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1 Introduction
In 3GPP RAN #53 meeting, the CoMP work item was agreed for Release 11 [1]. The following are some of the issues agreed for Release 11 CoMP:
· Specify the support of intra- and inter-cell CoMP for homogenous and heterogeneous configurations studied in the CoMP study item. 

· The work for specifying CoMP support in Rel-11 should focus on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking
In view of the agreement, RAN1 initiated work on the physical layer specification of CoMP for Release 11. Based on the outcome of the RAN1’s work, this document summarizes the RRC parameters that need to be defined in support of downlink and uplink CoMP in Release 11. 

2 RRC Parameters for Downlink CoMP

The RRC parameters for downlink CoMP can be categorized into one of the following areas:

· Reference Signal configuration

· CSI-RS configuration

· DMRS configuration

· CSI 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 CSI-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-RSs. The number of non-zero power CSI-RSs in the CoMP measurement set can either be explicitly notified using RRC signalling as in Table 1 or implicitly determined by the UE from the configuration of non-zero power CSI-RSs. Whether to use the explicit or implicit method is up to RAN2.

Table 1. Size of CoMP measurement set.

	Measurement-CSI-RS-Size
	Number of non-zero power CSI-RSs in the CoMP measurement set.

Current working assumption is that the size is not larger than 3.


Depending on the size of the CoMP measurement set, one or more non-zero power CSI-RSs need to be configured. 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.
Table 2. Configuration for each non-zero power CSI-RS in CoMP measurement set.

	Measurement-CSI-RS-Config
	antennaPortsCount
	Number of antenna ports used for transmission of CSI-RS.

	
	ResourceConfig 
	CSI-RS configuration.

	
	SubframeConfig
	
[image: image1.wmf]RS

CSI

-

I

.

	
	Pc
	UE assumed ratio of PDSCH EPRE to CSI-RS EPRE.

FFS: Whether Pc can also be configured per CSI-RS port.
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	Virtual Cell ID for CSI-RS scrambling initial state in the range of [0, 503].

FFS: Whether value of X can also be configured per CSI-RS port.


For CSI-RSRP measurement, the UE again needs to be configured with multiple non-zero power CSI-RSs. The number of non-zero power CSI-RSs in the CoMP resource management set can either be explicitly notified using RRC signalling as in Table 3 or implicitly determined by the UE from the configuration of non-zero power CSI-RSs. Whether to use the explicit or implicit method is up to RAN2.

Table 3. Size of CoMP resource management set.

	Management-CSI-RS-Size
	Number of non-zero power CSI-RSs in the CoMP management set.

FFS: The maximum size of CoMP resource management set.


Depending on the size of the CoMP resource management set, one or more non-zero power CSI-RSs need to be configured. For each non-zero power CSI-RS included in the CoMP resource management set, the following set of information would be conveyed to the UE using RRC signalling. It is FFS whether additional information should be given to the UE with respect to the transmission power or power boosting of CSI-RS in order to improve the UE’s comparison of CSI-RSRP measurements.
Table 4. Configuration for each non-zero power CSI-RS in CoMP resource management set.

	Management-CSI-RS-Config
	antennaPortsCount
	Number of antenna ports used for transmission of CSI-RS.

	
	ResourceConfig 
	CSI-RS configuration.

	
	SubframeConfig
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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. According to the agreed working assumption with regards to DMRS, the candidate virtual Cell ID values for the DMRS scrambling initial state needs to be configured using RRC signalling.

Table 5. DMRS configuration.

	DMRS-Config
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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.

	
	△ns(0)
	FFS: Delta value of the slot number with reference to the slot number of serving cell in the range of [-8, 10]. Used for determining DMRS scrambling initial state when switching between 2 cells with different subframe offsets. Dynamically indicated by nSCID=0 for rank 1 or 2.

	
	△ns(1)
	FFS: Delta value of the slot number with reference to the slot number of serving cell in the range of [-8, 10]. Used for determining DMRS scrambling initial state when switching between 2 cells with different subframe offsets. Dynamically indicated by nSCID=1 for rank 1 or 2.


2.2 CSI Configuration
In terms of feedback, it was agreed that at least per-CSI-RS resource feedback would be supported for downlink CoMP. Therefore, multiple feedback configurations need to be support for a CoMP UE. It was agreed that a R11 UE can be configured to report one or more CSI processes per CC. Each CSI process is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: One Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS
Table 6. Interference Measurement Resource (IMR) configuration.

