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1 Introduction

This contribution presents a high level overview regarding aspects of the PHICH design in LTE-A. Most of the main aspects for the PHICH transmission in LTE-A can draw from the ones in LTE, particularly since backward compatibility is generally required. Therefore, the REG structure for the PHICH transmission, the number of repetitions for each PHICH group, and the use of orthogonal spreading for each PHICH group within each REG should be clearly maintained in LTE-A.   

The main difference between LTE and LTE-A with respect to the transmission of PHY channels in general and the PHICH in particular, is that LTE-A supports carrier aggregation [1]. This may often utilize asymmetric allocations between the DL and the UL either due to component carrier availability or due to asymmetric traffic conditions particularly for FDD. The implications of the basic combinations of DL/UL carrier aggregation on the PHICH transmission are one topic of this contribution. 

LTE-A may also enable reducing the overhead of the PHICH transmission particularly if DL component carriers accessible only by LTE-A UEs exist, for example in order to either reduce overhead associated with the initial access [2] or introduce features that are not backward compatible. In addition, some expansion of the range for the number of PHICH groups 
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 may be needed to include smaller values if the DL BW is much larger than the UL BW (e.g. 20 MHz DL BW versus 5 MHz UL BW). Aspects related to the PHICH overhead and the required resources in LTE-A are another topic of this contribution.
2 Carrier Aggregation and PHICH Transmission
A LTE-A UE is assumed to have semi-statically configured component carriers (CCCs) for PDSCH reception (DL CCCs) or PUSCH transmission (UL CCCs). If the RA field in each UL scheduling assignment (SA) addresses only one UL CCC (option 1 for MAC-to-PHY mapping) and not multiple UL CCCs (modified option 1 for MAC-to-PHY mapping), then, in order to associate an UL CCC with the UL SA transmitted in one or more DL CCCs, a one-to-one mapping can be preconfigured between the DL CCC of the UL SA transmission and the UL CCC of PUSCH transmission (in case multiple DL CCCs are used for the UL SA transmission, the UL CCC can be linked to the DL CCC having the first CCE). Alternatively, explicit indexing with 2 bits (e.g. up to 4 UL CCCs) can be included in the UL SA to indicate the UL CCC for PUSCH transmission. 
To enable mapping among DL CCCs and UL CCCs, these DL/UL CCCs should be numbered. Then, using as an example a configuration with 3 DL CCCs and 2 UL CCCs for an LTE-A UE, the first and second DL CCCs may be linked with the first UL CCC while the third DL CCC may be linked with the second UL CCC. 
For the mapping of the PHICH resources to DL CCCs, three basic cases are identified. The first case corresponds to the LTE extension of a single DL component carrier and a single UL component carrier to an equal number of multiple DL CCCs and multiple UL CCCs with a one-to-one mapping between an UL CCC and a DL CCC as shown in Figure 1. 
The PHICH resources in each DL CCC are determined based on the LTE mapping to the UL PRB, in the respective UL CCC and the CSI (if an UL SA exists). This determination of the PHICH resources applies regardless of whether the UL SA is transmitted over one or multiple DL CCCs or whether the PUSCH is transmitted over one (option 1 for MAC-to-PHY mapping) or multiple (modified option 1 for MAC-to-PHY mapping) UL CCCs. Note that there is no restriction on the DL CCC(s) where the UL SA is transmitted. 
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Figure 1: One-to-one mapping among DL CCCs and UL CCCs.

The second case corresponds to more than one UL CCCs associated with a single DL CCC as shown in Figure 2. For example, 2 UL CCCs of 5 MHz each may be linked to a single DL CCC of 20 MHz. For LTE-A UEs, the number of PRBs in all the UL CCCs should be jointly considered when determining the PHICH resource in the DL. If the number of PRBs in the UL CCC1 is 
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 and the number of PRBs in UL CCC2 is 
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then, for the purposes of PHICH mapping, the PRBs in UL CCC2 can be numbered from 
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 and the same PHICH resource mapping as in LTE can be used.
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Figure 2: Two UL CCCs mapped to one DL CCC.

The third case corresponds to more than one DL CCCs associated with a single UL CCC as shown in Figure 3. For example, 2 DL CCCs of 10 MHz each may be linked to a single UL CCC of 10 MHz. To avoid increasing by as much as 2x the PHICH resources, since LTE UEs can be linked to only one of the two DL CCCs (e.g. DL CCC1), the PHICH transmission can be only in DL CCC1 regardless of whether some LTE-A UEs are linked to DL CCC2 (for example, for their DL/UL SA transmissions). Then, DL CCC2 has no PHICH transmission and the corresponding resources become available for the transmissions of DL/UL SAs.
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Figure 3: Two DL CCCs mapped to one UL CCC.

In LTE, the number of PHICH groups 
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. The reason for associating 
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, instead of 
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 as it is appropriate for dimensioning the PHICH resources, is to reduce the P-BCH load (
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 is transmitted in SI-2). However, when 
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 is several times larger than 
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 the PHICH overhead can become unnecessarily large even if the smallest 
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 value is used to dimension the number of PHICH groups. 
The impact from the discrepancy in 
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 is further increased by the fact that several UL PRBs are used by the PUCCH. Therefore the corresponding PHICH resources for PUCCH PRBs are not needed. Moreover, the percentage of 
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 used by the PUCCH will be larger exactly when 
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 (mainly due to increased amount of ACK/NAK resources linked to CCEs and CQI payloads). For example, with a REG multiplexing capacity of 8 PHICHs, if 
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 and the number of PUCCH PRBs is 
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, a PHICH resource is assigned for at least every UL PRB available for PUSCH even when the smallest value 
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 is used. Obviously, the larger 
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, the larger the over-provisioning of PHICH resources is in the DL component carrier.
The overhead from over-dimensioning the PHICH can be reduced either by increasing the range of 
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 in LTE-A or by associating the PHICH resources with 
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. Linking the PHICH resources to 
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 can apply in DL component carriers with PHICH transmission that are only accessible by LTE-A UEs assuming that these UEs establish the communication setup and read SI-2 to obtain
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 in DL component carriers also supporting LTE UEs, and are then moved to LTE-A only DL component carriers.   

3 Conclusions
This contribution considered the PHICH transmission in LTE-A supporting multiple carrier aggregation. The mapping of the PHICH transmission to the DL component carriers was examined for one-to-one mapping between DL and UL component carriers, more UL than DL component carriers, and more DL than UL component carriers. For the first case, the LTE mapping rules can be followed, for the second case the PRBs in the UL component carriers can be consecutively numbered for the purposes of PHICH mapping, and for the third case the PHICH resources in LTE-A only DL component carriers can be saved.

The PHICH overhead was also considered particularly for the case that the DL BW is several times larger than the UL BW. To avoid over-dimensioning the PHICH resources, the number of PHICH groups can be extended or, for DL component carriers accessible only by LTE-A UEs, the number of PHICH groups can be based on the UL BW (after it is obtained in a different DL component carrier) instead of the DL BW.  
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