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1 Introduction

Numerous studies in past meetings have shown that Cell edge UEs in a co-channel deployment of heterogeneous networks would receive SINR that is worse then when in macro only deployment scenario due to the additional layers of co-channel deployment. The extent of the performance degradation and the percentage of these UE’s affected are dependent on many factors such as cell size, channel conditions, transmit power, presence of ICIC, range expansion etc. The consideration of new enhanced ICIC solutions in R10 should therefore take into account the complexity of the solutions versus tangible gains in a real system deployment.   

In this contribution, we provide our view based on simulation studies that we have performed looking at UE outages and suggest possible directions that eICIC solutions should take to mitigate Control Channels outages.  
2 UE Outage Performance

We first recap the results from [2], where the control channel performance was analysed for Case 1 & Configuration 1, and the data performance for Case 3: 

Table 1 Performance for control region in case of 2 hotzone cells with RSRP and biased RSRP cell selection (assumed SINR required for 1% BLER on PDCCH was -4dB)
	
	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


Table 2 Performance for data region in case of 2 hotzone cells with RSRP and biased RSRP cell selection
	
	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 results above, we draw the following observations: 
- 
Macro UE 5% control channel outage in a Macro + Pico deployment resulted in small degradation (~0.9%) when no biasing is being implemented to expand the range of the Pico cells 

-
 Overall UE data channel performance improves with range expansion with UEs served by the additional resources of the Pico cell. 
- 
Due to the increased outages caused by the cell biasing to achieve range expansion, the use of Cell biasing should be applied on an adaptive basis to be determined by the network based on scenarios and channel conditions 
-
Consideration of other UE outage mitigation techniques should be considered and evaluated.

3 Considerations of Outage Mitigating Techniques 

3.1 PDCCH Channel Quality Indicators

In [3] and [4], the potential usefulness of new CQI definitions for heterogeneous networks to address the discrepancy between the channel quality of PDSCH and PDCCH is discussed. For Rel-8/9 UEs, CQI is useful for data scheduling, providing feedback on the MCS that would yield a 10% BLER on the PDSCH. The set of MCSs for the PDCCH is restricted, comprising simply a set of 4 different CCE aggregation levels. In a normal macro homogeneous deployment, the eNB would be able to apply an offset to the existing CQI to predict the appropriate aggregation level for the PDCCH.

In heterogeneous networks, the different protection against interference for the data and control channels would present a challenging scenario i.e. significant estimation and signal processing at the eNB to be able to correlate the channel conditions of the data channels into the quality of the control channels. This is compounded by the fact that various interference mitigation techniques for data traffic available in the R8/R9 eNB will not be applicable to the control channels. 
PDCCH-based channel quality feedback (i.e. derived from CRS measurements but adapted to reflect the PDCCH quality) would allow the eNB to perform better link adaption for all UEs in general and specifically take appropriate steps needed for UEs that are affected by co-channel Het Net deployment that may eventually result in UE outage.

3.2 UE Specific Solutions

Recognizing that only a small percentage of the UEs (e.g. 5%) in the cell are affected, solutions that are applied to the whole cell may not be justified or necessary. It is therefore suggested that UE specific based solutions should be considered. For example, as has been shown in previous simulation studies, biasing contribute significantly to decreasing SINR for cell edge UEs, resulting in increased outages. 
While it is important to obtain the benefits of range expansion, some affected UEs may go into outage.  In this scenario, techniques to apply this range expansion intelligently should be investigated so that these UEs would not be applied range expansion. 
4 Conclusion
In this contribution, we propose that the methods listed in Section 3 form the basis for further study of Control Channel eICIC, while at the same time keeping in mind the potential of initial deployment planning in resolving or mitigating somewhat these outage problems.  
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