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1. Introduction

The DL Control Channel IM feature is being introduced as a part of work on the “Interference mitigation for downlink control channels of LTE” WI [1] (CCIM WI). In this contribution we provide our views on the UE Capabilities framework for the DL Control Channel IM feature.

2. Discussion

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.
2.1 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 CCIM 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. In case CRS Assistance is not provided UE is not expected to apply enhanced processing and receiver behaviour is up to UE implementations (e.g. it can use LMMSE-MRC or LMMSE-IRC). For the eNB to know UEs to send the CRS Assistance, CCIM UE capability signalling should be introduced.
Proposal #1:
UE capabilities signalling should be introduced for the DL Control Channel IM feature.
2.2 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 physical channels including PDCCH, PCFICH, PHICH and EPDCCH. In general case, different UE capabilities can be defined for receiver enhancements for different physical channels. However, we think that the overall receive processing framework for all channels is very much alike. So, there is no need to differentiate UE capabilities for different control channels and a single unified capability for all control channels can be defined.

Proposal #2:
A single UE capability should be defined for different DL control channels.

2.3 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. The following agreements were reached [2] (note: below we change original Type C to Type B which is a more appropriate receiver definition):

· Two types of reference IM Receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Type A IM receiver: LMMSE-IRC + CRS-IC
· Type B IM receiver: E-LMMSE-IRC + CRS-IC 
· Define different UE capabilities for the two types of IM Receiver structures 
· UE Capability #1: Support Type A IM receiver
· UE Capability #2: Support Type B IM receiver
In Table 1 we provide a summary of the receivers applicability to different network scenarios. The Type A receiver based on the LMSME-IRC processing is applicable to all scenarios considered in the DL Control Channel IM WI. The Type B receiver based on the E-LMMSE-IRC processing is applicable for the PDCCH/PCFICH/PHICH receiver processing in the synchronous networks. Meantime, it can be naturally assumed that Type B receiver can also support Type A processing for other scenarios and the Type A capability can be considered as a pre-requisite capability for Type B processing (i.e. Type B receiver should support Type A processing).
Table 1. DL Control Channel IM UE capabilities

	
	PDCCH/PCFICH/PHICH
	EPDCCH

	
	Synchronous NW
	Asynchronous NW
	Synchronous NW
	Asynchronous NW

	Type A receiver
	LMMSE-IRC + 
CRS-IC
	FFS
	LMMSE-IRC + 
CRS-IC
	LMMSE-IRC

	Type B receiver
	E-LMMSE-IRC + 
CRS-IC
	NA
	NA
	NA


In terms of UE capabilities we consider two possible approaches:

· Option 1: Separate capability signalling for Type A and Type B receivers. Different capability bits are assigned for Type A and Type B receivers. UE is expected to inform eNodeB on the exact receiver type. Meantime, it is unclear whether eNodeB really needs this information and can exploit knowledge on whether UE supports Type A or B processing.
· Option 2: Combined capability signalling for Type A and Type B receivers. In general eNodeB does not need information on whether UE supports exactly Type A or Type B processing. So, it may be possible to define a single capability signaling bit for Type A and Type B receivers. If UE capable of Type A or Type B receive processing it would provide a single bit. Depending on the exact implementation UE passes one or another set of test cases designed specifically for Type A and Type B receivers.
In our view, there is not strong different between the approaches and Option 2 is slightly preferred in terms of improved feature transparency.
Proposal #3:
Type A capability is the pre-requisite capability for Type B receiver. Type B receiver should support Type A processing.

Proposal #4:
Define a single capability bit for Type A (LMMSE-IRC) and Type B (E-LMMSE-IRC) based enhanced receivers. Depending on the implementation UE should pass either Type A or Type B requirements.
2.4 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. For instance, enhanced DL Control Channel IM receivers rely on using CRS-IC processing and the related DL Control Channel IM capabilities signalling framework should not impose larger baseband complexity comparing to the CRS-IM feature (e.g. do not mandate multi-carrier CA case). In the ideal case the CCIM and CRS-IM capabilities signalling approaches should be aligned.
In particular, we see the following potential options on how the capability signalling can be introduced:

· Per-UE for all CCs: In general case of per-UE capability signalling it would mean that UE needs to support the feature on all CCs simultaneously. Given that E-LMMSE-IRC and CRS-IC control channel receivers impose additional baseband complexity this solution seems undesirable from the UE implementation perspective and may become a bottleneck for the feature adoption.

· Per-UE at least for one CC: Alternatively the feature can be defined on a per UE basis under assumption that UE can support it “on at least one CC”. Such approach can be rather convenient from the UE implementation perspective and it can allow flexible balancing the computational load. From the network perspective, this approach is also rather transparent and should not lead to any performance issues.

· Per-CC: In case of per-CC capability signalling, the UE may take into account the overall baseband complexity (e.g. like 4 layers, multiple CSI processes, NAICS) and would have a lot of flexibility in terms of capabilities balancing. Actually different flavours of per-CC capabilities can be used (e.g. indicated # of supported CCs, per-band/band-combination signalling like for CoMP). This approach allows good flexibility but comes at the cost of more complex UE capability signalling.

In order to introduce larger flexibility and clarity, we think that “Per-UE at least for one CC” capability signalling approach should be adopted for the CCIM feature.
Proposal #5:
Define CCIM UE capabilities on a per UE basis under assumption that UE is required to support feature on at least one CC.
3. Conclusions

In this contribution, we have provided our views on the DL Control Channel IM UE capabilities framework. In summary, we make the following proposals:

Proposal #1:
UE capabilities signalling should be introduced for the DL Control Channel IM feature.
Proposal #2:
A single UE capability should be defined for different DL control channels.

Proposal #3:
Type A capability is the pre-requisite capability for Type B receiver. Type B receiver should support Type A processing.

Proposal #4:
Define a single capability bit for Type A (LMMSE-IRC) and Type B (E-LMMSE-IRC) based enhanced receivers. Depending on the implementation UE should pass either Type A or Type B requirements.
Proposal #5:
Define CCIM UE capabilities on a per UE basis under assumption that UE is required to support feature on at least one CC.
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