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1. Introduction
In a heterogeneous network, different types of lower power nodes including pico, femto and relay cells are added into the network in addition to the traditional macro cells. One of the main motivations in deploying these smaller cells is to increase cell throughput through cell splitting gains [1]. As mentioned in [2], enhanced serving cell association is an important technique aiming to ensure sufficient UEs which are associated with smaller cells. Thus, the biased cell selection [3] has been proposed for heterogeneous networks
In this contribution, we present our simulation results of downlink cell spectral efficiency for heterogeneous network pico/marco deployments with LTE-A using two cell selection scheme: biased RSRP and conventional Rel-8 RSRP, and provide performance comparison between the biased cell selection and conventional cell selection scheme and analysis of different bias value.
2. Cell Selection Schemes
For LTE Rel-8 UEs, cell selection is fulfilled by comparing Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ) of downlink signalling transmitted from neighboring cells. Each UE selects its serving cell ID to correspond to the cell from which provide largest RSRP: 
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However, , if the same principle is applied in heterogeneous deployments networks, (1) would result in most UEs being served by the macro cell due to the lower transmission power (30dBm) of pico cell. Thus the available resources of the small cells would not be fully exploited while at the same time in the macro cell the competition for the available resource would remain high. 
To combat this problem, biased RSRP selection has been proposed [3]. This new cell selection scheme adds a bias value in PRRPS to drive more UEs selecting pico cell as serving node:
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where 
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), resulting in more UE being served by the small cells. After using biased RSRP selection, close to 40%  and  % of UEs choose pico cell  as serving cells in configuration 1. In the following, our simulation shows the downlink performance of the pico/marco scenario under different cell selection biases in a co-channel deployment of heterogeneous cells. Then we discuss the benefit of the biased selection scheme.
3. Simulation Assumption

Five heterogeneous network deployment scenarios are defined in the evaluation methodology [4], and the outdoor pico cells with configuration #1 and #4 are listed as the second priority. In this configuration, we only investigate the scenario of outdoor pico cells with configuration #1 for a 10MHz co-channel macro/pico cell deployment.  In our simulation, twenty-five UEs are uniformly dropped within each macro cell. And two fixed pico cells deployment positions in the macro cells are considered, which is shown in Fig. 1.  
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Figure 1. Layout of pico cell deployment 

In this contribution, we show the simulation results of RSRP selection scheme and biased RSRP selection scheme with different bias values in outdoor scenario. We adopt different bias value :5 dB/ 10 /20dB. Simulation parameters follow that in TR 36.814 and show in Table 1.
Table 1. Simulation parameters
	Parameter
	Assumption

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

	ISD
	Case 1: 500m   

	Cellular Layout
	Hexagonal layout with wrap around, 7 eNodeBs, 3 cells per eNodeB

	CF (GHz)
	2 GHz

	BW
	10 MHz

	Channel model
	SCM channel

	eNodeB Tx power
	46 dBm

	Pico Tx power
	30 dBm

	Number of Picos per cell
	4

	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 three retransmissions

	Number of eNodeB antenna
	2 Tx antenna 

	Number of PicoeNB antenna
	2Tx antenna

	Number of UE antenna
	2 Rx antennas 

	Downlink receiver type
	MMSE


	Parameter
	Assumption

	 eNB-to-UE :
	

	Distance-dependent path loss
	Mode1:

128.6 + 37.6 log10R, R in km.

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50m

	Shadowing correlation
	Between cells

	
	Between sectors

	Penetration Loss
	20dB

	Antenna pattern  (horizontal)
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	Antenna gain
	14dBi

	Minimum distance between UE and cell
	 >=35 m

	 Pico-to-UE :
	

	Distance-dependent path loss
	Mode1:

140.7 + 36.7 log10R,R in km.

	Shadowing standard deviation
	10 dB

	Penetration Loss
	20dB

	Antenna pattern  (horizontal)
	 Omnidirectional antenna                                                                               

	Antenna gain
	5dBi

	Minimum distance between UE and RN
	 >=10 m


4. Simulation Results and Discussions
Simulation results of the outdoor marco and pico cell in configuration 1 for FDD 10MHz with 2×2 antennas are showed in Fig2 and Table 2. 
Table 2. The spectral efficiency gain compare to Rel-8 RSRP cell selection
	Configuration 1:
 25 users per cell
	Cell spectral efficiency gain
	Tail UEs spectral efficiency gain
(5%)
	Median UEs spectral efficiency gain
(50%)

	RSRP with bias=5
	1.02%
	32.4%
	23.38%

	RSRP with bias=10
	-4.24%
	21.67%
	19.87%

	RSRP with bias=20
	-9.13%
	-92.1%
	-94.42%
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Figure 2. UE association statistics 

The key results are summarized below:
· In fig 2, there is about 31% and 38% UEs select pico cell as serving cell. Compare to Rel-8 RSRP selection scheme, more UEs is served by pico nodes.

· In Table 2, the cell spectral efficiency increases for small to moderate bias values but starts to decrease at large bias values. The results also show that there is only a minor improvement on whole cell efficiency, only about 1.02%  for 5 dB bias. The cell spectral efficiency even gets worse when bias value is too high. Fig. A1 and Fig. A3 also show the same results. Thus, the benefit on whole performance of biased cell selection is not noticeable and this new scheme might be adopted with some frequency allocation methods to avoid serious interference from marco cell to pico cell UEs.
· In Table 2, the 5% tile cell spectral efficiency improves about 30% when the bias value is not too high. Same as 5% tile, the median cell spectral efficiency increases for both 5dB and 10 dB bias values, but also decrease at large bias values. This implies that by adopting biased cell selection scheme, cell-edge cell spectral efficiency and median cell spectral efficiency could be effectively improved provided that the bias used is appropriate. 
· In fig. A2 and fig. A3, as the bias value continues to increase, more UEs with worse geometry are served by pico cell and geometry of pico UEs decreases. In contrast, geometry of marco UEs improve due to more UE of worse geometry being served by pico cell.
5. Conclusions
This contribution has presented our simulation results of downlink cell spectral efficiency for heterogeneous network deployments with LTE-A using two cell selection scheme: biased RSRP and conventional Rel-8 RSRP. We also compare the geometry and throughput between biased RSRP with different bias value and conventional Rel-8 RSRP. Our conclusions are as follows:
· Biased RSRP can effectively increase the pico UEs to offload the bad geometry users from marco cell.

· Both 5% tile and median cell spectral efficiency improve as the bias value is not too high. There would be a degradation when bias value is too high, due to lots of user with worse geometry being served by pico cell. 
· Although 5% tile and median cell spectral efficiency improve by adopting biased RSRP, the improvement on whole cell spectral efficiency is minor and even worse when the bias value continues to increase. In order to effectively improve the whole performance, frequency allocation methods might be adopted with biased RSRP selection scheme.
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Appendix A: Simulation results details
· A1-1. CDF of  total UE throughput 
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Figure A1. CDF of  total UE throughput
· A1-2. CDF of Marco UE geometry
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Figure A2. CDF of Marco UE geometry
· A1-3. CDF of Pico UE geometry
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Figure A3. CDF of Pico UE geometry
· A1-4. CDF of Total UE geometry CDF
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Figure A4. CDF of Total UE geometry CDF
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