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1 Introduction

In the WID in [1] the following objective is listed so it’s important to keep the scope of this WI clear.
· CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.

In this contribution we further discuss what should be the correct UE behaviour in terms of NC handeling to get necessary information to fulfil the objective above e.g. without additional signalling and network restriction, how to reuse the CRS assistant information for control channel interference mitigation and also propose how to define UE capability for the feature of mitigating interference for control channels.
2 UE procedure for control channel interference mitigation

As indicated in [2] there are different types of E-IRC that can be considered for synchronous network depending on different conditions, e.g. EIRC1, EIRC2, EIRC3, EIRC4, etc. In order to properly perform E-IRC for better performance with more co-processed REs than only 1 RE, it’s important to get more information about the NC information on CRS, PHICH position and CFI.

To read NC PBCH is required in FeICIC WI and it’s important for control channel mitigation work now to get the PHICH group information. And for control channel it’s more important to get a correct CFI through NC PCFICH. In [3] with PBCH BLER results shown it can be seen the strongest cell PBCH and PCFICH can be reliably read.
Proposal 1:  Take the assumption that CC-IM capable UE can reliably read NC PBCH and PCFICH.
As indicated in [2] different receiver types provide different performance and it is feasible to not use CRS-IC but still with good performance to mitigate the interference on control channels, e.g. based on EIRC1 with 1 RE only considered in the covariance matrix calculation. The CRS-IC is not decided to be mandatory features for general homogenuous network deployment yet so in case no CRS-IC assistant information is sent the control channel performance still can be improved without the usage of CRS-IC.

Proposal 2: Without CRS assistant information the CC-IM capable UE should be still able to achieve the goal to get much better performance than legacy MMSE-MRC receiver, e.g. EIRC1 based on 1 RE.

3 Signaling for control channel interference mitigation
The signalling related work includes 2 directions, the eNB -> UE signalling as the RRC configuration and the UE -> eNB signalling as the UE capability.
3.1 How to reuse CRS assistant information

In last meeting under CRS-IM WI in Rel-13 it was agreed to extend the usage of CRS assistant info to normal subframes and CA as following in [4].
It is RAN4 understanding that, to assist UE to mitigate CRS interference from neighbour cell, the IE, “neighCellsCRS-Info” defined in Rel-11 (TS 36.331), is only applicable for the primary cell. Furthermore, when the IE “neighCellsCRS-Info” is provided to the UE, corresponding UE demodulation performance requirements defined in Rel-11 (TS 36.101) are restricted to the subframes indicated by csi-MeasSubframeSet1 

Firstly, RAN4 believe:

· It is feasible for Rel-13 CA capable UE to perform CRS interference mitigation on the secondary cells as well as primary cells

· It is beneficial to have “neighCellsCRS-info” for Scell(s) as well as Pcell supported by the UE in Rel-13

Secondly, under the Rel-13 WI on CRS-IM, the UE performance requirements are being defined assuming that CRS interference mitigation can be applied on the received subframes without the above subframe restrictions under the condition that the IE “neighCellsCRS-Info” is provided to the UE. Therefore RAN4 would like RAN2 to check whether the current IE “neighCellsCRS-Info” complies with the new UE behaviour assumed in the UE performance requirements being defined in Rel-13. 

From the deployment scenario perspective it’s more beneficial to follow the CRS-IM proposal on how to reuse the CRS assistant information for control channel interference mitigation, other than simply resue it from Re-11.

Proposal 3: Follow the decision on Rel-13 CRS-IM WI on how to reuse the CRS assistant information instead of Rel-11, in order to better adapt the general deployment scenarios.

3.2 UE capability for control channels interference mitigation
For the UE with the capability to mitigate interference on control channels, it is beneficial for the UE to indicate such capability to the network so that eNB could use such information to better adjust the power level for control channels or the aggregation level, CFI etc. to improve capacity and system throughput in general. For Rel-13 such feature can be taken as an optional feature for Rel-13. Though it will be a plenary decision for the UE feature list in Rel-13 RAN4 should give proper recommendation for such feature so we propose the following.
Proposal 4: Define control channel interference mitigation as an optional feature for Rel-13 and define UE capability siganling to indicate if such interference mitigation can be supported by the UE or not.

When it comes to realization on how to define the signalling as the sub-feature there are different options listed below.

Option 1: One general capability to indicate the interference mitigation for all control channels per CC.

Option 2: Separated capabilities to indicate the interference mitigation for each control channels per CC.
Both options have pros and cons e.g. Option 1 has the least overhead but without the possibility to adjust different control channels and Option 2 has more flexibilities but with more system overhead. To simply the work it should be good enough to take Option 1 with one general capability to indicate the feature in general for all control channels.
Proposal 5: Take Option 1 with one general capability to indicate the feature for all control channels per CC.

4 Conclusion

This contribution provides discussions and analysis on the signalling related topics for control channel interference mitigation with proposals as following.
Proposal 1:  Take the assumption that CC-IM capable UE can reliably read NC PBCH and PCFICH.
Proposal 2: Without CRS assistant information the CC-IM capable UE should be still able to achieve the goal to get much better performance than legacy MMSE-MRC receiver, e.g. EIRC1 based on 1 RE.

Proposal 3: Follow the decision on Rel-13 CRS-IM WI on how to reuse the CRS assistant information instead of Rel-11, in order to better adapt the general deployment scenarios.

Proposal 4: Define control channel interference mitigation as an optional feature for Rel-13 and define UE capability siganling to indicate if such interference mitigation can be supported by the UE or not.
Proposal 5: Take Option 1 with one general capability to indicate the feature for all control channels per CC.
· Option 1: One general capability to indicate the interference mitigation for all control channels per CC.

· Option 2: Separated capabilities to indicate the interference mitigation for each control channels per CC.
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