	IMR-Config
	RRC signalling to indicate for which CSI-RS configuration the UE should measure interference when generating CQI reports.
FFS: Whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources.

FFS: Whether an IMR can have finer granularity than 4 REs/PRB.
FFS: Whether one or two NZP CSI-RSs can be configured for interference calculation in the interference part of the CSI processes.


For each CSI process, RRC configurable information associating a non-zero power CSI-RS configuration in the CoMP measurement set and an IMR configuration would be required.

2.3 Aperiodic Feedback Trigger
It was agreed that in case of a single CC configuration where multiple CSIs are configured for CoMP, 2 bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CoMP feedback. It was further agreed that candidate CSI reports are configured by RRC.

Table 7. Aperiodic feedback trigger configuration.

	CSI-ReportAperiodic
	RRC signalling to configure aperiodic CSI reports. Other MAC signalling related to aperiodic CSI reporting is not precluded.
1-bit CSI request remains in format 0 in the case of CSS.
Multiple CSI feedbacks could be multiplexed within one report instance.


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

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

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.
3 RRC Parameters for Uplink CoMP
The RRC parameters for uplink CoMP can be categorized into one of the following areas:

· Reference Signal configuration

· PUSCH DMRS configuration

· SRS configuration

· UL PC configuration

· PUCCH configuration

· Timing advance configuration
The following subsections discuss each of the areas listed above. Note that all the parameters for uplink CoMP proposed in the following subsections are to be conveyed using UE-specific signalling.

3.1 Reference Signal Configuration
In terms of reference signals, a UE needs to be configured with parameters necessary to generate PUSCH DMRS and SRS. 

3.1.1 PUSCH DMRS Configuration

For PUSCH CoMP operations, it was agreed that a UE can generate PUSCH DMRS according to a single UE-specific parameter set. According to the agreed working assumption with regards to PUSCH DMRS, the following set of information would be conveyed to the UE using RRC signalling. 

Table 8. PUSCH DMRS configuration.

	PUSCH-DMRS-Config
	NIDRS or NIDPUSCH
	A virtual cell ID used for initialization of group hopping, sequence hopping and sequence shift pattern of PUSCH DMRS in the range of [0, 509].
When a UE is in RRC_connected, for RACH msg 3 the UE should use Rel-10 mechanism for DMRS generation.
FFS: relationship with virtual cell ID of PUCCH. Use NIDPUSCH if virtual cell ID configuration is independent of PUCCH.

	
	NIDcsh-DMRS
	A virtual cell ID for initialization of cyclic shift hopping of PUSCH DMRS in the range of [0, 509].


Note that in Release 10, such parameters were not needed since the PUSCH DMRS sequence is implicitly determined based on the serving cell’s physical cell ID and cell specific parameter 
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3.1.2 SRS Configuration

For SRS, no agreement has been reached.

3.2 UL PC Configuration
For UL PC, no agreement has been reached.

3.3 PUCCH Configuration
For PUCCH CoMP operations, it was agreed that a UE can support the generation of a PUCCH base sequence and a cyclic shift hopping by replacing the physical cell ID with a UE-specifically configured parameter X. According to the agreed working assumption with regards to PUCCH, the following set of information would be conveyed to the UE using RRC signalling. 

Table 9. PUCCH DMRS configuration.

	PUCCH-Config
	NIDRS or NIDPUCCH
	A virtual cell ID used for initialization of base sequence and cyclic shift hopping of PUCCH.

FFS: The range of the virtual cell ID. 

FFS: relationship with virtual cell ID of PUSCH. Use NIDPUCCH if virtual cell ID configuration is independent of PUSCH.


Note that in Release 10, such parameters were not needed since the PUCCH sequence is implicitly determined based on the serving cell’s Cell ID.

3.4 Timing Advance Configuration
For UL timing advance, no agreement has been reached.

4 Conclusions
This contribution summarizes the RRC parameters that need to be defined in support of downlink and uplink CoMP in Release 11. Although much progress has been made, a number of major technical issues in both the downlink and uplink are still open and need more discussion to complete the RRC signalling design.
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