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1
Introduction
As per the RAN1 LSs ([2], [3], [4]), RAN2 is expected to start discussing the signallling for the feICIC. We discuss the necessary signalling and show how it could be incorporated into RRC specification [1].
2
Discussion on Assistance Signalling for Supporting feICIC with 9 dB CRE
2.1
Required Assistance Information 
As the RAN1 LSs to RAN2#77 [2], RAN2#77bis [3] and RAN2#78 [4] indicate, the receiver-based techniques would require the following assistance information to be provided by higher layers for the UE to support 9 dB CRE:
· PCIs for the cells for which receiver-based techniques are to be applied (This kind of information is already supplied by Rel’10 signalling for the eICIC pattern used for neighbour cell RRM measurements)

· CRS ports (1, 2 or 4): To do CRS cancellation, the UE needs to know which CRSs are present in the aggressor cells.
· MBSFN neighbour cell configuration (for each neighbour cell or neighbour cell group): As per the recent RAN2/4 discussions [5], the UE doesn’t know the exact MBSFN configuration of the neighbour cells. Therefore, for the same reasons as UE needs to know the transmitted CRS ports, the UE needs to know the MBSFN configuration since only one CRS symbol is transmitted for MBSFN subframes.
Additionally, for the low-power ABS, the UE would need to know the power difference between PDSCH and CRS. However, as the matter is still under discussion in RAN1, we think it is premature to start defining the signalling details. Additionally, whether it would be required for the UE to know the exact ABS configuration of the cells involved in feICIC is still open: in Rel’10, it was decided that the measurement patterns would be enough and whether anything else is required for Rel’11 has not been decided yet.
2.2
Use Cases for Receiver-Based Techniques 
During RAN1#68bis, there was a lenghty discussion on the use cases of receiver-based techniques. It was seen unclear for which purposes could the receiver-based techniques be used together with the assistance information. However, it should be noted that the same discussion has been ongoing also in RAN4, where the decisions on baseline receivers [5] have mentioned that IC receivers may be considered for all of the following use cases: Demodulation, RLM, RRM and CSI measurements. We discuss each of these briefly in Table 1 below.

Table 1. feICIC Use cases
	feICIC technique use case
	Benefit from receiver-based techniques

	Cell search
	Receiver-based techniques can can aid in cell search by removing the interfence to PSS/SSS 

	Neighbour cell RRM measurements
	For colliding CRS, using receiver-based techniques for RSRP/Q measurements can aid in measurement accuracy. 

	Serving cell RRM measurements
	For colliding CRS, using receiver-based techniques for RSRP/Q measurements can aid in measurement accuracy. For non-colliding CRS, the RSRQ might be affected by CRS cancellation.

	RLM measurements
	For colliding CRS, using receiver-based techniques for RLM measurements is necessary to remove the high interference. This is also dependent on the used ABS subframe type, i.e. MBSFN or normal subframe ABS.

	CSI measurements
	The CSI measurement subset indicated for ABS measurements should be using receiver-based techniques for cancelling the CRS interference. 

	Demodulation
	Receiver-based techniques allow demodulation under larger CRE by reducing the CRS interference.


Hence, we can see that the receiver-based techniques can be used for all the listed use cases, which is why we think the feICIC assistance information should be provided for all the use cases. 
Figure 1. Use cases for feICIC CRS cancellation 
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Error! Reference source not found. shows which eICIC patterns could be configured for which UEs in Figure 1.

Table 2. feICIC: eICIC Patterns configured for UEs in difference conditions 
	UE situation
	Configured eICIC patterns (1=serving cell, 2=neighbour cell, 3=CSI)

	Pico CRE UE 

(UEs #1a, #2, #3, #4 in Figure 1)
	1, 2, 3
Pattern 1 is needed to make RLM work

Pattern 2 is needed to be able to measure neighbouring pico cells
Pattern 3 is needed for proper scheduling of UEs in CRE zone

	Pico non-CRE UE 

(UE #1b in Figure 1)
	(2), 3
Pattern 2 may not be needed, but could be utilized for the same reasons as for pico CRE UE, i.e. to measure neighbour pico cells early
Pattern 3 is needed to utilize ABS properly: Already in Rel-10 there are test cases for non-CRE UEs during ABS. 

	Macro UE in pico CRE zone

(UE #5 in Figure 1)
	2, (3)
Pattern 2 is needed to enable measurements of pico cells. 

Pattern 3 may be used to avoid getting CSI feedback from ABS subframes

	Macro UE not in pico CRE zone

(UE #6 in Figure 1)
	(2), (3)

Pattern 2 may be used to avoid triggering eICIC according to pico cell proximity, since that may be difficult to estimate.

Pattern 3 may be used to avoid getting CSI feedback from ABS subframes.


As we can see, apart from macro UEs Hence, we can see that the receiver-based techniques can be used for all the listed use cases, which to our view the reason why feICIC assistance information should be provided for all the use cases. 

