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1. Introduction
In HetNet studies, the 3D antenna pattern for macro base station has been used in some contributions. In the same setup, one would expect that some kind of 3D antenna pattern should be used for new nodes for consistence. In the current document specifying the system simulations for HetNet studies, i.e. 3GPP TR 36.814[3], omni-antennas for new nodes are assumed. In this contribution, a 3D antenna pattern for the new node omni-antennas is proposed. And it is recommended that a 3D antenna pattern for new nodes be used whenever a 3D antenna pattern for macro base stations is used.
2. 3D antenna pattern for new nodes
In 3GPP TR 36.814, the antenna gain including connector loss for new nodes is specified as 5 dBi. If the connector loss is 0 dB, then the antenna gain for new nodes is 5 dBi. If the connector loss is 2 dB, then the antenna gain for new nodes is 7 dBi.
From antenna theory [2], it can be seen that the vertical antenna bandwidth cannot be arbitrarily chosen once an antenna gain is specified. A formula found in [1] can be used to determine the beamwidth of a 5 dBi (or 7 dBi) omni-antenna:
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where HPBW is the Half-Power BandWidth in degrees.  From that formula, it is found a 5 dBi omni-antenna has a beamwidth of 37 degrees and a 7 dBi omni-antenna has a beamwidth of  22.5 dgrees.
The vertical beam pattern can be approximated by 
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where 
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 is a parameter to fit the specified HPBW and a smallest antenna gain (say -20 dBi). And 
[image: image4.wmf]n

 can be found through:
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3. Antenna gain difference between 2D and 3D antenna pattern
We simulate the antenna gain difference between 2D and 3D pattern with the following assumption:
1. The height of the new node is 10 m.

2. UEs are uniformly dropped in a 40 m radius around the new node

3. The minimum distance between a UE and a new node is 10 m.

For the simulation, we use the antenna patterns obtained through finding 
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and limiting the smallest antenna gain to -20 dBi according to the specified antenna gain (5 dBi or 7 dBi). We also use a measured antenna pattern for an antenna at 5 dBi  from Andrew (DB583_ST_00DT_0835, Andrew).
The result is shown in figure 1. It can be seen that with the measured antenna pattern, there is a 10% probability that 2D pattern and 3D pattern has a difference in antenna gain larger than 7.5 dB. In the case where a UE is dropped 10 m away from the new node, the difference is more than 20 dB. 
We also include two antenna patterns from Kathrein for reference. One is for a 5 dBi omni-antenna, another is for 8 dBi omni-antenna, which should bear some similarity with the antenna pattern of a 7 dBi omni-antenna. Hence it is even more important to consider the 3D pattern if one uses a 7 dBi omni-antenna. 
4. System simulation results
In this section,  in tables 1~5, we provide the system simulation results with the 3D antenna pattern proposed in this contribution and a “mixed” 3D antenna pattern (macro cells use the 3D antenna pattern defined in 36.814 and  pico cells use an omni-antenna pattern without considering the vertical pattern).  Simulation results for 1 pico/sector, 2 picos/sector, 4 picos/sector and 10 picos/sector are provided. Simulation results for Macro Only are also provided as reference.
Configuration 4a with 30 UEs per sector and channel model 2 are used in simulations. From the tables below, it can be seen the pico cell throughput with the “mixed” 3D antenna pattern is  6.7%, 6.2%, 8.1% and 10.0% higher  for 1 pico/sector, 2 picos/sector, 4 picos/sector and 10 picos/sector  respectively than that with the 3D antenna pattern. 
5. Conclusion
It is recommended that a 3D antenna pattern for new node omni-antennas in HetNet study be defined in the evaluation methodology document.
[image: image7.png]CcCoF

1 :

Andrew
0.8 1 —— 5 dBi fitting [ ml
——— 7 dBi fting

08

07

06

05

04

03

3 20 15 -0 5 [
Gain Difference between 2D and 3D antenna pattern (dB)





                                                                           Figure 1
[image: image8.png]



                               Figure 2, Kathrein Type K 75 15 64 1 (5 dBi)
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                                Figure 3, Kathrein Type 736 350 (8 dBi)
Table 1 Macro only results

	 
	 
	 
	3D pattern
	Mixed 3D pattern

	Macro only
	Macro cell
	Avg UE tput (kbps)
	549.459
	549.459

	
	
	5% UE tput (kbps)
	253.371
	253.371

	
	
	50% UE tput (kbps)
	512.322
	512.322

	
	
	95% UE tput (kbps)
	948.546
	948.546

	
	
	sector tput (Mbps)
	16.484
	16.484

	
	Pico cell
	Avg UE tput (kbps)
	
	

	
	
	5% UE tput (kbps)
	
	

	
	
	50% UE tput (kbps)
	
	

	
	
	95% UE tput (kbps)
	
	

	
	
	sector tput (Mbps)
	
	

	
	Overall
	5% UE tput (kbps)
	253.371
	253.371

	
	
	50% UE tput (kbps)
	512.322
	512.322

	
	
	95% UE tput (kbps)
	948.546
	948.546

	
	
	Overall macro tput (Mbps)
	939.574
	939.574

	
	
	Overall pico tput (Mbps)
	0
	0

	
	
	Avg macro UE number
	1710
	1710

	
	
	Avg pico UE number
	0
	0


Table 2 1 pico/sector results

	 
	 
