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1 Introduction

Heterogeneous network consist of deployments where low power nodes (such as RRH, Pico/Hotzone, femto/HeNB and relay nodes) are placed throughout a macro-cell layout. In [1], we have provided our views on the requirements for interference mitigation techniques and the importance of cell selection in [2]. In this contribution, we would provide simulation studies to investigate one aspect of the latter. 

We present results of evaluation studies of the downlink performance of the macro+Pico/Hotzone scenario in Case 1 and Case 3 under different cell selection biases and eNB transmit powers in a co-channel deployment of heterogeneous cells.
2 Downlink Performance Evaluation
2.1 Multi-cell hexagonal layout
We have chosen to study the heterogeneous deployment of macro eNB and Pico cells. Two fixed pico/hotzone deployment positions in the macro cells are considered, i.e., cell-center deployment and cell-edge deployment, as shown in Fig. 1.  
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(1a) cell-center deployment                                                               (1b) cell-edge deployment
Fig.1   Layout of pico/hotzone deployed at the cell center (left) and cell edge (right)
2.2 Performance under different cell selection bias values

For cell selection, we adopt the bias value for following cell selection metric. 
2.2.1 Case 1 (ISD=500m)
The Cell selection statistics as a function of Cell selection biases is shown in Figure 2, where more UE will be attached to the Pico/Hotzone as the bias value is increased. The increase is greater in the case of cell-edge deployment than that in the cell-center deployment due to the stronger interference from donor eNB in the latter case.

Fig. 3 shows the corresponding average UE throughput CDF under different Cell selection bias values in one cell. Fig. 4 provides further data by showing the various trends: edge (5%), median (50%), mean, and variance performance corresponding to different curves in Fig. 3. From these results, From Fig. 3 and Fig. 4, we can provide the following observations that as the bias value increases,
1) The mean performance is getting worse basically in cell-edge deployment, and differently for cell-center deployment, it increases at the small to moderate bias values but starts to decrease in large bias values.

2) The median performances of both center and edge deployments are getting better. This means that more UEs could get a moderate and similar performance.
3) The 5%-ile performances of both center and edge deployments are getting better when the bias value is lower than 10dB. This means that by deploying Pico/Hotzone, cell-edge performance could be largely improved if not too high association bias is used.
4) The standard variances of UE throughput in both center and edge deployments are getting smaller from a large-scale point of view but with different degrees of fluctuation. The smaller the std var is, the more fair the UE throughput is, i.e., the obtained throughputs of different UEs are more similar.
[image: image3.jpg]UEassociation statistics

100
a0

a0

0%

o

so%

o L
so% oo
20% : }7
o - -

0%

Fraction of UEs

| N

od8 | 208 | ads [ sas | sas | 1008 | 1508 | 2008

W VocroUes | 55.97% | 54.10% | 2.06% | sBa2% | G616 | aL4E% | 70.03% | 56.38%
 rotone Uss| 4.63% | 550% | 7.99% | 11.5% | 12895 | 1850% | 2997% | 4352%




[image: image4.jpg]100%
0%
s0%
70%
50%
s0%
a0%
30%
20%
10%
0%

Fraction of UEs

od8 | 208 | ads | sds | sds | 1008 | 1508 | 2008

HMacroUs | 90.86% | 55.83% | 84.57% | 83.68% | 79.37% | 75.68% | 65.21% | 54.41%

' Hotzone Us | 5.14% | 11.17% | 15.43% | 16.32% | 20.63% | 24.32% | 34.79% | 45.59%





(2a) cell-center deployment                                                               (2b) cell-edge deployment
Fig. 2 Cell selection statistics (case 1)
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(3a) cell-center deployment                                                               (3b) cell-edge deployment
Fig. 3 User throughput CDF under different Cell selection statistics (case 1)
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      (4a) cell-center deployment                                                  (4b) cell-edge deployment
Fig. 4 User throughput variation under different Cell selection statistics (case 1)

2.2.2 Case 3 (ISD=1732m)
From Fig. 5, 6, and 7, the similar observations are obtained as that of Case 1 except that

1) The Pico/Hotzone Cell selection ratio is far smaller and the three performance metrics, 5%, 50% and mean are all lower than that in case 1.

2) The 5%-ile performances of both center and edge deployments are getting better when the bias value is lower than 15dB, not 10dB as in the case 1.

3) The mean performance as a function of Cell selection bias has not a obvious trend. It achieves the peak value at a moderate Cell selection bias value.
4) The fluctuation of the standard variances of UE throughput is more serious than that in the case 1.
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(5a) cell-center deployment                                                               (5b) cell-edge deployment
Fig. 5 Cell selection statistics (case 3)
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(6a) cell-center deployment                                                               (6b) cell-edge deployment
Fig. 6 User throughput CDF under different Cell selection statistics (case 3)
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          (7a) cell-center deployment                                            (7b) cell-edge deployment
Fig. 7 User throughput variation under different Cell selection statistics (case 3)
3 Conclusions
This contribution present some preliminary studies into Het-Net performance in the configuration 1 scenario with various cell biasing values. It shows effects on the performance on both cell-center and cell-edge pico cells deployment. Results indicate to the importance of setting a suitable cell selection bias while taking various factors into consideration i.e. UE loading balance, user throughput etc. Further cell biasing optimization is for further studies.
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5 Annex

Table3  System simulation parameters [1]
	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 and 2 Rx antennas 

	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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