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1. Introduction
As some of core parts of WI on FeICIC are not finalized, in this document we discuss remaining issues to be resolved for the completion of FeICIC WI based on WI Exception [1]:
· Follow up with LSs from RAN3 and RAN4 if there is any open issue 

· Working Assumptions on MIB and SIB1 signalling

· Provisioning of SIB1 information by means of dedicated signalling to UEs in the CRE zone

· Core requirements for further eICIC.
In addition, we discuss additional information signalling for CRS interference handling. 

2. Signaling Support for Handling  
The listed information for CRS interference handling in [2] is the minimum information required to signal UE to perform interference mitigation. However, CRS transmission bandwidth information is still missing. 

One may argue that system bandwidth of cells are mostly the same but it is not actually guaranteed by the specification. Bandwidth of the victim cell may even  larger than that of aggressor cell and without the bandwidth information of aggressor cell, the UE receiving listed information for CRS interference handling is not properly able to handle aggressor cell’s CRS interference. Alternatively, the UE should be allow to assume that the bandwidth of the aggressor cells are the same as that of its serving cell in order to make clear UE behavior on CRS interference handling of aggressor cells. 
Similar to the bandwidth of aggressor cells, TDD UL/DL configuration and special subframe configuration should also be provided for each cell IDs or they should be the same among aggressor cells and the victim cell. In general, network aligns these TDD configurations but not guaranteed by the specification. In a point of UE implementation, it should be clear whether the UE simply assume that the cells in the listed information have the same TDD configurations.
 If they are not aligned, for example, if a specific subfame is UL subframe of aggressor cell while it is DL subframe of victim cell and that is not know by the UE, the UE may try to suppress CRS interference while there is no CRS interference from the aggressor cell. This misbehavior also leads some problem on channel estimation because the UE may interpolate CRS of the aggressor cell for aggressor cell CRS channel estimation within the subframe, which is actually UL subframe of the aggressor cell. Thus, without having this information or assumption, the UE might need to read SIB of aggressor cells in order to properly handle CRS interference, which is not the intended UE behavior in feICIC. 
Proposal 1: Additional information such as bandwidth, TDD UL/DL configuration, TDD special subframe configuration for each cell IDs in addition to the information listed in [2] should be known by the UE.

3. Cell Detection Principle

Detection of PSS/SSS of victim cells is the very first step of supporting feICIC with 9dB CRE in order for the UE to detect weak cells and then the UE performs RRM measurement of the cells. Based on the neighbor cell detection and RRM measurement reports, the eNB may command restricted RRM measurement of weak cells and provide CRS information of aggressor cells to the weak cells. 

However, it is well known that it is hard to detect PSS/SSS of victim cell if a UE located in a large bias cell range expansion area. Though it is agreed on network assisted cell detection principle to simplify UE implementation [4], there is not any agreed mechanism to help UE detect weak cells in 9dB CRE bias. One may argue that PSS/SSS IC receiver can handle this PSS/SSS detection of weak cells, however it definitely increase UE complexity and power consumptions, which should not be the base line receiver. 
In order to resolve this, a WF [5] was submitted in the last meeting proposing that:

· To support FeICIC with large CRE bias, UE may assume as follows:

· The subframe boundary of victim cell(s) in the signalled cell list is synchronized with that of the aggressor cell (with a possible subframe offset signaled by the serving cell) within a certain range smaller than the CP length. 

· CP length of aggressor cell(s) and victim cell is the same

· Send LS to RAN2/4

Though this proposal is not agreed in RAN1 however, this proposal should be carefully treated in RAN1 in order that this cell detection is resolved in other working group at least taking LS from RAN3 on SFN alignment into account. Referring to LS from RAN3 on MIB detection in feICIC[3], it is said that:
· RAN3 hasn’t foreseen any significant cases/scenarios where System Frame Number (SFN) synchronization cannot be assumed, and SFN synchronization (i.e. no SFN offset) is assumed in TDD/FDD time domain inter-cell interference coordination synchronisation area.
On top of SFN synchronized network, if the resolution of the synchronization is specified which preferably within CP length, it would relieve UE complexity and help UE to detect weak cell PSS/SSS.
Proposal 2: On top of SFN synchronized network, network assisted PSS/SSS detection should be supported to simplify UE implementation. 

