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1. Introduction

In the previous meeting, antenna modeling and simulation assumptions are determined for phase 1. Also, downtilt angle for phase 1 simulation is discussed in the email discussion [78bis-18], and the following decisions are made:
Use following values as a common tilt value (A) for each scenario and provide results using this. In addition, each company can also provide performance results using your own optimal tilt value (B) in the particular scenario. 

(1) 3D-UMa with ISD=500m, 2 GHz:  100 deg 

(2) 3D-UMa with ISD=200m, (2 GHz mandatory, 3.5 GHz optional): 104 deg 

(3) 3D-UMi with ISD=200m, (2 GHz, 3.5 GHz – both mandatory): 100 deg
Based on the agreed simulation assumptions and antenna modeling, we present initial full buffer throughput results for phase 1 simulation in this contribution. Also, the best tilting angles in terms of throughput is investigated. In Annex A, detailed evaluation assumptions are given that we applied.
2. Full buffer evaluation results for phase 1
In this section, we present initial full buffer simulation results for phase 1. In Table 1, there are throughput results in four mandatory scenarios; 3D-UMa with ISD = 500m and 200m in 2GHz, and 3D-UMi with ISD = 200m in 2GHz and 3.5GHz. The agreed tilting angles in the email discussion [78bis-18] are used for the simulation. The results of average sector throughput, 5% UE throughput and 50% UE throughput are shown in the table. 
Table 1: 5%, 50% UE and average sector throughput results of full buffer simulation for phase 1

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	3D-UMa with ISD=500m, 2 GHz
	2.2597
	0.0777
	0.2099

	3D-UMa with ISD=200m, 2 GHz
	2.1911
	0.0746
	0.2036

	3D-UMi with ISD=200m, 2 GHz
	2.2170
	0.0758
	0.2104

	3D-UMi with ISD=200m, 3.5 GHz
	2.2077
	0.0725
	0.2104


Also, we have simulated throughput results according to different tilting angles for mandatory 4 scenarios in Tables 2, 3, 4, 5. In addition, 5% and 50% UE throughput results according to different tilting angles are plotted in Figures 1, 2, 3, 4 for the respective scenario. It can be seen in the results that the best tilting angles are 100, 103, 99, 98 degrees in terms of 5% UE throughput for 3D-UMa with ISD=500m in 2GHz, 3D-UMa with ISD=200m in 2GHz, 3D-UMi with ISD=200m in 2GHz and 3D-UMi with ISD=200m in 3.5GHz, respectively. Compared to throughput of agreed tilting angles, the best throughputs have maximum 3.6% gains in 5% UE throughput.

Observation: Compared to throughput of agreed tilting angles, the best throughputs show at most about 3.6% differences in 5% UE throughput.
Table 2: 5%, 50% UE and average sector throughput results according to different tilting angles in 3D-UMa with ISD=500m, 2GHz

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	3D-UMa with ISD=500m, 2 GHz, etilt=97 
	2.1544 (95.34%)
	0.0692 (89.06%)
	0.1984 (94.52%)

	3D-UMa with ISD=500m, 2 GHz, etilt=98
	2.1969 (97.22%)
	0.0712 (91.63%)
	0.2043 (97.33%)

	3D-UMa with ISD=500m, 2 GHz, etilt=99
	2.2479 (99.48%)
	0.0770 (99.10%)
	0.2092 (99.67%)

	3D-UMa with ISD=500m, 2 GHz, etilt=100
	2.2597  (100%)
	0.0777  (100%)
	0.2099  (100%)

	3D-UMa with ISD=500m, 2 GHz, etilt=101
	2.1790 (96.43%)
	0.0701 (90.22%)
	0.2041 (97.24%)

	3D-UMa with ISD=500m, 2 GHz, etilt=102
	2.0769 (91.91%)
	0.0602 (77.48%)
	0.1937 (92.28%)

	3D-UMa with ISD=500m, 2 GHz, etilt=103
	2.0249 (89.61%)
	0.0585 (75.29%)
	0.1870 (89.09%)
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Figure 1. UE throughput according to different tilting angles for 3D-UMa with ISD=500m, 2GHz.
Table 3: 5%, 50% UE and average sector throughput results according to different tilting angles in 3D-UMa with ISD=200m, 2GHz

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	3D-UMa with ISD=200m, 2 GHz, etilt=102 
	2.2063 (100.7%)
	0.0766 (102.7%)
	0.2045 (100.4%)

	3D-UMa with ISD=200m, 2 GHz, etilt=103
	2.2051 (100.6%)
	0.0773 (103.6%)
	0.2040 (100.2%)

	3D-UMa with ISD=200m, 2 GHz, etilt=104
	2.1911   (100%)
	0.0746  (100%)
	0.2036  (100%)

	3D-UMa with ISD=200m, 2 GHz, etilt=105
	2.1652 (98.82%)
	0.0724 (97.05%)
	0.2010 (98.72%)

	3D-UMa with ISD=200m, 2 GHz, etilt=106
	2.1529 (98.26%)
	0.0714 (95.71%)
	0.1988 (97.64%)

