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1. Introduction

RAN1 has discussed network assistance in order to simplify UE implementation in 9dB CRE bias for the purpose of cell search procedure and sent LS to other WGs on PBCH detection issue as follows [1]: 
· As a current working assumption, RAN 1 will assume: 

· eNB signalling solution to aid detection of PBCH in the presence of dominant interferers with 9dB bias 

· Related MIB information from the victim cell may also be supplied by aggressor cell during handover from aggressor to victim cells

· SFN offset between victim and aggressor cell

· RAN 1 also made an observation that:

· Possible alternative to eNB signalling is the PBCH interference cancelation capable receiver based solution

· RAN 1 would like to ask:

· RAN2/3, whether there are significant cases/scenarios where System Frame Number (SFN) synchronization cannot be assumed.
· RAN4, whether it can be assumed that FeICIC capable UEs will always have PBCH interference cancelation capability

As for SIB1 detection issue in 9dB CRE bias, RAN1 also sent LS to RAN2 as described below [2]:

· As a current working assumption, RAN 1 will assume: 

· eNB signalling solution to aid acquisition of SIB-1 contents in the presence of dominant interferers with 9dB bias 

· The victim cell may send its SIB-1 contents to the victim UE using higher layer signaling in the protected resources

· Exact signaling solution to be decided by RAN2

We discuss and propose remaining issues on 9dB CRE bias that should be resolved in this paper. 

2. Discussion 
2.1. Cell Detection Principles
It has been considered that cells in a network with ABS configured are aligned within a certain range. The performance gain of ABS comes from the assumption that cells are synchronized and the effect of ABS is maximized in a tightly synchronized network. As large CRE bias value is introduced, UEs should be able to assume a synchronized network within CP length especially in a CRE region for cell search and acquisition. 

On top of this assumption, we propose that UE is able to utilize aggressor cell information [3] for the purpose of PSS/SSS detection in large CRS bias. If a UE is located in a range expanded area while being connected to the macro eNB, the eNB hands over the UE to the pico eNB for traffic off-loadings. Then, the UE tries to acquire time/frequency synchronization based on received PSS/SSS of the pico eNB. However, as the CRE bias value increases beyond 6dB, the UE may fail to receive the pico eNB’s PSS/SSS due to high interferences from the macro eNB, which is difficult to avoid. Especially, in case of large CRE bias values beyond 6dB, the UE is not able to obtain synchronization information for which PSS/SSS is contaminated by the interference and noise. 
Therefore, UE should utilize aggressor cell information for the purpose of PSS/SSS detection, in other words, now that the UE is signaled who are the aggressor cells to the target pico cell and the UE can detect PSS/SSS of the target pico cell by subtracting the interference from the indicated strongest one(s). 

Alternatively, considering that the main purpose of receiving PSS/SSS is to acquire the frame synchronization, the UE does not necessarily need to detect PSS/SSS of the pico cell only if the UE knows which cell(s) is the aggressor to the target pico cell. Based on the aggressor cell information, the UE may refer subframe boundary of the aggressor cell for that of target pico cell by assuming that the target pico cell is synchronized with the aggressor cell(s). Then, the UE is able to get the subframe boundary of the target pico cell using the PSS/SSS of the interfering aggressor cell. 
In order to get subframe/frame boundary of target pico cell in 9 dB CRS bias, the suframe boundary of the cell(s) is synchronized with that of the serving cell within a certain range smaller than CP length, which results in maximizing gains from large CRS bias. 

Proposal 1: UE may assume that the subframe boundary of the cell(s) is synchronized with that of the serving cell within a certain range smaller than the CP length. 

The CP (cyclic prefix) length is also obtained by PSS/SSS detection, so some network assistance is needed for this. As for the CP length, LS[4] is sent from RAN4 in response to LS from RAN1. In response to a question if UE can assume the CP length of aggressor cell(s) and victim cell is the same from RAN1, RAN4 responded as follows: 

[RAN4 Response]: RAN WG4 would like to indicate that the same strategy, which has been used for other features since Rel-8 is expected to be followed also for FeICIC in RAN4, i.e.,

· Define FeICIC-specific RAN4 UE requirements and test cases under the assumption that normal CP is used in victim and aggressor cells.

Rel-11 FeICIC could be used with different CP length in victim and aggressor cells. However, if different CP lengths are used, then requirements for Rel-11 FeICIC assuming interference cancellation may not be met in this case due to UE power consumption and complexity constraints.

Looking into the LS carefully, it is said that RAN4 is not going to make a test for different CP length and the performance in Rel-11 FeICIC may not be met though there could be networks with different CP length in victim and aggressor cells. In other words, at least a Rel-11 FeICIC capable UE does not necessarily try to get acquisition a pico cell whose CP length is different from that of an aggressor macro cell, because the performance from FeICIC is not guaranteed but just UE complexity is increasing significantly. Having different CP length between aggressor and victim requires much more complicated interference cancellation procedure – time domain cancellation instead of frequency domain cancellation [5] and the performance is not guaranteed. Therefore, we propose that UE may assume that CP length of aggressor and victim cell is the same in Rel-11 FeICIC in order to simplify UE implementation. 
Proposal 2: UE may assume that CP length of aggressor and victim cell is the same in Rel-11 FeICIC.

3. Conclusions
In this contribution, we examined signaling support for 9dB CRE bias for a UE’s cell detection and CRS interference handling. We propose as follows: 

Proposal 1: UE may assume that the subframe boundary of the cell(s) is synchronized with that of the serving cell within a certain range smaller than the CP length. 

Proposal 2: UE may assume that CP length of aggressor and victim cell is the same in Rel-11 FeICIC.
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