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1. Introduction
The listed information for CRS interference handling in [1] is the minimum information required to signal UE to perform interference mitigation. However, there are still missing information such as CRS transmission bandwidth, ABS pattern, TDD DL/UL configuration and special subframe configuration. 

In order to properly deal with CRS interference in a large CRS bias, it is decided to signal neighbour cell CRS information [1] and detailed information on CRS interference is list of cell IDs and number of CRS ports and subframes containing CRS in the data region for each cell IDs. Upon receiving this information, a UE is expected to perform CRS interference mitigation based on the signalled information. The UE may utilize the CRS information for the purpose of data/control demodulation and RRM/RLM/CSI measurement. 
In this contribution, we describe further considerations on CRS interference handling.  
2. Signaling Support for Handling  
2.1. Required additional information on CRS interference
The listed information for CRS interference handling in [1] is the minimum information required to signal UE to perform interference mitigation. However, there are still missing information such as CRS transmission bandwidth, ABS pattern, TDD DL/UL configuration and special subframe configuration. 
One may argue that system bandwidth of cells are mostly the same and if it is the case, UE should be allowed to assume that the CRS transmission bandwidth between aggressor cell(s) and victim cell(s) is the same. In TDD system, having different DL/UL configurations between aggressor cell(s) and victim cell can avoid strong interference from aggressor cell(s)[2]. Then, DL/UL configuration of neighbor cells should be known by UE for CRS interference handling. Without knowledge on the DL/UL configuration, UE is not able to estimate channel status correctly.  Similar to TDD DL/UL configuration, TDD special subframe configuration should also be known by UE. 

Proposal 1: The eNB should provide information for each cell IDs in addition to the information listed in [1] such as: the bandwidth of CRS transmission, carrier type, ABS pattern, TDD DL/UL configuration special subframe configuration
2.2. Demodulation purpose

A UE may cancel out CRS interference based on the signaled neighbor cell CRS information if interference cancellation receiver is implemented. In addition, the eNB needs to indicate whether or not the CRS positions are rate-matched for each cell if a transmitter-based technique is applied so that the UE does not decode the rate-matched RE positions. Further details of the necessity of the transmitter-based schemes and the signaling method are described in [4].
Alternatively, it is desirable to reuse the CRS information for the purpose of signaling PDSCH rate-matching pattern with a combination of dynamic signaling as proposed in [5]. 

Proposal 2: The information [1] on CRS interference should be utilized for the purpose of signaling PDSCH rate-matching pattern

2.3. RLM/RRM measurement

In RAN1 #69, RAN1 made working assumption on UE behaviour in the case of colliding CRS scenario and sent LS[3] to RAN2/4 as follows:

· At least in the case of colliding CRS scenario, for the purpose of RLM/RRM and CSI feedback corresponding to one of the configured subsets, UE may suppress CRS interference from the cell(s) that are included in the cell list [1]*.
When UE perform RRM, the CRS interference from aggressor cells is removed from RSSI if the UE is equipped with CRS interference cancellation receiver. 
2.4. CSI measurement
When restricted measurement is configured for CSI measurement, a UE is configured two subframe sets for CSI measurement, i.e. 
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and 
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: one is for ABS subframes and the other is for non-ABS subframes. If a UE is equipped with CRS interference cancellation receiver, the UE should cancel out CRS interference in 
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and should not cancel it in 
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for more accurate CSI measurement. 
In CRS colliding case, , the UE should not simply declare that there is almost zero interference after CRS interference cancellation in 
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 because there may exist interference in PDSCH, i.e. macro cells still transmit unicast data in PDSCH region for its owen serving UEs with reduced transmission power. In other words, the UE is not able to measure interference level when macro cells’ PDSCH transmission power is reduced if the CRS positions are colliding. Therefore, for accurate CSI reporting, each cell’s interference level in ABS such as ratios of PDSCH to CRS EPRE should be signaled in addition to indication of subframes where the UE needs to cancel and compensate the CRS interference. If the overhead matters, a proper metric or value should be signaled for interference calculation in 
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Proposal 3: Interference level after CRS interference mitigation at UE side should be compensated to reflect real interference level for each CSI measurement subsets. 
The main motivation of introducing two different CSI subframe sets in Rel-10 is to keep consistency of CSIs. However, CRS interference cancellation receiver, mixture of MBSFN and non-MBSFN subframe within one CSI subframe set, and operation of non-zero transmit power ABS may cause inconsistency of CSI measurement/calculation. 

For example, consider a case if 
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includes an aggressor cell’s MBSFN and non-MBSFN assuming that the aggressor cell operates ABS in 
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, where UE may cancel out CRS interference of the aggressor cell. CRS information of aggressor cell list [1] includes MBSFN configuration of the aggressor cells in order to avoid unnecessary interference mitigation behavior if no CRS exists in PDSCH region. Based on the information, UE may cancel out CRS of the aggressor cell in non-MBSFN subframe and calculate/emulate the interference level. Due to imperfectness of the cancellation receiver, there may be residual interference. On the other hand, UE does not perform any of CRS interference mitigation but just measures interference from the aggressor cell. Then, it is not guaranteed that the emulated interference levels after CRS interference cancellation and measured interference level without interference mitigation are being kept consistent. 

On the other hand, consider another case if 
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 includes an aggressor cell’s MBSFN and non-MBSFN assuming the aggressor cell operates non-ABS in 
[image: image10.wmf]CSI,1

C

. UE measures interference from the aggressor cell in non-MBSFN subfames using CRS but measure it from PDSCH in MBSFN subframes. If CRS power is boosted, the measured interference from CRS is higher than that from PDSCH in MBSFN subframe. Also, interference level measured from CRS and PDSCH in MBSFN is definitely different depending on PDSCH loading and precoding. These phenomena are there in Rel.10 but the impact in FeICIC with large CRS bias is not negligible and CSI consistency cannot be kept in 
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as well. 
Therefore, in order to keep consistency in CSIs, interference level can be measured for each MBSFN subfame and non-MBSFN subframe separately within a CSI measurement subframe sets. However, more conservatively, it is proposed that interference measurement in a CSI measurement subframe set should be confined only within non-MBSFN subframes and it can be referred for interference level in MBSFN subframes. 
Proposal 4: Interference measurement in a CSI measurement subframe set should be confined only within non-MBSFN subframes and it can be referred for interference level in MBSFN subframes in order to keep CSI consistency in a CSI subframe set. 
3. Conclusions
In this contribution, we discussed further considerations on CRS interference handlings in 9dB CRE bias and followings are our proposals:
Proposal 1: The eNB should provide information for each cell IDs in addition to the information listed in [1] such as: the bandwidth of CRS transmission, carrier type, ABS pattern, TDD DL/UL configuration special subframe configuration

Proposal 2: The information [1] on CRS interference should be utilized for the purpose of signaling PDSCH rate-matching pattern

Proposal 3: Interference level after CRS interference mitigation at UE side should be compensated to reflect real interference level for each CSI measurement subsets. 

Proposal 4: Interference measurement in a CSI measurement subframe set should be confined only within non-MBSFN subframes and it can be referred for interference level in MBSFN subframes in order to keep CSI consistency in a CSI subframe set. 
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