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1 Introduction
At RAN1#65 meeting UE specific control signaling (ePDCCH) was discussed shortly. In reference ‎[1] we first highlighted some advantages of control signaling based on DMRS. Second, we introduced the DMRS based variant of the R-PDCCH and proposed to use it as starting point for a UE-specific control channel. Finally, we discussed some areas, in which potential enhancements of such a control channel could be further studied. 
This paper continues the discussion on potential enhancements of the R-PDCCH. We focus on utilizing more OFDM symbols with a configurable starting position and on leveraging frequency diversity more efficiently.
2 Improved resource utilization
The R-PDCCH starts at OFDM symbol #3 because a relay node needs to transmit L1/L2 control channels (first one or two OFDM symbols of an MBSFN subframe) in the relay cell and afterwards it needs to switch from transmit to receive mode. 
An ePDCCH could start earlier. Obviously, it could start at symbols #1 or #2 if the L1/L2 control region occupies only 1 or 2 OFDM symbols respectively. Independent of the control region size, the ePDCCH could start at the very first symbol #0 if the L1/L2 control region is empty, i.e. no actual PDCCH / PHICH transmission in that subframe. In hetNets deployments, the ePDCCH could also start at symbol #0 if it is transmitted from a low power node to a UE, which is close to the low power node and which is far from the macro base station. In that case the PDCCH from the macro does not interfere with the ePDCCH from the low power node. 
The indication of the starting point should not be based on the PCFICH. As discussed above, the PCFICH might indicate the wrong value. Furthermore, the PCFICH is a CRS-based control channel. Depending the DMRS-based ePDCCH on a CRS-based control channel would counteract the advantages of a DMRS-based control channel. 

Proposal 1:
The start symbol of the ePDCCH should be flexible (ranging from symbol #0 to #4) and independent of any CRS-based control channel

3 Improved frequency diversity

The DMRS-based R-PDCCH can leverage frequency diversity with aggregation levels larger than 1. In that case the R-PDCCH is mapped to 2 (or more) RBs, which can be configured to be far apart in the frequency domain. Note that the aggregation level of the R-PDCCH without cross-interleaving refers to the number of occupied RBs and not the number of CCEs.
Channel conditions towards mobile UEs might be more varying than towards relay nodes. Hence it could be proposed to leverage frequency diversity without occupying 2 (or more) RBs entirely for that ePDCCH. In that case, the ePDCCH is mapped to 2 (or more) RBs. In order to improve resource efficiency ePDCCHs for multiple UEs are mapped to a given RB. The right hand side of Figure 1 shows an example of mapping 2 ePDCCHs to 2 RBs and sharing the RBs among the 2 ePDCCHs. 
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Figure 1
Example of mapping two ePDCCHs to two RBs with sharing the RBs among the two ePDCCHs (right) compared to R-PDCCH mapping (left)
The current DMRS design supports the above discussed split if ePDCCH demodulation for different UEs can be based on different DMRS ports. It can be expected that DMRS ports, which are mapped to different REs such as ports 7 and 9 would give better decoding performance than DMRS ports, which are code-separated such as ports 7 and 8. 

Proposal 2:
Mapping multiple ePDCCHs into the same RB should be studied. 
4 Proposals

Based on the above discussion we propose the following:

1) The start symbol of the ePDCCH should be flexible (ranging from symbol #0 to #4) and independent of any CRS-based control channel
2) Mapping multiple ePDCCHs into the same RB should be studied. 
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