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1
Introduction
In [1], RAN 1 informed RAN 2 and RAN 4 that CRS interference need to be handled by Rx based techniques:

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”

And in [2] RAN 1 clarified that:
For the purpose of CRS interference handling, RAN1 has concluded that the “needed information” indicated in [1] can be provided from the serving cell via higher layer signaling, 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)
In this contribution, we discuss and would like to clarify what assumptions a UE should make when handling CRS interference for the colliding CRS scenario.
2
CRS Interference Handling  
CRS interference can cause significant performance degradation under large bias operation [3]. The performance degradation caused by CRS interference can be contributed to:

· Interference on data (PDSCH) resource elements (REs). This scenario occurs when CRS offset of the interfering cell is different from the CRS offset of the serving cell (non-colliding CRS case). 

· Interference on CRS REs. This scenario occurs when the CRS offset of the serving and the interfering cells are the same (colliding CRS case). The negative effect of the CRS interference can be observed through the impact both UE measurements and reporting (CSI feedback) and demodulation. 

2.1 Signaling support 
CRS interference on PDSCH REs can be handled by UE implementation and strictly speaking new signaling support is not necessary. The main reason for the signaling is potential for the reduction in UE complexity/implementation. However, CRS interference on the CRS REs cannot be autonomously handled by the UE, especially for the RLM measurement as at the UE side interference on CRS REs is the same regardless whether the dominant interfering cell has ABS configured or not. The difference between the two scenarios is illustrated in Figure 1 assuming a UE is served by a pico eNB in CRE region.
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Figure 1: Illustration of colliding and non-colliding CRS scenarios for the scenario where UE is served by pico eNB in CRE region.
As it can be seen from Figure 1, in case of non-colliding CRS scenario, CRS REs capture interference from the data REs. Clean and unclean CQI can be supported without any signaling to the UEs and subframe restricted RLM procedure works well. In case of colliding CRs scenario, however, regardless whether dominant neighboring macro cell is configured by ABS or not, interference on the CRS tones is the same and support for clean and unclean CQI is not clear. Moreover, restricted RLM procedure is effectively disabled as all subframes exhibit the same amount of interference. 
Therefore, in order for a UE (served by a pico eNB in CRE region) to perform proper RLM measurements on the subframes where some of neighboring (macro) cells are configured with almost blank subframes (ABS), UE should mitigate CRS interference from the neighboring (macro) cells providing ABS. But, the UE should not suppress CRS interference from other neighboring cells. Also, in order to feed back proper CSI, UE needs to be aware which subframes in the interfering cells are configured as ABS. If that information is not conveyed to the UE, or UE cannot make any assumptions with respect to ABS configuration, CSI feedback would not be well defined. UE would not be aware of ABS configuration in the neighboring cells and would not know whether to report CSI feedback computed prior or after CRS interference mitigation. 

For the reasons mentioned above, in order to define performance test and handle colliding CRS case as described in [1], and given the signaling support already agreed in RAN 1 [2], we would like to clarify UE behavior for the colliding CRS scenario. It seems reasonable that for the purpose of RLM measurements and the CSI feedback for the colliding CRS scenario, UE can make an assumption to mitigate CRS interference for the cells including in the cell list defined in [2].
Proposal 1: In case of colliding CRS scenario, for the purpose of RLM and CSI feedback, UE may suppress CRS interference from the cells included in the cell list. UE behaviour determined by RAN 4 performance tests.
3
Conclusions

In this contribution, we propose to clarify UE behavior when handling CRS interference for the colliding CRs scenario.  
Proposal 1: In case of colliding CRS scenario, for the purpose of RLM and CSI feedback, UE may suppress CRS interference from the cells included in the cell list. UE behaviour determined by RAN 4 performance tests.
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