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1. Introduction 
It was agreed to study downlink control signaling enhancements in Rel.11 with first priority, 
… 

· Evaluate enhancements for downlink control signaling:

· To support MU-MIMO;

· Based on UE-specific reference signals. 
In this contribution we present our views on the need of Rel.11 downlink control channels enhancements, and a number of aspects as a starting point for further discussion. 

2. Need of DL Control Enhancements
For enhanced DL control signaling, PDCCH appears to be a good starting point as it’s the most commonly used downlink control message and has a direct impact on the PDSCH performance. Several reasons for enhanced PDCCH have been identified. 
PDCCH capacity  

Legacy PDCCH in LTE Rel.8-10 is located in the first 3 OFDM symbols in a normal subframe and the first 2 OFDM symbols in MBSFN subframe. As certain control resources have to be reserved for other control message (PCFICH, PHICH), and that the remaining control resource needs to be split between DL/UL grants, concerns on PDCCH capacity are raised for high-loaded scenarios with a large number of users requesting dynamic data traffic. Secondly, new Rel.10 features such as enhanced MU-MIMO and cross-carrier scheduling result in an increased demand of PDCCH messages in one cell, further extending the need for PDCCH capacity increase. 
Interference avoidance for PDCCH

Rel.10 eICIC for interference avoidance is designed with focus on PDSCH. Legacy PDCCH is based on cross-interleaving pattern where one PDCCH is distributed across the entire system bandwidth to maximize the diversity gain. This, on the other hand, renders it more difficult to completely orthogonalize PDCCHs in different cells and leaves less flexibility for PDCCH interference coordination. This could be an issue for CoMP UEs located at cell-edge. 
Exploration of enhanced MIMO beamforming

There is a general desire to extend the DMRS-based beamforming flexibility to PDCCH as well. It is perceived that with DMRS-based beamforming, localized PDCCH transmission in a few RBs may simplify interference coordination between different cells. By allowing DMRS-based beamforming, CoMP for control signal enhancement is not precluded (e.g. Scenario 4).
3. Possible Schemes for PDCCH Enhancements in Rel.11
In light of the discussion above, and as captured in the SI document [1], UE-RS based PDCCH transmission could be a starting point for enhanced PDCCH (ePDCCH). Note that UE-RS based PDCCH has already been partly adopted in Rel.10 in the form of R-PDCCH for eNB-RN backhaul, which can be a good reference to the ePDCCH study. However, ePDCCH is to be used between eNB and UE where the application scenario is quite different from the eNB-RN link. It is worth keeping such differences in mind in the ePDCCH design. 
Slot-based splitting of DL/UL grants
For R-PDCCH in Rel.10, TDM multiplexing of DL/UL grants was adopted where DL grant is transmitted in the 1st slot and UL grant is transmitted in the 2nd slot. Such restriction may be unnecessary for ePDCCH since the DL and UL traffics are asymmetric for typically PDSCH transmission (unlike that in the relaying operations). FDM multiplexing in this case appears to be a better solution as different RBs can be allocated to DL/UL grants based on the dynamic traffic status.
Two possibilities exist for FDM multiplexing of ePDCCH

· FDM with micro-sleep: ePDCCH starts outside of the legacy control region and ends in a designated OFDM symbol (e.g. last OFDM symbol of 1st slot). This alternative allows a UE to perform micro-sleep (power saving) when no DL grant is detected, and offers more relaxed timing budget for the UE to start PDSCH demodulation/decoding earlier. 
· Pure FDM multiplexing, where DL/UL grants expand across the entire subframe. Compared to Alt-1 this may achieve better time diversity as all OFDM symbols in the subframe are used for ePDCCH transmission. Secondly, as the effective code rate of is reduce, better reliability and coverage of ePDCCH is possible. 
MU-MIMO for ePDCCH
A straightforward solution for ePDCCH capacity enhancement is through MU-MIMO. In Rel.10, R-PDCCH is restricted to be transmitted on antenna port 7 with scrambling ID 0, hence only one R-PDCCH is transmitted on a given time/frequency resource. In Rel.11, one natural solution for ePDCCH MU-MIMO is to reuse the PDSCH MU-MIMO paradigm in Rel.10 through the combination of UE-RS ports/scrambling sequences. Regarding the dimensioning of ePDCCH MU (e.g. number of layers, layers per ePDCCH), it deserves to keep the reliability and cell coverage of ePDCCH in mind. It should be carefully evaluated whether the exact Rel.10 MU dimensioning (totally four layers, 2 layers per UE) is realistic in this regard. 
4. Conclusions

In this contribution we discussed DL control enhancements in Rel.11 and briefly overviewed a number of possible topics to start with. The following high level principles could be considered for ePDCCH study in Rel.11:
· UE-RS based, similar to R-PDCCH

· No slot-based partitioning of DL/UL grants

· FDM multiplexing (and SDM if MU supported)

· MU-MIMO for ePDCCH, if supported, based on PDSCH MU-MIMO paradigm with coverage requirement in mind. 
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