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1 Introduction

In RAN1#67, the following were proposed for agreement and will be revisited in RAN1#68:

· PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM
· A PRB pair may contain parts of different ePDCCHs to different UEs
· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM 

· How to multiplex ePDCCHs within a PRB pair is FFS
This contribution discusses the multiplexing among enhanced control channels (E-CCHs) and PDSCHs.
2 E-PDCCH Region Configuration
Release-10 R-PDCCH Structure
For Rel-10 R-PDCCH transmissions, the system configures a set of VRBs via RRC signaling. The configured VRBs can be either for non-interleaved mode or for interleaved mode transmission. The VRB configuration for the interleaved mode is common for a set of relay nodes which share the same VRB region. DL-grants are always transmitted in the 1st slot while UL-grants are transmitted in the 2nd slot. For the non-interleaved mode, the 2nd slot can be used for PDSCH transmission if no R-PDCCH is transmitted therein. 

Enhanced Control Channel Structures

 An E-CCH region can be configured either in non-interleaved mode or in interleaved mode. For the non-interleaved mode, the transmission of an E-CCH consists of a set of localized REs in the configured VRB region; for interleaved mode, the REs are distributed over the configured VRB region.

For E-CCH reception, a UE should first be aware of the E-CCH region. The options for configuring the E-CCH region are the usual ones; either by L1 signaling as for the legacy CCHs or by RRC signaling as for the R-PDCCHs. 
Different from the RNs and the same as for legacy CCHs, the number of scheduled UEs and their control payloads may dynamically vary from subframe to subframe. Since the interleaved mode E-CCH region cannot be shared with PDSCH or non-interleaved mode E-CCH after VRB configuration, it is more desirable that the VRB configuration for interleaved mode E-CCH is dynamic. Moreover, as multiple UEs are multiplexed in the same interleaved mode E-CCH, a common configuration will also help to save configuration overhead. L1 signaling, referred to as E-PCFICH, can be used to indicate the dynamic VRB configuration for interleaved mode E-CCH. As for legacy CCHs, a UE will detect the E-PCFICH before decoding E-PDCCHs for the interleaved mode. 
For non-interleaved mode E-CCH, UEs are scheduled with localized resource in the configured VRBs and the network may configure different VRBs for different UEs for better frequency domain ICIC and/or scheduling flexibility. Moreover, unused RBs in the configured E-CCH VRBs can be scheduled for PDSCH or other E-CCH transmission without additional control overhead. Therefore, a UE-specific RRC configuration is more appropriate for the VRB configuration for non-interleaved mode E-CCH.
Proposal 1:  The E-CCH region for interleaved E-CCH transmissions is dynamically configured. The E-CCH regions for non-interleaved E-CCH transmissions is configured by UE-specific  RRC signaling.

The main multiplexing options as shown in Fig.1 for E-CCHs are: 
· Pure FDM mode

· One E-CCH spans both slots in a subframe.
· 1st-slot FDM mode
· One E-CCH spans only the 1st slot in a subframe

· FDM/TDM

· One E-CCH spans the 1st slot, and/or the 2nd slot
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Fig. 1 Multiplexing modes of E-PDCCH
The tradeoffs of the above three multiplexing options have been extensively discussed. Pure FDM allows simplicity for PDSCH and E-CCH scheduling and avoids resource fragmentation.  It is noted that considering the support of TM9, the decoding delay for TBCC-encoded E-PDCCHs is a small fraction of an OFDM symbol, the decoding delay and the buffering requirements for FDM are not as issue. 1st-slot FDM requires more complicated scheduling and receiver processing compared to pure FDM. It has also been shown that there will be some performance losses by utilizing the DMRS in only 1 slot [1][2]. Moreover, the resource fragmentation issue will still exist as full utilization of every PRB resource, e.g., when only an UL grant is transmitted to a UE, cannot be guaranteed. The FDM/TDM approach incurs both decoding delay and resource fragmentation. Both FDM/TDM and 1st-slot FDM would require more RBs for transmissions of E-CCHs which will complicate scheduling of legacy UEs and hinder the use of ICIC.  Therefore, pure FDM is preferred for E-CCH transmissions as it offers the simplest system/UE development, avoids the shortcoming of the other main alternatives, while not having any material disadvantages.
Proposal 2: FDM is used for E-CCH transmissions.
Since E-CCH transmissions for PDSCH/PUSCH scheduling to UEs are more dynamic comparing to the respective R-PDCCH ones to RNs, it is not resource efficient to limit DL- and UL- grants in the 1st and 2nd slot respectively. A DCI format can be transmitted through respective E-CCHs either in the 1st slot or in the 2nd slot regardless of its type.  The slot boundary should also be removed so that the two slots are unified for the generation of a search space. This also allows consistency with FDM of E-CCH transmissions. 

Proposal 3: An E-CCH transmission can be over both slots of a subframe.

3 Conclusions

This contribution considered the resource configuration, multiplexing between PDSCH and E-PDCCH, multiplexing among E-PDCCHs, etc. The following are proposed:
· The E-CCH region for interleaved E-CCH transmissions is dynamically configured. The E-CCH regions for non-interleaved E-CCH transmissions is configured by UE-specific  RRC signaling.

· FDM is used for E-CCH transmissions.

· An E-CCH transmission can be over both slots of a subframe.
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