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1. Introduction
Following is the conclusion from RAN1 #67 on the CRS interference handling [1]:

· Handling of CRS interference 

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

The LS [2] sent from RAN1 to RAN2/4 clarifies that the “needed information” on CRS interference can be provided from the serving cell via higher layer signalling, i.e.:

· List of cell ID(s)
· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing CRS in the data region (e.g. the cell MBSFN configuration)
However, in order to properly deal with CRS interference, the serving cell needs to signal additional information as regards to CRS information. In this contribution, we elaborate further details of additional information. 
2. Signaling support for handling  
Upon receiving the information related to neighboring cells CRS, the UE may utilize the information for the purpose of data/control demodulation and RRM/CSI measurement/report. 

When a UE utilizes the information for various purposes, additional information is required in order for a UE to properly behave. In order to make the neighbor cell CRS information valid, the bandwidth of CRS transmission should also be signaled. In addition, an indicator whether the cell is legacy carrier or NCT carrier and ABS pattern can also be considered to signal. Detailed usage of the information is described below. 

2.1. Demodulation purpose

For the purpose of CRS interference handling especially in 9dB CRE bias, transmitter-based schemes and receiver-based schemes have been discussed and considered. RAN1 recommended RAN4 to consider receiver-based schemes in RAN1 #67. In CoMP WI, transmitter-based schemes are being considered for neighbor cell CRS handling. 
Basically, the UE may try to cancel CRS interference based on the neighbor cell CRS information if IC capability is implemented. In addition, the eNB needs to indicate whether or not the CRS positions are rate-matched for each cell if a transmitter-based technique is applied so that the UE does not decode the rate-matched RE positions. Further details of the necessity of the transmitter-based schemes and the signaling method are described in [3].
2.2. RLM/RRM measurement
When a UE performs RRM for neighboring cells, victim cells RSRQ is likely to be underestimated in 9dB CRS bias even if the cells are included in measSubframeCellList-r10 for a subframe restricted RRM measurement due to unresolved CRS interferences from macro cells. If the RSRQ of a pico cell is not enough over a certain threshold, the UE might not report it or the serving eNB would not hand over the UE in the CRE region to the pico cell. In other words, the UE needs to know aggressor cells CRS information to cancel out the CRS interference for RSRQ measurement. For this purpose, aggressor cells CRS information to the cells listed in the measSubframeCellList-r10 should be signalled to the UE, which could be a separate list of neighbour cell CRS information provided for demodulation and CSI measurement. 
Given that the neighboring cells CRS information is provided, the UE should utilize the information for RLM. The UE may declare RLF in colliding CRS cases due to severe CRS interference from macro cells though it can reliably receive data and control from its serving cell by cancelling other cell CRS interferences. It means the UE needs to know which cells’ CRS should be removed for RLM and unnecessary RLF can be avoided. 
2.3. CSI measurement
Downlink transmission power in data REs but CRS REs from macro cells is reduced in ABS. Therefore, CSI of a pico UE in macro cell’s ABS is underestimated if the UE is equipped with CRS interference cancellation receiver. On the other hand, the UE should not cancel out CRS interference for CSI measurement in normal subframes of macro eNBs even though the UE is able to cancel CRS interference. In other words, the UE needs to remove CRS interference from macro eNBs in some subframes but it does not need to do that in other subframes for the other cell interference measurement. 

Furthermore, the UE cannot simply declare that there is almost zero interference from a specific macro cell whose CRS interference is cancelled out for interference measurement because there can exist residual interference in PDSCH in non-zero power ABS of the macro cell. It means that the macro cell interference level needs a compensation to reflect real interference after CRS interference is removed. AS a proper metric to compensate the interference level, ratio of PDSCH to CRS EPRE should also be signaled in addition to indication of subframes where the UE needs to cancel and compensate the CRS interference. 

3. Conclusions
In this contribution, we examined required signaling support in addition to information listed in [1] and propose as follows: 
The eNB should provide information for each cell IDs in addition to the information list in the LS [1] such as:

· the bandwidth of CRS transmission, carrier type, ABS pattern and the ratio of PDSCH to CRS EPRE in ABS

· an indication whether or not the CRS REs are rate matched

· an indication whether or not to cancel out CRS interference in performing RRM/RLM/CSI measurement 
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