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1. Introduction

In Rel-10 carrier aggregation, PHICH is transmitted on the scheduling cell of associated PUSCH. Also, in Rel-11, EPHICH was not introduced and legacy PHICH is used for the case that PUSCH is scheduled by EPDCCH. It means that both UL grant and PHICH for PUSCH of a serving cell is transmitted on the same cell regardless of UL grant is transmitted on PDCCH or EPDCCH.
In this contribution, we discuss possible PHICH issue for new carrier type.
2. PHICH for NCT
NCT is mainly focused on the DL carrier design. However, there can be linked UL carrier for FDD or will be linked UL subframe(s) for TDD and there will be PUSCH transmission. Therefore, it is necessary to consider PHICH for PUSCH on the NCT.
Due to absence of CRS, legacy PHICH transmission is not applicable on NCT. When a PUSCH on NCT is scheduled from LCT(Legacy backward compatible Carrier Type), the absence of legacy PHICH on NCT doesn’t matter because PHICH for the PUSCH on NCT will be transmitted on LCT based on the Rel-11 rule that both UL grant and PHICH for PUSCH of a serving cell is transmitted on the same cell. However, when a PUSCH on NCT is scheduled from NCT itself by EPDCCH, we need to prepare for the absence of legacy PHICH on NCT. We can consider three alternative solutions as follows:
· Solution 1: using PHICH on LCT for PUSCH on NCT
Considering only phase-1, an NCT will be aggregated as an Scell of LCT Pcell. Therefore, PHICH on the LCT is available for the PUSCH on the NCT even if the PUSCH on NCT is scheduled by EPDCCH on the same NCT, which is similar to PHICH management for cross-carrier scheduled PUSCH. For example, LCT Pcell is first candidate as the PHICH cell for any NCT because Pcell is always activated. If it is need to reduce the PHICH loading on Pcell, the other LCT Scell can be selected alternatively.
By the way, if we allow the aggregation of different TDD UL-DL configuration between LCT and NCT, LCT cell may not have PHICH resource in its own DL subframe for the PHICH timing of PUSCH on NCT cell. We need more investigation on this issue in this solution.
· Solution 2: introducing EPHICH on NCT for PUSCH on NCT
With introducing EPHICH, the Rel-11 rule can be kept that both UL grant and PHICH for PUSCH of a serving cell is transmitted on the same cell. Also, solution 2 is a unified solution applicable for both Scell NCT (associated with legacy carrier) and stand-alone NCT. However, it is required to design DL control channel or search spaces common for the UEs. For example, we may utilize distributed type EPDCCH set and adopt common DCI format containing HIs(HARQ-ACK indicators) of the group of UEs similar to DCI format 3/3A.
· Solution 3: introducing PHICH-less UL HARQ processes on NCT

Finally, PHICH-less UL HARQ process on NCT can be considered, which means PUSCH transmission is only based on the scheduling by UL grant. However, it is not preferable because it increases UL grant overhead for retransmission which reduces the main benefit of the synchronous UL HARQ process.
3. Conclusion
This contribution discussed the PHICH for NCT especially for the PUSCH on NCT scheduled by EPDCCH on NCT itself. Three potential solutions were discussed. 
· Solution 1: using PHICH on LCT for PUSCH on NCT

· Solution 2: introducing EPHICH on NCT for PUSCH on NCT
· Solution 3: introducing PHICH-less UL HARQ processes on NCT

Considering control overhead, Solution 3 is not preferred. To select the choice between Solution 1 and Solution 2, more investigation to understand the impact on specification and to discuss possible detail mechanisms would be necessary.
















































































































































