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1 Introduction

In RAN#66 meeting, a work item [1] on Carrier Aggregation (CA) Enhancements beyond 5 Carriers was approved. One objective of this WI is as follows:

Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers
This contribution aims to identify the enhancements needed for UCI feedback mechanism to support CA up to 32 carriers.  
2 Discussion
Rel-12 carrier aggregation has been designed to support UL control signalling of up to five CCs. Extension of the current CA to support up to 32 carriers may require additional changes to Rel-12 UCI mechanism.
Rel-12 CA supports HARQ-ACK reporting of up to 5 DL carriers through PUCCH Format 1b with channel selection and PUCCH Format 3. It has been shown that Rel-12 UCI mechanism puts a huge PUCCH overload on the PCell (macro cell) in certain deployment scenarios [2]. This has motivated to start the standardisation work on SCell PUCCH for Rel-12 CA. Accordingly; UCI feedback of up to 32 DL carriers on one PUCCH on PCell would drastically increase the PUCCH load on the PCell. Therefore, we think RAN1 should carefully evaluate the need of a new PUCCH format to support up to 32 DL carriers before starting such standardization work.  
Observation 1: The need of a new PUCCH format to support up to 32 DL carriers should be evaluated in RAN1 before starting such standardization work.
Furthermore, as discussed in our companion contribution [3], PUCCH Cell Group (CG) concept can be applied to realise CA of up to 32 CCs with less specification work. With this approach, current Rel-12 UCI mechanisms of up to 5 CCs can be re-used within each PUCCH CG. However, this may require the support of more than two PUCCHs per UE, and in turn, the support of more than 2 UL CCs per UE. Thus, we think RAN1 should first discuss and agree on the approach used to realise CA of up to 32 CCs before start working on the UCI feedback enhancements.
Observation 2: RAN1 should first discuss and agree on the approach used to realise CA of up to 32 CCs before start working on the UCI feedback mechanism.
If it is agreed to use aggregation of two or more PUCCH CGs to realise CA of up to 32 CCs, then, whether to allow scheduling request transmission on two or more PUCCHs associated with each CG or not should be discussed. As discussed in our companion contribution [4], PUCCH resource for SR could be a burden for the Macro Cell when a lot of small cells are aggregated to the Macro cell and the number of UEs attaching to the macro cell as a PCell of CA becomes large. In this situation, offloading SR resources of certain UEs to the SCell (with PUCCH) may be beneficial to reduce the burden on the PCell. At the same time, configuring two SR resources for a single UE on both PCell PUCCH and SCell PUCCH would be a waste of UL resources. Therefore, more discussions are necessary on whether offloading SR resources to SCell PUCCH is supported or not. 

Observation 3: If it is agreed to use PUCCH CG concept to realise CA of up to 32 CCs, more discussions are needed on whether offloading SR resources to SCell PUCCH is supported or not.
According to Rel-12, for TDD when both HARQ-ACK and periodic CSI are configured to be transmitted in the same subframe and the UE is configured with more than one serving cell without PUSCH, CSI report is dropped unless the HARQ-ACK is related to a PDSCH transmission on the primary cell [5]. As more configured CCs are aggregated, this dropping may occur more frequently, which may lead to non-negligible DL throughput loss. Therefore, we think that simultaneous CSI (periodic) reporting and HARQ-ACK reporting on PUCCH when the UE is configured with more than one serving cell may need to be enhanced while extending to CA of up to 32 CCs.
Observation 4: Enhancements may be needed to simultaneous periodic CSI reporting and HARQ-ACK reporting on PUCCH when the UE is configured with more than one serving cell without PUSCH.

3 Conclusion

We discussed the UCI feedback aspects of CA of up to 32 CCs and following observations are made. It is recommended to take these observations into account in RAN1 discussions.
Observation 1: The need of a new PUCCH format to support up to 32 DL carriers should be evaluated in RAN1 before starting such standardization work.
Observation 2: RAN1 should first discuss and agree on the approach used to realise CA of up to 32 CCs before start working on the UCI feedback mechanism.

Observation 3: If it is agreed to use PUCCH CG concept to realise CA of up to 32 CCs, more discussions are needed on whether offloading SR resources to SCell PUCCH is supported or not.
Observation 4: Enhancements may be needed to simultaneous periodic CSI reporting and HARQ-ACK reporting on PUCCH when the UE is configured with more than one serving cell without PUSCH.
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