4. Common channel detection 

Similar to PSS/SSS detection issue, the UE in CRE area would have difficulties to decode PBCH of the weak cell. So, RAN1 discussed this issue as well and the current working assumption on PBCH detection issue is as follows [6]: 

Working assumption:
· eNB signalling solution to enable significantly improved 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

· Note: Ask RAN2/3 whether there are significant cases/scenarios where SFN synchronization cannot be assumed

· Note: Inform RAN4 that RAN1 decision possible eNB signalling for detection of PBCH and ask RAN4 advanced UE receiver capability of PBCH interference cancelation

· Note: Ask RAN4 whether FeICIC capable UEs will always have the capability of PBCH interference cancelation

· Confirmation of WA depends on possible RAN3/4 LS reply

· Send LS based on WA and observation to RAN2/3/4 – Xiaodong Shen – revisit on Friday - R1-123033
· Delete the sentence “Also take the possibility/feasibility of determining the SFN offset between the victim and aggressor cell into account” and the last bullet

· Agreed in R1-123058

Based on the working assumption, RAN1 sent LS to RAN2/3/4 and this working assumption should be confirmed according to the LS from RAN3/4. RAN3 responded that SFN synchronization is assumed in TDD/FDD time domain inter-cell interference coordination synchronization area. Based on this, the UE in CRE region is not necessarily provided SFN offset between victim and aggressor cell during handover, but just applies its serving cell’s SFN. 

On the other hand, RAN4 responded as follows [7]:

· PBCH interference cancellation can bring significant gain under the simulation assumptions [2]* agreed in RAN4.
[2]* R4-63AH-0214, PBCH IC Simulation assumptions, Ericsson, ST-Ericsson, Huawei, HiSilicon, June 2012,
· Performance requirements assuming baseline PBCH-IC receiver will be defined by RAN4. Thus FeICIC capable UEs could have PBCH interference cancelation capability or an implementation with equivalent or better demodulation performance than PBCH IC.  RAN4 is still discussing the detailed conditions for the performance requirements.
· PBCH performance requirements under the assumption of System Frame Number (SFN) synchronization  will be defined by RAN4. The requirements without the assumption of System Frame Number (SFN) synchronization are under further study.
In response to the question that RAN1 asked RAN4 whether FeICIC capable UEs will always have the capability of PBCH interference cancelation; RAN4 said that FeICIC capable UE could have PBCH interference cancellation capability or an implementation with equivalent or better demodulation performance than PBCH IC. As FeICIC capable UE is not always have the PBCH IC capability, network assistance is required for PBCH decoding. Therefore, the current working assumption should be confirmed with some modification such as: 
· eNB signalling solution to enable significantly improved 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
· UE may assume that SFN is aligned with aggressor cell and victim cell. 

Proposal 3: the current working assumption should be confirmed with some modification such as: 

· eNB signalling solution to enable significantly improved 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
· UE may assume that SFN is aligned with aggressor cell and victim cell. 

5. Conclusions
In this contribution, we discussed 

Proposal 1: Additional information such as bandwidth, TDD UL/DL configuration, TDD special subframe configuration for each cell IDs in addition to the information listed in [2] should be known by the UE.

Proposal 2: On top of SFN synchronized network, network assisted PSS/SSS detection should be supported to simplify UE implementation. 
Proposal 3: the current working assumption should be confirmed with some modification such as: 

· eNB signalling solution to enable significantly improved 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
· UE may assume that SFN is aligned with aggressor cell and victim cell. 
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