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1. Introduction  
In RAN#47, EICIC for co-channel Het-Net was approved as a WI. The objective is to identify and evaluate non-CA based, enhanced ICIC for control and data channels in Het-Net deployments. The contributions [1] has proposed that range expansion may be treated as optimization of Macro-Pico deployment to improve the system performance. The contribution [2] proposed to further study  plain co-channel deployed macro + pico performance optimization via more optimal serving cell selection and pico node power control for dense deployment, and identify if additional standardization is required, and what the corresponding performance gain equals.

In this contribution, we present the performance impact of range expansion for data channel in a co-channel deployed heterogeneous networks composed of Macro cell and hotzone cell. We show that performance improvement is achieved from introducing co-channel deployed pico nodes, and control channel problem is not discussed yet.
2. Simulation Assumptions
We study two scenarios by referring to [3], which are respectively cell-center and cell-edge deployment with 2 pico cell per sector, where the distance between the pico eNB and macro eNB is respectively 2/9 ISD and 8/15 ISD. We follow the same simulation assumption that fast fading is disabled. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are referred to Appendix. 
For the considered cell centre and cell edge scenarios, we study three cell selection approaches combined with various Pico cell transmit power levels, which are respectively Rel-8 RSRP-based cell selection and the biased cell selection approach wherein each UE adds a bias term to its RSRP from hotzone cells as well as the Path loss (PL)-based cell selection approach wherein each UE selects its serving cell to which it experiences the least average channel loss. We consider the pico eNB transmission power level, i.e., 30dBm and 37dBm. We aim to study the performance impact of range expansion and pico cell transmission power in the macro+pico deployment. The various biases, e.g., 3dB, 6dB and 10dB, are used to illustrate the impact of the UE association approaches. Specifically, this contribution shows the downlink data channel performance.
3 Performance evaluation

We mainly study the performance in terms of SINR and throughput CDF via adjustment of pico node transmit power and/or by using RSRP based serving cell selection criteria with cell specific offsets. It is expected that optimal serving cell selection can contribute to better balance of the load between macro and pico nodes and hence leads to the throughput improvement For the macro + pico cases, we observe the performance as follows.
Fig. 1 and 2 show the SINR CDF of macro UE and pico UE respectively in the cell centre deployment with the pico cell transmission power of 30dBm. Fig. 3 and 4 show the SINR CDF of macro UE and pico UE respectively in the cell edge deployment. 
From Fig. 2 and 4, we observe that SINR of pico UE is lower in the deployment of cell centre. Whereas with the cell edge deployment, the SINR of pico UE is increased. It is due to that pico cell suffers from the strong interference of the macro cell in the cell centre deployment compared to the deployment of cell edge. It is true no matter which kind of cell selection schemes are employed. 

As shown in Fig. 2 and 4, with respect to the impact of the cell selection scheme, it is shown that range expansion technique aggravates the SINR of the pico cell severely. In the cell edge deployment as shown in the Fig.3 and 4, we observe that with the incremental bias value set, the SINR of macro UE increases slightly, whereas the SINR of pico UE decreases. The PL-based cell selection scheme causes the worst SINR of the pico UE. 

This is due to that with the incremental bias value in the cell selection scheme a UE intends to select a pico cell with weaker SINR relative to the macro cell. It may result in the reduced downlink SINR of pico UEs compared to the traditional Rel-8 RSRP cell-selection. To be in detail, with range expansion, more UE are connected to pico eNB. With the same transmission power of pico eNB, the receiving signal strength of these part of UE in the expanded area is lower than the previous UE served by pico eNB. Meanwhile, these part of UE suffer from stronger interference from the macro cell with a bigger transmission power. This results in the SINR degradation of pico UE. Instead, the number of macro UE is decreased and the connected part of UE is more close to macro eNB, which may leads to the SINR increase of the macro UE. This is especially significant for cell edge deployment, wherein we observe that the PL-based and RSRP+bias cell selection scheme bring forward better SINR of macro UE and lower SINR of pico UE compared to the RSRP based scheme. However, it is expected that the average throughput may be increased significantly with an appropriate interference coordination technique for a certain scenario and cell selection scheme.
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Fig. 1 SINR CDF of MACRO UE (2/9 ISD)
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Fig. 2 SINR CDF of pico UE (2/9 ISD)
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Fig. 3 SINR CDF of MACRO UE (8/15 ISD)
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Fig. 4 SINR CDF of pico UE (8/15 ISD)

