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1. Introduction
  In heterogeneous networks deployment, the overlaying of low power nodes (i.e. small cells such as RRH, Hotzone, Femto/HeNB and relay nodes) in a macro-cell’s serving area creates a more complicated interference scenario. To ease the interference problem between macro and pico cells and ensure that all UEs can establish/maintain reliable communications with their corresponding serving cells, a set of solutions such as CA solution and almost blank subframe (ABS) solution have been proposed. In this paper, we focus on the downlink data channel performance when applying ABS solution in macro + pico deployment and provide our view on the applicability of this interference management scheme. The brief introduction of ABS solution is as follows [1]. An example of subframe allocation in macro and pico cells is shown in Fig.1. More detailed information about ABS can be found in [2 - 4].
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Fig.1 Example of subframe allocation in macro and pico cells

2. Simulation Assumptions

We consider the scenario of 10MHz co-channel macro/pico deployment with configuration #1/4a/4b for 3GPP Case 1 (ISD = 500m) and 3GPP Case 3 (ISD = 1732m). The subframe allocation between macro and pico cells is as in the above Fig.1. 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.
The almost blank subframe is not completely ‘blank’ for the CRS transmission in the whole subframe region and also the possible PCFICH/PDCCH transmissions to support paging messages and SIB-1 in the aggressor cell. We assume nothing transmitted during the the odd numbered subframes in Macro cell (almost blank subframes) for the reason that the transmissions of the above mentioned signal have little impact to the whole system data channel performance.
3. Performance Evaluation of ABS solution

Fig. 2 to 4 show the UE SINR CDF with 4 Picos in Configuration 1/4a/4b scenario respectively for 3GPP case 3. Table 1 to 3 show the average throughout of the whole cell in Configuration 1/4a/4b scenario respectively, with 0dB, 3dB, 6dB, 9dB,12dB and 25dB cell-selection biases. 
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Fig.2 UE SINR CDF in Configuration 1 (All UEs)
Table.1 Data channel throughput performance with/without ABS under Configuration 1
	Cell selection bias
	No-ABS
	ABS

	
	5% (bps/Hz)
	Mean (bps/Hz)
	5% (bps/Hz)
	Mean (bps/Hz)

	0dB
	0.0226
	0.2786
	0.0123
	0.2786

	3dB
	0.0235
	0.2756
	0.0123
	0.3024

	6dB
	0.0289
	0.2768
	0.0148
	0.3244

	9dB
	0.0302
	0.2800
	0.0161
	0.3585

	12dB
	0.0323
	0.2689
	0.0187
	0.3677

	25dB
	0.0001
	0.2058
	0.0228
	0.3646
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Fig.3 UE SINR CDF in Configuration 4a (All UEs)
Table.2 Data channel throughput performance with/without ABS under Configuration 4a
	Cell selection bias
	No-ABS
	ABS

	
	5% (bps/Hz)
	Mean (bps/Hz)
	5% (bps/Hz)
	Mean (bps/Hz)

	0dB
	0.0246
	0.3802
	0.0121
	0.4018

	3dB
	0.0290
	0.3527
	0.0136
	0.4082

	6dB
	0.0328
	0.3491
	0.0179
	0.4195

	9dB
	0.0360
	0.3378
	0.0171
	0.4141

	12dB
	0.0332
	0.3240
	0.0189
	0.4139

	25dB
	0.0029
	0.2530
	0.0281
	0.3964
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Fig.4 UE SINR CDF in Configuration 4b (All UEs)
Table.3 Data channel throughput performance with/without ABS under Configuration 4b
	Cell selection bias
	No-ABS
	ABS

	
	5% (bps/Hz)
	Mean (bps/Hz)
	5% (bps/Hz)
	Mean (bps/Hz)

