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1 Introduction
In Rel-11 FeICIC, a new signalling called NeighCellsCRSInfo-r11 was added to assist UE’s CRS interference mitigation. The NeighCellsCRSInfo-r11 contains an array of CRS-AssistanceInfo of neighboring cells. The CRS-AssistanceInfo contains the physical cell ID, the number of antenna ports, and the MBSFN subframe configuration of a cell for which CRS interference mitigation may be applied.
RAN2 in [1][2] provides preliminary UE behaviors under the signalling. The RAN2 description says
NeighCellsCRSInfo-r11 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r11
}
CRS-AssistanceInfoList-r11 ::=
SEQUENCE (SIZE (1.. maxCellReport)) OF CRS-AssistanceInfo

CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1}

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}

neighCellsCRSInfo
This field contains assistance information for UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. The UE forwards the received CRS assistance information to lower layers.
When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in [FFS]) on the subframes indicated by measSubframePatternPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1. Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in [FFS].
However, some behaviors are left FFS by RAN2 to be decided by RAN4. Taking the above RAN2 specification into account, and also taking into account RAN4 understanding, in this contribution, we provide a complete summary of UE behavior for FeICIC under CRS assistance information.
Note that the UE behavior described in this contribution is only for defining RAN4 requirements/tests purposes and for providing a common understanding. It is thus up to UE implementation whether and how the UE handles the CRS interference, as long as the UE can meet all the RAN4 requirements/tests.

In the discussion, we use the following color coding for ease of reading.

· Blue: UE should perform/assume CRS mitigation.
· Green: UE’ CRS mitigation is optional or undefined.

· Red: UE should assume the presence of CRS interference.
· Grey: CRS mitigation is irrelevant.
2 Discussion
2.1 Typical network configuration
In this section we provide an example of how the network may configure the various eICIC/FeICIC signalling for UEs in a typical setup. Note that this section is for information purpose only and is intended to facilitate the discussion and development of the UE behavior. This section does not imply any requirement on the network.
· UE connected to a weak pico

· measSubframePatternPCell is configured for serving cell RSRP/RSRP and RLM.

· measSubframePatternConfigNeigh may be configured for other pico measurements.

· CSI subsets are configured for restricted CSI measurements.

· csi-MeasSubframeSet1 corresponds to ABS subframes.
· measSubframePatternPCell is a subset of csi-MeasSubframeSet1.
· NeighCellsCRSInfo-r11 contains aggressor macro cells.

· UE connected to a macro

· measSubframePatternPCell is NOT configured.

· measSubframePatternConfigNeigh may be configured for weak pico measurements.

· measSubframePatternConfigNeigh is a subset of ABS subframes.

· CSI subsets are NOT configured.

· NeighCellsCRSInfo-r11 contains aggressor macro cells (excluding the serving macro).

2.2 RRM
2.2.1 RSRP of the serving cell
Note: This corresponds to the scenario where the UE is connected to a victim cell under interference from aggressor cells.

When measSubframePatternPCell is configured [2], RSRP of the serving cell is performed based on restricted set of subframes indicated by measSubframePatternPCell with the following CRS mitigation behavior:
	
	Handling of CRS interference from the neighbor cells for which CRS assistance information is provided
	Handing of CRS interference from the neighbor cells for which CRS assistance information is NOT provided

	If the neighbor cell has colliding CRS w.r.t. the serving cell
	UE should perform CRS mitigation of the neighbor cell on subframes indicated by measSubframePatternPCell.
	UE does not need to perform CRS mitigation of the neighbor cell. (UE may still perform CRS mitigation of the neighbor cell for enhancing measurement accuracy.)

	If the neighbor cell has non-colliding CRS w.r.t. the serving cell
	Whether to mitigate the CRS interference or not is irrelevant for RSRP.
	


When measSubframePatternPCell is not configured, UE does not need to perform CRS mitigation of neighbor cells for the serving cell RSRP. (UE may still perform CRS mitigation of the neighbor cell for enhancing measurement accuracy.)
2.2.2 RSRP of neighboring cells
Note: This corresponds to the scenario where the UE is connected to either an aggressor or a victim cell and wants to measure RSRP of weak victim cells.

When measSubframePatternConfigNeigh is configured [2], and if the cell to be reported belongs to measSubframeCellList, then RSRP of the cell to be reported is performed based on restricted set of subframes indicated by measSubframePatternNeigh with the following CRS mitigation behavior:
Note: For the RSRP of neighboring cells, the serving cell also acts as an aggressor. Therefore, the term “interfering cells” in the following table also includes the serving cell as well as other neighboring aggressors.
	
	Handling of CRS interference from the serving cell and from the neighbor cells for which CRS assistance information is provided
	Handing of CRS interference from the neighbor cells for which CRS assistance information is NOT provided

	If the interfering cell has colliding CRS w.r.t. the cell to be reported
	UE should perform CRS mitigation of the interfering cell on subframes indicated by measSubframePatternNeigh.
	UE does not need to perform CRS mitigation of the interfering cell. (UE may still perform CRS mitigation of the interfering cell for enhancing measurement accuracy.)

