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1. Introduction
In this meeting, an LS [1] from RAN1 on FeICIC has been sent to RAN2. It says:
“RAN1 would like to clarify aspects with respect to handling of CRS interference communicated in [1] whether the “needed information” indicated in [1] was intended to be provided from the serving cell via higher layer signalling or if the UE was assumed to acquire this information autonomously.
For the purpose of CRS interference handling, RAN1 has concluded that the “needed information” indicated in [1] can be provided from the serving cell via higher layer signaling, i.e:

·  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)”
In this contribution, we discuss the use cases for CRS interference handling and give our proposals on the signaling support. 
2. Discussion
From RAN1 LS, it can be seen that RAN1 has make the conclusion that the aggressor cell’s CRS information provided from the UE’s serving cell should include: PCI list of the aggressor cells, and for each cell in the PCI list, number of CRS ports and the cell MBSFN configuration. 
In the following, we will discuss the use cases for CRS interference cancel, and then analyze the signaling support for these use cases.
2.1. Use cases
In Rel-10, configuration for measurement subframe pattern has already been supported. In macro (aggressor) – pico (victim) scenario, measurement resource restriction patterns for RLM/RRM and CSI measurement are shown in Table-1. 
Table-1: measurement resource restrictions in Rel-10
	Measurement resource restriction
	Pattern 1
	Pattern 2
	Pattern 3

	Cell & measurement types
	Serving cell measurement and RLM
	Measurement of neighbour picos
	Serving cell CSI measurement

	PUE
	Subset of Macro’s ABS
	Subset of Macro’s ABS
	2 CSI Measurement subset

	MUE
	No resource restriction needed
	Subset of Macro’s ABS
	2 CSI Measurement subset


In Rel-11, CRS interference cancel could be utilized by the CRS interference cancel capable UE to improve PDSCH demodulation. Moreover, if the victim cell’s CRS REs (resource elements) are colliding with the aggressor cell’s CRS REs, CRS based RSRP and/or CSI measurements on the victim cell might be inaccurate. We will discuss 2 use cases for CRS interference handling in the below.
2.1.1 Case 1: colliding or partly colliding CRS case
In this case, the victim cell’s CRS offset is the same as the aggressor cell’s CRS offset.
Impact on PDSCH demodulation: 
For the colliding CRS part, there is no interference from the aggressor cell’s CRS to the victim UE’s PDSCH demodulation in the aggressor cell’s ABS. However, e.g. when the aggressor cell has more CRS ports than the victim cell, the aggressor cell’s CRS REs on the other ports will collide with PDSCH REs of the victim cell, and the victim UE’s demodulation of these PDSCH REs from the victim cell will be interfered. In this case, the aggressor cell’s CRS information should be indicated to the victim UEs which is CRS interference cancel capable, as can be seen in Table-3.
Table-3: PDSCH data demodulation for the serving cell
	
	PDSCH demodulation in the serving cell 

	CRS interference cancel capable PUE
	Aggressor cell’s CRS Info is needed

	MUE
	No CRS Info is needed


Impact on CRS based RLM/RRM/CSI measurement: 
The UEs configured with measurement subframe patterns will measure victim cells in the restricted subframes. Since there may be aggressor cell’s CRS REs in these measurement restrict subframes, the UEs may get inaccurate measurement on the victim cells, due to the interference from the aggressor cell’s CRS REs to the victim cell’s CRS REs. In order for the CRS interference cancel capable UEs to get more accurate measurement results, the need for configuration of CRS Information indicated by RAN1 LS is shown in Table-2:
Table-2: Need for configuration of CRS Information in colliding CRS case
	Cell & measurement types
	Serving cell measurement and RLM
	Measurement of neighbour picos
	Serving cell CSI measurement

	CRS interference cancel capable PUE
	Aggressor cell’s CRS Info is needed for accurate measurement in the measurement restricted subframes.
	Aggressor cell’s CRS Info is needed for accurate measurement in the measurement restricted subframes.
	Aggressor cell’s CRS Info is needed for accurate measurement in the 2 CSI measurement subsets.

	CRS interference cancel capable MUE
	CRS interference from Pico cells could be ignored.
No CRS Info is needed.
	Aggressor cell’s CRS Info is needed for accurate measurement in the measurement restricted subframes.
	CRS interference from Pico cells could be ignored.
No CRS Info is needed.


UE should take into account the cell bandwidths and numbers of CRS ports of the aggressor cell and the victim cell when applying CRS interference cancel, which is up to the UE implementation.
2.1.2 Case 2: non-colliding CRS case

In this case, the victim pico cell’s CRS offset is different from the aggressor macro cell’s CRS offset.
Impact on PDSCH demodulation: 
The aggressor cell’s CRS REs will interfere the victim cell’s PDSCH transmission in the aggressor cell’s ABS for the victim UEs. The CRS information of the aggressor cells could be used by CRS interference cancel capable victim UEs to improve its PDSCH demodulation, as in Table-4. 

