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1 Introduction

In RAN#47, enhanced ICIC for co-channel Heterogeneous network (Het-Net) was approved as a WI. In an overlaid co-channel deployment between the Macro eNB and low-power node, interference management for the control channels has become the main focus with numerous studies evaluating possible need for interference coordination between the macro and pico/relay/femto cells. 
In last meeting, we have presented several interference management schemes for downlink data co-channel deployment in Het-Net. In this contribution, our focus is on the PDCCH performance for co-channel deployments of macro cells and hotzone cells. We present simulation results for the PDCCH performance using some interference mitigation techniques in macro-pico deployment with range expansion utilized. 
2 Outage ratio mitigating technique performance analysis
Several time domain and frequency domain approaches of PDCCH interference mitigation have been proposed. In this section, we investigate their performance in terms of UE SINR CDF and outage ratio [1]. We assume -4 dB as the SINR threshold for 1% BLER for the PDCCH [2]. Note that no power boosting on the PCFICH and PHICH was used in the following simulations.
2.1 Outage ratio performance analysis with time domain approaches

OFDM symbol time shifting with muting is one time domain approach [3]. Fig.1 shows an example of such scheme. In this example, the second OFDM symbol in the control region is assigned to PDCCH and the third OFDM symbol is blank or muted in the macro cell. The third OFDM symbol in the control region is assigned to PDCCH and the second OFDM symbol is blank or muted in the pico cell. The interference between PDCCH regions of the macro cell and pico cell can be avoided. Global synchronization is needed for this method.
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Fig. 1 OFDM symbol shifting between macro eNB and Pico eNB
The PDCCH performance was analysed for Case 1 in Configuration 4a and 4b. Additional assumptions are given in Annex A. Several cell-selection bias values (from 0dB, 3dB, 6dB, 9dB, 25dB) are applied here for the PDCCH performance evaluation. The SINR performance for PDCCH reception in the sector UEs，hotzone UEs and macro UEs are shown below.
2.1.1 Configuration 4a

Fig. 2 to 4 show the UE SINR CDF with 4 hotzone nodes in Configuration 4a scenario for all, macro and hotzone UEs, respectively. Table 1 shows the PDCCH outage ratio of the UEs for different regions, with 0dB, 3dB, 6dB, 9dB and 25dB cell-selection biases. 
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Fig. 2 UE SINR CDF in Configuration 4a (All UEs)
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Fig. 3 UE SINR CDF in Configuration 4a (Macro UEs)
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Fig. 4 UE SINR CDF in Configuration 4a (Hotzone UEs)
Table 1 Average UE outage ratio in Configuration 4a, with RSRP and biased RSRP cell selection

	
	
	Outage ratio (0dB bias)
	Outage ratio (3dB bias)
	Outage ratio (6dB bias)
	Outage ratio (9dB bias)
	Outage ratio (25dB bias)

	All UEs
	w/ symbol shift
	0.35%
	0.32%
	0.29%
	0.13%
	0.76%

	
	w/o symbol shift
	0.57%
	0.92%
	1.75%
	3.75%
	24.83%

	Macro UEs
	w/ symbol shift
	0.49%
	0.65%
	0.75%
	0.29%
	0.29%

	
	w/o symbol shift
	0.80%
	1.30%
	0.92%
	0.66%
	0.29%

	Hotzone UEs
	w/ symbol shift
	0.20%
	0.06%
	0.00%
	0.05%
	0.82%

	
	w/o symbol shift
	0.33%
	0.62%
	2.25%
	5.30%
	27.81%


From Fig. 2 and Fig. 4, we can see that by exploring the OFDM symbol shifting, significant UE SINR gain on average for all and pico UEs is obtained; while no clear improvement to macro UEs. From Table 1, we can see that with this scheme, significant outage ratio performance gain is obtained as the bias increases for small value while it starts to decrease at large bias value as a result of macro-pico control channel interference avoidance. However, the outage ration of macro UEs may increase as the bias value increases. This is because these macro UEs likely are located at the overlaid cell edge and receive the larger downlink interference from the pico eNB with range expansion. 
2.1.2 Configuration 4b

