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1 Introduction

In RAN4 #75 meeting, a contribution [1] was provided to discuss and clarify the signalling and capability of CRS-IC receiver for CRS-IM, such as assistance signaling, UE capability reporting and so on.  During online discussion, there wasn’t any agreement but encouraged companies to bring more input in next meeting.

So, for the purpose of further clarification, in this contribution, we would like to provide more analysis.

2 Background
Since the CRS-IC receiver has been introduced in R.11 FeICIC and R.12 NAICS, the table 1 give a summary of CRS-IC behaviour for these two legacy features.
Table 1 the CRS-IC behavior for R.11 FeICIC and R.12 NAICS
	UE behaviours
	R.11 FeICIC
	R.12 NAICS

	Prerequisite UE capability
	none
	none

	Required assistance information (triggering signalling)
	1.  
CRS-AssistanceInfo-r11 ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList,


...
}

2. 

measSubframePatternPCell-r10 MeasSubframePatternPCell-r10

OPTIONAL
-- Need ON

3. 


csi-SubframePatternConfig-r10

CHOICE {



release






NULL,



setup






SEQUENCE {




csi-MeasSubframeSet1-r10


MeasSubframePattern-r10,




csi-MeasSubframeSet2-r10


MeasSubframePattern-r10



}


}

4. Others
	1. 
NeighCellsInfo-r12
::=

SEQUENCE {


physCellId-r12

PhysCellId,


p-b-r12



INTEGER (0..3),


crs-PortsCount-r12
ENUMERATED {n1, n2, n4, spare},


mbsfn-SubframeConfig-r12

MBSFN-SubframeConfigList



OPTIONAL,
-- Need ON

p-aList-r12


SEQUENCE (SIZE (1..maxP-a-PerNeighCell-r12)) OF P-a,


transmissionModeList-r12

BIT STRING (SIZE(8)),


resAllocGranularity-r12
INTEGER (1..4),


...
}
2. others

	UE capability reporting
	indicated in “crs-InterfHandl-r11”
	implicitly indicated in “naics-Capability-List-r12”

	maximum number of to-be-cancelled CRS-interference cells
	2
	1, because only one cell PDSCH interference is mandated to be handled.

	CA supporting
	Not required, only needed to cancel the CRS interference for PCell 
	required, if multiple-carrier PDSCH IC/IS capability is supported and reported

	CRS-IC and CSI
	required, CRS-IC receiver is mandated for CSI-measurement in ABS subframe
	Not required, MMSE-IRC based CQI is allowed

	Others
	CRS-IC receiver is only mandated in ABS subframe
	CRS-IC receiver is mandated for both subframes with/without PDSCH interference


3 Discussion
With respect to R.13 CRS-IM, there are still some uncertainties on the CRS-IC receiver in terms of the UE behavior listed in table 1. In this section, we would like to provide our views for clarification.

Required assistance information (triggering signalling)

As already indicated in WID [3], The CRS assistance information, as specified for Release 11, is available for the UE. So, for the UE implementation point of view, as these signalling are sufficient enough for UE to perform CRS-IC receiver, the R.11 CRS-assistance information could be considered as an indicator to trigger CRS-IC receiver for R.13 CRS-IM.
Accordingly, the other assistance information in R.11 FeICIC, such as measSubframePatternPCell or csi-SubframePatternConfig, should not be assumed as available for R.13 CRS-IM. In other words, if these signaling are configured, the UE should switch from R.13 CRS-IM receiver to R.11 FeICIC receiver.
Proposal 1: Reuse “CRS-AssistanceInfo-r11” as required assistance information (triggering signaling) for CRS-IM.

