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1. Introduction
Rel-13 includes the standardization of the enhanced carrier aggregation (eCA) where the number of component carriers (CCs) that can be aggregated is increased (with respect to Rel-12 CA) to 32 CCs. In RAN1#82, it was concluded that joint grant is not supported for eCA in Rel-13. In this document we discuss some remaining issues related to DL control enhancements for eCA.   
2. Discussion
Rel-13 standardization of eCA assumes the support of up to 32 CCs. Supporting such large number of CCs imposes some new design requirements with respect to the Rel-12 CA where the number of supported CCs was up to 5. In particular, the control design has to scale better with the increased number of CCs. The scalability has to be improved with respect to the overhead, blind decoding requirements, and the false alarm probability.
When only up to 5 CCs are configured for a UE, the max number of blind decodes is:

· 2 * 12 + 5 * 48 = 264
· Assuming 2 common search space monitored by a UE

· Assuming UL MIMO, such that 3 DCI sizes in the UE-specific search space

If only CC-specific or individual grants are supported for up to 32 CCs, the max number of blind decodes will become:

· 2 * 12 + 32 * 48 = 1560

· This presents a factor of 1560/264 ( 5.9 increase

Such an increase would make it even more challenging to perform control channel decoding and other necessary tasks, such as data channel processing, CSI processing, etc.,  with a 3ms gap. In addition, such an increase may raise questions regarding false alarm probability and its relevant impact (e.g., erroneous UL transmissions). 
One possible solution that can address the scalability requirements is a joint grant. However, such an option was excluded for eCA in Rel-13. 

Generally speaking, although it is not completely clear regarding the use cases of the 32 CCs configured for a UE, it is expected that a lot of these CCs are of small cell deployments, where only a very limited number of UEs are expected to be scheduled at a time instance. It is still expected that some CCs are macro-like deployments. Therefore, it is important to have at least some CCs (e.g., K CCs) to have fully flexible control channel scheduling, e.g., K = 10. For the remaining CCs, reduced blind decodes should be considered, which can greatly simply control channel decoding and the resulting false alarm probability, without practical limitations (especially considering legacy control channel granularity, i.e., in integer number of symbols).

One possible way is to limit control channel transmissions in some CCs using only aggregation levels 4 and 8. Assume:
· K=10 CCs with fully control channel scheduling, which results in

· 12*2 + 48 *10 =504 blind decodes

· 32-K = 22 CCs with control channel scheduling limitation, e.g., only aggregation levels 4 and 8, which results in

· 22 * 4 * 3 = 264 blind decodes

· Thus, for a total of 504 + 264 =768 blind decodes

· Comparing with the original 1560 blind decodes, it is roughly a 50% decrease
Note also that for EPDCCH, there is no early decoding benefit as in the PDCCH case. Note that in Rel-11, the primary motivations for EPDCCH include inter-cell interference coordination, CoMP, and control channel capacity increase. For eCA, all the above motivations are no longer strong. As a result, it is necessary to consider limit the number of CCs that can possibly be configured with EPDCCH, e.g., no more than 10.
3. Conclusion
In this document we discussed the challenges in control channel decoding and the necessary solutions. We stressed the need for full control channel flexibility for a set of CCs. On the other hand, it is necessary to limit control channel processing such that more time can be allocated to other tasks (e.g.., data processing, CSI processing, etc.) under a very tight time budget.

In summary, we propose:
· Proposal: 1 While keeping full control channel scheduling flexibility for some CCs (e.g., 10 CCs), limiting the number of decoding candidates per CC for other CCs
· Proposal 2: Limit the number of CCs that can be configured with EPDCCH, e.g., no more than 10 CCs[image: image1.png]
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