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1. Introduction
In [1] it is proposed that dedicated RRC signalling to be used for signalling ABS patterns to the corresponding UEs. This contribution addresses the possible RRC signalling and message IEs for providing ABS patterns to be used for CSI, RRM and RLM measurements.

2. Discussion
In Macro-Pico scenario, the ABS pattern is used by the UEs in the pico cell for serving cell measurements: RLM and CSI. Considering that the more static second bitmap (or a subset of the second bit map) is recommended for RLM measurements while more dynamic first bit map (or a subset of first bit map) is used for the CSI measurements, ABS pattern for the two usages should independently be configurable by the network. The UEs in the macro cell use ABS pattern for RRM measurements. Therefore, the ABS patterns for the RRM, RLM and CSI measurement should be designed such that the patterns can be configured independently.
In Macro-Femto scenario, the femto ABS pattern is used by the UEs in macro cell (close to and within the not allowed femto cell) for serving cell measurements. The ABS pattern is not required for the neighboring cell measurement either by UEs in femto cell or macro cell in Macro-Femto scenario.
Signaling design for RRM measurements: 

There is only one ABS pattern used by the macro cell independent of the number of pico cells in the macro coverage in Macro-Pico scenario. Therefore, the same pattern is used by the UEs to measure all the Pico eNBs in the macro coverage area. ABS pattern is not used by the UE to measure the neighboring macro cells, ie. measuring of neighboring macro cell follows Rel-8/9 procedure.

The above analyses concludes that the message structure for signaling ABS pattern to be used for RRM measurements should support the usage of same ABS pattern for number of pico cells. And also not all the neighboring cells (eg: macro eNBs) should be measured using ABS restriction.  
The following structure is proposed for the signaling of ABS for RRM measurements.

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

MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


neighCellConfig





NeighCellConfig,


offsetFreq






Q-OffsetRange



DEFAULT dB0,


-- Neighbour 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

...,
[[rrmMeasRestriction-r10             RrmMeasRestriction-r10     
OPTIONAL       
-- Need ON

]]
}
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

}

RrmMeasRestriction-r10 ::=
SEQUENCE {


rrmSubframeRestriction              BIT STRING (SIZE(40)),

OPTIONAL,

 -- Need ON


picocellList





SEQUNCE (SIZE(1..maxCellMeas)) OF PhysCellIdRange

OPTIONAL


-- Need ON

}

-- ASN1STOP

	MeasObjectEUTRA field descriptions

	carrierFreq

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

	offsetFreq

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

	cellsToRemoveList

List of cells to remove from the neighbouring cell list.

	cellsToAddModList

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

	cellIndex

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

	physCellId

Physical cell identity of a cell in neighbouring cell list.

	cellIndividualOffset

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

	blackCellsToRemoveList

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

	blackCellsToAddMoList

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

	physCellIdRange

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

	rrmMeasRestriction
Provide the ABS pattern for performing RRM measurement of the pico cells listed 


Signaling design for RLM measurements: 
More static ABS bitmap is recommended for RLM measurement. Only one pattern should be used by the UE for RLM measurement. Even in the case where there are more than one interfering Macro eNBs with different ABS patterns, the eNB could decide on the appropriate ABS pattern considering the UE position and provide the pattern to the UE via dedicated RRC signaling. The following message structure is proposed for the signaling of ABS pattern for the use of RLM to the UE.
–
RadioResourceConfigDedicated
The IE RadioResourceConfigDedicated is used to setup/modify/release RBs, to modify the MAC main configuration, to modify the SPS configuration and to modify dedicated physical configuration.

RadioResourceConfigDedicated information element
-- ASN1START

RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModList




SRB-ToAddModList


OPTIONAL, 

-- Cond HO-Conn


drb-ToAddModList




DRB-ToAddModList


OPTIONAL, 

-- Cond HO-toEUTRA


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- Need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Cond HO-toEUTRA2


sps-Config






SPS-Config 




OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Need ON


...,


[[
rlf-TimersAndConstants-r9


RLF-TimersAndConstants-r9

OPTIONAL
-- Need ON


]],

[[
rlf-MeasRestriction-r10         
BIT STRING (SIZE(40))       
OPTIONAL
-- Need ON

]]

}

SRB-ToAddModList ::=



SEQUENCE (SIZE (1..2)) OF SRB-ToAddMod

SRB-ToAddMod ::=
SEQUENCE {


srb-Identity





INTEGER (1..2),


rlc-Config






CHOICE {



explicitValue





RLC-Config,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


logicalChannelConfig



CHOICE {



explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


...

}

DRB-ToAddModList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod
DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond Setup


logicalChannelIdentity



INTEGER (3..10)


OPTIONAL,

-- Cond DRB-Setup


logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond Setup


...

