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1 Introduction

Heterogeneous networks consist of deployments where low power nodes (such as RRH, Hotzone cells, femto/HeNB and relay nodes) are deployed in a macro-cell layout. In [1], we have provided some views on the requirements for interference mitigation techniques including the possible use of power control in mitigating the intercell interference. In this contribution, we provide evaluations of the use of transmit power control and fractional frequency re-use, a subset of the techniques available supported in existing R8/9 specification.  

We have chosen representative hetnet scenarios consisting of a co-channel macro+Hotzone deployment for Case 1 and Case 3.
2 Downlink Performance Evaluation
2.1 Multi-cell hexagonal layout
Two fixed hotzone deployment positions in the macro cells are considered, i.e., cell-center deployment and cell-edge deployment, as shown in Fig. 1. In this simulation, fast fading is disabled. Outdoor hotzone model 1 and model 2 are considered. More simulation assumptions are given in appendix A.
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(1a) cell-center deployment                                                               (1b) cell-edge deployment
Fig.1   Layout of hotzone cells deployed at the macro-cell center (left) and cell edge (right)
2.2 Performance with eNB Tx Power reduction
2.2.1 Model 1

(1) Case 1 (ISD=500m)
Fig. 2 shows the UE throughput performance CDF under two unequal eNB Tx powers. The corresponding gains are listed in Table 1. From Fig. 2 and Table 1, we can see that by reducing the eNB’s power, significant performance gain is obtained for the 5%, median and mean throughput values as a result of more UEs being attached to the Hotzone cells. The comparison is also shown with 37dBm hotzone Tx power, which shows that reducing the macro eNodeB Tx power can perform better than increasing the hotzone Tx power in the scenario of 3GPP case 1.
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(2a) cell-center deployment                                                               (2b) cell-edge deployment
Fig.2 UE throughput CDF with eNB Tx power reduction (case 1)
	Table 1 UE throughput gain with eNB Tx power reduction (case 1)
　
	　
	5%
	50%
	Mean
	pico UE ratio

	cell edge
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0104 
	0.0371
	0.0879 
	9.14%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0107 
	0.0481
	0.1091 
	20.63%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.0105 
	0.0452
	0.1034 
	19.11%

	cell center
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0098 
	0.03
	0.0588 
	4.63%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0096 
	0.0342
	0.0883 
	13.84%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.0090 
	0.0338
	0.0994 
	13.08%


(2) Case 3 (ISD=1732m)
Similarly, for Case 3, Fig. 3 shows the UE throughput performance CDF under two unequal eNB Tx powers. The corresponding gains are listed in Table 2. In contrast to Case 1, from Fig. 3 and Table 2 we can see that reducing the eNB’s power does not always improve the system performance especially for the 5%-ile gain, and there is also a loss in 50% gain if the Hotzone is deployed at the cell center. In contrast to case 1, in 3GPP Case 3 with large cell radius, increasing the hotzone Tx power could perform much better than reduction of macro eNodeB Tx power.
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(3a) cell-center deployment                                                               (3b) cell-edge deployment
Fig.3 UE throughput CDF with eNB Tx power reduction (case 3)

Table 2 UE throughput gain with eNB Tx power reduction (case 3)
	　
	　
	5%
	50%
	Mean
	pico UE ratio

	cell edge
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0091 
	0.0398
	0.1007 
	11.68%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0098 
	0.0465
	0.1098 
	20.95%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.0108 
	0.05
	0.1192 
	19.11%

	cell center
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0086 
	0.0287
	0.0699 
	5.40%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0067 
	0.0302
	0.0806 
	13.90%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.0094 
	0.0332
	0.0851 
	12.32%


2.2.2 Model 2

In this section, we give the performance evaluation for outdoor hotzone model 2. We show the performance of different hotzone Tx Powers. From the figure 4,5 and table 3,4, we can see the same trend as for model 1.
(1) Case 1 (ISD=500m)
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(4a) cell-center deployment                                                               (4b) cell-edge deployment
Fig.4 UE throughput CDF with eNB Tx power reduction (case 1)

	Table 3 UE throughput gain with eNB Tx power reduction (case 1)
　
	　
	5%
	50%
	Mean
	hotzone UE ratio

	cell edge
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0142
	0.0587 
	0.1409 
	16.95%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0161
	0.0858 
	0.1694 
	29.52%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.0154
	0.0784 
	0.1584 
	27.68%

	cell center
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0118
	0.0369 
	0.0992 
	7.68%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0124
	0.0443 
	0.1246 
	17.71%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.012
	0.0399 
	0.1191 
	15.81%


(2) Case 3 (ISD=1732m)
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(5a) cell-center deployment                                                               (5b) cell-edge deployment
Fig.5 UE throughput CDF with eNB Tx power reduction (case 3)

