss is less than 0.5% and 2.5% when 0% and 20% of users are indoor respectively.
Observation 10: In the urban macro deployment when the ISD is 400 m, the DL throughput loss is about 3% for both indoor user ratios of 0% and 20%.
Observation 11: For the indoor office scenario, the mean UL throughput loss of the masked CDF is less than 4% compared to that of the TR 38.803 antenna pattern CDF.
Observation 12: In the dense urban deployment, the mean UL throughput loss is less than 9% and 6% when 0% and 20% of users are indoor respectively.
Observation 13: In the urban macro deployment, the UL throughput loss is approximately 13% when 0% and 20% of users are indoor and the ISD is 200 or 400 m. 
Observation 14: UL throughput performance in FR2 is not a key criterion for deriving the spherical coverage requirement.
Observation 15: As long as the user is in coverage (i.e., the UE has an SNR in excess of -10 dB), it can close the control channel loop with a 20 MHz bandwidth.
Observation 16: In the urban macro deployment, degrading the EIRP by 8 dB at 50%-tile increases the 5%-tile UL throughput loss by more than 25% while degrading the EIRP by 8 dB at 20%-tile adds only about 10% to the 5%-tile UL throughput loss.
Observation 17: In the urban macro deployment, degrading the EIRP by 8 dB increases the 50%-tile mean UL throughput loss by more than 10% while degrading the EIRP by 8 dB at 20%-tile adds only about 3% to the mean UL throughput loss.
Observation 18: The network performance is less sensitive to the variations of peak EIRP at 20%-tile.

Proposal 1: The dense urban deployment scenario shall only consider outdoor users.

Proposal 2: The urban macro deployment scenario shall only consider outdoor users.

Proposal 3: The spherical coverage requirement should be specified at not smaller than 50%-tile value.
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Dense Urban, TR 38.803 antenna pattern + mask
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Dense Urban, TR 38.803 antenna pattern + mask
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UMa, TR 38.803 antenna pattern + Mask
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UMa, TR 38.803 antenna pattern + Mask
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Dense Urban, TR 38.803 antenna pattern + mask
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Dense Urban, TR 38.803 antenna pattern + mask
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UMa, TR 38.803 Antenna Pattern + Mask
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UMa, TR 38.803 Antenna Pattern + Mask
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