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1 Introduction

The basic principle of the PHICH design in LTE-Advanced is to reuse LTE Rel-8 PHICH mechanism (including the number of repetitions for each PHICH, the modulation scheme, the use of orthogonal spreading for each PHICH group, the time and frequency resource mapping etc.) as much as possible. However, in LTE-Advanced, there are scenarios where the Rel-8 PHICH mechanism may not work.

In this contribution, we focus on the PUSCH and PHICH linkage scheme in LTE-Advanced and discuss possible options for different carrier aggregation scenarios.
2 PHICH linkage
In RAN1 #58, a way forward on bandwidth extension was agreed as baseline [1], where both PDCCH option 1a and PDCCH option 1b are supported:

· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier (PDCCH option 1a);
· No carrier indicator field 

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field (PDCCH option 1b).
A main claimed advantage of PDCCH option 1b is to coordinate the interference on the control channel and to improve the reliability of PDCCH detection in the heterogeneous network scenario. Similarly, to other control channels, interference coordination should also be considered for PHICH in this scenario. Consequently, PHICH resource reservation for each DL CC and the linkage scheme are not only related to the number of aggregated DL CCs and UL CCs, but they also depend on the PDCCH indicating the same or a different CC.
To facilitate the PHICH linkage implementation for an LTE-A UE, it should be able to assume that: 
Assumption 1:  For an LTE-A UE, a single predefined DL CC carries the UL grant for a given UL CC; 

Assumption 2: The eNB sends PHICH on the DL CC that carries the corresponding UL grant.
Based on the above assumptions, two kinds of LTE-A PHICH linkages are defined as follows. 
1. Paired Linkage. The PDCCH/PHICH for a PUSCH transmission in an UL CC is transmitted on its paired DL CC.

2. Cross Linkage. The PDCCH/PHICH for a PUSCH transmission in an UL CC is transmitted on a DL CC which is not its paired DL CC.
This leads to two cases of DL CCs that are further described in the following sections.
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Figure 1: Paired linkage and cross linkage
2.1 Downlink CC carrying PDCCH/PHICH for a single uplink CC
In this scenario, there is a one-to-one relationship between the DL CC carrying PDCCH/PHICH and the linked UL CC. In this case, the PUSCH-RB to PHICH linkage rules as specified in LTE Rel-8 can be easily reused.

Note that the DL CC carrying PDCCH/PHICH for an UL CC does not necessarily need to be the “paired” DL CC. For a UE supporting more DL CCs than UL CCs, it can be considered to transmit the PDCCH/PHICH on a DL CC that has no “paired” UL CC (cross linkage case), e.g. to reduce the control signalling load on a specific DL CC.
2.2 Downlink CC carrying PDCCH/PHICH for multiple uplink CC
According to the way forward in [1] a DL CC may carry PDCCH/PHICH for multiple uplink CCs. This can be due to the following reasons:

-  
Some UL CC(s) may not have correspondingly paired DL CC (provided the number of aggregated UL CCs larger than that of DL CCs), the PDCCH/PHICH for this UL CC assignment has to be transmitted on other non-paired DL CC.

-
Even if all UL CC(s) have correspondingly paired DL CC(s), the PDCCH/PHICH for a given UL CC assignment may be transmitted on other non-paired DL CC (as can be seen from the right side of figure 1), e.g. to control interference.
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Figure 2：Illustration for PHICH index collision (one DL CC reserves PHICH resources for two UL CCs) 

In this case, as seen from figure 2, PHICH index collision may occur frequently due to the same starting UL PRB index allocated for multiple UL CCs, if Rel-8 PUSCH-RB to PHICH mapping rules are kept unchanged. In this case, it was proposed in [2-3] that UL CC specific PHICH resource offset which is equivalent to adjust  UL PRB index can be applied to avoid possible PHICH index collision. Apparently, when the number of available PHICH channels on one DL CC is not less than the number of available UL PRBs in the linked UL CCs, this method is efficient. Conversely, if there are more UL PRBs than PHICH channels, there is a high probability that a PHICH index collision will occur. Although the eNB can avoid some PHICH index collisions by adjusting n-DMRS, this would increase the complexity for eNB scheduler due to joint coordination PHICH resources over multiple UL CCs. 
Certainly, eNB can separately reserve PHICH resources for each UL CC, so eNB can separately coordinate PHICH resources allocation for each UL CC. But still, when the number of total PHICH resources on one DL CC is less than that of the UL PRBs of all the UL CCs linked to this DL CC, the PHICH index collision may occur frequently due to the limited PHICH resources for each UL CC. 
Base on the above analysis, to reserve sufficient PHICH resources on one DL CC may be crucial for reducing the probability of PHICH index collision when a DL CC carries PDCCHs/PHICHs for multiple uplink CCs. Therefore, specific methods for reserving sufficient PHICH resources may need to be considered. 
3 Conclusion 
In this contribution, the PHICH linkage issues are analyzed in paired and cross linkage scenarios. In summary, we find that:
· The UE should be able to assume that the eNB sends PHICH on the DL CC that carries the corresponding UL grant.
· When a downlink CC carries the PDCCH/PHICH for a single uplink CC, the PUSCH-RB to PHICH linkage rules as specified in LTE Rel-8 can be easily reused. 
· When a downlink CC carries PDCCHs/PHICHs for multiple uplink CCs, specific methods to reserve sufficient PHICH resources on one DL CC may need to be further considered.
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