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1 Introduction
This document summarizes the RRC parameters that need to be defined in support of downlink CoMP in Release 11 based on the agreements and working assumptions made until RAN1#70bis.
2 RRC Parameters for Downlink CoMP
In order to support CoMP, it was agreed that a new transmission mode (TM10) will be introduced for Rel-11. Therefore, the current RRC signalling for indication of the transmission mode would need to be extended to include the newly introduced TM10. Additional details on the specifics of TM10 will be further discussed in RAN1#70bis.
The RRC parameters for downlink CoMP can be categorized into one of the following areas:
· Reference Signal configuration
· CSI-RS configuration

· DMRS configuration

· CSI process configuration

· Periodic/Aperiodic feedback configuration

· Interference measurement resource configuration
The following subsections discuss each of the areas listed above. Note that all the parameters for downlink CoMP proposed in the following subsections are to be conveyed using UE-specific signalling.
2.1 Reference Signal Configuration
In terms of reference signals, a UE needs to be configured with parameters necessary for measuring the CSI and performing demodulation. The parameters for receiving CSI-RS(s) need to be defined for UE’s CSI measurement and RSRP measurement. Additionally, the parameters for receiving DMRS need to be defined for UE’s channel estimation when receiving PDSCH.

2.1.1 CSI-RS Configuration

For CSI measurement, the UE needs to be configured with multiple non-zero power CSI-RS resources. The set of non-zero power CSI-RS resources measured by the UE for the purpose of CSI measurement is referred to as the CoMP measurement set. Note that the terminology ‘CoMP measurement set’ is used only for technical discussions in RAN1 and does not necessarily need to be included in the specification. The maximum number of non-zero power CSI-RS resources in the CoMP measurement set for each UE is 3 in case of single carrier operation. The non-zero power CSI-RS resources in the CoMP measurement set is explicitly configured by UE-specific RRC signalling. For each non-zero power CSI-RS included in the CoMP measurement set, the following set of information would be conveyed to the UE using RRC signalling. Whether and how to add numerical identifications to non-zero power CSI-RS resources is up to RAN2.
Table 1. Configuration for each non-zero power CSI-RS in CoMP measurement set.

	Non-zero-power-CSI-RS-resource-index
	Non-zero power CSI-RS index

	antennaPortsCount
	Number of antenna ports used for transmission of CSI-RS (1, 2, 4, or 8).

	ResourceConfig 
	CSI-RS configuration as defined in table 6.10.5.2-1 and 6.10.5.2-2 of TS 36.211.

	SubframeConfig
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 as defined in table 6.10.5.3-1 of TS 36.211.
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	Virtual Cell ID for CSI-RS scrambling initial state in the range of [0, 503].


2.1.2 DMRS Configuration

For channel estimation when receiving PDSCH, the UE needs to be configured with the necessary parameters in receiving the DMRS. The candidate virtual Cell ID values for the DMRS scrambling initial state needs to be configured using UE-specific RRC signalling.
Table 2. DMRS configuration.
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	Virtual Cell ID for DMRS scrambling initial state in the range of [0, 503] dynamically indicated by nSCID=0 for rank 1 or 2.
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	Virtual Cell ID for DMRS scrambling initial state in the range of [0, 503] dynamically indicated by nSCID=1 for rank 1 or 2.
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 by default unless configured otherwise by UE-specific RRC signaling. 

2.2 CSI Process Configuration
In terms of feedback, it was agreed that a Rel-11 UE can be configured to report for one or more CSI processes per component carrier. RAN1#70bis meeting confirmed the working assumption that combination of CoMP and CA would be supported by the Rel-11 specification. Each CSI process is configured by the association of

· Channel part: one non-zero power CSI-RS resource in CoMP Measurement Set

· Interference part: one Interference Measurement Resource (CSI-IM) which occupies 4 REs that can be configured as a single zero power CSI-RS configuration
Each CSI process configuration would require the following set of information to be conveyed to a UE using UE-specific RRC signalling.

