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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. Range expansion technique has been widely proposed in [1][2] to optimize the system performance. In this contribution, we study the ICIC techniques [6], that are supported in existing R8/9 specification, for range expansion in Macro + pico co-channel deployed HetNet.
2. Enhanced ICIC schemes
We provide the downlink performance evaluation of the frequency resource partitioning for range expansion in co-channel deployment of macro+pico HetNet and show that performance improvement is achieved from ICIC.
The frequency resource partitioning schemes are described as follows. In the partial frequency reuse (PFR) scheme as shown in Fig. 1, the total resource is divided into four parts that are respectively subband A, B, C and D. The subband A is allocated to the cell centre UE of macro cell. The subband B is allocated to the cell edge UE of sector 1 and the remaining subbands C+D are allocated to the pico cell in sector 1. Likewise, the subband C is used for cell edge UE in sector 2 and the remaining subbands B+D are allocated to the pico cell in sector 2. The subband D is used for cell edge UE in sector 3 and the remaining subbands B+C are allocated to the pico cell in sector 3. We set the ratio of these subbands as 2:1:1:1 for illustration.
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Fig. 1 Frequency resource allocation in PFR

In the soft frequency reuse (SFR) scheme as shown in Fig. 2, the macro cell use the whole wireless resource, but apply power control in the overlapped resource with the pico cell. The total resource is divided into subband A, B and C. The resource partitioning is done according to the different sectors. In particular, with respect to sector 1, the cell centre region of the macro cell use the same resource as the pico cell. Meanwhile, the macro cell apply the power control for this part of the resource. Instead, the cell edge region of the macro cell use the remaining part of the resource that is orthogonal with the pico cell. The allocation of the resource to cell centre and cell edge UE are respectively A+B:C. Likewise, for sector 2, the allocation is A+C:B. For sector 3, the allocation is B+C:A. We set the ratio of these subbands as 1:1:1 for illustration.

[image: image2]
Fig. 2 Frequency resource allocation in SFR

Herein, there are three cell selection options assumed for the heterogeneous network: 1) Rel-8 RSRP based cell selection, 2) path loss (PL) based wherein UE selects its serving cell with the smallest channel loss; and 3) RSRP+10dB bias based wherein UE adds a bias value to its RSRP justification from pico cell. 
3 Performance evaluation

We study two scenarios by referring to [3], which are respectively cell-center and cell-edge deployment with 6 pico cell, 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. We aim to study the performance impact of ICIC for range expansion. Specifically, PL-based scheme and RSRP+10dB bias based scheme are chosen to illustrate the impact of the UE association approaches. 
In the previous contributions, we have shown that pico cell suffers from the strong interference of the macro cell especially in the cell centre deployment no matter which kind of cell selection schemes are employed. Range expansion (including PL-based scheme) aggravates the SINR of the pico cell severely. In the following, we evaluate the impact of the PFR and SFR to the system performance. 
Fig .3, 4 and 5 show SINR CDF of Pico UE and macro UE in RSRP-based cell selection scheme, PL-based scheme and RSRP+10dB bias scheme respectively. Note that the transmission power of pico cell is 30dBm, the deployment scenario is cell centre deployment of the 2/9 ISD. As shown in Fig. 3, with PFR and SFR, the SINR of pico UE are significantly increased. This is attributed to the obvious interference reduction with frequency participation. As shown in Fig. 4 and 5, it holds true for any cell selection scheme. However, with PFR, the SINR of macro UE is significantly increased whereas that in SFR is somewhat decreased. This is due to with SFR, macro eNB apply power control in the overlapped resource with the pico cell to the cell centre UE, which leads to the reduction of SINR directly. 
Moreover, with SFR, the SINR of pico UE is decreased slightly compared to the PFR. Instead, the SINR of macro UE is decreased obviously, which is due to the power reduction of macro eNB in the overlapped resource with the pico cell. It holds true for different cell selection scheme. Except for the Bias 10dB scheme, the SINR of pico UE decreases severely. It tells us for the bigger coverage area expansion of pico cell under a cell centre deployment, the power control of macro eNB in the overlapped resource can not mitigate the interference effectively. In this case, the entire frequency separation is suggested. 
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a) pico UE






b)macro UE

Fig. 3 SINR CDF of Pico UE and macro UE in RSRP-based cell selection scheme (30dBm, 2/9 ISD)  
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a) pico UE






b)macro UE

Fig. 4 SINR CDF of Pico UE and macro UE in PL-based cell selection scheme (30dBm, 2/9 ISD)  
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a) pico UE






b)macro UE

Fig. 5 SINR CDF of Pico UE and macro UE in RSRP-based (bias=10) cell selection scheme (30dBm, 2/9 ISD)  

