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1 Introduction

In RAN1#60, it has been achieved a working assumption of single set of PHICH resources shared by all LTE and LTE-A UEs where each component carrier (CC) has its separate resources. In addition, it was confirmed that DM RS cyclic shift (DMRS CS) mechanism remains available and can be used to reduce collision probability. Further more it was questioned whether an additional standardised mechanism for handling PHICH resource collisions is needed.
In addition, there is an LS from RAN2 [2] that it has decided for the simplicity that SPS transmission is configured only from the primary component carrier (PCC) which means that for SPS transmission, cross-carrier scheduling is not supported.
Therefore, in this contribution, we are going to discuss the PHICH collision issues for Release 10 relating dynamically scheduled UEs and semi-persistent scheduled UEs. At the end, we show our view.
2 LTE-A PHICH Resources and Collision handling
In LTE Rel’8, the PHICH resource for a given UE is identified by the lowest UL PRB index assigned to that UE and the 3-bit DMRS CS value which are both conveyed through DICI format 0 in case of dynamic scheduling. The following text is taken from TS 36.213:
The PHICH resource is identified by the index pair
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where 
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is the PHICH group number and 
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is the orthogonal sequence index within the group as defined by:
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In addition from TS 36.211 for FDD, the number of PHICH groups in the system is given as follows:
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Where           is given by higher layers and the number of orthogonal sequences are 8 and 4 for normal and extended CPs, respectively.

From the above PHICH resource identification for each UE, it is possible PHICH resource collision to happen among the scheduled UEs with and without cross-carrier scheduling. However, for dynamic scheduling, there is always UL grant which carries the UL PRB index and the DMRS CS value. So, in principle, a PHICH resource collision can be avoided by playing around different DMRS CS values before the UL grant is issued from the eNB scheduler.
For SPS-transmission, there is no UL grant assigned to the UEs in most of the time and consequently DMRS CS  value are always set to zero for all SPS UEs. Therefore, there is no dynamic parameter to play around in the PHICH resource index calculations to avoid the PHICH collisions. One possibility is to change the resource assignment (i.e. the PRB index) by issuing an adaptive scheduling grant of DCI format 0 to intervene PHICH collision for SPS UE. Another possibility of handling the collision is to increase PHICH resource by setting the Ng parameter to 1 or 2.
Further more, in case of cross-carrier scheduling for SPS transmission, RAN2 has decided that for the simplicity that SPS transmission is configured only from the primary component carrier (PCC) for a given UE which means that for SPS transmission, cross-carrier scheduling is not supported. RAN1 has also confirmed that RAN2 assumption that UE needs to monitor SPS C-RNTI only in the PCC is valid with the understanding that PCC is UE-specific. Therefore, the issue of SPS PHICH resource collision in the cross-carrier scheduling is not any more relevant in Release 10.

View: For both dynamic and SPS scheduling, there is no need for any additional standardised mechanism for handling PHICH collisions in Release 10. 
3 Conclusion
In this contribution, we have discussed the PHICH resource collision issues relating dynamically scheduled UEs and semi-persistent scheduled UEs for Release 10. We have the following view:

View: For both dynamic and SPS scheduling, there is no need for any additional standardised mechanism for handling PHICH collisions in Release 10. 
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