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1 Introduction

At the RAN1#58bis meeting, the question of whether to have a single PHICH resource or separate resources is raised, and further solution is needed to take the component carrier for PHICH transmission into account for the case with CIF [1]. In this contribution, we propose to have a single PHICH resource and to solve the PHICH resource collision problem by a pseudo-bundling plus adaptive retransmission scheme. 
2 Existing solutions to PHICH resource collision

Whether to have a single PHICH resource or separate resources mainly depends on whether additional PHICH resources are needed. After considering the facts, including UL grants inclined to be distributed evenly among DL carriers, the limited PDCCH resources provided on a carrier and the abundant PHICH resources already defined in Rel-8, it has been proposed as unnecessary to have additional PHICH resources [2], thus it would be desirable that a single PHICH resource is used. 

The PHICH resource collision problem would occur for the case with CIF. Some solutions have been proposed to handle it, such as introducing carrier specific offset [3] and serial numbering of UL carriers [4], the latter being a special case of the former. Both methods would require informing UEs about some configuration parameters like the carrier specific offsets or the UL carrier bandwidths etc. [2], thus causing extra control overhead and specifications impact. Furthermore, in both methods, separate PHICH resources are required which is undesirable.

Under the single PHICH resource constraint, the existing CS mechanism in Rel-8 [5] can handle the collisions without specifications impact. However, it may put some restrictions on eNB scheduling, both the allocation of the first resource block for the PUSCHs and the allocation of the cyclic shift for the demodulation reference signals. 

3 Proposed solution to PHICH resource collision
In this contribution, we consider solving the PHICH resource collision by an eNB implementation approach under the constraint of a single PHICH resource. Concretely, ACK/NACK bundling concept which was used in the Rel-8 PUCCH could be applied in the way that when none of the PUSCHs corresponding to the same PHICH resource are decoded correctly, the bundling HARQ status is set to NACK, otherwise (i.e. when any one of the PUSCHs is decoded correctly) the bundling HARQ status is set to ACK. The PUSCH whose bundling HARQ status is thus ACKed but actually is wrongly decoded could be retransmitted on the same component carrier through the adaptive retransmission which has already been defined in Rel-8. 
The pseudo-bundling plus adaptive retransmission scheme described above is an eNB implementation approach thus involves no specifications impact. It does not impose any scheduling constraint and does not require more PHICH resources than Rel-8. The overhead introduced by adaptive retransmission is minor, especially when the PHICH resource collision does not occur very often.

4 Conclusions

In this contribution, the solutions to PHICH resource collision are analyzed, and accordingly our proposals are concluded as:
Proposal 1: PHICH resource size seen by an LTE-A UE shall be the same as the PHICH resource size seen by a Rel-8 UE.

Proposal 2: PHICH resource collision should be handled by an eNB implementation approach.
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