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Introduction
CRS interference mitigation is an important issue for heterogeneous networks. Both receiver-based techniques and transmitter-based techniques have been proposed for FeICIC [1]-[4]. RAN1 reached the following agreements on FeICIC in RAN1 #67 meeting [5].  

· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS

· Cell detection principles

· Network assistance to simplify UE implementation of cell detection for 9 dB CRE bias

· Higher-layer signaling is utilized to aid the UE

· RAN1 continues discussion about the details of necessary specification changes

· 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

· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI

In this contribution, we discuss the need and standards impact of PDSCH muting and rate matching around CRS of neighbour cells.
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Discussion on PDSCH muting and rate matching 
In Rel-10, time domain techniques such as Almost Blank Subframe (ABS) were introduced for heterogeneous networks to mitigate the impact of co-channel interference. However, the issue of non-colliding CRS interference still remains for non-MBSFN ABS subframes. Depending upon the CRE bias, the CRS interference from neighbor cell(s) can have server impact on victim cell. Several contributions have been presented in RAN1 with two different approaches to solve the CRS interference issue – i) receiver-based solution using PDSCH puncturing, and ii) transmitter-based solution using PDSCH muting and rate matching around CRS of neighbor cell(s). 

The relative performance results of transmitter and receiver based solutions vary depending upon various factors such as UE IC capability, CRE bias, and the presence of CSG HeNBs. PDSCH muting and rate matching has been shown to perform better than receiver based puncturing schemes for UEs of limited IC capability. Even for UEs equipped with advanced IC receiver, transmitter-based solution provides comparable performance for high CRE bias such as 8-10 dB [1]-[4]. Additionally, advanced IC receiver may not be mandatory for all Rel-11 UEs for various practical reasons including UE implementation complexity. Therefore, transmitter based PDSCH muting and rate matching should be considered as an alternative IC scheme in order to fully exploit the benefits of heterogeneous deployments. 
Observation 1: Transmitter-based solution of rate matching around CRS of neighbor cells is needed for UE’s lacking IC capability. 
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Standards Impact
In order to apply rate matching around CRS of neighbor cells, the victim cell eNB requires some CRS related information such as number and location of CRS antenna ports of neighbor cells. Thus, if the neighbor cell IDs and respective number of CRS ports are known, the victim cell eNB can support PDSCH muting by applying required rate matching around neighbor cells’ CRS REs. Similarly, if the victim UE is also made aware of the CRS related information of neighbor cells, it can correctly perform PDSCH demapping. 
There exist multiple approaches to implement rate matching around CRS of neighboring cells. As per the LS [6] sent from RAN1 to RAN4, it was concluded that the victim cell can provide the following information via higher signalling to assist victim UEs against CRS interference:
· 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)
Given this signaling support, one possible scheme to implement transmitter based solution is via one bit signaling for each neighbor cell ID to specify whether or not the victim cell’s PDSCH REs corresponding to its CRS REs are muted [7]. The feedback overhead incurred by this scheme is N bits for N cell IDs. An alternative approach to implement rate matching around CRS of neighboring cells by signaling the frequency shift of rate matched CRSs instead of 1 bit indicator per neighboring cell. Furthermore, additional procedures may also be needed to handle situations arising due to the PDSCH muting pattern reconfiguration [8].

Observation 2: Signalling framework for receiver based solution may be reused for supporting rate matching around CRS of neighbor cells with minimal standards impact.
Proposal 1: Considering the time frame of Release 11, transmitter-based solution of rate matching around CRS of neighbor cells should be considered in Release 12.
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Conclusion

In this contribution, we have discussed the need and standards impact due to supporting PDSCH muting and rate matching around the CRS of neighbor cells. Based on the presented discussion, we have following observations and proposal:

Observation 1: Transmitter-based solution of rate matching around CRS of neighbor cells is needed for UE’s lacking IC capability.

Observation 2: Signalling framework for receiver based solution may be reused for supporting rate matching around CRS of neighbor cells with minimal standards impact.
Proposal 1: Considering the time frame of Release 11, transmitter-based solution of rate matching around CRS of neighbor cells should be considered in Release 12.
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