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1 Introduction

Enhancement of physical downlink control channel to support CA Enhancement new carrier type, CoMP and DL MIMO has been discussed extensively since RAN1#66. In RAN1#66bis, the following working assumption was made in designing the enhanced physical downlink control channel:
· 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.
It is possible that in the future, some UEs will operate in narrow bandwidth. Narrow band operation of a UE has the benefit of reducing device cost (for future low cost devices such as low-cost MTC UEs) and reducing power consumption for UEs in dormant or idle state. These UEs may process narrower bandwidth than the full system bandwidth in order to save cost and extend battery life. In order to make the standard future-proof, it is worthwhile to consider how to support such narrow band operation with E-PDCCH. In this contribution we discuss the impact of including low bandwidth UE on the design of E-PDCCH search space.
2 Requirement on E-PDCCH search space to support narrow bandwidth operation.
Rel.10 PDCCH (and PCFICH) cannot support low bandwidth operation because the PDCCH spans the entire bandwidth. The low bandwidth UE have to rely on only the E-PDCCH. This makes it necessary to design some of the E-PDCCH channels to support these UEs. These E-PDCCH will have to include at least some of the common search space and the search space specific to these low bandwidth UEs. Under the assumption that low bandwidth UE are to be supported in Rel.11, this is our first proposal:
Proposal 1: In order to support narrow band operation, it can be considered to limit least some of the common search space E-PDCCH and the E-PDCCH specific to narrow band UEs within a narrow bandwidth.

The narrowest bandwidth supported by these bandwidth-limited UEs may be as low as 6 RBs. The lowest number of RBs supported by these bandwidth-limited UEs is FFS. In order to support these UEs, the CSS of the PDCCH need to be in the same BW. Because the common search space is of broadcast nature, beamforming or closed loop MIMO scheme shall not be used. Based on these observations we make the following proposal:
Proposal 2: In order to support the narrow band UE, the common search space shall be distributed in the central RBs using only single port transmission, or transmission diversity using SFBC, or open-loop MIMO. The DM-RS used for common search space shall be non UE-specific.
Because the narrow bandwidth UEs cannot receive PDCCH, no DCI signaling can be used to signal the configuration of the common search space or their UE specific search spaces. These E-PDCCH transmissions must be self-identifying (blindly decodable).  We believe it is sufficient to rely on the CRC to identify the E-PDCCH in these search spaces, including the transmission modes. We further propose

Proposal 3: The configuration of E-PDCCH including the transmission modes in the common search space and in the search space specific to the narrow bandwidth UEs shall require no separate signaling and shall be blind-decodable taking advantage of CRC. The possible transmission modes for these E-PDCCH shall be limited to reduce the blind decoding overhead. The configuration of the other E-PDCCH is FFS. 
In order to simplify the multiplexing of the distributed E-PDCCH for the narrow band UEs (including CSS) and the wide band UE, we recommend that to separate the eREGs in these two cases as FDM. That is, the eREGs for narrow band UE and for CSS are in the central RBs, and the eREGs for wide band UEs are in the RBs on both sides of the bandwidth.
Proposal 4: To multiplex the E-PDCCH resources for narrow band UEs and CSS, and the E-PDCCH resources for wide band UEs as FDM, with the resources for narrow band UE at the central RBs and the resources for wide band UEs on both sides of the bandwidth. The details of the resource allocation for narrow band or for wide band E-PDCCH is FFS.
3 Conclusions

Under the assumption that narrow bandwidth UEs such as low cost MTC UEs are to be supported, we propose the following on E-PDCCH:

Proposal 1: In order to support narrow band operation, it can be considered to limit least some of the common search space E-PDCCH and the E-PDCCH specific to narrow band UEs within a narrow bandwidth.

Proposal 2: In order to support the narrow band UE, the CSS shall be distributed in the central RBs using only single port transmission, or transmission diversity using SFBC, or open-loop MIMO. The DM-RS used for CSS shall be non UE-specific.

Proposal 3: The configuration of E-PDCCH including the transmission modes in the common search space and in the search space specific to the narrow bandwidth UEs shall require no separate signaling and shall be blind-decodable taking advantage of CRC. The possible transmission modes for these E-PDCCH shall be limited to reduce the blind decoding overhead. The configuration of the other E-PDCCH is FFS. 

Proposal 4: To multiplex the eREGs for narrow band UEs and CSS, and the eREGs for wide band UEs as FDM, with the eREGs for narrow band UE at the central RBs and the eREGs for wide band UEs on both sides of the bandwidth.
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