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1. Introduction

In RAN1#61bis, the following agreement on CQI reporting for carrier aggregation was reached as a baseline for periodic CQI reporting –

· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported.
In addition, it is FFS whether additional feedback methods are supported.  This contribution evaluates some of the proposals for enhancing periodic CQI/PMI/RI reporting.  Based on our evaluation, it is seen that independent CQI/PMI/RI configuration for each component carrier is sufficient, and no additional mechanism is needed.
2. Periodic CQI
In Rel-10, PUCCH will be transmitted only from a single uplink component carrier.  As a result, the CQI/PMI/RI reports from up to 5 DL carriers will need to be transmitted only from one uplink carrier.  Currently, independent CQI/PMI/RI configuration for each component carrier (i.e. cycling through each carrier) is supported as a baseline.  To provide maximum configurability, additional restrictions such as minimum reporting period should not be imposed and therefore it is up to the eNB to mange the reporting configuration to avoid collision.
Independent CQI/PMI/RI configuration per carrier is preferred because it allows maximum flexibility.  For instance, different carriers may be configured with different reporting periods and types to save overhead.  For instance, only subband CQI reporting may be configured on the primary downlink carrier with only wideband reporting configured for secondary carriers.  The eNB may also rely mostly on aperiodic CQI reports and thus requires only infrequent wideband reports periodically.
One disadvantage of this approach is the long feedback period when a large number of component carriers are configured.  However, this can be alleviated through the use of fast carrier activation and deactivation mechanism such that overhead and latency are minimized. 

Several overhead saving techniques have been proposed –
· Multiplexing of reports from different carriers – This can save overhead if CQI from multiple carriers are reported at the same time.  However, this will require supporting larger payload size in PUCCH Format 2.  In [4], several methods have been proposed to increase the payload size including multi-sequence transmission, multi-subframe transmission, and higher-order modulation.   However, this implies a change in the CQI reporting format and links the reporting periods from different carriers together.  In general, it is beneficial to allow different reporting types and periods on different carriers, and can result in significant overhead saving.  For example, only wideband reporting with long period may be configured on secondary downlink carriers.  Thus, it is not clear that multiplexing reports across carriers will lead to overhead saving.
· Enhanced differential reporting – If reports from different carriers are multiplexed together, differential reporting can be used.  This can save overhead if CQI from multiple carriers are reported at the same time.  However, this implies a change in the CQI reporting format and links the reporting periods from different carriers together.  Similar to the discussion on multiplexing of reports, it is not clear that this will lead to overhead saving.  
Based on the above discussion, it is seen that independent CQI/PMI/RI configuration for each component carrier is sufficient, and no additional mechanism is needed.
With independent CQI/PMI/RI configuration for each carrier, it is possible that collisions may occur between reports from different carriers.  Although the eNB can try to avoid collision, this is not always practical especially in TDD systems where the number of uplink subframes may be restricted.  In addition, with concurrent SRS transmission, finding a configuration that completely avoids collision can be quite complicated.  As a result, a mechanism to define UE behavior in case of collision is needed.  In [7], it was proposed that in case of collision, only the report with highest priority is sent.  The other reports are dropped.  This allows greater flexibility in the configuration of each carrier, especially is selecting the periodicity of the CQI/PMI/RI reports.   One proposed selection criterion is to transmit the report of the PCC [3,7].  Other possibilities include assigning priority to the activated carriers and selecting the carrier with the highest priority, and using multiple PUCCHs to transmit the CQI/PMI/RI [2].   Our preference here is to transmit only the report with the highest priority.  Priority definition is FFS.  
3. Conclusions

This contribution addresses the issue of CQI/PMI/RI reporting for carrier aggregation in Rel-10.  Based on our analysis, it is seen that independent configuration for each component carrier is sufficient, and no additional mechanism is needed.
With independent CQI/PMI/RI configuration for each carrier, it is possible that collisions may occur between reports from different carriers.  In case of collision, the UE should only transmit the report with the highest priority.
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