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1 Introduction
To evaluate enhancements for downlink control signalling is listed in [1] as first priority. Since the PDCCH is the most significant part of the downlink control signalling, this contribution considers an Enhanced PDCCH (E-PDCCH) targeting mainly the following aspects:

· increasing the control region size 
· supporting beamforming for the DCI transmission

· improving the spectral efficiency for transmitting DCI

· enabling ICIC for DCI transmission 
2 Discussion
We propose to focus on the following characteristics of the Enhanced PDCCH (E-PDCCH):

· Transmission in the PDSCH region
· FDM approach (no TDM+FDM approach like a R-PDCCH)
· Use of UE-specific reference signals

· Possibility of localised transmission
· Without cross interleaving among E-PDCCHs 

Above characteristics provide the following benefits:
Increased capacity for DCI transmission

· The PDCCH control region is limited to three OFDM symbols in normal subframe and two OFDM symbols in MBSFN subframe. In order to reduce control channel bottleneck especially in MU-MIMO, more capacity than offered by PDCCH region can be beneficial to better exploit the channel capacity and multi-user diversity.
· In ABS, the PDCCH region is either not available or very small; however, e.g., for resource utilization of PDSCH region without increasing interference in PDCCH region, it is important to transmit at least some or more DCIs in such subframes. This can be achieved by additional E-PDCCH resources.

Beamforming and spatial multiplexing for DCI transmission

· The PDCCH cannot be beamformed. For rather stationary UEs, beamforming is useful to increase the spectral efficiency of the DCI transmission. In such a case, the E-PDCCH preferably employs DM-RS.
· PDCCHs cannot be spatially multiplexed. E-PDCCH enables spatial multiplexing.

· In CoMP scenario 4 (multiple transmission points), E-PDCCH enables spatial reuse.
Frequency selective scheduling gain of DCI transmission

· On the PDCCH the DCIs can only be transmitted in a distributed fashion. However, for certain UEs, it is more efficient to transmit the DCI in a localized fashion – similarly to the PDSCH. 

DCI transmission with interference coordination

· The PDCCH is distributed over the whole system bandwidth. Further the REG T/F locations forming the CCEs on which the PDCCHs are mapped are randomized across cells. This makes intercell interference coordination basically impossible with RB/RBG granularity. An E-PDCCH on the PDSCH region could enable simple and efficient inter-cell interference coordination with RB/RBG granularity.
Backward compatibility with Rel.8, 9, 10 UEs

· Backward compatibility of E-PDCCH transmission in the PDSCH regions is ensured by appropriate design taking into account the size of the PDCCH region and co-existence with PDSCH allocations.

Providing a uniform E-PDCCH design with the all above benefits:

· Even though the benefits above apply to different features, we believe it is possible to define a uniform E-PDCCH design that supports the different situations equally well. 

· It should be avoided to introduce too many E-PDCCH options and configurations since this has a negative effect on the implementation and the subsequent introduction of E-PDCCH for the deployed systems.
3 Summary and Proposal
In this document, we showed our preference on the characteristics of an Enhanced PDCCH. Further, we provided an initial list of benefits, which applies to various Release 11 enhancements and WIs/SIs. Therefore, we propose to evaluate and improve/adjust the Release 11 E-PDCCH control channel design focusing on the following:

· Transmission in the PDSCH region
· FDM approach (no TDM+FDM approach like a R-PDCCH)
· Use of UE-specific reference signals

· Possibility of localised transmission
· Without cross interleaving among E-PDCCHs 
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