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1. Introduction

In heterogeneous networks (HetNets), especially in macro-to-femto deployments, UEs suffers from severe interference since the cell-specific reference signal (CRS) cannot be nulled. In [1], we evaluated the performance of the PCFICH and PDCCH under severe interference conditions using an almost blank subframe without subframe shifting. In this contribution, we present further evaluation results for CRS interference transmitted to the physical broadcast channel (PBCH) based on a link level simulation.
2. Performance Evaluation 
2.1. Simulation Configuration
In the evaluation, two eNodeBs are assumed; One is the serving cell and the other is the dominant interfering cell as shown in Fig. 1. Table 1 gives the major radio link parameters and Figure 2 shows the frame structure assumed in the evaluation. As shown in Fig. 2, two cases are evaluated. The first case is when the interfering cell transmits the normal subframes, which send all the channels including the PDSCH, PDCCH, and PBCH. The second case is when the interfering cell only transmits the CRS. Furthermore, the transmission timings between the eNodeBs are assumed to be aligned. Therefore, one OFDM symbol of the PBCH suffers from CRS interference, since the PBCH occupies the 1st to 4th OFDM symbols in the second slot of subframe #0. 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). 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 using 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.  
[image: image1.emf]Serving eNodeB

Interfering eNodeB

SIR: Average received signal power ratio (of CRS) 

between serving eNodeB and interfering eNodeB


Figure 1 – Simulation model

Table 1 – Major Radio Link Parameters
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(a) Normal subframes
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(b) Almost blank subframes
Figure 2 – Frame structure
Figure 3(a) and 3(b) show the BLER performance of the PBCH for the normal subframes and almost blank subframes, respectively. As shown in Fig. 3(a), when the normal subframes are used in the interference cell, the performance is severely degraded. Furthermore, when the almost blank subframes are used in the interfering cell, the performance is improved thanks to the reduced interference. However, when the SIR is extremely low such as -15 dB, the performance is still not at an acceptable level. 
[image: image5.emf]10

-3

10

-2

10

-1

10

0

-12 -10 -8 -6 -4 -2 0

Average BLER

Average received SNR per receiver branch (dB)

W/o Interference

0dB

-5dB

-10dB

-15dB

W/o Interference

0dB

-5dB

-10dB

-15dB

10

-3

10

-2

10

-1

10

0

-14 -12 -10 -8 -6 -4 -2 0

Average BLER

Average received SNR per receiver branch (dB)

W/o Interference

0dB

-5dB

-10dB

-15dB

W/o Interference

0dB

-5dB

-10dB

-15dB


(a) Normal subframes                                       (b) Almost blank subframes
Figure 3 – BLER performance of PBCH
Therefore, if CRS interference reduction is not employed in the UE, the subframe shift with almost blank subframes is necessary to overcome the severe interference in HetNets. Furthermore, when the extremely severe interference is expected such as SIR of -15 dB, the MBSFN subframes should be configured so that the PBCH does not suffer greatly from the interference. 
3. Conclusion
In this contribution, we evaluated the performance of the PBCH under the severe interference conditions using almost blank subframes and normal subframes. Based on the evaluation, we conclude the following.
· Subframe shift with almost blank subframes is necessary to overcome the severe interference in HetNets.
· When extremely severe interference is expected such as an SIR of -15 dB, the MBSFN subframes should be configured so that the PBCH does not suffer greatly from the interference.
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