Observation 1: To realize the 9 dB CRE for feICIC, the CRS assistance information is needed for all use cases in Table 1.
3
Signalling for feICIC
3.1
Signalling load of feICIC RRC configuration
First, we note that the current signalling load for eICIC may already be rather high. To calculate the signalling load, we took the existing Rel’10 signalling as the baseline:
· In Rel’10, the UE is signalled the following information about eICIC:
· Serving cell pattern: Single restriction bitmap (size depends on FDD/TDD configuration) takes 20-70 bits 
· E.g. 40 bits for FDD, and at maximum 70 bits (for TDD configuration 0)
· Neighbour cell pattern: restriction bitmap + PCI list with maximum of 32 PCI ranges. Since a PCI range = 8 bits (PCI) + 16 bits (enumeration range) = 24 bits, we find that this IE takes up 20-70 bits + 24 bits * (1-32) = 44-838 bits 

· E.g. for FDD, a typical case might be 8 cell PCI list, which would amount to 40+8*24 = 232 bits
· CSI pattern: 2*restriction bitmap + Additional CQI-config = 40-140 bits + 2*10 bits = 60-160 bits 
· E.g. for FDD, 2*40+2*10 = 100 bits would be required
· Hence, the minimum amount of signalled bits (for FDD) would 40+44+100 = 188 bits (For 8 PCIs, 40+232+100 = 372 bits). 

· The maximum amount of needed signalling bits is 70 + 838 + 160 = 1068 bits 

Based on this, we can calculate the increased amount by taking into account the PCI, CRS ports and MBSFN subframe configuration information/cell.
· Calculating the needed bits for new information:
· PCI: Already supplied by Rel’10 signalling ( 0 additional bits
· CRS ports: 4 ports at maximum ( 2 additional bits/PCI
· MBSFN subframe configuration: MBSFNSubframeConfig IE for each PCI; The size is 3 + 3 + 6/24 bits = 12 or 30 additional bits/PCI
· Based on these we can calculate the Rel’11 feICIC requires 14 or 32 additional bits for each PCI group
· Hence, the minimum increase is 14 bits, which amounts to 14/144 ~ 9.7% increase in signalling bits for eICIC for the minimal configuration.

· E.g. for 8 cells PCI list for FDD, the minimum increased amount would be 8*14 = 96 bits, which is roughly 96/372 ~ 25% increase in signalling bits for eICIC
· The maximum signalling increase / PCI (range) would be 32*(12 or 30) = 384 or 960 bits.
Note that we have assumed here that there is only a single MBSFN configuration per PCI range: If a PCI range could include a different MBSFN configuration for each cell, the amount of signalling would become significantly larger. Therefore, we would propose this is not allowed, and in general, RAN2 could discuss for how many cells the feICIC assistance information is used in general.
Considering that the UE only has to measure up to 8 intra-frequency cells according to current measurement requirements, and since the RAN4 results currently under discussion (see e.g. [8]) indicate that in typical cases UE would only hear up to two dominant interferers to cancel, we think that the it would make sense to limit the amount of assistance information that the UE has to apply to at most 8 cells.

Proposal 1: RAN2 should discuss (and if necessary ask from RAN1/4) if a clear need is seen to signal feICIC assistance information for more than 8 cells at a time.
3.2
ASN.1 for feICIC Assistance Information 
For the ASN.1 structure, the simplest way to add the feICIC assistance information would be simply to extend the existing IE for eICIC. However, as discussed in previous sections, this would prove problematic because the assistance information is generic and needed in many places, and the current eICIC configuration is already spread to multiple IEs. Since the information is related to measurements, one obvious possibility would be to include it the measObjectEUTRA, since the neighbour cell assistance information for cell search is already included there. This would keep all the assistance information within a single logical unit. Hence, we have provided a simple example of how this could be done in Annex A(The proposal bears some similarities to what was proposed in e.g. [9]. )
Moreover, the conditionality of the assistance information should be considered: As stated in sections2.2, the same assistance information can potentially be useful in many places. Hence, it would be good to specify a conditional presence for the assistance information. Since the only difference to Rel-10 is the presence of assistance information to help with 9 dB CRE, the absence of the assistance information could be linked to the presence of feICIC configuration in Rel-11. Due to this, in the example in Annex A, we have used a conditionally mandatory presence for the information in case any of the potentially affected measurement restriction subsets have been configured. This would be the simplest case since the information is always provided in case Rel-11 feICIC is used.
Proposal 1: Providing feICIC assistance information when 9 dB CRE is used should be conditionally mandatory, conditional to configuring feICIC in Rel_11
Proposal 2: RAN2 should discuss whether the example in Annex A could be agreeable way to capture the feICIC assistance information signalling.

