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1. Introduction

Following the RAN1 #66bis meeting in Zhuhai, China the working assumption is to [1]
· introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

In this contribution, we outline our views on the need for enhancements to the Rel. 8/9/10 PDCCH. Possible benefits as well as limitations of such enhancements are discussed in the light of the possible introduction of ePDCCH in Rel. 11.
2. Enhanced PDCCH vs. PDCCH Enhancements
At the RAN1 #66bis meeting, numerous enhancements to the legacy PDCCH have been proposed, e.g.
· new compact DCI formats [2],[3],[4]

· bit interleaving across DCIs [5]

· reducing the CRC overhead by joint encoding of multiple DCIs [6]
· differential DCI formats [7]

· group scheduling [4]
· cross-carrier and cross-subframe PDCCH bundling [4],[8]
Concurrently, it was proposed to define a new enhanced PDCCH (ePDCCH) that is time and/or frequency multiplexed with the PDSCH region. 
Observation 1: 
Legacy PDCCH enhancements mainly address potential capacity issues that may arise due to applications such as MU-MIMO, CoMP, CA, and MTC. In addition to enhancing PDCCH capacity, ePDCCH provides additional benefits such as potentially increased spectral efficiency by means of beamforming as well as frequency-domain ICIC in heterogeneous network deployments.

Observation 2:
The aforementioned spectral efficiency gains arising from the introduction of ePDCCH will likely result in lower aggregation levels thereby naturally providing a more “compact” DCI.
Observation 3:
Any new DCI format for the legacy PDCCH potentially inherits the same problems which ePDCCH tries to solve such as lack of frequency-domain ICIC in heterogeneous deployments.

Observation 4:
Some of the above mentioned PDCCH enhancements introduce undesirable features that may increase the complexity at both the UE and eNB and decrease the robustness of the PDCCH. 
· UE impact: the number of blind decodes or the error probability may increase due to multiplexing or joint encoding of DCIs

· RAN2 impact: cross-subframe scheduling increases the complexity at the eNB MAC scheduler when users are scheduled for future subframes. In the downlink it violates the LTE principle of per-TTI scheduling and data transmission. It may also lead to changes in the HARQ-ACK timing. 
Note that the added complexity would come on top of any enhancements that are introduced by the ePDCCH.
Observation 5:
Some of the proposed enhancements of legacy PDCCH suffer from limited applicability:

· sub-frame bundling requires a large coherence time across time slots
· cross-carrier bundling only works if UL/DL configurations are properly aligned among CCs 

Proposal 1:
RAN1 should avoid parallel discussions on related topics. More importantly, RAN1 should try to avoid redundant solutions for the same problem, e.g., capacity limitations in the control channel.

Proposal 2:
Once a clear understanding of the scope of ePDCCH is established, RAN1 should analyze if there still exists a capacity problem in the legacy PDCCH. For instance, with the introduction of ePDCCH in Rel. 11, the main use case for cross-carrier scheduling is restricted to Rel. 10 UEs [9].
Proposal 3: 
If further studies in RAN1 reveal that capacity limitations prevail even with ePDCCH control channel enhancements, enhancements to the legacy PDCCH could then be evaluated and introduced addressing those problems that have not been solved by the introduction of ePDCCH.

3. Conclusion

In this contribution, we discussed enhancements to the legacy PDCCH to solve possible capacity limitations that may occur for MU-MIMO, CoMP, CA, and MTC. Recognizing that some, if not all, of these possible solutions may be addressed by the newly introduced ePDCCH, we propose to first progress with the discussion and evaluation of the enhanced PDCCH (ePDCCH) solutions to avoid redundant solutions and parallel work. Following ePDCCH design it would be clear what enhancements, if any, of the legacy PDCCH are indeed needed.
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