UE capability reporting 
Regarding the CRS-IC capability, there are several schemes:

· Option 1. Not define new UE capability signaling for R.13 CRS-IM UE, reuse the R.11 FeICIC or R.12 NAICS signaling, which means from eNB point of view, the UE with R.11 FeICIC or R.12 NAICS capability reporting is expected to support R.13 CRS-IM, and eNB would send CRS-AssistanceInfo-R.11 to them.
·  It should be mentioned that, in this cases, there is still two sub-options
· Option 1-1, only R.13 UE with R.12 FeICIC or R.12 NAICS capability could support R.13 CRS-IM

· Option 1-2, any UE with R.11 FeICIC or R.12 NAICS capability could support R.13 CRS-IM

· Option 2. Define new UE capability signaling for R.13 CRS-IM UE, which means from eNB point of view, the UE only with R.13 CRS-IM capability reporting is expected to support R.13 CRS-IM, and eNB would send CRS-AssistanceInfo-R.11 to them
Considering these, we would like to propose that:
Proposal 2: There are two options on UE capability reporting for R.13 CRS-IM receiver:

· Option 1: not define new UE capability signaling, reuse the R.11 FeICIC or R.12 NAICS capability signaling to imply the R.13 CRS-IM capability

· Option 2: define new UE capability signaling for R.13 CRS-IM UE.

Maximum number of to-be-cancelled CRS-interference cells
Regarding the maximum number of to-be-cancelled CRS-interference cells, as for TM10 cases, anyway up to 2-cell CRS-IC is needed, including one serving cell in CoMP group and another interference cell.
Of course, if the interference level is very low, the UE could fallback to 1-cell CRS-IC or even no-CRS depending the UE implementation.

Proposal 3: The maximum number of to-be-cancelled CRS-interference cells is 2 for R.13 CRS-IM.

CA supporting

Regarding the CA supporting for R.13 CRS-IM, there are still several implementations:

· Option 1: the R.13 CRS-IM is only mandated on PCell, and depends on UE’s implementation on SCell.

· Option 2: the R.13 CRS-IM is mandated on all the scheduled carriers.

· Option 3: the R.13 CRS-IM UE would report the combination capability of CRS-IC and CA, such as R.12 NAICS
In our opinion, the R.13 CRS-IM receiver is an extension of R.11 FeICIC, so it’s better not enlarge the CRS-IC capability beyond the R.11 FeICIC, so option 2 is not feasible.
Regarding the option 3, from the eNB point of view, such combination capability reporting is not useful for eNB for network configuration, option 3 is not necessary.

So, considering these, it’s proposed that:
Proposal 4: CRS-IC is only mandated on PCell, and depends on UE’s implementation on SCell.
CRS-IC and CSI

As already discussed in our contribution [2], without the assistance information of CSI measurement subset, there would be problem for UE to determine whether and how to perform CRS-IC for CQI derivation. So, it’s proposed reusing the MMSE-IRC based (without CRS-IC) as default solution to perform CQI reporting.
Proposal 5: Not require CRS-IC for CSI reporting.

Others

Regarding the subframe in which the CRS-IC should be performed, we would like to firstly clarify the legacy UE behavior
· In R.11 FeICIC, the CRS-IC is only required in ABS subfarme, including both CRS-colliding and CRS-non-colliding 
· In R.12 NAICS, the CRS-IC is required in all subframes with/without PDSCH, for the purpose of achieving accurate channel estimation for NAICS receiver with PDSCH-interference and eliminating CRS without PDSCH-interference.
· In R.13 CRS-IM, as the UE is not able or justified to detect the presence of PDSCH interference, so, we could mandate the CRS-IC in all the subframe as default solution, at least for minimum requirements.
Based on the analysis, we propose that
Proposal 6: Perform CRS-IC in the all subframes as minimum requirements.

4 Conclusion
This contribution discuss the UE behaviour of CRS-IC for R.13 CRS-IM, in which, we propose that:
Proposal 1: Reuse “CRS-AssistanceInfo-r11” as required assistance information (triggering signaling) for CRS-IM.

Proposal 2: There are two options on UE capability reporting for R.13 CRS-IM receiver:

· Option 1: not define new UE capability signaling, reuse the R.11 FeICIC or R.12 NAICS capability signaling to imply the R.13 CRS-IM capability

· Option 2: define new UE capability signaling for R.13 CRS-IM UE.

Proposal 3: The maximum number of to-be-cancelled CRS-interference cells is 2 for R.13 CRS-IM.

Proposal 4: CRS-IC is only mandated on PCell, and depends on UE’s implementation on SCell.
Proposal 5: Not require CRS-IC for CSI reporting.

Proposal 6: Perform CRS-IC in the all subframes as minimum requirements.
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