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1. Introduction

Carrier aggregation in LTE-A allows larger deployment bandwidth by aggregating several smaller contiguous or non-contiguous carriers.  Separate HARQ processing has been agreed and therefore associated control signalling will be required for each of the component carrier.  In RAN1#58, support for a Carrier Indicator Field was agreed, allowing a DCI to address any supported component carrier. This allows for efficient UE-specific UL/DL carrier aggregation configurations to be implemented.  In this contribution, PHICH support for carrier aggregation is investigated.
2. Carrier Aggregation
LTE-A UEs can be configured with UE-specific UL/DL carrier aggregation configurations that is a subset of the system configuration.  This allows for efficient support of techniques such as load balancing, interference coordination, QoS management, and power control.  In additional, different UE bandwidth capability classes and heterogeneous networks can also be supported.  An example of such configuration is shown below in Figure 1 – 
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Figure 1.  Example of carrier aggregation configurations.
Several possible UE-specific carrier aggregation configurations are shown based on a system configuration with two downlink and two uplink component carriers. Both symmetric and asymmetric allocations are possible, and management should be left up to the eNB.  For symmetric allocation, an UL carrier is uniquely paired with a specific DL carrier.  In case of asymmetric allocation, several carriers will be paired with one carrier.  It is expected that UE-specific carrier aggregation configuration is done through RRC signalling and therefore can be considered semi-static configuration.  
With the addition of the Carrier Indicator Field (CIF), a DCI may be used to address any supported component carrier.  This eliminates the need to define explicit relationship between DL and UL carriers for DCI purpose, and also allows uplink-heavy allocation as shown in Figure 1 (iii) to be efficiently supported.  Using the CIF, it is possible to schedule PUSCH transmission in multiple component carriers from the same DL carrier.
3. PHICH Mapping and Resource Index
The following points should be taken into account when PHICH transmission for carrier aggregation is being considered –
· 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. 

Two approaches can be taken with regard to PHICH linkage between DL and UL carriers.  One approach is to use explicitly defined pairing (e.g. based on preconfigured Tx-Rx separation).  In this case, PUSCH transmission on one UL carrier is always acknowledged on the PHICH of the paired DL carrier.  This works well for symmetric and downlink-heavy (i.e. more DL than UL carriers) aggregation.  However, with uplink-heavy aggregation, a new PHICH resource selection scheme must be defined.  One potential solution is to add a field in the uplink scheduling assignment to inform the UE of the PHICH carrier [5].  The second approach is to transmit acknowledgement on the same DL carrier as the UL scheduling assignment [2,3].  This solves the issue with uplink-heavy aggregation and also does not require explicit DL-UL paring relationship to be defined.   Although this will require eNB to manage the PHICH, this will be similar to the PDCCH management that will also be required.  Due to the need to potentially support many simultaneous UE-specific configurations, the second approach is preferred due to the decoupling of aggregation configuration with PHICH. 
Recommendation – The PHICH is transmitted on the same DL carrier as the UL scheduling assignment.

In LTE, PHICH resource index selection is done based on the first resource block index and DMRS cyclic shift parameter given in the uplink assignment.  Based on the previous recommendation, the eNB will transmit the PHICH on the same DL carrier as the UL scheduling assignment.  Rel-8 PHICH mapping can still be used even for uplink-heavy aggregation.  In this case, the eNB can avoid PHICH resource index collision by using different DMRS cyclic shift and uplink PRB index in different UL carriers.  Thus, Rel-8 mapping can be used as the basis for resource index selection for LTE-A as well. This requires eNB to perform PHICH collision management PUSCH from different carriers.  Alternately, an offset (e.g. based on uplink carrier) can be added to avoid PHICH collision.   It is FFS whether additional parameters such as carrier or offset index should be included in the resource selection determination.
Recommendation – 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.
One potential issue for uplink-heavy aggregation is the limitation in PHICH capacity. In LTE, 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.
4. Conclusions
Based on the above discussion, the following recommendations are made –
· The PHICH is transmitted on the same DL carrier as the UL scheduling assignment.
· PHICH resource index selection is done per Rel-8 LTE as a baseline.  It is FFS whether additional parameters such as carrier or offset index should be included in the resource selection determination to avoid potential PHICH collision.
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