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1
Introduction
Effective realization of CoMP requires proper identification of best CSI-RS resources and associated transmission points (TPs) to be used for DL data transmissions [1].    In previous RAN1 and RAN2 meetings it was agreed that eNB can configure and use CSI-RSs based RSRP measurements to make such determination [2,4,7]. 
During RAN2 #78, some the issues around configuration of CSI-RS based RSRP measurements were discussed and few high level agreements were reached, including [2]:

-
CSI-RS resources to be measured by UE are configured explicitly by the network and blind detection of CSI-RS resources in the UE is not required.
-
CSI-RS resource specific configurations are defined as part of the MeasObjectEUTRA.

-
New event based reporting will be defined, and the need for additional periodic and event triggered periodic reporting is FFS.

-
Events comparing CSI-RSRPs to absolute thresholds and those comparing measurements on CSI-RSs with each other or relative to a reference CSI-RS will be considered.
An email discussion was also initiated following RAN2#78 as part of which additional tentative agreements seem to be rising, while some issues are left open for further discussions [3]. 

This contribution presents observation and proposals regarding the extension of MeasObjectEUTRA to allow CSI-RS based RSRP measurement and also provides the corresponding stage 3 realizations. 
2
Discussions

In preparation for DL CoMP transmission, some DL and possibly UL measurements may be configured and used by the network to obtain initial information on nearby transmission points to UE, which may be used subsequently for coordinated data transmission to a UE [1]. 
In RAN1#68bis it was agreed to define a CoMP Resource Management (CRM) set as a set of CSI-RS resources, on which CSI-RSRP measurement may be configured [4-7].  Such CSI-RS based RSRP measurement combined with other measurements as configured by eNB, e.g. CRS based RRM measurement, UL SRS measurement etc., can be used to determine the CoMP Measurement Set and the target transmission points. 
In principle it has been agreed in previous meetings that Release 10 measurement signalling procedures, structures and terminologies can be extended to enable CSI-RS based RSRP measurement [2]. However, some details of such extensions are yet to be defined.   

RRM measurement procedures in LTE Release 10, distinguish objects based on frequencies and cells configured in those frequencies. The framework currently allows configuration of one measurement object per frequency in which one more configured cells may be measured in support of mobility and carrier aggregation. 
In principle this structure can simply be extended to independently define one or more CSI-RS resources, for a given frequency, on which CSI-RSRP measurements are to be made. As most companies indicated, such extensions should allow independent configuration of CRS based and CSI-RS based measurements using independent reporting events and triggers. 
Observation: Signalling design for CSI-RS based measurement and reporting configuration should not create dependencies with, or have impact on, mobility based measurements. 
Proposal 1: MeasObjectEUTRA should be extended to allow addition to and removal of CSI-RSs to CRM.
Since the UE is not expected to perform blind detection of CSI-RS, all CSI-RS to be measured by the UE should be explicitly signalled to the UE as part of CRM configuration signalling.  More specifically, new signalling structures csi-RS-ToAddModList  and csi-RS-ToRemoveList, similar to cellsToAddModList and cellsToRemoveList ,  can be defined and added to MeasObjectEUTRA to allow (re)configuration and addition of CSI-RS and removal of previously configured CSI-RSs within CRM.

Proposal 2: Add csi-RS-ToAddModList  and csi-RS-ToRemoveList structures to MeasObjectEUTRA to allow addition and removal of CSI-RSs to CRM, in a way similar to how cellsToAddModList and cellsToRemoveList are used in Release 10.
As agreed by most companies during email discussions, the CSI-RSs configured in CRM should be indexed to simplify subsequent signalling for reconfiguration and reporting. It should be noted that given CRM and CoMP Measurement Sets are independent from each other, the indexing of CSI-RS resources in CRM are primarily relevant to measurement configuration and reporting and not applicable to CoMP Measurement Set and feedback configuration.
Proposal 3: Each CSI-RS resource is assigned an index upon addition to CRM, as part of measurement object configuration in MeasObjectEUTRA, and the indexing is used for subsequent CSI-RSRP reports and CSI-RS removal from CRM. 

Of course, the CSI-RSs in the CRM may be reconfigured by removing the old and adding a new one or simply be added with new configuration under the same CSI-RS Index.

