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1. Introduction

At the RAN1#61 meeting, the performance of heterogeneous networks (HetNets) especially for the control channel was discussed and some observations were captured in the Chairman’s note. Furthermore, two way forwards for Macro-to-Femto and Macro-to-Pico deployments [1], [2] were discussed and the way forward for the Macro-to-Femto deployment was agreed upon [3]. 
In both deployments, especially for the Macro-to-Femto deployment, the UE suffers from the severe interference since the common reference signal (CRS) cannot be nulled. In this contribution, we present evaluation results for the common reference signal (CRS) interference transmitted to the control channel based on a link level simulation.
2. Interference Problems in Non-CA Based HetNet
The non-CA based HetNet is categorized into two deployments as shown in Fig. 1. The first deployment is the Macro-to-Femto (CSG: Closed Subscriber Group) deployment.  In this deployment, the Macro UEs near the CSG cell suffers from the severe interference from the CSG eNodeB as shown in Fig. 1(a). The second deployment is the Macro-to-Pico deployment, where if range expansion [4] is not employed, the downlink control channel performance is not degraded [5] – [10]. However, if range expansion is employed, the Pico UEs with range expansion suffers from severe interference from Macro eNodeB as shown in Fig.1 (b). 
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(a) Macro-to-Femto (CSG) deployment
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(b) Macro-to-Pico deployment
Figure 1 – Deployments in non-CA based HetNet
Figure 2 shows one example of the distribution of signal-to-dominant interference ratio (SDIR) and signal-to-other interference ratio (SOIR). In the evaluation, Macro-to-Pico deployment is assumed. A macro cell consists of 19 cell sites with 3 cells per site. Furthermore, 4 pico cells are randomly located within one macro cell. A 16-dB bias is used for range expansion. The signal power is defined as the received signal power of the serving cell. The dominant interference power is defined as the highest received signal power from other cells. The other interference is defined as the total received power from other cells. 
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Figure 2 – SDIR and SOIR distribution
As shown in Fig. 2, the extremely low SDIR and SOIR exist by employing range expansion. Therefore, the downlink control channel should be protected using enhanced ICIC (eICIC). 
There are several methods proposed for eICIC. By employing an MBSFN subframe or an almost blank subframe, the interference to the PDSCH can be partially protected. However, the interference to the downlink control channel still remains, especially from the CRS. In order to keep the backward compatibility to Rel-8/9, the CRS should be transmitted in all subframes. In addition to the MBSFN subframe or almost blank subframe, the time shifting can eliminate this interference from CRS. However, this creates another interference from the macro control region to the pico data region. Therefore, in this evaluation, we assume an almost blank subframe without time shifting. 
3. Performance Evaluation 
3.1. Simulation Configuration
In the evaluation, two eNodeBs are assumed; one is the serving cell and the other is the dominant interference cell. Table 1 give the major radio link parameters and Figure 3 shows the simulation model. As shown in the figure, the interfering cell only transmits the CRS for simple evaluation. Furthermore, the transmission timings between the eNodeBs are assumed to be aligned. The interference to the downlink control channel only exits in the first OFDM symbols, since two transmit antennas are assumed. In this evaluation, the total system bandwidth is set to 10 MHz. One subframe contains 14 OFDM symbols, each of which comprises a 66.7-sec effective symbol and a 4.7-sec cyclic prefix (CP). The PCFICH always occupies the first OFDM symbol and the frequency location follows the Rel-8 specifications. The PDCCH spans the first three OFDM symbols. Assuming the PHICH resources of 2, approximately 20% resource element groups (REGs) in the PDCCH exist in the first OFDM symbols. We assume an extended typical urban (ETU) channel model with the fading maximum Doppler frequency, fD, of 5.55 Hz, which corresponds to the moving speed of 3 km/h at the carrier frequency of 2 GHz. At the receiver, we assume ideal FFT timing detection. The channel gain of each subframe at each subcarrier is actually estimated by the CRS within the subframe. In the evaluation, the UE does not employ an interference canceller for the CRS and does not use any information regarding the interference.  Furthermore, the performance with the maximum power boosting of 4 dB to the PDSCH, i.e., 1 dB power boosting to the CRS, is also evaluated for the PCFICH and PDCCH.
Table 1 – Major Radio Link Parameters
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Figure 3 – Simulation model
Figure 4 shows the BLER performance of the PCFICH and PDCCH. As shown in the figure, the performance of the PCFICH is severely degraded even if power boosting is used, since the PCFICH is only located in the first OFDM symbol. On the other hand, the PDCCH using 8 CCE aggregation level still received with small performance degradation in the low-received SIR region, since the PDCCH spans over 3 OFDM symbols. 
Based on the results, protecting the PCFICH is very important, since the PCFICH is the bottleneck for the correct PDCCH reception. One method to achieve this is for the RRC signalling for the PCFICH to be additionally applied to the same component carrier (CC) [11].
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(a) Without power boosting of PDCCH/PCFICH              (b) With power boosting of PDCCH/PCFICH
Figure 4 – BLER performance of PCFICH and PDCCH
4. Conclusion
In this contribution, we evaluated the performance of the PCFICH and PDCCH under the severe interference conditions using an almost blank subframe without subframe shifting. Based on the evaluation, we concluded that PCFICH error protection is important, since the PCFICH performance is severely degraded. One method to achieve this is for the RRC signalling for the PCFICH to be additionally applied to the same CC.
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