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1. Introduction
In 36.814, heterogeneous network deployments with pico nodes are given the second highest priority after Indoor HeNB clusters in heterogeneous network evaluation. And the pico cell deployments have been considered in a number of contributions, for example [1]

 REF _Ref260738253 \r \h 
[2]. In this contribution, some results with updated system simulation parameters as specified in [3] are provided.  
2. Simulation setup

Simulations are conducted for 3GPP case 1 with configuration 4a with 30 UEs per macro cell. The details of simulation setup can be found in the appendix.  
3. Heterogeneous deployment downlink results  
We provide the average UE throughput, 5 percentile, median and 95 percentile UE throughput for macro cells, pico cells and all cells in figures 1-3. We also provide the percentage of UEs associated picos in table 1  In running simulations, the UE dropping rule is to drop UEs uniformly in the feasible geographical area of a macro cell or a pico cell. In contrast, in our previous contribution[4], after a UE is dropped uniformly in the feasible geographical area of that macro cell,  it is checked to see whether the UE attaches to the  macro cell. If it does not, then a UE is redropped in the geographical area of that  macro cell.  As one can see the difference in UE dropping rules leads to a quite large difference in UE-attach rate to pico cells.
We also update the Line of Sight state determination between a UE and a macro cell.  Now all three macro cells collocated at a site share the same Line of Sight state towards a UE. 
In Appendix B, the simulation results for the following four  UE-dropping rules are provided:

1. Drop macro UEs uniformly in a geographical area, and assume identical LoS state between a UE and co-located sectors (the same results as presented in section 3)
2. Drop macro UEs uniformly in a geographical area, and assume independent LoS state between a  UE and co-located sectors

3. Drop macro UEs uniformly in a geographical area and ensure each macro sector has the same number of attached UEs, and assume identical LoS state between a UE and co-located sectors

4. Drop macro UEs uniformly in a geographical area and ensure each macro sector has the same number of attached UEs, and assume independent LoS state between a UE and co-located sectors (the same results as presented in  [4])
In this section, the simulation results for UE-droping rule 1 are shown in figures 1-3 and table 1.
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[image: image3.emf]Overall UE Throughput 

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

5 percentile UE tput 50 percentile UE tput

Kbps

Overall with 2 picos/sector

Overall with 4 picos/sector

Overall with 10 picos/sector


                     Figure 3

Table 1 UE attach rate with pico cells with UE dropping rule 1

	
	Percentage of UEs associated with picos

	1 pico/sector
	7.59

	2 picos/sector
	14.01

	4 picos/sector
	25.89

	10 picos/sector
	44.56


   Table 2  UE attach rate with pico cells with UE dropping rule 4
	
	Percentage of UEs associated with picos

	1 pico/sector
	3.01

	2 picos/sector
	6.15

	4 picos/sector
	13.16

	10 picos/sector
	33.29


4.  Discussion and conclusion
From the simulation results in section 3 and Appendix B, one can see that the UE-attach rate to pico cells is a key parameter to understand the impact of dropping more pico cells in a macro sector. Due to the large difference in transmission power and antenna gain between macro cell and pico cell eNB, even UEs dropped in the vicinity of a pico cell (within 40 m to the pico cell) can be associated with a  macro cell instead of the pico cell.  From Appendix B, one can see How the LoS state between UE and collocated sectors is determined has limited impact on the UE-attach rate to pico cells.
  From table 1 (also from Appendix B), the percentage of UEs associated with pico cells is 7.6%, 14%,   26% and   45% respectively for 1, 2, 4 and 10 picos per macro cell with  UE-dropping rule 1. And from table 2 (also from Appendix B), the percentage of UEs associated with pico cells is 3.0%, 6.2%,   13.2% and   33.3% respectively for 1, 2, 4 and 10 picos per macro cell with  UE-dropping rule 4. The UE attach rate to pico cells can be quite sensitive to the UE-dropping rules, even though on surface both dropping rules are similar.
If there is a need to develop schemes such as biased cell selection for pico cells, It may be necessary to perform sensitivity study of those schemes with different UE-dropping rules to ensure robust solutions.
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Appendix A
	Simulation Parameter
	Value

	Deployment scenario
	2, 4 and 10 picos randomly overlaid onto Case 1 macro-cells (19-cell, 57-sector wrap-around)

	Number of UEs per macro-cell sector 
	30

	Serving cell attachment 
	RSRP-based 

	Scheduler 
	Proportional fairness

	Bandwidth and Carrier Frequency
	10MHz and 2GHz

	Pathloss models
	As per 3GPP TR 36.814 model 2

	Macro cell ISD
	500m

	Max Macro Tx Power 
	46dBm

	Max Pico Tx Power
	30dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	Both 2D/3D antenna pattern