	If the interfering cell has non-colliding CRS w.r.t. the cell to be reported
	Whether to mitigate the CRS interference or not is irrelevant for RSRP.
	


When measSubframePatternConfigNeigh is not configured, UE does not need to perform CRS mitigation of the interfering serving or neighboring cells for the RSRP of the neighboring cell to be reported. (UE may still perform CRS mitigation of for enhancing measurement accuracy.)
2.2.3 RSRQ
CRS mitigation should NOT be assumed for RSSI.
2.3 RLM
When measSubframePatternPCell is configured [2], RLM measurement is performed based on restricted set of subframes indicated by measSubframePatternPCell with the following CRS mitigation behavior:
	
	Handling of CRS interference from the neighbor cells for which CRS assistance information is provided
	Handing of CRS interference from the neighbor cells for which CRS assistance information is NOT provided

	If the neighbor cell has colliding CRS w.r.t. the serving cell
	UE should perform CRS mitigation of the neighbor cell on subframes indicated by measSubframePatternPCell.
	UE should assume the presence of CRS interference of the neighbor cell for the purpose of hypothetical PDCCH BLER for RLM requirements and reporting.

	If the neighbor cell has non-colliding CRS w.r.t. the serving cell
	UE should assume CRS mitigation of the neighbor cell for the purpose of hypothetical PDCCH BLER for RLM requirements and reporting. (Note that this does not require the UE to actually perform CRS mitigation.)
	


When measSubframePatternPCell is not configured, UE should assume the presence of CRS interference of the neighbor cell for the purpose of hypothetical PDCCH BLER for RLM requirements and reporting.
2.4 CSI
When csi-SubframePatternConfig-r10 is configured [2], the interference estimation on subframes indicated by csi-MeasSubframeSet1 for the purpose of CSI reporting is performed with the following CRS mitigation behavior:
	
	Handling of CRS interference from the neighbor cells for which CRS assistance information is provided
	Handing of CRS interference from the neighbor cells for which CRS assistance information is NOT provided

	If the neighbor cell has colliding CRS w.r.t. the serving cell
	UE should perform CRS mitigation of the neighbor cell on subframes indicated by csi-MeasSubframeSet1.
	UE should assume the presence of CRS interference of the neighbor cell for the purpose of hypothetical PDSCH BLER for CSI requirements and reporting.


	If the neighbor cell has non-colliding CRS w.r.t. the serving cell
	UE should assume CRS mitigation of the neighbor cell for the purpose of hypothetical PDSCH BLER for CSI requirements and reporting. (Note that this does not require the UE to actually perform CRS mitigation.)
	


For the interference estimation on subframes indicated by csi-MeasSubframeSet0 for the purpose of CSI reporting, UE should assume the presence of CRS interference of the neighbor cell for the purpose of hypothetical PDSCH BLER for CSI requirements and reporting.

For the interference estimation on subframes NOT indicated by either csi-MeasSubframeSet0 or csi-MeasSubframeSet1, the UE’s CRS mitigation behavior is undefined. However, the UE’s CRS mitigation behavior for CSI and demod for the subframe should be consistent, and the CRS mitigation should be correctly reflected in the interference estimation for CSI.
When csi-SubframePatternConfig-r10 is not configured, UE should assume the presence of CRS interference of neighbor cells for the purpose of hypothetical PDSCH BLER for CSI requirements and reporting.
2.5 Demodulation

	
	Handling of CRS interference from the neighbor cells for which CRS assistance information is provided
	Handing of CRS interference from the neighbor cells for which CRS assistance information is NOT provided

	If the neighbor cell has colliding CRS w.r.t. the serving cell
	UE should perform CRS mitigation of the neighbor cell on subframes indicated by csi-MeasSubframeSet1.
	UE should assume the presence of CRS interference of the neighbor cell for the purpose of interference estimation for demodulation. (UE may still perform CRS mitigation of the neighbor cell for enhancing channel estimation.)

	If the neighbor cell has non-colliding CRS w.r.t. the serving cell
	
	UE does not need to perform CRS mitigation of the cell. (UE may still perform CRS mitigation of the neighbor cell for demod performance enhancement.)


For the interference estimation on subframes indicated by csi-MeasSubframeSet0, UE should assume the presence of CRS interference of neighbor cells for the purpose of interference estimation for demodulation. (UE may still perform CRS mitigation of the neighbor cell for enhancing channel estimation and/or demod performance enhancement.)
For subframes indicated by neither csi-MeasSubframeSet0 nor csi-MeasSubframeSet1, UE’s CRS interference mitigation behavior is undefined. However, the UE’s CRS mitigation behavior for CSI and demod for the subframe should be consistent.
3 Conclusions
Building on RAN2 specification, we provided a complete summary of UE’s CRS mitigation behavior for FeICIC under CRS assistance information, for the purpose of defining RAN4 requirements/tests and providing a common understanding.
We propose the group to take the UE behavior defined in this contribution into account in developing RAN4 test cases and to provide clarification to other RAN groups.
Proposal: we propose the group to take the UE behavior defined in this contribution into account in developing RAN4 test cases and to provide clarification to other RAN groups.
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