}

DRB-ToReleaseList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity

-- ASN1STOP

	RadioResourceConfigDedicated field descriptions

	srb-Identity

Value 1 is applicable for SRB1 only.

Value 2 is applicable for SRB2 only.

	rlc-Config

For SRBs a choice is used to indicate whether the RLC configuration is signalled explicitly or set to the values defined in the default RLC configuration for SRB1 in 9.2.1.1 or for SRB2 in 9.2.1.2. RLC AM is the only applicable RLC mode for SRB1 and SRB2. E-UTRAN does not reconfigure the RLC mode of DRBs except when a full configuration option is used, and may reconfigure the UM RLC SN field size only upon handover within E-UTRA or upon the first reconfiguration after RRC connection re-establishment.

	mac-MainConfig

Although the ASN.1 includes a choice that is used to indicate whether the mac-MainConfig is signalled explictly or set to the default MAC main configuration as specified in 9.2.2, EUTRAN does not apply "defaultValue".

	sps-Config

The default SPS configuration is specified in 9.2.3.

	physicalConfigDedicated

The default dedicated physical configuration is specified in 9.2.4.

	logicalChannelConfig

For SRBs a choice is used to indicate whether the logical channel configuration is signalled explicitly or set to the default logical channel configuration for SRB1 as specified in 9.2.1.1 or for SRB2 as specified in 9.2.1.2.

	logicalChannelIdentity

The logical channel identity for both UL and DL.

	rlf-MeasRestriction
Provide the ABS pattern for performing RLM measurement.“0” denotes that the corresponding subframe not to be used for RLM measurement while “1” denotes that the corresponding subframe to be used for RLM measurement



	Conditional presence
	Explanation

	DRB-Setup
	The field is mandatory present if the corresponding DRB is being set up; otherwise it is not present.

	PDCP
	The field is mandatory present if the corresponding DRB is being setup; the field is optionally present, need ON, upon handover within E-UTRA and upon the first reconfiguration after re-establishment but in both these cases only when fullConfig is not included in the RRCConnectionReconfiguration message; otherwise it is not present.

	Setup
	The field is mandatory present if the corresponding SRB/DRB is being setup; otherwise the field is optionally present, need ON.

	HO-Conn
	The field is mandatory present in case of handover to E-UTRA or when the fullConfig is included in the RRCConnectionReconfiguration message or in case of RRC connection establishment; otherwise the field is optionally present, need ON. Upon connection establishment/ re-establishment only SRB1 is applicable.

	HO-toEUTRA
	The field is mandatory present in case of handover to E-UTRA or when the fullConfig is included in the RRCConnectionReconfiguration message; In case of RRC connection establishment and RRC connection re-establishment the field is not present; otherwise the field is optionally present, need ON.

	HO-toEUTRA2
	The field is mandatory present in case of handover to E-UTRA or when the fullConfig is included in the RRCConnectionReconfiguration message; otherwise the field is optionally present, need ON.


Signaling design for CSI measurements: 
By performing UE specific RRC message to inform the specific UE(s), it addresses the scenario where not all the Pico UEs would be suffering from severe interference from the Macro eNB i.e. Pico UEs at cell edge would be experiencing higher interference than Pico UEs at cell center. 
It is possible for UEs in Pico cell to experience interference from two Macro cells with different ABS pattern, as described in [2], especially for the first bitmap which is used for the interference avoidance. Note that ABS pattern of Macro cells is designed to reflect the load distribution in Macro-Pico coverage area, therefore, it is possible that two neighbouring macro cells to have two different ABS patterns.
The following two procedures can be applied at Pico eNB of providing the appropriate pattern to the UE. One is to down-select the proper pattern for CSI measurement by Pico cell itself. Other is to signal the multiple patterns to the UE. 
If the pico cell signals only one pattern to the UE for CSI measurements restriction, the following message structure is proposed.

–
PhysicalConfigDedicated
The IE PhysicalConfigDedicated is used to specify the UE specific physical channel configuration.

