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1. Introduction

In RAN#68 plenary meeting the new RAN4 WI “Interference mitigation for downlink control channels of LTE” was approved [1] (further denoted as CCIM WI). The general objective of the WI is to specify UE demodulation requirements for control channels with practical interference aware receivers that can be used for inter-cell interference cancellation and suppression.
In this contribution we provide our views on the associated UE capabilities framework and also the applicability of the CRS Assistance signalling.
2. Discussion
2.1 LTE DL Control Channels IM UE Capabilities

In our view the RAN4 WG needs to proceed with the discussion on the LTE DL Control Channels IM UE Capabilities and address the following questions.
Question 1: Whether UE capabilities signalling is needed?

In general, the UE capabilities signalling is required in case the network needs to have knowledge on the UE capabilities. In our view, the respective information can be beneficial for the eNB DL control channel scheduler, which may expect some performance improvement for the CC-IM capable UEs in the interference limited conditions. In addition, to enable DL control channel IM operation at the UE side, the network is expected to provide CRS-Assistance signalling to inform UE on the CRS of the neighbouring cells. To avoid RRC signalling overhead, the information on the UE capabilities should be provided to the eNB.
Proposal #1:
UE capabilities signalling should be introduced for DL Control Channel IM
Question 2: Whether capabilities should be defined per each control channel or for all control channels?

Based on the WID, the enhanced performance requirements will be defined for different DL control channels including PDCCH, PCFICH, PHICH and EPDCCH. In general case, different UE capabilities can be defined for receiver enhancements for different channels. However, we think that the overall receive processing framework for all channels is very much coupled. So, there is no need to differentiate UE capabilities for different control channels and a single capability for all control channels can be defined.

Proposal #2:
A single UE capability should be defined for all DL Control channels.
Question 3: Whether separate UE capabilities should be defined for different receiver structures?

In accordance to the last meeting agreements either LMMSE-IRC or E-LMMSE-IRC receivers can be applied for the PDCCH/PCFICH/PHICH processing and no consensus on the receiver structure downselection could be reached. As discussed in the last meeting the issue can be resolved via introduction of two different UE capabilities for different receiver structures. However, in the latter case the tests cases / requirements need to be duplicated for different receiver structures. So, we think that it is preferable to avoid such fragmentation and the PDCCH requirements should be defined for the single receiver only.
Proposal #3:
Do not define separate UE capabilities for different DL Control Channel IM receiver structures
Question 4: Whether per UE or per CC UE capability signalling should be introduced?

The E-LMMSE-IRC and CRS-IC control channel receivers introduce additional baseband complexity which needs to be taken into account for the UE capabilities definition. In our view, the capabilities signalling should be flexible enough to allow UE support different concurrent feature combinations. In particular, we see the following potential options on how the capability signalling can be introduced:

Option 1: Per UE signalling (under assumption that UE supports CC-IM on at least one CC and CA capability is opportunistic).


Option 2: Per CC capability signalling
In addition, we think that similar to other IS/IC features there is no need to introduce CA test cases and the functionality can be verified for a single carrier scenario. 

Proposal #4:
Further discuss whether per UE or per CC UE capability signalling should be introduced
Proposal #5:
Introduce DL Control Channel IM performance requirements for the single carrier case
2.2 CRS Assistance Signalling

In the previous RAN4 meeting the applicability of the Rel-13 CRS assistance signalling to the DL Control channel IM receivers was agreed and the following agreements were reached [2,3]: 

	· Reuse Rel-13 CRS-IM WI agreements on the CRS assistant information applicability. The CRS-Assistance information for the Rel-13 CC-IM capable UEs can be provided for both PCell and SCell and applicable for all subframes without any restrictions.

· CRS-AssistanceInfo is expected to be provided for LMMSE-IRC + CRS-IC, E-LMMSE-IRC + CRS-IC and E-LMMSE-IRC Type 2 receivers (i.e. with 2 REs processing)

· FFS whether CRS-AssistanceInfo is provided for the E-LMMSE-IRC Type 1 receivers (with 1 RE processing)


First of all, we would like to note that all E-LMMSE-IRC receiver types require using interference channel estimation and therefore the information on the interference cell CRS is needed. So, we suggest to consider using CRS Assistance signalling for the E-LMMSE-IRC Type 1 receiver as well.

Proposal #6:
CRS-AssistanceInfo is expected to be provided for all candidate DL Control Channel IM receiver structures under synchronous network scenarios
In addition, we would like to note that the corresponding RAN4 WG agreements have potential RAN2 specification impact and we recommend to inform RAN2 WG on the RAN4 agreements on the CRS Assistance signalling for the DL Control channel IM. Below, we provide a draft of a possible LS to the RAN2 WG. 
Proposal #7:
Inform the RAN2 WG on the RAN4 agreements on the CRS Assistance signalling for the DL Control Channels IM.

	1. Overall Description
RAN4 would like to inform the RAN2 WG that in accordance to the RAN4 agreements the CRS-Assistance information (i.e. “neighCellsCRS-Info” in the TS 36.331) can be used by the UEs with the Rel-13 DL Control Channel IM capabilities to the mitigate interference from CRS as a part of the DL control channels demodulation.
RAN4 agreed that the CRS-Assistance information for the Rel-13 DL Control Channel IM capable UEs can be provided for both PCell and SCell and applicable for all subframes without any restrictions. RAN4 would like to note these agreements are similar to the agreements on the Rel-13 CRS-IM CRS assistance signalling as captured in the LS R4-156406 and recommends to use same signalling for the Rel-13 DL Control Channel IM and Rel-13 CRS-IM features.
RAN4 respectfully ask RAN2 to take above agreements into account in their work and check whether any modifications to the “neighCellsCRS-Info” IE are needed.
2. Actions:

To RAN2 WG
ACTION: 
RAN4 respectfully asks RAN2 to take above agreements into account in their work and check whether any modifications to the “neighCellsCRS-Info” IE are needed.


3. Conclusions

In this contributions we provided our views on the DL Control Channel IM UE capabilities and CRS assistance signalling. In summary, we make the following proposals:

Proposal #1:
UE capabilities signalling should be introduced for DL Control Channel IM
Proposal #2:
A single UE capability should be defined for all DL Control channels.
Proposal #3:
Do not define separate UE capabilities for different DL Control Channel IM receiver structures
Proposal #4:
Further discuss whether per UE or per CC UE capability signalling should be introduced
Proposal #5:
Introduce DL Control Channel IM performance requirements for the single carrier case
Proposal #6:
CRS-AssistanceInfo is expected to be provided for all candidate DL Control Channel IM receiver structures under synchronous network scenarios
Proposal #7:
Inform the RAN2 WG on the RAN4 agreements on the CRS Assistance signalling for the DL Control Channels IM.
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