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Introduction 
Significant progress on the network simulation assumption was reached in the last meeting [4]. In this contribution, we present our proposals to refine simulation assumptions and our network performance results for urban macro, dense urban and indoor hotspots. The results show that despite that the non-ideal spherical coverage of UE due to realistic implementation constraints, the network performance loss is not significant.

Refinement of network simulation assumptions	
Urban macro ISD
The agreed simulation assumption for urban macro according to [4] is as follows:
· For urban macro scenario, use the scenario as described in TR 38.803 (ISD=200m, 400m) with 0% indoor as the baseline
‘Baseline’ implies that official conclusions about the UE spherical coverage and its impact to network performance shall be made at least for the simulation assumption. 
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 is not intended to resolve the peak EIRP issue. It seems reasonable that scenarios which incur non-negligible outage under (almost) ideal spherical coverage behaviour (e.g. as in the TR38.803 UE antenna model) should be excluded from the network performance evaluation of spherical coverage. 
With the above in mind, we performed simulation, assuming the ‘ideal’ TR38.803 UE antenna model, and obtained the outage percentages for urban macro ISD of 200m, 300m and 400m with peak EIRPs of 21.2dBm, 22.4dBm, and 25.2dBm. UL resource allocation of 20MHz (fully overlap) is assumed. The result is presented in Table 1.   
[bookmark: _Ref506511070]Table 1: Urban macro UL outage percentage (Prob(UL SINR) < -10dB), assuming ‘ideal’ TR38.803 UE antenna model
	Peak EIRP
	ISD 200m
	ISD 300m
	ISD 400m

	21.2 dBm
	0%
	0.7%
	1.7%

	22.4 dBm
	0%
	0.5%
	1.4%

	25.2 dBm
	0%
	0.3%
	0.8%



We can make the following observation based on Table 1:
Observation 1: For urban macro for 200 and 300 ISD, outage probability is <1% for the peak EIRP range under consideration (21.2dBm – 25.2dBm); whereas for 400m ISD, outage probability can be >1% for certain peak EIRP in the same range. 
As mentioned, a simulation scenario to be considered should not incur non-negligible outage under ‘ideal’ spherical coverage assumption. Assuming that outage of >1% should be avoided, ISD of 400m does not seem a suitable simulation scenario, we propose to replace ISD of 400m with 300m as the baseline for urban macro scenario. 
Proposal 1: Replace 400m ISD with 300m ISD as one of the baselines for the urban macro simulation scenario. 

Indoor UEs for outdoor network scenarios
0% indoor UE for outdoor network scenarios was agreed in the last meeting as the baseline for initial simulation results comparison. 20% and 100% indoor UEs simulation results can also be provided.  As in Section 2.1, we performed simulation, assuming the ‘ideal’ TR38.803 UE antenna model, and obtained the outage percentages for urban macro ISD of 200m, 300m and 400m with peak EIRPs of 21.2dBm, 22.4dBm, and 25.2dBm, for 20% indoor UEs. UL resource allocation of 20MHz (fully overlap) is assumed. The result is presented in Table 2.  
[bookmark: _Ref507065018]Table 2: Urban macro UL outage percentage (Prob(UL SINR) < -10dB) for 20% indoor UEs, assuming ‘ideal’ TR38.803 UE antenna model
	Peak EIRP
	ISD 200m
	ISD 300m
	ISD 400m

	21.2 dBm
	8.2%
	11.8%
	14.8%

	22.4 dBm
	7.6%
	11.3%
	14.0%

	25.2 dBm
	6.2%
	9.8%
	12.6%



We make the following observation based on Table 2:  
Observation 2: For urban macro with 20% indoor, outage probability ranges from 6.2% to 14.8%. There is significant outage (6.2%) even under the best circumstance of maximum peak EIRP and ideal spherical coverage. 
Based on observation 2, we conclude that 0% indoor assumption is the suitable simulation assumption for evaluating network performance for spherical coverage. 
Proposal 2: Adopt 0% indoor UEs assumptions for urban macro and dense urban when evaluating network performance impact for spherical coverage.  

