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1.	Introduction
In RAN#66, LTE CA enhancement beyond 5 carriers has been approved as a WI for Rel-13 aiming at offloading PUCCH load from PCell to SCells targeting aggregation of up to 32 carriers [RP-142286]. In this contribution, two possible PUCCH configuration and transmission models are presented with pros and cons analysis.

2.	Potential Issues
In Rel-12 dual connectivity scope, for a UE, dual PUCCH configuration and dual PUCCH transmission were already developed, i.e. one in MCG and the other one in SCG. In DC, from PUCCH configuration point of view, there is only one cell configured with PUCCH, i.e., SpCell, within one Cell Group. Accordingly, it is clear that the HARQ feedbacks of all SCells belonging to a Cell Group are multiplexed and transmitted via the SpCell of the Cell Group. From PUCCH transmission point of view, in order to support PUCCH transmissions on two cells, i.e., PCell and PSCell, RAN2 developed power control mechanism, power headroom reporting, and so on.

In Rel-13 CA enhancement WI, configuring multiple PUCCH resource basically implies that the HARQ feedbacks of an SCell can be transmitted via any of the Cells configured with PUCCH (including PCell. Hereafter, it is PUCCH Cell). However, in order not to increase the eNB complexity due to e.g., double decoding, it should be clear that which PUCCH Cell is responsible for the HARQ transmissions of which SCells. In this sense, there can be two models:
Model 1: One PUCCH configuration per Group
· The eNB configures multiple PUCCH Cells for a UE by grouping the cells. In a group (hereafter, it is PUCCH Group), there is only one PUCCH Cell and the UE transmits the HARQ feedbacks of all cells within the PUCCH Group via the PUCCH Cell. UE possibly performs multiple PUCCH transmissions at one point in time.
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Figure 1. An example of PUCCH Cell configuration and PUCCH transmission for Model 1
In model 1, RAN2 need to discuss how to indicate the PUCCH Group and the cells belonging to the PUCCH Group, how to modify the PUCCH Group (removal/change of PUCCH Cell), etc. From UE point of view, as there can be multiple PUCCH Groups, multiple PUCCH transmission may occur at the same time. Depending on the number of PUCCH Groups, RAN2 may need to discuss how to support PUCCH transmissions on multiple cells in consideration of e.g., power limitation. 

Model 2: Multiple PUCCH configuration per UE
· The eNB configures multiple PUCCH Cells for a UE. The UE transmits the HARQ feedbacks of all cells via one of the PUCCH Cell at one point in time. 
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Figure 2. An example of PUCCH Cell configuration and PUCCH transmission for Model 2
As there can be multiple PUCCH Cells, the PUCCH Cell which is to be used for HARQ feedback transmission at one point in time can be decided by either the eNB or the UE based on a certain criterion. 

In our understanding, both models would achieve PUCCH offloading by configuring multiple PUCCH Cells for a UE. However, model 1 requires more standardization efforts on procedure/signalling design in order to support removal/change of PUCCH Cell of PUCCH Group and addition/removal/change of the PUCCH Group. In addition, model 1 increases the UE complexity in order to support simultaneous PUCCH transmissions on multiple PUCCH Cells with the limited UE power. Given that model 1 would apply to each Cell Group in DC, the number of simultaneous PUCCH transmissions would increase in DC. Then, a careful consideration is required to ensure the successful PUCCH transmission with the limited UE power. On the other hand, in model 2, removal/change of PUCCH Cell would be simpler than that in model 1 because at least one cell, i.e., PCell, is always configured with PUCCH for all cells. Therefore, model 2 seems to provide more flexible and dynamic PUCCH offloading. 

Proposal 1: The UE is configured with multiple PUCCHs, and transmits all HARQ feedbacks of the UE via one PUCCH at one point in time.

4.	Conclusion
In this contribution, we discussed PUCCH configuration /transmission modelling with consideration points of each model and proposed:
Proposal 1: The UE is configured with multiple PUCCHs, and transmits all HARQ feedbacks of the UE via one PUCCH at one point in time.
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