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1 Introduction

In this contribution, we present a set of performance results for cases with macro cells and open access outdoor overlay micro/pico nodes. We look at the performance of co-channel deployment with same carriers and different carriers, as well as separate bands in uniform, non-uniform and clustered UE distribution across macro cells. The simulated scenarios are in line with HetNet scenario definition in 3GPP TR36.814 [1]. 
We investigate the effect of overlay nodes power setting to the network performance and illustrate the benefit of adaptive power setting schemes for micro/pico overlay eNodeB for interference management.
2 Performance of various outdoor deployment scenarios
System throughput and spectral efficiency 
The simulation scenarios are for co-channel deployment with same carriers and different carriers as well as separate bands in uniform, non-uniform and clustered UE distribution across macro cells as described in table A.2.1.1.2-4 of [1]. 
‘Same Carrier’ refers to the case where both macro cells and overlay cells share the same 10MHz bandwidth at carrier frequency 1.8GHz. ‘Different Carrier’ refers to the case where both macro cells and overlay cells are about 1.8GHz carrier frequency but each use separate 10MHz bandwidth.  ‘Different Band’ refers to the case where macro cells use 10MHz bandwidth at carrier frequency 0.8GHz and overlay cells use 10MHz bandwidth at carrier frequency 2.6GHz. Appendix A shows more detailed simulation parameters. 

Table 1 System throughput 
	System throughput

	Same Carrier 


	Different Carrier 
	Different Band



	DL
	Uniform
	14.20Mbps/cell

	17.83Mbps/cell

	19.14Mbps/cell


	
	Non-Uniform
	14.79Mbps/cell

	16.34Mbps/cell

	18.24Mbps/cell


	
	Clustered
	20.83Mbps/cell

	23.04Mbps/cell

	26.62Mbps/cell


	UL
	Uniform
	11.56Mbps/cell


	12.42Mbps/cell


	14.60Mbps/cell



	
	Non-Uniform
	11.32Mbps/cell

	12.36Mbps/cell

	12.49Mbps/cell


	
	Clustered
	12.21Mbps/Cell

	13.63Mbps/cell

	14.60Mbps/cell



Table 2 Spectral Efficiency

	Spectral Efficiency
	Same Carrier 


	Different Carrier 
	Different Band



	DL
	Uniform
	1.577bps/Hz


	0.990bps/Hz
	1.063bps/Hz

	
	Non-Uniform
	1.643bps/Hz
	0.908bps/Hz
	1.013bps/Hz

	
	Clustered
	2.314bps/Hz


	1.280bps/Hz
	1.479bps/Hz

	UL
	Uniform
	1.285bps/Hz


	0.690bps/Hz
	0.811bps/Hz

	
	Non-Uniform
	1.257bps/Hz
	0.687bps/Hz
	0.694bps/Hz

	
	Clustered
	1.357bps/Hz


	0.757bps/Hz
	0.811bps/Hz


The system throughput and spectral efficiency of various deployment scenarios are summarized in Table 1 and Table 2. The pure co-channel deployment of macro and overlay nodes has approximately 10% to 20% less system throughput compared with different carrier or different band cases but the spectral efficiency is approximately more than 50% higher. 
3 Interference Mitigation Schemes

Adjustable transmit power setting at the overlay nodes 
Simulation assumptions:
· Macro eNBs ISD=1732m assuming 46dBm transmit power 

· Number of overlay-nodes randomly placed per Macro eNB area = 4

· All nodes operates at the same 10MHz bandwidth
· All Micro/Pico eNBs are located outdoor 

· There are 30 UEs per macro cell area dropped with Photspot = 2/3 (see Table A.2.1.1.2-5 in [1])

· Proportional Fair Scheduler

In a fixed transmission power setting scheme, all nodes transmit with full power over the entire bandwidth if they have users connected. A UE switches from macro-cell to micro/pico-cell based on strongest reference signal received power (RSRP). However, this does not mean the UE will always get better throughput, because user throughput depends on the relative load of macro and micro/pico cells. As the transmission power of the overlay nodes increase, more and more UEs will switch from macro cell to the overlay cell (Figure 1). At first these UEs will get better throughput, and the system throughput will rise. But as the micro/pico cell load increases, connecting UEs will eventually get worse throughput (Figure 2), and the system throughput saturates (Figure 5). Also the throughput of other users in the macro and micro/pico cells will change as a result of the handover. In case of overloaded micro/pico eNBs, it is also possible to reduce transmission power, so that some UEs are offloaded from micro/pico eNBs to macro eNB.
The effect of adjusting the power setting for the overlay nodes to average user throughput and system performance is shown in Figure 1-6.
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Figure 1 Fraction of UEs Camped on Micro/Pico Cells

 Figure 2 Mean User Throughput (Hotspot UEs) 
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Figure 3 Mean User Throughput (Macro UEs)


Figure 4 DL User Throughput CDF 
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Figure 5 DL System Throughput per Macro Cell Area

Figure 6 Geometry CDF vs. eNB Tx Power 
From Figure 6, we can observe that 5% UE geometry does not get worse as the Pico node adjusts its transmission power. Therefore this simple transmission power adjustment scheme at the pico-eNodeB does not experience, e.g. control channel outage.

