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1 Introduction
To evaluate enhancements for downlink control signalling is listed in [1]. 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:
· Increase control channel efficiency and coverage by UE-specific RS based E-PDCCH
The E-PDCCH based on UE-specific reference signal (RS) allows a) beam forming, b) spatial multiplexing and c) power boosting/deboosting.
· Increasing the control region size more than 3OFDM symbols
· Frequency scheduling of DCI transmission
· Frequency ICIC for DCI transmission
2 Discussion
We propose to focus on the following characteristics of the E-PDCCH:

· Transmission in the PDSCH region
PDCCH and E-PDCCH can be collocated in the same subframe.

· FDM approach for E-PDCCH and PDSCH (no TDM+FDM approach like a R-PDCCH)
E-PDCCH and PDSCH should be allocated on different RB pair to avoid complex allocation of PDSCH.
· One PRB pair should contain multiple E-PDCCHs or multiple parts of E-PDCCH
From SLS result [3], one PRB pair is too large for one E-PDCCH. Within a PRB pair, SDM, FDM, CDM and/or TDM can be considered but just simple TDM like one slot should be avoided since such approach is not effective for flexible power allocation for E-PDCCH.
· Use of UE-specific RS
It is preferable to apply single-rank transmission on E-PDCCH from single user perspective. Mandating SIC reception among E-PDCCH/E-PDCCH and E-PDCCH/PDSCH should be avoided.
· Possibility of localised transmission
Single E-PDCCH design should support both localized and distributed transmission by means of resource allocation and blind search location.

· E-PDCCH is detected by blind decoding trials 
The number of BD trials is FFS.

Above characteristics provide the following benefits:
Beamforming / spatial multiplexing / power (de)boosting for DCI transmission by UE-specific RS
· 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 UE-specific RS. 
· PDCCHs cannot be spatially multiplexed. E-PDCCH enables spatial multiplexing.

· In CoMP scenario 4 (multiple transmission points), E-PDCCH enables spatial reuse.
· The use of UE-specific RS allows to use the technique discussed for CoMP like JT, CS/CB and DPS for DCI transmissions. It also allows DCI transmission point is transparent to UE.
· The power boosting of E-PDCCH can cover cell edge UEs and the power deboosting of E-PDCCH can reduce interference to other cells. The starting point of the power adjustment range could be -6/+4dB from TS36.104 Table 6.3.1.1-1.

· UE-specific RS based DCI is beneficial for extension carrier if it is specified in CA.

Increased the control region size more than 3 OFDM symbols
· 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 unavailable 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.
· In CA based HetNet with frequency ICIC, cross carrier scheduling is largely used to schedule one carrier on another carrier, which increases the DCI transmission on the other carrier. In this case, PDCCH region might be limited factor.
· When the number of UEs in a subframe is relatively large by smaller amount of data and aggregated bandwidth size is used to improve frequency scheduling gain, PDCCH region might be a limited factor to schedule large number of UEs.
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 inter-cell 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. In addition, we propose the same structure can be used also for inter-transmission point coordination for CoMP scenario 4 like deployment.
Backward compatibility with Rel.8, 9, 10 UEs

· E-PDCCH transmission in the PDSCH region is 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 E-PDCCH. Further, we provided an initial list of benefits, which applies to various Rel.11 enhancements and WIs/SIs. Therefore, we propose to evaluate and improve/adjust the Rel.11 E-PDCCH control channel design focusing on the following:

· Transmission in the PDSCH region
· FDM approach for E-PDCCH and PDSCH (no TDM+FDM approach like a R-PDCCH)

· One PRB pair should contain multiple E-PDCCHs or multiple parts of E-PDCCH
· Use of UE-specific RS
· Use of localised transmission, interference coordination and CoMP
· E-PDCCH is detected by blind decoding trials
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