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1. Introduction
After RAN1 #61bis meeting, it is concluded that in macro-pico deployment without any range expansion, there is no problem for downlink control channel and Rel-8/9 ICIC methods can be reused for data channel. However, for the case with range expansion schemes (so called scenario 2 in [1]), enhanced interference managements might be needed and should be studied.
Considering downlink data channel ICIC, several methods have been proposed to improve cell edge performance as well as average system throughput [2-5]. These methods are mainly based on the resource partitioning either in the time domain or in the frequency domain between macro cell and pico cell. Moreover, we assume that the bias value adopted in this contribution is small due to the observation that increasing small cell selection bias increases the average spectral efficiency but leads to increased CCH outage probability.
In RAN1 #60 meeting, it is observed that increasing small cell selection/handover bias increases the average spectral efficiency but leads to increased CCH outage probability. In this contribution, under assumption that bias value is not large (5 dB in this contribution), we consider a downlink ICIC scheme that based on the concept of adaptive frequency partitioning for macro-pico co-channel deployment, and we present simulation results for both uniform and non-uniform UE densities specified in [6]. The results show that this adaptive frequency partitioning method can improve not only cell edge user spectral efficiency but also average cell spectral efficiency. 
2. Adaptive Frequency Partitioning
When range extension scheme is employed, the coverage area of pico eNodeB (PeNB) will extend and the number of pico UEs (PUEs) will increase. However, the PUEs who are associated with PeNB via range extension scheme will suffer noticeable interference from macro eNodeB (MeNB). We call these UEs as range extension UEs (RUEs). In order to make RUEs work well, it is reasonable to reserve a part of frequency resources only for RUEs operation as a protected band. In the protected band, since the interference from MeNBs is removed, the RUEs can have comparable single quality with other UEs. As a result, the cell edge performance can be improved effectively.
In figure 1a, without frequency planning, cell edge PUEs will suffer the interference from MeNBs. The basic concept of the proposed method is that the “muting band” (i.e. protected band) is only used for RUEs to prevent the interference from MeNBs (see Figure 1b). Since RUEs are often with bad geometry, we can improve the cell edge user spectral efficiency effectively by protecting these users. The basic principle of this frequency partitioning strategy is as follows:

1. Marco is assigned at least 50 % of the total bandwidth 

2. The muting band change dynamically according to the muting ratio:
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The effectiveness of this frequency partitioning strategy depends on the relative number of RUEs and pico UEs. As the interference from MeNB is removed, the signal quality of RUE can be improved.
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Figure 1a. Frequency allocation scheme : Reuse-1
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Figure 1b. Adaptive frequency partitioning

3. Simulation Assumption

Five heterogeneous network deployment scenarios are defined in the evaluation methodology [6], and the outdoor pico cells with configuration #1 and #4 are listed as the second priority. In this configuration, we investigate the scenario of outdoor pico cells with configuration #1 and configuration #4b for a 10MHz co-channel macro/pico cell deployment. As shown in Figure 2, we consider a scenario with 2 pico nodes fixed on each macro cell area in our simulation.
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Figure 2. Layout of pico cell deployment 

As large values of the offset will increase risks of experiencing downlink control channel (CCH) problem, thus a small bias value (i.e. 5dB) is adopted in our simulation. The detail simulation parameters follow the guidelines in TR 36.814, which is showed in Appendix.
4. Simulation Results and Discussions
In this section, we discuss the performance differences between no frequency planning and the strategy we proposed. The performance results of Rel-8 RSRP cell selection is taken as baseline without any use of range extension. The simulation results in configuration#1 and configuration#4b are summarized in Table1 and Table 2, respectively. Other simulation results are showed in Appendix as references.
Table 1. The spectral efficiency gain compare to Rel-8 RSRP cell selection (configuration#1)
	Configuration#1
	cell spectral efficiency (bps/Hz/cell)
	User spectral efficiency
(bps/Hz/user)
	Average ratio of pico UEs
	Average Muting ratio

	
	
	Edge 5%
	AVE 50%
	
	

	Bias=0 dB
	3.161
	0.0588
	0.093
	16%
	x

	Bias=5 dB
	3.274 (4%)
	0.072 (22%)
	0.11 (18%)
	26%
	x

	Bias = 5dB with frequency partitioning
	3.488 (10%)
	0.103 (75%)
	0.14 (51%)
	26%
	37%


