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1 Introduction

PHICH transmission in Rel-10 can rely almost completely on the Rel-8 one (orthogonal code, modulation, scrambling, mapping to REs) and the PHICH is transmitted in the same DL CC as the respective UL grant. It is still FFS whether
a) The PHICH resource indexing can be based entirely on the Rel-8 one, or 

b) The PHICH resource indexing supports PUSCH transmissions in multiple UL CCs and respective PHICH transmission in a single DL CC without imposing operating restrictions to avoid PHICH resource collisions.

2 PHICH Resource Indexing
Using the Rel-8 mechanism as reference, the PHICH group number is determined as 
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 and the orthogonal sequence index within the group is determined as 
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where 
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 is the PRB with the lowest index (initial PRB) for the PUSCH transmission and 
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PUSCH transmissions in different UL CCs sharing the same initial PRB can avoid collision of the respective PHICH transmission only through the assignment of a different CSI value. Whether this is possible would also depend on the assumptions for the maximum number of supportable MU-MIMO UEs and on the level of scheduling restrictions. For example, for cross-carrier scheduling over 2 UL CCs, MU-MIMO can be supported for at most 4 UEs while for cross-carrier scheduling over 4 UL CCs, MU-MIMO can be supported for at most 2 UEs is the starting PRB for the respective PUSCH transmissions is the same. For SPS PUSCH transmissions, RAN2 has decided to support them only in the UL PCC and therefore there is no longer a problem with the respective PHICH resource indexing.

The main requirement for additional flexibility in the PHICH resource indexing therefore stems from the fact that the PHICH transmission in a single DL CC needs to address PUSCH transmissions in multiple UL CCs such as, for example, for het-net operation with cross-carrier scheduling or when UL CCs remain activated even after the respective SIB2-linked DL CCs are deactivated (currently TBD in RAN2). Then, even accounting for the maximum PHICH resources obtained by setting 
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, flexibility in the PHICH resource mapping would still be desirable given the large number of PHICH that need to be transmitted per sub-frame in response to SPS transmissions in the UL PCC and dynamic PUSCH transmissions in multiple UL CCs (possibly in conjunction with MU-MIMO and SU-MIMO). 
Two mechanisms were previously identified to avoid restricting the maximum number of MU-MIMO UEs in Rel-10, relative to Rel-8, and to avoid scheduler restrictions.

The first is to apply a CC-specific PHICH resource index offset [3] which can be RRC signaled. Then, the PHICH group number and the sequence index for UL CC 
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 are determined as,
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where 
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 is a CC-specific PHICH index offset for UL CC 
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In Figure 1, for example, the first PHICH resource for PRB 0 of UL CC2 is PHICH resource 
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Figure 1: Applying CC-specific offset for PHICH resource indexing.
The second is for a UE to serially count the PRBs in its UL CCs with PUSCH transmission [4, 5]. In this manner, the PRBs of the UL CCs are considered jointly instead of individually (as for the Rel-8 numbering of 100 PRBs for 20 MHz BW instead of numbering two sets of 50 PRBs for 2 BWs of 10 MHz each). Figure 2 shows an example for this PHICH resource indexing a Rel-10 UE with 3 activated UL CCs having respective BWs of 
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Figure 2: Serial PRB Numbering for PHICH Resource Mapping.

In case the total number of PRBs exceeds the PHICH resources (a possible consequence from not increasing the PHICH resources relative to Rel-8), the numbering of the PRBs is modulo the total number of PHICH resources, 
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Both the above mechanisms are trivial in complexity while providing the PHICH mapping flexibility to avoid restrictions in the number of MU-MIMO UEs or additional scheduling rules/restrictions.
Proposal: When one DL CC conveys PHICH in response to PUSCH in multiple UL CCs then, for PHICH resource mapping, the PRBs in the multiple UL CCs are numbered either serially (modulo 
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) or with CC-specific offsets. 
3 Conclusions

This contribution considered the PHICH resource mapping with CA and proposes the following: 
Proposal: When one DL CC conveys PHICH in response to PUSCH in multiple UL CCs then, for PHICH resource mapping, the PRBs in the multiple UL CCs are numbered either serially (modulo 
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) or with CC-specific offsets. 
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