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1 Introduction

In case of a one-to-one or many-to-1 mapping between DL and UL component carriers PHICH mapping rules according to Rel-8 rules are used [1]. These rules state that the PHICH resource is derived from the lowest resource block of the corresponding PUSCH transmission and the cyclic shift of the UL DMRS. 

In case that multiple UL component carriers receive the UL grant from the same DL component carrier and that two or more PUSCH transmissions start at the same resource block and also share the same cyclic shift for the UL DMRS a PHICH collision occurs. So far no agreement has been reached how to map PHICH in this case.

It is furthermore an open issue if Rel-8 terminals and Rel-10 terminals should share the same PHICH resource or if Rel-8 and Rel-10 terminals have different PHICH resources. 

This contribution discusses these two open questions and gives our preferences on this topic. 
2 Discussion

2.1 PHICH for Many-to-1 UL:DL Mapping

As stated in Section 1 a PHICH collision occurs if two or more UL component carriers that receive their grants from the same DL component carrier share the same lower resource block for their PUSCH transmissions as well as the cyclic shift for their UL DMRS. A simple solution to avoid this collision is to let the scheduler assign different cyclic shifts to the UL DMRS of such transmissions and thus no standardization is required [2]. 

It has been pointed out that for MU-MIMO multiple cyclic shifts are consumed for the same lower resource block thus making above approach more difficult. In MU-MIMO multiple users are deliberately paired and scheduled on the same resource blocks. To obtain orthogonal UL DMRS different cyclic shifts are used for the DMRS, which also avoids PHICH collisions of the co-scheduled users. 

Users that are co-scheduled in a MU-MIMO transmission should experience a rather high SINR since the SINR is shared among users. Users that are co-scheduled must furthermore be scheduled over the same bandwidth to ensure orthogonal UL DMRS. All terminals participating in a MU-MIMO transmission require therefore similar bandwidth needs. The likelihood to find two or more users with similar bandwidth needs increases with the number of users (i.e. system load) whereas the SINR decreases with increasing load. 

If multiple users with similar bandwidth needs and high SINR are available MU-MIMO can be used. Users enjoying high SINR should preferable be scheduled over wide bandwidth (if sufficient data are available). In a typical MU-MIMO application two or more users are therefore scheduled over the same – wide – bandwidth. Orthogonal UL DMRS for the different users are generated by using different cyclic shifts. These different shifts also result in different PHICH resources. If these – due to MU-MIMO – multiple PHICH resources per component carrier really lead to a PHICH shortage in a carrier aggregation scenario collisions may occur. However, we would like to recommend not to over-emphasis the impact of UL MU-MIMO on this issue since special – partly contradicting – requirements (high system load and high SINR) needs to be met not only on one but multiple component carriers to consume all available cyclic shifts for UL DMRS and thus PHICH resources. 

If this rare case should really happen the resource allocations on the different component carriers could actually be shifted by e.g. some resource blocks relative to each other. Different first resource blocks lead to different PHICH resources thus avoiding collisions of PHICH originating from different component carriers. Since in MU-MIMO typically large resource allocations are used no big impact on system performance is expected if resource allocations on some component carriers are shifted by some resource blocks.

Depending on the adopted UL SU-MIMO scheme one or two PHICH resources are consumed. In case of layer shifting and ACK/NACK bundling a single PHICH resource is needed, i.e. there is no difference to the case without MIMO.

Proposal 1: For many-to-1 UL:DL mapping use existing mechanisms to avoid PHICH collisions.

2.2 PHICH Resources

For Rel-8 the set of PHICH resources that is reserved is based on the number of PHICH groups that a cell has configured. The number of PHICH groups is determined by the parameter 
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 that is configured cell specifically and the downlink cell bandwidth. The PHICHs are mapped to the physical resources, symbol quadruplets, through a randomisation function mainly based on the cell identity and resources not occupied by PCFICH. 

From a PHICH resource point of view it has been shown in [3] that there is sufficient number of PHICH resource for Rel-8 and Rel-10 UE to utilize the same PHICH resources. According to [1] an open issue is still if there should be a new set of PHICH resources only utilized by Rel-10. Other than there is no strong need for such a solution, it also raises the problem that PDCCH can not be allocated to any physical resource that partly contains new PHICH resources. PDCCH is mapped to all the symbol quadruplets that are neither used by PHICH nor PCFICH. Introducing a new set of PHICH resource could then lead to a blocking issue on PDCCH since the search spaces on PDCCH are interleaved over all available symbol quadruplets.

Proposal 2: Use a common PHICH resource, i.e. Rel-8 and Rel-10 terminals share the same PHICH resource.
3  Conclusions

In this contribution we discuss PHICH and propose the following:

Proposal 1: For many-to-1 UL:DL mapping use existing mechanisms to avoid PHICH collisions.
Proposal 2: Use a common PHICH resource, i.e. Rel-8 and Rel-10 terminals share the same PHICH resource.
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