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1. Introduction

The Rel-13 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]. In the previous meetings a number of agreements on the associated UE capabilities were made [2-3]:

	· RAN #78 agreements:

· 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
· RAN4 78bis agreements

· Single UE capability should be defined for all DL control channels 

· UE capabilities signaling is needed

· DL Control Channel IM receivers applicability
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· Type A CCIM capability is the pre-requisite capability for Type B CCIM receiver capability. UEs with Type B CCIM receiver should support Type A CCIM processing.

· UE capabilities signaling will be introduced for DL Control Channel IM feature

· Option1: 

· Bit #1: Support of Type A DL Control IM receiver capability 

· Bit #2: Support of Type B DL Control IM receiver capability for PDCCH/PCFICH/PHICH receive processing in synchronous networks

· Option2: 

· Bit #1: Support of generic Dl Control Channel IM capabilities. Depending on whether UE supports Type A/B processing it will pass different test cases to confirm the capability.

· Capability signaling method

· Option 1

· Per UE capability signaling. Signaling provided under assumption that UE supports feature on at least one CC. UE does not provide the information of supported CCs.

· Option 2

· Per CC capability signaling. Details FFS. 


In RAN4 #79 meeting further discussion took place, however, no agreements were reached. Below we provide the summary of the related DL Control Channel IM ad-hoc discussion [4]:

	· Question #1: Type A/B CCIM receiver UE capability signaling
· Option 1:

· Bit #1: Support of Type A DL Control IM receiver capability 

· Bit #2: Support of Type B DL Control IM receiver capability for PDCCH/PCFICH/PHICH receive processing in synchronous networks

· Option 2:

· Bit #1: Support of generic Dl Control Channel IM capabilities. Depending on whether UE supports Type A/B processing it will pass different test cases to confirm the capability.

· Question #2: UE capability signaling method


· Option 1: Per UE on at least one CC

· Option 2: Per CC

· Potential issues: Issue: Very constraining for UE implementation, gains are not clear

· 
Option 3: UE can support CCIM on up to N CC CA configuration on at least one CC. 

· UE signals the max number of CCs up to which CCIM is supported. 

· CCIM is supported on at least one CC.

· Option 4: Option 3 with N =1. Keep up to UE implementation when configured with multiple CCs.

· For CA scenarios: keep everything up to UE implementation. Cannot guarantee CCIM for CA scenarios.


In this contribution we provide our views on the remaining details of the UE capabilities framework for the DL Control Channel IM feature.

2. Discussion

There are two remaining questions on the UE capabilities for the DL Control Channel IM which need to be addressed:
· Whether separate capabilities should be defined for the Type A and Type B CCIM receivers

· Capability signaling method

2.1 Type A/B CCIM receiver capability signaling
One of the questions identified in the previous meetings is whether separate capabilities should be signaled for the Type A and Type B CCIM receivers. Based on the discussion in the last meeting, the information on the Type A and Type B receivers may potentially be used by some of the eNB vendors in the DL control channel schedulers in order to optimize the performance. Therefore, it is suggested to define separate signaling for the Type A and Type B receivers capabilities.
Proposal #1:
Define separate CCIM UE capabilities signaling for Type A and Type B receivers.
2.2 UE capability signaling method

In the previous RAN4 meeting multiple UE capability signaling options were identified. In our view, there are several factors to be taken into account in order to downselect the preferable method:
· UE capability signaling complexity and possibility to combine with other baseband features

· CRS Assistance signaling overhead

· Link adaptation impacts
Below in Table 1 we provide a summary of the possible discussed capability signaling methods and also our views on their impacts on the UE and network implementations.
Table 1. CCIM UE capabilities signaling methods

	UE Capability
	Description
	Pros
	Cons

	1. Per-UE capability signaling with CCIM on at least one CC
	· UE provides [1/2] bit indication for CCIM UE capability
· UE is required to support CCIM on at least one component carrier (CC)
	· Simple UE capability signaling
· NW can send CRS-Assistance signaling in UE-specific manner.
	· CRS-Assistance for CA scenarios is up to eNB implementation
· UE may need to perform blind detection of CRS Assistance (if not provided by NW)

