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1. Introduction

In this contribution we provide our views on the remaining issues of aperiodic CSI feedback for DL CoMP and on details of PDSCH RE mapping.
2. Signaling details of aperiodic CoMP CSI report
2.1. CoMP CSI trigger definition

In LTE Rel-8 and Rel-9, aperiodic reporting is triggered by using 1-bit CSI request field in Downlink Control Information (DCI) Format 0. For LTE-A Rel-10 system with Carrier Aggregation, CSI request field was extended to 2-bits to accommodate CSI feedback triggering on multiple component carriers. Since LTE-A can support up to 5 component carriers, RRC signalling is used to configure two sets, which correspond to CSI triggers states ‘10’ and ‘11’ of DCI Formats 0 and 4 to have more flexibility on CSI reporting for carrier aggregation. The CSI trigger state ‘01’ may trigger CSI report on the component carrier on which DCI was sent. The above aperiodic triggering procedure is flexible enough to support aperiodic CSI feedback on multiple component carriers. However, the above principles are not directly applicable in Rel-11 for DL CoMP, where each component carrier may be configured with multiple CoMP CSI processes (CSI reports) within a component carrier. It therefore needed to extend or re-define the existing aperiodic CSI triggering aspects to accommodate multiple CSI reporting for CoMP schemes.
A straightforward extension of Rel-10 aperiodic CSI reporting triggering procedure could be association of multiple CoMP CSI processes over multiple component carriers to two CSI sets via RRC signaling, e.g. by using a Rel-10 bitmap approach. In this case, similarly to LTE-A CA, a DCI-based CSI report set triggering can be defined as shown in Table 1.
Table 1: CSI triggers for multiple CSI processes sets
	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for all CSI processes of serving cell ‘c’

	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI processes configured by higher-layers


The meaning of CSI request field ‘01’ should be also updated to accommodate CSI reporting for all CSI processes configured on the serving cell ‘c’. Note that in the case of common search space, CSI request field is 1-bit and triggers CSI reports for all CSI processes of the serving cell ‘c’.
Proposal: 
· CoMP CSI processes (across component carriers in case of CA) are grouped into two sets by using two trigger bitmaps signalled via RRC layer. Each CSI processes set is triggered for CSI reporting via 2-bits DCI signalling as shown in Table 1.
To form CSI sets two CSI triggers should be defined. As discussed above the first trigger corresponds to the CSI request field ‘10’ and the second trigger corresponds to the CSI request field ‘11’. The leftmost bit corresponds to the CSI process with lowest CSI process index of the serving cell with lowest cell index. Bit 
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, where N is the maximum number of CSI processes that can be configured for one CC. Each bit has either value 0 (means no aperiodic CSI report is triggered) or value 1 (means the aperiodic CSI report is triggered). At most M bits can be set to value 1 in the bit string, where the exact values of M and N should be decided considering UE complexity.
Proposal: 

· Bit 
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, where N is the maximum number of CSI processes that can be configured for one CC.
2.2. Multiplexing of multiple CSI reports
In Rel-10, a CSI report for multiple component carriers is the result of concatenating the CQI/PMI and RI reports for each component carrier in increasing order of cell index. The same principle can be applied in Rel-11, where CQI/PMI and RI reports corresponding to multiple CSI processes can be concatenated in the increasing order of CSI process index. If CoMP and CA are supported simultaneously, CSI concatenation procedure can be generalized by applying concatenation in increasing order of CSI process index within a component carrier cell, followed by CSI reports grouping in increasing order of Cell index.
Proposal:

· CSI reports should be concatenated in increasing order of CSI Process index, followed by CSI reports grouping in increasing order of Cell index.
As discussed in [2] the CSI reports may be shared across multiple CSI processes for some CoMP schemes. In this case CSI dropping should be supported in order to reduce CSI feedback overhead. For example for shared RI report, there seems to be not significant impact on eNB decoding flow from RI drop, as in some CA scenarios RI may not be reported for all configured CCs.
Proposal:
· RI and UE-selected sub-bands CSI components re-use from one CSI process to another should be supported. The re-used RI should not be included in the CSI report. 