However, note that SINR improvement is not proportional to the throughout improvement since with PFR the available frequency resource for the macro UE and pico UE is reduced. Fig .6, 7 and 8 show UE throughput CDF in RSRP-based cell selection scheme, PL-based scheme and RSRP+10dB bias scheme respectively in the cell centre deployment. PFR scheme may improve the throughput compared with original scheme since the frequency resource partitioning mitigates the interference effectively in the cell centre deployment. PFR outperform SFR since with SFR the reduced transmission power of macro eNB will obviously aggravate the macro cell edge performance and cause the throughput degradation. However, it is essential to set an appropriate ratio of the resource allocation for the performance improvement.
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Fig. 6 UE throughput CDF in RSRP-based cell selection scheme (30dBm, 2/9 ISD)  
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Fig. 7 UE throughput CDF in PL-based cell selection scheme (30dBm, 2/9 ISD)  
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 Fig. 8 UE throughput CDF in RSRP-based (bias=10) cell selection scheme (30dBm, 2/9 ISD)  

Fig .9, 10 and 11 show SINR CDF of Pico UE and macro UE in RSRP-based cell selection scheme, PL-based scheme and RSRP+10dB bias scheme respectively in the cell edge deployment. SINR of pico UE and macro UE in the cell edge deployment follows the same rule as the cell centre deployment. Moreover, with increasing bias value, SINR of pico UE degrades. Meanwhile, the interference that macro UE suffer from pico eNB is reduced. 
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a) pico UE






b)macro UE

Fig. 9 SINR CDF of Pico UE and macro UE in RSRP-based cell selection scheme (30dBm, 8/15 ISD)  
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a) pico UE






b)macro UE

Fig. 10 SINR CDF of Pico UE and macro UE in PL-based cell selection scheme (30dBm, 8/15 ISD)  
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a) pico UE






b)macro UE

Fig. 11 SINR CDF of Pico UE and macro UE in RSRP-based (bias=10) cell selection scheme (30dBm, 8/15 ISD)  

Fig .12-14 shows UE throughput CDF in RSRP-based cell selection scheme, PL-based scheme and RSRP+10dB bias scheme respectively in the cell edge deployment. We observe that PFR causes the throughput degradation due to the reduction of available resource. For the RSRP based and RSRP+10dB bias scheme, the SFR outperforms both the original scheme and the PFR. In the cell edge deployment, SFR outperform PFR since the lower transmission power of macro eNB may contribute to the interference mitigation in the cell edge deployment. 
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Fig. 12 UE throughput CDF in RSRP-based cell selection scheme (30dBm, 8/15 ISD)  
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Fig. 13 UE throughput CDF in PL-based cell selection scheme (30dBm, 8/15 ISD)  
[image: image20.emf]0 5000 10000 15000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x

F(x)

Empirical CDF

 

 

Original Scheme

PFR Sheme

SFR Scheme


Fig. 14 UE throughput CDF in RSRP-based (bias=10) cell selection scheme (30dBm, 8/15 ISD) 
4
Conclusion 

In this contribution, we show potential DL performance gain due to range expansion with frequency resource partitioning, which can also be applied to Rel-8/9. The simulation results indicate that
· Range expansion with interference coordination may effectively improve SINR and thereby offer DL throughput performance gain in HetNet deployments. 
· Due to interference mitigation by frequency resource separation, range expansion with larger bias offset may be enabled to provide further performance gain. 
· Interference coordination techniques supported in R8/9 are able to effectively mitigate and combat the interference of data channel in the co-channel deployment of Hetnet.
References

[1] R1-102670, Identification of Co-channel Problems with Het-Net Deployments, CATT, CATR
[2] R1-102974, HetNet interference management needs and candidate solutions, Nokia Siemens Networks, Nokia
[3] R1-100945, DL Pico/Macro HetNet Performance: Cell Selection, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent 

[4]R1-100946, DL HetNet Performance: Transmit Power Reduction, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
[5]R1-101875, HetNet R8/9 Data Channel Performance, HetNet R8/9 Data Channel Performance, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
[6] R1-102976, Performance and interference aspects of macro with outdoor pico hotspot, Performance and interference aspects of macro with outdoor pico hotspot, Nokia Siemens Networks, Nokia

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,  
[image: image22.wmf](

)

dB

A

0

=

j


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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