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1
Introduction

During RAN2#77 meeting based on RAN1 LS on feICIC [1] and subsequent RAN2 discussions on CRS interference handling based on tthe proposals in [2], RAN2 concluded with the following consensus and working assumption [3]:
	=>
RAN2 thinks that higher layer signalling for CRS interference cancelation could be provided either in dedicated or broadcast signalling.


The above working assumption reached in RAN2 is further confirmed by the recent RAN1 LS [4] which states the following:

	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)


This contribution is updated version of contribution [5] submitted to RAN2#77bis. In this contribution we present our views on:

· scenarios for handling CRS interference

· how and what should be provided for handling of CRS interference.
2
Background

In the context of co-channel hetnet involving macro-pico and macro-femto deployment, one of the objectives in feICIC WID outlined the need for solutions for significant improvement of DL control and data detection and UE measurement/reporting in the presence of dominant interferers including colliding and non-colliding CRS. The purpose of CRS interference cancellation from the perspective of victim UE in co-channel hetnet can be interpreted as follows:

A.    Non-colliding CRS
· Improvement in the reliability of DL control channels which includes the PCFICH reliability, PHICH reliability and PDCCH reliability
· Improvement in the reliability of DL data channel i.e. PDSCH reliability.

B.    Colliding CRS
· Improvement in UE measurements which include RLM/RRM/CSI
· Improved UE measurement also extends to demodulation (PDSCH, PDCCH, etc) since channel estimation is improved with IC for colliding CRS.

For the non-colliding CRS case, the UE measurements accuracy is already taken by the measurement resource restriction patterns standardised during release 10 timeframe. Here the purpose for CRS interference cancellation is for objectives bulleted under A. For the colliding CRS case, the release 10 measurement resource restriction patterns are not sufficient to ensure UE measurements accuracy and hence CRS interference cancellation becomes necessary. These objectives and CRS interference cancellation performance is quite extensively debated and discussed in RAN1. 
2.1


Scenarios
In order to simplify UE complexity as argued in [2] and now confirmed by RAN1, network assistance information to facilitate CRS interference cancellation for either of the reasons in A or B should be provided by serving cell via higher layer signalling. The main focus of the signalling support is to improve performance of victim UE in hostile interference conditions in co-channel hetnet deployment scenarios which includes:

1.    UE served by pico eNB in CRE region

2.    Non member UE served by macro eNB in CSG coverage

In the scenarios mentioned in 1 and 2, the assistance information as indicated by RAN1 should be provided to the UE via higher layer signalling.

However for the colliding CRS case, there may be a need for CRS interference canellation for the scenario where the UE served MeNB is in the vicinity of pico CRE is performing neighbour cell measurements for offloading purpose. In this scenario the UE needs to cancel CRS interference from its own serving cell. Since the UE is aware of its serving cell antenna port information and MBSFN configuration the UE can perform serving CRS interference cancellation autonomously. Furthermore in this scenario for neighbour cell measurements there could a situation where UE may need to cancel CRS interference from another neighboring dominant macro cell. Then the question to be answered is whether for the colliding CRS case, the serving macro cell should provide assistance information for cancelling CRS interference from neighboring macro cell(s) when UE is performing neighbour cell measurements? An obvious answer would be yes, if the serving macro and neighbour macro(s) have X2 interface then the assistance information is readily available at the serving cell. However, one could argue if the UE is seeing dominant interference from neighboring macro, implies the neighboring macro signal strength is very good then the UE should be eventually get handed over to this dominant neighboring macro. Then the question of CRS interference cancellation does not arise neither does the assistance information.
Observation#1: For the colliding CRS case, in the scenario where the UE needs to cancel CRS interference from its own serving cell, since the UE is aware of its serving cell antenna port information and MBSFN configuration the UE can perform serving CRS interference cancellation autonomously.
The focus of rest of the contribution is primarily on the colliding CRS case for scenario 1 but equally applicable to scenario 2. The benefits for non colliding CRS case under bullet A are already evaluated in RAN1 eg [6] and references therein.  
3
Discussion
As mentioned in bullet B above, for the colliding case the CRS interference cancellation is needed for accurate UE measurements. For the victim UE in scenario 1, the serving cell configures the UE with all the three measurement resource restriction patterns for different reasons i.e. as explained below:

· Serving cell pattern (pattern1)
· Radio link monitoring (RLM): UE physical layer performs SINR measurements on CRS for L1 RLF recovery/detection by monitoring Qin/Qout.
· RRM: UE physical layer performs power measurements on CRS of serving cell i.e. RSRP/RSRQ for handover purpose.

· Neighbor cell pattern (pattern2)

· RRM: UE physical layer performs power measurements on CRS of neighbour cell i.e. RSRP/RSRQ for handover purpose.

