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Introduction 
In this contribution, we present our network performance results for urban macro, dense urban and indoor hotspots. Our results show that despite that the non-ideal spherical coverage of UE due to realistic implementation constraints, the outage performance is not impacted and mean throughput performance loss is not significant.
In addition, we also provide analysis of network performance sensitivity to spherical coverage and show that the EIRP value at 20%-tile point does not have a significant impact in terms of network performance.
Network simulation assumptions 
The network modelling assumptions are according to the TR38.803 with modifications based on the agreed WF in [4]. Unless stated otherwise, 0% indoor UE is assumed for urban macro and dense urban scenarios. 
No body blockage and hand grip are modelled in accordance with the agreement on the baseline assumption. This is also the right condition for evaluation because evaluation should be performed on the case where at least one RF module is free from blockage. The case where all modules are blocked is not an interesting case to evaluate because it should be left to UE designer to avoid this condition and hence can be assumed to be a rare event. It follows that the evaluation of one RF module without blockage is in fact the worst case for evaluation. Another way to look at it is that the condition where all available modules are blocked except one should be evaluated. 
Observation 1: One UE RF module without blockage is the appropriate assumption for evaluation.
Based on the above observation, Assumption 1 from Table 1 is assumed for the UE modelling assumption. The corresponding EIRP CDF is as shown in Figure 1. For reference, the EIRP CDF of the ‘ideal’ case of the UE antenna array model as described in the TR38.803 is also shown in the same figure (aka TR model). In addition, we assume finite beamforming directions for the TR model as agreed in RAN4#86, where the azimuth beamforming angles are [-60°, -30°, 0°, 30°, 60°] (0° is the boresight direction) and the vertical beamforming angles are [30°, 60°, 90°, 120°, 150°] (90° is the boresight direction). As another reference, the EIRP CDF for the TR model with only one panel is also plotted. Unless stated otherwise, the peak EIRP assumed in network simulation is 22.4dBm.
[bookmark: _Ref506509926]Table 1: UE assumptions for spherical coverage
[image: ]
[image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Melbourne contributions\EIRP_Comparision_RAN4.jpg]
[bookmark: _Ref503677873]Figure 1: EIRP CDF of UE beam pattern assumed in network simulation (Assumption 1) and TR38.803 UE antenna model 
Network simulation results 
Our network simulation results for 28GHz are presented in this section. In the following sub-sections, we compare the network performance of Assumption 1 vs the ‘ideal’ TR model. The performance metric is the throughput loss of Assumption 1 with respect to the TR model. In addition, outage performance is also provided, where UL resource allocation of 20MHz (fully overlap among UEs) is assumed. For information, the network performance of 1-panel TR model vs the ‘ideal’ 2-panel TR model is also provided in the Appendix.
Outage performance 
At present, the issue of peak EIRP requirement has yet to be resolved in RAN4, and any value within the current agreed range of peak EIRP values can be assumed for network simulation. However, the purpose of the network simulation campaign is to evaluate the network performance impact from imperfect UE spherical coverage due to realistic UE implementation. It follows that scenarios which incur non-negligible outage under (almost) ideal spherical coverage (e.g. as in the TR model) should be excluded from the network performance evaluation of spherical coverage. To this end, we performed simulation, assuming the ‘ideal’ TR model, and obtained the outage percentages for peak EIRPs of 21.2dBm, 22.4dBm, and 23.2dBm. UL resource allocation of 20MHz (fully overlap) is assumed. The result is presented in Table 2.   
Table 2 shows that the scenarios that would result in negligible outage for the ‘ideal’ TR model are the urban macro with ISD 200m (0% indoor UEs), the dense urban (0% indoor UEs) and the indoor hotspots. Hence, these should be the scenarios to focus on for evaluation of the spherical coverage.  
Observation 2: Urban macro with ISD 200m (0% indoor UEs), dense urban (0% indoor UEs) and indoor hotspots should be the scenarios to focus on in evaluating the spherical coverage because they are the scenarios that result in negligible outage under the assumption of ‘ideal’ spherical coverage with the TR model. 
[bookmark: _Ref510601535]Table 2: Outage performance for TR model (2 panels)
	Peak EIRP (dBm)
	UMa 
(0% indoor)
	UMa 
(20% indoor)
	UMa 
(100% indoor)
	Dense urban 
(0% indoor)
	Indoor hotspots