Based on RAN1 agreements, the views shared during email discussions and the above observations the following parameters are expected to be included as part of measurement object definition for each CSI-RS configured in CRM. 
· CSI-RS Index

· AntennaPortsCount, ENUMERATED {an1, an2, an4, an8} 
· ResourceConfig, INTEGER (0..31) 

· SubframeConfig,  INTEGER (0..154)
· Scrambling initialization parameter INTEGER (0..503)
· CSI-RS resource specific offsets 
Note: The range of some parameters mentioned here are subject to RAN1 changes and confirmation. For example the maximum number of CSI-RSs configured for measurement and number of antenna ports are yet to be finalized by RAN1/4.

Applying the same measurement principles used for cells in Release 10, one can argue that RRC signalling should allow CSI-RS based measurements configuration for any frequency regardless of number of cells configured in such frequency and their activation and deactivation status.

However UE measurement requirement for CSI-RS based RSRP measurement on CRM if/when configured on secondary carriers, may be different than those used for CRM on primary carrier. 
Based on email discussions there are different views on support of CRM configuration on a secondary carrier as it implies the combination of CA and CoMP operation for same UE. Such combination is possible especially in Hetnet deployments where macrocell may be used as PCell and picocell/RRH may be used as SCell for high data rate transmission potentially involving CoMP. Such scenarios may be considered to reduce mobility related signalling by keeping macrocell as PCell but use nearby RRHs, potentially with common cell IDs, for optimized data transmission. Although in principle combination CA and CoMP could be supported in the specification, such support should be confirmed by RAN1. 
Proposal 4: Support of CRM configuration on a secondary frequency in Release 11 need to be confirmed by RAN1. 

Proposal 5: RRC Signalling should be designed such that it can be easily extended to support CRM Configuration on secondary frequency. 

Proposal 6: If CRM on a secondary frequency is configured by the eNB, and if supported in Release 11, the UE should perform CSI-RSRP measurements regardless of the corresponding SCell activation/de-activation status.

3
Proposed Stage 3 Text Changes

Given the above requirements and observation the following updates to TS 36.331 is proposed.
Proposal 7: To add the following updates to TS 36.331.
...

5.5.2.5
Measurement object addition/ modification

The UE shall:

1>
for each measObjectId included in the received measObjectToAddModList:

2>
if an entry with the matching measObjectId exists in the measObjectList within the VarMeasConfig, for this entry:

3>
replace the entry with the value received for this measObject, except for the fields cellsToAddModList, blackCellsToAddModList, cellsToRemoveList, blackCellsToRemoveList, measSubframePatternConfigNeigh, csi-RS-ToAddModList and  csi-RS-ToRemoveList;

3>
if the received measObject includes the cellsToRemoveList:

4>
for each cellIndex included in the cellsToRemoveList:

5>
remove the entry with the matching cellIndex from the cellsToAddModList;

3>
if the received measObject includes the cellsToAddModList:

4>
for each cellIndex value included in the cellsToAddModList:

5> if an entry with the matching cellIndex exists in the cellsToAddModList:

6>
replace the entry with the value received for this cellIndex;
5> else:

6>
add a new entry for the received cellIndex to the cellsToAddModList;
3>
if the received measObject includes the csi-RS-ToRemoveList:

4>
for each csi-RS-Index included in the csi-RS-ToRemoveList:

5>
remove the entry with the matching csi-RSIndex from the csi-RS-ToAddModList;

3>
if the received measObject includes the csi-RS-ToAddModList:

4>
for each csi-RS-Index value included in the csi-RS-ToAddModList:

5> if an entry with the matching csi-RS-Index exists in the csi-RS-ToAddModList:

6>
replace the entry with the value received for this csi-RS-Index;

5> else:

6>
add a new entry for the received csi-RS-Index to the csi-RS-ToAddModList;
3>
if the received measObject includes the blackCellsToRemoveList:

4>
for each cellIndex included in the blackCellsToRemoveList:

5>
remove the entry with the matching cellIndex from the blackCellsToAddModList;

3>
if the received measObject includes the blackCellsToAddModList:

4>
for each cellIndex included in the blackCellsToAddModList:

5> if an entry with the matching cellIndex is included in the blackCellsToAddModList:

6>
replace the entry with the value received for this cellIndex;

5> else:

6> add a new entry for the received cellIndex to the blackCellsToAddModList;

3>
if the received measObject includes measSubframePatternConfigNeigh:

4>
set measSubframePatternConfigNeigh within the VarMeasConfig to the value of the received field

3>
for each measId associated with this measObjectId in the measIdList within the VarMeasConfig, if any:

4>
remove the measurement reporting entry for this measId from the VarMeasReportList, if included;

4>
stop the periodical reporting timer or timer T321, whichever one is running, and reset the associated information (e.g. timeToTrigger) for this measId;

2>
else:

3>
add a new entry for the received measObject to the measObjectList within VarMeasConfig;

6.3.4
Mobility control information elements

.....

