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1 Introduction

In RAN1 #68bis meeting, the following observations on potential enhancement related to the synchronization and common control channels with respect to the 9dB CRE bias were given [1]:

Observation:

· Further study is needed until the next meeting whether or not signalling is needed

· If signalling is needed, examples of possible eNB signalling solution to enable significantly improved detection of PBCH and/or SIB1 in the presence of dominant interferers with 9dB bias 

· The victim cell may send its system information to the UE using higher layer signalling in the protected subframes.

· FFS whether higher layer signalling is unicast or broadcast

· FFS which detailed system information should be provided

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

· FFS which detailed system information should be provided
Observation:

· Further study is needed until the next meeting whether or not UE can assume the radio frames of cells with ABS configurations are aligned within CP length considering the simplification of UE implementation as well as network impact 
In this contribution, detailed analysis on the feasibility and necessity of different tx-based enhancement schemes is given. We provide proposals to ensure that victim UEs within the 9dB CRE region can successfully detect the necessary synchronization and system information. In this contribution, frame/subframe synchronization between aggressor and victim cells is assumed so that time shifting is not applicable to handle most interference cases. 
2 Potential scenarios
Two cases should be considered as target scenarios in which the victim UEs may encounter problems for correctly receiving and decoding the PSS/SSS, PBCH and other system information channels:

· Scenario A
A UE associated with victim (pico) cell is moving from the centre to edge of its serving cell. When this UE enters the CRE region, the tracking of system information change in the serving cell may become difficult. 

· Scenario B
As a UE associated with aggressor cell is desired to handover to a victim cell, in the boundary of the CRE region, this UE may fail to achieve the cell detection of the neighbour (victim) cell due to severe interference on PSS/SSS of the victim cell. Without cell detection, this UE is unable to make and report the corresponding RRM measurement to ensure that the serving (aggressor) cell triggers the UE to handover to victim cell in time. Moreover, even with successful handover, the UE may fail to receive and decode some important system information of victim cell, especially MIB, SIB1 and paging channels which are always scheduled in the same pre-determined time instances. 
3 Analysis on possible enhancement schemes
In this section, with respect to two scenarios mentioned above, the potential victim channels are 

· PSS/SSS
By detecting PSS/SSS, UE can get the information about the cell_ID, CP length and frame boundary,  as well as achieve the coarse time/frequency synchronization of the target cell to facilitate further fine synchronization based on CRS tracking. 

For the purposes of detecting PSS/SSS, assisting UEs for Scenario A is unnecessary as these UEs obtained the information derived from PSS/SSS before moving from the centre of victim cell. 
On the other hand, for UEs in Scenario B, higher layer signalling to inform handover UEs about the PSS/SSS-derived information of the target cell may allow quick convergence of tracking synchronization channels. The cell list provided in measSubframePatternConfig-Neigh-r10 may help as the number of intended neighbour cells is limited. One possible problem exists in the case that multiple victim cells are included in this candidate list and it is hard for serving (macro) cell to identify the real neighbour cell for a particular UE. In this case, whether the candidate list should be further reduced is FFS. 

It is noted that if the frame boundary is synchronized between source and target cells, the difficulty of PSS/SSS detection for target cell may be further reduced. 
Observation 1: The necessity of high-layer signalling assistance for PSS/SSS detection in addition to the existing signalling should be further investigated. It is preferred to assume frame boundary synchronization between aggressor and victim cell. 
· PBCH

Assuming the information carried by PSS/SSS had been successfully determined by the UE, PBCH detection provides information including the downlink bandwidth, SFN, PHICH configuration and number of CRS ports. As PSS/SSS case, there is no need for the UEs in Scenario A to monitor the PBCH as these configurations are expected to be relatively static for a long period of time. For UEs in Scenario B, almost all information of PBCH of target cell can be signaled by high-layer signaling from source cell. Broadcasting or UE dedicated signalling is FFS.  
Observation 2: high-layer signalling to indicate handover UE about the information of PBCH of neighbour cell. 
· PCH/SIB1
The contents of the paging channel (PCH) and system information block (SIB) are transmitted on the PDSCH. Note that a limiting factor in PCH/SIB1 performance is the ability to detect PDCCH in order to determine where the PDSCH is located. Obviously adding high-layer signalling to re-transmit the information of SIB1/paging channels is easiest way to enhance the reception performance for UEs for both Scenarios A and B. The only difference between two cases is that in Scenario B, the serving cell is actually providing the system information of a neighbour cell, while Scenario A there is duplication of SIB1/paging channel in protected subframes. Moreover, in both cases, it seems UE dedicated signalling is a straightforward way. 
Note that the RRC reconfiguration signalling in the handover process can provide most of the information about SIB1 for the neighbour cell. Therefore further investigation for the information is needed for assisted high-layer signalling. 

Observation 3: UE dedicated high-layer signalling can help the detection of SIB1/paging channel. Detailed information included in the signalling should be further investigated to avoid potential overlapping with the existing signalling. 
4  Conclusion 
In this paper, the possible tx-based enhancement was discussed to solve the potential detection failure of PSS/SSS/PBCH and SIB1 channel with respect to the UEs within CRE region. Based on several observations, it can be concluded that 
· Existing signaling may be enough for enhancement of PSS/SSS detection;

· Higher layer signaling to indicate UEs about the information of victim cell’s PBCH/SIB1 may be helpful. But the potential signaling overlapping with existing handover RRC signaling should be carefully investigated.
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