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1 Introduction
In RAN1#56bis, some contributions were discussed about the PHICH linkage or mapping for LTE-A, in particular for the case where carrier aggregation is asymmetric [1]

 REF _Ref227830675 \r \h 
[2]. There seems to be a common view that LTE Rel-8 PHICH linkage principle should be reused as much as possible. While this would be straightforward if there is equal number of UL and DL component carriers, careful consideration is needed when there is unequal number of UL and DL component carriers. In this contribution, we present our views on the PHICH linkage for asymmetric carrier aggregation. We shall assume that all DL component carriers are accessible by LTE-A UEs. 

2 DL component carriers > UL component carriers
The case of asymmetric carrier aggregation for which the number of DL component carriers is more than the number of UL component carriers has been discussed extensively in [1]. There are two cases of asymmetry, namely the cell-specific case and the UE-specific case. We share similar view with the majority of companies [1]
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[2]
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[4]
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[5] that it would not be sensible to transmit identical PHICH on more than one DL component carrier to avoid wasting PHICH resources. Hence, we agree that the ACK/NAK for a PUSCH transmission for a UE is only transmitted on one of the DL component carriers.

The DL component carrier that should be monitored by the UE for PHICH after a particular PUSCH transmission shall be referred to as the DL anchor component carrier. In our understanding, there can be more than one DL anchor component carrier for the same UE. This is the case when there are multiple UL component carriers that the UE is actively transmitting on, which we call active UL component carriers. It follows that the number of DL anchor component carriers should be equal to the number of the active UL component carriers as shown in Figure 1.
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Figure 1: DL anchor component carrier
Proposal 1: ACK/NAK for a PUSCH transmission for a UE is only transmitted on one of the DL component carriers, called the DL anchor component carrier. The number of DL anchor component carriers for a UE is equal to the number of the active UL component carriers aggregated for the UE.

PHICH is intimately tied with the PDCCH for UL grant. Hence the following principle as proposed in [1] [4] is reasonable:

Proposal 2: PDCCH(s) for UL grant is only transmitted on DL anchor component carrier(s).
On the linkage between the anchor DL component carrier and UL component carrier for PUSCH transmission, it is reasonable to assume that for LTE-A system the linkage would be specified by the ul-CarrierFreq parameter in SIB2 (already present in LTE Rel-8 as specified in 36.331 Sec 6.3.1) that is transmitted on the DL component carrier or according to the default TX-RX separation as specified in TS36.101 (Sec 5.7.4). Therefore, the linkage between a DL anchor component carrier and a UL component carrier should be cell-specific, this is also preferred by a number of companies [1]
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[5]. 

Proposal 3: The linkage between a DL anchor component carrier and a UL component carrier is cell-specific.

Since there are more DL component carriers than UL component carriers, there can be more than one possible anchor component carrier defined for LTE-A UE for each active UL component carrier. It is sensible to assume that the DL component carrier used for initial access for LTE-A UE is the anchor component carrier at least by default. However to allow for the flexible UE-specific carrier aggregation and efficient load balancing among component carriers by the eNB, it is preferred that the anchor component carrier can be configured by the eNB. An example is shown in Figure 2. As shown in Figure 2(a), the LTE-A UE begins by camping on DL component carrier 4, and transmitting on UL component carrier 2. At this stage, DL component carrier 4 is the DL anchor component carrier. In Figure 2(b), the UE is then configured to aggregate DL component carriers 1 and 2 as well as transmitting on UL component carrier 1. The DL anchor component carrier could then be configured to be DL component carrier 2. The configuration of anchor component carrier can be semi-static. 
Proposal 4: The DL anchor component carrier for a UE can be configured by the eNB.
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(a) After successful initial access


(b) After UE-specific carrier aggregation

Figure 2: Configurable DL anchor component carrier
3 DL component carriers < UL component carriers
Another possible scenario of carrier aggregation is when the number of DL component carriers is fewer than the number of UL component carriers. 
In Rel-8, the PHICH resource for a UE is primarily determined based on the lowest UL PRB index and the DMRS cyclic shift. The primary issue in this case is how the PHICH resource should be linked with UL parameters such that PHICH collision can be avoided [2][3]. For example, in the case of two UL component carriers and one downlink component carrier, if two UE transmits PUSCH on different UL component carriers and if the lowest UL PRB index and the DMRS cyclic shift is the same, then PHICHs collision will occur. 

Collision can of course be avoided simply through the action of eNB scheduler by ensuring the two UEs cannot have the same lowest PRB index or DMRS cyclic index. However, this will complicate eNB scheduler design. In [2], a solution is proposed which involves continuous labeling of the PRB index from the UL component carrier of lowest carrier frequency to that of the highest carrier frequency. However, further study is required on whether the solution is suitable for other possible scenarios. For example, in the case that the asymmetric carrier aggregation is UE specific as shown in Figure 3, the UL PRB index for UE 1 would be incremented from UL component carrier 1 to UL component carrier 2. But the UL PRB index labeling for UE 2 cannot follow the same rule as UE 1 as there is obviously a possibility of PHICH collisions with Rel-8 UE that operates in UL component carrier 2 and DL component carrier 2. To fix this problem, the UL PRB index labeling would have to be UE-specific and there may be other potential complication with other carrier aggregation configurations. Hence, we think that further study to needed to resolve this problem.
Proposal 5: Further study is needed on the solution to avoid PHICH collisions for the case where there are more UL component carriers than DL component carriers. 
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Figure 3: Different UL PRB index labelling rule due to UE-specific carrier aggregation
4 Conclusions
For the case where there are more DL component carriers than UL component carriers, we propose the following:

· ACK/NAK for a PUSCH transmission for a UE is only transmitted on one of the DL component carriers, called the DL anchor component carrier. The number of DL anchor component carriers for a UE is equal to the number of the active UL component carriers aggregated for the UE.

· PDCCH(s) for UL grant is(are) only transmitted on DL anchor component carrier(s).

· The linkage between a DL anchor component carrier and a UL component carrier is cell-specific.

· The DL anchor component carrier for a UE can be configured by the eNB.

For the case where there are more UL component carriers than DL component carriers, we propose that further study is needed on the solution to avoid PHICH collisions.
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