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1
Introduction
In this paper we discuss a recently discovered issue in the signalling of MBSFN subframe configuration assistance to UE for CRS interference cancellation and propose few possible way forward for RAN2 to consider and address the issue.
2
Background
As part of Further Enhanced Non CA-based ICIC for LTE work item in 3GPP Rel-11 (RP-120860) one of the feature/enhancement introduced is “CRS Interference Cancellation (IC)” for improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers. RRC specification 36.331v11.1.0 added signalling support for CRS IC. Further work of performance requirements and details of CRS IC are in progress in RAN4. The signalling support for CRS IC allows certain assistance information to be signalled to the UE to help the UE perform IC for interference arising from CRS. Singalling details were agreed in RAN2#79 in R2-124326. Please refer to [36.331] for further details. In this paper we address a problem with the ASN.1 definition of one of the fields in the CRS assistance information that results in significant increase in the size of the RRC message unnecessarily for a certain deployment scenario.
3
Description
3.1
Problem with the current ASN.1 definition of CRS-AssistanceInfo
In 36.331v11.1.0 a new IE neighCellsCRSInfo was added to RadioResourceConfigDedicated IE. It allows network to provide assistance information for UE to perform interference cancellation from a set of dominant interferer cells in the neighbourhood which are indicated in a list (CRS-AssistanceInfoList-r11). For each neighbour cell in the list, information about the neighbour cell such as PCI, antenna port information etc is provided as assistance information. One of the assistance information provided is the MBSFN subframe configuration of the neighbour cell. Knowing the MBSFN subframe configuration helps the UE to know which subframes contain CRS in both control and data region and which subframes contain CRS only in the control region. For MBSFN subframes which have no CRS in the data region the UE does not have to do IC in those subframe regions. Shown below is the description of the neighCellsCRSInfo IE. Also relevant portions of ASN.1 for the signalling support for CRS IC assistance information is copied below for ease of reference. 
neighCellsCRSInfo

This field contains assistance information, concerning the primary frequency, used by the UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. The UE forwards the received CRS assistance information to lower layers.

When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in [FFS]) on the subframes indicated by measSubframePatternPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1. Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in [FFS].
-- ASN1START

RadioResourceConfigDedicated ::=

SEQUENCE {


[[
neighCellsCRS-Info-r11


NeighCellsCRS-Info-r11



OPTIONAL
-- Need ON


]]

}

NeighCellsCRS-Info-r11 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r11
}
CRS-AssistanceInfoList-r11 ::=
SEQUENCE (SIZE (1.. maxCellReport)) OF CRS-AssistanceInfo

maxCellReport



INTEGER ::= 8
-- Maximum number of reported cells
CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
}

PhysCellId ::=





INTEGER (0..503)
MBSFN-SubframeConfigList ::= 

SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig
maxMBSFN-Allocations

INTEGER ::= 8
-- Maximum number of MBSFN frame allocations with












-- different offset
MBSFN-SubframeConfig ::=


SEQUENCE {


radioframeAllocationPeriod


ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocationOffset


INTEGER (0..7),


subframeAllocation




CHOICE {



oneFrame






BIT STRING (SIZE(6)),



fourFrames






BIT STRING (SIZE(24))


