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1 Introduction
RAN1 has informed RAN2 on the progress of feICIC [1] with the following agreements. 

	· 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


This contribution focuses on the signalling support for CRS interference handling.
2 Background
RAN1 has reached the agreement that a victim UE needs to acquire two pieces of information to handle the CRS interference from an aggressor cell(s): 1) Information on number of CRS ports of neighbour cell(s) , and  2) Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration). Two approaches, based on UE autonomous detection and Network assistance, were discussed in previous RAN1 meetings. RAN1 currently has a common understanding that network assistance is the preferred approach to provide UE with information related to CRS interference handling. In the following, RRC signalling design is discussed for the network assistance method. 

CRS interference may also impact UE in idle mode, e.g. on the receiving of PSCH/SSCH, MIB, SIBs and paging, Since issues related to eICIC in idle mode are low priority at this moment, we think RAN2 should focus on the design of signalling support for connected mode first.
3 Discussion
With network assisted methods, network informs a victim UE Cell ID, CRS port number and MBSFN configuration of the neighbour cell through RRC signaling. Information of “Cell ID”, “Number of Cell-specific Antenna Ports”, and “MBSFN subframe Info” has already been exchanged through X2 interface [2] or OAM among cells. Hence, the CRS configuration information of the aggressor cell is available at the serving cell of the victim UE. In order to receive  the message that carries CRS configuration information of the aggressor cell, the UE should get synchronized to the victim cell and be able to read its DL control channels first. Therefore, network assistance methods require a reliable reception of RRC signaling message from the serving cell by the victim UE.
Observation 1: Network assisted methods require a reliable reception of RRC signalling message from the serving cell by the victim UE.
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Figure 1 macro UE interfered by femto cell(s) scenario

In the macro-femto scenario, there may be a large number of unplanned femto cells in the coverage of a macro cell. This means the number of potential aggressor cells may be large. However, the number of real interfering cells to a particular victim UE can be small in most cases, as shown in Figure 1. Therefore, it is unnecessary for the serving cell to send the CRS configuration of all the neighbor cells to a particular UE. Severe interferers may be determined by RSRP measurement results of neighbor cells. Hence, eNB can use the existing report triggering mechanism to control how severe the neighbor cell becomes before UE complains. For example, this operation can be realized by configuring appropriate report threshold of event A4.
4 Standards impact
From the above discussions, it can be seen that network assistance can be supported with rather limited impact to the RRC signalling. For example, CRS interference information can be carried in a new IE as

MeasAggressorCell-r11 ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellId






PhysCellId,

antennaInfoCommon



    AntennaInfoCommon,


mbsfn-SubframeConfigList


MBSFN-SubframeConfigList


OPTIONAL 
-- Need OR
}
Proposal 1: it is proposed to add a new IE MeasAggressorCell-r11 in RRC signalling to support network assisted CRS interference handling.
As an example, the following illustrates the possible changes to TS 36.331[3]:
	***First Change***


5.5.2.5
Measurement object addition/ modification

The UE shall:

1>
for each measObjectId included in the received measObjectToAddModList:

2>
if an entry with the matching measObjectId exists in the measObjectList within the VarMeasConfig, for this entry:

3>
replace the entry with the value received for this measObject, except for the fields cellsToAddModList, blackCellsToAddModList, cellsToRemoveList, blackCellsToRemoveList , measSubframePatternConfigNeigh and measAggressorCellList ;

	***Omitted Text***


3>
if the received measObject includes measSubframePatternConfigNeigh:

4>
set measSubframePatternConfigNeigh within the VarMeasConfig to the value of the received field
3>
if the received measObject includes measAggressorCellList:

4>
set measAggressorCellList within the VarMeasConfig to the value of the received field;
3>
for each measId associated with this measObjectId in the measIdList within the VarMeasConfig, if any:

4>
remove the measurement reporting entry for this measId from the VarMeasReportList, if included;

4>
stop the periodical reporting timer or timer T321, whichever one is running, and reset the associated information (e.g. timeToTrigger) for this measId;

	***Second Change***


MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


neighCellConfig





NeighCellConfig,


offsetFreq






Q-OffsetRange



DEFAULT dB0,


-- Cell list


cellsToRemoveList




CellIndexList



OPTIONAL,

-- Need ON


cellsToAddModList




CellsToAddModList


OPTIONAL,

-- Need ON


-- Black list


blackCellsToRemoveList



CellIndexList



OPTIONAL,

-- Need ON


blackCellsToAddModList



BlackCellsToAddModList

OPTIONAL,

-- Need ON


cellForWhichToReportCGI



PhysCellId




OPTIONAL,

-- Need ON


...,


[[measCycleSCell-r10



MeasCycleSCell-r10

OPTIONAL,

-- Need ON



measSubframePatternConfigNeigh-r10
MeasSubframePatternConfigNeigh-r10
OPTIONAL






-- Need ON


]],
[[measAggressorCellList-r11



measAggressorCellList-r11
OPTIONAL
-- Need ON


]]
}

MeasAggressorCellList-r11 ::=



SEQUENCE (SIZE (1..maxAggressorCellMeas)) OF MeasAggressorCell-r11
MeasAggressorCell-r11 ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellId






PhysCellId,

antennaInfoCommon



    AntennaInfoCommon,


mbsfn-SubframeConfigList


MBSFN-SubframeConfigList


OPTIONAL 
-- Need OR
}
CellsToAddModList ::=



SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddMod

CellsToAddMod ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellId






PhysCellId,


cellIndividualOffset



Q-OffsetRange

}
BlackCellsToAddModList ::=


SEQUENCE (SIZE (1..maxCellMeas)) OF BlackCellsToAddMod

BlackCellsToAddMod ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellIdRange





PhysCellIdRange

}

MeasCycleSCell-r10 ::=



ENUMERATED {sf160, sf256, sf320, sf512,














sf640, sf1024, sf1280, spare1}

MeasSubframePatternConfigNeigh-r10 ::=
CHOICE {


release








NULL,


setup








SEQUENCE {



measSubframePatternNeigh-r10


MeasSubframePattern-r10,



measSubframeCellList-r10



MeasSubframeCellList-r10
OPTIONAL
-- Need OP


}

}

MeasSubframeCellList-r10 ::=
SEQUENCE (SIZE (1..maxCellMeas)) OF PhysCellIdRange

-- ASN1STOP

	***End of Changes***


5 Conclusion
This contribution analyses the needed signalling support for network assisted CRS interference handling.
Observation 1: Network assisted methods require a reliable reception of RRC signalling message from the serving cell by the victim UE.
Proposal 1: it is proposed to add a new IE MeasAggressorCell-r11 in RRC signalling to support network assisted CRS interference handling.
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