2.3. Channel coding for multiple CSI reports
In LTE, the channel coding scheme for aperiodic CSI reports transmission depends on the CSI report size. For example for CQI/PMI reporting the block coding or tail-biting convolution coding with 8-bits CRC may be used for CSI reports transmission depending on the total CSI feedback payload size. With CoMP and CA operation in Rel-11 it is possible that total CSI report size will further increase comparing to Rel-10, which therefore requires consideration of turbo coding scheme and 16-bits CRC for CQI/PMI report encoding.
Proposal:
· Support of CTC encoding and 16-bits CRC for CoMP and CA CQI/PMI reporting should be investigated.
2.4. Configuration of CSI process

As agreed at RAN1#70 meeting, CSI process comprises combination of one NZP CSI-RS and one IMR. To facilitate CSI dependencies between CSI process additional RRC configuration parameters should be considered. More specifically the reference CSI (RI and/or preferred sub-band) along with reference CSI process may be optionally configured for the CSI process. As different CSI processes may use different NZP CSI-RS antenna ports, codebookSubsetRestriction parameter should be also defined. Alternatively codebookSubsetRestriction may be configured for each NZP CSI-RS resource. 

Proposal:
· CSI process definition in addition to NZP CSI-RS and IMR indexes should include:

· codebookSubsetRestriction bitmap parameter
· optional reference CSI process and reference CSI

3. Signaling details of PDSCH RE mapping

3.1. RRC signaling of PDSCH RE mapping

The issue of PDSCH RE mapping for DL CoMP was discussed at RAN1#70 meeting. No agreement on support of the specific PDSCH RE mapping scheme for JT CoMP was agreed. Therefore we propose to limit PDSCH RE mapping to Rel-10 single-cell rate matching patterns. 
Proposal:
· Signalling of PDSCH RE mapping should be limited to Rel-10 single-cell rate matching patterns.
Assuming the proposal above the following information should be signalled to the UE:
PDSCH-Config::


antennaPortsCount
ENUMERATED {an1, an2, an4, spare1}


antennaPortsShift
ENUMERATED INTEGER 0…5

PDSCH-StartingSymbol
ENUMERATED {L1, L2, L3, L4}

MBSFN-SubframeConfig



NZP-CSI-RS-ID (or CSI-Process-ID)
The number of CRS antenna ports (antennaPortsCount) and CRS frequency shift (antennaPortsShift) can be jointly encoded as shown in Table 1 to save 1 bit in RRC signalling. 
Table 2. Joint coding of CRs antenna ports and CRS frequency shifs

	CRS Config.
	Number of CRS ant. ports
	CRS frequency shift

	0
	4
	2

	1
	4
	1

	2
	4
	0

	3
	2
	2

	4
	2
	1

	5
	2
	0

	6
	1
	5

	7
	1
	4

	8
	1
	3

	…
	…
	…

	11
	1
	0


Potentially MBSFN subframe signalling may be included as a special configuration antennaPortsCount with zero antenna ports. However considering CoMP operation in conjunction with semi-persistent scheduling (where UE may receive PDSCH without PDCCH), the explicit signalling of MBSFN subframe pattern is more desirable. Also MBSFN subframe indication by means of zero CRS antenna ports doubles the number of states that needs to be supported in DCI for co-location signalling with NZP CSI-RS resource. More specifically, considering that co-location signalling with NZP CSI-RS is needed for both MBSFN and non MBSFN subframes, each NZP CSI-RS resource should be associated with two instances of CRS antenna ports: zero (for MBSFN subframes) and non zero (for non MBSFN subframes). Considering the maximum size of CoMP measurement set of 3, 6 states in total (or 3 bits in DCI) would be needed, instead of 3 states (or 2 bits in DCI) .
Proposal:
· MBSFN signalling with zero CRS antenna ports is not desirable as it doubles the number of states that needs to be supported in DCI for PDSCH RE mapping and co-location signalling with NZP CSI-RS resource.

