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1 Introduction

In [1], we have evaluated the effectiveness of biasing as a method to expand the coverage of Hotzone cells.  Other considerations and requirements to be considered in relation to Cell Association enhancement have been provided in [2]. In this contribution, we provide analysis of one of the considerations listed in [2], that is service fairness.

2 PF based Cell Selection: Discussion 
We define 
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 as the number of associated UEs served by 
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. Then the downlink data capacity from each eNB to each UE can be calculated (as shown in formula (1)) by Shannon’s theory using the RSRP value. Here 
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 is a fixed value denoting the bandwidth of one RB.
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Then our object is to achieve optimized cell selection based on PF rules, to maximize 
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 in (2)
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The cell selection criterion based on Eq. (2) is an optimized one which may be hard to realize in practice. A simplified rule (Greedy-rule) is used in this analysis, where the number of UEs in the macro cell or low-power cell is increased one-by-one, and some extra information about the number of UEs served by each cell is informed to the UE. 
Since the smallest pathloss can be considered as the biased cell selection rule with a large bias value, we have only compared the performance for RSRP, RSRP+bias and our proposed PF-based cell selection methods. The simulation parameters are shown in the Appendix. According to [1], 6dB is a good value for RSRP bias cell selection; we use this value for comparison. 
Figs. 1 and 2 show the throughput performance for these cell selection criterion. From the simulation results, we can see that the proposed PF based criterion can enhance the 5%ile and 50%ile UE throughputs without much degradation on mean performance. Besides, this method can optimise fairness by maximizing
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Fig. 1 User throughput CDF under different Cell selection criterion (case 1)
Table 1 Comparison under Case 1
	Case1
	bias = 0 dB 
	bias =6 dB 
	Greedy 
	optimal

	mean
	2.1965
	1.9368
	2.0225
	1.9808

	5%
	0.01038
	0.01237
	0.01279
	0.01323

	50%
	0.0371
	0.0423
	0.045
	0.0454

	Std. 
	0.2084
	0.1783
	0.1492
	0.1375

	log f
	2.24E+03
	2.37E+03
	2.46E+03
	2.48E+03

	UE served Pico %
	9.14%
	16.32%
	21.14%
	21.90%

	UE served eNB %
	90.86%
	83.68%
	78.86%
	78.10%
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Fig. 2 User throughput CDF under different Cell selection criterion (case 3)
Table 2 Comparison under Case 3

	case3
	bias = 0 dB
	bias =6 dB
	Greedy
	optimal

	mean
	2.5175
	2.2319
	2.2462
	2.2172

	5%
	0.009194
	0.0127
	0.01161
	0.0118

	50%
	0.0398
	0.0456
	0.0497
	0.0495

	std.
	0.2671
	0.2005
	0.1694
	0.1572

	log f
	2.31E+03
	2.49E+03
	2.56E+03
	2.58E+03

	UE served Pico%
	11.68%
	18.92%
	23.37%
	23.56%

	UE served eNB%
	88.32%
	81.08%
	76.63%
	76.44%


3 Conclusion
The results of alternative cell selection criteria are presented in terms of their effectiveness at improving fairness in a heterogeneous networks deployment. Such alternatives could be studied further.
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5 Appendix Simulation Assumption
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Fig. A 4 Pico deployment

	Parameter
	Value

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

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

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1), 1732m (case 3)

	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
	Asynchronous HARQ with CC, Maximum three retransmissions, and hop-by-hop HARQ in relay network

	Channel model
	SCM urban macro high spread for 3GPP case 1

	Number of eNodeB antenna
	1 Tx antenna 

	Number of Pico/Hotzone antenna
	1 Tx antenna 

	Number of UE antenna
	2 Rx antennas 

	Antenna configuration
	eNodeB antenna pattern: 14dBi antenna gain, sectorized 
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Pico antenna pattern:  5dBi antenna gain, Omni,  
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UE antenna pattern:  0dBi antenna gain, Omni

	Downlink receiver type
	MRC

	Path-loss model
	Macro to UE
	L= 128.1+37.6log10(R), R in km

	
	Pico to UE
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	Penetration loss
	20dB for both macro to UE and Pico to UE

	Channel estimation error
	None

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs, overhead for demodulation reference signals
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