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1 Introduction

In the last meeting RAN1#66bis, it has been agreed as working assumptions to introduce an enhanced physical downlink control channel based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO in Release 11 as follows:

Working assumptions:

· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

· Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

From the above working assumptions, next step is to provide details of the solutions of the enhanced physical downlink control channel (E-PDCCH) to meet these above goals and to evaluate different solutions and structures to realise the E-PDCCH control channel.

In this contribution, we discuss one possible solution to realise the E-PDCCH control structure in TDM-like manner in Release 11. For other structures, we have discussed in our accompanying contribution in [7] 
 TDM-like E-PDCCH structure for the Extension carrier 
In the last meeting RAN1#66bis, it has been agreed to introduce at least one new non-backward compatible component carrier type in Release 11 with the motivation of enhanced spectral efficiency and improved support of HetNet and energy efficiency. From our point of view, this is an extension carrier as it is always associated with a backward compatible carrier. Since this component carrier type is non-backward compatible carrier, we propose to place the E-PDCCH control channel at the beginning of the subframe in TDM-like manner as shown on Figure 1. As can be seen, the E-PDCCH is placed on the first few OFDM symbols of the subframe and a new DMRS pattern for demodulating the E-PDCCH are also inserted in these OFDM symbols of the physical resource blocks (PRB) allocated for E-PDCCH transmission for a given UE. In addition, for a given UE, E-PDCCH is transmitted on an aggregation of one or several PRBs which are either localised or distributed in frequency domain. 
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Figure 1. Placing E-PDCCH control channel at the beginning of the subframe in TDM-like manner on non-backward compatible component carrier (Normal CP length subframe).
2 TDM-like PDCCH and E-PDCCH structures for the Backward compatible carrier
On the backward compatible carrier, we propose to place the E-PDCCH after the PDCCH control channel at the beginning of the subframe in TDM-like manner as shown on Figure 2. As can be seen, PDCCH region is reduced to one (or may be two) OFDM symbol(s) and the E-PDCCH is placed afterwards upto the fourth (or fifth) OFDM symbol of the subframe. In addition, new DMRS pattern for demodulating the E-PDCCH are also inserted in these OFDM symbols of the physical resource blocks (PRB) allocated for E-PDCCH transmission for a given UE. The DMRS pattern is in different location due to the presence of PDCCH and CRS in the first one or two OFDM symbols. Same as in section 2, for a given UE, E-PDCCH is transmitted on an aggregation of one or several PRBs which are either localised or distributed in frequency domain. 
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Figure 2. Placing PDCCH and E-PDCCH control channels at the beginning of the subframe in TDM-like manner on backward compatible component carrier (Normal CP length subframe).

It has to be noted that the total number of OFDM symbols for PDCCH and E-PDCCH are four (or five) in the above discussion, so depending which Release UEs are dominant, the split for PDCCH and E-PDCCH can be adjusted accordingly. In principle, with four (or five) OFDM symbols (and spatial domain for the E-PDCCH) in a subframe for the control signalling, there should not be any capacity limitations. 
3 Benefits of TDM-like scheme compare to other Schemes
Advantages:

· Provides excellent UE’s design requirements such as early decoding and less buffering.
· Stand alone E-PDCCH with its own DMRS pattern by decoupling the E-PDCCH and PDSCH transmissions, i.e. in the same PRB-pair, E-PDCCH and PDSCH can be scheduled for the same UE or different UEs.
· Provides better frequency diversity than FDM and FDM+TDM schemes because for a given E-PDCCH data size, the transmission will be spread over more PRBs in frequency domain.

· Power boosting is possible similar to Rel-8 PDCCH control channel. 
Disadvantages:

· There is a specification impact as the existing legacy R-PDCCH can not be fully reused.
· New DMRS patterns for the E-PDCCH should be specified.
· Some additional overhead for the introduction of new DMRS patterns. 
4 Conclusion
In this contribution, we have discussed one possible solution to realise the E-PDCCH control structure in TDM-like manner in Release 11. There are several advantages and fewer disadvantages, so we propose RAN1 to consider TDM-like scheme as one possible solution of E-PDCCH control channel structure for Release 11.
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