CSI-RSl-IndexList

The IE CSI-RSIndexList concerns a list of CSI-RS indices, which may be used for different purposes.

CSI-RS-IndexList information element
-- ASN1START

CSI-RS-IndexList ::=




SEQUENCE (SIZE (1.. maxCSIMeas)) OF CSI-rs-Index
CSI-rs-Index ::=





INTEGER (1.. maxCSIMeas)

-- ASN1STOP

.....

6.3.5
Measurement information elements

....

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


-- CSI-RS list

csi-RS-ToRemoveList




CSI-RS-IndexList 


OPTIONAL,

-- Need ON


csi-RS-ToAddModList




CSI-RS-ToAddModList


OPTIONAL,

-- Need ON

...,

[[measCycleSCell-r10



MeasCycleSCell-r10

OPTIONAL,

-- Need ON



measSubframePatternConfigNeigh-r10
MeasSubframePatternConfigNeigh-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

}

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
CSI-RS-ToAddModList ::=



SEQUENCE (SIZE (1..maxCSIMeas)) OF CSI-RS-ToAddMod

CSI-RS-ToAddMod::=
SEQUENCE {


csi-RS-Index




INTEGER (1..maxCSIMeas),

antennaPortsCount-r10


ENUMERATED {an1, an2, an4, an8},

resourceConfig-r10



INTEGER (0..31),

subframeConfig-r10



INTEGER (0..154),

scramblingInitializationParameter INTEGER (0..503)

csi-RS-IndividualOffset


Q-OffsetRange

}

-- 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.

	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.

	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.

	csi-RSIndex

Entry index in the CSI-RS list. An entry may concern a range of CSI-RSs, in which case this value applies to the entire range.

	csi-RSIndividualOffset

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

	CSI-RS-ToAddModList

List of CSI-RSs to add/ modify in the cell list.

	CSI-RSToRemoveList

List of CSI-RSs to remove from the cell list.

	antennaPortsCount
Parameter represents the number of antenna ports used for transmission of CSI reference signals where an1 corresponds to 1, an2 to 2 antenna ports etc. see TS 36.211 [21, 6.10.5]. (FFS to be Confirmed by RAN1/4)

	resourceConfig
Parameter: CSI reference signal configuration, see TS 36.211 [21, table 6.10.5.2-1 and 6.10.5.2-2].

	subframeConfig
Parameter: 
[image: image1.wmf]RS
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, see TS 36.211 [21, table 6.10.5.3-1].

	scramblingInitializationParameter
Seed for unitization of CSI-RS modulation sequence


	Conditional presence
	Explanation

	measSubframe
	The field is mandatory present if measSubframePatternNeigh is configured.


...

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

-- ASN1START

maxBandComb-r10



INTEGER ::=
128
-- Maximum number of band combinations.

