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1
Introduction
At the RAN#57 Pleanary meeting a new Study Item (SI) on UMTS Heterogeneous Networks (a.k.a. HetNet) has been approved [1]. We have addressed some general aspects of the SI in [2]. In this paper we would like to address the simulation assumptions for hetereogenous networks and provide some early simulation results assuming the proposed settings. 
2
Heterogeneous networks deployment for simulation purposes
Following the approved SI objectives we would like to determine simulation assumptions for heterogeneous networks in order to establish a common reference for comparing simulation results. However in the first place we would like to establish a common network layout for simulation purposes. According to our understanding, a heterogenous network is a RAN deployment where Macro cells and Micro/Pico cells are deployed in the same geographical area, either sharing the same carrier frequency, or deployed in different frequency layers. The difference between a Micro and a Pico cell in our understanding consists only of different output power and can be changed just as any other simulation parameter. For the purpose of this SI we will simply refer to them as small cells. Hence, according to our understanding the generic network layout for simulations consists of a Macro cell and several small cells deployed within the coverage area of the Wide Area Base Station, as shown in Figure 1 below. We assume that femtocells are not considered in this SI. 
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Figure 1. An exemplary generic HetNet deployment showing a Macro cell with several small cells within its radio coverage area
3
Heterogeneous networks simulation assumptions
In our understanding, simulation studies should begin with co-channel deployment, i.e. with macro and small cells deployed on the same frequency layer. In order to perform simulations, we think the following assumptions listed in Table 1 below are valid for HetNet deployments: 
	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 3GPP 57 cells wrap-around, 4 picos or micros per cell randomly deployed

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Path Loss
	Macro to UE: L=128.1 + 37.6log10(R), R in kilometers
Small cell to UE: L=140.7+36.7log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading
	Macro Standard Deviation : 8dB       Small cell Standard Deviation : 10dB
Inter-Node B Correlation:0.5

Intra-Node B Correlation:1.0

	Max BS Antenna Gain
	Macro: 14 dBi      Small cell: 5 dBi

	Antenna height
	Macro: 15m       Small cell: 5m       UE: 1.5m

	Antenna pattern
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	UE density
	16 UEs per cell

	UE distribution
	50% clustered within 40 m radius of small cell

	Channel Model
	PA3

Fading across all pairs of antennas is completely uncorrelated.

	Minimum Distance
	Macro to small cell: 75m

Small cell to small cell: 40m

UE to macro: 35m

UE to small cell: 10m

	Transmit Power

	Macro 43 dBm (20W), Micro 37 dBm(5W), Pico 30 dBm(1W)

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	CPICH Ec/Io

	-10 dB

	Soft Handover Parameters
	R1a (reporting range constant) = 3 dB,

R1b (reporting range constant) = 3 dB

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

-Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, or

HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	HS-DPCCH
	9 slot CQI delay

	Number of H-ARQ processes
	6

	UE Receiver type
	LMMSE + receive diversity with interference suppression (type 3i)

	Traffic
	Full buffer
3GPP bursty traffic with 1Mb burst, exponential inter-arrival time with 5s mean

	Multiflow configuration
	SF-DC

	Cell individual offset (CIO)
	3 dB for small cells when this feature is ON, allowing more offload towards small cells

	RLC layer modeling
	Ideal

	Iub Flow control modeling
	 Ideal

	HS-DPCCH Decoding
	Ideal

	UE capabilities
	All UEs are capable of 15 SF 16 codes and 64QAM for each cell

Percentage of Multiflow capable UEs : 100%

	Legacy UE capabilities
	Not simulated

	Secondary serving cell
	The secondary strongest cell in the UE active set based on path loss and shadowing. It can be either a macro or a small cell

	CQI Estimation
	Ideal


Table 1. System simulation assumptions for HetNet
Proposal 1
Use the simulation assumptions listed in Table 1 as an initial framework to evaluate HetNet        scenarios
4

Initial results based on the proposed assumptions
In this section, results for co-channel deployment of macro and small cell layers either with full buffer or bursty traffic are presented. For bursty traffic scenarios, the impact of adding Multiflow SF-DC is shown. Four small cells (micro or pico) are randomly located per macro sector area, with the possibility of using CIO (Cell Individual Offset) to allow for more offloading towards the small cell layer. 50% of UEs are placed in close proximity to small cells (within 40m radius distance) although the radio conditions are ultimately responsible to define the actual UEs active set. 
4.1
Heterogeneous networks with co-channel deployment and full buffer traffic

The improvements introduced by small cells in full buffer traffic conditions in terms of median and cell edge (5th percentile of the CDF ) user goodput gains are presented in Figure 2. It is observed that more offloading, by means of increased transmission power and CIO, leads to better performance in the proposed scenario.
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Figure 2. Full buffer median and cell edge gains in comparison with a macro only scenario. Offload percentages    are also shown.
Having a closer look at the CDF curves in Figure 3, it is visible that more transmission power (5W for micros versus 1W for picos) gives better overall performance. The application of CIO, although improving median and cell edge behaviour, slightly degrades higher throughput users in compensation to helping the macro layer offloading. 
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Figure 3. Full buffer user goodput cdf for different configurations.
4.2
Heterogeneous networks with co-channel deployment in bursty traffic conditions and Multiflow 

The gains introduced by Multiflow in bursty traffic scenarios, and especially the substantial improvements achieved in low load conditions, have been extensively studied in Rel. 11 Multiflow WI. The goal of this subsection is to show how Multiflow performs together with small cells, either pico or micro and with/without CIO applied. It is considered that the primary serving cell and the secondary assisting cell can belong indistinctively to either the macro or the small cell layer, thus having the possibility of receiving Multiflow transmission from two macro cells, one macro and one small cell or even two small cells.
Considering Figure 4, it is important to note at first that gains for macro plus multiflow are not quite significant due to the high load conditions (16 UEs per macro sector area) that minimize the use of secondary assisting cells. This issue is ameliorated when a pico layer is added to the system, providing an offload that is more pronounced as the small cell transmission power increases (using micros instead of picos) and as an offset (CIO of 3dB) is applied to small cells to artificially boost the signal power received from them on the UE side. 
It is also interesting to note that introducing a layer of micro cells is more beneficial for low throughput users (5th percentile) than using a cell edge specifically targeted feature like Multiflow in macro only scenarios. Also, the benefit of adding Multiflow over HetNet (either pico or micro) is in general higher than adding Multiflow over macro only, due to the offloading and extra resources introduced by the pico/micro layer. A system with micros in addition to macro cells, applying CIO and Multiflow capable is the superior option in terms of user throughput performance.
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Figure 4. Gains introduced by different configurations divided by type of user in comparison with a macro only setup. 
5
Conclusion
In this paper we have made the following proposals:

Proposal 1
Use the simulation assumptions listed in Table 1 as an initial framework to evaluate HetNet scenarios
In addition, some initial results for different co-channel HetNet configurations with and without Multiflow have been presented and guidelines for best system performance have been suggested.
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