Table 3. CSI process configuration.

	CSI-Process-Index
	CSI process index.

The indexing of CSI process is that each CSI process is configured with an index within a given component carrier

	Non-Zero-Power-CSI-RS-Resource-Index
	An index for indicating one non-zero power CSI-RS resource in CoMP Measurement Set.

	CSI-IM-Index
	An index for indicating one CSI-IM which occupies 4 REs that can be configured as a zero power CSI-RS configuration.

	Subframe_sets
	Indication whether or not to apply subframe sets

	PC
	UE assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback.
Value in the range in the range of [-8, 15] dB with 1 dB step size.
Note: when subframe_sets are configured, Pc is configured independently for each subframe set

	Reference-RI-CSI-Process-Index
	An index for indicating a reference CSI process from which RI of the CSI process inherits RI value in the same subframe

Note 1: The CSI process inheriting the RI value must be configured for the same CC as the RI-reference-process.
Note 2: The RI computation for a CSI process without a reference CSI process is derived solely based on the CSI process.

Note 3: reference CSI process is agreed for apreiodic feedback. For periodic feedback, it is still FFS.


A CSI process on a component carrier with two subframe subsets is configured with two PC’s.

Indexing of CSI process is that each CSI process is configured with an index within a given component carrier. For each CSI process, RRC configurable information associating a non-zero power CSI-RS configuration in the CoMP measurement set and a CSI-IM configuration would be required. The maximum number of CSI processes per UE is 1, 3, or 4 in case of single carrier operation, dependent on the UE’s capability.
CSI-IM is introduced in Rel-11 as a set of REs used for UE’s downlink interference measurement. Each CSI-IM is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs.
· All the CSI-IMs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration.
It was agreed in RAN1#70bis meeting to include in the specification, and inform RAN2, that the UE is not expected to receive (or the higher layer signaling does not allow the UE to receive) an IMR configuration which is not covered by one (or more – FFS) ZP-CSI-RS configuration for the UE.
Therefore, each CSI-IM configuration would require the following set of information to be conveyed to the UE using UE-specific RRC signalling.

Table 4. Interference Measurement Resource (CSI-IM) configuration.
	CSI-IM-index
	CSI-IM index

	ResourceConfig 
	CSI reference signal configuration as defined in table 6.10.5.2-1 and 6.10.5.2-2 of TS 36.211 for 4 REs.

	SubframeConfig
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 as defined in table 6.10.5.3-1 of TS 36.211.


The maximum number of CSI-IMs that can be configured per UE is 3 in case of single carrier operation.
In order to support CoMP and eICIC, the following were agreed on the configuration of subframe sets in conjunction with multiple CSI processes:

· Subframe sets can be configured or not configured independently for different CSI processes on a component carrier.
· If subframe sets are configured for more than one CSI process on a component carrier, all CSI processes that have subframe sets configured shall use the same pair of subframe sets.
 (Note that this does not imply that subframe sets can be configured on SCells)
2.2.1 Reference CSI Process Configuration

In order to provide the network with flexible control of the CSI reports, it was agreed to adopt the concept of reference CSI process for aperiodic CSI reports in Release 11. When a RI-reference-process is configured for a CSI process, RI of the CSI process inherits its value from the RI reported in the same subframe of the RI-reference-process. The CSI process inheriting the RI value must be configured for the same CC as the RI-reference-process. Whether to adopt the concept of reference CSI process for periodic CSI reports is FFS.
2.3 Aperiodic Feedback Trigger Configuration
It was agreed that in case of a single CC configuration where multiple CSI processes are configured for CoMP, 2-bit CSI request field will be used in DCI format 0 in case of UE specific search space and DCI format 4 for triggering of aperiodic CoMP CSI feedback. 1-bit CSI request is used in DCI format 0 in the case of common search space. It was further agreed that candidate CSI reports are configured by RRC. The four code points of the 2-bit CSI request field are defined as follows.
The four code points of the 2-bit CSI request field are defined as follows.
· 00: No aperiodic CSI is triggered.

