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1
Introduction
HeNBs may be deployed together with macro eNBs in a co-channel deployment. This could create a high level of interference for macro UEs in a close to CSG HeNB, hence, interference management is critical for the performance of the system. 
One possible solution for LTE (not possible for UTRA) is to use a partial BW approach in which some eNBs would use only a fraction of the bandwidth. The elevated interference on these bands could be avoided by not scheduling transmissions there. However, even if the macro scheduler avoids the subband(s) that sees high interference, some channels that span the entire bandwidth (PDCCH, PHICH) would still be affected.  
In this document, we analyze the impact that high interference on some subbands has on PDCCH and show the benefits that subband interference estimation can bring to data demodulation in these kinds of scenarios. The rest of the document is organized as follows. In Section 2 the problem of interference on a subband is briefly explained. Section 3 shows the simulation setup and the performance results. Some conclusions are given in Section 4.
2
Discussion 
One simple method to mitigate these interference problems would be frequency partitioning where HeNBs are confined to use only a part of the bandwidth. By using scheduling techniques that would avoid data transmissions on those parts of the bandwidth, the levels of interference seen be a receiver can be reduced. 
In the case of CSG cells, a UE may find itself in the vicinity of a HeNB that it can not be served by and has to connect to a macro eNB. The interference that the UE sees in the subband where the HeNB is transmitting can reach very high levels (e.g. 20 dB or higher) due to the proximity of the HeNB. This scenario is shown in Fig. 1. Even if data that is to be transmitted to the UE is scheduled outside the subband that sees high interference, control channels such as PDCCH that span the entire bandwidth would still be affected.
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Fig. 1 Partial Bandwidth Coexistence
The effects of the high interference seen in one of the subbands can be mitigated if the interference estimation is done per subband. This would confine the influence of the interference only to that subband and not allow it to affect the entire bandwidth. This in turn would mean that only some of the coded bits are affected. When wideband estimation is used all the bits are affected and the probability of successfully decoding the message decreases.

Furthermore, interference estimation conducted for each subband can be used for subband CQI reporting. This would help the scheduler avoid transmitting data in bandwidth portions that have low SINR and increase system performance.

3
Performance Analysis

A simulation was performed to evaluate the impact that high interference on one of the subbands has on control channel performance. Section 3.1 describes the simulation setup and Section 3.2 shows the corresponding simulation results. Results for the cases of per subband interference estimation and wideband interference estimation are presented.
3.1
Simulation Setup

The simulation considers a HeNB that uses one fourth of the bandwidth of the macro as shown in Fig. 1. A UE connected to the macro eNB and receiving PDCCH transmission from it, sees high interference on the subband used by the HeNB. The level of interference is varied as a parameter and is relative to the noise level. The PDCCH error rate is compared for the cases when wideband interference estimation and per subband interference estimation are used. The size of PDCCH (number of CCEs) is also used as a parameter. Other parameters are listed in Table 1. 

Table 1: Simulation Parameters used

	Parameter
	Assumption

	Information payload size
	40 bits

	Coding
	1/3 rate TBCC with rate matching

	Macro Bandwidth
	5MHz

	HeNB bandwidth
	1/4 of macro Bandwidth

	Channel model
	TU1, 3km/h

	Channel estimation
	2D MMSE channel estimation

	Interference estimation
	Ideal


3.2
Simulation Results
Using the above setup, simulation was performed for the previously introduced cases. 
· 1 CCE PDCCH
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Fig. 3.1 BLER with wideband interference estimation       Fig. 3.2 BLER with subband interference estimation
· 2 CCE PDCCH
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Fig. 3.3  BLER with wideband interference estimation           Fig. 3.4 BLER with subband interference estimation
· 4 CCE PDCCH   
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Fig. 3.5 BLER with wideband interference estimation            Fig. 3.6 BLER with subband interference estimation

All the results show that the probability of decoding PDCCH becomes extremely low for interference levels above 10 dB when wideband interference estimation is used. Performance degradation becomes much smaller when per subband interference estimation is used. These results show the benefits of performing per subband interference estimation. 

3
Conclusion
In this contribution, we analyzed the performance of control channels when a strong interferer occupies a part of the bandwidth. Results show that the performance of control channels is highly degraded if wideband interference estimation is used. It was also shown that the performance degradation is much smaller if per subband interference estimation is employed. This would virtually eliminate outages for macro UEs, which can’t be done using techniques such as downlink power control. We suggest that RAN4 should consider this in the course of the HeNB work items. 
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