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1 Introduction

PHICH transmission in LTE-A can rely almost completely on the mapping and physical transmission methods used in LTE [1-5]. The only differentiating aspects are:

a) Asymmetric carrier aggregation (CA) of component carriers (CCs)

a. More DL CCs than UL CCs

b. More UL CCs than DL CCs

b) Transmission of multiple UL scheduling grants from the same DL CC (even for symmetric CA)
a. This option, based on separate PDCCH coding, is currently FFS
c) Transmission of 2 ACK/NAK bits to a UE 

a. UL SU-MIMO without spatial bundling
This contribution examines the impact of these aspects and whether any additional methods to the ones already provided by LTE are needed. 
2 PHICH Transmission Aspects
For symmetric CA with one-to-one mapping of DL CCs and UL CCs (cell-specific or UE -specific), there is no clear gain from not simply parallelizing the PHICH mapping and transmission methods of LTE to multiple DL/UL CC pairs.
For asymmetric CA, whether cell-specific or UE-specific, the possibilities are for more DL CCs than UL CCs or for more UL CCs than DL CCs. The former case is the more interesting one as the DL is typically more traffic intensive than the UL. However, it is not presently clear whether LTE-A should be precluded from supporting larger UL BW than DL BW, whether on a cell-specific or on a UE-specific basis. Additionally, due to BW farming reasons, having a larger number of UL CCs than DL CCs while having a larger DL BW than UL BW can also not be precluded (e.g. one DL CC of 20 MHz and two UL CCs of 5 MHz). Therefore, PDCCH design in general and PHICH transmission in particular should be able to support both previous possibilities for asymmetric CA. Nevertheless, as it is later shown, regardless of whether having more UL CCs than DL CCs is supported, the PHICH mapping in such case is the same as for UE-specific configurations with more DL CCs than UL CCs and no additional considerations are needed.
Figure 1 shows the simplest (cell-specific or UE-specific) configuration with more DL CCs than UL CCs which is nevertheless sufficient to capture some general PHICH mapping and transmission aspects.
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Figure 1: Two DL CCs mapped to one UL CC.

The main issue for the PHICH transmission for the configuration in Figure 1 is whether the PHICH should be transmitted in all DL CCs a UE is configured or only in one DL CC. As the PHICH is power limited, using the transmission power in multiple DL CCs is generally advantageous for transmission in multiple DL CCs. There may also be some frequency diversity gains for the smaller DL CC BWs. The main drawback is that a different UE receiver design would be required relative to all other DL/UL CC configuration cases. Additionally, configurations such as the one in Figure 1 enable DL CCs without PDCCH. Since the PHICH transmission is anyway designed to be reliable in a single DL CC, design simplicity outweighs small performance gains. Therefore, similar to the DL/UL scheduling assignments, it is preferable for the PHICH transmission to be in a single DL CC. This DL CC should be the same as the one for the corresponding UL scheduling grant – regardless of the DL/UL CC configuration (this also allows the existence of DL CCs without PDCCH).

Proposal: The PHICH transmission is in the DL CC with the corresponding UL scheduling grant transmission.
Figure 2 shows the simplest configuration with more UL CCs than DL CCs which is nevertheless again sufficient to capture the general PHICH mapping aspects. It is simple to follow the same mapping as in LTE by numbering the RBs of UL CC1 from 0 to 
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. Alternatively, the RBs in UL CC2 can be numbered with an offset, such as for example 
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Figure 2: Two UL CCs mapped to one DL CC.

Figure 3 shows a slightly more involved case where the cell-specific configuration has the same number of DL CCs and UL CCs but UE-specific configurations allow for more DL CCs than UL CCs. The issue with the configuration in Figure 3 is that UE1 and UE2 may have the same numbered first RB for PUSCH transmission in UL CC1 and UL CC2, respectively. This will result to collision of PHICH resources only if the UL scheduling grants for UE1 and UE2 are transmitted in the same DL CC, for example DL CC1. Otherwise, no collision occurs. However, the former case is of importance in case of a DL CC, for example DL CC2, operating without PDCCH. Then, as one DL CC, for example DL CC1, carries the PHICH transmission in response to PUSCH transmissions in multiple UL CCs (or, in general, the entire PDCCH transmission), the situation is the same as the one in Figure 2, the multiple UL CCs are effectively a single UL CC of larger BW, and the same RB numbering can apply. Therefore, if PUSCH transmission in multiple UL CCs is through UL scheduling grants transmitted in one DL CC, the RBs of the multiple UL CCs are serially numbered for the PHICH resource mapping in the same DL CC (or the RBs in UL CC2 are numbered with an offset).
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Figure 3: Different UEs configured different UL CCs.
Proposal: When UL scheduling grants for PUSCH transmissions in multiple UL CCs are transmitted in one DL CC then, for PHICH resource mapping in the DL CC, the RBs of multiple UL CCs are either serially numbered or numbered with CC-specific offsets. 
Figure 4 shows a slightly more involved case where the cell-specific configuration has the same number of DL CCs and UL CCs but UE-specific configurations allow for more UL CCs than DL CCs. There are no particular issues with this configuration as the PHICH can be transmitted in the same DL CC as the respective UL scheduling grant and the RBs in the UL CCs can be serially numbered. 

[image: image8]
Figure 4: Different UEs configured different DL CCs.

In case multiple UL scheduling assignments are transmitted from one DL CC (e.g. PDCCH-less DL CC), the PHICH resource mapping is the same as for the case of more UL CCs than DL CCs or the case of UE-specific asymmetric CA where different UEs are assigned in different UL CCs but the respective UL scheduling grants are transmitted from the same DL CC. All these cases effectively correspond to the same configuration of having a larger UL BW but restricting scheduling of a UE to only a part of this BW (UL CC). The same principle as above can be applied for the PHICH resource mapping, namely the RBs of this virtual larger UL BW (combined UL CCs) are serially numbered.
For UL SU-MIMO, orthogonal DM RS multiplexing will be achieved through different cyclic shifts of the respective CAZAC sequence (additional use of orthogonal Walsh-Hadamard covering is FFS) [6]. Therefore, the same PHICH resource mapping as in LTE directly applies. Note that since the PHICH is power limited and not resource limited and coverage limited UEs are not expected to have SU-MIMO transmission, there is no issue with supporting PHICH transmission of 2 ACK/NAK bits to a UE.
3 Conclusions
This contribution considered aspects for the PHICH mapping and physical transmission methods in LTE-A. For the PHICH physical transmission, the same approach as in LTE can be used. 
For symmetric CA with unique DL/UL pairs, the LTE PHICH resource mapping method can be simply parallelized to the multiple DL/UL CC pairs.
For asymmetric CA, it is proposed that the PHICH mapping methods of LTE apply by further assuming:

a) PHICH transmission is in the DL CC with the corresponding UL scheduling grant transmission.
b) When UL scheduling grants for PUSCH transmissions in multiple UL CCs are transmitted in one DL CC then, for PHICH resource mapping in the DL CC, the RBs of multiple UL CCs are either serially numbered or numbered with CC-specific offsets.
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