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1
Introduction
One of the key aspects of CoMP standardization is the control and signalling mechanisms needed for proper configuration of CoMP sets, the associated feedback parameters as well as their changes due to users’ mobility and traffic dynamics. 

During RAN2 #78bis issues related to configuration and management of CoMP Resource Management (CRM) set were discussed and several agreements were reached. However, following further RAN1 debates, the use of CRM and CSI-RS based RSRP measurements was not agreed to be part of Release 11 and it may be further considered as part of Release 12.  In addition RAN1 recently confirmed their working assumption of support for concurrent configuration of CoMP and CA, which needs to be considered in RRC signalling design and configuration. It should be noted that some details of concurrent CoMP and CA operation, for example whether to limit CoMP configuration to PCell, to one serving cell, or any configured serving cell per UE capability needs further discussions in RAN1 and RAN2.
Given timeline for closure of DL CoMP WI by November meetings, RAN2 is expected to address remaining signalling issues related to configuration of CoMP parameters, based on RAN1 agreements as captured in [2]. According to [2], the RRC parameters for downlink CoMP can be categorized into one of the following areas:

· Reference Signal configuration

· CSI-RS configuration (Zero and Non-Zero Power CSI-RSs)

· DMRS configuration

· Interference measurement resource configuration
· CSI process configuration

· Periodic/Aperiodic feedback configuration

Other parameters may also be considered such as antenna collocation and cell specific information. 

This contribution provides some observation on open issues and options to consider for DL CoMP signalling and makes few proposals at stage 3 level. 

2
Overall Signalling Process for DL CoMP Configuration
The overall process of CoMP signalling starts with configuration of relevant measurements to help eNB with determination of best TPs/CSI-RS resources and interference hypothesis for downlink transmissions, see Figure 1. 
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Figure 1: Key Steps in DL CoMP Signaling
The eNB’s decision may be based on UL measurement of SRS from target UE or using existing CRS based RSRP measurements. The use of CSI-RS based RSRP measurements has been removed from Release 11 and may be added in Release 12. Such addition does change the overall process and may simply provide eNB with additional measurement data to be used in determining the need for CoMP and set of TP’s to engage in CoMP. 
Based on all available information, eNB decides on the need to initiate DL CoMP and selects the best set of the Transmission Points (TPs)/CSI-RS resources to be used. The eNB indicate and signal such determination by configuring the set of non-zero power CSI-RSs to be considered for DL transmissions, or the so called CoMP Measurement Set, along with other parameters needed by UE to start the DL CoMP.  This step is shown in Figure 1 as CoMP Configuration which may be realized by introducing new IEs in RRCConnectionReconfiguration message, see Figure 2. 

Once UE receives the CoMP configuration related IEs in the RRCConnectionReconfiguration it starts reporting CSI-feedback and processing DL PDSCH according to configured parameters.  Based on UEs measurements and other factors, the eNB may, through dedicated RRC signalling, reconfigure CoMP parameters associated with CoMP measurement set, CQI feedback reporting or the CoMP scheme to be used, see Figure 2. In case of aperiodic feedback DCI signalling may be used, similar to CA, for dynamic changes to CSI feedback.
In the following some observations and suggestions are made on configuration of CSI process and CQI reporting for usage in DL CoMP, taking into account the possible combination with CA operation.
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Figure 2: Signalling Flows for DL CoMP
3
CSI Process Configuration
The  CSI Feedback configured for CoMP may be periodic or aperiodic and in either case the feedback configuration includes pairing/combining of non-zero power CSI-RSs with Interference Measurement Resources (IMRs) to be used for feedback calculations [2]. 
The eNB should be able to change the CoMP schemes on the fly and/or the use of periodic or aperiodic feedback or the selection of CSI-processes for which UE’s feedback is required based on the channel conditions, users mobility and other factors.  To simplify such changes it is helpful, as also indicated by several companies in email discussion [#79-34], to assign indexes for each configured non-zero power CSI-RS resource in CoMP measurement set, for each configured IMR and also for each configured CSI process, See Figure 3. 
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Figure 3.  Per CC, CSI Process Configuration, showing per Process or Per CC CQI Report Configuration 

Modular Configuration of CSI-RS Processes
Requirement 1: RRC signalling should allow flexible pairing of configured non-zero CSI-RSs and IMRs to form CSI-Processes and assign them CSIProcessIndexes, to be used in (re)configuration of periodic and/or aperiodic feedback.

