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1 Introduction

Heterogeneous networks have been studied earlier in context of LTE but lately there has been some discussion starting in HSPA also. A study item was approved to be studied in RAN1 in RAN plenary #57 [1]. This contribution provides simulation results related to this study. Downlink gains of different low power node configurations are evaluated. Also the impact of Cell Range Extension (CRE) on system performance is studied. 
2 Simulation assumptions
The simulation setup used in the system simulations is based on the email discussion. See Table 1 for complete set of parameters. This paper provides the results with full buffer traffic model.
Table 1 System simulation parameters
	Parameters
	Values and comments

	Deployment scenario
	Low power nodes randomly dropped onto 3GPP Case1 macro-cells

	Minimum and maximum distances
	· Minimum Distance: 

· Macro – low power node: >75m

· Macro – UE : >35m

· Low power node – low power node: >40m

· Low power node – UE : >10m
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· Maximum UE distance from low power node (hot spot radius)

· Pico: 35m

· Micro: 60m 

	Number of low power nodes per macro base-station
	1, 2, 4

	UE distribution within cell
	According to Configuration #4 in [2]

	Number of UEs / sector
	Configuration #4b:
Macro UEs: 8
Hotspot probability: 0.5
Configuration #1:
Macro UEs: 16


	Inter-site distance [m]
	500

	Carrier Frequency
	2000 MHz

	Path Loss
	Macro to UE:

L=128.1 + 37.6log10(R), R in kilometres

Low power node to UE:

L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 10 dB for low power nodes and 8 dB for macro as in [2]
Inter-Node B Correlation: 0.5 including low power nodes in [2] 
Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi for macro, 5 dBi for low power nodes

	Node B antenna pattern
	Macro node:

Case 1 (3GPP ant):                                                     
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Low power nodes: Omnidirectional

	Channel Model
	IID PA3

	Penetration loss [dB]
	20

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 4 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	Channel Estimation
	Realistic – 3 slot filtering, utilized through Actual Value Interface (AVI) tables

	CPICH Ec/Io
	-10 dB

	Total Overhead power including CPICH
	20%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver
	Type 3i

	Maximum Sector Transmit Power
	Macro node:

43 dBm
	Micro node:

37dBm
	Pico node:

30 dBm

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

	DL HARQ
	6 HARQ processes, Target BLER = 10% after 1st transmission

	Maximum active set size
	3


3 Simulation results
The simulations study the impact of number of small power cells, their transmission power level and level of cell range extension on the downlink performance. CRE is implemented by means of introducing a Cell Individual Offset (CIO) in the cell selection in order to compensate for the uplink – downlink imbalance which may lead to a suboptimal uplink cell selection as explained in [3]. Also CRE can be used to increase offloading of UEs to small cells in case macro cells are heavily loaded. 

Introducing 3 dB CIO tends to increase the cell edge and median user throughputs as shown in Figure 1. This, however, has a small negative impact on mean user throughput if the number of low power nodes is one or two. With four low power nodes per macro sector the CIO improves also the mean user throughput. As the CIO is mainly targeted towards uplink performance improvement, one should also study the impact of CIO in uplink performance before making conclusions on the overall system performance impact.
The transmission power of low power node does not have a significant impact on throughput which is explained by the smaller hot spot UE dropping area for 30 dBm transmit power. Exception to this is the case of four low power nodes per macro sector. In such case, the increased low power node transmit power improves the throughput in all user groups, i.e. users in macro and low power nodes, due to the fact that a considerable amount of the macro area is now covered by low power nodes.
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Figure 1. User throughput gains compared to macro only scenario.
The introduction of CIO is clearly visible in the percentage of UEs offloaded into low power nodes (association ratio) as shown in Figure 2.  
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Figure 2. Offload percentages or LPN association ratios.
The Figure 3 studies the system throughput gain of the heterogeneous network scenario. As the cell layouts between the baseline hexagonal macro network and the heterogeneous network are very different, one can make a fair comparison between the two by studying the achievable system throughput for example on the geographical area of one macro sector, i.e., macro area aggregate throughput. Whenever enough traffic is generated to exhaust the new resources within low power nodes, the system throughput gains are dramatically increased. 
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Figure 3. Macro area aggregated throughput comparing to the macro only case.

The sector throughput CDF in Figure 4 visualizes the distribution of throughputs in different sectors in heterogeneous network. The baseline graph shows a sector throughput of one cell in the baseline setup. The overall heterogeneous network throughput on the geographical macro sector area is shown as the macro area aggregate throughput. Further for the heterogeneous network scenario, separate graphs are shown for the macro sector and pico sector throughputs. Examining the sector throughput CDFs in Figure 4 reveals that over 25 % of the pico cells are empty when four pico cells per macro sector are simulated. The macro sector throughput remains pretty constant while compared to the baseline. 
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Figure 4. Sector throughput CDFs.
4 Conclusions

In this contribution we have shown some initial simulation results of downlink system performance in heterogeneous networks. As expected, four low power nodes per macro sector yield best user throughput gains with full buffer traffic model. In such case, using the highest transmit power in low power node provides some benefit. For lower number of low power nodes per macro sector the transmit power does not impact the UE throughput considerably due to smaller hot spot radius. 

Cell range extension by means of introducing cell individual offset increases the fairness of the system. However, in order to find out what is the optimal way of carrying out cell range extension, other methods should be studied. In order to do final conclusion on effect of CRE to system performance both uplink and downlink results should be taken into consideration.
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