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1 Introduction 
In RAN#47, enhanced ICIC for co-channel Heterogeneous networks (Het Nets) was approved as a WI. In an overlaid co-channel deployment between the Macro eNB and low-power node (LPN), 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 [1], we have presented simulation studies for the downlink control channel (CCH) performance based on Case 1 and Configuration 4b deployment with range expansion using cell association biasing. In this contribution, we will provide further results for the Case 1 and Configuration 1 deployment scenario. 
2 Discussion
Our focus here is on the CCH performance for co-channel deployments of macro cells and hotzone cells, as good CCH performance is a pre-condition for the data channel performance in both uplink and downlink. The CCHs are here taken to include the primary synchronization signal (PSS), secondary synchronization signal (SCC), primary broadcast channel (PBCH), physical hybrid ARQ indicator channel (PHICH), physical control format indicator channel (PCFICH), and physical dedicated control channel (PDCCH). For proper network functionality it is assumed that a BLER<1% is needed for these control channels. To be consistent with previous published studies in [1] and [2], we have assumed -4dB as the SINR threshold for 1% BLER for all the CCH.
The configuration for the hotzone and the UE distribution is based on Configuration 1, which are
· The transmission power of the hotzone nodes is 30 dBm 
· 2 hotzone nodes are dropped uniformly within each macro cell
· Users are dropped uniformly in the sector. 
Several cell-selection bias values (from 3dB to 9dB) are applied here for the CCH performance evaluation. As a baseline for comparison, the CCH performance with Macro only is also provided, where we have also assumed the same UE deployment as in Configuration 1. The SINR performance for CCH reception in the whole cell is shown below. Fig. 1 to 3 show the CCH performance with 2 hotzone nodes in the case 1 scenario for the whole cell, Macro served and hotzone served UEs, respectively. Table 1 shows the outage ratio of the UEs for the Macro only, with 0dB, 3dB, 6dB and 9dB cell-selection biases. Note that no power boosting was used for the PCFICH and PHICH, and the effect of this has not been analyzed. 
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Fig. 1 Performance for control region for 2 hotzone eNodeB under Case 1/Configuration 1 (Sector UEs)
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Fig. 2 Performance for control region for 2 hotzone eNodeB under Case 1/Configuration 1 (Macro UEs)
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Fig. 3 Performance for control region for 2 hotzone eNodeB under Case 1/Configuration 1 (Hotzone UEs)
Table 1 Performance for control region in case of 2 hotzone cells with RSRP and biased RSRP cell selection (assuming -4dB SINR required for 1% CCH BLER)
	
	Outage ratio (Macro only)
	Outage ratio (0dB bias)
	Outage ratio (3dB bias)
	Outage ratio (6dB bias)
	Outage ratio (9dB bias)

	Sector UEs
	4%
	5%
	6.5%
	10%
	14.7%

	Macro UEs
	4%
	4.9%
	3.75%
	3.0%
	2.6%

	Hotzone UEs
	-
	7.5%
	24.1%
	42.2%
	54.9


To put the above results in context, the data channel performance for Macro only and Macro plus hotzone deployment is included next to show the overall UE throughput improvement from co-channel deployment.  Here we choose 6dB biased cell selection to enhance the cell edge UEs’ performance without applying enhanced data ICIC methods. Fig. 4 shows the data channel performance and Table 2 provides the detailed values. 
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Fig. 4 Performance for data region for 2 hotzone eNodeB under Case 1/Configuration 1

Table 2 Performance for data region in case of 2 hotzone cells with RSRP and biased RSRP cell selection (case 1, configuration 1)
	
	5% UE (bps/Hz)
	50% UE (bps/Hz)
	Mean (bps/Hz)

	Macro only
	0.0246
	0.0562
	0.0632

	Macro + Pico (0dB bias)
	0.0208 (-15.4%)
	0.0606 (7.8%)
	0.1131 (79.0%)

	Macro + Pico (6dB bias)
	0.0259 (5.3%)
	 0.0719(28.7%)
	0.1161(83.7%)


From the both the data and control channel simulation results, we can find that the introducing of hotzone nodes can bring cell splitting gains to the whole system. However, it will also degrade the data performance for the UEs located on the cell edge because of the increase in inter-cell interference. To overcome the degradation of data performance on the cell edge, biased cell selection, as well as other enhanced cell selection criteria [3], can be applied. 
However, as shown in Figures 1-3, the UEs at the cell edge would experience higher probability of control channel outage since ICIC techniques available to the data channels would not be applicable to control channels in Rel-8/9.

3 Conclusions

In this contribution, we have updated the CCH performance in [1] with the Case 1/Configuration 1 scenario. From these results, we can conclude that: 

- In an Open Subscriber Group Macro-hotzone co-channel deployment, system performance gains are observed in most cases except for a small degradation to the performance of the cell edge UEs. Techniques to mitigate the interference should therefore consider the complexity of the solutions versus the possible small gains & benefits to the system. 
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Appendix A
Table 3 System simulation parameters
	Parameter
	Value

	HTN scenario
	3GPP, Pico/Hotzone, Csae 1, 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 hotzone cells per macro-cell
	2

	Number of UEs per cell
	25

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Scheduling delay
	6ms

	Scheduling granularity
	5PRBs

	Downlink HARQ
	Asynchronous HARQ with CC, Maximum three retransmissions

	Number of eNodeB antennas
	1 Tx antenna 

	Number of Hotzone cell antennas
	1 Tx antenna

	Number of UE antennas
	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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