maxBands




INTEGER ::= 64
-- Maximum number of bands listed in EUTRA UE caps

maxBandwidthClass-r10

INTEGER ::=
16
-- Maximum number of supported CA BW classes per band

maxBandwidthCombSet-r10

INTEGER ::=
32
-- Maximum number of bandwidth combination sets per












-- supported band combination

maxCDMA-BandClass


INTEGER ::= 32
-- Maximum value of the CDMA band classes

maxCellBlack



INTEGER ::= 16
-- Maximum number of blacklisted physical cell identity












-- ranges listed in SIB type 4 and 5

maxCellInfoGERAN-r9 

INTEGER ::=
32
-- Maximum number of GERAN cells for which system in-












-- formation can be provided as redirection assistance

maxCellInfoUTRA-r9


INTEGER ::=
16
-- Maximum number of UTRA cells for which system












-- information can be provided as redirection












-- assistance

maxFreqUTRA-TDD-r10


INTEGER ::=
6
-- Maximum number of UTRA TDD carrier frequencies for












-- which system information can be provided as












-- redirection assistance

maxCellInter



INTEGER ::= 16
-- Maximum number of neighbouring inter-frequency












-- cells listed in SIB type 5

maxCellIntra



INTEGER ::= 16
-- Maximum number of neighbouring intra-frequency












-- cells listed in SIB type 4

maxCellListGERAN


INTEGER ::= 3
-- Maximum number of lists of GERAN cells

maxCellMeas




INTEGER ::= 32
-- Maximum number of entries in each of the












-- cell lists in a measurement object
maxCSIMeas




INTEGER ::= [8]
-- Maximum number of entries in each of the












-- CSI-RS lists in a measurement object

maxCellReport



INTEGER ::= 8
-- Maximum number of reported cells

maxDRB





INTEGER ::= 11
-- Maximum number of Data Radio Bearers

maxEARFCN




INTEGER ::= 65535
-- Maximum value of EUTRA carrier fequency

maxFreq





INTEGER ::= 8
-- Maximum number of carrier frequencies

maxGERAN-SI




INTEGER ::= 10
-- Maximum number of GERAN SI blocks that can be












-- provided as part of NACC information

maxGNFG





INTEGER ::= 16
-- Maximum number of GERAN neighbour freq groups

maxLogMeasReport-r10

INTEGER ::= 520
-- Maximum number of logged measurement entries












--  that can be reported by the UE in one message

maxMBSFN-Allocations

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












-- different offset

maxMBSFN-Area



INTEGER ::= 8

maxMBSFN-Area-1



INTEGER ::= 7

maxMeasId




INTEGER ::= 32

maxMultiBands



INTEGER ::= 8
-- Maximum number of additional frequency bands












-- that a cell belongs to

maxObjectId




INTEGER ::= 32

maxPageRec




INTEGER ::= 16
-- 

maxPhysCellIdRange-r9 

INTEGER ::= 4
-- Maximum number of physical cell identity ranges

maxPNOffset




INTEGER ::=
511
-- Maximum number of CDMA2000 PNOffsets

maxPMCH-PerMBSFN


INTEGER ::= 15

maxRAT-Capabilities


INTEGER ::= 8
-- Maximum number of interworking RATs (incl EUTRA)

maxReportConfigId


INTEGER ::= 32

maxRSTD-Freq-r10


INTEGER ::= 3
-- Maximum number of frequency layers for RSTD












-- measurement

maxSCell-r10



INTEGER ::= 4
-- Maximum number of SCells

maxServCell-r10



INTEGER ::= 5
-- Maximum number of Serving cells

maxServiceCount 


INTEGER ::= 16
-- Maximum number of MBMS services that can be included












--  in an MBMS counting request and response

maxServiceCount-1


INTEGER ::= 15

maxSessionPerPMCH


INTEGER ::= 29

maxSessionPerPMCH-1


INTEGER ::= 28

maxSIB





INTEGER ::= 32
-- Maximum number of SIBs

maxSIB-1




INTEGER ::= 31

maxSI-Message



INTEGER ::= 32
-- Maximum number of SI messages

maxSimultaneousBands-r10
INTEGER ::= 64
-- Maximum number of simultaneously aggregated bands

maxUTRA-FDD-Carrier


INTEGER ::= 16
-- Maximum number of UTRA FDD carrier frequencies

maxUTRA-TDD-Carrier


INTEGER ::= 16
-- Maximum number of UTRA TDD carrier frequencies

-- ASN1STOP

NOTE: The value of maxDRB align with SA2.

…
3
Conclusions

Based on recent agreements in RAN1 and RAN2 and views shared in email discussions, this contributions make some observations about how to extend the MeasObjectEUTRA to enable CSI-RS based RSRP measurement to support DL CoMP. As a result the following proposal are made to RAN2.
Observation: Signalling design for CSI-RS based measurement and reporting configuration should not create dependencies with, or have impact on, mobility based measurements. 

Proposal 1: MeasObjectEUTRA should be extended to allow addition to and removal of CSI-RSs to CRM.

Proposal 2: Add csi-RS-ToAddModList  and csi-RS-ToRemoveList structures to MeasObjectEUTRA, to allow addition and removal of CSI-RSs to CRM,  similar to how cell-ToAddModList and  cell-ToRemoveList are used in Release 10.
Proposal 3: Each CSI-RS resource is assigned an index upon addition to CRM, as part of measurement object configuration in MeasObjectEUTRA, and the indexing is used for subsequent CSI-RSRP reports and CSI-RS removal from CRM. 

Proposal 4: Support of CRM configuration on a secondary frequency in Release 11 need to be confirmed by RAN1. 

Proposal 5: RRC Signalling should be designed such that it can be easily extended to support CRM Configuration on secondary frequency. 

Proposal 6: If CRM on a secondary frequency is configured by the eNB, and if supported in Release 11, the UE should perform CSI-RSRP measurements regardless of the corresponding SCell activation/de-activation status.

Proposal 7: To add the updates suggested in Section 3 to TS 36.331.
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