Table 4 UE throughput gain with eNB Tx power reduction (case 3)
	　
	　
	5%
	50%
	Mean
	hotzone UE ratio

	cell edge
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0149
	0.0674 
	0.1683 
	13.02%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0147
	0.0800 
	0.1839 
	20.57%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.0183
	0.0826 
	0.1922 
	20.06%

	cell center
	macro Tx Power =46dBm
hotzone Tx Power    =30dBm
	0.0139
	0.0474 
	0.1107 
	5.27%

	
	macro Tx Power =38dBm
hotzone Tx Power    =30dBm
	0.0138
	0.0478 
	0.1350 
	10.29%

	
	macro Tx Power =46dBm
hotzone Tx Power    =37dBm
	0.0145
	0.0491 
	0.1316 
	9.27%


2.3 Performance with Frequency Reuse based ICIC 
In this section, our previous partial frequency reuse (PFR) and soft frequency reuse (SFR) results for relay systems are extended to the case of  HTN deployments. 
2.3.1 Performance with PFR 
Suppose that the whole system bandwidth in each sector is divided into four orthogonal sub-bands, then the resource assignment between the macro eNB and the Hotzone is shown in Fig. 6.
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Fig. 6 Spectrum Division for PFR mode
Fig. 7 illustrates the normalized user throughput CDF for both cell-edge and cell-center deployments and Table 5 records the corresponding cell-edge (5%), cell-median (50%), and cell-average user throughput gains respectively. It is observed from the CDF curve that regardless of cell-edge or cell-center deployment for the case of two hotzone nodes, the strong interference for the macro or hotzone cell-edge UEs from the neighboring cell is dramatically decreased due to the efficient spectrum division, which results in better performance for the cell-edge UEs. Although the cell-edge performance is improved considerably, interference coordination with PFR does not always improve the cell average performance due to the fact that only part of the spectrum is used for the hotzone nodes.  Nevertheless, it is expected that better average performance would be obtained through spectrum reuse among intra-sector hotzone nodes if more hotzone nodes were deployed, since there is not much interference among those lower power hotzone nodes in each macro-cell.
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Fig. 7  CDF of Normalized User Throughput

Table 5 System Simulation Results
	
	
	5%
	50%
	Average
	Hotzone UE ratio

	Cell-edge
	w/o PFR
	0.0126
	0.0468
	0.0772
	20.8%

	
	with PFR
	0.0140
	0.0480
	0.0637
	20.8%

	Cell-center
	w/o PFR
	0.0118
	0.0411
	0.0690
	23.1%

	
	with PFR
	0.0131
	0.0434
	0.0611
	23.1%


2.3.2 Performance with SFR 

Fig. 8 shows the SFR resource assignment for HTN for cell-edge deployment. Table 6 records the corresponding cell-edge (5%), cell-median (50%), and cell-average user throughputs gains respectively. For the scheme with SFR, on the one hand, the cell-edge bands of neighboring cells are orthogonal, and thus the lower interference for cell-edge UEs mostly comes from the adjacent cell-center bands with low transmit power; on the other hand, the available spectrum for hotzone node is orthogonal to the local cell-edge band, which results in lower interference for hotzone UEs coming mainly from the local cell-center band with reduced transmit power and the cell-edge band of one neighboring cell. For these reasons, we can find that the scheme with SFR can provide significant performance gain in both cell-edge throughput and average throughput due to efficient interference coordination compared to the scheme without SFR.
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Fig. 8 Spectrum Division for SFR mode
Table 6 System Simulation Results
	
	
	5%
	50%
	Average
	Hotzone UE ratio

	Cell-edge
	w/o SFR
	0.0126
	0.0468
	0.0772
	23.1%

	
	with SFR
	0.0142
	0.0590
	0.0824
	23.1%


3 Conclusions
In this contribution, we have presented simulation results for a macro+hotzone heterogeneous deployment. Two interference mitigation techniques supported in Rel-8/9 are investigated: transmission power reduction and fractional frequency reuse. 
Simulation results for case 1 and case 3 show that reduction of the macro eNB’s power is helpful for cell-average performance but may result in performance losses in cell-center hotzone deployments. For 3GPP case 1, reduction of the macro Tx power is preferred. For 3GPP case 3, increasing the hotzone eNodeB Tx power is preferred. 
With regard to ICIC, we find that SFR-based ICIC is helpful to improve both the cell-edge and cell average throughput performance, but PFR-based ICIC may result in the reduction of cell-average throughput, although it can also improve the performance of cell-edge throughput. These results show that a Rel-8/9 network already has the capability and flexibility to effectively control and mitigate inter-cell interference for the data channels in the event of heterogeneous deployments.
· We therefore assert that, at least for the scenarios considered so far, Interference Coordination techniques supported in Release 8 and 9 seem to be generally adequate for data channel ICIC in Heterogeneous Network deployments.
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5 Appendix A
Table3  System simulation parameters [1]
	Parameter
	Value

	HTN scenario
	3GPP, 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

	Hotzone Tx power
	30 dBm

	Number of Hotzones 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

	Number of eNodeB antenna
	1 Tx antenna 

	Number of 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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	Downlink receiver type
	MRC

	Path-loss model
	Macro to UE
	Model 1:

PL= 128.1+37.6log10(R), R in km
Model 2:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
R in km
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	
	Hotzone to UE
	Model 1:

PL=140.7+36.7log10(R), R in km 
Model 2:
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Penetration loss
	20dB for both macro to UE and Hotzone 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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