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1
Introduction 
RAN1 informed other WGs that CRS interference need to be considered as the following [1]:
	· 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


RAN 1 has made a further clarification [2], including the aspect of the needed information:
	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)


RAN2 on the progress of CRS interference handling has the following agreements [3]:
	Agreements
1
The CRS assistance information is provided to the UE via dedicated RRC signalling. New IE for CRS assistance information should be considered.
2
The network can only provide the CRS assistance information to the UEs who are capable of CRS interference handling. Therefore, the UE will have to provide a corresponding capability.


RAN1 also made the following working assumption [4]:
	· 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 [2].


This contribution presents our views on handling of CRS interference.
2 Discussion
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2.1 Deployment Scenarios

Fig. 1. The deployment of Macro eNB, Pico eNB, Home eNB, and UEs.
Fig. 1 shows the deployment in a HetNet environment. The focused scenario for CRS interference cancellation is when UEs are in the cell range expansion (CRE) region. The CRS assistance information can be only applied to the UEs who are capable of CRS interference handling, and the support of IC capability is reported by the UE in the UE capability information. The eNB can identify whether UEs are located in the CRE region according to measurement reports. In the following 4 cases, the CRS assistance information should apply to UEs:

1) When CONNECTED_UE is handovered from Macro eNB to Pico eNB in the CRE region

2) UE in the CRE region is from IDLE to CONNECTED mode. UE first connects to Macro eNB, and then is handovered from Macro eNB to Pico eNB.

3) UE switches the devices on in the CRE region. UE first connects to Macro eNB, and then is handovered from Macro eNB to Pico eNB.

4) UE is in the center of the Pico cell coverage, and then UE moves out to the CRE region.

Based on the UE location to recognize UEs’ position, the CRS assistance information is provided to UEs. Although UEs in the CRE region are the main scenario, we think that the scenario where UEs are in the coverage of Pico eNB should be included. As long as UEs are handovered to or in the coverage of Pico eNB, the CRS assistance information needs to be provided immediately for avoiding the radio link failure. The other scenario shown in Fig. 1 is that a Macro UE in a HeNB coverage is not the qualified CSG member. The Macro UE should also receive the CRS assistance information.
2.2 Colliding and Non-colliding CRS Scenarios
The purpose of CRS interference cancellation is to have the improvement of measurement accuracy (RLM, RRM and CSI) and the performance enhancement of demodulation of DL data /control channel. After UEs receive the CRS assistance information, what the UE is required to do should be further discussed. We may consider the colliding and non-colliding CRS scenarios with neighbouring cells providing ABS or not.

Case I) Colliding CRS with neighbouring cells providing ABS. 
For the measurement purpose, i.e., pattern 1, 2, and one of pattern 3 which corresponds to ABS subframes (pattern 3-1), the CRS interference cancellation should be performed for the measurement accuracy. The measurement/reporting results would correctly reflect the real radio condition. Note that, there should be an indicator to distinguish between two subsets of pattern 3. One subset for those subframes with ABS configuration should be applied with the assistance information. CRS interference cancellation is not needed for the subset with no ABS subframe; otherwise, the real radio condition would be over optimistic. For the data demodulation purpose, CRS interference cancellation may have benefits since the channel condition can be estimated more correctly.

Case II) Colliding CRS with neighbouring cells not providing ABS. 
For the measurement purpose, the real radio condition may not correctly reflect if the CRS interference cancellation is performed for pattern 1/2/3. For the data demodulation purpose, accurate CSI estimate can still bring benefits.

Case III) Non-colliding CRS with neighbouring cells providing ABS. 
For the measurement purpose, it may cause interference to perform the CRS interference cancellation on the CRS REs. For the data demodulation purpose, it may bring benefits to PDCCH/PDSCH reception of data REs.

Case IV) Non-colliding CRS with neighbouring cells not providing ABS. 
The same reason is shown as that in Case III.