	2. Per-UE capability signaling with indicating up to max N CCs configuration
	· UE provides [1/2] bit indication for CCIM UE capability

· UE signals the maximum number of CCs up to which CCIM is supported (max N CCs configuration).
· CCIM is guaranteed to be supported on at least one CC.
	· Simple UE capability signaling
· NW can send CRS-Assistance signaling in UE-specific manner.
	· CRS-Assistance for CA scenarios is up to eNB implementation. Unlikely some simplification comparing to Option 1 are possible.

	3. Per-CC capability signaling or Per band-combination capability signaling
	· Different types of per-CC capability signaling can be considered. E.g.:

· Reuse the structure of NAICS; report the number of CCs per-band combination (indicating the total # of CCIM capable RBs per a band-combination).
· Report the capability per-CC like MIMO layers
· UE guarantees CRS-IM on a fixed number of CCs
	· NW can potentially know exact CCs for which UE applies CCIM (under certain constraints).
· NW can send signaling in UE specific manner.

· NW signaling can be optimized on target CCs.
	· The UE capability signaling in case of joint support of multiple baseband features like NAICS, CRS-IM, CCIM becomes non-trivial due very large number of possible combinations

	4. No UE capability signaling
	· UE does not provide any capability signaling
· UE is required to support CCIM on at least one CC
	· No CRS Assistance needed in case UE performs blind detection
	· NW needs to broadcast CRS-assistance information in cell specific manner (to all UEs and for all CCs)
· Alternatively UE needs to use blind detection of CRS Assistance information.


Impact on the UE capability signaling and baseband complexity

One of the most important factors to be considered is the UE capability signaling complexity in case UE supports multiple computationally difficult features (e.g. CRS-IM, NAICS, 4 layers, etc.). If CCIM signaling is defined in a per-CC or a per band-combination manner, UE capability signaling for the case of joint support of multiple baseband features like NAICS, CRS-IM, CCIM becomes non-trivial due very large number of possible combinations in case UE does not support all features simultaneously for all CCs. Furthermore, the amount of combinations increases with the growth of the number of supported CCs. To simplify the signaling, per-UE capability method can be considered instead under an assumption that UE applies CCIM on at least on CC. In the latter case UE can manage the baseband complexity in an autonomous way for the CA scenarios and have much more flexibility in enabling joint operation of multiple IC features.

Observation #1: Per-UE capability signaling with CCIM operation on at least one CC allows avoiding complex UE capability signaling and allows flexible UE implementations for CA scenarios.
Impact on the DL control channel link adaptation

In accordance to the discussion in the previous meeting one of the possible reasons to introduce per-CC / per-band combination signaling is to optimize the link adaptation. It is assumed that in the latter case the eNB may have precise information on the particular CCs where UE applies CCIM processing and, hence, adjust the downlink control channel transmission parameters. We would like to note that this assumption holds true only under the following conditions: 1) CRS Assistance signaling is used to trigger CCIM on the particular CC, 2) interference conditions are acceptable for UE to apply CCIM processing and 3) eNB provides CRS Assistance for the exact number of CCs which were declared by the UE. One of the potential issues of such assumptions is that the CRS Assistance signaling is expected to trigger both CRS-IM and CCIM operation. In this case there may be situations when eNB cannot have exact information on the CCs where UE applies CRS-IM or CCIM (e.g. in case UE report different amount of CCs for CRS-IM and CCIM features). Therefore, we believe that eNB may not rely on the knowledge of the CCs, where UE applies CRS-IM or CCIM processing and the most natural approach to optimize the DL Control Channel IM performance is to perform outer-loop link adaptation.

