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1
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 CC mapping due to cross-carrier control operation is considered in this document and a suitable approach that is based on the Rel-8 HARQ feedback is presented. Simulation results demonstrate that the proposed scheme brings significant performance benefits at little or no cost.
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]). 

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.

2.1
PHICH Mapping

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. Note that the semi-static CC ordering with applicable number of RBs (bandwidths) is equivalent to providing the offsets per CC for the purpose of PRB indexing.
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, and 2 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
Note that the Rel-8 PHICH mapping is based on the unique starting PRB indices and 3-bit DM-RS cyclic shifts. The same design philosophy is applied here for the case of two or more UL CCs mapped to one DL CC (due to cross-carrier scheduling), where the PRB indexing is unique for each CC. This provides for efficient avoidance of PHICH collisions. 
As in Rel-8, the DM-RS based mechanism can still be used as one of the means to address the PHICH collision issue. However, the asymmetric DL/UL CC mapping in CA with cross-carrier scheduling requires the additional mechanism, as the DM-RS itself may not be sufficient to resolve the PHICH collision issue depending on the asymmetric mapping, Ng configuration, the number of UEs scheduled, or because the DM-RS indices need to be utilized for other purposes (SU-MIMO, MU-MIMO).

In addition to the dynamic scheduling case, for SPS type of traffic, the DM-RS index is fixed to 0, and hence DM-RS based collision avoidance mechanism is not applicable. UEs having SPS transmissions on different UL CCs, but all scheduled from the same DL carrier, would face a problem with PHICH resources. Providing the unique PRB indices across two or more CCs mapped to the same DL CC, the collision issue can be alleviated.
The benefit of increasing the value of Ng parameter is obvious in case unique PRB indexing across CCs, as it effectively addresses the scenario of wider UL bandwidth. For example, for two UL CCs, each of the same bandwidth as the DL CC where PHICH is mapped, there are no PHICH collisions for Ng=2. On the other hand, if UL CCs have the same PRB indexing, increasing the Ng value is not helpful, and collisions are still present.
Avoiding PHICH collisions using DM-RS only with the input of multiple yet identical PRB index sets would be difficult and inefficient. It would impose scheduling restrictions, compromised performance, or a combination thereof. We don’t believe such restriction and inefficiency are justified for Rel-10 CA operation. Thus, we believe that Rel-8 approach of unique PRB indexing and mapping on PHICH based on it and DM-RS is needed.
2.2
Simulation Results

In this section, we provide simulation results comparing the proposed scheme of unique PRB indexing over different CCs with the scheme of using the same set of PRB indices over different CCs. As discussed earlier, while DM-RS can be used to alleviate PHICH collisions, its availability depends on many other factors (e.g., SPS, UL SU/MU-MIMO support, etc.). Effectively, the number of DM-RS values that can be used for PHICH collision avoidance is rather limited and is upper-bounded by 8. To emulate the limitation of DM-RS availability for PHICH collision avoidance, we study the probability of PHICH collision as a function of the number of DM-RS values available for PHICH collision avoidance, ranging from 1 to 8. The case of only one available DM-RS value may represent SPS support, while the cases of 2 to 7 values represent different levels of DM-RS restrictions for PHICH mapping due to its reuse for other features.

A 10MHz FDD system is considered, where each CC has 10 UEs. Normal CP is assumed. On a per CC basis, the starting PRB indices of the 10 UEs are randomly and uniquely chosen (i.e., no SDMA). A PHICH collision for a UE is claimed if over all the possible DM-RS values, a collision-free PHICH resource can not be found. The results are averaged over 1,000 random seeds. 

Figure 2 compares the PHICH collision probability when Ng = 1, and two UL CCs are mapped to one PHICH. It can be seen that the proposed unique PRB indexing results in a lower PHICH collision probability. Note that since Ng=1 and there are 2 UL CCs mapped to one PHICH, the benefit of unique PRB indexing is not significant.
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Figure 2 PHICH collision probability, Ng=1, 2 UL CCs

In the case of Ng=2 and 2 UL CCs, the proposed unique PRB indexing scheme is expected to bring collision-free PHICH mapping. This is shown in Figure 3. On the other hand, the scheme of same PRB indexing over CCs may experience up to 10% PHICH collision probability. The collision probability for the same PRB indexing scheme is expected to increase with system load.
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Figure 3 PHICH collision probability, Ng = 2, 2 UL CCs

The presented simulations clearly demonstrate the benefit of the proposed unique PHICH indexing scheme, for both SPS and dynamic scheduling, with very little or no cost.

3
Summary 
In this document we presented further PHICH design details for LTE-A carrier aggregation operation that is transparent to the UL/DL CC mapping asymmetry. As shown by simulations, the considered method provides efficient PHICH collision avoidance for both dynamic and SPS cross-carrier scheduling, follows the Rel-8 design philosophy, and requires negligible effort. 
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 CCs
· The UL resource indexing for the purpose of PHICH resource determination on a DL CC starts from the UL CC paired with that DL CC as defined in Rel-8 system information

· The UL resource indexing for the purpose of PHICH resource determination on a DL CC is unique for each CC

· E.g. cyclic indexing across UL CCs for which the UL grant may be transmitted on that DL CC
· Applicable only to LTE-A UEs.
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