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1. Introduction

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

· PCFICH – whether standardized solution to PCFICH error for cross-carrier scheduling is required?
· PHICH – whether to have a single PHICH resource or separate resources?
2. PCFICH
In [1], PCFICH with cross-carrier scheduling was discussed.  In the contribution, it was recommended that PCFICH is configured independently on each component carrier. In this case, UE will independently decode the PCFICH and determine the PDSCH boundary as in Rel-8.  In case of PDCCH-less carrier (e.g. extension carrier in heterogeneous network with macro-cell and HeNBs), this would be known to the user and no special handling is necessary.  In general, the PCFICH is very robust with SNR requirement of -2 dB at 0.1% error rate.  Additional power boosting can be used to improve performance.  Thus, it is expected that PCFICH can still be reliably detected in the data carrier.  For users in very poor condition, grants may be given in the same carrier as data to prevent this problem.  Since this problem can be addressed using implementation-based approaches, it is preferred not to specify a standards-based solution for this issue.
Recommendation – Solutions to PCFICH detection errors on a stand-alone component carrier carrying PDSCH are implementation-specific.
3. PHICH

In [2], 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 [2], 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.  In some cases, however, the eNB may face PHICH limitation when scheduling uplink transmission.  It is not clear, however, if this is a significant drawback and further analysis is needed.  It is FFS whether additional parameters such as carrier index should be included in the resource selection.
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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