}

}
-- ASN1STOP

It can be seen that the mbsfn-SubframeConfigList-r11 is defined as a mandatory IE that is required to be included for each cell (max of 8 possible by virtue of ASN.1 definition though actual number of cells is an issue for RAN4 to decide) in the CRS-AssistanceInfoList-r11. However, not all field deployment will have MBMS and so it is possible that MBSFN subframe configuration information is not required to be included as part of the CRS assistance information. It is to be noted that the other RRC signalling information elements in the specification where MBSFN subframe configuration list is included it is specified as an OPTIONAL IE with type Need OR. It is certainly possible for field deployments to implement CRS IC but not have MBMS deployed. So the definition of mbsfn-SubframeConfigList-r11 as a mandatory IE is clearly unintentional and needs to be fixed due to the significant number of bits of overhead (as a minimum we will have an extra overhead of 16 bits X 8 neighbour cell = 128 bits) unnecessarily introduced in the message. Note that in the worst case, there are 8 maximum possible MBSFN allocations per MBSFN configuration per cell and there could be anywhere from 1 to 8 cells for which this information has to be provided and that this is a dedicated signalling to each UE required that has to perform CRS IC.
3.2
Possible way forward to address the problem
To address the problem mentioned in Section 3.1 we see few possible options. Overall, we either need to leave the ASN.1 definition unchanged (Option 1) in which case we need to provide further guidance as to how to handle the CRS IC assistance information signalling or we need to fix the ASN.1 by either correcting the current IE definition (Option 2) or obsoleting the current IE definition and add new ASN.1 definition (Option 3) with a fix to the mbsfn-SubframeConfigList-r11 IE to take in to account that not all deployments will have both CRS IC support and MBMS support.

Option 1: Clarify the use of mbsfn-SubframeConfigList-r11 IE in CRS-AssistanceInfo IE by adding a field description with guidance for network for the use of this IE.
If MBMS is not deployed and there are no MBSFN subframes configured it is still possible, though not efficient, to include the MBSFN subframe configuration information and indicate explicitly that there are no MBSFN subframes configured. This can be done by including one entry in the mbsfn-SubframeConfigList-r11 and including the smallest of the two bit strings in MBSFN-SubframeConfig IE and setting all bits in the bit string to ‘0’.

Option 2: Change the mbsfn-SubframeConfigList-r11 IE in CRS-AssistanceInfo IE to OPTIONAL with type Need OR, similar to the way mbsfn-SubframeConfigList is used in other parts of the specification.
This, even though a simpler fix, requires a change to the Rel-11 ASN.1 after the specification has just been frozen. Usually changes to ASN.1 after the ASN.1 for a particular 3GPP release has been frozen is not allowed. However, as the Rel-11 ASN.1 was frozen only recently in March 2013, it is assumed that this change to a frozen specification will not have any adverse impact to any vendor implementations and it might be an option to consider if majority of companies feel that such a change is acceptable. This option requires creation of an addendum to March 2013 v11.3.0 of the specification to implement the ASN.1 change. The new March 2013 addendum will be 36.331 v11.3.1. If we adopt option 2 all Rel-11 UE and NW can support feICIC without any implementation delays as long as they are compliant to March 2013 AND the addendum to March 2013.
Option 3: Obsoleting the neighCellsCRS-Info-r11 IE in the RadioResourceConfigDedicated IE and defining a new neighCellsCRS-Info-vb40 IE in which the mbsfn-SubframeConfigList-vb40 can be defined as OPTIONAL with type Need OR.
This option also requires a change to the Rel-11 ASN.1 after the specification has just been frozen but we do not have to mandatorily include the mbsfn-SubframeConfigList-r11 IE even when MBMS is not deployed in the network. It does allow significant savings to the size of the RRC message and only one bit is wasted due to obsoleting an existing IE. Besides network does not need to include unnecessary information if MBMS is not deployed but eICIC is deployed. This option requires creation of an addendum to March 2013 v11.3.0 of the specification to obsolete the neighCellsCRS-Info-r11 IE. The new March 2013 addendum will be 36.331 v11.3.1. Then in 36.331 v11.4.0 (June 2013) this deletion of neighCellsCRS-Info-r11 IE is carried forward where a new neighCellsCRS-Info-vb40 IE is also added in which the mbsfn-SubframeConfigList-vb40 can be defined as OPTIONAL with type Need OR. The ASN.1 changes required in the 36.331 v11.4.0 is shown as an example text proposal at the end of this paper. If we adopt option 3 all Rel-11 UE and NW that are compliant to March 2013 must also implement the addendum to March 2013 and also that Rel-11 UE and NW must introduce CRS IC in the field based on a compliance to June 2013 specification. Note that there are no impacts to deployment of other features planned bassed on March 2013 implementation, only the CRS IC feature implementation will have to be based on June 2013 implementation. Such an implementation will be backward compatible as long as all the UEs in the field are March 2013+Addendum compliant.
4
Conclusion
RAN2 is kindly requested to discuss the issue described in this paper and consider the following options and any other possible options and make a decision on the appropriate way forward for the issue. Our proposal is to consider the Option 3. We think this issue needs to be addressed even though it may be considered as a signalling optimization due to the significant number of bits of bandwidth wasted on the radio interface.
Option 1: Clarify the use of mbsfn-SubframeConfigList-r11 IE in CRS-AssistanceInfo IE by adding a field description with guidance for network for the use of this IE.
Option 2: Change the mbsfn-SubframeConfigList-r11 IE in CRS-AssistanceInfo IE to OPTIONAL with type Need OR, similar to the way mbsfn-SubframeConfigList is used in other parts of the specification.
Option 3: Obsoleting the neighCellsCRS-Info-r11 IE in the RadioResourceConfigDedicated IE and defining a new neighCellsCRS-Info-vb40 IE in which the mbsfn-SubframeConfigList-vb40 can be defined as OPTIONAL with type Need OR.
Beginning of Text Proposal