Therefore, adaptive power setting at the overlay nodes (e.g. based on measured load) is beneficial for interference management and also maintaining optimal system throughput and user data rate.
Range Extension Performance Results
The focus of the simulation is on the typical DL deployment scenario.
Simulation assumptions:
· Macro eNBs ISD=1732m assuming 46dBm transmit power 
· Number of Pico-nodes randomly placed per Macro eNB area = 4

· All nodes operates at the same 10MHz bandwidth
· All Pico NBs are located outdoor and transmit at fixed power of 30dBm.

· There are 30 UEs per macro cell area dropped with Photspot = 2/3 (see Table A.2.1.1.2-5 in [1])
· Proportional Fair Scheduler

· RSRP cell selection bias = 0, 3, 5, 8 dB 
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Figure7 Fraction of UEs Camped on Micro/Pico Cells
Figure 8 User Throughput CDF vs RSRP Bias Offset
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Figure9 Geometry CDF vs RSRP Bias
Offset 

Figure10 Geometry CDF vs Bigger Range RSRP Bias Offset 
From Figure 1 and Figure 7, we can see that increasing power by X dB causes more UEs to move to micro/pico cell than increasing RSPR bias by X dB. In this case, adding RSRP power bias setting towards the Pico-eNB shows a small increase in cell edge user throughput (Figure 8) as more macro cell edge users are offloaded to pico-eNB. However, as the cell edge geometry gets worse, e.g. even in case of RSRP Bias Offset at 5dB to 10dB (Figure 9 and Figure 10), increasing number of UEs will be unable to correctly decode the downlink control channels and the probability of coverage holes increases.

4 Conclusions
The introduction of overlay nodes improves system capacity and hotspot/macro cell user performance. The pure co-channel deployment of macro and overlay nodes has a much higher spectral efficiency compared with different carriers or different bands cases. The system throughput with total 10MHz bandwidth is more or less comparable with that of total 20MHz bandwidth in two other cases. 
In [2], it was proposed to use simple interference management schemes such as Tx power adjustment of the pico cell and serving cell selection offset to ease the requirements of prior network planning. We have simulated these schemes and find that in the downlink where the overlay nodes can provide a good range of transmission power, the transmission power adaptation scheme is the preferred option without experiencing SINR degradation. While range extension is useful where transmission power is limited, it is known to suffer from the drawbacks of high offset values, i.e. control channel outage.
Adaptive power setting at the open access pico-eNB is beneficial for interference management, coverage optimisation, minimising power consumption and also maintaining system throughput and user data rate. Therefore, we conclude that no new eICIC schemes are necessary for the range extension as the benefit of larger offset values of range extension is not clear. 
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Appendix:
Simulation Parameters:
	Parameter
	Value

	Deployment Scenario
	19 x3 macro cells wrap-around with 2 overlay nodes randomly placed per Macro eNB area 

	Bandwidth and Carrier Frequency
	10MHz and 2GHz (note that section 2 uses 1.8GHz and 800MHz ) 

	Pathloss Model 
	ITU-R model (UMa for Macro cells and UMi for Pico cells), see 3GPP 36.814 table B.1.2.1-1 (note that section 2 uses COST-WI for macro cells) 

	Macro Cell ISD
	1732m

	Macro Cell Tx Power
	46dBm

	Pico eNB Tx Power
	33dBm

	Macro eNB antenna pattern
	3GPP Standard 2D

	Macro eNB antenna gain
	14dBi

	Pico eNB antenna pattern
	Omni-directional

	Pico eNB antenna gain
	6dBi

	Antenna Configuration
	DL: 2Rx 2Tx 
UL: 2Rx 1Tx

	Min distance between pico and macro
	200m

	Min distance between picos
	200m

	Min distance between macro and UE
	25m

	Min distance between pico and UE
	10m

	Fast Fading Channel
	DL: SCM_C 

UL: ETU

	UE Speed
	3kmh

	DL MIMO Mode
	Closed Loop Spatial Multiplexing (note that section 3 uses single Tx antenna mode)

	Traffic Model
	Full buffer 

	ICIC
	No ICIC


