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1. Introduction
LS RAN1 summarised the RAN1 discussion on handling of CRS interference cancellation and the following is quoted from the LS [1]
For CSI reporting, demodulation, RLM, and RRM for feICIC capable UE for the purpose of CRS interference handling from neighboring cells with ABS configuration, serving cell may provide the following information via higher layer signaling:

· Parameters for each cell in the list of cell IDs

· Number of CRS ports

· Subframes containing CRS i.e. MBSFN configuration
· FFS for additional information (e.g. ABS patterns)
A target example scenario of above is when UE is served by pico eNB in the CRE region.

We provide our views on signalling design for CRS assistance information in this contribution.
2 Discussion
According to the RAN1 LS, CRS interference cancellation hence CRS information of neighbouring cells with ABS configuration is useful for performance enhancement of demodulation of DL data /control channel as well as improvement of measurement accuracy (RLM, RRM and CSI). Performance requirements taking into account the CRS interference cancellation is to be defined in RAN4 while the signalling indication CRS assistance information of neighbouring cells with ABS should be defined in RAN2. 
CRS assistance information should be configured when restricted CSI measurements are configured for the UE. Based on the agreement from RAN2#77bis, idle mode enhancement will not be considered under feICIC WI in Rel-11. Therefore, CRS assistance information is only required by the RRC_Connected UEs. Dedicated RRC signalling for the signalling of CRS assistance information is therefore appropriate when considering the overhead associated with broadcast signalling. 
Macro-pico deployment scenario where UEs in CRE region served by the pico eNB is the focused scenario for CRS interference cancellation. For serving cell measurements (RLM and RRM), poor measurements may result due to the colliding CRS of the neighbouring cells. On the other hand, DL control/data demodulation would be benefited by the cancellation of neighbouring cell with non-colliding CRS. As both type of performance enhancements are considered, the CRS assistance information should contain information for neighbouring cell CRS with all the neighbouring cell with ABS configuration.  

Neighbouring cell CRS assistance information is required for the performance enhancement of serving cell data/control demodulation and serving cell measurements. Therefore, RadioResourceConfigDedicated IE is suitable place holder for CRS assistance information. 
Proposal 1: The CRS assistance information is provided to the UE via dedicated RRC signalling. New IE for CRS assistance information should be considered.

If the network has provided the CRS assistance information, the UE is expected to use the information in interference cancellation. Therefore, the network should only provide the CRS assistance information to the UEs who are capable of CRS interference cancellation. This may require the receiver interference cancellation capability to be signal to the network in UE capability container. 
Proposal 2a: if CRS assistance information is provided, the UE is expected to perform CRS interference cancellation.

Proposal 2b: The network should only provide the CRS assistance information to the UEs who are capable of CRS interference cancellation
The information which required to be signalled to the UE is physical cell ID, number of CRS ports and MBSFN configuration for each neighbouring cell with ABS configuration. The CRS assistance information is to be used for enhancement on DL data/control demodulation, serving cell measurements (RRM and RLM) and CSI reporting. As per the LS [1], the need for additional information such as ABS patterns used is FFS.

For DL data/control are scheduled on subframes corresponding to the ABS of the strong interferes. The CRS interference cancellation therefore naturally be performed on ABS. additional information on the ABS patterns used is therefore not required for the data/control demodulation enhancements. For serving cell measurements, subset of ABSs used in the cell is signalled to the UE in measSubframePatternPCell. Therefore, the corresponding subframe for CRS interference cancellation is implicit to provide via measSubframePatternPCell .  
CSI measurement subframe set may include both ABS and non-ABS subframes. the need for ABS pattern information for CRS interference cancellation is FFS in RAN1. 

Proposal 3: the CRS assistance information is used for interference cancellation on

a).  restricted serving cell measurement subframes for measurement accuracy enhancement. 

b).  scheduled subframe for enhancement of DL data/control demodulation 
c).  FFS on whether ABS only or all subframe for CSI measurement accuracy enhancements.

Whether the UE is required to perform CRS interference cancellation immediately after handover from macro cell was discussed in [2].  Serving pico eNB should provide CRS assistance information to the pico UE in CRE region. CRS assistance information is used by the interference cancellation by the UEs who are located in CRE region of pico cell. The UE may have moved to the CRE region from pico cell or the UE was handover to the pico CRE region from a macro cell. In the first scenario, the CRS assistance information could be provided to the UE in advanced by the pico eNB prior to arrival in the CRE region. In the second scenario, the configuration message carrying CRS assistance information could be provided with higher channel protection (use of MCS) to improve the reliability of the message or CRS assistance information could be signalled to the UE via RRC reconfiguration with mobility message. The UE may not be required to perform CRS interference cancellation prior to the reception of CRS assistance information.  In the second scenario, the UE experiences the most interference from the macro eNB (source eNB). the UE already have knowledge of the CRS information used in the source cell. therefore, additional mechanism for interference cancellation prior to the configuration of CRS assistance information may be left to the UE implementation. However we don’t see this as a problem which requires a standardised solution.
Proposal 4: In the scenario where the UE is handover from macro eNB to pico eNB, the UE is required to perform CRS interference cancellation upon configuration of CRS assistance information by the pico eNB.  

  

3 Conclusion 
This contribution discusses signalling requirement for neighbouring cell CRS information. The following proposals are made:

Proposal 1: The CRS assistance information is provided to the UE via dedicated RRC signalling. New IE for CRS assistance information should be considered.

Proposal 2a: If CRS assistance information is provided, the UE is expected to perform CRS interference cancellation.

Proposal 2b: The network should only provide the CRS assistance information to the UEs who are capable of CRS interference cancellation
Proposal 3: The CRS assistance information is used for interference cancellation on

a).  restricted serving cell measurement subframes for measurement accuracy enhancement. 

b).  scheduled subframe for enhancement of DL data/control demodulation 

c).  FFS on whether ABS only or all subframe for CSI measurement accuracy enhancements.

Proposal 4: In the scenario where the UE is handover from macro eNB to pico eNB, the UE is required to perform CRS interference cancellation upon configuration of CRS assistance information by the pico eNB.  
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