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1 Introduction

A SI to study various aspects of UMTS HetNet was approved in RAN#57 [1].  One of the objectives of this SI is:

· Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells
This contribution investigates a deployment with dual carrier and using Soft Reuse to address the interference issue for co-channel deployment.
2 Discussions
In HetNet deployments, low power nodes (LPN) operate under the coverage of a macro cell.  Since the LPN is within coverage of the macro cell and the macro cell has significantly higher transmit power than the LPN, the UEs served by this LPN would experience strong interference from the macro cell, especially near the edge of the LPN coverage area.  This reduces the coverage of the LPN and thereby reduces the amount of traffic from the macro that can be offloaded to the LPN.
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Figure 1: Dual carrier HetNet
In [2] a range extension scheme (for the LPN) using multi carrier is proposed, particularly in a dual carrier (DC-HSDPA) scenario as shown in Figure 1.  Here the macro cell and LPN operate in DC-HSDPA with carriers F1 and F2.  A soft reuse scheme is employed where the power of one of the macro cell’s carriers, e.g. F2, is reduced, thereby reducing the interference to the LPN’s coverage in F2.  This expands the coverage of the LPN in F2 thereby allowing more UEs from the macro to be offloaded to the LPN.

We evaluate this soft reuse scheme using system level simulation.  The basic simulation assumptions are listed in the Appendix which is similar to those in TR36.814.  We evaluated 3 scenarios as follows:
Table 1: Scenarios description
	Scenario
	Description
	Macro Tx Power (dBm)
	LPN Tx Power (dBm)

	
	
	F1
	F2
	F1
	F2

	1
	Shared carrier
	43
	43
	30
	30

	2
	Dedicated carrier
	43
	OFF
	OFF
	30

	3
	Soft reuse
	43
	30
	30
	30


The UEs are Single Carrier HSDPA.  In the shared carrier case, we distribute 30 UEs in each carrier.  Biasing is applied in associating a UE to a cell where the UE selects the cells based on measured signal quality plus a bias. The following equations describe the association rule:
For Shared Carrier the mth UE will selected the cell based on:
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Equation 1
Where, 
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For Dedicated Carrier, the mth UE will selected the cell based on:
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Equation 2
Where,
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For Soft Reuse, the mth UE will select the cell based on:
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Equation 3
Where,
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The biasing vectors bk for each scenario are selected to optimize the cell edge throughput in each scenario.  The biasing values used in the simulation are as summarized in Table 2.

Table 2: Bias values used in each scenario
	Scenario
	Bias Assignment

	Shared Carrier
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	Dedicated Carrier
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	Soft Reuse
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3 Simulation Results

Figure 2 shows the CDF of the UE throughput for the different scenarios.  Figure 3 zooms into the 10-percentile performance of the UE throughput.  As expected, it can be observed that the Dedicated Carrier scenario has better performance for cell edge UEs compared to the Shared Carrier scenario since these UEs have less interference.  Given that Dedicated Carrier has only 1 carrier per cell, its peak throughput is limited because it has less capacity.  

Soft Reuse offers the best overall performance since cell edge UEs suffer less interference by moving to carrier F2.  Table 2 summarises the sector and UE throughputs at various CDF points.  Dedicated carrier offers just the best cell edge gain compared to Shared Carrier but gives an overall loss in sector throughput.  Soft Reuse offers 35% gain in sector throughput and 67% gain in cell edge throughput compared to those in Shared Carrier scenario. The cell edge gain with Soft Reuse with optimised bias is virtually as great as the gain with the Dedicated Carrier. 
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Figure 2: CDF of UE throughput
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Figure 3: CDF of cell edge UE throughput (at 10-percentile)

Table 3: UE and sector throughputs
	CDF point
	Shared Carrier  (Mbps)
	Dedicated Carrier
	Soft Reuse

	
	
	Throughput (Mbps)
	Gain*
	Throughput (Mbps)
	Gain*

	0.05
	0.086
	0.149
	73%
	0.145
	67%

	0.5
	0.262
	0.316
	21%
	0.320
	23%

	0.95
	0.984
	0.510
	-48%
	1.197
	22%

	Sector
	21
	19.1
	-9%
	28.3
	35%


NOTE: * Gain over Shared Carrier

4 Conclusion
In this contribution we evaluated using Soft Reuse in a dual carrier scenario by comparing it against Shared Carrier and Dedicated Carrier via system simulations.  It is shown that Soft Reuse can offer up to 35% gain in sector throughput and 67% gain in cell edge throughput over those in Shared Carrier.
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APPENDIX A

Table 4: Simulation assumptions

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

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

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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q

= 15 degrees (for 3GPP case 1).  Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Channel Model
	PA3

	Min distance between LPN & Macro
	75 m

	Min distance between UE and LPN
	35 m

	Min distance among LPN
	40 m

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	Macro Node: 43dBm
LPN: 30 dBm

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

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 11 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

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

-Total available power for HS-PDSCH is 70% of Node B Tx power
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.

	Number of HARQ processes
	6

	HS-SCCH code number
	4

	Total overhead power
	30%

	UE Receiver
	Type 2 (LMMSE 1-rx) – Single Carrier

	Power control
	UL: Target 10% IBLER after the first transmission 

DL: Based on CQI. No IBLER control

	RoT
	Macro cell: 6dB
LPN: 6dB

	Traffic model
	Full buffer Traffic Model

	Total number of users
	60 per macro sector coverage

	Number of LPNs
	4 per macro


UE distribution is based on configuration 4b of TR36.814 as follows:
· Fix the total number of users, Nusers, dropped within each macro geographical area, where Nusers is 60.

· Randomly and uniformly drop the configured number of low power nodes, N, within each macro geographical area (the same number N for every macro geographical area, where N may take values from {1, 2, 4, 10}).  Here we use N=4.
· Randomly and uniformly drop Nusers_lpn users within a 40 m radius of each low power node, where 
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 with Photspot =2/3.  Note: Photspot is defined in Table A.2.1.1.2-5 of TR36.814, where  Photspot is the fraction of all hotspot users over the total number of users in the network. 
· Randomly and uniformly drop the remaining users, Nusers - Nusers_lpn*N, to the entire macro geographical area of the given macro cell (including the low power node user dropping area).
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