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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) on PUCCH. 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 CSI reporting for carrier aggregation was discussed in the RAN1 meeting #61bis with following conclusions [1]:

Agreed as baseline:

· 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.

This contribution summarizes our views and preferences regarding the remaining details on the design of PUCCH CSI reporting schemes to support Carrier aggregation in Rel-10.
2. Discussion
Need for other periodic CSI reporting schemes than per-CC configuration
As discussed in RAN1#61bis, 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 [2]. 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 1: For Periodic CSI reporting on PUCCH for CA, independent configuration for each component carrier is sufficient. There is no need to define other reporting mechanisms.
Collision handling between different CC CSI configurations

One open issue that needs resolved is related to the case when multiple configurations collide, i.e. there occurs a need to transmit CSI for multiple CCs simultaneously in the same subframe. Since, as said, the transmission modes and schemes and hence also PUCCH CSI configurations for different CCs may well be very different in terms of e.g. periodicity, it seems collision of CSI reports is hard to mitigate without very stringent scheduler restrictions. Therefore it seems necessary to define the UE behaviour in the case of colliding configurations.

The easiest way seems to be to always send the CSI report for only one CC at the time. This minimizes the standardization effort, and provides a clean and robust solution in terms of performance. When the need to transmit CSI report simultaneously for multiple CCs occurs, the UE may simply send the CSI report for the CC with highest priority and omit the rest. The criteria for prioritizing the reports can be studied further (e.g. PCC, or report with the lowest periodicity). 

Proposal 2: In the case when multiple CC-specific CSI reporting configurations collide, only the report with highest priority is sent. The criteria for prioritizing the reports are FFS.
Ambiguity related to CC activation / deactivation

It has been agreed in RAN2 that MAC-level signalling is used to activate/deactivate DL SCCs within the UE DL CC set [3]. Another agreement from RAN2 is that a UE does not perform CQI measurements corresponding to de-activated CCs. Hence, there is no CQI measurement to report corresponding to the deactivated CCs.

The problem with MAC-level signalling is that potential signalling errors related to MAC-level activation/deactivation create ambiguity between UE and eNB on which CCs are active. The most probable error case is related to NACK to ACK error, where UE has not yet decoded correctly the MAC activation/deactivation message and has requested retransmission with NACK but eNB interprets it as ACK and assumes that message was correctly received. Similarly, in ACK to NACK error case, UE has received activation/deactivation message correctly and will apply it but eNB decodes ACK as NACK and retransmits the message. Due to the ambiguity there can be severe error cases related to multiplexing of CQI corresponding to multiple CCs on PUCCH and PUSCH.

In the typical case when periodic CSI reports are transmitted on PUCCH there seems to be little need for any special measures. If the UE assumes a given CC is activated when it is not, it only sends a redundant CSI report on PUCCH. The eNodeB can perform DTX detection (energy detection) on the known PUCCH resources if necessary. The same applies also in the opposite case when the UE has missed the CC activation command: the UE simply does not send reports when expected. 
A more problematic scenario occurs when there is a simultaneous PUSCH allocation at the periodic CSI reporting time instance. In this case the eNodeB would be forced perform the DTX detection from the data resources, which is considerably more complicated and would required blind decoding of UCI and/or data. In this case it may make sense to send always a report for the configured CC, activated or not. The incurring overhead is anyway quite minor. When the UE assumes a given CC is deactivated it will according to RAN2 decisions not perform CSI measurement on that CC. Instead, we propose the UE to indicate the assumption on deactivation to the eNodeB by sending a predefined message instead of CSI measurement result. This would also help in identifying the potential errors in MAC (de-)activation, hence resolving the ambiguity issue completely. 
Proposal 3: When periodic CSI reports are sent on PUSCH, consider transmitting the report for a configured CC always 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 periodic 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: For Periodic CSI reporting on PUCCH for CA, independent configuration for each component carrier is sufficient. There is no need to define other reporting mechanisms.

Proposal 2: In the case when multiple CC-specific CSI reporting configurations collide, only the report with highest priority is sent. The criteria for prioritizing the reports are FFS.
Proposal 3: When periodic CSI reports are sent on PUSCH, consider transmitting the report for a configured CC always 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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