BS antenna configuration and beamforming assumptions
The BS antenna configuration and the beamforming assumption have a significant impact on the simulation results. For 30GHz, it is stated in the TR38.803 that the BS antenna configuration (Mg, Ng, M, N, P) is (1, 1, 8, 16, 2) for the urban macro and dense urban scenarios, and (1, 1, 4, 8, 2) for the indoor hotspots. However, the beamforming assumption has not been stated in the TR38.803. Figure 1 shows the SINR difference in (a) DL and (b) UL urban macro of 1SD 200m for finite BS beams of 64 beams and 156 beams. The beamforming angles are stated in Table 3. 
[image: ] [image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Athens contributions\20180219\64 beamsVs156beams-UL.jpg]
(a) DL						(b) UL

[bookmark: _Ref506762813]Figure 1: SINR comparison between 64 beams and 156 beams at BS for urban macro 200m ISD
[bookmark: _Ref506763782]Table 3: BS beamforming angles
	
	Azimuth beamforming angles (degree)
	Elevation  beamforming angles (degree)

	156 Beams
	13 angles with step size of 10 degrees
[-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60]
	12 angles with step size 5 degrees
[90 95 100 105 110 115 120 125 130 135 140 145]

	64 Beams
	8 angles with step size of 17 degrees
[-60 -43 -26 -9 8 25 42 59]
	8 angles with step size of 8 degrees
[90 98 106 114 122 130 138 146]



From the above result, we can see that BS beamforming assumption has a significant impact on the network performance analysis. 156 beams at the BS represents an almost ideal beamforming assumption (i.e. infinite beams) and has a better performance on SINR as compared to 64 beams. In addition, the beamforming angles assumption, i.e. horizontal and vertical beam-forming angles, will also have some impact on the results. In order to better understand and compare simulation results, we propose that the BS beamforming assumptions should be clarified for simulations.
Proposal 3: The BS beamforming assumptions should be clarified, i.e. whether finite beams is assumed and the number of finite beams. For finite beamforming, beamforming angles should be clarified to have a common ground for performance analysis.
Network simulation results 
Our network simulation results for 28GHz are presented in this section. 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. 
For the BS antenna modelling assumption, we assume 156 beams at the BS with the beamforming angles as stated in Table 3.
For the UE modelling assumption, Assumption 1 from Table 4 is assumed. The EIRP CDF is as shown in Figure 2. 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. In addition, we assume finite beamforming directions for the reference, 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). Unless stated otherwise, the peak EIRP assumed in network simulation is 22.4dBm, which is the minimum peak EIRP we have proposed for 28GHz [3].
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 and UL resource allocation of 200MHz is assumed. In addition, for the urban macro, outage performance of Assumption 1 is also provided, where UL resource allocation of 20MHz (fully overlap among UEs) is assumed.
[bookmark: _Ref506509926]Table 4: UE assumptions for spherical coverage
[image: ]
[image: C:\Users\b.ng\AppData\Local\Microsoft\Windows\INetCache\Content.Word\EIRP_Comparision-v2.jpg]
[bookmark: _Ref503677873]Figure 2: EIRP CDF of UE beam pattern assumed in network simulation (Assumption 1) and TR38.803 UE antenna model 
Urban macro 
The DL/UL SINR CDF, as well as the throughput loss for urban macro are presented in Figure 3 and Table 5, respectively. We have the following observation.
Observation 3: For urban macro, the throughput loss comparing Assumption 1 with the TR model is not significant, particularly for ISD of 200m and 300m. The DL median throughput loss is 0% and 2.7% for ISD of 200m and 300m, respectively. The UL median throughput loss is 3.0% and 8.8% for ISD of 200m and 300m, respectively.
[image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Athens contributions\Result\Urban Macro\DL\Result\MCD MAX TR-DL-SINR.jpg][image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Athens contributions\20180219\Result\Urban Macro\UL\BW200\UL\UL-SINR-EIRP-22.4dBm.jpg]
(a) DL						(b) UL
[bookmark: _Ref506509544]Figure 3: Urban macro SINR CDF
[bookmark: _Ref506509572]Table 5: Urban macro throughput loss
	Throughput loss
	ISD 200m
	ISD 300m
	ISD 400m

	DL
	Median
	0%
	2.7%
	10.1%

	
	Mean
	5.4%
	6%
	6.5%

	UL
	Median
	3.0%
	8.8%
	16.2%

	
	Mean
	1.8%
	4.6%
	5.7%



The UL SINR CDF, assuming 20MHz UL RA is presented in Figure 4. The corresponding outage performance is shown in Table 6 and the following observation can be made.
Observation 4: For urban macro, the outage performance of Assumption 1 is similar to that of TR model as stated in Observation 1.
[image: isd200300400-max]
[bookmark: _Ref506503461]Figure 4: Urban macro UL SINR CDF – peak EIRP vs ISD, 20MHz UL RA