	Pico eNB antenna pattern
	Omni-directional, both 2D/3D antenna pattern

	Macro eNB antenna gain
	17dBi

	Pico eNB antenna gain
	5dBi

	Antenna configuration
	2 cross-pol antennas for eNB, 2-Rx cross-pol antennas for terminal  (2x2 SU-MIMO)

	Minimum distance between pico and macro
	75m

	Minimum distance between picos
	40m

	Minimum distance between macro and UE
	35m

	Minimum distance between pico and UE
	10m

	Fast Fading Channel 
	Modeled


Appendix B
The simulation results with different UE-dropping rules are presented in this section. As the UE-attach rate to pico cells is high for case 3, only results for case 1 are included here.
Results with the following UE-dropping rule (UE-dropping rule 1):
Drop macro UEs uniformly in a geographical area, and assume identical LoS state between a UE and co-located sectors (the same results as presented in section 3)
	 
	 
	Macro only
	1 pico/sector
	2 picos/sector
	4 picos/sector
	10 picos/sector

	macro
	Avg UE tput (kbps)
	535.68
	580.51
	620.92
	727.90
	1014.03

	
	5% UE tput (kbps)
	241.94
	266.25
	285.73
	331.46
	457.90

	
	50% UE tput (kbps)
	496.30
	534.78
	575.87
	665.96
	942.75

	
	95% UE tput (kbps)
	944.74
	1012.02
	1077.94
	1266.15
	1843.37

	
	sector tput (Mbps)
	16.07
	16.09
	16.02
	16.18
	16.86

	Pico
	Avg UE tput (kbps)
	NaN
	3931.70
	4398.39
	4652.58
	5848.37

	
	5% UE tput (kbps)
	NaN
	1157.64
	1468.50
	1483.44
	1803.96

	
	50% UE tput (kbps)
	NaN
	3162.82
	3552.43
	3766.06
	4964.70

	
	95% UE tput (kbps)
	NaN
	8860.64
	9849.50
	10877.35
	13062.24

	
	sector tput (Mbps)
	NaN
	8.94
	9.21
	9.03
	7.82

	Overall
	5% UE tput (kbps)
	241.94
	269.58
	297.97
	355.26
	526.67

	
	50% UE tput (kbps)
	496.30
	560.35
	630.95
	845.18
	1494.34

	
	95% UE tput (kbps)
	944.74
	2382.17
	4457.39
	6621.94
	10197.16

	 
	overall macro tput (Mbps)
	916.02
	917.34
	912.96
	922.33
	960.86

	 
	overall pico tput (Mbps)
	0.00
	509.46
	1050.19
	2058.84
	4455.46

	 
	Avg macro UE number
	1710
	1580.25
	1470.5
	1267.25
	948

	 
	Avg pico UE number
	0
	129.75
	239.5
	442.75
	762


Results with the following UE-dropping rule(UE-dropping rule 2):

 Drop macro UEs uniformly in a geographical area, and assume independent LoS state between a  UE and co-located sectors

	 
	 
	Macro only
	1 pico/sector
	2 picos/sector
	4 picos/sector
	10 picos/sector

	macro
	Avg UE tput (kbps)
	559.34
	613.82
	654.18
	750.55
	1038.86

	
	5% UE tput (kbps)
	240.36
	265.02
	286.31
	329.84
	475.31

	
	50% UE tput (kbps)
	510.00
	548.68
	586.48
	681.71
	948.23

	
	95% UE tput (kbps)
	1004.11
	1125.22
	1191.70
	1346.53
	1906.34

	
	sector tput (Mbps)
	16.78
	17.13
	16.93
	16.78
	17.68

	Pico
	Avg UE tput (kbps)
	NaN
	4076.15
	4304.10
	4539.66
	5894.58

	
	5% UE tput (kbps)
	NaN
	1244.70
	1384.49
	1393.15
	1889.01

	
	50% UE tput (kbps)
	NaN
	2939.37
	3428.10
	3719.49
	4953.95

	
	95% UE tput (kbps)
	NaN
	10142.25
	9987.79
	10497.04
	13195.90

	
	sector tput (Mbps)
	NaN
	8.48
	8.87
	8.67
	7.65

	Overall
	5% UE tput (kbps)
	240.36
	268.64
	295.47
	352.87
	535.81

	
	50% UE tput (kbps)
	510.00
	575.19
	646.29
	846.52
	1474.90

	
	95% UE tput (kbps)
	1004.11
	2145.92
	4273.79
	6324.09
	10140.82

	 
	overall macro tput (Mbps)
	956.47
	976.57
	964.87
	956.25
	1007.87

	 
	overall pico tput (Mbps)
	0.00
	483.46
	1010.73
	1977.13
	4359.25

	 
	Avg macro UE number
	1710
	1591
	1475
	1274.25
	970.5

	 
	Avg pico UE number
	0
	119
	235
	435.75
	739.5


Results with the following UE-dropping rule(UE-dropping rule 3):
Drop macro UEs uniformly in a geographical area and ensure each macro sector has the same number of attached UEs, and assume identical LoS state between a UE and co-located sectors