Table-4: PDSCH data demodulation for the serving cell
	
	PDSCH demodulation in the serving cell

	CRS interference cancel capable PUE
	Aggressor Macro’s CRS Info is needed

	MUE
	No CRS Info is needed


Impact on CRS based RLM/RRM/CSI measurement:
Since the victim cell’s CRS REs are not colliding with the aggressor cell’s CRS REs, and there is no PDSCH transmissions in RLM/RRM measurement restricted subframes, UE’s RLM/RRM measurement on the victim cells would not be interfered by the aggressor cell’s CRS REs or PDSCH REs. For CSI measurement, there are 2 measurement subsets, so the CSI feedbacks from the victim UEs will give measurement results without the aggressor cell’s PDSCH RE interference (e.g. from subset 1) and results with the aggressor cell’s PDSCH RE interference (e.g. from subset 2). Thus, the CRS information of the aggressor cells is not necessary. 
2.1.3 Analysis
From the analysis in section 2.1.1 and 2.1.2, it can be seen that in case 1, the aggressor cell’s CRS information could be used for victim (pico) UE’s PDSCH demodulation in its serving cell, and/or for Macro/Pico UE’s measurements on the victim cells. In case 2, the aggressor cell’s CRS information could only be used for the victim (pico)  UE’s PDSCH demodulation in its serving cell. 
Observation 1: Whether the victim cell’s CRS REs are colliding with the aggressor cell’s CRS REs, has different impact on PDSCH demodulation and CRS based RLM/RRM/CSI measurement on the victim cell. And the aggressor cell’s CRS information has different usage in these two cases.
2.2. Signaling support and UE behavior
In the signaling, after receiving “Cell ID”, “Number of Cell-specific Antenna Ports”, and “MBSFN subframe Info” through X2 interface or OAM, the eNB need to judge whether the aggressor cell’s CRS is colliding/ partly colliding with the victim cell’s CRS.
1) If the aggressor cells’ CRS is colliding/ partly colliding with the victim cell’s CRS:
The eNB needs to configure the aggressor cells’ CRS information (including the aggressor cells’ PCI list, and for each cell in the PCI list, number of CRS ports and the cell MBSFN configuration, according RAN1 LS) to the UEs which are CRS interference capable in the dedicated RRC signaling. Since MUEs and PUEs have different behaviors for PDSCH demodulation and measurements, 2 IEs may be needed for PDSCH demodulation (IE 1) and measurement (IE 2), respectively. The cell list in these two IEs can be different.
Observation 2: 2 CRS information configuration IEs may be needed for PDSCH demodulation and measurement, respectively. The cell list in these two IEs can be different.
Furthermore, it can be discussed whether additional information is needed in the CRS information configuration. In Rel-10, MeasSubframeCellList-r10 in the MeasSubframePatternConfigNeigh-r10 IE provides the cell list that the measurement restriction applies. If the UE could use different aggressor cell CRS information for interference cancel among its measurement in these cells, it should be possible to provide another cell list in the CRS information configuration IE 2, to indicate the UE which cells this particular aggressor CRS information applies to. 
Observation 3: In the case that the aggressor cells’ CRS is colliding/ partly colliding with the victim cell’s CRS, additional cell list might need to be provided to indicate the UE which cells the CRS information of this aggressor cell applies to. 
2) If the aggressor cell’s CRS is not colliding with the victim cell’s CRS:
The eNB needs to configure the aggressor cell’s CRS information  (including the aggressor cells’ PCI list, and for each cell in the PCI list, number of CRS ports and the cell MBSFN configuration, according RAN1 LS) to the UEs which are CRS interference capable in the dedicated RRC signaling for these UEs’ canceling the interference to PDSCH demodulation. We assume that no additional information needs to be provided. 
Observation 4: In the case that the aggressor cells’ CRS is not colliding with the victim cell’s CRS, no other information than the information indicated in RAN1 LS needs to be provided.

Both CRS information IE 1 and CRS information IE 2 should be optional. 

Proposal 1: RAN2 is kindly suggested to discuss whether an additional cell list is necessary to indicate the UE which cells the CRS information of this aggressor cell shall apply to.
UE’s behavior
Upon receiving CRS information configuration from the eNB, if the UE is CRS interference capable, the UE should: 

· If CRS information IE1 is received, apply CRS interference handling based on the received information to the PDSCH demodulation in its serving cell;

· If CRS information IE2 is received, apply CRS interference handling based on the received information to the measurement on the cells indicated in the configuration in the measurement restricted subframes (according to the above Table-2). 
3. Conclusion

In this contribution, we discuss the use cases for CRS interference handling and give our proposals on the signaling support. We have make following observations and proposal: 
Observation 1: Whether the victim cell’s CRS REs are colliding with the aggressor cell’s CRS REs, has different impact on PDSCH demodulation and CRS based RLM/RRM/CSI measurement on the victim cell. And the aggressor cell’s CRS information has different usage in these two cases.
Observation 2: 2 CRS information configuration IEs may be needed for PDSCH demodulation and measurement, respectively. The cell list in these two IEs can be different.
Observation 3: In the case that the aggressor cells’ CRS is colliding/ partly colliding with the victim cell’s CRS, additional cell list might need to be provided to indicate the UE which cells the CRS information of this aggressor cell applies to. 

Observation 4: In the case that the aggressor cells’ CRS is not colliding with the victim cell’s CRS, no other information than the information indicated in RAN1 LS needs to be provided.

Proposal 1: RAN2 is kindly suggested to discuss whether an additional cell list is necessary to indicate the UE which cells the CRS information of this aggressor cell shall apply to.
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