[bookmark: _Ref506503695]Table 6: Urban macro UL outage percentage (Prob(UL SINR) < -10dB)
	Peak EIRP
	ISD 200m
	ISD 300m
	ISD 400m

	21.2 dBm
	0%
	0.7%
	1.1%

	22.4 dBm
	0%
	0.6%
	0.9%

	25.2 dBm
	0%
	0.3%
	0.7%



Dense urban
The DL/UL SINR CDF, as well as the throughput loss for dense urban are presented in Figure 5 and Table 7, respectively. We have the following observation.
Observation 5: For dense urban, the throughput loss of Assumption 1 with respect to the TR model is not significant. The median throughput loss is zero for DL, and 3.8% for UL. 
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(a) DL						(b) UL
[bookmark: _Ref506510791]Figure 5:  Dense urban SINR CDF (200MHz);

[bookmark: _Ref506510824]Table 7: Dense urban throughput loss
	Throughput loss
	DL
	UL

	Median 
	0%
	3.8%

	Mean
	4.9%
	3.6%



Indoor hotspots 
The DL/UL SINR CDF, as well as the throughput loss for indoor hotspots are presented in Figure 6 and Table 8, respectively. We have the following observation.
Observation 6: For indoor hotspots, the throughput loss of Assumption 1 with respect to the TR model is not significant. The median throughput loss is 2.7% for DL, and 2.5% for UL. 
[image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Athens contributions\Result\Indoor\DL\SINR-ran4.jpg][image: C:\Users\b.ng\Documents\Boon\5G\5G mmWave Terminal project\RAN4\RAN4 Athens contributions\20180219\Result\Indoor\UL\indoor-BW-200-UL-SINR.jpg]
(a) DL						(b) UL
[bookmark: _Ref506510888]Figure 6:  Indoor hotspots SINR CDF (200MHz)

[bookmark: _Ref506510925]Table 8: Indoor hotpots throughput loss
	Throughput loss
	DL
	UL

	Median
	2.7%
	2.5%

	Mean
	3.0%
	2.5%



Result analysis 
It is clear from the results in Section 3.1 to Section 3.3 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 2. 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 in the DL at the UE for the urban macro with ISD 200m is given in Figure 7. It can be observed that the realized EIRP difference is much smaller compared to that shown in Figure 2.
[bookmark: _GoBack]Since Assumption 1 represents the worst case among the UE assumptions to be evaluated, it is expected similar conclusion can be reached for the other UE assumptions.
Observation 7: 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 Athens contributions\20180219\Result\EIRP-cellassoc.jpg]
[bookmark: _Ref506767049]Figure 7: Experienced/realized EIRP – Urban macro ISD of 200m (DL)

Conclusions
In this contribution, we discussed proposals to refine simulation assumptions and presented our network performance results for urban macro, dense urban and indoor hotspots. Our observations and proposals are summarized below.
Observation 1: For urban macro for 200 and 300 ISD, outage probability is <1% for the peak EIRP range under consideration (21.2dBm – 25.2dBm); whereas for 400m ISD, outage probability can be >1% for certain peak EIRP in the same range. 
Proposal 1: Replace 400m ISD with 300m ISD as one of the baselines for the urban macro simulation scenario. 
Observation 2: For urban macro with 20% indoor, outage probability ranges from 6.2% to 14.8%. There is significant outage (6.2%) even under the best circumstance of maximum peak EIRP and ideal spherical coverage. 
Proposal 2: Adopt 0% indoor UEs assumptions for urban macro and dense urban when evaluating network performance impact for spherical coverage.  
Proposal 3: The BS beamforming assumptions should be clarified, i.e. whether finite beams is assumed and the number of finite beams. For finite beamforming, beamforming angles should be clarified to have a common ground for performance analysis.
Observation 3: : For urban macro, the throughput loss comparing Assumption 1 with the TR model is not significant, particularly for ISD of 200m and 300m. The DL median throughput loss is 0% and 2.7% for ISD of 200m and 300m, respectively. The UL median throughput loss is 3.0% and 8.8% for ISD of 200m and 300m, respectively.
Observation 4: For urban macro, the outage performance of Assumption 1 is similar to that of TR model as stated in Observation 1.
Observation 5: For dense urban, the throughput loss of Assumption 1 with respect to the TR model is not significant. The median throughput loss is zero for DL, and 3.8% for UL.
Observation 6: For indoor hotspots, the throughput loss of Assumption 1 with respect to the TR model is not significant. The median throughput loss is 2.7% for DL, and 2.5% for UL 
Observation 7: 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.
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Appendix
Work plan from the agreed WF 5:
· 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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