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1 Introduction 

In RAN1 #68bis, the handling of CRS interference has been discussed by several contributions and some possible working assumptions have been proposed in RAN1. A question was also raised about the case when there is CRS collision between MeNB and Picocells.  
In this contribution, we discuss this issue.
2 Discussion
Currently based on RAN1 specification, the allocation of CRS is associated with the assignment of PCID for each cell. The cell planning is typically such that the assignment of the PCID of neighboring cells should avoid the same shift of the CRS location in the frequency domain. 
For HetNet scenarios with multiple Picocells deployed in one MeNB’s coverage, the available resources to avoid CRS collisions between all cells will be quite limited. As shown in Figure 1, for 1-AP CRS configuration, only 5 possible shifts can be used by Picocells; for the more common 2-APs CRS configuration, only 2 possible shifts can be used (4-APs is similar). Although deploying the Picocells in an isolated way can resolve this problem, the introduction of CRE on Picocell will increase the possibility of CRS collisions being relevant. 
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Figure 1 Available REs position to avoid CRS Collision
All measurements based on CRS, like RSRP/RSRQ/RSSI measurement, CSI feedback or demodulation depend on the correct channel estimation of the serving cell. When CRS collisions happens, the UE’s measurements will suffer interference. In theory, the UE may be able to identify the correct Cell ID from PSS/SSS detection and thus derive the CRS location from multiple to find out if CRS are colliding. Then for each colliding RE of the CRS, the UE can perform channel estimation from strongest CRS and re-encode for interference cancellation (IC) before estimating other CRS signals similar to CRS handling for PDSCH. With this functionality, the UE can report more accurate CRS related measurements and CSI feedback for the serving cell. It is particular important for UEs to feed back correct CSI in the colliding case with same principle of handling of CRS on PDSCH.  
When UE has the ability to perform interference cancellation on collided CRS, some potential problems need to be considered. When the ABS is implemented on MeNB, a UE performing CRS IC for CQI measurements will feed back a CQI value which  accurately reflects the lack of interference on the PDSCH for the ABSs, but the CQI value will be too high for any subframes which are not ABSs. On the other hand, if the CRS IC is switched off, the UE will report too-low CQI on the protected subframes. Because of this, the Picocell needs to be able to tell the UE which subframes to perform CRS IC in for CQI derivation. 
In a case when a Picocell is protected by one ABS pattern from one MeNB, the current Rel-10 subframe subset can be reused to indicate the subframes to perform CRS IC; the picocell would simply need to be able to indicate which of the two subframe subsets should be used for CRS IC. For a scenario where one Picocell is protected by several different ABS patterns from different MeNBs, a new Rel-11 subframe subset (which would typically be a subset of one of the Rel-10 subsets) may need to be defined; alternatively, a subframe subset could be indicated for each cell ID in the list that is signalled to the UE [1]. 
The eNB also needs to know the capability of the UEs in order to know which UEs to provide the signalling for. This knowledge could be made available either by making CRS IC functionality mandatory for Rel-11 UEs, or by introducing capability signalling. 

3 Conclusions
In this contribution, we have discussed some of the issues related to CRS IC in CRS collision cases. 
In order to ensure that the CQI reporting in particular accurately reflects the interference experienced by the PDSCH, signalling should be provided to indicate a subframe subset in which CRS IC should be applied. This may be one of the existing subframe subsets, or an additional subframe subset, and may be the same for all the indicated cell IDs or may be signalled per cell ID. 
In addition, CRS IC capability signalling should be provided if it is not a mandatory feature for Rel-11 UEs. 
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