Observation #2: For all considered UE capability signaling methods it not possible to guarantee that eNB will have information on the exact CCs for which UE applies CCIM and hence cannot use this information for link adaptation.
Impact on the CRS Assistance signaling overhead

The UE capability signaling method has impact on the way how eNB provides the CRS Assistance signaling. In case eNB does not have information on whether UE supports CCIM (e.g. no UE capability signaling) to ensure proper system operation it would be required to broadcast CRS Assistance information to all Rel-13 UEs which may cause some redundancy. Therefore to enable per-UE signaling optimization it is desirable that at least per-UE capability signaling is provided. Another factor which should be considered is that CRS Assistance should include information for different CCs. In case eNB does not have exact information on how many CCs UE can support CCIM, the CRS Assistance for CA scenarios is up to eNB implementation. In general, eNB may provide the information for all CCs or a subset of CCs with interference limited conditions. In the previous meeting it was suggested that to reduce the possible overhead UE may provide indication on the maximum number of CCs it can handle. In the latter case, the eNB can provide the assistance for a subset of CCs only. In our view the latter option cannot resolve the issue since UE is not constrained to report exact number of CCs but rather maximum number which is likely to be always set to the maximum number of CCs supported by the UE.
Observation #3: Information on whether UE supports CCIM allows to reduce CRS Assistance signaling overhead. Information on the maximum number of supported CCs for CCIM feature would likely not reduce CRS Assistance signaling overhead.
No UE capability signaling
In general case, UE may be able to autonomously detect the neighboring cell parameters and decide the cells/CCs to apply CCIM feature. Meantime, in our view, UE capability signaling can still be beneficial so that eNB can still provide CRS Assistance information to ensure that UE has complete set of required information.
Summary

In summary, to avoid complex UE capability signaling, improve UE implementation flexibility, and to reduce CRS Assistance signaling overhead we recommend that the CCIM capability signaling is introduced as Per-UE capability signaling with indicating up to max N CCs configuration.

Proposal #2:
Introduce CCIM capability signaling in the form of per-UE capability signaling. Per-UE capability bit is used to indicate the support of Type A and Type B CCIM receiver functionality. CCIM is guaranteed to be supported on at least one CC for CA scenarios.
2.3 Other
The Rel-13 CCIM demodulation performance requirements are specified for the UEs equipped with the 2 RX UEs. During the WI the 4RX UEs performance was not studied. In our view, the CCIM performance for the 4RX UEs may be different and have different complexity. Therefore, in order to avoid any ambiguity we suggest to clarify that the Rel-13 CCIM UE capability signaling can be applied for the 2RX UEs and cannot be applied to 4RX UEs.
Proposal #3:
Rel-13 CCIM capability is defined for 2 RX UE only and is not applicable for 4 RX UEs

In addition, we would like to emphasize that currently RAN4 has parallel ongoing discussions on the Rel-13 CCIM and CRS-IM features capability signaling. In general, CCIM is an independent feature and should not be coupled with Rel-13 CRS-IM feature and separate UE capabilities should be introduced. However, we note certain similarity of possible UE capability signaling methods and network behavior for CRS Assistance signaling. The general principles described in section 2.2 are also applicable for the CRS-IM. Therefore, we think that it would be desirable to align the UE capability signaling structure between the two features. 

Proposal #4:
Introduce separate UE capabilities signaling for Rel-13 CRS-IM and Rel-13 CCIM features. Align the signaling structure between the two features in accordance to the proposal #2.

3. Conclusions

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

Proposal #1:
Define separate CCIM UE capabilities signaling for Type A and Type B receivers.
Proposal #2:
Introduce CCIM capability signaling in the form of per-UE capability signaling. Per-UE capability bit is used to indicate the support of Type A and Type B CCIM receiver functionality. CCIM is guaranteed to be supported on at least one CC for CA scenarios.

Proposal #3:
Rel-13 CCIM capability is defined for 2 RX UE only and is not applicable for 4 RX UEs

Proposal #4:
Introduce separate UE capabilities signaling for Rel-13 CRS-IM and Rel-13 CCIM features. Align the signaling structure between the two features in accordance to the proposal #2.
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