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1 Introduction

In RAN1 #58bis meeting, two questions about PHICH design was leaved as FFS [1]:

· PHICH resource mapping rules:

· Whether to have a single PHICH resource or separate resources?

· I.e. is the PHICH resource size seen by a Rel-8 UE the same as the PHICH resource size seen by an LTE-A UE?

· For 1:many DL:UL mapping case, or case with CIF, how to take the carrier into account:

· Use existing CS mechanism?
· Carrier specific offset?
· Serial numbering of UL carriers?
. In this contribution, we provide our views on these two questions.

2 Discussion
Whether to have a single PHICH resource or separate resources mainly depend on whether additional PHICH resources are needed. Theoretically, when a DL component carrier is associated with multiple uplink component carriers, the PHICH resources may be scarce. Following we will give a preliminary consideration about the possible scarcity of PHICH resources.
In most cases, the eNB can configure the UE-specific carrier aggregation to be balanced among different carriers to achieve better spectrum efficiency. The whole UL grants are inclined to distribute evenly among DL carriers. Since there are no deployment Scenarios with more UL carriers envisioned for LTE –A, the PHICH resources will be sufficient even when MU-MIMO and UE-specific uplink-heavy aggregation is applied, considering the abundant PHICH resources already defined in Rel-8.

In some cases, the UL transmissions on two or more component carriers have to be scheduled on the same DL component carrier in a cell-specific way (e.g. in heterogonous network deployment) or the UL transmission on a component carrier of larger bandwidth (e.g. 20MHz) has to be scheduled on a DL carrier of smaller bandwidth (e.g. 5MHz), the PHICH resources may be scarce to cater for all possible UL transmission. However, in these cases, we think the amount of uplink transmission will be more restricted to the available PDCCH resources, and so did the actual required PHICH resources. Besides, increasing PHICH resources may further decrease the available PDCCH resources. Considering the limited PDCCH resources can provided on a carrier and the abundant PHICH resources defined in Rel-8, we think additional PHICH resources are not necessary. 
For 1:many DL:UL mapping case, or case with CIF, when the UL transmissions on different UL carriers are scheduled with same first resource block and the same cyclic shift for the demodulation reference signals , the same PHICH resources are used according to Rel-8 rules and a collision would occur. However, this can easily be mitigated by the scheduler to ensure that UL transmissions don’t use the same cyclic shift and same first resource block simultaneously.
Although using existing CS mechanism can handle most of the collision, it may put some restriction on the scheduling, particularly in case MU-MIMO applied. Introducing carrier specific offset may help to loosen that restriction. However, carrier specific offsets [2] need to be broadcasted or conveyed in dedicated signaling to UEs; either way will cause extra overhead. A carrier specific PRB cyclic shift illustrated as following may work without demanding extra overhead. As we know, in a UL carrier ,quite a part of PRBs are occupied by PUCCH and PRACH which do not necessarily need corresponding PHICH resources. A carrier specific PRB cyclic shift may help to avoid most of collision caused by UL transmissions with the same first PRB. Assumed a DL carrier is associated with two UL carriers of same bandwidth (e.g. n PRB).A PRB numbering cyclic shift(for example half bandwidth) can reduce lots of PRBs that will cause potential PHICH collision, As illustrated in figure 1, only PRBs in green frame will cause potential PHICH collision provided sufficient PHICH resources reserved. This method can help to mitigate the possible PHICH collision without signaling to inform the UE about the Carrier specific offsets.
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                   Figure 1 illustration of carrier specific PRB cyclic shift
Serial numbering [3] of UL carriers can be seen as a special case of Carrier specific offset. Instead of informing UE about the carrier specific offsets, this method may need to inform the UE all of the UL carrier bandwidths and index in the system, extra overhead will be needed and less flexible as the way carrier specific offset does. So it’s less preferable compared to other two methods.
3 Conclusion
In this contribution, we provide our views on the two remaining questions about PHICH design and propose:

· A single set of PHICH resources that are shared by PHICHs for all the UL CCs mapped to the PHICH CC
· Existing CS mechanism may be enough to handle the possible PHICH collision. The method of Carrier specific offset needs further investigation.
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