Fig. 5 to 7 show the UE SINR CDF with 4 hotzone nodes in Configuration 4b scenario for all, macro and hotzone UEs, respectively. Table 2 shows the outage ratio of the UEs for different regions, with 0dB, 3dB, 6dB, 9dB and 25dB cell-selection biases. 
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Fig. 5 UE SINR CDF in Configuration 4b (All UEs)
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Fig. 6 UE SINR CDF in Configuration 4b (Macro UEs)
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Fig. 7 UE SINR CDF in Configuration 4b (Hotzone UEs)
Table 2 Average UE outage ratio in Configuration 4b, with RSRP and biased RSRP cell selection
	
	
	Outage ratio (0dB bias)
	Outage ratio (3dB bias)
	Outage ratio (6dB bias)
	Outage ratio (9dB bias)
	Outage ratio (25dB bias)

	All UEs
	w/ symbol shift
	0.13%
	0.16%
	0.16%
	0.10%
	0.67%

	
	w/o symbol shift
	0.29%
	0.67%
	1.46%
	3.62%
	16.63%

	Macro UEs
	w/ symbol shift
	0.24%
	0.30%
	0.47%
	0.30%
	1.88%

	
	w/o symbol shift
	0.56%
	0.49%
	0.59%
	0.30%
	1.88%

	Hotzone UEs
	w/ symbol shift
	0.05%
	0.09%
	0.04%
	0.04%
	0.60%

	
	w/o symbol shift
	0.11%
	0.75%
	1.79%
	4.52%
	17.42%


Similar results are observed as Configuration 4a. With the symbol shift scheme, the outage ration of UE in different regions increases as the bias value increases. Due to the heavy load in this configuration, the downlink interference from the inside and outside of the hotzone increases with range expansion. 
2.2 Outage ratio performance analysis with frequency domain approaches

Some frequency domain approaches have been proposed such as a control channel shrinking in frequency domain and frequency reuse techniques to avoid the interference between PDCCH regions of the macro cell and pico cell [4]. It could be illustrated as Fig. 8 [4]. 
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Fig. 8 Frequency shrinking to mitigate the inter-cell interference in PDCCH

The PDCCH performance was analysed for Configuration 4a and 4b. Additional assumptions are given in Annex A. Several cell-selection bias values (from 0dB, 3dB, 6dB, 9dB, 25dB) are applied here for the PDCCH performance evaluation. The SINR performance for PDCCH reception for all UEs, hotzone UEs and macro UEs are shown below.
2.2.1 Configuration 4a

Fig. 9 to 11 show the UE SINR CDF with 4 hotzone nodes in Configuration 4a scenario for all, macro and hotzone UEs, respectively. Table 3 shows the outage ratio of the UEs for different regions, with 0dB, 3dB, 6dB, 9dB and 25dB cell-selection biases. 
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Fig. 9 UE SINR CDF in Configuration 4a (All UEs)
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Fig. 10 UE SINR CDF in Configuration 4a (Macro UEs)
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Fig. 11 UE SINR CDF in Configuration 4a (Hotzone UEs)
Table 3 Average UE outage ratio in Configuration 4a, with RSRP and biased RSRP cell selection
	
	
	Outage ratio (0dB bias)
	Outage ratio (3dB bias)
	Outage ratio (6dB bias)
	Outage ratio (9dB bias)
	Outage ratio (25dB bias)

