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1. Introduction
  Heterogeneous networks consist of deployments of low power nodes (i.e. small cells such as RRH, Hotzone, Femto/HeNB and relay nodes) within a macro-cell deployment to serve additional capacity needs. A set of hotspot scenarios with clustered user distribution have been agreed during RAN1#60. Some potential technologies for downlink co-channel interference mitigation in hotspot scenarios have been pointed out for further study during RAN1#60b. In this contribution, we present the downlink data channel performance results with interference management, such as power control, frequency reuse, cell selection, for hotspot scenarios.

2. Simulation methodology

Here we investigate and evaluate the scenario of outdoor hotzone cells with configuration #4b for a 10MHz co-channel macro/hotzone deployment [1]. In Fig.1, we show the 3-sectorized Hexagonal grid with 7 cells wrap-around. The“+”means the Pico node. The red dots mean the clustered UEs belong to Pico node. The black dots mean the macro UEs uniformly dropped in each sector. We present simulation results for Case 1 (ISD = 500m) with 30 users per macro cell (Nusers), hotspot user dropping share (Photspot) of 2/3, and the number of hotspot areas (N) is set to 4 to be dropped within each macro cell. The presented results are for the full buffer traffic model and path loss model 2. Fast fading is enabled in our simulations for the relative performance comparison. More simulation assumptions are shown in appendix A [2].
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Fig.1   Layout of hotzone cells deployed at the macro-cell

3. Performance Evaluation of Downlink Interference Management

3.1 Performance with eNB Tx power reduction

In this subsection, Fig. 2 shows the UE SINR performance CDF under three unequal Tx powers settings. Fig. 3 shows the UE throughput performance CDF. The corresponding gains are listed in Table 1. From Fig. 2, we can see that by reducing the eNB’s power, significant SINR gain in Pico cell is obtained. From Fig. 3 and Table 1, we can see that by reducing the eNB’s power, significant performance gain is obtained for the 5% and mean throughput values as a result of more UEs being attached to the Hotzone cells. The comparison is also shown with 30 dBm 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 for path loss model 2.
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 (2a) CDF of Macro UE SINR                        (2b) CDF of Pico UE SINR 

Fig.2 CDF of UE SINR 
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(3a) CDF of Normalized Macro UE Throughput          (3b) CDF of Normalized Pico UE Throughput

Fig. 3 CDF of Normalized User Throughput

	Table 1 Normalized UE throughput (bps/Hz) with eNB Tx power reduction

　
	5% (UE)
	Mean (UE)
	Average (cell)
	Pico UE ratio

	macro Tx Power =46dBm
hotzone Tx Power=24dBm
	0.0307
	0.2719
	8.1575
	43.97%

	macro Tx Power =38dBm
hotzone Tx Power=24dBm
	0.0557
	0.3539
	10.6160
	66.19%

	macro Tx Power =46dBm
hotzone Tx Power=30dBm
	0.0512
	0.3329
	9.9858
	61.59%


3.2 Performance with Partial Frequency Reuse based ICIC 

In this subsection, we use partial frequency reuse (PFR) in the case of heterogeneous deployments [3]. Suppose that the whole system bandwidth in each sector is divided into four orthogonal sub-bands. In each sector, the largest sub-band is assigned to cell-centre UEs. One of them is assigned to cell-edge UEs to make sure different cell-edge has different sub-band for mitigating the interference. The rest are assigned to pico UEs. The resource assigned between the macro eNB and the Hotzone is shown in Fig. 4.

Fig.5 illustrates the user SINR CDF using the different frequency resource schedule scheme for macro and pico. Fig.6 illustrates the normalized user throughput CDF. Table 2 records the corresponding 5% user throughput gains, mean user throughput gains and average cell throughput, respectively. The fairness is an important performance metric for resource scheduling. An effective way to illustrate the fairness performance is the ratio of the maximum partial user throughput to the minimum partial user throughput, denoted as Max/Min. From Table 2, the comparison results between the pure co-channel and independent channel deployment can be found. 

 It is observed from the SINR CDF curve that regardless of any location deployment for the case of four 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 5% 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. But we can see the fairness with PFR is better than scheme w/o PFR.
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Fig. 4 Spectrum Division for PFR mode
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 (5a) CDF of Macro UE SINR                    (5b) CDF of Pico UE SINR

Fig. 5 CDF of UE SINR
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 (6a) CDF of Normalized Macro UE Throughput     (6b) CDF of Normalized Pico UE Throughput

Fig. 6 CDF of Normalized User Throughput

Table 2 System simulation results with and w/o PFR based ICIC
	
	
	5% (UE)
	Mean (UE)
	Average (cell)
	Pico UE ratio
	Max/Min

	macro Tx Power=46dBm
hotzone Tx Power =24dBm
	w/o PFR
	0.0307
	0.2719
	8.1575
	43.97%
	0.4624

	
	with PFR 
	0.0343
	0.1818
	5.4548
	43.97%
	0.5046


3.3 Performance under different cell selection bias value
Due to the low transmission power of the small cells, only a few users would be connected to the small cells. Thus the available resources of the small cells would not be fully exploited. At the same time in the macro cell, the competition for the available resource would remain high. In order to solve the problem, the biased cell selection has been proposed for heterogeneous networks [4], where bias is zero for the macro cell and has a non-negative value for the small cells, resulting in more users being transferred to the small cells.

