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1. Introduction

In RAN1#58bis, PHICH for carrier aggregation were discussed.  This contribution addresses two issues related to PHICH, specifically –

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

In [1], the following points were proposed for PHICH transmission with carrier aggregation –

· PHICH linkage between DL and UL carriers should allow for efficient support of cell and UE-specific carrier aggregation configurations.

· PHICH resource index selection should reuse LTE Rel-8 design as much as possible. 

To solve the issue with uplink-heavy aggregation, the PHICH was recommended to be transmitted on the same DL carrier as the UL scheduling assignment.  In addition, as a baseline, PHICH resource index selection should be done per Rel-8.  The PHICH resource mapping rules, however, remain to be considered.  Specifically, two issues are FFS –

· Single or separate PHICH resource.

· How to take carrier into account.  This is for uplink-heavy aggregation and also when cross-carrier scheduling is used. 

As discussed in [1], PHICH resource index selection should reuse LTE Rel-8 design as much as possible. For uplink-heavy aggregation, there may be a limitation in PHICH capacity. However, as the number of PHICH indices is configurable with the maximum number equal to roughly twice the number of downlink resource blocks, in most cases this is sufficient even when MU-MIMO and uplink-heavy aggregation is considered.  This is because the eNB can ensure that UE-specific carrier aggregation configuration is balance among different carriers.  For instance, in 20 MHz Rel-8 system with normal cyclic prefix, 25 PHICH groups are available, providing 200 unique PHICH resources.  From [2], it was shown that approximately 20 UEs scheduled per subframe is sufficient to maximize throughput in a fully loaded system.  In general, the system is unlikely to be fully loaded in all the carriers and users are likely to be assigned large bandwidth.  Thus, the number of unique PHICH resources required per subframe is likely to significantly less than the PHICH capacity.  As a result, it is seen that current Rel-8 PHICH design should provide enough capacity and therefore a single PHICH resource should be sufficient.  In some cases (e.g. TDD with heavily asymmetric DL allocation coupled with larger number of aggregated carriers), the eNB may face PHICH limitation when scheduling uplink transmission.  Thus, some scheduling restriction may be necessary at the eNB.  It is not clear, however, if this is a significant drawback and further analysis is needed whether a standardized solution is required.  
Although only a single PHICH resource is being recommended, it is FFS whether additional parameters such as carrier index should be included in the resource selection.  This is because the selection could be done per Rel-8 with potential resource conflict to be resolved by the eNB.
Recommendation – Single PHICH resource as seen by LTE-A and Rel-8 UEs.  PHICH resource index selection is done per Rel-8 LTE as a baseline.  It is FFS whether additional parameters such as carrier index should be included in the resource selection.
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