	
	ISD 200m
	ISD 400m
	ISD 200m
	ISD 400m
	ISD 200m
	ISD 400m
	
	

	21.2
	0%
	1.3%
	7.7%
	14.4%
	35.4%
	63.6%
	0.0%
	0.0%

	22.4
	0%
	0.9%
	7.0%
	13.5%
	33.2%
	60.4%
	0.0%
	0.0%

	23.2
	0%
	0.8%
	6.7%
	13.05%
	31.7%
	58.4%
	0.0%
	0.0%



Table 3 provides the outage performance for Assumption 1. It can be observed that the outage performance is similar to that of the TR model. It can be concluded that Assumption 1 does not incur any network performance issue in terms of outage.
Observation 3: Our proposed Assumption 1 does not incur any network performance issue in terms of outage.
[bookmark: _Ref510602688]Table 3: Outage performance for Assumption 1
	Peak EIRP (dBm)
	UMa 
(0% indoor)
	UMa 
(20% indoor)
	UMa 
(100% indoor)
	Dense urban 
(0% indoor)
	Indoor hotspots

	
	ISD 200m
	ISD 400m
	ISD 200m
	ISD 400m
	ISD 200m
	ISD 400m
	
	

	21.2
	0.1%
	1.3%
	7.8%
	14.8%
	37.4%
	66.1%
	0.0%
	0.0%

	22.4
	0.0%
	1.0%
	7.2%
	13.8%
	35.0%
	63.2%
	0.0%
	0.0%

	23.2
	0.0%
	0.9%
	6.7%
	13.3%
	32.6%
	61.1%
	0.0%
	0.0%



Throughput performance
For the evaluation of throughput performance for Assumption 1 vs the ‘ideal’ TR model, peak EIRP of 22.4 dBm is assumed. The mean throughput loss and the absolute performance are presented in Table 4 and Table 5, respectively. The SINR CDF plots for DL and UL can be found in the appendix.
Based on the results, we have the following observation.
Observation 4: The mean throughput loss comparing Assumption 1 with the TR model is not significant.
[bookmark: _Ref510603969]Table 4: Mean throughput loss for Assumption 1 wrt TR model (2 panels)
	Mean Throughput Loss
	Urban Macro ( 0% Indoor)
	Dense 
Urban 
(0% Indoor)
	Indoor Hotspot

	
	ISD 200m
	ISD 400m
	
	

	200 MHz
	DL
	6.62%
	11.05%
	6.10%
	7.28%

	
	UL
	5.51%
	7.58%
	7.61%
	5.10%

	20 MHz
	DL
	6.50%
	6.67%
	6.07%
	7.00%

	
	UL
	3.73%
	5.38%
	7.62%
	5.60%



[bookmark: _Ref510603970]Table 5: Mean throughput performance in bps/Hz for Assumption 1 and TR model (2 panels)
	Mean 
Throughput (bps/Hz)
	Urban Macro ( 0% Indoor)
	Dense 
Urban (0% Indoor)
	Indoor 
Hotspot

	
	ISD 200m
	ISD 400m
	
	

