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1
Introduction
The enhanced downlink control channel has been approved as a Rel-11 working item and RAN1 has been studied on enhanced PDCCH (i.e., ePDCCH) based on UE-specific reference signal. A couple of desirable characteristics for ePDCCH design were agreed in RAN1 #66bis meeting:
· 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

· ability to be scheduled frequency-selectively

· ability to mitigate inter-cell interference
In line with ePDCCH, an enhanced PHICH has been also proposed in several contributions [ ]-[ ] to enjoy the same benefits of ePDCCH. Therefore, in this contribution, we discuss on the introduction of enhanced PHICH in Rel-11.
2
Motivations for ePHICH
The PHICH allows synchronous H-ARQ process with relatively small amount of resources, thus beneficial for larger number of active UEs in a cell. Otherwise, a UL grant (DCI format 0/4) based retransmission should be performed which requires much larger number of resources to keep the same coverage due to its bigger payload size.

Since the ePDCCH may have the enhanced capabilities including frequency domain ICIC, beamforming, and frequency-selective scheduling, the coverage could be improved significantly even in heterogeneous network deployments. As PHICH is transmitted in legacy PDCCH region, the coverage imbalance is easily expected between ePDCCH and PHICH. To balance the coverages, enhanced PHICH may need to be introduced if PHICH based synchronous H-ARQ is deemed essential.

In carrier aggregation, new carrier type having no CRS and PDCCH region has been discussed so far and could be introduced. Given that the CRS is not existed in the carrier, PHICH transmission could be limited in that carrier so that synchronous H-ARQ couldn’t be used in non-cross carrier scheduling case. Therefore, UE-specific reference signal need to be used for ePHICH transmission to support synchronous H-ARQ in new carrier type as well. Moreover, the UE-specific reference signal based ePHICH may be beneficial in inter-band TDD carrier aggregation as the PHICH resource could be unavailable in PCell in a specific downlink subframe of SCell when cross-carrier scheduling is activated due to different UL-DL subframe configuration.
In addition, although the low cost MTC is now on study item phase there is a potential cost reduction from reduced bandwidth support in which smaller bandwidth is only supportable from a low cost MTC device so that the MTC device may not read legacy PHICH as the resources for a PHICH group are distributed over a whole system bandwidth. Therefore, the ePHICH transmission within the reduced bandwidth may help low cost MTC devices receive HARQ_ACK information from ePHICH channels. Note that the population of low cost MTC device could be much larger than regular UE in a cell so that the UL grant based retransmission might be inappropriate. This issue could be also valid for inband relays in the future as indoor relay population is getting bigger.
To resolve the issues mentioned above, the UE-specific reference signal based ePHICH transmission in PDSCH region can be introduced in Rel-11 and the ePDCCH design concept could be reused in combination with legacy PHICH design principles including PHICH group configuration.

3
Conclusions

In this contribution, we discussed on the potential scenarios in which enhanced PHICH is required and high level design principles. The discussions can be summarized as follows:

· ePHICH needs to be introduced to balance the coverages with ePDCCH
· In new carrier type having no CRS and inter-band TDD CA, the ePHICH need to be used to support PHICH based synchronous H-ARQ

· As a future proof of low cost MTC, localized transmission based ePHICH is required for the MTC devices supporting reduced bandwidth.

As a conclusion, we recommend to introduce ePHICH with the similar design concepts with ePDCCH in Rel-11.
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