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Introduction
In LTE, the HARQ feedback reflecting the correctly or incorrectly decoded PUSCH packet is transmitted on the DL carrier paired with the UL carrier where the PUSCH was transmitted. In a multicarrier LTE-A system, in addition to the symmetric DL/UL configuration, the HARQ feedback design needs to accommodate possible asymmetric UL/DL carrier configurations and the operation with cross-carrier control.

At the RAN1 58bis meeting it was decided to reuse PHICH physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to REs), to have PHICH transmitted only on the DL carrier that was used to transmit the UL grant, and to reuse PHICH resource Rel-8 mapping rules for 1:1 or many:1 DL:UL configurations without cross-carrier control.
The HARQ feedback sent on PHICH for the case of asymmetric 1: many DL/UL carrier configuration or cross-carrier control operation is considered in this document and a suitable approach that is based on the Rel-8 HARQ feedback is presented. 
2 Multicarrier HARQ Feedback
In Rel-8, PHICH resources of the DL carrier are determined based on the lowest assigned UL index PRB on the corresponding (paired) UL carrier, and 3-bit demodulation reference symbol (DMRS) cyclic shift associated with the PUSCH transmission. Both parameters are indicated in the PDCCH with DCI format 0, granting the PUSCH transmission. 
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The PHICH resource is identified by the PHICH group number and orthogonal sequence index within the group. The number of PHICH groups is 
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Where                               is provided by higher layers and         is the number of DL RBs.

PHICH mapping based on the grant transmission may result in multiple UL carriers being mapped to one DL carrier (1: many DL/UL mapping). This case occurs either when the cross-carrier operation is enabled (resources for multiple UL carriers assigned through multiple single carrier grants sent on one DL carrier, as may be useful in heterogeneous network deployments [1]) or in the asymmetric UL/DL carrier configuration when the number of UL carriers is larger than the number of DL carriers. 

PHICH resources reserved on one DL carrier have to provision for all UL carrier resources that could be assigned by the grant coming form that DL carrier. This implies that different DL carriers may have to provision for PHICH resources corresponding to the same multiple UL carrier resources. However, due to the low bandwidth overhead of PHICH, this is not a concern (e.g. for the same UL/DL bandwidth and Ng=1/2, PHICH occupies about 2% of the control region that is 3 OFDM symbols long). Power consumption is a bigger concern for PHICH, but it is scalable with the number of UEs for which the feedback is needed, and does not depend on the provisioned space. Also, reduced provisioning (by using smaller Ng) is possible with scheduler awareness to avoid PHICH collisions.

The UL resource indexing for the purpose of PHICH resource determination should start from the UL carrier paired with the corresponding DL carrier as defined in Rel-8 system information. This is needed in order to preserve backward compatibility for Rel-8 UEs. The indexing continues cyclically for other carriers applicable to the LTE-A UEs. The indexing is done system-wide, taking into account all UL carriers that could be assigned by the grant coming form that DL carrier. It is not based on a UE specific configuration, i.e. LTE-A UE could be configured for only a subset of carriers, but counts UL RBs based on the system configuration. LTE-A UE would use the subset of the PHICH resources corresponding to their assigned UL carriers.

Figure 1 shows an example for the PHICH mapping. Rel-8 UL grant and PHICH come on the carrier based on pairing – Rel-8 UEs on carriers 1 and 2 apply Rel-8 mapping rules for PHICH sent on DL carrier 1 and 2, respectively. LTE-A UEs get the UL grants for UL carriers 1, 2 and 3 on the DL anchor carrier 1, and therefore the HARQ feedbacks are transmitted on the appropriate PHICH resources on the same DL anchor carrier.
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Figure 1:
PHICH mapping
3
Summary 
In this document we presented further PHICH design details for LTE-A multicarrier operation that is transparent to the UL/DL carrier asymmetry and based on Rel-8 mapping.
In line with the previous decision that PHICH is transmitted on the carrier where the UL grant was transmitted, we propose the following for PHICH design:

· Rel-8 mapping rules with UL resource indexing across applicable UL carriers

· The UL resource indexing for the purpose of PHICH resource determination on a DL carrier starts from the UL carrier paired with that DL carrier as defined in Rel-8 system information
· Preserves backward compatibility for Rel-8 UEs

· The UL resource indexing for the purpose of PHICH resource determination on a DL carrier continues cyclically for other UL carriers for which the UL grant may be transmitted on that DL carrier
· Applicable only to LTE-A UEs.
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