PhysicalConfigDedicated information element
-- ASN1START

PhysicalConfigDedicated ::=

SEQUENCE {


pdsch-ConfigDedicated



PDSCH-ConfigDedicated


OPTIONAL,

-- Need ON


pucch-ConfigDedicated



PUCCH-ConfigDedicated


OPTIONAL,

-- Need ON


pusch-ConfigDedicated



PUSCH-ConfigDedicated


OPTIONAL,

-- Need ON


uplinkPowerControlDedicated

UplinkPowerControlDedicated

OPTIONAL,

-- Need ON


tpc-PDCCH-ConfigPUCCH



TPC-PDCCH-Config 



OPTIONAL,

-- Need ON

tpc-PDCCH-ConfigPUSCH



TPC-PDCCH-Config 



OPTIONAL,

-- Need ON


cqi-ReportConfig




CQI-ReportConfig



OPTIONAL,

-- Need ON


soundingRS-UL-ConfigDedicated

SoundingRS-UL-ConfigDedicated
OPTIONAL,

-- Need ON


antennaInfo






CHOICE {



explicitValue





AntennaInfoDedicated,



defaultValue





NULL


}

OPTIONAL,
















-- Need ON


schedulingRequestConfig


SchedulingRequestConfig

OPTIONAL, 


-- Need ON


...,


[[
cqi-ReportConfig-v920



CQI-ReportConfig-v920

OPTIONAL,

-- Need ON



antennaInfo-v920




AntennaInfoDedicated-v920
OPTIONAL

-- Need ON


]],
[[
csi-MeasRestriction-r10 


BIT STRING (SIZE(40))

OPTIONAL 

-- Need ON


]]
}

-- ASN1STOP

	PhysicalConfigDedicated field descriptions

	antennaInfo

A choice is used to indicate whether the antennaInfo is signalled explicitly or set to the default antenna configuration as specified in section 9.2.4.

	tpc-PDCCH-ConfigPUCCH

PDCCH configuration for power control of PUCCH using format 3/3A, see TS 36.212 [22].

	tpc-PDCCH-ConfigPUSCH

PDCCH configuration for power control of PUSCH using format 3/3A, see TS 36.212 [22].

	csi-MeasRestriction
Provide the ABS pattern for performing CSI measurement.“0” denotes that the corresponding subframe not to be used for RLM measurement while “1” denotes that the corresponding subframe to be used for RLM measurement


If the proposal for signalling multiple ABS patterns for CSI measurements is agreeable [2], the following message structure is proposed to signal multiple ABS patterns to the UE.
–
PhysicalConfigDedicated
The IE PhysicalConfigDedicated is used to specify the UE specific physical channel configuration.

PhysicalConfigDedicated information element
-- ASN1START

PhysicalConfigDedicated ::=

SEQUENCE {


pdsch-ConfigDedicated



PDSCH-ConfigDedicated


OPTIONAL,

-- Need ON


pucch-ConfigDedicated



PUCCH-ConfigDedicated


OPTIONAL,

-- Need ON


pusch-ConfigDedicated



PUSCH-ConfigDedicated


OPTIONAL,

-- Need ON


uplinkPowerControlDedicated

UplinkPowerControlDedicated

OPTIONAL,

-- Need ON


tpc-PDCCH-ConfigPUCCH



TPC-PDCCH-Config 



OPTIONAL,

-- Need ON

tpc-PDCCH-ConfigPUSCH



TPC-PDCCH-Config 



OPTIONAL,

-- Need ON


cqi-ReportConfig




CQI-ReportConfig



OPTIONAL,

-- Need ON


soundingRS-UL-ConfigDedicated

SoundingRS-UL-ConfigDedicated
OPTIONAL,

-- Need ON


antennaInfo






CHOICE {



explicitValue





AntennaInfoDedicated,



defaultValue





NULL


}

OPTIONAL,
















-- Need ON


schedulingRequestConfig


SchedulingRequestConfig

OPTIONAL, 


-- Need ON


...,


[[
cqi-ReportConfig-v920



CQI-ReportConfig-v920

OPTIONAL,

-- Need ON



antennaInfo-v920




AntennaInfoDedicated-v920
OPTIONAL

-- Need ON


]],
[[
csi-MeasRestrictionList-r10 
SEQUENCE (SIZE (1..maxCellMeas)) OF CSI-MeasRestriction-r10                 OPTIONAL
-- Need ON

]]

}

CSI- MeasRestriction-10 ::=


SEQUENCE {

patternIndex     
            
INTEGER (1 .. maxCellMeas), 

csi-MeasRestriction               
BIT STRING (SIZE(40))
}
-- ASN1STOP

	PhysicalConfigDedicated field descriptions

	antennaInfo

A choice is used to indicate whether the antennaInfo is signalled explicitly or set to the default antenna configuration as specified in section 9.2.4.

	tpc-PDCCH-ConfigPUCCH

PDCCH configuration for power control of PUCCH using format 3/3A, see TS 36.212 [22].

	tpc-PDCCH-ConfigPUSCH

PDCCH configuration for power control of PUSCH using format 3/3A, see TS 36.212 [22].

	csi-MeasRestrictionList
Provide the list of ABS pattern for performing CSI measurement.


3. Conclusion and Proposals
This contribution discusses RRC signaling support for providing ABS patterns to be used for CSI, RLM and RRM measurements by RRC Connected UEs. Dedicated RRC signaling is proposed for signaling of ABS patterns for RRM, RLM and CSI measurements. The message structure provides the independent configuration of ABS pattern for different usage (RLM, RRM and CSI).

RAN2 is requested to consider the message structure proposed in this contribution. 
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