	3D-UMa with ISD=200m, 2 GHz, etilt=107
	2.1419 (97.75%)
	0.0721 (96.65%)
	0.1998 (98.13%)

	3D-UMa with ISD=200m, 2 GHz, etilt=108
	2.1500 (98.12%)
	0.0720 (96.51%)
	0.1992 (97.83%)

	3D-UMa with ISD=200m, 2 GHz, etilt=109
	2.1597 (98.57%)
	0.0724 (97.05%)
	0.2009 (98.67%)

	3D-UMa with ISD=200m, 2 GHz, etilt=110
	2.1649 (98.80%)
	0.0731 (97.99%)
	0.1990 (97.74%)
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Figure 2. UE throughput according to different tilting angles for 3D-UMa with ISD=200m, 2GHz.
Table 4: 5%, 50% UE and average sector throughput results according to different tilting angles in 3D-UMi with ISD=200m, 2GHz

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	3D-UMi with ISD=200m, 2 GHz, etilt=97 
	2.2412 (101.1%)
	0.0743 (98.02%)
	0.2114 (100.5%)

	3D-UMi with ISD=200m, 2 GHz, etilt=98
	2.2397 (101.0%)
	0.0764 (100.8%)
	0.2135 (101.5%)

	3D-UMi with ISD=200m, 2 GHz, etilt=99
	2.2288 (100.5%)
	0.0768 (101.3%)
	0.2144 (101.9%)

	3D-UMi with ISD=200m, 2 GHz, etilt=100
	2.2170  (100%)
	0.0758  (100%)
	0.2104  (100%)

	3D-UMi with ISD=200m, 2 GHz, etilt=101
	2.2052 (99.47%)
	0.0715 (94.33%)
	0.2108 (100.2%)

	3D-UMi with ISD=200m, 2 GHz, etilt=102
	2.1846 (98.54%)
	0.0718 (94.72%)
	0.2068 (98.29%)

	3D-UMi with ISD=200m, 2 GHz, etilt=103
	2.1754 (98.12%)
	0.0697 (91.95%)
	0.2040 (96.96%)


[image: image3.emf]0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

97  98  99  100  101  102  103 

UE Throughput [Mbps]

Tilt angle

3D-UMi with ISD=200m, 2 GHz

5% UE

50% UE


Figure 3. UE throughput according to different tilting angles for 3D-UMi with ISD=200m, 2GHz.
Table 5: 5%, 50% UE and average sector throughput results according to different tilting angles in 3D-UMi with ISD=200m, 3.5GHz

	
	Average sector Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	3D-UMi with ISD=200m, 3.5 GHz, etilt=97 
	2.2354 (103.0%)
	0.0747 (100.3%)
	0.2110 (99.90%)

	3D-UMi with ISD=200m, 3.5 GHz, etilt=98
	2.2324 (105.0%)
	0.0761 (100.8%)
	0.2121 (99.74%)

	3D-UMi with ISD=200m, 3.5 GHz, etilt=99
	2.2233 (102.6%)
	0.0744 (100.3%)
	0.2110 (101.3%)

	3D-UMi with ISD=200m, 3.5 GHz, etilt=100
	2.2077  (100%)
	0.0725  (100%)
	0.2104  (100%)

	3D-UMi with ISD=200m, 3.5 GHz, etilt=101
	2.1913 (97.66%)
	0.0708 (98.95%)
	0.2082 (98.08%)

	3D-UMi with ISD=200m, 3.5 GHz, etilt=102
	2.1737 (95.17%)
	0.0690 (98.05%)
	0.2063 (98.85%)

	3D-UMi with ISD=200m, 3.5 GHz, etilt=103
	2.1728 (96.83%)
	0.0702 (97.20%)
	0.2045 (97.58%)
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Figure 4. UE throughput according to different tilting angles for 3D-UMi with ISD=200m, 3.5GHz.
3. Conclusion
In this contribution, we present initial full buffer throughput results for phase 1 simulation. The best tilting angles in terms of throughput is also investigated. The observation based on the results is given as follows:
Observation: Compared to throughput of agreed tilting angles, the best throughputs show at most about 3.6% differences in 5% UE throughput.
______________________________________________________________________
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 Annex A: Simulation assumptions
Table A-1. Simulation assumptions for baseline performance 

	Scenarios 
	3D-UMa with ISD = 500m in 2GHz, 

3D-UMa with ISD = 200m in 2GHz,

3D-UMi with ISD = 200m in 2GHz

3D-UMi with ISD = 200m in 3.5GHz

	BS antenna configurations 
	antenna elements config: 8 x 4 x 2 (+/-45), TXRU config: 1 x 4 x 2 (+/-45), 0.8λ H/0.5 λ V

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per cell
	10


	UE distribution 
	Follows TR36.873 

	UE speed
	3km/h

	Polarized antenna modeling 
	Model -2 from TR36.873 

	UE array orientation 
	ΩUT,α  uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree 

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	Full buffer

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)  

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions 


	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions 

	CSI-RS, CRS 
	CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is given by [1, 0, 0, 0, 0, 0, 0, 0]

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2 for non-reciprocity operation 

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook based for non-reciprocity based operation 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Cell average SE

	
	5% UE throughput, 50% UE throughput
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