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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 Aperiodic 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. Furthermore, special attention needs to be paid on the robustness of signalling errors related to CC MAC activation/deactivation.
In the RAN1 meeting #61bis there was some preliminary discussion on the topic. However, there were no conclusions related to the details on which DL CC the aperiodic CSI report related to and how the triggering is exactly performed.
This contribution summarizes our views and preferences regarding the remaining details on the design of Aperiodic CSI reporting schemes to support Carrier aggregation in Rel-10.
2. Discussion
Generic parameters and report types
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 1: 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.

Report contents and relation to DL CCs
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 as illustrated in Figure 1. Hence it’s clear that signalling the full aperiodic CSI for all the CCs is not always a feasible option and 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 the time. Additionally including wideband CSI for other CCs can be considered to provide more scheduling flexibility as this can be done with relatively minor extra overhead. This would limit the maximum report size up 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. Possible alternatives include e.g. implicit or explicit indication with PDCCH UL grant.
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Figure 1. Required SNR for various CSI feedback payload sizes [1].
Proposal 2: It should be possible for the eNodeB to request for detailed, Release-8 like CSI is report one CC at the time. Additionally, including wideband CSI for other CCs into the same report should be considered.  
Proposal 3: It should be further discussed how to indicate the CC for which the detailed CSI report is derived 
Ambiguity related to MAC activation/deactivation

The ambiguity related to the CC MAC activation/deactivations may need to be considered also with Aperiodic CSI reporting. If the eNodeB and the UE have different understanding of the number of activated CCs, severe error cases may arise (CSI payload assumed by the UE could be incorrect leading to erroneous detection of both CSI and data). These error cases can be easily mitigated by reporting the Aperiodic CSI always according to the number of configured CCs regardless of whether they are activated or not. If the UE assumes some of the CCs are deactivated, it can also indicate that to the eNodeB, i.e. send an explicit DTX instead of the CSI measurement result. This would help in resolving efficiently any issues with timing uncertainty related to MAC activation of CCs. The additional overhead is also insignificant.    

Proposal 4: When Aperiodic CSI reports are sent, consider transmitting the report always for all the configured CCs regardless of the activation/deactivation state. For the CCs the UE assumes to be deactivated the report may contain an explicit indication of the deactivation instead of the CSI measurement.
3.
Conclusions
In this contribution, we discussed the Aperiodic 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: 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 2: It should be possible for the eNodeB to request for detailed, Release-8 like CSI is report one CC at the time. Additionally, including wideband CSI for other CCs into the same report should be considered.  

Proposal 3: It should be further discussed how to indicate the CC for which the detailed CSI report is derived 
Proposal 4: When Aperiodic CSI reports are sent, consider transmitting the report always for all the configured CCs regardless of the activation/deactivation state. For the CCs the UE assumes to be deactivated the report may contain an explicit indication of the deactivation instead of the CSI measurement.
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