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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

Typically, the feature UE capabilities are discussed/defined during the finalization stage of the WI or LTE Release. At the same time, we think that the discussion on the DL Control channel IM UE capabilities has direct impact on the definition of the test cases and the respective discussion should be initiated. In particular, there are several questions to be addressed:
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.
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.
Question 3: Whether separate UE capabilities should be defined for different receiver structures?
Based on the previous meeting discussion, either LMMSE-IRC or E-LMMSE-IRC receivers can be applied for the PDCCH/PCFICH/PHICH processing. In general, 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.

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
Proposal #1:
Further discuss DL Control Channel IM capabilities framework and address the following questions:

· Whether UE capabilities signalling is needed?

· Whether capabilities should be defined per each control channel or for all control channels?

· Whether separate UE capabilities should be defined for different receiver structures?
· Whether per UE or per CC UE capability signalling should be introduced?

2.2 CRS Assistance Signalling

Based on the WID [1] “CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.”. As mentioned in the companion paper [2] the CRS Assistance information is required to enable work of the enhanced control channel IM receivers in the synchronous networks. The CRS assistance information is required to enable operation of the CRS-IC receivers and includes information of the PCID, number of CRS APs and MBSFN configurations. In addition, CRS assistance information is used to implicitly inform UE on the network synchronization assumptions.
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So, first of all, CRS assistance information is used to enable the CRS-IC receiver operation. In addition, it can be used to trigger E-LMMSE-IRC processing for PDCCH/PCFICH/PHICH. In particular, the UE might exploit the information on the network synchronization, presence of MBSFN subframe and number of CRS antenna ports. In case the CRS assistance is not provided, UE might be expected to fallback to the LMMSE-IRC processing.
Proposal #2:
CRS-AssistanceInfo is used to trigger E-LMMSE-IRC and CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can fallback to the LMMSE-IRC and is not expected to make blind detection of the CRS Assistance information.

The CRS-Assistance information for the Rel-13 CRS-IM capable UEs was discussed in the last RAN4 meeting and the LS to RAN2 was agreed [3] with the request to update the Rel-11 CRS-Assistance signalling:
	· 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 frequency. Furthermore, when the IE “neighCellsCRS-Info” is provided to the UE, the corresponding UE demodulation performance requirements defined in Rel-11 (TS 36.101) are restricted on the subframes indicated by csi-MeasSubframeSet1 

· Firstly, RAN4 would like RAN2 to specify the IE “neighCellsCRS-info” for primary frequency as well as for the secondary frequencie(s) supported by the UE capable of CA in Rel-13. 

· Secondly, under the Rel-13 WI on CRS-IM, the UE performance requirements are being defined assumed 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” is complied with the new UE behaviour assumed in the UE performance requirements being defined in Rel-13.


In our view, for the CC-IM capable UEs the similar principles can be reused and the CRS Assistance information applicability should not be limited by the Rel-11 restrictions (ABS subframes and PCell signalling only). Therefore, the clarifications in [3] are also applicable to the CC-IM CRS-Assistance information and Rel-13 CRS-Assistance should be used.
Proposal #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.
3. Conclusions

In this contribution, we have provided our views on the control channel receiver UE capabilities and also CRS Assistance signalling applicability. In summary, we make the following proposals:
Proposal #1:
Further discuss DL Control Channel IM capabilities framework and address the following questions:

· Whether UE capabilities signalling is needed?

· Whether capabilities should be defined per each control channel or for all control channels?

· Whether separate UE capabilities should be defined for different receiver structures?

· Whether per UE or per CC UE capability signalling should be introduced?

Proposal #2:
CRS-AssistanceInfo is used to trigger E-LMMSE-IRC and CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can fallback to the LMMSE-IRC and is not expected to make blind detection of the CRS Assistance information.

Proposal #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.
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