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1 Introduction

In contribution we discuss periodic CSI reporting for CA. This contribution is a resubmission that follows on ‎[1] from RAN1 #63. In RAN1 #61bis, the following was agreed

For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported. 

Additional possibilities are FFS until RAN1#62
During RAN1 #63 periodic CSI reporting was discussed. The discussion resulted in two WF ‎[2] and ‎[3]. In this contribution we discuss whether there is a need for any additional mechanism for periodic CSI reports and how periodic CSI reports are handled together with ACK/NACK feedback.
2 Discussion

In addition to earlier agreements that Rel-10 supports up to 5 cells that can be aggregated, at RAN1 #60 meeting it was agreed that periodic CSI feedback is only transmitted on the Primary cell. 

A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE

During the discussion about periodic CSI feedback it is important to remember that two feedback reporting types are specified in Rel-8 which will also be supported in Rel-10, namely periodic and aperiodic CSI feedback. During RAN1 #63 the reporting mechanism for aperiodic CSI reports was finalized.

The simplest mechanism would be to extend the current periodic CSI feedback configuration so that each cell has its own independent periodic CSI configuration. This would be a straight-forward extension of the agreement in RAN1#61bis. The nature of periodic CSI report is that it gives limited information, because the fed-back number of bits is small. The eNB has to use aperiodic CSI report in connection with the periodic CSI reports to get better link adaptation and frequency selective scheduling when the terminal is assigned resources in the downlink. Our general assumption is therefore that in case the terminal has much data to transmit the eNB will request aperiodic CSI reports for the used scheduled DL cells. The agreements for aperiodic CSI reporting in connection with CA at RAN1 #63 would provide this flexibility in terms of which component carriers the eNB can request aperiodic CSI reports for. 

The periodicity and offset for the periodic CSI reports are configured by RRC. Therefore it is an RRC configuration issue to setup the different configuration so that they do not collide. Assuming the same periodicity for all cells that are reporting periodic CSI feedback and that the periodicity is larger then the number of cells that periodic CSI reports are configured for, it will be a simple task to setup non-colliding reporting instances. 

If however the reports have different periodicities this will be a more difficult task to handle, if this is considered a serious problem. One possible solution would be to prioritize the different CSI reports based on the periodicity that they are configured with, so that the report that has the longest periodicity is prioritized over a report that has shorter periodicity. This is based on the assumption that the reports that are reported more seldom are more important to receive since otherwise it will be long to the next reporting instance. The same motivation can also be extended to different reporting types and the a conclusion is that is that it is most important for the eNB to receive RI reports since they give information about several subsequent wideband CQI/PMI and potentially subband CQI/PMI reports. In a similar way wideband CQI/PMI reports should be prioritized over subband CQI/PMI reports. 

Proposal:

· Periodic CSI feedback is configured independently per DL cell.

· In case periodic CSI feedback from different DL cells collides in the same subframe, the report type which has the highest priority should be prioritized. 

· The report types are prioritized according the following list, with the highest priority first. 

· RI, wideband CQI/(PMI), subband CQI/PMI.

· In case periodic CSI feedback from different DL cells with the same feedback type collides in the same UL subframe the UE shall prioritize the periodic CSI feedback with the longest periodicity (largest Np value)

The above proposal is an extension of the proposal in ‎[3]. The proposal in ‎[2] instead proposes the periodic CSI report in case of CA is always transmitted on PUSCH. Consequently there will be no method to feedback periodic CSI reports on PUCCH if configured in CA. This contradicts the general approach with periodic CSI feedback, which is that it should be a sparse resource that is not widely used.

In case periodic CSI collides with ACK/NACK there are three solutions for this defined in Rel-8. The first on is periodic CSI is dropped and only the ACK/NACK is transmitted on PUCCH. The second solution is that the eNB would schedule a PUSCH transmission in the subframe where the collision would occur. On the scheduled PUSCH transmission the ACK/NACK would be transmitted together with multiplexed CSI feedback. For Rel-10 it is currently unclear exactly how the multiplexing on PUSCH of ACK/NACK and CSI will look like when PUSCH+PUCCH is not used and how the PUCCH+PUSCH solution will be. Both solutions should however be designed with this aspect in mind.

The last solution would be that periodic CSI and ACK/NACK are transmitted together on PUCCH. For Rel-10 this would be possible only in case PUCCH format 1a/1b is used for the ACK/NACK without channel selection. If multiplexing of ACK/NACK with periodic CSI feedback should also be supported in case channel selection and PUCCH format 3 is used, additional standardization work is needed to find a suitable solution. 

The first two solutions are already defined in the standard, and the last solution has Rel-8/Rel-9 FGI bits associated to it, i.e. it is unclear when IoT will be possible for that feature. It is therefore sufficient in Rel-10 to define that periodic CSI are always dropped if they collide with CA ACK/NACK, in addition to the possibility to schedule a UE on PUSCH in case of a collision. To simplify implementation and standardization efforts the same behaviour should also apply independent if PUCCH is transmitted simultaneous with PUSCH or not. 

Proposal:
· If simultaneous PUCCH and PUSCH is not configured

· If periodic CSI and CA ACK/NACK transmission (PUCCH format 3 and channel selection) collides and there is no PUSCH transmission, the periodic CSI is dropped.

· If simultaneous PUCCH and PUSCH is configured

· If periodic CSI and CA ACK/NACK transmission (PUCCH format 3 and channel selection) collides, the periodic CSI is dropped.

3 Conclusion
In this contribution we have discussed periodic CSI feedback and based on the discussion we propose: 
· Periodic CSI feedback is configured independently per cell.

· In case periodic CSI feedback from different cells collides in the same subframe, the report type with has the highest priority should be prioritized. 

· The report types are prioritized according the following list, with the highest priority first. 

· RI, wideband CQI/PMI, subband CQI/PMI.

· In case periodic CSI feedback from different cells with the same feedback type collides in the same subframe the UE shall prioritize the periodic CSI feedback with the longest periodicity (largest Np value)

· If simultaneous PUCCH and PUSCH is not configured

· If periodic CSI and CA ACK/NACK transmission (PUCCH format 3 and channel selection) collides and there is no PUSCH transmission, the periodic CSI is dropped.

· If simultaneous PUCCH and PUSCH is configured

· If periodic CSI and CA ACK/NACK transmission (PUCCH format 3 and channel selection) collides, the periodic CSI is dropped.
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