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1. Introduction
This contribution proposes a signalling design for Almost Blank Subframes (ABS) patterns that can be used for the measurement resource restriction patterns that may be configured for the UE [1].

Pattern 1:
A single RRM/RLM measurement resource restriction for the serving cell.

Pattern 2:
At least one RRM measurement resource restriction for neighbour cells. FFS whether this can only apply for certain neighbour cells or for inter-frequency cells.

Pattern 3:
Resource restriction for CSI measurement of the serving cell.

A mechanism for the RRC signalling design for Almost Bank Subframes was described in [2], in this contribution it was proposed to use dedicated RRC signalling for signalling ABS patterns to UEs. This contribution builds on this design, given the discussions and decisions during the RAN2#72 meeting and the LS from RAN1[3], and proposing stage 3 specification details for patterns 1 and 3. 
2. Discussion

The basic mechanism for configuring REL-10 UEs with measurement restrictions, for both the serving cell case and the neighbour cell case, is that the eNB signals a bit map to indicate the ABS pattern. Typically this bit map would indicate whether a measurement restriction is used or not used. The LS from RAN1[3] asks RAN2 to specify RRC signalling for UE-specific subframe subsets (e.g. with bitmaps of size matching the size of almost blank subframe pattern). To distinguish these UE-specific subframe subsets from the almost blank subframe pattern, we suggest that the RRC signalling only refers to patternx-MeasRestriction rather than ABS. Currently ABS subframes are defined in the stage 2 as subframes that are used to protect resources from receiving strong inter-cell interference. It may be beneficial in either the stage 2 or stage 3 specifications to also indicate that it is up to eNB implementation whether to transmit signals other than PSS/SSS/PBCH/SIB1/Paging/PRS as normal or whether to transmit other signals at a reduced transmission power (including zero power). 
For example this should be included in 36.331 section 5.5.1 as:

NOTE 4:  Almost Blank Subframes (ABS) are defined as subframes that are used to protect resources from receiving strong inter-cell interference. It is up to eNB implementation whether to transmit signals other than PSS/SSS/PBCH/SIB1/Paging/PRS as normal or whether to transmit other signals at a reduced transmission power (including zero power). RRC signalling is defined for configuration of UE-specific subframe subsets of ABS.
The design of the RRC signalling should take into account the possibility to signal a restriction and also signal whether this restriction should apply to the serving cell or other cells. As there may also be a need to switch between patterns and also switch to no pattern, then the control of the pattern(s) should also be signalled. 

2.1 Pattern 1
A static UE-specific subframe subset is assumed for RLM/RRM measurements on the serving cell. Only one pattern should be used by the UE for RLM/RRM measurements. Even in the case where there are more than one interfering Macro eNBs with different ABS patterns, the eNB could decide on the appropriate UE-specific subframe subset considering the UE position and provide the subset to the UE via dedicated RRC signaling. The following message structure is proposed for the signalling of the UE-specific subframe subset for the use of RLM/RRM measurements in the UE.

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


]],

[[
pattern1-MeasRestriction-r10         
BIT STRING (SIZE(40))       
OPTIONAL
-- Need ON

]]
RadioResourceConfigDedicatedSCell-r10 ::=
SEQUENCE {


-- UE specific configuration extensions applicable for an SCell


physicalConfigDedicated


PhysicalConfigDedicatedSCell-r10
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.

	pattern1-MeasRestriction
Provide the UE-specific subframe subset for performing pattern1 measurement restriction.“1” denotes that the corresponding subframe may be used for RRM/RLM measurement on the serving cell while “0” denotes that the corresponding subframe may not to be used for RRM/RLM measurement on the serving cell.


2.2 Pattern 3
The Layer 1 CSI reporting behaviour for periodic and aperiodic CQI is FFS. The exact behaviour with respect to particular subsets of subframes may or may not be specified explicitly in RAN1 (or RAN2) specifications, but could be implicitly defined by RAN4 performance requirements.
The IE PhysicalConfigDedicated is used to specify the UE specific physical channel configuration. For pattern3 the IE PhysicalConfigDedicated can be modified as below to include the optional 2 subframe sets that can be configured. 
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


]],
[[
pattern3-MeasRestriction-0-r10 


BIT STRING (SIZE(40))

OPTIONAL 

-- Need ON


]],
[[
pattern3-MeasRestriction-1-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].

	Pattern3-MeasRestriction-0

Provide the UE-specific subframe subset for indicating pattern3 measurement restriction in subframe subset  0.“1” denotes that the corresponding subframe may be used for CQI measurements in subframe subset 0, while “0” denotes that the corresponding subframe may not to be used for CQI measurements in subframe subset 0.

	Pattern3-MeasRestriction-1

Provide the UE-specific subframe subset for indicating pattern3 measurement restriction in subframe subset 1.“1” denotes that the corresponding subframe may be used for CQI measurements in subframe subset 1, while “0” denotes that the corresponding subframe may not be used for CQI measurements in subframe subset 1.


3. Conclusions
With above discussions, we propose that: 

· Include the description of ABS subframes in stage 3 specifications
· RAN2 considers the proposed signalling design for UE-specific subframe subsets  for patterns 1 and 3
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