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1. Introduction

After RAN1#68bis meeting, there are extensive discussions on LS sending to RAN2/4, finally LS is agreed as below,

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)
Through the email discussion, some issues are raised which are no consensus in RAN1. In this contribution we discuss on the remaining issues for eNB to UE signalling support for CRS IC, and some observations are presented. 

2. Remaining issues for signalling support for CRS IC 
· Signal UE CRS information of neighboring cell without ABS configuration 
Since Rel.10 eICIC study, all the simulation assumptions are all macro cells with same ABS pattern configuration, and in Rel.11 we agreed 9dB CRE bias, UE with CRS IC capability can cancel the CRS interference of dominant interfering cell, system performance is improved significantly. Also we agreed in [2] the CRS information is needed for helping UE to do CRS IC. If eNB inform UE neighboring cell CRS information, even the neighboring cell is not configured with ABS pattern, for this case neighboring cell is normal sbuframe with active data transmission, UE can cancel the CRS interference, but the interference from PDCSH is still existed. CRS only occupy smaller part REs of on a PRB, so the performance would not improve so much. And generally eNB will configure three patterns to its serving UE for CSI subframe restricted measurement, RLM and mobility measurement, UE don’t need to know neighbouring cell ABS configuration. . 
Observation #1: signalling UE CRS information of neighboring cell with non-ABS pattern is not really necessary. Performance gain is marginal with only cancelling CRS interference in normal subframe. 
· Assistance information for CSI measurement and RLM in CRS collision case

Based on previous meeting agreement and agreed LS [1], for the purpose of CRS interference handling, the serving cell will provide UE a list of Cell ID(s) via higher layer signalling, information include CRS ports number and MBSFN configuration. The list of Cell ID(s) include the main interfering cells, which the CRS position could be collision or non-collision with serving pico cell CRS. Pico UE can distinguish which cell CRS is collision via the provided cell IDs. 

For the CSI report in CRS collision case, UE need to know which CSI subframe subset is corresponding to aggressor cell configured with ABS, then UE can decide to cancelling the interference or not. In Rel.10 we defined three ABS pattern for serving cell RLM/RRM, CSI measurement and neighboring cell RRM measurement. RLM/RRM bitmap is a subset of the bitmap indicating ABS subframes, the RLM measurement subframe pattern reconfiguration periodicity is longer than ABS pattern change, then RLM will not be impacted by ABS pattern change so much. RLM measurement sbuframe pattern only indicate the ABS subframe configured by interfering cell for both CRS collision and non-collision case. Then UE can distinguish which CSI subframe subset should do CRS interference cancellation through comparing CSI subframe subsets and RLM measurement subframe pattern. 

Observation #2: In case of CRS collision, the provided list of cell IDs already include the cell ID which CRS position collide with interfered cell CRS. UE can distinguish which CSI subframe subset should do CRS interference cancellation through comparing CSI subframe subsets and RLM measurement subframe pattern.  
· Target scenario for signalling support of CRS IC information

As mentioned in [3], there are three scenarios related to signalling assistance CRS IC information (cell ID, antenna ports number and MBSFN configuration of neighboring cell), let us consider the each scenario separately:

· UE power on at the pico CRE region. According to current cell selection rule, the UE will camp on macro cell first. After RRC connection has been established, the macro UE will handover to the pico cell. So macro cell CRS ports and MBSFN configuration are already available by the users.
· UE perform handover from dominant interferer macro cell to pico CRE region. In this case the macro cell CRS ports and MBSFN configuration are already available by the users. 

· If pico UE moves from pico centre area to CRE region (assuming e.g. 9 dB CRE bias), UE have no prior information of neighboring macro cell. If users are configured to perform measurement on E-UTRA cells, MeasObjectEUTRA IE include information of presenceAntennaPort1 and neighCellConfig. So UE is indicated whether neighboring macro cell use Antenna Port 1 and whether the macro cell MBSFN subframe allocation is identical with serving cell or not. In this case, only part of UEs can’t get the required information if pico and macro cell have different configurations.
For the first and second scenarios, before the UE handover to pico cell the serving cell is macro cell, UE don’t need this kind of information. Even after UE handover to pico cell, UE still can use stored information to do CRS interference cancelling, and the performance is still guaranteed. Depending on UE RRM report and interference situation, serving pico cell can make decision sending other cells information to UE, and this is similar as the scenario three. For UE serving by pico cell in CRE region, UE need the aggressor cells information for CRS IC purpose, although part of information is already available by UE.

Observation #3: Only when UE is served by pico eNB in the CRE region, UE need to be informed the interfering cell antenna ports number and MBSFN configuration to assist UE CRS IC.

· FFS for additional information (e.g. ABS patterns)
Except the aggressor cells antenna number and MBSFN configuration information, the ABS pattern of aggressor cell could be signaled to UE also. Based on current study, all macro cell configured with same ABS pattern is assumed. considering the different ABS pattern from macros, after ABS pattern exchange through X2 signalling, Pico cell will configure right patterns (three patterns are defined in Rel.10) to its UE, so ABS subset only include sbuframes which subframes macro cell configured as the ABS subframes, otherwise the Pico cell ABS subset include normal subframe of other macro cell, it could be network configuration error. 

Observation #4: informing UE the ABS patterns is not needed with the right network configuration. 
· Inform UE neighbor cell CRS bandwidth

Recalling the eICIC discussion in Rel.10, different interference scenarios were extensively discussed such as CA based HetNet, escape carrier. Finally eICIC WI focus on different layer eNBs co-channel deployment scenario and this extend to Rel.11. Then different bandwidth between macro and pico cell is out of this WI scope. CRS occupy the whole bandwidth, for co-channel deployment case it’s not necessary to inform UE the neighboring cell CRS bandwidth. For bandwidth different case, it’s not clear the benefit with this network deployment scenario.
Observation #5: it’s hardly to see the deployment scenario for informing UE neighbor cell CRS bandwidth. Non co-channel deployment of macro and pico cell is out of the WI scope.
3. Discussions and concluding remarks
In this contribution we have analyzed the signalling support which could help UE CRS interference handling. Based on the above sections, we have the following observations:
Observation #1: signalling UE CRS information of neighboring cell with non-ABS pattern is not really necessary. Performance gain is marginal with only cancelling CRS interference in normal subframe. 

Observation #2: In case of CRS collision, the provided list of cell IDs already include the cell ID which CRS collide with interfered cell CRS. UE can distinguish which CSI subframe subset should do CRS interference cancellation through comparing CSI subframe subsets and RLM measurement subframe pattern.

Observation #3: Only when UE is served by pico eNB in the CRE region, UE need to be informed the interfering cell CRS number and MBSFN configuration to assist UE CRS IC.

Observation #4: informing UE the ABS patterns is not needed with the right network configuration.
Observation #5: it’s hardly to see the deployment scenario for informing UE neighbor cell CRS bandwidth. Non co-channel deployment of macro and pico cell is out of the WI scope.
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