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1. Introduction

An enhanced physical downlink channel (e-PDCCH) shall be introduced in Rel-11 and it shall support increased control channel capacity, support of frequency domain ICIC, improved spatial reuse,  beamforming or transmit diversity, and support of the new carrier type in CA and MBSFN subframes [1]. Based on these objectives RAN1 agreed that:

· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported
· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported
· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))

· Multiplexing of PDSCH and e-PDCCH within a PRB pair is not permitted

It is natural to consider whether enhancements are also required for DL HARQ-ACK signaling corresponding to PUSCH transmission. This contribution studies the necessity and design aspects for an enhanced PHICH (e-PHICH).

2. Necessity for an e-PHICH
Some factors motivating support of an e-PHICH include:
1) New carrier type: the new carrier type is characterized by reduced or eliminated DL control signaling and/or CRS. Therefore, such a carrier type would require an alternative mechanism for conveying both DCI and DL HARQ-ACK signaling.

2) Frequency domain ICIC: in a heterogeneous network macro and low power nodes may coordinate their e-PDCCH transmissions to avoid/mitigate mutual interference. Thus, it is equally beneficial if DL HARQ-ACK signaling can take advantage of frequency domain ICIC, which is not possible with legacy PHICH.

3) PHICH collisions: for the CoMP shared cell ID scenario (Scenario 4) two or more UEs transmitting to different reception points (RPs) could simultaneously transmit on PUSCH if there is sufficient spatial isolation between the RPs. The area splitting gains provided by spatial isolation is limited by the fact that the probability of PHICH resource collision increases with the number of simultaneous PUSCH transmissions to different RPs. To some extent coordination between the macro and picos can avoid such collisions by assigning either different DMRS cyclic shifts in the UL grant – similarly to MU-MIMO – or different starting indexes for the PUSCH allocation. However, this increases scheduling complexity and it requires extensive backhaul coordination both for CoMP Scenario 4 and Scenario 3 (for the case of decoupled control and data). Moreover, collision probability increases if each network node autonomously schedules SPS users since the PHICH resource for SPS is assigned a fixed value (zero) for the DMRS cyclic shift. 

Regarding these motivating factors a few observations to note are
1) A new carrier type would be aggregated with a primary serving cell (PCell), which is a backward compatible carrier. Therefore, one solution to the absence of PHICH on the new carrier type is to configure cross-cell scheduling of PDSCH from a different serving cell e.g. the PCell. Similarly, HARQ-ACK signaling for PUSCH transmission on an UL CC that is SIB2-linked to a new (DL) carrier type can be provided on the PCell. 

2) Robust e-PHICH transmission should not rely on subband (narrowband) CSI feedback for frequency dependent scheduling, i.e. localized CCH transmission. Moreover the accuracy of such CSI feedback depends on feedback latency and UE mobility. Therefore, it is more likely that DL HARQ-ACK signaling would take advantage of distributed, non-channel aware transmission for frequency diversity gain. 

Given these observations our opinion is that the main use cases for introducing the e-PHICH are for the new carrier type when cross-cell scheduling is not supported and for CoMP Scenarios 3 and 4 to facilitate area splitting gains.

3. Design Aspects for enhanced DL HARQ-ACK
In our view the following design principles should be followed for DL HARQ-ACK transmission based on the e-PDCCH:

1) Reuse as much as possible the same coding and modulation of the PHICH.

2) The location of the e-PHICH is fixed i.e. it should not change dynamically.
3) As a baseline, distributed transmission of the e-PHICH is recommended for frequency diversity gain. 
Based on these design principles the possibilities for DL HARQ-ACK signaling for further study include

a) New e-PHICH: as mentioned above the location of the e-PHICH region should be fixed. In addition the e-PHICH should not be mapped to REs containing CRS, CSI-RS and DMRS.
b) Implicit acknowledgement: similarly to the R-PDCCH the DL HARQ-ACK can be implicitly transmitted in a subsequent UL grant for the same UE. Although this solution was deemed sufficient for a few relay nodes the resulting DL control overhead may be untenable for a large number of UEs. 

c) Other solutions can also be further studied as the work on e-PDCCH mapping progresses.

Our initial preference is to further study the design of an enhanced e-PHICH. 

4. Conclusion

This contribution discussed the necessity and some design aspects for an enhanced PHICH. It is observed that the main use cases requiring a new DMRS-based DL HARQ-ACK signaling scheme include
1. New carrier type for CA when cross-cell scheduling is not supported.
2. CoMP Scenarios 3 and 4 to facilitate area splitting gains
Therefore, it is recommended that at least for these cases

· Study mechanisms for DL HARQ-ACK signaling on an e-PHICH when a UE receives DCI on the e-PDCCH.
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