We study the performance of two cell selection schemes, which are RSRP-based and biased RSRP-based in this subsection. The RSRP-based user assignment approach is used for the baseline simulations. The results are then compared to the biased assignment with biases of 3, 6, 10 and 16 dB, while considering the smallest Ptotal, pico, i.e. 24 dBm.

Fig.7 illustrates the user SINR CDF using different cell selection schemes for macro and pico. Fig.8 shows the corresponding user throughput CDF. Table 3 records the corresponding 5% user throughput gains, mean user throughput gains and average cell throughput, respectively. From these results, we can find that with the biased assignment approach, the pico cells tend to get assigned more users. So the Pico UE SINR decreases as the bias value increases. The 5% UE throughput and fairness performance increases as the bias increases for small value while it start to decrease at large bias value. On the contrary, the average UE and cell throughput decrease as the bias value increases. 
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(7a) CDF of Macro UE SINR                       (7b) CDF of Pico UE SINR

Fig. 7 CDF of UE SINR
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(8a) CDF of Normalized Macro UE Throughput       (8b) CDF of Normalized Pico UE Throughput

Fig. 8 CDF of Normalized User Throughput

Table 3 System simulation results on biased cell selection
	
	
	5% (UE)
	Mean (UE)
	Average (cell)
	Pico UE ratio
	Max/Min

	macro Tx Power =46dBm
hotzone Tx Power =24dBm
	RSRP
	0.0307
	0.2719
	8.1575
	43.97%
	0.4624

	
	RSRP + 3dB bias


	0.0449
	0.2662
	7.9849
	53.17%
	0.6082

	
	RSRP + 6dB bias


	0.0540
	0.2625
	7.8740
	61.59%
	0.7020

	
	RSRP + 10dB bias


	0.0547
	0.2591
	7.7745
	70.95%
	0.7110

	
	RSRP + 16dB bias


	0.0254
	0.2462
	7.3862
	79.68%
	0.6397


4. Conclusions

In this contribution, we have presented simulation results for a macro + hotzone heterogeneous deployment. Three interference mitigation techniques supported in Rel-8/9 are investigated: transmission power reduction, fractional frequency reuse and cell selection. 

Simulation results show that reduction of the macro eNB’s power is helpful for performance in hotzone deployments. For 3GPP case 1, reduction of the macro Tx power is preferred. 

With regard to ICIC, we find PFR-based ICIC may result in the reduction of cell-average throughput, although it can also improve the performance of cell-edge throughput. 

The results on biased cell selection indicate that a one-size-fits-all bias is impractical. For small bias value where the gain of biased cell selection is shown, the tradeoff between fairness and average cell throughput should be studied further.
Overall, we see the need for further study on enhanced ICIC to fully explore the benefits of heterogeneous deployments.
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Appendix A: Simulation parameters
Table 4 System simulation parameters 

	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 7 cells wrap-around 

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1)

	eNodeB Tx power (Ptotal)
	46 dBm

	Hotzone Tx power
	24dBm, 30dBm for Case1

	UE power class
	23dBm (200mW)

	eNodeB antenna height
	32m

	Hotzone antenna height
	5m

	UE antenna height
	1.5m

	Number of Hotzones per sector
	4

	Number of UE per sector
	30

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	eNB antenna gain plus cable loss
	14 dBi, sectorized,Omni

	pico antenna gain plus connector loss
	5dBi for pico to UE, Omni

	UE antenna gain
	0 dBi

	Noise figure at pico
	5dB

	Noise figure at UE
	9dB

	Downlink HARQ
	Maximum 4 times retransmissions, and hop-by-hop HARQ in pico network

Chase combining HARQ

	CQI feedback delay
	5ms for per hop

	Number of eNodeB antenna
	2 Tx antenna 

	Number of Hotzone antenna
	2 Tx antenna 

	Number of UE antenna
	2 Rx antennas 

	Antenna pattern (horizontal)
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	Combining method in 3D antenna pattern
	
[image: image20.wmf](

)

(

)

(

)

[

]

{

}

m

V

H

A

A

A

A

,

min

,

q

j

q

j

+

-

-

=



	Path-loss model
	Macro to UE
	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)

	
	Hotzone to UE
	Model 2:

PLLOS(R)=103.8+20.9log10(R)

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

Case1:Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

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

	Shadowing standard deviation
	Model 2:
8dB for eNB to UE

10dB for pico to UE

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Shadowing Correlation distance
	50m

	Fast fading model
	eNB-UE
	ITU/Uma

	
	pico-UE
	See[5]

	Thermal Noise Density
	-174 dBm/Hz

	UE speeds of interest
	120 km/h

	Minimum distance between UE and cell
	>= 35 meters

	Minimum distance between new node and regular nodes
	>=75m



	Minimum distance between UE and new node
	> 10m 


	Minimum distance among new nodes
	40 m

	Channel estimation error
	None

	L2S interface
	MI-ESM

	MCS
	29 levels 
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