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1 Introduction

In RAN1#68, conclusion on cell detection is:

· Rel-10 signaling can be used to assist cell search

· Further study until next meeting whether UE can assume the CP length of aggressor cell and victim cell is the same

In this contribution， we intend to analyze details of what and how signaling can used to facilitate cell detection and CRS information， and also give our view on CP length issue.
2 Discussion
2.1 signaling used to assist cell search
With possible PSS/SSS/PBCH/SIB-1 existence in ABS，there would be interference to the detection of these channels and information for Pico cell in Macro-Pico scenario. 
There have been several solutions suggested until now to tackle this issue:
· Subframe shift. For FDD this is an acceptable way while not an ideal one for TDD, cause TDD strong requirement of  timing synchronisation and possible strong UL-DL interference by non-synchronisation. 

· Reduction of PSS/SSS/PBCH transmission power. The power reduction could mitigate interference to Pico cell, and the obvious impact is to impair Macro coverage. Reducing power of synchronisation and PBCH make Macro UE hardly detect Macro cell, especially for those UEs close to Pico CRE region.
· Auxiliary PSS/SSS. However, the auxiliary PSS/SSS occupy new resources that would decrease system performance.
· eNB signalling. Pico cell get these interfered information via higher-layer signalling. 

The solution of eNB signalling would not affect system performance, and it could be used in both TDD and FDD. 
Through PSS/SSS detection UEs keep downlink timing synchronisation and get information of PCI, CP length, system type(FDD or TDD) and etc.. UEs cannot decode the PSS/SSS/PBCH of Pico cell in CRE region especially with big bias. The reason is that PSS/SSS/PBCH are located in the same time and frequency resource, and PSS/SSS/PBCH of Macro cell impair Pico cell’s detection. 
Commonly the distance between Macro and Pico cell is near enough not to affect the timing requirement of Pico if taking Macro as downlink synchronisation timing reference. For example, the distance of 300m results in 1μs difference between Macro and Pico, which is far less than CP length of 5.1 μs (first OFDM symbol) or​ 4.7 μs (remaining OFDM symbols) for normal CP and 16.7 μs of extended CP. Therefore, Pico UE can monitor and take Macro cell’s PSS/SSS to keep downlink synchronisation.
Proposal 1: Ue(s) take Macro cell’s PSS/SSS as downlink timing reference in CRE region.
In connected state, Pico UE keeps one RRC signalling connection with Pico eNB. In CA, Pcell transfer Scell’s MIB/SIB-1 via the Pcell RRC.  Correspondingly, this method can also be used in FeICIC. 
Then what information can be taken by RRC signalling of Pico cell? 
The first one is information got through PSS/SSS detection, including PCI and CP length. By this way the PSS/SSS detection of Pcell take only the task of downlink timing. Other information such as PCI and CP length do not rely on PSS/SSS, which reduces burden of PSS/SSS detection.

The second one is MIB and SIB-1 information. As already known, PBCH with MIB of Pico is severely interfered by Macro cell. In addition, SIB-1 may exist in ABS, which causes corresponding PDCCH and PDSCH interference. Both MIB and SIB-1 can be undertaken by Pico’s RRC signalling to avoid completely above impact.

Proposal 2: Pico UEs get its PCI/MIB/SIB-1 information via its RRC signalling with Pico eNB.

Another situation is related with handover from Macro to Pico. During the handover, UE is possibly not able to decode Pico’s PCI/MIB/SIB-1. To deal with this issue, one possible mean is also referring to the RRC signalling. Through RRC signalling with Macro, UE can get that information of Pico cell.

Proposal 3: UEs get PCI/MIB/SIB-1 information via RRC signalling with Macro during handover from Macro to Pico. 