Proposal 1: Assign unique indexes to non-zero power CSI-RSs, IMRs and CSI-Processes for each CC and use the same structure as SCell add/removal, i.e. define new yyy-ToAddModList-r11/yyy-ToRemoveList-r11 structures, for their respective additional and removal.

On Zero Power CSI-RS Configuration:

Requirement 2: There should be one zero power CSI-RS configured per CC for Release 11.
Proposal 2: The zeroTxPowerCSI-RS-r11 can be included in csi-RSConfig-r11 IE but separate from non-zero power csi-RS addition and removal structures. 

The following shows stage 3 realization of proposal 1 and 2 in TS36.331.

-- ASN1START

PhysicalConfigDedicated ::=

SEQUENCE {


pdsch-ConfigDedicated



PDSCH-ConfigDedicated


OPTIONAL,

-- Need ON


….


[[




csi-RS-Config-r11



CSI-RS-Config-r11 




OPTIONAL
-- Need ON

]]
}

csi-RS-Config-r11 ::=

SEQUENCE {



csi-RS-ToRemoveList-r11

CSI-RS-ToRemove-r11


OPTIONAL,
-- Need ON



csi-RS-ToAddModList-r11

CSI-RS-ToAddModList-r11

OPTIONAL
-- Need ON



zeroTxPowerCSI-RS-r11

CHOICE {



release





NULL,



setup





SEQUENCE {



zeroTxPowerResourceConfigList-r10
BIT STRING (SIZE (16)),



zeroTxPowerSubframeConfig-r10

INTEGER (0..154)




}



}













OPTIONAL


-- Need ON



imr-ToRemoveList-r11



IMR-ToRemove-r11



OPTIONAL,
-- Need ON



imr-ToAddModList-r11



IMR-ToAddModList-r11


OPTIONAL
-- Need ON



csi-Process-ToRemoveList-r11

CSI-Process-ToRemove-r11

OPTIONAL,
-- Need ON



csi-Process-ToAddModList-r11

CSI-Process-ToAddModList-r11
OPTIONAL
-- Need ON

}

nzpCSI-RS-Config-r11 ::=

SEQUENCE {


CSI-RS-Index-r11



CSI-RS-Index-r11,


antennaPortsCount-r10


ENUMERATED {an1, an2, an4, an8},


resourceConfig-r10



INTEGER (0..31),


subframeConfig-r10



INTEGER (0..154),


scramblingIdentity



INTEGER (0..503),


p-C-r10






INTEGER (-8..15)

}















OPTIONAL


-- Need ON

csi-RS-ToRemove-r11 ::=
SEQUENCE (SIZE (1..maxCSI-RS-r11)) OF CSI-RS-Index

csi-RS-ToAddModList-r11 ::=
SEQUENCE (SIZE (1..maxCSI-RS-r11)) OF nzp-CSI-RS-Config-r11

imr-ToRemove-r11 ::=

SEQUENCE (SIZE (1..maxIMR-r11)) OF IMR-Index

imr-ToAddModList-r11 ::=
SEQUENCE (SIZE (1..maxIMR-r11)) OF IMRConfig-r11

csi-Process-ToRemove-r11 ::=

SEQUENCE (SIZE (1..maxCSI-Process-r11)) OF CSI-Process-Index

csi-Process-ToAddModList-r11 ::=
SEQUENCE (SIZE (1..maxCSI-Process-r11)) OF CSI-ProcessConfig-r11

…

Note: The p-C-r10
may be moved from nzpCSI-RS-Config to CSIProcessConfig, if agreed in RAN1. 

If CoMP on SCell is supported the above structure can also be added for SCell configuration.
3
Conclusions

Following RAN2 emails discussions and based on information provided by RAN1 on DL CoMP parameters and signalling requirements the following proposals and corresponding stage 3 text changes are presented in the contribution which may be adopted if proposals are acceptable. 
Proposal 1: Assign unique indexes to non-zero power CSI-RSs, IMRs and CSI-Processes for each CC and use the same structure as SCell add/removal, i.e. define new yyy-ToAddModList-r11/yyy-ToRemoveList-r11 structures, for their respective additional and removal.

Proposal 2: The zeroTxPowerCSI-RS-r11 can be included in csi-RSConfig-r11 IE but separate from non-zero power csi-RS addition and removal structures. 
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