	 
	 
	Macro only
	1 pico/sector
	2 picos/sector
	4 picos/sector
	10 picos/sector

	macro
	Avg UE tput (kbps)
	572.97
	610.94
	649.29
	733.31
	999.15

	
	5% UE tput (kbps)
	279.99
	305.94
	319.53
	362.31
	484.24

	
	50% UE tput (kbps)
	545.99
	591.46
	636.44
	743.30
	1010.16

	
	95% UE tput (kbps)
	897.08
	931.53
	974.57
	1070.65
	1527.96

	
	sector tput (Mbps)
	17.19
	17.77
	18.18
	19.14
	19.77

	Pico
	Avg UE tput (kbps)
	NaN
	9164.17
	8654.65
	8420.94
	7718.54

	
	5% UE tput (kbps)
	NaN
	3046.26
	3238.68
	3274.00
	3056.91

	
	50% UE tput (kbps)
	NaN
	7752.44
	7644.99
	7702.14
	6904.36

	
	95% UE tput (kbps)
	NaN
	18735.11
	17113.37
	16165.22
	15039.21

	
	sector tput (Mbps)
	NaN
	8.35
	8.65
	8.21
	7.88

	Overall
	5% UE tput (kbps)
	279.99
	307.56
	323.86
	375.95
	527.31

	
	50% UE tput (kbps)
	545.99
	602.79
	666.55
	812.85
	1234.75

	
	95% UE tput (kbps)
	897.08
	973.96
	5406.56
	8914.58
	11827.00

	 
	overall macro tput (Mbps)
	979.79
	1012.93
	1036.24
	1090.95
	1126.85

	 
	overall pico tput (Mbps)
	0.00
	475.87
	986.59
	1872.14
	4490.88

	 
	Avg macro UE number
	1710
	1658
	1596
	1487.67
	1128

	 
	Avg pico UE number
	0
	52
	114
	222.33
	582


Results with the following UE-dropping rule (UE-dropping rule 4):
Drop macro UEs uniformly in a geographical area and ensure each macro sector has the same number of attached UEs, and assume independent LoS state between a UE and co-located sectors (the same results as presented in  [4])
	 
	 
	Macro only
	1 pico/sector
	2 picos/sector
	4 picos/sector
	10 picos/sector

	macro
	Avg UE tput (kbps)
	588.81
	624.36
	668.33
	760.08
	1047.46

	
	5% UE tput (kbps)
	271.52
	293.92
	308.73
	356.81
	479.19

	
	50% UE tput (kbps)
	541.76
	573.85
	619.64
	724.54
	1005.74

	
	95% UE tput (kbps)
	967.25
	1012.40
	1102.76
	1235.05
	1819.94

	
	sector tput (Mbps)
	17.66
	18.17
	18.82
	19.80
	20.96

	Pico
	Avg UE tput (kbps)
	NaN
	8862.34
	8734.70
	8334.45
	7727.73

	
	5% UE tput (kbps)
	NaN
	3068.52
	3271.70
	3247.51
	3018.34

	
	50% UE tput (kbps)
	NaN
	7457.43
	7942.92
	7472.50
	6899.62

	
	95% UE tput (kbps)
	NaN
	19391.63
	16730.74
	15640.11
	15234.81

	
	sector tput (Mbps)
	NaN
	7.93
	8.05
	8.23
	7.72

	Overall
	5% UE tput (kbps)
	271.52
	295.74
	312.84
	370.57
	526.20

	
	50% UE tput (kbps)
	541.76
	586.37
	648.99
	788.58
	1265.16

	
	95% UE tput (kbps)
	967.25
	1351.63
	5026.22
	8868.18
	11476.41

	 
	overall macro tput (Mbps)
	1006.87
	1035.53
	1072.49
	1128.72
	1194.80

	 
	overall pico tput (Mbps)
	0.00
	452.12
	917.61
	1875.65
	4399.45

	 
	Avg macro UE number
	1710
	1658.5
	1604.75
	1485
	1140.75

	 
	Avg pico UE number
	0
	51.5
	105.25
	225
	569.25
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