Fig. 5 and 6 show the UE throughput CDF for different cell selection schemes under the cell centre deployment and cell edge deployment respectively. Table 1 shows the throughput performance in the downlink for difference cell selection scheme and pico cell transmission power. From the simulation results, we can see that, the throughput is increased in Het-Net even with RSRP-based cell selection. Both the average and cell edge UE throughput can be improved in Het-Net deployments compared to a macro only deployment., which facilitate the further improvement of system average throughput. With the incremental transmission power of the pico eNB, the average throughput may be increased in both cell centre and cell edge deployment. 

However, the cell edge deployment may bring forward a better throughput performance compared to the cell centre deployment. 

Regardless the deployment scenario, with the range expansion, the edge UE throughput usually first increase and then decrease with the increased bias value set. There exists an optimal bias value set with respect to the load balance and for edge UE, a bias value less than 6dB is preferred. The average throughput decreases except the case of 30dB transmission power in the cell centre deployment wherein the average throughput slightly increases for small bias value and then decreases for medium to large value. It tells us that without EICIC, the biased cell selection schemes (including PL-based scheme) may result in performance degradation, especially for large bias value. Simulation results indicate that bias value approximately smaller than 6 dB is preferred.
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Fig. 5 UE throughput CDF (2/9 ISD, 30dBm)
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Fig. 6 UE throughput CDF (8/15 ISD, 30dBm)
Table 1 DL throughput performance.
	DMeNB-PeNB [m]
	Pmax_PeNB [dBm]
	Fraction of Pico UE [%]
	User throughput [kbps]

	
	
	
	5% worst
	Median
	Average

	Scenario 1: 2/9 ISD
	Macro only
	
	60
	228
	301

	
	RP-based
	30
	1.45%
	61.5
	229
	326

	
	
	37
	6.13%
	59
	240
	396

	
	PL-based
	30
	24.91%
	18
	213
	308

	
	
	37
	24.91%
	49
	235.5
	321

	
	RSRP+bias (bias=3db)
	30
	2.44%
	62
	230.3
	328

	
	
	37
	10.29%
	60
	242.5
	340

	
	RSRP+bias (bias=6db)
	30
	4.61%
	64
	236
	324

	
	
	37
	17.03%
	65
	244
	328

	
	RSRP+bias (bias=10db)
	30
	10.29%
	59.5
	233.5
	315

	
	
	37
	28.11%
	35.5
	231
	319

	Scenario 2: 8/15 ISD
	Macro only
	
	60
	228
	301

	
	RP-based
	30
	8.84%
	65.5
	297.4
	520

	
	
	37
	14.70%
	72.5
	374.5
	665.5

	
	PL-based
	30
	27.96%
	21
	299
	422

	
	
	37
	27.96%
	54
	324
	499

	
	RSRP+bias (bias=3db)
	30
	11.16%
	70
	291
	503

	
	
	37
	18.86%
	74
	314
	562

	
	RSRP+bias (bias=6db)
	30
	13.68%
	71
	298
	485

	
	
	37
	23.05%
	74.5
	318
	525

	
	RSRP+bias (bias=10db)
	30
	18.86%
	61.5
	305
	454

	
	
	37
	30.36%
	45
	319
	487


4 Conclusion 
In this contribution, we have presented downlink performance evaluations for data channel in a co-channel deployment of Macro+Pico Hetnets, without EICIC technique applied. Based on the simulation results, we have the following conclusions:
· Het-Net benefits much for throughput improvement compared to a macro only deployment even without range expansion applied.

· Interference from macro cell to pico cell is severe in Het-Net, especially with range expansion. 

· For both the cell centre deployment and the cell edge deployment, the biased cell selection with smaller bias value (approximately less than 6 dB) is beneficial for cell edge UE throughput improvement. 

· Without EICIC, the biased cell selection schemes (including PL-based scheme) may result in performance degradation, especially for large bias value. 

· Study on enhanced ICIC in Hetnet is suggested to explore the further system gain.
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Appendix
	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)

	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
	Round Robin

	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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Hotzone 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
	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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