Table I. Configuration of CRS Interference Cancellation 
	
	Measurement
	Demodulation

	
	Pattern 1
	Pattern 2
	Pattern 3-1
	Pattern 3-2
	

	Case I
	Yes
	Yes
	Yes
	No
	Yes

	Case II
	No
	No
	No
	No
	Yes

	Case III
	No
	No
	No
	No
	Yes

	Case IV
	No
	No
	No
	No
	Yes


YES: the CRS interference cancellation shall be performed.
NO: the CRS interference cancellation shall not be performed.
Observation 1: One bitmap for pattern 3 indicates the subset with ABS configuration.

Observation 2: For the measurement purpose, one bitmap indicates which the neighbouring cells in the list provide ABS to perform CRS interference cancellation in the colliding CRS case.

Observation 3: For the data demodulation purpose, the list of neighbouring cells may be all applied to perform the CRS cancellation. For the colliding CRS case, the cancellation aims to improve the channel estimation. For the non-colliding CRS case, it is performed on data REs for obtaining better reception.

Proposal 1: An indication for each measurement subframe set in pattern 3 is included to indicate whether the IC should be applied.

Proposal 2: The list of neighbouring cells for the CRS interference cancellation can be used for the measurement and the demodulation purposes.

2.3 Configuration of Neighbouring cells

Straightforwardly, the CRS assistance information should be provided by the serving cell. The needed information [2] includes a list of cell ID(s). The provided list of the neighboring cells is utilized for the CRS interference cancellation. Based on the previous discussion, colliding cases and linkage to ABS may be concerned. Although eNB is aware of the neighboring cells, not all of the neighboring cells have severely impact on UE. The CRS assistance information for a UE may only contain a list of the cells which truly have impact or have the strongest impact on UE. A list of the cells for UEs may be varied with the UE geo-location or RSRP/RSRQ. Besides, the size of the list of the neighboring cells should be related to the UE IC capability. The hardware limitation may restrict the size of the list of the neighboring cells which the IC capable UE could handle. Although more information of neighboring cells could help in the measurement accuracy, the cancellation processing may increase the computational complexity and time. UE power consumption should be considered. Therefore, the size of the list of the neighboring cells to perform CRS interference cancellation can be further considered. The list of neighbouring cells to perform the CRS interference cancellation may also be considered for the measurement and the demodulation purposes.
For the purpose to cancel the CRS interference efficiently, the network may only apply a dedicated list of the cells for the dedicated UE. The dedicated cells after being selected by the network are supposed to have severely impact on IC capable UE or consider the UE IC capability and geo-location. IC capable UEs perform the interference cancellation according to the dedicated cell list. 
In addition, the network can provide a list of all neighboring cells to IC capable UE. IC capable UE has the ability to configure the cells which are required to perform CRS interference cancellation. The selection of the neighboring cells may be based on the measurement report of interferers, linkage to ABS, types of colliding CRS, the hardware limitation, the processing time, the computational complexity, and so forth.
We think that the network may determine an initial cell list for IC capable UE according to the UE geo-location, the report of the UE capability, or linkage to ABS. The initial cell list and some other assistance information, such as an indication of linkage to ABS, are conveyed to UE. Therefore, the network assistance can help in the UE implementation of the interference cancellation. UE may measure the strength of the interferers to re-select the neighboring cells. The hardware resource limitation may also be concerned to restrict the size of the list neighboring cells. The list of the neighboring cell could be ranked according to the strength of interferers, the priority of the neighboring cells, the hardware limitation, and so on. A hierarchical mechanism to determine the neighboring cells for the CRS interference cancellation could help IC capable UE simplify the implementation of the interference cancellation.
Observation 4: The list of neighbouring cells for the interference cancellation may be supposed to have severely impact on IC capable UE.
Observation 5: The network may assist IC capable UE to have a reduced list of the neighbouring cells.
Proposal 3: The neighbouring cells used for CRS interference cancellation should take the UE capability into consideration.
3
Conclusions
In this contribution, we discuss about CRS interference handling, and propose our observations. We give the conclusion with the following proposals:

Proposal 1: An indication for each measurement subframe set in pattern 3 is included to indicate whether the IC should be applied.

Proposal 2: The list of neighbouring cells for the CRS interference cancellation can be used for the measurement and the demodulation purposes.
Proposal 3: The neighbouring cells used for CRS interference cancellation should take the UE capability into consideration.
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