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Introduction
At the RAN1 #58bis meeting it was decided that periodic CQI reporting for up to 5 DL component carriers (CCs) is supported with semi-static mapping on one UE specific UL component carrier. At the RAN1 #61bis it was further agreed that for periodic CQI/PMI/RI reporting for carrier aggregation (CA), at least configuration of different (in time) PUCCH resources for reports for each CC is supported.
In this document we consider further design details for periodic CQI/PMI/RI reporting for CA. 
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Periodic CSI Feedback for Multiple CCs
At the RAN1 #61bis it was agreed that for periodic CQI/PMI/RI reporting for carrier aggregation (CA), at least configuration of different (in time) PUCCH resources for reports for each CC is supported. This implies that depending on the report configurations, channel state information (CSI) corresponding to different CCs may or may not collide in time. We consider further details and possible procedures in particular addressing the case when CSI of different CCs collide in time. 
We believe it is beneficial for Rel-8/9 and Rel-10 to preserve implementation commonality for CSI reporting at least for the case of 2 CCs, as that would likely be the initial Rel-10 implementation. Hence we consider the following
· UE capable of aggregating up to 2 CCs: CSI reporting per CC should be configured such that there is no or minimal overlap of reporting instances (in time)

· Utilize Rel-8/9 Format 2, with payload size according to Rl-8/9

· Up to one CSI report per subframe

· If CSI reports of the CCs collide in time

· Report the PCC CSI and drop the other one
· UE capable of aggregating more than 2 CCs

· UE is configured in one of the following

· Single CC report at the time - Always utilize PUCCH Format 2 with one CSI report transmitted at the time (same rules apply as for the up to 2 CCs case, with the difference that more than one CC CSI report may be dropped at the time) 

· Multi-CC CSI report possible - Always utilize DFT-S-OFDM Format to accommodate more bits than the Format 2.

When DFT-S-OCFDM Format is utilized, if more than one CSI report, each corresponding to a different CC, is due at the same subframe, the reports are multiplexed according to specified rules up to the maximum payload size of the utilized format. For simplicity, multiplexing of the same type of feedbacks (i.e. RIs only and CQI/PMIs only) in a subframe could be assumed. Multiplexing of different feedback types in a subframe can also be done providing that the most stringent error requirement among the payload types is imposed. It can provide more flexibility and resource utilization than when only one type of feedback can be multiplexed in a subframe.
CCs could be ordered according to the RRC configuration, where PCC is always first on the list. Possible prioritization for the purpose of fitting into the max payload size could be done such that the top priority CC and CCs with the same reporting type as the top priority CC are prioritized according to the RRC configuration. For illustration, if the provided RRC configuration ordering is 1 – CC3: RI3, 2 - CC2: CQI2, 3 – CC1: CQI1, 4 – CC5: RI5, 5 – CC4: RI4, the order of the considered CSIs for reporting is RI3, RI5, RI4. Note that the ordering and CSI type are deterministic, so there is no ambiguity between eNB and UE. Multiplexing of different feedback types allows for CC prioritization according to the RRC configuration, regardless of the feedback type on each CC.
The SCI feedbacks are multiplexed (fitted) according to the prioritization list until all CC feedbacks that are due for reporting in a particular subframe are fitted, or the maximum payload size of the DFT-S-OFDM Format is reached. The leftover feedbacks are dropped. The maximum payload size depends on the feedback type (i.e. smaller for RI than CQI/PMI as the error requirements for RI are more stringent than for CQI/PMI). If different type feedbacks of the same CC collide, i.e. RI and wideband CQI/PMI or subband CQI, the Rel-8/9 rules are utilized such that the wideband CQI/PMI or subband CQI is dropped. The wideband CQI/PMI or subband CQI may not be dropped only if they can be fitted into the maximum payload size after the CSI reports of the CCs due for reporting are accounted. This can be done only assuming that different type reports can be multiplexed in a subframe.
The CSI feedback of the currently strongest configured DL carrier may also be included in every reporting instance. The benefit of the approach where the CSI of the currently best component carrier is provided in addition to the regular periodic reports is that the feedback overhead can implicitly be decreased because the frequency of CSI reporting may be decreased (due to the additional reporting of the best carrier CSI every reporting period). This is especially important in the cases where large number of carriers is configured as the expected CQI overhead (without compromising the delay in reporting) is linearly increased with the number of carriers. Whether or not the CSI report and index of the CC with the best channel quality may be added to the CSI reporting instances can be determined by the RRC configuration and if it can be fitted within the maximum payload size after payload for regular reporting due is provisioned. The best channel quality CC CSI report would utilize the feedback type defined for that CC.
Impact of CC activation/deactivation misalignment between UE and eNB needs to be taken into account for the CSI design. In case one CSI report is due at a subframe, UE would transmit the actual CSI only if the CC for which the CSI is intended is activated. There is no impact of CC activation/deactivation misalignment on other CC reports. If more than one CSI report is due at the same subframe, multiplexing of the CSI reports may be done according to the configured CCs. For the deactivated CCs, the actual CSI reports are not transmitted but the resources (bits) they would occupy if they were activated are filled with some nominal signal. With this approach there is no impact of CC activation/deactivation misalignment, but it is wasteful in terms of resources used. In an alternative approach to multiplex according to the activated CC, the deactivated CCs are skipped and there is no waste I resources for CSI reporting. However, misalignment of a CC activation/deactivation between UE and eNB has significant impact. Interpretation of the multiplexed CSI at the eNB side is erroneous if such CC report is included/excluded in the multiplexed report. Therefore, we prefer the first approach where the multiplexing of the CC CSIs is done based on the configured CCs. 
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Summary 
In this document we presented the CQI feedback mechanism for operation with multiple DL CCs.
Based on the paper discussion, we propose the following for periodic CSI reporting:

· . UE capable of aggregating up to 2 CCs: CSI reporting per CC should be configured such that there is none or minimal overlap of reporting instances (in time)

· For up to one CSI report per subframe, Rel-8/9 Format 2 is utilized with payload size according to Rel-8/9

· If CSI reports of the CCs collide in time, PCC CSI is reported and CSI of SCC is dropped

· UE capable of aggregating more than 2 CCs

· UE is configured in one of the following

· Single CC report at the time - Utilize PUCCH Format 2

· If multiple CSI reports collide in time, drop all reports but one 

· Multi-CC CSI report possible - Utilize DFT-S-OFDM Format.
· When DFT-S-OFDM Format is utilized, if CSI of more than one CC is due at the same subframe, the reports are multiplexed according to specified rules up to a maximum payload size

· Multiplexing of the same type feedbacks across CCs only or allowing multiplexing of different type feedbacks in a subframe is FFS
· CCs are ordered according to the RRC configuration, where PCC is always first on the list
· The CSI reports are multiplexed (fitted) according to the prioritization list until all CC reports that are due for reporting in a particular subframe are fitted, or a maximum payload size is reached. The leftover reports are dropped.

· The maximum payload size depends on the report type (i.e. smaller for RI than CQI/PMI as the error requirements for RI are more stringent than for CQI/PMI)

· If different type reports of the same CC collide, i.e. RI and wideband CQI/PMI or subband CQI, the Rel-8/9 rules are utilized such that the wideband CQI/PMI or subband CQI is dropped

· Multiplexing of the CC CSIs is done based on the configured CCs.
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