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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 results - Downlink
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, 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.  
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. 
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                     Figure 3

                                       Table 1  UE association rate with pico cells
	
	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


4. Heterogeneous deployment results - Uplink

UE performance results are provided in Figure 1 for UEs that attached to the macro cells and in Figure 2 for UEs that attached to the pico cells.  In general, UEs in macro cells enjoy greater throughput as more traffic is served by the pico cells.  This improvement is universal for all UEs in the macro cells, with the largest improvement for good users.
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Figure 1. Macro-cell UE throughput (kbps).
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Figure 2. Pico-cell UE throughput (kbps).
Overall UE performance can be seen in Figure 3.  From the results, it is seen that uplink user performance is significantly improved with pico-cells.  The improvement increases with the number of pico cells per sector as traffic is offloaded to the pico cells.
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Figure 3. Overall (macro-cell and pico-cell) UE throughput (kbps).
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Figure 4. Sector throughput (Mbps)
Finally, some system statistics are presented in Table 2.  The percentage of UEs that are associated with pico cells increases as the number of pico cells increases.  The IoT is also shown.  In this case, it is seen that the rise in uplink IoT is small even as more UEs are transmitting simultaneously.
Table 2.  System statistics with pico cells.

	
	Percentage of UEs associated with picos
	IoT (dB)

	Macro-cell only
	
	9.7

	1 pico per sector
	7.9%
	9.9

	2 picos per sector
	14.7%
	10.3

	4 picos per sector
	26.3%
	10.4

	10 picos per sector
	44.4%
	10.5


5. Discussion and conclusion
From the simulation results, it can be seen that percentage of UEs associated with pico cells is 6.2%,   13.2% and   33.3% respectively for 2, 4 and 10 picos per macro cell. 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. And on average, there is one UE in a pico. If the goal is to increase the percentage of UEs associated with picos, some schemes such as biased cell selection can be considered.
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Appendix

	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
	2D antenna pattern

	Pico eNB antenna pattern
	Omni-directional

	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
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