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1.  Introduction
In RAN#52, the new WI “Further Enhanced Non-CA-based ICIC for LTE” [1] was agreed to further resolve the remaining issues of Rel.10:
· Detection of PSS/SSS/PBCH;
· Interference from PDCCH masked with P-RNTI and SI-RNTI (for SIB-1 only) and associated PCFICH on PCFICH, PHICH and PDCCH;
· Interference from CRS on PCFICH, PHICH, PDCCH and PDSCH.
In our opinion, the detection of PSS/SSS/PBCH is one quite important issue to be resolved, considering it has direct impacts on the users associated to Pico. If users cannot associate with Pico due to failure detection of PSS/SSS/PBCH interfered by aggressor cells, the frequency multiplexing gain by using Pico will be lost to some extent..
The evaluation results of many companies show that the performance requirement of PSS/SSS/PBCH is hard to be met when the collision of these channels exists between Macro and Pico cells, with large bias used for Pico cell [2-5]. In order to detect PSS/SSS/PBCH reliably, some solutions for FDD and TDD have been proposed. This contribution describes the observations on the potential solutions. 
2.  Potential Solutions
2.1. Time shifting
Time shifting is an effective transmitter technique to ensure that the transmission resources of PSS/SSS/PBCH of interfering cell do not collide with those of the target cell by shifting timing of two cells by a number of subframes, as shown in Figure 1. With time shifting, the interfering and target cells are non-frame synchronized. 

The advantage of the solution is that it is implementation relevant, without the need for standard changes. The limitation is that this solution is only feasible for FDD, not applicable for TDD, due to strict synchronization requirements and UL-DL subframe configuration restrictions. The solution has another limitation as well if the operators want to deploy eMBMS service and CoMP that both need to operate in synchronization system. And it also brings more complexity to the network planning and optimizing. The engineers of network optimizing have to configure the subframe offset parameter(s) between aggressor cell and victim cell carefully.
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Figure 1 Time shifting for the interference coordination of PSS/SSS/PBCH
Observation 1: Time shifting is not a general solution to solve the cell detection problem of victim cell when its synchronization channel and broadcast channel are severely interfered by aggressor cell.
2.2. Coordination transmission
With coordination transmission, the transmission of PSS/SSS/PBCH will be coordinated in order to avoid the interference [6]. The aggressor cell can intermittently transmit PSS/SSS and PBCH to protect the target cell’s corresponding channel transmissions, assuming frame synchronization. A variation of this solution is muting or reducing the transmit power on PSS/SSS/PBCH at the aggressor cell. 

For coordination transmission, the advantage of the solution is similar to the time shifting, it is implementation relevant, without the need for standard changes. 

The limitation is that, considering intermittent transmission, the aggressor cell may sacrifice some transmission occasions of common channels/signals. As a result, it will decrease the cell detection performance and increase the latency for the UEs in the aggressor cell. 

Observation 2: Coordination transmission is not a general solution to solve the cell detection problem of victim cell, considering that the intermittent transmission of PBCH/PSS/SSS of aggressor cell may have potential impacts on the coverage of macro cell or cell detection performance of macro UEs.
2.3. Signaling help by aggressor cell
In this solution, the UE, who will eventually be associated with Pico, is connected to macro cell firstly. The macro cell informs the UE which Pico cell it should be synchronized with via RRC signalling, so that the UE is able to get the subframe boundary of the target Pico cell by using the PSS/SSS of the interfering macro cell. In addition, the macro cell sends the Cell ID and cyclic prefix length of the Pico cell to UE, so that the UE can directly make the measurement of Pico cell for the Pico cell ID verification and fine adjustment of time/frequency synchronization[8].
The UE could also fetch the system information (e.g., MIB/SIB-1/Paging) from Macro Cell via RRC signaling. After that, UE starts the handover procedure to the Pico cell, as shown in Figure 2.
The advantage of the solution is to guarantee the acquisition reliability of necessary system and synchronization information of Pico cells. 

The disadvantages of the solution are as follows:
1） Standardization complexity is introduced for X2 interface. Pico cell should transmit the necessary system information (MIB/SIB-1) to Macro cell in advance. Specially, for a lot of Pico within one Macro, the additional signaling burden of X2 interface should be taken into account. 
2） In the solution, the Pico UE’s handover and synchronization are fully controlled by the macro cell. The macro cell should not only schedule macro UEs, but also take care of Pico UEs, which will lead to increased complexity of macro cell’s scheduler especially with increased number of Pico cells and Pico UEs. The latency of UE’s handover to Pico is expected to be increased as well.
3） The MIB/SIB1 originally sent by Pico cell via broadcast way will be resent by Macro cell via dedicated signaling (RRC message), which will introduce additional complexity of relevant signaling design.
4） For idle state, UE have no dedicated connection to Macro eNB, then the only way to get information from Macro eNB is via common channel or signal like RS, PSS/SSS, PBCH, Paging. How to utilize above mechanism to transfer the victim cell’s information from aggressor cell should be studied. The impacts due to the limitation of RRC connection should be evaluated carefully.
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Figure 2 Macro eNB informs UE the system information of Pico cell via RRC signalling
Observation 3: Signaling help is one option to solve the cell detection problem of Pico cell, and the relevant impacts need further evaluation.
2.4. The enhanced PSS/SSS/PBCH design
For enhanced PSS/SSS/PBCH scheme, the new PSS/SSS/PBCH design for the victim cell has been proposed to achieve the synchronization. The Pico UEs obtain synchronization with the assistance of new PSS/SSS/PBCH [9]. Because this scheme not only needs to change standard but also needs to design the new channel, the impacts to the specification and the synchronization accuracy of new designed PSS/SSS/PBCH channel should be carefully studied. In addition, other impacts like compatibility should be taken into account as well.
Observation 4: the enhanced PSS/SSS/PBCH design is one option to improve the cell detection performance of victim cell, but the aforementioned issues should be carefully studied.
2.5. Receiver based techniques
For synchronization acquisition, the receiver based techniques rely on UE processing. Since the PSS/SSS are well defined signals which have desirable correlation properties, interference cancellation may be effective when the target and interfering cells are frame synchronous [7]. 

For system information acquisition, if the target and interfering cells are frame synchronous, the interference of PBCH is a combination of PBCH and CRS from aggressor cell. Because the QPSK modulation is used for PBCH, an IC scheme can attempt to cancel the interference [6]. 

For CRS interference cancellation, the effectiveness of these solutions is also based on how much information about the interfering cell is available. Examples of the information include the number of antenna ports, cell id, and subframe offsets (if used).

Observation 5: the receiver based scheme is the way to solve the cell detection problem. The effectiveness of such kind of techniques, the increased UE complexity, and the potential need on standard change should be evaluated carefully.
3.  Conclusion
The detection performance of PSS/SSS/PBCH has direct relationship to the association ratio of Pico. This contribution describes our observations on the potential solutions to improve cell detection performance, and the summary is as below:

· The receiver-based solution is worth to be investigated further, if the solution could really solve the cell detection problem of victim cell under the dominion interference of aggressor cell due to the large CRE offset. If additional standard change is needed, the balance between standard change and performance improvement should be considered.
· The Tx-based solution like new PSS/SS/PBCH design is worth to be investigated further. The implementation relevant solutions are considered not general enough to handle cell detection issues.
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