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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1] to improve the coverage and capacity. Heterogeneous networks consist of deployments where low power nodes (LPNs) are placed throughout a macro-cell layout. In RAN1#70bis, many contributions were presented describing the heterogeneous deployment scenarios. 

In this contribution, we show the uplink system level results with co-channel deployment scenario in heterogeneous networks with full buffer traffic. Simulation results show that UE throughput is increased significantly due to the load balancing.
2 Simulation Model
In simulations, we assume a uniform loading of UEs with full buffer. The baseline case is taken without any deployments of LPNs. Simulations are done according to the agreed assumptions [2]. The table below lists some of the important parameters used in the system simulations. The RoT target is set to 6 dB.
Table 1: System level simulation parameters.

	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
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                                                                      = 70 degrees,     Am = 20 dB
LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	Macro Node: 43dBm
LPN: 24 and 37 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: 5 dB

	CIO
	0 dB

	Thermal noise density
	-174dBm/Hz

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB 
R1b (reporting range constant) = 4.5 dB 

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

DL: Based on CQI. No IBLER control

	Traffic model
	Full buffer 

	Total number of users
	8

	User dropping criteria
	random

	Number of LPNs
	1, 2, 4

	LPN drop criteria
	random

	Network Configuration
	SIMO




3 Simulation Results and Discussion

Figure 1 shows the percentage gains with respect to homogeneous network (no LPN) with different number of LPNs per Macro Node. It can be observed that the uplink performance is improved significantly with co-channel deployment.  Observed that the gains depend on the power of the LPN and also the number of LPN deployed per macro node.
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Figure 1 Percentage of in mean user throughput with co-channel deployment
Figure 2 shows the number of users offloaded by macro node due to the addition of LPNs. As expected, the number of users offloaded increases with the addition of LPNs. Also observe that the offloading increases with an increase of the LPN power.
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Figure 2 Percentage of users offloaded by macro node
4 Summary and conclusions
In this contribution, we show the percentage of gains achieved with co-channel deployment for UL full buffer traffic. Simulation results show the uplink performance is improved because more users are offloaded. 
Observation I: Gains achieved in a co-channel heterogeneous network in uplink are mainly due to load balancing. 
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