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1. Introduction
At the RAN1#66b meeting, the following were agreed upon based on the evaluation results [1].
· Bias values beyond 6 dB can provide performance gains for some macro/pico deployments in interference limited scenarios with techniques that mitigate CRS interference 
· Optimum bias value varies depending on the evaluation scenario

Further evaluation work and design/solutions are to be done for 6 through 12 dB bias. At the RAN #53 meeting, the following was agreed as one of work objectives in e2ICIC subject [2]:
· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations
In this contribution, enhanced interference coordination is discussed for synchronization channel in Macro-Pico scenario. It aims at improving synchronization performance and PCI detection when large bias is used for Pico cell. Our views of design principle for enhanced scheme are presented.
2. Discussion on FeICIC for synchronization channels
In Rel.11, large bias is used for Pico cell to further offload the Macro overhead and improve the system performance. For the Pico UEs in cell range expansion (CRE) region, they suffer severe interference from Macro cell. The ABS (almost blank subframe) method is used to mitigate the interference on PDCCH and PDSCH. However, some necessary reference signals and control channels e.g. CRS/CSI-RS/PSS/SSS/PBCH/SIB-1/Paging/PRS could still be transmitted in ABS. They will cause interference to Pico UEs in CRE region, especially in large bias. In this contribution, the interference coordination for synchronization channel of Pico cells is mainly discussed.
The accepted synchronization acquisition requirement is that 98% of UEs can achieve synchronization in less than 500 ms and that the accepted PBCH performance is a miss-detection rate below 1% [3]. The worry has been shown by many companies that the performance requirement of synchronization channel could not be met when the synchronization channel collides between Macro cell and Pico cell and large bias is used for Pico cell [4-7]. The evaluation results [4, 5] also show the problem of synchronization channel and PBCH in the dominant interference scenario. Therefore, the synchronization channel is required to be further enhanced when large bias is used. 
Observation: Further enhancements may be needed for synchronization channel in scenario with severe interference, e.g. Pico cell with large bias.
Many solutions have been proposed [5-12], which are summarized as follows.
The subframe shifting is a straightforward way to overcome PBCH, PSS/SSS collision problem in FDD system [7-8]. With the proposed method, the synchronization channel of Pico cell avoids collision with that of Macro cell. The interference could be avoided if the corresponding subframe in Macro cell is ABS or the corresponding resources in Macro cell are punctured. However, this method is limited to use in FDD system. A unified solution for both FDD and TDD system may be more desirable since it is simple for standardization [9].
Power reduction (even muting) for PSS/SSS/PBCH of Macro cell is proposed to reduce the interference to the corresponding channels of Pico cell [5, 12]. With the proposed method, the Pico UEs in CRE region could realize synchronization because of reduced interference power. On the other hand, the Macro UEs near the cell boundary may have the synchronization problem for the reason of low transmission power of PSS/SSS/PBCH. Thus, the coverage for synchronization channel in Macro cell may be affected.
Enhancement to eNB signalling is proposed to transfer necessary information for Pico UEs, which may include MIB, cyclic prefix type, cell-ID information [8, 10-11]. This information may be transferred from Macro cell and/or be resent by RRC signalling of Pico cell. With the signalling assistance, the Pico UEs obtain the necessary information. However, they could only detect Macro PSS/SSS when the Pico UEs are in the CRE region. In other words, they could only synchronize to Macro eNb. During the PDCCH/PDSCH transmission, they receive the data from Pico cell. This causes synchronization error. For Macro cell, especially with large size, the synchronization error will give some impact on the Pico UEs with large distance difference relative to Macro eNb and Pico eNb. The system performance impact will become noticeable when the number of UEs in CRE region becomes large. Thus, the impact on the synchronization accuracy and the possible resulted performance loss should be further studied.
Auxiliary PSS/SSS in the victim cell is proposed to achieve synchronization. The Pico UEs obtain synchronization with the assistance of auxiliary PSS/SSS [6]. However, the auxiliary PSS/SSS requires new resource. The corresponding resource of Macro cell is also desired to be punctured to reduce the interference to PSS/SSS of Pico cell. Thus, it causes little impact on system performance if the overhead for new resource is reduced as much as possible. The synchronization and necessary system information are prerequisites for downlink transmission. Reliable receiving of PBCH is required to be guaranteed together with PSS/SSS. The solution is more useful if it is extended to interference coordination for PBCH.
Base on the above discussion, our considerations for design the enhanced scheme for synchronization channel are as follows:
· Performance requirement
·  Synchronization acquisition time requirement shall be met

·  Little impact on the coverage range of the Macro cell
·  Synchronization accuracy shall be carefully studied to avoid system capacity performance loss

· Compatibility 

· Little impact on not only Rel.8/9/10 Pico UEs
· FDD/TDD commonality

· Universal solutions for both FDD and TDD system will be more desirable
3. Conclusions
In this contribution, the interference to synchronization channel in Macro-Pico scenario is analyzed. The enhanced interference coordination for synchronization channel is proposed for dominant interference scenarios, e.g. Pico cell with large bias. Furthermore, the proposed enhanced interference coordination schemes are discussed. Our considerations are presented for designing the enhanced interference coordination scheme.
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