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1 Introduction

Small cells using low power nodes are a promising network deployment for coping with the ever increasing demand for mobile traffic, especially for hotspot deployments in indoor and outdoor scenarios [1]. Support of increased data traffic using small cells is directly associated with enhancements in the spectral efficiency of the network operation, both in the DL and in the UL as traffic in small cells may be highly asymmetrical and either DL or UL centric.

Small cells can have sparse (e.g. 1-2 cells per cluster) or dense (e.g. 4-10 cells per cluster) deployments. In the latter case, the coverage area of different small cells may even overlap [1] which creates interference even in the absence of a macro eNB in the same carrier. It is generally recognized that, due to limited scalability, using TDM-ICIC and ABS in such cases cannot provide an effective solution for interference mitigation and FDM-ICIC is fundamentally required for cells in each cluster. With respect to control signaling, this implies a more extensive use of EPDCCH (instead of PDCCH) and a reconsideration of some aspects of the EPDCCH design in Rel-11 related to the support for common search space (CSS) by EPDCCH and for enhanced PHICH (EPHICH). 
This contribution considers the support of CSS by EPDCCH and the support of EPHICH for small cell deployments.

2 Control Signalling Enhancements
Support of CSS by EPDCCH

Whether EPDCCH should also provide UE-common control signaling was discussed in Rel-11 without conclusion. Given the support of distributed EPDCCH and the existing eNB/UE functionalities for supporting CSS operation by PDCCH, the specification impact or the impact on eNB/UE implementation for supporting CSS by EPDCCH is expected to be trivial. However, a concern regarding a duplication of overhead remains as UE-common control signaling may also be provided by PDCCH.
As previously mentioned, in deployments with dense small cells, support for UE-common control signaling by EPDCCH is motivated by the objective to reduce interference (through FDM-ICIC as TDM-ICIC is not generally appropriate). It is noted that interference cancellation schemes are not appropriate for common control signaling as it is unlikely to have a single dominant interferer in dense small cells. Moreover, in case a macro-cell exists on the same carrier, the need to limit UE-common control signaling from small-cells only in ABS and the associated capacity constraints can be avoided in case of an ideal backhaul while, with non-ideal backhaul, small cells should transmit (and receive) their respective control signaling (e.g. for dual connectivity or for operation without a macro eNB). To support backward compatibility (i.e. to allow Rel-11 UE to access a small cell), some overhead duplication may exist (for example, for system information scheduling) but it will be limited as TPC transmission (through DCI format 3/3A), or random access response scheduling, or paging, may not be duplicated. Therefore, support of CSS by EPDCCH should be provided in order to facilitate operation in dense small cell deployments. 
Proposal: Common search space by EPDCCH is supported in Rel-12. 

Support of EPHICH
For EPHICH, the main consideration is DL control overhead reduction [2] as the same functionality can be provided by EPDCCH scheduling PUSCH. However, the typical number of active UEs per small cell is small and, as a consequence, the overhead reduction gains that could be offered by EPHICH are not substantial enough to justify the additional specification and implementation complexity. It is noted that due to differences in the REG and EREG structures and due to differences in antenna transmitter diversity for PDCCH and EPDCCH, an EPHICH design is not expected to only be a trivial duplication of the PHICH design. Therefore, there is no compelling need to introduce EPHICH for DL control signal overhead reduction purposes in small cells. Clearly, this should not preclude introduction of EPHICH for other reasons or in other system operating scenarios. 
Observation: The throughput gain vs. complexity trade-off is unfavorable to introducing EPHICH for small cell deployments.
3 Conclusions

This contribution considered whether any DL control signaling enhancements are needed for small cell deployments. It is suggested that CSS support by EPDCCH is needed but there is not sufficient motivation to support EPHICH.

Proposal: Common search space by EPDCCH is supported in Rel-12. 
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