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1 Introduction
Heterogeneous Networks (HetNet) have been introduced as means to increase the system capacity and coverage. Carrier Aggregation (CA) based HetNet has been adopted as one solution to deploy HetNet [1]. Range Extension (RE) has been identified to be able to offset the loading of Macro Cells via adding a Cell Range Extension (CRE) bias in cell selection process. It is agreed that CA based HetNet operation with larger biases should be studied in Rel-11 in the context of CA work item [2]. In this contribution, we will discuss the Physical Broadcast Channel (PBCH) and Synchronization Channel (SCH) reception in case of larger bias is adopted.
2 Discussion
2.1 Carrier Aggregation Based HetNet

CA-based HetNet is identified as one of the solutions that can be used to enable heterogeneous network deployments. By utilizing Carrier Aggregation, the idea of CA-based HetNet is to send control signalling for Macro and Pico at different component carriers to avoid interference of their PDCCHs. Splitting the PDCCH of Macro and Pico is necessary for Rel-10 Pico UEs in the Range Extension (RE) area due to the fact that the cell range extension bias applied in cell selection result in geometry such that reliable detection of PDCCH is not possible. As shown in Fig. 1 in which Macro cell at F2 is transmitted with normal power and the Macro cell at F1 is transmitted with reduced power. Since Macro F1 has smaller coverage, Pico then can use F1 to transmit PDCCH. Thus Macro cell can transmit its PDCCH on F2 and interference between Macro and Pico PDCCHs can be avoided. Data can be sent to the Pico cell edge user on F2 via cross carrier scheduling from F1 with interference coordination.
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Figure 1. CA-based Heterogeneous Network
Assume time alignment between Macro and Pico cells, PBCH and SCH from Macro cell and Pico cell are overlapped. For FDD, subframe shifting can be used to avoid the overlapping. However, for TDD, subframe shifting is not an option since UL and DL subframes must be aligned. For Rel-10, the following proposed conclusion is captured in [3], “CA-based HetNet with cross-carrier scheduling works with moderate CRE biases (up to at least 6dB)”. However, if larger biased can be shown to be beneficial to the systems, then the impact to PBCH and SCH under strong interference from Macro cell needs to be discussed.
2.2 PBCH and SCH of Pico Cell
For PBCH at Pico F2, the information carried by it: namely PHICH configuration, number of transmit antenna port and DL bandwidth and system frame number, can be obtained without decoding it. According to RAN2 agreement [4], optional signalling of PHICH configuration, DL bandwidth and number of transmit antenna ports of SCell can be enabled. It is also agreed that system frame number across cells should be aligned. Therefore, even if a UE cannot receive PBCH at SCell, the information conveyed by it can still be obtained.
Observation 1: It is not necessary that a Pico user to read its SCell PBCH.
For SCH at Pico F2, Secondary Synchronization Signal (SSS) convey the information of subframe boundary and Physical Cell ID group number. Again, RAN2 is agreed that the frame timing is aligned across the aggregated cells [4]. Also, upon adding a SCell, its cell ID is signalled to the UE. Therefore, the information carry by SSS of SCell can be obtained without reading it. 
Therefore, the receiving of Primary Synchronization Signal (PSS) of Pico at F2 is the main issue left. The transmission of PSS serves the following purposes: synchronization, cell ID detection and cyclic prefix length detection. Since cell ID detection and cyclic prefix length can be obtained from RRC signalling. Therefore, if a large CRE bias is proved to be beneficial to the system, the only issue that needs to be considered is how to obtain synchronization with PSS.
In [5], it is proposed that RRC signalling of cell(s) that can be used to acquire a SCell synchronization be signalled from PCell. However, this could be problematic in the case of inter-band CA of TDD mode in Rel-11. For intra-band CA, as pointed out in [6], the timing alignment error between two inter-band CCs alone could be as large as 1.3
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 which corresponds to 25% ~ 27.7% of normal cyclic prefix length. Therefore, obtaining synchronization from other cells is not feasible for inter-band CA.
Observation 2: For inter-band CA, it should not be assumed that the SCell synchronization can be obtained from other cells.
Therefore, other synchronization mechanisms need to be considered for the Pico users with large CRE bias. One way is to increase the bandwidth of PSS preamble, i.e. by simply cyclically repetition of the ZC-sequences. Pico eNB can then signals the BW of the PSS from Pico when adding SCell(s) to a Pico user. The advantage is that according to the bias, the BW of this Range Extension PSS (RE-PSS) can be scalable. The shortcoming is that if the BW of SCell is only 1.4MHz, then there is no room for the RE-PSS. The other disadvantage is that the RE-PSS takes up the PDSCH resources. However, since it only occupies several RBs of two OFDM symbols within one frame. The cost should not be very high for the system. Furthermore, it may be possible that the Pico eNB to enable/disable the RE-PSS to further reduce the overhead. The other way to avoid strong interference is to mute the RBs of Macro at F1 whereas more PSSs are transmitted in the Pico at F2.
Proposal 1: For inter-band CA, extra synchronization mechanisms are needed to be provided for Pico users when SCell(s) is added.
3 Conclusion
CA-based HeNet is a possible deployment for HetNet. With cross-carrier scheduling, PDCCH of Macro and Pico can be transmitted at different component carriers so that co-channel interference can be avoid. However, PBCH and SCH from Macro and Pico cells are inevitably overlapped especially in TDD mode. In this contribution, we discuss the PBCH and SCH of SCell for the UEs with large CRE bias. It is concluded that the information conveyed by PBCH and SCH can be indirectly obtained even if the Pico users in the range extension are not able to read PBCH and SCH at its SCell due to strong interference. We also suggest that extra synchronization mechanisms should be provided for Pico users when SCell(s) is added if larger CRE bias is found to be beneficial to the system.
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