· 01: A report is triggered for a set of CSI process(es) configured by higher layers for serving cell c.
· 10: A report is triggered for a first set of CSI process(es) configured by higher layers. Each CSI process is identified by a CSI process index and a serving cell index.
· 11: A report is triggered for a second set of CSI process(es) configured by higher layers. Each CSI process is identified by a CSI process index and a serving cell index.
For the case where 1-bit CSI request field is used to trigger the aperiodic feedback, the working assumption is that the 1-bit CSI request field is used to trigger the same CSI process(es) as that of codepoint ‘01’ of the 2-bit request field.
2.4 Downlink Control Signalling for CoMP
It was agreed that the specification would provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur. Additionally, it was agreed that the specification would provide signalling to indicate the quasi-colocation assumption on DMRS. Up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters can be configured using RRC signalling and indicated by DCI format 2D. Each set that can be signalled in DCI format 2D for TM10 corresponds to a higher-layer list of the parameters listed in Table 5.
Table 5. Set of PDSCH RE mapping and quasi-co-location parameters indicated by each code point in DCI format 2D.

	nCRS
	Number of CRS ports.

Integer value of either 1, 2, 4, and a reserved value that has no Rel-11 UE behavior attached to it.

Default value in case RAN2 decides to specify: the number of CRS ports of the serving cell

	vshift
	Position in the frequency domain for CRS.

Integer value in the range of [0,5].

Default value in case RAN2 decides to specify: position in the frequency domain for the CRS of the serving cell

	MBSFN subframe configuration
	MBSFN subframe configuration
Default value in case RAN2 decides to specify: the MBSFN configuration of the serving cell

	PDSCH-Start-Sym
	PDSCH starting symbol.
One value in the set {0 or reserved value (FFS),1,2,3,4 (4 is applicable only for system BW of <=10PRBs), value indicated by PCFICH of serving cell in case of non-cross-carrier scheduling or higher-layer configured value in case of cross-carrier scheduling}.
Default value in case RAN2 decides to specify: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

	zeroTxPowerCSI-RS
	A ZP CSI-RS configuration assumed by the UE for PDSCH rate matching and RE mapping, which is determined by a zeroTxPowerResourceConfigList and a zeroTxPowerSubframeConfig.
Default value in case RAN2 decides to specify: the ZP CSI-RS configuration which the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

	QuasiCoLocation-Index
	One non-zero power CSI-RS resource index for indication of quasi-colocation assumption on DMRS.

Discuss in RAN2 whether or not a default value should be specified.


Default values in Table 5 are suggested in case RAN2 decides to specify default values. 

In a given subframe, when scheduled by DCI Format 2D in TM10, one of the configured sets of PDSCH RE mapping parameters (except possibly in the case marked * below) is indicated by DCI and applied for PDSCH rate matching. It is FFS whether:

· all configured ZP CSI-RS configurations must cover the configured IMRs for a UE, or

· *: if in a given subframe the configured IMR is not covered by the applicable ZP CSI-RS resource, 

· the PDSCH rate matching is performed according to one or more ZP-CSI-RS resource(s) and/or the IMR
Additionally, one zero power CSI-RS configuration is identified among multiple zero power CSI-RS configurations by higher layer signalling as the zero power CSI-RS configuration that the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10. If only one ZP CSI-RS configuration is configured for the UE, it is assumed by the UE for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10.
It was further agreed that if the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell. Note that additional RRC signalling might be needed in TM10 to control the quasi-co-location behavior; RAN1 needs to study further until RAN1#71 to make this decision.
3 Conclusions
This document would need to be further revised taking into account the decisions which will be made in RAN1 #71 meeting.
_1402116847.unknown

_1406693580.unknown

_1402116452.unknown

_1402116459.unknown

_1398150946.unknown