Table 2. The spectral efficiency gain compare to Rel-8 RSRP cell selection (configuration#4b)
	Configuration#4b
	cell spectral efficiency (bps/Hz/cell)
	User spectral efficiency
(bps/Hz/user)
	Average ratio of pico UEs
	Average Muting ratio

	
	
	Edge 5%
	AVE 50%
	
	

	Bias=0 dB
	4.364
	0.045
	0.113
	38%
	x

	Bias=5 dB
	4.128 (-5%)
	0.051(13%)
	0.12 (9%)
	49%
	x

	Bias = 5dB with frequency partitioning
	4.423 (2%)
	0.072 (60%)
	0.14 (27%)
	49%
	24%


The simulation results show that the effect of frequency partitioning is similar in configuration#1 and #4b. We take the performance results of Rel-8 RSRP based serving cell selection as baseline without any use of range extension. The observations are summarized below:
1. There are about 26% and 49% UEs selecting pico cell as serving cell. Compare to Rel-8 RSRP selection scheme, more UEs is connected to pico nodes by range extension.
2. Adopting frequency partitioning, there is a few improvement on cell spectral efficiency. Although spectral efficiency of marco decreases due to the reduction of bandwidth, about 37% and 24% pico UEs are protected by muting band and thus the pico UEs spectral efficiency has a significant gain by removing the marco interference. 
3. It is clearly observed that there is a significant improvement on both cell edge user and median user spectral efficiency. More UEs with bad geometry are connected to pico node due to range extension. With frequency partitioning enabled, these cell-edge pico UEs get a good protection and have a improvement on geometry due to the removal of marco interference. 
4. If the muting band is fixed, it does not need to assign that much bandwidth to RUEs when there are exactly not many RUEs. As adopting frequency partitioning, the muting band change dynamically according to the muting ratio and the bandwidth allocation can be more effective. For example, marco can be allocated much bandwidth when RUEs are not many. This strategy can utilize bandwidth and effectively improve performance.
5. Conclusions
In this contribution, we propose a downlink ICIC based on frequency partitioning for macro-pico co-channel deployment and we also provide some simulation results to illustrate that it work out for data channel. The main motivation of this method is to increase the performance of the edge pico UEs by reserving a protecting band for these UEs from marco interference. According to the simulation results, we conclude that when range extension scheme is employed, eICIC is needed in data channel to support achieving remarkable performance gain and the proposed method is a comparable choice for data channel ICIC application.
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Appendix A: Simulation results details
Table A-1. Simulation parameters
	Parameter
	Assumption

	HTN scenario
	3GPP, Pico/Hotzone, configuration 1 and 4b, model 1

	ISD
	Case 1: 500m   

	Cellular Layout
	Hexagonal layout with wrap around, 7 eNodeBs, 3 cells per eNodeB

	CF (GHz)
	2 GHz

	BW
	10 MHz

	Channel model
	SCM channel

	eNodeB Tx power
	46 dBm

	Pico Tx power
	30 dBm

	Number of Picos 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
	HARQ with CC, Maximum three retransmissions

	Number of eNodeB antenna
	2 Tx antenna 

	Number of PicoeNB antenna
	2Tx antenna

	Number of UE antenna
	2 Rx antennas 

	Downlink receiver type
	MMSE

	Parameter
	Assumption

	 eNB-to-UE :
	

	Distance-dependent path loss
	Mode1:

128.6 + 37.6 log10R, R in km.

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50m

	Shadowing correlation
	Between cells

	
	Between sectors

	Penetration Loss
	20dB

	Antenna pattern  (horizontal)
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	Antenna gain
	14dBi

	Minimum distance between UE and cell
	 >=35 m

	 Pico-to-UE :
	

	Distance-dependent path loss
	Mode1:

140.7 + 36.7 log10R,R in km.

	Shadowing standard deviation
	10 dB

	Penetration Loss
	20dB

	Antenna pattern  (horizontal)
	 Omnidirectional antenna                                                                               

	Antenna gain
	5dBi

	Minimum distance between UE and RN
	 >=10 m


· 
A2-1. CDF of  total UE throughput configuration#1
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· A2-2. CDF of Total UE geometry CDF configuration 1
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· 
A3-1. CDF of  total UE throughput configuration#4b
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· A3-2. CDF of Total UE geometry CDF configuration #4b
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