	
	A1
	TR
	A1
	TR
	A1
	TR
	A1
	TR

	200 MHz
	DL
	5.3036
	5.6796
	4.9323
	5.5455
	5.3272
	5.6735
	4.9953
	5.3878

	
	UL
	2.1243
	2.2483
	1.1824
	1.2795
	2.4306
	2.6310
	2.5899
	2.7291

	20 MHz
	DL
	5.3222
	5.6926
	5.1799
	5.5502
	5.3352
	5.6802
	5.0358
	5.4148

	
	UL
	2.5955
	2.6962
	1.7793
	1.8806
	2.4310
	2.6316
	2.5482
	2.6994



The 5%-tile throughput loss and the absolute performance are presented in Table 6 and Table 7, respectively. Based on the results, we have the following observation.
Observation 5: The 5%-tile throughput loss comparing Assumption 1 with the TR model is more significant. However it should be noted that they are for full buffer traffic and round robin scheduler. The 5%-tile throughput loss will be lower with bursty traffic, and/or PF scheduler.
[bookmark: _Ref510604199]Table 6: 5%-tile throughput loss for Assumption 1 wrt TR model (2 panels)
	5%tile Throughput Loss
	Urban Macro ( 0% Indoor)
	Dense 
Urban 
(0% Indoor)
	Indoor Hotspot

	
	ISD 200m
	ISD 400m
	
	

	200 MHz
	DL
	27.83%
	19.87%
	28.00%
	21.74%

	
	UL
	15.53%
	3.90%
	23.26%
	20.05%

	20 MHz
	DL
	28.73%
	25.79%
	28.06%
	21.73%

	
	UL
	13.71%
	1.89%
	23.26%
	20.70%



[bookmark: _Ref510604200]Table 7: 5%-tile throughput performance in bps/Hz for Assumption 1 and TR model (2 panels)
	5%tile Throughput (bps/Hz)

	Urban Macro ( 0% Indoor)
	Dense 
Urban (0% Indoor)
	Indoor 
Hotspot

	
	ISD 200m
	ISD 400m
	
	

	
	A1
	TR
	A1
	TR
	A1
	TR
	A1
	TR

	200 MHz
	DL
	2.8931
	4.0088
	2.4260
	3.0279
	2.8214
	3.9184
	2.3097
	2.9514

	
	UL
	0.5283
	0.6255
	0.0849
	0.0884
	1.2123
	1.5799
	1.5142
	1.8940

	20 MHz
	DL
	2.8944
	4.0615
	2.7050
	3.6451
	2.8266
	3.9293
	2.3253
	2.9709

	
	UL
	1.4074
	1.6311
	0.2225
	0.2268
	1.2123
	1.5799
	1.4536
	1.8332



Result analysis 
It is clear from the results in Section 3.1 to Section 3.2 that the DL or UL throughput loss for Assumption 1 with respect to the almost ideal TR UE model is not significant. This is despite the significant gap between them in EIRP CDF as shown in Figure 1. This can be explained by noting that the experienced or realized beamforming gain of the UE in the network is not actually the same as that portrayed by the EIRP CDF. In a cellular network where the UE camps on the best cell, there is the effect of BS diversity. For example, a UE which may be physically closer to a BS but with its antenna panel facing away from the BS can be connected to a neighboring BS which is further away but is in the boresight area of the UE antenna panel. As a result of this BS diversity, the UE experienced SINR can be better.
To illustrate the above point, the plot of experienced or realized EIRP for Assumption 1 and the TR model (both 1 panel and 2 panels) in the DL at the UE for the urban macro with ISD 200m is given in Figure 2. It can be observed that the realized EIRP difference for Assumption 1 or 1-panel TR model, and 2-panel TR model is much smaller compared to that shown in Figure 1.
Observation 6: The experienced/realized EIRP difference between Assumption 1 and the TR model is much smaller than the EIRP difference in spherical coverage, thanks to the effect of BS diversity.
[image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Melbourne contributions\eirpexperienced_new.jpg]
[bookmark: _Ref506767049]Figure 2: Experienced/realized EIRP – Urban macro ISD of 200m (DL)