4
Conclusion
We discussed the commonalities between feICIC and CoMP assistance information, and made the following proposals:
Proposal 1: Providing feICIC assistance information when 9 dB CRE is used should be conditionally mandatory, conditional to configuring feICIC in Rel_11

Proposal 2: RAN2 should discuss whether the example in Annex A could be agreeable way to capture the feICIC assistance information signalling.
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Annex A: Example of ASN.1 for feICIC

–
MeasObjectEUTRA
The IE MeasObjectEUTRA specifies information applicable for intra-frequency or inter-frequency E‑UTRA cells.

MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


neighCellConfig





NeighCellConfig,


offsetFreq






Q-OffsetRange



DEFAULT dB0,


-- Cell list


cellsToRemoveList




CellIndexList



OPTIONAL,

-- Need ON


cellsToAddModList




CellsToAddModList


OPTIONAL,

-- Need ON


-- Black list


blackCellsToRemoveList



CellIndexList



OPTIONAL,

-- Need ON


blackCellsToAddModList



BlackCellsToAddModList

OPTIONAL,

-- Need ON


cellForWhichToReportCGI



PhysCellId




OPTIONAL,

-- Need ON


...,


[[measCycleSCell-r10



MeasCycleSCell-r10

OPTIONAL,

-- Need ON



measSubframePatternConfigNeigh-r10
MeasSubframePatternConfigNeigh-r10
OPTIONAL






-- Need ON


]]

[[crsAgressorInformation-r11

NeighCellCRSInfo-r11
OPTIONAL

-- Cond feICIC


]]
}

CellsToAddModList ::=



SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddMod

CellsToAddMod ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellId






PhysCellId,


cellIndividualOffset



Q-OffsetRange

}

BlackCellsToAddModList ::=


SEQUENCE (SIZE (1..maxCellMeas)) OF BlackCellsToAddMod

BlackCellsToAddMod ::=
SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),


physCellIdRange





PhysCellIdRange

}

MeasCycleSCell-r10 ::=



ENUMERATED {sf160, sf256, sf320, sf512,














sf640, sf1024, sf1280, spare1}

MeasSubframePatternConfigNeigh-r10 ::=
CHOICE {


release








NULL,


setup








SEQUENCE {



measSubframePatternNeigh-r10


MeasSubframePattern-r10,



measSubframeCellList-r10



MeasSubframeCellList-r10
OPTIONAL
-- Cond measSubframe

}

}

MeasSubframeCellList-r10 ::=
SEQUENCE (SIZE (1..maxCellMeas)) OF PhysCellIdRange

NeighCellCRSInfo-r11 ::=
SEQUENCE (SIZE (1.. maxCellIntra)) OF NeighCellCRSConfig
NeighCellCRSConfig ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},


mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}
-- ASN1STOP

	MeasObjectEUTRA field descriptions

	blackCellsToAddMoList

List of cells to add/ modify in the black list of cells.

	blackCellsToRemoveList

List of cells to remove from the black list of cells.

	carrierFreq

Identifies E‑UTRA carrier frequency for which this configuration is valid.

	cellIndex

Entry index in the cell list. An entry may concern a range of cells, in which case this value applies to the entire range.

	cellIndividualOffset

Cell individual offset applicable to a specific cell. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	cellsToAddModList

List of cells to add/ modify in the cell list.

	cellsToRemoveList

List of cells to remove from the cell list.

	crsAggressorInformation

Information about cells for which UE can apply receiver-based techniques when feICIC is configured.

	measCycleSCell

Parameter: Tmeasure_scc See TS 36.133 [16, 8.3.3]. The parameter is used only when an SCell is configured on the frequency indicated by the measObject and is in deactivated state, but the field may also be signalled when an SCell is not configured. Value sf160 corresponds to 160 sub-frames, sf256 corresponds to 256 sub-frames and so on.

	measSubframeCellList

List of cells for which measSubframePatternNeigh is applied.

	measSubframePatternNeigh
Time domain measurement resource restriction pattern applicable to neighbour cell RSRP and RSRQ measurements on the carrier frequency indicated by carrierFreq. For cells in measSubframeCellList the UE shall assume that the subframes indicated by measSubframePatternNeigh are non-MBSFN subframes.

	NeighCellCRSConfig
Information about a neighbor cell CRS configuration. The UE can use this information to handle the CRS interference from the indicated neighbor cells for RRM/RLM measurements using measurement resource restriction configured by measSubframePatternPCell, measSubframePatternConfigNeigh-r10. The UE can also use the information for CQI reporting of subframes configured in csi-SubframeSet2.

	offsetFreq

Offset value applicable to the carrier frequency. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	physCellId

Physical cell identity of a cell in the cell list.

	physCellIdRange

Physical cell identity or a range of physical cell identities of cells in the black list.


	Conditional presence
	Explanation

	measSubframe
	The field is mandatory present if measSubframePatternNeigh is configured.

	feICIC
	The field is mandatory present if measSubframePatternPcell, measSubframePatternNeigh or csi-SubframeSet2 is configured.



