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Discussion / Decision
1.
Introduction
In order to be able to efficiently operate the LTE-Advanced systems with carrier aggregation, there need to be mechanisms to support channel state information (CSI) feedback signalling for multiple component carriers (CC). At the same time it would be highly desirable to reutilize the work carried out during LTE Release-8 and Release-9 standardization to large extent to avoid having excessive number of options complicating the implementation. 
The learning from the past LTE releases is that the number of feedback options should be carefully considered already in RAN1 – if too many options are specified, stringent RAN4 timelines will probably not allow for defining necessary test cases for all the options. In fact, RAN4 is still Struggling to finalize CSI reporting definitions and test cases for Rel-8.  Hence it seems clear we should ne completely redefine the basic mindset for CSI feedback but to rely on the pas work and experiences as much as possible.
This contribution summarizes our views and preferences regarding the design of CSI reporting schemes to support Carrier aggregation in Rel-10.
2. Discussion
CSI reporting and carrier activation and deactivation

RAN2 has agreed in the meeting #69 that CC activation and deactivation is done primarily with MAC signalling (with additionally possibility for implicit deactivation) [1]. Whatever activation/deactivation mechanisms RAN2 will define, it makes sense to reuse them also for activation and deactivation of CSI reporting. This is a natural conclusion also in the sense that an agreement from RAN2#68bis defines When a downlink SCC is not active..., … nor is it required to perform CQI measurements [1]. 

Proposal 1: CSI reporting shall follow the CC activation and deactivation configuration. CSI reporting is omitted for the deactivated Component Carriers. 
Periodic CSI reporting on PUCCH
Periodic CSI (CQI, PMI, RI ) reporting on PUCCH is envisioned to remain as the basic mode of CSI feedback operation also in LTE Rel-10. It provides an efficient way of carrying primarily wideband channel information for the UEs not benefitting from frequency domain packet scheduling e.g. for the purpose of PDCCH link adaptation. Carrier aggregation does not change this basic setting – periodic reporting for multiple carriers is surely needed.

Periodic CQI reporting can be seen as the DL counterpart for the SRS transmission in the UL. Both serve basically the same purpose. It was agreed in the RAN1# 59bis to have: “Independent SRS configuration per CC in case of carrier aggregation” [2]. The same assumption of having independent configuration per CC makes indeed a lot of sense for periodic CSI feedback as well. Since the DL transmission mode, and hence also the requirements for the feedback (periodicity etc.) may vary across component carriers, it would be very complicated to design a joint control signalling scheme for PUCCH capable of supporting up to five component carriers. The PUCCH payload cannot be extended too much either without seriously compromising the UL performance and reliability of the feedback signaling. When relying on independent configuration per CC there is no need to define any new PUCCH CSI feedback formats due to carrier aggregation (of course new format may well be required to provide support for e.g. 8-TX DL MIMO operation or MU-MIMO enhancements ).
A cycling-through type of reporting approach has been proposed for carrier aggregation in [3]. However, independent CSI feedback configuration per CC also allows e.g. cycling through the CCs one by one just by setting a proper configuration – providing a somewhat similar functionality with even more flexibility without any need to define new reporting formats.    
Proposal 2: Periodic CSI reporting on PUCCH is configured independently for each component carrier with RRC signalling similar to LTE Rel-8 (periodicity, subframe offset, reporting mode, resource allocation etc.)  

Aperiodic CSI reporting on PUSCH
The same line of thinking can be followed for Aperiodic reporting on PUSCH as for PUCCH: there is no clear motivation for defining new formats from the scratch due to carrier aggregation. The Aperiodic reporting modes defined for LTE Release-8 should serve as a basis. As an example the subband sizes as well as the basic compression mechanisms (modes 1-2, 2-0, 2-2, 3-1, and 3-1) specified in LTE Release-8 should be reutilized. Again, this does not preclude necessary enhancements to provide support for new LTE-Advanced features. 

Proposal 3: The CC specific bandwidth dependent subband sizes and the basic compression mechanisms defined for LTE Release-8 should remain supported in LTE-Rel10 with carrier aggregation.

The straightforward extension of Rel-8 reporting for multiple CCs would result in very large reports (at most 5 * 64 bits = 320 bits excluding CRC bits). This is not desirable from the Uplink signalling point of view. Firstly, such high overhead limits uplink capacity considerably. Secondly, in many cases it is not possible to guarantee sufficient UL coverage for such large payloads. Hence it’s clear some compression methods need to be considered to reduce the UL signalling burden.
Regarding the payload reduction, good compression can be efficiently achieved by sending the detailed (Release-8 -like) CSI report for only one component carrier at this time. Additionally including wideband CSI for other CCs can be considered. This would limit the maximum report size to less than 100 bits, which would be a good design criteria considering UL coverage and overhead. It should be further investigated how to select the CC for which the detailed report is derived.
Proposal 4: Detailed, Release-8 like CSI is reported for only one CC at the time. Additionally, including wideband CSI for other CCs into the same report should be considered.   
3.
Conclusions
In this contribution, we discussed the CSI feedback signaling mechanisms in the context of carrier aggregation. The main conclusion is that it is a natural to reuse the CQI reporting and compression mechanisms specified in LTE Release-8 as much as possible. More specifically, we make the following proposals:
Proposal 1: CSI reporting shall follow the CC activation and deactivation configuration. CSI reporting is omitted for the deactivated Component Carriers. 
Proposal 2: Periodic CSI reporting on PUCCH is configured independently for each component carrier with RRC signalling similar to LTE Rel-8 (periodicity, subframe offset, reporting mode, resource allocation etc.)  

Proposal 3: The CC specific bandwidth dependent subband sizes and the basic compression mechanisms defined for LTE Release-8 should remain supported in LTE-Rel10 with carrier aggregation.
Proposal 4: Detailed, Release-8 like CSI is reported for only one CC at the time. Additionally, including wideband CSI for other CCs should be considered.   
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