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1. Introduction

In RAN1#66bis various motivations of enhanced PDCCH were discussed[1] and RAN1 has made working assumption as followings[2]:
· Working Assumption from RAN1#66bis, based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:

· 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.

· Next step: evaluate solutions to meet these goals
These goals should be considered on the detail design of enhanced PDCCH such as reference signal, multiplexing with PDSCH, multiplexing between control channels, search space and mapping scheme. In this contribution, we investigate the mapping of enhanced PDCCH to REs.
2. Enhanced PDCCH to REs mapping
Using UE-specific RS defined in the downlink shared data channel seems like a natural choice since enhanced PDCCH is transmitted in PDSCH region. Enhanced PDCCH demodulation is based on DMRS utilization. In order to support frequency selective scheduling, enhanced PDCCH resource is UE specific. It consists of the set of PRB pairs which may be configured by semi-static or dynamic manner. Then, unused PRB pairs within the set can be used for PDSCH transmission in order to increase resource efficiency. And at least UE-specific search space can be defined within the set of enhanced PDCCH resources. Enhanced PDCCH can be transmitted on both slots of a PRB pair and then an RB pair may contain parts of different enhanced PDCCH to different UEs. In the contribution, we investigate the mapping schemes.
· Alt 1: FDM based mapping
Single enhanced PDCCH is transmitted on a PRB pair. The multiplexing scheme between DL and UL grant is pure FDM so that all REs within a PRB pair are used for DL or UL grant. The multiplexing between different DCIs to different UEs is also FDM. This will provide good performance since many REs are used for control channel transmission. Enhanced PDCCH to REs mapping is simple since the multiplexing scheme of DL and UL grant or different DCIs to other UEs within a PRB pair are not considered. Search space between DL and UL grant within the set of PRB pairs may be considered. In the scheme the number of PRB pairs corresponding to each aggregation level for an enhanced PDCCH should be considered in terms of resource efficiency. A PDCCH with aggregation level 1 need 36 REs while for enhanced PDCCH 106 REs are used assuming 11 OFDM symbol, two CRS ports, two DMRS ports and two CSI-RS ports. In this case, many resources are used so that it may cause low resource efficiency.
· Alt2: TDM/FDM based mapping
Single enhanced PDCCH can be transmitted on the first and/or second slot. The multiplexing scheme between DL and UL grant is TDM+FDM so that available resource in each slot is used for enhanced PDCCH. The multiplexing between different DCIs to different UEs can be TDM/FDM depending on DMRS utilization e.g. UE#1 is transmitted in the first slot and then DMRS in the first slot is only used for UE#1 while enhanced PDCCH for UE#2 is transmitted in the second slot and then DMRS in the second slot is only used for UE#2. In case of DL grant only, PDSCH can be allocated in another slot which DL grant is not allocated. If UL grant is transmitted in the first or second slot, unused slot may be wasted. One of possible solutions for this issue is to locate UL grant in legacy PDCCH region. TDM/FDM based enhanced PDCCH to REs mapping will provide flexible resource allocation for enhanced PDCCH with fine granularity compared to FDM based mapping. For this multiplexing scheme, search space between DL and UL grant within the set of PRB pairs also need to be considered.
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Fig 1. FDM and TDM/FDM based mapping
3. Conclusion
In the contribution, we investigate the mapping schemes: FDM and TDM/FDM based mapping scheme for enhanced PDCCH to REs. FDM based mapping will provide simple methodology for the multiplexing of DL and UL grant while low resource efficiency may occur. TDM/FDM based mapping will provide flexible resource allocation for enhanced PDCCH with fine granularity.
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