	All UEs
	w/ frequency shrinking
	0.41%
	0.51%
	0.35%
	0.19%
	0.92%

	
	w/o frequency shrinking
	0.57%
	0.92%
	1.75%
	3.75%
	24.83%

	Macro UEs
	w/ frequency shrinking
	0.55%
	1.08%
	0.67%
	0.38%
	0.29%

	
	w/o frequency shrinking
	0.80%
	1.30%
	0.92%
	0.66%
	0.29%

	Hotzone UEs
	w/ frequency shrinking
	0.26%
	0.06%
	0.15%
	0.10%
	1.00%

	
	w/o frequency shrinking
	0.33%
	0.62%
	2.25%
	5.30%
	27.81%


Compared to time domain approach, similar results for frequency domain scheme are observed. 
2.2.2 Configuration 4b

Fig. 12 to 14 show the UE SINR CDF with 4 hotzone nodes in Configuration 4b scenario for all, macro and hotzone UEs, respectively. Table 4 shows the outage ratio of the UEs for different regions, with 0dB, 3dB, 6dB, 9dB and 25dB cell-selection biases. 
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Fig. 12 UE SINR CDF in Configuration 4b (All UEs)
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Fig. 13 UE SINR CDF in Configuration 4b (Macro UEs)
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Fig. 14 UE SINR CDF in Configuration 4b (Hotzone UEs)
Table 4 Average UE outage ratio in Configuration 4b, with RSRP and biased RSRP cell selection
	
	
	Outage ratio (0dB bias)
	Outage ratio (3dB bias)
	Outage ratio (6dB bias)
	Outage ratio (9dB bias)
	Outage ratio (25dB bias)

	All UEs
	w/ frequency shrinking
	0.16%
	0.19%
	0.19%
	0.10%
	0.60%

	
	w/o frequency shrinking
	0.29%
	0.67%
	1.46%
	3.62%
	16.63%

	Macro UEs
	w/ frequency shrinking
	0.24%
	0.39%
	0.59%
	0.30%
	1.88%

	
	w/o frequency shrinking
	0.56%
	0.49%
	0.59%
	0.30%
	1.88%

	Hotzone UEs
	w/ frequency shrinking
	0.11%
	0.09%
	0.04%
	0.04%
	0.54%

	
	w/o frequency shrinking
	0.11%
	0.75%
	1.79%
	4.52%
	17.42%


Once again, similar results are observed for frequency domain scheme compared to the time domain scheme. However, there are also a couple of drawbacks for this method. Among them, the changes in air interface will make this frequency domain scheme not compatible with Rel-8/9 UEs, which is one of the requirements as in the work item description. In addition, the loss of spectrum utilization for Rel-8/9 UEs in the control region may require careful consideration the control channel shrinking technique.
3 Conclusions
In this contribution, we investigate the performance of some proposed eICIC methods. The following are observed:
· For both time and frequency domain approaches, the average UE SINR and the UE outage ratio for all and Hotzone UEs are improved. Macro UE control channel outage ratio resulted in a small degradation when cell selection bias is being implemented to expand the range of the Hotzone cells. Thus when using range expansion, the biased value should be carefully chosen. 
· Even the frequency domain approach has a similar performance compared to the time domain scheme, the compatibility issues with Rel-8/9 UEs make it less appealing.
Thus, we propose to adopt the time domain interference co-ordination techniques as the basis for further study.
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Annex A
Table 5 System simulation parameters

	Parameter
	Value

	Het-Net scenario
	3GPP Case 1, Pico/Hotzone, Configuration 4a, 4b, Model 2

	Cellular layout
	Hexagonal layout with wrap around, 7 eNBs, 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 hotzone cells per macro-cell
	4

	Number of UEs per cell
	TR 36.814

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Downlink HARQ
	CC, Maximum four retransmissions

	Number of eNodeB antennas
	2 Tx antenna 

	Number of Hotzone cell antennas
	2 Tx antenna

	Number of UE antennas
	2 Rx antenna

	Antenna configuration
	eNodeB antenna pattern: 14dBi antenna gain, Allized 
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Hotzone antenna pattern:  5dBi antenna gain, Omni,  
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UE antenna pattern:  0dBi antenna gain, Omni

	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)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	
	Hotzone to UE
	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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