· CSI measurement pattern (pattern3)

· CQI/PMI/RI: If configured with two subsets of CSI patterns UE physical layer perform CSI measurements on CRS for link adaptation purpose.
 For accuracy of measurements for any of the reasons mentioned above i.e. RLM/RRM/CSI the UE needs to cancel colliding CRS from neighboring (aggressor) cell during the usage of the restricted patterns. 

During the usage of pattern1, CRS IC is applicable for both RLM (Qin/Qout) and RSRP/RSRQ measurements. During the usage of pattern2, CRS IC is applicable only for RSRP/RSRQ measurement of neighbour pico cells included in the PCI list of pattern2. During the usage of pattern3, CRS IC is applicable to both the subsets of CSI pattern for CQI measurement.The CRS IC applicable to restricted patterns can be interpreted as cancellation of CRS interference coming from ABS subframes of neighbour (aggressor) cell(s) employing ABS.

Observation#2: For UE measurements accuracy of victim UE for the colliding CRS case, CRS IC is applicable during the usage of all the three measurement resource restriction patterns.

However, other IC capable UEs served by PeNB not in CRE region, for CRS colliding/non colliding may also apply CRS IC on normal subframes autonomously if they see dominant neighbour aggressor cell and assistance information is available with the UE. The benefits of doing so should be assessed in consultion with RAN1/RAN4.   
Observation#3: For colliding CRS and non colliding CRS, the benefits of CRS interference cancellation for UEs served by PeNB not in CRE region should be assessed in consultation with RAN1/RAN4.
3.1


Broadcast or Dedicated Signalling support
The support of eICIC in idle mode was ruled out in RAN2#77bis [7] with the following agreement:

	Agreements
We will not attempt to enhance the macro-pico IDLE mode handling

We will not attempt to enhance the macro-CSG IDLE mode handling


Therefore the CRS interference cancellation issue is only applicable to IC capable UEs in connected mode. We therefore prefer dedicated signalling approach to provide assistance information for CRS interference handling.

Proposal#1: RAN2 to adopt dedicated signalling approach for providing assistance information as indicated by RAN1 for CRS IC. 
Furthermore, several RAN1 contributions have emphasized that it is sufficient for a victim UE to only perform CRS interference cancellation from one or two dominant (strongest) macro cells to have good performance [8], [9], [10]. In our understanding based on the RAN1 LS, RAN4 would subsequently define performance requirements for CRS IC capability. To minimise UE complexity we believe RAN4 would define CRS IC performance requirement for one or two stongest aggressor cell(s).

Observation#2: As a tradeoff between good performance and complexity, it is sufficient for IC capable pico UE to perform CRS interference cancellation of one or two strongest aggressor cell(s).
Since the pico cell is aware of the neighbour macro cells, it is possible to provide PCI list of dominant macro cells along with assistance information in dedicated signalling. To optimise the signalling overhead UE is directed to cancel CRS of one or two strongest macro cells whose PCI is provided by dedicated signalling. However, we believe a good UE implementation would ensure that the UE is in the best position to determine from which cell(s) it receives strongest CRS interference during ABS subframes. We therefore prefer to leave it to UE assessment for which cell to perform CRS interference cancellation. Based on the above discussion there are two approaches how the network can provide assistance information to the UE for CRS interference handling through dedicated signalling.

Approach#1: Network provides the PCI list of potential aggressor cells along with assistance information and then let UE decide which cell(s) it makes sense to perform CRS interference cancellation. However, for this approach network needs to know the IC capability of the UE. Also, it needs to be determined for how many potential aggressor cell(s) the assistance information is provided to keep the signalling overhead accepatable. 
Approach#2: When UE has figured out for which cell(s) it makes sense to perform CRS interference cancellation, it request network to provide assistance information. With this approach it is implicit that UEs requesting assistance information are IC capable.
We do not have a strong preference for any one of above mentioned approaches. However if approach#1 is adopted then UE capability of interference cancellation need to be supported. The number of potential aggressor cell(s) for which assistance information is provided need to be determined. Detailed analysis of signalling overhead for providing assistance information for a list of aggressor is presented in [11]. We in general also have the concern on signalling overhead and request RAN2 to discuss to how many cells the assistance information should be restricted to. 

Proposal#2: RAN2 to discuss the number of potential aggressor cell(s) for which assistance information is to be provided in dedicated signalling.
4 
Conclusion & recommendation
In our understanding there is ongoing work progress for CRS interference handling in RAN1 and subsequently in RAN4. Through this contribution our intention was to provide views on the scenarios for CRS IC, what and how the information required for handling of CRS interference should be provided to the IC capable UEs. It is reasonable to leave it to UE assessment for which cell to perform CRS interference cancellation.. Based on the above discussion, we conclude the contribution with the following proposals:

Proposal#1: 
RAN2 to adopt dedicated signalling approach for providing assistance information as indicated by RAN1 for CRS IC. 
Proposal#2: 
RAN2 to discuss the number of potential aggressor cell(s) for which assistance information is to be provided in dedicated signalling.
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