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In RAN1#81bis, there were discussions on the increasing number of aperiodic CSI feedback bits as the results of increasing number of carriers to aggregate from 5 carriers to 32 carriers in Rel-13.   A way forward [1] proposed to re-introduce a new aperiodic CSI reporting mode with wideband CQI and wideband PMI (A-CSI mode 1-1) to reduce the CSI reporting bits for large number of carrier aggregation.  This document discusses the necessity of re-introducing A-CSI reporting mode 1-1 in Rel-13.   
Discussion of CSI Reporting Modes

Aperiodic CSI reporting modes
Aperiodic CSI reporting modes are designed to feed back intensive and comprehensive channel information for eNB.  After long email discussion after RAN1#51bis [3] and online discussion in RAN1#52 [4], the reporting mode 1-1 of single PMI and wideband CQI was removed based on the performance degradation from wideband feedbacks comparing to that from frequency selective scheduling.  Wideband CQI and wideband PMI reporting mode was later agreed in RAN1#52 [4] to be carried on PUCCH as periodic reporting mode 1-1 for the transmission modes of frequency non-selective scheduler with agreements as follows,
CQI – PMI combination on PUCCH
1. “wideband CQI + wideband PMI only” on PUCCH as an option
1. 
Aperiodic CSI reporting modes were further down selected to support Modes 1-2, 2-0, 2-2, 3-0, and 3-1 only in RAN1#52bis. PUSCH reporting mode 3-2 was re-introduced in Rel-12 DL MIMO work item for the performance enhancement of frequency selective scheduling for MU-MIMO.     Aperiodic CSI report modes are designed to compromise the periodic CSI reporting modes for obtaining precise channel variations in both time and frequency domain.  The channel variation information is critical for the performance gain of channel awareness schedulers.  Wideband CQI and wideband PMI were introduced for tracking slow and shadow fading channel variation in time for channel awareness scheduler.   Thus, periodic CSI feedbacks of wideband CQI and PMI would give a better overview of fading channel variation for channel awareness scheduling than snapshot of channel variation from apriodic CSI report.

Proposal 1: Wideband CQI and wideband PMI are fed back by periodic CSI reporting mode 1-1 for eCA.  

Consideration of Aperiodic CSI Payload size for eCA

The control information overhead increases when the number of carriers increases in CA.   However, the current aperiodic CSI reporting procedures in section 7.2.1 of TS36.213 [6] limits the number of CSI processes up to five in a configured CSI set of A-CSI reports as follows,
 “For a given serving cell, if the UE is configured in transmission modes 1-9, the "CSI process" in Table 7.2.1-1B and Table 7.2.1-1C refers to the aperiodic CSI configured for the UE on the given serving cell. A UE is not expected to be configured by higher layers with more than 5 CSI processes in each of the 1st and 2nd set of CSI process(es) in Table 7.2.1-1B”
The limitation of up to 5 CSI processes in a configured CSI reporting set in Rel-12 would also limit the size of CSI payload in an A-CSI report trigger.   Thus, there is no concern of growing payload size of A-CSI report with current limitation of up to 5 CSI processes in any configured A-CSI report set.   In RAN1#82, the number of A-CSI report triggering bits was agreed to increase from 2 bits to 3 bits for eCA.   Although 3 bits A-CSI report triggering could map to more than 8 CSI reporting sets based on different mapping rule [7], the limitation of up to 5 CSI process per A-CSI reporting request could set the constraints of eNB scheduler design.  Thus, it would be helpful to extend the number of CSI processes to more than 5 CSI processes per A-CSI report request.  The number of CSI processes in a A-CSI reporting request should also consider the CSI feedback payload size not to be excessively large.  The maximum payload size for A-CSI report could be limited.   
Proposal 2: The number of CSI processes per A-CSI reporting request for Rel-13 eCA could be extended to support more than 5 CSI processes with consideration of limiting the maximum payload size. 
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Conclusion
We have discussed the CSI reporting modes and payload size for up to 32 carrier aggregation in CA.  We have the following proposals,
· Proposal 1: Wideband CQI and wideband PMI are fed back by periodic CSI reporting mode 1-1 for eCA.  

· Proposal 2: The number of CSI processes per A-CSI reporting request for Rel-13 eCA could be extended to support more than 5 CSI processes with consideration of limiting the maximum payload size. 
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