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1 Introduction

The primary motivations for the introduction of enhanced control channels (E-CCHs) were mostly related to enabling key functionalities such as improving spectral efficiency (reducing overhead), increasing capacity and providing frequency domain ICIC. 

This contribution considers the distributed operation of E-CCHs. Practically all design principles for the operation of legacy CCHs can be maintained. This allows for fast specification, testing, and deployment and for maintaining the LTE operational capabilities while providing all targeted additional functionalities.
2 Distributed E-CCHs 
Legacy CCHs include the PDCCH, the PHICH, and the PCFICH. The PHICH and the PCFICH allow for a spectrally efficient design; the gains associated with their deployment were extensively demonstrated during Rel.8 and are immediate, direct, and simple to achieve. To avoid a less spectrally efficient operation relative to legacy CCHs, this proven design must be maintained for E-CCHs and an enhanced PCFICH (E-PCFICH) and enhanced PHICHs (E-PHICHs) shall be supported [1, 2]. As these channels are intended for multiple UEs and need to be highly robust to any impairment, distributed transmissions achieving interference, antenna, and frequency diversity are essential. 
Moreover, as it is very often challenging in practice for a localized E-PDCCH transmission to be more reliable/robust than a distributed E-PDCCH transmission to a UE, an effective design for the latter that incorporates all respective principles of the legacy PDCCH design is essential as distributed E-PDCCHs may often be the only practical deployment option for a network [1]. Moreover, a design that avoids compromising the performance of distributed E-PDCCH transmissions by limiting frequency and interference diversity or by hindering improvements in channel estimation is highly desirable. 
For E-CCHs, distributed E-PDCCHs are the equivalent of legacy PDCCHs. The design principles of legacy CCHs can be maintained intact for E-CCHs considering the following:
a) Legacy CCHs resources occupy the whole system BW and the resource granularity is in the time domain. Enhanced CCHs resources occupy the whole subframe (minus the OFDM symbols for the legacy CCHs) and the resource granularity is in the frequency domain. Enhanced CCHs are therefore a T-F rotated version of the legacy CCHs and all the respective designs can be fundamentally maintained.

b) The minimum resources that always exist for legacy CCHs correspond to the ones in the first OFDM symbol over the whole system BW. Applying a T-F rotation, the minimum resources that always exist for distributed E-CCHs correspond to a set of PRB pairs over the whole subframe (minus the OFDM symbols for the legacy CCHs). This set of PRB pairs may be either specified or be configured by the network and may depend on the system BW.
c) A PCFICH is always transmitted within the minimum resources for legacy CCHs and informs whether additional ones (OFDM symbols) exist in order to adjust the respective overhead according to the scheduling requirements per subframe. Applying a T-F rotation, an E-PCFICH is always transmitted within the minimum resources for E-CCHs and informs whether additional ones (PRB pairs) exist in order to adjust the respective overhead according to the scheduling requirements per subframe.  

d) PHICHs are always transmitted within the minimum resources for legacy CCHs unless the network configures the duration of the transmission to be over the maximum resources. Applying a T-F rotation, E-PHICHs are always transmitted within the minimum resources for enhanced CCHs. Unlike PHICHs where the network can configure the duration of their transmission to be over the maximum resources if coverage is an issue, no need for such configuration seems to exist for E-PHICHs as minimum resources for distributed E-CCHs extend over the whole subframe.
e) CCEs for the legacy CSS are placed first followed by CCEs for the legacy UE-DSS and are therefore ensured to exist in the minimum resources for legacy CCHs. CCEs for the enhanced CSS (assumed supported) are also placed first followed by CCEs for enhanced UE-DSS and are therefore ensured to exist in the minimum resources for distributed E-CCHs. 
f) The same coding and multiplexing for legacy CCHs may apply for distributed E-CCHs. A tree-based structure for the PDCCH candidates and the UE-DSS design can be maintained with the same CCE aggregation levels. The assigned PRB pairs form a virtual system BW (similar to R-PDCCH design) and CCEs for distributed E-CCHs can be distributed in the T-F domain as for legacy CCHs. REs allocated to transmissions of other channels, such as E-PCFICH and E-PHICH, and REs allocated to transmissions of any RS types are discounted. Details for the transmission and search space design for distributed E-PDCCHs are provided in [3].
a. Some transmission aspects for E-CCHs may need to change relative to the ones for legacy CCHs primarily to reflect that their demodulation is based on DMRS and that the minimum set of resources extends over multiple subframe symbols.
Table 1 summarizes the previous design properties of legacy CCHs and their equivalent for E-CCHs

Table 1: Number of E-CCEs for a Respective Number of PRB pairs
	Design Property
	Legacy CCHs
	Distributed E-CCHs

	Allocated Resources
	Whole system BW, Subset of OFDM Symbols
	Whole subframe, Subset of system BW

	Minimum Resources
	1 OFDM Symbol
	Configured Set of PRB Pairs

	Resource Adjustment
	PCFICH in minimum resources indicates use of additional OFDM symbols
	E-PCFICH in minimum resources indicates use of additional PRB pairs

	HARQ Indicator
	PHICHs in minimum resources
	E-PHICHs in minimum resources

	CSS
	First 16 CCEs
	First X CCEs

	Coding and Multiplexing
	-
	Re-use basic coding/multiplexing for legacy CCHs 


From Table 1, it can be immediately observed that, given the specification and implementation of legacy CCHs, the specification and implementation of distributed E-CCHs is a straightforward aspect while preserving all the beneficial characteristics of legacy CCHs and supporting all identified new functionalities. 
3 Conclusions

This contribution considered the basic framework for the distributed operation of enhanced CCHs for which a robust and spectrally efficient design is critical in providing a practically meaningful alternative to legacy PDCCH operation. The following are proposed:

Proposal 1: A minimum set of PRB pairs shall be configured for distributed E-CCH transmissions and additional resources shall be indicated per subframe by an E-PCFICH.

Proposal 2: E-PHICHs shall be transmitted in the minimum set of PRB pairs using distributed transmission.

Proposal 3: Scheduling of common control signaling is supported through distributed E-PDCCHs transmitted in a CSS. 
Proposal 4: Distributed E-PDCCH transmissions are based on the same CCE aggregation levels. 
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