Neighbour information would result in more burden of RRC signalling, but this can resolve the issue of FeICIC cell detection, and consider that this solution is already adopted in CA scenario, so its side effect of signalling burden should be acceptable.
2.2 Information on number of CRS ports and subframe
CRS interference solutions are generally grouped into two directions: Rx based and Tx based. For Rx based solution there are at least following ways to consider:

· IC (Interference Cancellation). UE receiver calculates the interfering CRS signal from neighbour cell based on radio channel estimation and tries to exclude it from total received signals. As a prerequisite, CRS configuration of neighbour cell must be available;

· Puncturing the interfered REs by neighbour cell CRS. UE receiver discards those REs at the same location as neighbour cell CRS. For PDSCH, this method would affect system performance more or less because of the reduced available resources. While for PDCCH this method maybe not acceptable. The reason is that it possibly causes more severe decoding problems because  PDCCH decoding demands higher decoding performance requirement and punctured REs of PDCCH decrease its reliability.

For Tx-based solutions, the eNB intentionally puncture those REs at the same location as neighbour cells’, correspondingly the eNB and the UE receiver should take rate matching to exclude those REs. Similar as above b), this solution should not be adopted in PDCCH region.

Both above Rx-based and Tx-based solutions of handling CRS interference need UE having the knowledge of neighbour cell CRS. Detailed information include the CRS port number and indication of the subframe undertaking those CRS.

Then what mechanism should be considered to convey above neighbour cell information? Two ways can be optional as below:

· The first one is via monitoring and decoding neighbour cell related channel and signal. For example, the BCH transmit diversity scheme, SFBC of 2 antenna ports or SFBC/FSTD of four antenna ports, is implied in its blind decoding. The successful blind decoding can determine the cell-specific port number. On the other hand,  MIB transfer block CRC is scrambled by CRS port number. This is also a method to get CRS information. While this method cannot provide the subframe information on which CRS is present.

· Another one is via RRC signalling of own cell. Similar as already adopted in CA, Pcell RRC signalling carrying Scell information including MIB and SIB-1. Here we can refer to and extend this method. Pico cell can utilize its RRC signalling to carry Macro cell’s CRS configuration information of port number and relevant subframe.

Comparing with the first solution, the second one does not require the BCH decoding of neighbour cell that might well decrease UE’s complexity. RRC signalling is also a reliable bearer and already adopted in CA, and its extension to take more information should be acceptable. Therefore, we prefer the second solution.

Proposal 4: RRC signalling of victim cell can be extended to take aggressor cell(s) CRS information of port number and relevant subframe for handling CRS interference. 
2.3 CP length of aggressor and victim cell

Different CP length of aggressor and victim cell would result in difficulty implementing interference coordination in both Tx-based and Rx-based solutions. Therefore, some companies suggest aligning the CP length of aggressor and victim cell. But there are actually more significant factors to affect CP length. The CP is critical to cope with multipath, mitigate subcarrier interference and facilitate OFDM decoding. Compared to principal radio multipath the CP length should be long enough. Network deployment, more precisely the cell size, would affect the CP length. Naturally, Macro cell requires longer CP length than pico cell. On the other side, CP also results in a sort of waste of power/bandwidth because useful information is carried on symbols other than CP. So the CP length should be a compromise after considering above all factors. We should not impose mandatory limitation on the CP length from only interference coordination. For difficulties, if unavoidable, resulted from different CP length, it is implementation issue and we should try to find optimised algorithm or technique. The solutions details are FFS.
Proposal 5: It is not feasible to assume the same CP length of aggressor and victim cell. The CP length depends on multiple factors of time dispersion, bandwidth loss and interference coordination as well. 
3 Conclusion

In this contribution, we analyzed the cell detection issue in FeICIC, and suggest refer to CA technique to utilize RRC signalling to transfer neighbour information. Proposal is following:
· Proposal 1: Ue(s) take Macro cell’s PSS/SSS as downlink timing reference in CRE region.
· Proposal 2: Pico UEs get its PCI/MIB/SIB-1 information via its RRC signalling with Pico eNB.
· Proposal 3: UEs get PCI/MIB/SIB-1 information via RRC signalling with Macro during handover from Macro to Pico. 
· Proposal 4: RRC signalling of victim cell can be extended to take aggressor cell(s) CRS information of port number and relevant subframe for handling CRS interference.
· Proposal 5: It is not feasible to assume the same CP length of aggressor and victim cell. The CP length depends on many factors of time dispersion, bandwidth loss and interference coordination as well. 
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