Network performance sensitivity to spherical coverage 
In the last meeting, a WF to specify the spherical coverage requirement at the 50%-tile in Rel-15 was proposed which was supported by a large number of companies (23). In this section, we conduct analysis of network performance sensitivity to spherical coverage by providing the network performance results for different EIRP values at the 20%-tile point. In particular, we consider -10dB, -12dB, -15dB, -18dB and -20dB from the peak EIRP at 20%tile point, while keeping the EIRP value at the 50%-tile point fixed. The EIRP CDFs are shown in Figure 3.
[image: ]
[bookmark: _Ref510615835]Figure 3: EIRP CDFs for network performance sensitivity analysis

Figure 4 shows the UL SINR CDFs for the different EIRP values at the 20%-tile point. It is observed that the change in SINR is not significant despite the large change in the 20%-tile EIRP. There is also no change in the outage performance.
Observation 7: The change in SINR is not significant even if the variation in the 20%-tile EIRP is large (-10 to -20dB from peak). There is no change in the outage performance.

[image: ] [image: ]
          (a) 20MHz                                                                              (b) 200MHz
[bookmark: _Ref510616384]Figure 4: UL SINR sensitivity for urban macro ISD 200m

Conclusions
In this contribution, we presented network performance results on spherical coverage. Our observations are summarized below.
Observation 1: One UE RF module without blockage is the appropriate assumption for evaluation.
Observation 2: Urban macro with ISD 200m (0% indoor UEs), dense urban (0% indoor UEs) and indoor hotspots should be the scenarios to focus on in evaluating the spherical coverage because they are the scenarios that result in negligible outage under the assumption of ‘ideal’ spherical coverage with the TR model. 
Observation 3: Our proposed Assumption 1 does not incur any network performance issue in terms of outage.
Observation 4: The mean throughput loss comparing Assumption 1 with the TR model is not significant.
Observation 5: The 5%-tile throughput loss comparing Assumption 1 with the TR model is more significant. However it should be noted that they are for full buffer traffic and round robin scheduler. The 5%-tile throughput loss will be lower with bursty traffic, and/or PF scheduler.
Observation 6: The experienced/realized EIRP difference between Assumption 1 and the TR model is much smaller than the EIRP difference in spherical coverage, thanks to the effect of BS diversity.
Observation 7: The change in SINR is not significant even if the variation in the 20%-tile EIRP is large (-10 to -20dB from peak). There is no change in the outage performance.
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Appendix
SINR CDFs

Figure 5: SINR CDF for urban macro DL


Figure 6: SINR CDF for urban macro UL


Figure 7: SINR CDF for dense urban DL

[image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Melbourne contributions\Final Plot\Throughput\Dense Urban\sinr-200MHz-UL-DenseUrban.jpg]
Figure 8: SINR CDF for dense urban UL
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Figure 9: SINR CDF for indoor hotspots DL
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Figure 10: SINR CDF for indoor hotspots UL

Throughput results for 1-panel TR model vs 2-panel TR model 

Table 8: Mean throughput loss for 1-panel TR model wrt 2-panel TR model
	Mean Throughput Loss
	Urban Macro ( 0% Indoor)
	Dense 
Urban 
(0% Indoor)
	Indoor Hotspot

	
	ISD 200m
	ISD 400m
	
	

	200 MHz
	DL
	4.89%
	13.21%
	5.83%
	8.51%

	
	UL
	20.53%
	21.8%
	8.81%
	10.81%

	20 MHz
	DL
	4.33%
	5.92%
	5.48%
	6.70%

	
	UL
	10.14%
	19.76%
	8.28%
	4.21%



Table 9: Mean throughput performance in bps/Hz for 1-panel TR model and 2-panel TR model
	Mean 
Throughput (bps/Hz)
	Urban Macro ( 0% Indoor)
	Dense 
Urban (0% Indoor)
	Indoor 
Hotspot

	
	ISD 200m
	ISD 400m
	
	

