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1 Introduction

The working assumption from RAN1#66bis on the DL Enhanced Control Channels (DL E-CCHs) is that the DL E-CCHs should provide the following capabilities: 

· support increased control channel capacity

· support frequency-domain ICIC
· achieve improved spatial reuse of control channel resource 

· support beamforming and/or diversity

· operate on the new carrier type and in MBSFN subframes

· coexist on the same carrier as legacy UEs

Other desirable capabilities include frequency-domain scheduling and inter-cell interference mitigation.
This contribution considers the implications of the above capabilities on the requirement of E-CCHs to support, in addition to the PDSCH or PUSCH scheduling assignments, common control signaling (provided by DCI formats 1C and 3/3A), enhanced PHICH (E-PHICH), enhanced PCFICH (E-PCFICH), and enhanced feedback.  

2 Functionalities of DL E-CCHs
The functionalities of DL E-CCHs, other than PDSCH and PUSCH scheduling, are subsequently considered. 

Common Control Signaling

Although details of the interaction between E-CCHs and conventional/legacy CCHs (C-CCHs) have not been discussed, it is in principle possible for a NodeB to configure a UE to decode both C-CCHs and E-CCHs. Then, it would appear that it is not necessary to provide support for common control signaling through E-CCHs as a UE can obtain common control signaling information from the common search space of the conventional DL control channel region [1, 2].

The above operation, although generally possible, fails to fulfill the target capability of E-CCHs to support FDM-ICIC. For the C-CCHs, the inability of FDM-ICIC was the primary reason for resorting to TDM-ICIC despite the associated inefficient use of the resources, reduced scheduling capability, and HARQ restrictions. 
FDM-ICIC for common control channels is needed both for het-nets, as discussed in Rel.10, and for CoMP scenario 4 for which TPC commands for PUSCH or PUCCH transmissions associated with UL SPS or DL SPS, respectively, are needed both for the macro-cell and for the RRHs. DCI formats 3/3A conveyed by C-CCHs are unlikely to provide the required capacity for TPC commands in every subframe for all UEs associated with DL SPS or UL SPS in the macro-cell and all the RRHs. This is similar to the PHICH capacity limitation for CoMP scenario 4 which is subsequently discussed. Moreover, even with TDM-ICIC, the macro-node currently has very limited capability to operate in ABS. 
Another reason to support common control signaling by E-CCHs is forward compatibility. For example, even though a non-backward compatible carrier in Rel.11 will be associated with an anchor carrier providing the common control information, this may not be the case in subsequent releases and network designs transition from a CRS-based ones to a CSI-RS/DMRS-based ones. 
No additional complexity is expected from supporting common control signaling with E-CCHs. Distributed transmission of E-CCHs will anyway need to be supported and the search space design principles of the C-CCHs in Rel.10 can be directly re-used. 

Proposal 1: E-CCHs support transmission of UE-common control information.
Enhanced PHICH (E-PHICH)
The need to support E-PHICH stems from the requirement to support the capabilities of FDM-ICIC and increased capacity for the E-CCHs. 

The need to provide FDM-ICIC for the transmission of control channels providing DL HARQ indicator information is the same as the one for the control channels providing UE-common control information as it was previously discussed. 

The need to provide increased capacity for the transmission of DL HARQ indicator information stems primarily from CoMP scenario 4 and the use of UL SPS in the macro-cell and the RRHs. Unlike the Scells in CA, the RRHs support UL SPS and respective DL HARQ information channels are needed. In addition to the limited capacity of legacy PHICH resources, which were dimensioned for single-cell operation and cannot absorb the cell-splitting gain of CoMP scenario 4, the collision-avoidance for DL HARQ indicator channels is another issue as the UL DMRS cyclic shift in an UL SPS PUSCH is set to zero and cannot be used to index the resource for the respective DL HARQ indicator channel which needs to exclusively rely on the lower PRB index of the UL SPS PUSCH [2].  

Proposal 2: E-CCHs support transmissions of E-PHICHs.

Enhanced PCFICH (E-PCFICH)
The need to support E-PCFICH stems from the objective that operation with E-CCHs should be at least as resource efficient as operation with C-CCHs. As the number of UEs with PDSCH or PUSCH scheduling may significantly vary per subframe (unlike the number of RNs), the number of resources for the transmissions of the respective E-CCHs may also significantly vary per subframe. For the C-CCHs, the PCFICH transmission consuming 16 REs allows to potentially save 1200 REs or even 2400 REs for PDSCH reception (20 MHz) excluding CRS REs. Equivalently, for about 0.1% PCFICH overhead (16/(1200*14)), an overhead of 7.15% or 14.5% of the DL resources can be avoided (normal CP), compared to the case that a maximum number of OFDM symbols or scheduling restrictions are used. 
For non-interleaved (localized) transmissions of E-CCHs, PRBs configured but not used for transmissions of E-CCHs could be in principle seamlessly allocated to PDSCH transmissions. However, this is not necessarily the case for interleaved (distributed) transmissions of E-CCHs that intend to provide frequency and interference diversity as needed for scheduling UEs for which beam-forming or frequency domain scheduling (FDS) of the respective E-CCHs is not possible, or for supporting possible transmissions of UE-common E-CCHs or of E-PHICHs. Although the design of the search space for interleaved transmissions of E-CCHs may flexibly avoid under-utilization of resources and therefore avoid the transmission of an E-PCFICH, this cannot be done with conventional search space designs (either for UEs or for RNs) and it is unclear how to do in general without significant penalties in blocking probability and reductions in frequency and interference diversity.

Proposal 3: E-CCHs support transmission of an E-PCFICH.

Enhanced Feedback for E-CCH beamforming
A major restriction in using beamforming for the transmission of an E-CCH scheduling a PDSCH or a PUSCH (at least in FDD but also in TDD where sounding may not be available over all PRBs supporting transmissions of E-CCHs) is the absence of the required PMI feedback from a UE. For example, a UE may be reporting CSI for rank-2 PDSCH transmission while the E-CCH transmission may be with rank-1 or a UE may be configured with a CSI reporting mode that does not provide sub-band PMI. Contrary to other factors, such as a moderate/high UE speed or a low UE SINR associated with unreliable PMI measurements/feedback, it would be possible to enable a CSI feedback mode targeting transmissions of E-CCHs that is separate from the CSI feedback mode for PDSCH transmissions. 

The complexity and additional UL overhead associated with providing separate PMI feedback for PDSCH and E-CCH transmissions cannot be justified by any potential reductions in the resources for an E-CCH transmission as UEs for which accurate and robust E-CCH beamforming is possible are not likely to require many resources for an E-CCH transmission. At least for PDSCH scheduling, relying on the same information to perform FDS for the transmissions of both E-CCH and the respective PDSCH provides a transparent and robust mechanism to improve the resource efficiency of the E-CCH transmission.

Proposal 4: Additional UE feedback for transmissions of E-CCHs is not supported.

3 Conclusions

This contribution considered the need to support E-CCHs other than the ones scheduling PDSCH or PUSCH and in particular of UE-common control signaling, E-PHICH, and E-PCFICH. The conclusions can be summarized by the following proposals.  

Proposal 1: E-CCHs support transmission of UE-common control information.
Proposal 2: E-CCHs support transmissions of E-PHICHs.

Proposal 3: E-CCHs support transmission of an E-PCFICH.

Proposal 4: Additional UE feedback for transmissions of E-CCHs is not supported.
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