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1. Introduction
Enhancements to downlink control signaling are being discussed in carrier aggregation, CoMP and enhanced DL MIMO. The introduction of an ePDCCH based on UE specific RS offers a number of benefits in a wide area of application areas. This contribution focuses on the coordination aspects of ePDCCH illustration the potential in one application area. 
2. Coordinated ePDCCH Transmissions

The present DL control channel, PDCCH, is using CRS. Since the CRS must be transmitted in the same way to all UEs in the cell and the control data has to be transmitted in a similar manner as the CRS (up to a scaling factor different), there is no flexibility in tailoring the transmission characteristics of PDCCH to an individual UE. Furthermore, the PDCCH always occupies the entire system bandwidth making it impossible to coordinate transmissions in the frequency domain. This makes the present CRS based control channel ill-suited for newer deployment types where the notion of a cell is less clear and where flexibility in how to transmit is needed to handle unexpected interference situations. 
Observation

· Present DL control channels are based on CRS and are hence ill-suited for newer deployment types
DL control channel enhancements are considered in multiple SI/WIs, including CoMP, DL enhanced MIMO and carrier aggregation. The corresponding discussions on the email reflector point in the direction of an enhanced DL control channel based on UE specific RS instead of CRS. In [1], we discuss some of the design properties of the ePDCCH. 

A main benefit of UE specific RS is that they can make the transmission properties transparent to the UE. This gives the eNodeB great flexibility in deciding how to transmit to a UE – the precoder can be arbitrarily designed and the transmission can even switch point without the UE needing to know. In principle, the whole arsenal of MU-MIMO and CoMP schemes becomes available also for the DL control if UE specific RS is supported for ePDCCH. The downlink control would be able to enjoy similar coordination possibilities as already possible for the data. Coordination in time, frequency and space becomes possible as opposed to the present rigid CRS based DL control channel structure where only coordination in time between subframes is possible. 
Observation

· Support for UE specific RS on ePDCCH is already being discussed in several WIs/SI/s

· An ePDCCH based on UE specific RS would allow coordination of DL control in all three dimensions – time, frequency and space.

· Similar to what is already possible for data

Proposal

· Introduce DL control channels that are based on UE specific RS

Inheriting parts of the structure of the R-PDCCH means that the ePDCCH would support UE specific configuration of the RBs potentially used for control. This makes frequency domain coordination possible. As illustrated in Figure 1, semi-static frequency domain coordination of ePDCCH is a simple scheme for protecting the DL control in a heterogeneous deployment, avoiding the need to blank entire subframes for the sake of control. 
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Figure 1: Frequency planning and spatial reuse of ePDCCH. Remaining part of subframe used for PDSCH (and PDSCH collisions between macro and range extension UEs handled.by HARQ).
The transmission flexibility provided by UE specific RS also means that DL control resources can be reused among different points within the same cell. This removes any doubts on the capacity of DL control in shared cell situations such as Scenario 4. Different nodes can then easily re-use the same RBs for control and the DL control capacity scales with the number of nodes. This can of course be combined with frequency domain coordination among select nodes for further enhancements in control channel performance. 
Observation
· The introduction of ePDCCH would remove any doubts on the capacity of DL control for shared cell scenarios

· DL control capacity scales with number of nodes

DL control transmissions can exploit JT for robustifying handover for UEs which transition from one node to the other. The handover process is especially tricky when a UE moves from a pico to a macro since the path gain of the pico tends to decrease much faster than the path gain of the macro increases making it easy to loose the connection in a multi-cell setup. With ePDCCH, even multi-cell scenarios such as Scenario 3 can exploit JT for the control reducing the risk of losing the connection.

Observation

· ePDCCH using UE specific RS allows a seamless combination of SFN and spatial resource reuse to transmit DL control for Scenario 3 and Scenario 4

· Also Scenario 3 can now exploit JT for DL control transmission in the handover process in case the CRS is not shifted between source and destination cell

3. Conclusions
In this contribution we discussed DL control enhancements in the form of ePDCCH and the benefits of such a design from a CoMP point of view.  Based on the discussion we propose to
· Introduce DL control channels (ePDCCH) that are based on UE specific RS

and consequently observe that

· An ePDCCH based on UE specific RS would allow coordination of DL control in all three dimensions – time, frequency and space.

· Similar to what is already possible for data

· The introduction of ePDCCH would remove any doubts on the capacity of DL control for shared cell scenarios

· DL control capacity scales with number of nodes
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