–
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


]],


[[
measSubframePatternPCell-r10
MeasSubframePatternPCell-r10

OPTIONAL
-- Need ON


]],


[[
neighCellsCRS-Info-r11


NeighCellsCRS-Info-r11



OPTIONAL
-- Need ON


]] ,


[[
neighCellsCRS-Info-vXYZ


NeighCellsCRS-Info-vXYZ



OPTIONAL
-- Need ON


]]
}

RadioResourceConfigDedicatedSCell-r10 ::=
SEQUENCE {


-- UE specific configuration extensions applicable for an SCell


physicalConfigDedicatedSCell-r10

PhysicalConfigDedicatedSCell-r10
OPTIONAL,
-- Need ON


...,


[[
mac-MainConfigSCell-r11


MAC-MainConfigSCell-r11


OPTIONAL
-- Cond SCellAdd


]]

}

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

MeasSubframePatternPCell-r10 ::=

CHOICE {


release







NULL,


setup






MeasSubframePattern-r10

}

NeighCellsCRS-Info-r11 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r11
}
NeighCellsCRS-Info-vXYZ ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-vXYZ
}
CRS-AssistanceInfoList-r11 ::=
SEQUENCE (SIZE (1.. maxCellReport)) OF CRS-AssistanceInfo
CRS-AssistanceInfoList-vXYZ ::=
SEQUENCE (SIZE (1.. maxCellReport)) OF CRS-AssistanceInfo-vXYZ
CRS-AssistanceInfo ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList
},

CRS-AssistanceInfo-vXYZ ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11


MBSFN-SubframeConfigList
OPTIONAL

-- Need OR
}
-- ASN1STOP

	RadioResourceConfigDedicated field descriptions

	neighCellsCRSInfo

This field contains assistance information, concerning the primary frequency, used by the UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. The UE forwards the received CRS assistance information to lower layers.

When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in [FFS]) on the subframes indicated by measSubframePatternPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1.Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in [FFS]. 

neighCellsCRSInfo-vXYZ supercedes neighCellsCRSInfo-r11. neighCellsCRSInfo-r11 is obsolete and is not used.

	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.

	mac-MainConfig

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

	measSubframePatternPCell
Time domain measurement resource restriction pattern for the PCell measurements (RSRP, RSRQ and the radio link monitoring).

	physicalConfigDedicated

The default dedicated physical configuration is specified in 9.2.4.

	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.

	sps-Config

The default SPS configuration is specified in 9.2.3. Except for handover or releasing SPS, E-UTRAN does not reconfigure sps-Config when there is a configured downlink assignment or a configured uplink grant (see 36.321 [6]).

	srb-Identity

Value 1 is applicable for SRB1 only.

Value 2 is applicable for SRB2 only.


	Conditional presence
	Explanation

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

	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.

	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.

	SCellAdd
	The field is optionally present, need ON, upon SCell addition; 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.


End of Text Proposal
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