	
	TR 1P
	TR 2P
	TR 1P
	TR 2P
	TR 1P
	TR 2P
	TR 1P
	TR 2P

	200 MHz
	DL
	5.4017
	5.6796
	4.8128
	5.5455
	5.3426
	5.6735
	4.9291
	5.3878

	
	UL
	1.7866
	2.2483
	0.9972
	1.2752
	2.3991
	2.6310
	2.4340
	2.7291

	20 MHz
	DL
	5.4460
	5.6926
	5.2216
	5.5502
	5.3685
	5.6802
	5.0516
	5.4148

	
	UL
	2.4227
	2.6962
	1.5089
	1.8806
	2.4136
	2.6316
	2.5857
	2.6994



Table 10: 5%-tile throughput loss for 1-panel TR model wrt 2-panel TR model
	5%tile Throughput Loss
	Urban Macro ( 0% Indoor)
	Dense 
Urban 
(0% Indoor)
	Indoor Hotspot

	
	ISD 200m
	ISD 400m
	
	

	200 MHz
	DL
	23.66%
	23.96%
	24.04%
	24.46%

	
	UL
	54.5%
	14.06%
	28.87%
	39.31%

	20 MHz
	DL
	23.02%
	19.76%
	23.76%
	24.02%

	
	UL
	41.46%
	43.20%
	28.32%
	16.86%



Table 11: 5%-tile throughput performance in bps/Hz for 1-panel TR model and 2-panel TR model
	5%tile Throughput (bps/Hz)

	Urban Macro ( 0% Indoor)
	Dense 
Urban (0% Indoor)
	Indoor 
Hotspot

	
	ISD 200m
	ISD 400m
	
	

	
	TR 1P
	TR 2P
	TR 1P
	TR 2P
	TR 1P
	TR 2P
	TR 1P
	TR 2P

	200 MHz
	DL
	3.0603
	4.0088
	2.3024
	3.0279
	2.9762
	3.9184
	2.2293
	2.9514

	
	UL
	0.2844
	0.6255
	0.0727
	0.0846
	1.1237
	1.5799
	1.1494
	1.8940

	20 MHz
	DL
	3.1263
	4.0615
	2.9245
	3.6451
	2.9955
	3.9293
	2.2572
	2.9709

	
	UL
	0.9547
	1.6311
	0.1288
	0.2268
	1.1324
	1.5799
	1.5240
	1.8332



Work plan
· Initiate offline and email discussion (after RAN4#85) on the use cases and model assumptions for NW performance analysis
· 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 
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Notes

Frequency range n257 n257 n257 n257 N257 n257 N257
# of antenna in an antenna module/set } } } } ) } } Depends on the current
(# of patches, # of dipoles, etc.) implementation
# of antenna module/set in total 1 1 2 2 2 3 3
Finite UV test points Y/N Y Y Y Y Y Y Y Finite test point shall be the
baseline
Beam phase shifter controller degree 45 45 45 45 45 45 45 Finite beam s.haII be the
baseline
- Depends on the current
Antenna type (patch, dipole, or both) - - - - - - - implementation
Antenna module/set location (front, . . —_— .
back, top-side, left-side, right-side, Top / Bottom | Top / Bottom | Top & Bottom | Top & Bottom | Top & Bottom Left & Right & | Left & Right & | combination of the lists are
N Bottom Bottom not precluded.
bottom-side)
Eronteoveil(BlastieiGlassCelamic Glass Glass Glass Glass Glass Glass Glass o o
Metal) This information is
Back cover (Plastic, Glass, Ceramic, Glass Plastic Glass Glass Plastic Glass Plastic meanlngful only if it’s .the
Metal) same with the material
Side cover / Fra.me (Plastic, Glass, Metal Plastic Metal Metal Plastic Metal Plastic which covers antennas.
Ceramic, Metal)
Device size (WxHxD) cm3 66.6 66.6 66.6 66.6 66.6 66.6 66.6 This is for information
Display panel — Full (Y) or Partial (N) Y/N Y Y Y N Y Y Y
Module can’t be placed
Bezel Margin mm 15 15 15 15 15 15 15 outer edge of UE to secure

mechanical reliability
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