	 
	3D pattern
	Mixed 3D pattern

	1 pico/sector
	Macro cell
	Avg UE tput (kbps)
	607.183
	610.9

	
	
	5% UE tput (kbps)
	280.12
	281.3

	
	
	50% UE tput (kbps)
	563.349
	566.844

	
	
	95% UE tput (kbps)
	1026.986
	1034.684

	
	
	sector tput (Mbps)
	16.518
	16.528

	
	Pico cell
	Avg UE tput (kbps)
	3623.461
	3667.16

	
	
	5% UE tput (kbps)
	1129.949
	1144.952

	
	
	50% UE tput (kbps)
	2892.074
	2943.306

	
	
	95% UE tput (kbps)
	8160.628
	8852.839

	
	
	sector tput (Mbps)
	10.105
	10.784

	
	Overall
	5% UE tput (kbps)
	285.324
	286.786

	
	
	50% UE tput (kbps)
	597.884
	604.112

	
	
	95% UE tput (kbps)
	2745.971
	2878.927

	
	
	Overall macro tput (Mbps)
	941.546
	942.123

	
	
	Overall pico tput (Mbps)
	575.995
	614.664

	
	
	Avg macro UE number
	1550.75
	1542.25

	
	
	Avg pico UE number
	159.25
	167.75


Table 3 2 picos/sector results

	 
	 
	 
	3D pattern
	Mixed 3D pattern

	2 picos/sector
	Macro cell
	Avg UE tput (kbps)
	660.64
	668.752

	
	
	5% UE tput (kbps)
	305.301
	309.619

	
	
	50% UE tput (kbps)
	616.713
	624.924

	
	
	95% UE tput (kbps)
	1123.11
	1137.709

	
	
	sector tput (Mbps)
	16.5
	16.509

	
	Pico cell
	Avg UE tput (kbps)
	4163.665
	4177.877

	
	
	5% UE tput (kbps)
	1468.494
	1428.698

	
	
	50% UE tput (kbps)
	3412.039
	3391.957

	
	
	95% UE tput (kbps)
	9397.554
	9548.653

	
	
	sector tput (Mbps)
	10.44
	11.085

	
	Overall
	5% UE tput (kbps)
	319.557
	322.234

	
	
	50% UE tput (kbps)
	691.814
	704.912

	
	
	95% UE tput (kbps)
	4667.19
	4838.964

	
	
	Overall macro tput (Mbps)
	940.494
	941.026

	
	
	Overall pico tput (Mbps)
	1190.125
	1263.743

	
	
	Avg macro UE number
	1423.75
	1407.25

	
	
	Avg pico UE number
	286.25
	302.75


Table 4 4 picos/sector results

	 
	 
	 
	3D pattern
	Mixed 3D pattern

	4 picos/sector
	Macro cell
	Avg UE tput (kbps)
	799.521
	819.854

	
	
	5% UE tput (kbps)
	363.937
	372.475

	
	
	50% UE tput (kbps)
	742.609
	765.008

	
	
	95% UE tput (kbps)
	1370.782
	1399.761

	
	
	sector tput (Mbps)
	16.679
	16.694

	
	Pico cell
	Avg UE tput (kbps)
	4438.343
	4549.503

	
	
	5% UE tput (kbps)
	1444.02
	1475.504

	
	
	50% UE tput (kbps)
	3644.483
	3712.088

	
	
	95% UE tput (kbps)
	10532.99
	10966.214

	
	
	sector tput (Mbps)
	10.132
	10.955

	
	Overall
	5% UE tput (kbps)
	392.308
	402.791

	
	
	50% UE tput (kbps)
	962.158
	1001

	
	
	95% UE tput (kbps)
	6694.985
	7010.888

	
	
	Overall macro tput (Mbps)
	950.701
	951.559

	
	
	Overall pico tput (Mbps)
	2310.027
	2497.788

	
	
	Avg macro UE number
	1189.25
	1160.75

	
	
	Avg pico UE number
	520.75
	549.25


Table 5 10 picos/sector results

	 
	 
	 
	3D pattern
	Mixed 3D pattern

	10 picos/sector
	Macro cell
	Avg UE tput (kbps)
	1151.599
	1222.225

	
	
	5% UE tput (kbps)
	516.19
	540.93

	
	
	50% UE tput (kbps)
	1075.887
	1135.647

	
	
	95% UE tput (kbps)
	2042.539
	2161.239

	
	
	sector tput (Mbps)
	17.552
	17.614

	
	Pico cell
	Avg UE tput (kbps)
	5708.218
	5947.763

	
	
	5% UE tput (kbps)
	1869.766
	1883.344

	
	
	50% UE tput (kbps)
	4783.762
	4972.839

	
	
	95% UE tput (kbps)
	12617.25
	13251.775

	
	
	sector tput (Mbps)
	8.422
	9.268

	
	Overall
	5% UE tput (kbps)
	601.875
	649.954

	
	
	50% UE tput (kbps)
	1929.895
	2178.066

	
	
	95% UE tput (kbps)
	10247.81
	11087.504

	
	
	Overall macro tput (Mbps)
	1000.439
	1004.008

	
	
	Overall pico tput (Mbps)
	4800.343
	5282.886

	
	
	Avg macro UE number
	869
	821.75

	
	
	Avg pico UE number
	841
	888.25
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