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1. Introduction
In a heterogeneous network, pico nodes are added to a macro-cell layout aiming for benefiting average system throughput from cell-splitting. However, the potential large disparity between transmit power levels of macro and pico cells implies that the downlink coverage of a pico cell is much smaller than that of a macro cell. Considering that the large coverage of macro cell can limit the cell-splitting gains, cell range expansion (CRE) was proposed to increase the fraction of UEs camped on pico cells.
In RAN#62, the following decisions were taken for Macro-Pico co-channel deployment [1]:
· Macro-Pico: 

· Extend Rel 8/9 backhaul based ICIC to include time domain component

· Baseline

· Coordination of almost blank subframes* 

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1

· No additional support shall be assumed in Rel-10 for cell range expansion beyond what is already possible in Rel-8

In this contribution, we present simulation results that illustrate the potential downlink performance gains provided by cell range expansion assuming no interference coordination scheme.
2. Cell Range Extension
As used in Rel-8 LTE, serving cell selection is predominantly based on downlink Reference Signal Received Power (RSRP). Each UE selects its serving cell ID to correspond to the cell from which provide largest RSRP, as follows:
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However, if the same principle is applied in heterogeneous networks, (1) would result in most UEs being served by the macro cell due to the lower transmission power (e.g. 30dBm) and also lower antenna gain of pico cell. Therefore, the available resources of pico cell would not be fully exploited while at the same time in the macro cell the competition for the available resource would remain high. 
In order to benefit from load balancing, cell range expansion based on biased RSRP selection [2] has been introduced to drive more UEs associating pico cell as serving node. In this scheme, each UE selects its serving cell according to the rule as described in (2), where bias is zero for the macro cell and has a positive, non-zero value for the pico cell.
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3. Simulation Assumptions
The simulation assumptions are basically followed the guidelines in TR 36.814 and summarized in Appendix-A. The presented results are for the full buffer traffic model and path loss model 1. Uniform random dropping of 25 UEs in each cell is considered. Two pico nodes are evenly placed in a macro cell area as shown in Figure 1. We assume ideal control channels reception to focus on potential performance gains.
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Figure 1 Layout of pico cells deploymnet
4. Simulation Results and Discussions
Figure 2 shows the fraction of UEs associated to pico cells for different bias values in the evaluation system. The results of bias=0 are used as baseline performance. Note that bias=0 corresponds to the case without any cell range expansion (i.e., Rel-8 RSRP scheme). One can find from the figure that more UEs will be attached to the pico cell as the bias value increased. Clearly, the offload from macro to pico can be achieved by applying cell range expansion technique.
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Figure 2 UE connection ratio between macro and pico cells
Table 1 shows the throughput performance for the bias values of 0 dB, 5 dB and 10 dB. From the table we can see that CRE with moderate bias (5dB) offers 22% and 18% performance gain over no CRE case (0dB) at the edge (5%) and median (50%) user throughput, respectively. However, there is only a minor improvement on whole cell area throughput (only about 4%). On the other hand, CRE with large bias (10dB) deteriorates cell edge user throughput and it also causes a loss (7%) in total cell area throughput. We can conclude that enabling large bias range expansion requires mitigating the downlink severe interference caused by macro cells to the UEs served by pico cells. 
Table 1 Summary of throughput performance

	Item
	Cell area throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)
	50%-tile user throughput (bps/Hz)

	CRE bias=0 dB
	3.161 (0%)
	0.059 (0%)
	0.093 (0%)

	CRE bias=5 dB
	3.274 (4%)
	0.072 (22%)
	0.11 (18%)

	CRE bias=10 dB
	2.946 (-7%)
	0.042 (-29%)
	0.091 (-2%)


Figure 3 illustrates the fraction of UEs for which the long-term (average) SINR falls below the certain threshold. The SINR threshold used here corresponds to the expected level where all control channels should be successful decoded [3]. In this study, we assume the threshold of -7 dB [3-5]. As shown in the figure, when the CRE bias value increases, the fraction of UEs that will not be able to correctly decode the control channels increases. For instance, employing a CRE bias value of 10 dB would cause 11% of UEs in the system unable to correctly decode the downlink control channels, which is not acceptable.
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Figure 3. Fraction of UEs with SINR below than certain threshold (-7dB)
5. Conclusions
This contribution has evaluated the downlink performance gains obtained using CRE in co-channel macro-pico deployment assuming no interference coordination scheme. Based on our simulation results, we have the following observations:
· CRE allows more users to associate with the pico cells and thus enable more equitable distribution of resources to each user.

· Use of moderate CRE bias value can further improve the cell-edge and cell-median user throughput. However, the gain on total cell area throughput is not pronounced.
· Use of large CRE bias value would deteriorate cell-edge user performance and also cause overall cell area throughput loss. Furthermore, it also brings downlink control channel coverage problem. Therefore, we feel that enhanced interference coordination scheme (such as“Almost Blank” subframe TDM transmission) should be support when  aggressive CRE is used.
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Appendix A: Simulation assumptions
	Parameter
	Assumption

	HTN scenario
	3GPP, Pico/Hotzone, configuration 1, model 1

	ISD
	Case 1: 500m   

	Cellular Layout
	Hexagonal layout, 19 cell sites, 3 sectors per site

	CF (GHz)
	2 GHz

	System Bandwidth
	10 MHz

	Channel model
	SCM channel

	eNodeB Tx power
	46 dBm

	Pico Tx power
	30 dBm

	Number of Picos per cell
	2

	Number of UE per cell
	25

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Scheduling delay
	6ms

	Scheduling granularity
	5PRBs

	Downlink HARQ
	HARQ with CC, maximum 3 retransmissions

	Number of Macro-eNB antenna
	2Tx antenna 

	Number of Pico-eNB antenna
	2Tx antenna

	Number of UE antenna
	2 Rx antennas 

	Downlink receiver type
	MMSE

	UE Speeds
	3km/h

	MIMO transmission mode
	CL 2x2 MIMO (mode 4)

	Parameter
	Assumption

	 eNB-to-UE :
	

	Distance-dependent path loss
	128.6 + 37.6 log10R, R in km.

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50m

	Shadowing correlation
	Between cells: 0.5

	
	Between sectors: N/A

	Penetration Loss
	20dB

	Antenna pattern
	3D antenna pattern as defined in TR36.814

	Antenna gain
	14dBi

	Minimum distance between UE and cell
	 >=35 m

	 Pico-to-UE :
	

	Distance-dependent path loss
	140.7 + 36.7 log10R, R in km.

	Shadowing standard deviation
	10 dB

	Penetration Loss
	20dB

	Antenna pattern (horizontal)
	Omni-directional antenna                                                                               

	Antenna gain
	5dBi

	Minimum distance between UE and Pico
	 >=10 m



Appendix B: CDF of Total UE geometry
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Figure B4. CDF of Total UE geometry CDF
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