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1. Introduction

After the RAN1#68bis meeting, there were extensive discussions on LS sending to RAN2/4, and finally LS was agreed as below [1]
For the purpose of CRS interference handling, RAN1 has concluded that the “needed information” indicated 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 RAN1#69 meeting, some additional signalling support [2-3] has been investigated. In this contribution we give the further consideration for eNB to UE signalling support for CRS IC, and present our proposal based on some further observations. 

2. Discussion on further consideration for signalling support for CRS IC 
Three types ABS pattern were defined in Rel-10: A serving cell RLM/RRM measurement pattern, CSI measurement pattern(s) and a neighbouring cell RRM measurement pattern.

In the Hetnet macro-pico deployment, there may be multiple pico cells with overlapping cell edge areas , as shown in Fig. 1, especially when large CRE is used. In this example case, a pico UE 1 is located in the overlapping area of two pico cells, and suffers from the interference of two adjacent pico eNBs. Consequently, both the pico and the macro cells might require ABS patterns: The pico cells for protecting users at the overlapped CRE coverage, and macro cells to protect both of the pico cells from the macro cell interference. Further, if the pico cells are also using ABS, the UE would need to know whether it is expected to do CRS cancellation also for the other pico cell.  
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Figure 1. Example Macro-Pico Scenario
2.1
RRM Measurements
When a macro cell is using different ABS patterns are for the neighbouring pico eNBs (e.g. a 2/8 pattern, of which 1/8 pattern is dedicated for each pico cell), a macro UE that is approaching both pico eNB1 and pico eNB2 could be suffering from interference from one or both of the pico cells. For better performance while connected to the macro cell, the UE should know the potential pico cell ABS patterns as well, i.e. the CRS IC assistance information should include also the pico cells as potential aggressors. In this case, the current assistance information (including cell ID, antenna ports number and MBSFN configuration of neighbouring cell) might not be sufficient. To ensure that a macro UEs approaching the overlapped pico cells and a pico UEs at the overlapped area have the correct neighbouring cell measurement result towards the different pico cells for RRM related issue handling, the UE should know from which dominant interfering source the CRS interference should be cancelled in the corresponding measurement subset.
Therefore, we make the following observation:
Observation #1: A macro UE that is approaching the overlapped pico cells should know from which dominant interfering source the CRS interference should be cancelled in the corresponding measurement subset, for the correct neighbouring cell RRM measurement.
2.2
CSI Measurements
When the macro and pico cells are under heavy load, it may be difficult for macro eNB to configure totally separate ABS patterns for the adjacent pico cells. Consequently, there may be ABS subframes that are utilized by all of the closely neighbouring pico cells. In such cases, the UEs should know from which eNBs the CRS cancellation should be done for both CSI and RLM measurements. In particular, the pattern of subframes from which the CSI feedback is measured is composed of three parts:

· Macro ABS subframes where only one pico cell is transmitting (i.e. other pico cells are using ABS);

· Macro ABS subframes where neighbouring pico cells may be transmitting (i.e. not guaranteed for one pico only);

· Macro non-ABS subframes;
It has already been discussed in 3GPP that a CRE UE in a pico cell needs the aggressor cells information for CRS interference cancellation purpose. In this case, the UE should know how it is expected to do the CRS interference handling: From which subframes should it cancel which CRS interference?
There are two cases related to signalling assistance for CRS interference cancellation, which are illustrated as follows separately:

Case #1: UE is located in the overlapped pico CRE region. 
· Since this UE is located in the overlapped area of two neighbouring pico cells, it should be scheduled in the ABS subset dedicated for the serving pico cell, wherein the CRS interference cancellation from both macro eNB and neighbouring pico eNB is required. 

Case #2: UE is located in the non-overlapped pico CRE region. 
· It may be scheduled in the non-orthogonal ABS subset, wherein the CRS interference cancellation from only macro eNB is required. 

Hence, for UE located differently in CRE region, different CSI measurement subset will be applied and corresponding CRS cancellation should be applied. UE should be aware of which subframes to do the corresponding CRS interference cancellation from the different interfering source. That is, the CRS cancellation subframe should be associated to the PCI, port indication information together. Therefore, we have 
Observation #2: For a pico UE located differently in CRE region, different CSI measurement subset will be applied and meanwhile corresponding CRS cancellation associated to different interfering source should be applied.

Based on these two observations, we propose the following:
Proposal #1: The provided assistance information for CRS interference handling information should also include the subframes when CRS interference cancellation should be applied for each cell-. Based on that information, the UEs can distinguish from which cells and for which subframe(s) should the dominant CRS interference be cancelled. 
3. Conclusions
In this contribution we have analysed the required signalling support in addition to the information agreed to ensure correct UE CRS interference handling. Based on the analysis, we have two observations and propose as follows:
Observation #1: A macro UE that is approaching the overlapped pico cells should know from which dominant interfering source the CRS interference should be cancelled in the corresponding measurement subset, for the correct neighbouring cell RRM measurement.

Observation #2: For a pico UE located differently in CRE region, different CSI measurement subset will be applied and meanwhile corresponding CRS cancellation associated to different interfering source should be applied.

Proposal #1: The provided assistance information for CRS interference handling information should also include the subframes when CRS interference cancellation should be applied for each cell-. Based on that information, the UEs can distinguish from which cells and for which subframe(s) should the dominant CRS interference be cancelled. 
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