	0dB
	0.0521
	0.4149
	0.0233
	0.4409

	3dB
	0.0661
	0.3978
	0.0289
	0.4474

	6dB
	0.0685
	0.3873
	0.0395
	0.4433

	9dB
	0.0660
	0.3837
	0.0444
	0.4452

	12dB
	0.0645
	0.3789
	0.0611
	0.4436

	25dB
	0.0070
	0.3410
	0.1015
	0.4368


From the above simulation results we can see when ABS solution is applied, the UE SINR CDF shows an obvious increase. Because of the use of ABS, half of the subframes in a downlink radio frame are blank, the UEs served by Picos will not suffer any interference in these subframes from macro cell. 
For the No-ABS solution, we can see that range expansion improves the worst 5% data channel throughput when the bias value is small to moderate (< 12 dB) then decrease dramatically for large bias value (e.g. 25 dB). The mean throughput shows a clear degradation as the bias value increases. 
For the ABS solution, with the increase of the bias value, more UEs are associated with Picos, and because of the ease of the interference from macro cell, the Pico UEs will have a better throughput which leads to the obvious increase of 5% worst throughput. However, the mean throughput does not improve and degrades in some certain case (i.e., very large bias 25 dB).   

The ABS/No-ABS simulation results of 3GPP Case1 scene are similar to that of 3GPP Case3, which are listed in appendix B.
4. Conclusions
In this contribution, we have presented DL PDSCH evaluation results when applying ABS/No-ABS interference management method for a co-channel deployment with Macro eNB and outdoor Picos. Based on our simulation results, the following conclusions can be drawn:
· Compared with the No-ABS solution, ABS solution can provide a better UE SINR and throughput performance for the whole cell in Macro+Picos deployment for 3GPP Case1 and 3 (config#1/4a/4b).
· When ABS interference management method is applied, the gain of cell range expansion is observed for edge UE throughput but not for mean throughput. A noticeable degradation on mean throughput is observed for very large bias value. Based on the simulation results, small to moderate bias value is recommended if biased cell selection is used.  
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Appendix A: Simulation parameters

Table.A1 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); 1732m(Case3)

	eNB Tx power (Ptotal)
	46dBm

	Hotzone Tx power
	24dBm(Case 1), 30dBm(Case 3)

	UE power class
	23dBm (200mW)

	eNB 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

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

	UE antenna gain
	0dBi

	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 eNB antenna
	2 Tx antenna 

	Number of Hotzone antenna
	2 Tx antenna 

	Number of UE antenna
	2 Rx antenna

	Antenna pattern (horizontal)
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	Antenna pattern (vertical)
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	Combining method in 3D antenna pattern
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	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 


Appendix B: Simulation results for 3GPP Case1
Config1:
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	No-ABS
	ABS

	
	5%(bps/Hz)
	Mean(bps/Hz)
	5%(bps/Hz)
	Mean(bps/Hz)

	0dB
	0.0323
	0.3337
	0.0183
	0.3783

	3dB
	0.0404
	0.3169
	0.0190
	0.3800

	6dB
	0.0471
	0.3213
	0.0242
	0.3870

	9dB
	0.0427
	0.3041
	0.0299
	0.4026

	12dB
	0.0350
	0.2926
	0.0354
	0.3976

	25dB
	3.2128e-005
	0.2201
	0.0593
	0.3887


Config4a:
	
	No-ABS
	ABS

	
	5%(bps/Hz)
	Mean(bps/Hz)
	5%(bps/Hz)
	Mean(bps/Hz)

	0dB
	0.0329
	0.2917
	0.0164
	0.3318

	3dB
	0.0382
	0.2848
	0.0185
	0.3480

	6dB
	0.0452
	0.2884
	0.0246
	0.3510

	9dB
	0.0452
	0.2782
	0.0311
	0.3600

	12dB
	0.0291
	0.2682
	0.0402
	0.3536

	25dB
	4.5585e-006
	0.2000
	0.0533
	0.3375
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Config4b:
	
	No-ABS
	ABS

	
	5%(bps/Hz)
	Mean(bps/Hz)
	5%(bps/Hz)
	Mean(bps/Hz)

	0dB
	0.0447
	0.3240
	0.0215
	0.3582

	3dB
	0.0673
	0.3165
	0.0347
	0.3706

	6dB
	0.0647
	0.3128
	0.0474
	0.3667

	9dB
	0.0575
	0.3087
	0.0536
	0.3663

	12dB
	0.0358
	0.3022
	0.0705
	0.3703

	25dB
	0.0042
	0.2806
	0.0880
	0.3668
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