· RRC signalling of PDSCH RE mapping includes:
PDSCH-Config::
PDSCH-Mapping-ID
INTEGER 0…2
antennaPortsCount
ENUMERATED {an1, an2, an4, spare1}

antennaPortsShift
INTEGER 0…5
PDSCH-StartingSymbol
ENUMERATED {L1, L2, L3, L4}
MBSFN-SubframeConfig


NZP-CSI-RS-ID (or CSI-Process-ID)

· The parameters antennaPortsCount and antennaPortsShift may be jointly encoded to save 1 bit in RRC signalling.
3.2. DCI signaling of PDSCH RE mapping

Regarding DCI signalling for PDSCH RE mapping and NZP CSI-RS co-location, the following options may be considered. If CoMP operation is limited to one CC (e.g. on Primary Cell) the PDSCH RE mapping signalling may reuse the 3 unused states of CIF field to indicate PDSCH RE mapping and co-located NZP CSI-RS resource of the CC; otherwise two additional bits should be allocated in DCI USS for CoMP PDSCH RE mapping in addition to CIF of CA.
Proposal:

· To indicate PDSCH RE mapping pattern and co-located NZP CSI-RS resource, 2 bits should be allocated in DCI for USS. If CoMP operation is limited to one CC (e.g. to Primary Cell) and UE is configured in cross-carrier scheduling, the PDSCH RE mapping signalling may reuse the 3 unused states of CIF field to indicate PDSCH RE mapping and co-located NZP CSI-RS resource of CC on which CoMP is configured.
4. Summary and conclusions

In this contribution we have provided our views on the aperiodic CSI feedback aspect and PDSCH REs mapping. 
Regarding aperiodic CSI reporting the following proposals were made:
· CoMP CSI processes (across component carriers in case of CA) are grouped into two sets by using 2 trigger bitmaps signalled by RRC layer. Each CSI processes set is triggered for CSI reporting via 2-bits USS DCI signalling as shown in table below
Table: CSI triggers for multiple CSI processes sets

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for all CSI processes of serving cell ‘c’

	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI processes configured by higher-layers


· In the case of CSS, CSI request field is 1-bit and triggers CSI reports for all CSI processes of the serving cell ‘c’.  
· Bit 
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, where N is the maximum number of CSI processes that can be configured for one CC.
· CSI reports should be concatenated in increasing order of CSI process index, followed by CSI reports grouping in increasing order of Cell index.
· RI and UE-selected sub-bands CSI components re-use from one CSI process to another should be supported. The re-used RI should not be included in the concatenated CSI report. 

· Support of CTC encoding and 16-bits CRC for CoMP and CA CQI/PMI reporting should be investigated.
· CSI process definition in addition to NZP CSI-RS and IMR indexes should include:

· codebookSubsetRestriction bitmap parameter
· optional reference CSI process and reference CSI
Regarding PDSCH RE mapping the following proposals were made:

· Signalling of PDSCH RE mapping should be limited to Rel-10 single-cell rate matching patterns.

· MBSFN signalling with zero CRS antenna ports is not desirable as it doubles the number of states that needs to be supported in DCI for PDSCH RE mapping and co-location signalling with NZP CSI-RS resource.

· RRC signalling of PDSCH RE mapping includes:

PDSCH-Config::

PDSCH-Mapping-ID
INTEGER 0…2

antennaPortsCount
ENUMERATED {an1, an2, an4, spare1}

antennaPortsShift
INTEGER 0…5
PDSCH-StartingSymbol
ENUMERATED {L1, L2, L3, L4}
MBSFN-SubframeConfig


NZP-CSI-RS-ID (or CSI-Process-ID)

· The parameters antennaPortsCount and antennaPortsShift may be jointly encoded to save 1 bit in RRC signalling.

· To indicate PDSCH RE mapping pattern and co-located NZP CSI-RS resource, 2 bits should be allocated in DCI for USS. If CoMP operation is limited to one CC (e.g. to Primary Cell) and UE is configured in cross-carrier scheduling, the PDSCH RE mapping signalling may reuse the 3 unused states of CIF field to indicate PDSCH RE mapping and co-located NZP CSI-RS resource of CC on which CoMP is configured.
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