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1 Introduction

A study item for UMTS heterogeneous networks was approved to be studied in RAN1 in RAN plenary #57 [1]. One of the objectives in study item is that the impact on legacy terminals should be minimized. This contribution studies the performance of different type of receivers such as Type 2, 3 and 3i within HetNet deployment scenario using system level simulations. In addition, performance of multiflow is studied in context of HetNet and cell range extension. 
2 Simulation results
The main simulation parameters are summarized in the appendix and they follow the agreed parameters. In this paper, burst traffic model is assumed and HetNet performance is compared to homogenous macro only baseline deployment. The purpose of the simulations is to study the achievable performance gain of legacy UEs in HetNet scenario and in addition to study whether multiflow could be used to complement the possibly non-optimal downlink serving cell selection caused by the cell individual offset (CIO).
The cumulative distributions of user throughput are presented in Figures 1 and 2. The figures include results with type 2, 3 and 3i receivers. Further results are included with multiflow and type 3i receiver. For this study, cell individual offset of 6 dB is selected because it is downlink performance wise a good compromise (in terms of mean user throughput) in pico and micro cell deployments as studied in [2]. 
In pico cell case, the 50th percentile user throughput gain for UE equipped with Type 2 receiver is 350 % whereas UE with Type 3 and Type 3i receivers are providing roughly 550 % better throughput in HetNet scenario comparing to the macro only baseline scenario. However, the 90th percentile HetNet gains are in the same ballpark for all type of receivers. Therefore it can be concluded that even legacy Type 2 UEs achieve substantial throughput gains from HetNet, although the gains may not be quite as high as they are for receivers making use of receive diversity. The conclusions are essentially the same for the micro cell case as well. It seems that offloading gain exceeds losses caused by cell range extension in link level. Overall conclusion due to these results is that adding low power nodes to network is beneficial to all users.
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Figure 1. Throughput CDF of 4 PICO cells, CIO 6dB
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Figure 2. Throughput CDF of 4 MICRO cells, CIO 6dB
Multiflow gain is marginal in the baseline scenario but that happens because used simulation parameters in this study differ from the earlier multipoint transmission SI studies in respect of traffic model and soft handover area. In multipoint transmission study they used to be more favourable for multiflow. Only Type 3i receiver is evaluated as it was already concluded during multipoint transmission study that Type 3i receiver can be held requisite for multi-flow gains [3]. However, multiflow does provide gains in lower percentiles in the HetNet scenario as shown in Figures 1,2 and 3. Further multiflow results are shown in Figures 4 and 5 where the development of multi-flow gain as a function of CIO for pico and micro cell cases is shown. Hence, it could be assumed that multiflow could be used as a complementary method to perform offload balancing similar to the CIO at least for small CIO values. In addition, multiflow could complement the possibly suboptimum downlink cell selection due to the CIO but the optimum cell in downlink perspective might not still be used as a secondary cell.
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Figure 3. 10th percentile user throughput, 4 PICO cells
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Figure 4. CDF of user throughput for different CIO values with multi-flow on/off assuming four pico cells
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Figure 5. CDF of user throughput for different CIO values with multi-flow on/off assuming 4 micro cells
3 Conclusion
In this paper we have shown system performance results with different types of receivers. All types of receivers simulated show considerable gains in heterogeneous network scenarios even with cell individual offset of 6 dB. Although the gains may not be quite as high as for Type 3 and Type 3i receivers, no impairments to the performance of Type 2 UEs are observed. 
Studies were also made by enabling multiflow and it could be assumed that multiflow could probably be used as a complementary method to perform offload balancing similar to the CIO at least for small CIO values. In addition, multiflow could complement the possibly suboptimum downlink cell selection due to the CIO but the optimum cell in downlink perspective might not still be used as a secondary cell.
These simulations are system simulations with e.g. ideal control channel reception both in uplink and downlink. There may be some impairment due to CIO that is not visible in these simulations.
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5 Appendix: simulation parameters
	Parameters
	Values and comments

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

	Minimum distances
	· Minimum Distance: 
· Macro – small power node: >75m

· Macro – UE : >35m

· Small power node – small power node: >40m

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

· 30dBm small power node: 35m

· 37dBm small power node: 60m


	Number of small power nodes per macro base-station
	4

	UE distribution within cell
	According to Configuration #4 in TR 36.814

	Number of UEs / sector
	Downlink:

Configuration #1:
Macro UEs: 16
UEs in small power node = 0

Configuration #2:
Macro UEs: 8
UEs in small power node = 8 per small power node

	Inter-site distance [m]
	500

	Carrier Frequency
	2000 MHz

	Path Loss
	Macro to UE:

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

Small 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
Inter-Node B Correlation: 0.5 including small cells
Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi for macro, 5 dBi for small power node

	Node B antenna pattern
	Macro node:

Case 1 (3GPP ant):                                                     
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Small power node: Omnidirectional

	Channel Model
	IID PA3

	Penetration loss [dB]
	20

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB, 

R1b (reporting range constant) = 4.5 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Burst Traffic

	Parameters for Burst Traffic Model
	Component
	Distribution
	Parameters

	Downlink:


	File size
	Truncated Lognormal
	Mean = 0.25 Mbytes

Std. Dev. = 0.0903 Mbytes

Maximum = 0.625 Mbytes

	
	Inter-burst time
	Exponential
	Mean = 5 sec

	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 2, Type 3, Type 3i

	Maximum Sector

Transmit Power
	Macro node:

43 dBm
Small power node:

37 dBm, 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
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