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1. Introduction

Support of wider bandwidth is one of important enhancements for LTE-Advanced. Carrier aggregation was adopted in order to support backward compatibility to LTE UEs and higher peak throughput to LTE-A UEs simultaneously. The types of carrier aggregations can be further categorized as “symmetric carrier aggregation” and “asymmetric carrier aggregation”.

In this paper, we focus on asymmetric carrier aggregation cases where number of DL component carriers (CC) is larger than that of UL component carriers, and discuss the linkage between DL ACK/NACK (i.e. PHICH) and UL DATA (i.e. PUSCH) under the assumption that the similar rule as LTE is applied in LTE-Advanced.
2. Discussion
2.1. Categorization for asymmetry of DL and UL CCs (DL CCs > UL CCs)
There are several types of asymmetry with regard to the number of DL CCs and that of UL CCs. Figure 1 shows the categorization for these asymmetries when the number of DL CCs is larger than that of UL CCs.

In figure 1(a), both of two DL CCs are backward compatible. In order to support LTE UEs in both DL CCs, PHICH should be mapped in both CCs as well as PDCCH.

On the other hand, in figure 1(b), one of two DL CCs (i.e. DL CC2) is not backward compatible to Rel 8. In this case, since no LTE UEs camp on the DL CC2, eNB might not map PHICH or PDCCH in DL CC2 depending on the outcome of future discussions.

In figure 1(c), although available CCs in DL and UL are symmetric, eNB configures each UE to different types of asymmetry (i.e. UE-specific asymmetric carrier aggregation). For instance, UE1 in figure 1(c) is configured to use both DL CCs and UL CC1, and UE2 is configured to use both DL CCs and UL CC2.
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(a) Cell Specific Asymmetry (type1)
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(b) Cell Specific Asymmetry (type2)

Non-backward

compatible CC

PDSCH PDSCH

S

C

H

/

B

C

H

PUSCH

P

U

C

C

H

Downlink

Uplink

P

U

C

C

H

PHICH

PDCCH

PHICH

PDCCH

PUSCH

P

U

C

C

H

P

U

C

C

H

S

C

H

/

B

C

H

PDSCH

DL CCs for UE1

DL CCs for UE2

UL CC for 

UE2

UL CC for 

UE1

f

(c) UE Specific Asymmetry

DL CC2 DL CC1 DL CC2 DL CC1 DL CC2 DL CC1

UL CC1 UL CC1 UL CC1 UL CC2

 
Figure 1 Types of asymmetries for DL = 2CCs and UL=1CC
2.2. Discussion on PHICH linkage
In the following discussions, we assume that the similar rule for linkage of PHICH resources and UL RB indices within the CC pair of DL/UL is used for LTE-Advanced as for LTE. Therefore, the following discussion focuses on the linkage of UL CC, DL CC and PHICH resources.
(a) Cell specific Asymmetry type 1 - Figure 1 (a)
In a cell specific asymmetry of type 1, LTE UEs would camp on both DL CCs, and monitor the PHICH on the CC where they are camping. Also LTE-Advanced UEs which are not configured for carrier aggregation are also assumed to monitor the PHICH on the CC where they are camping. 
On the other hand, LTE-Advanced UEs, which are configured for (asymmetric) carrier aggregation, are able to monitor both CCs for PHICH reception. So there are several options for such UEs - as shown in the following:
1) eNB sends ACK/NACK to the UE on both DL CCs

2) PDCCH for UL assignments can be mapped on any DL CC. The eNB sends ACK/NACK to the UE on the DL CC on which the PDCCH for UL assignment was mapped
3) PDCCH for UL assignments can only be mapped on a respective “anchor” DL CC. The eNB sends ACK/NACK to the UE on the anchor CC for UL grant
Between the three mentioned options, alternative 2 or 3 would be simple and efficient solutions for this case, since transmitting both PHICH resources would not be desirable. Moreover, the unused PHICH resource could be used to avoid collision in case of MU-MIMO or smaller PHICH resource configuration.
(b) Cell specific Asymmetry type 2 - Figure 1 (b)
On the other hand, in cell a specific asymmetry of type 2, LTE UEs can only camp on the backward compatible CC (DL CC1 in figure 1(b)), thus LTE-UEs are always monitoring the PHICH on the DL CC1 in figure 1(b).
In this case, the amount of PHICH resources on the non-backward compatible CC might be reduced since they are not required for LTE UEs; moreover, LTE-Advanced UEs which are not configured for carrier aggregation and also camp on the backward compatible CC shall obey the same rule as LTE UEs in order not to increase the complexity of the eNB scheduler.

For LTE-Advanced UEs, which are configured for (asymmetric) carrier aggregation, the same PHICH consideration as in “(a) Cell specific asymmetry type 1” can be applied. Simple and efficient solutions for this case would also be alternative 2 or 3 in the above discussion, regardless of whether the non-backward compatible CC has PDCCH/PHICH or not.
(c) UE specific Asymmetry - Figure 1 (c)
In the UE specific asymmetry case, the situation is not as simple as in the above two cases. In case that specific PHICH-to-CC mapping rules are applied, LTE-Advanced UEs, which are configured to asymmetric carrier aggregation, may have different linkages for DL CCs and UL CC than LTE UEs. For instance, since UE1 in figure 1(c) is configured to use both DL CCs and UL CC1, UE1 might have the linkage of DL CC2 for PHICH and UL CC1 for data transmission.
As shown in figure 2, if UL grant for LTE-A UE is sent from DL CC2, then LTE-A UE will monitor the PHICH resource in DL CC2 based on the RB indices used for data transmission in UL CC1. However, the RB which has the same index in UL CC2 might be used by another LTE UE, and such LTE UE monitors the same PHICH resource in DL CC2 as shown in the figure. Hence, the eNB has to manage this possible collision by e.g. allocating different DMRS cyclic shifts when it transmits the UL grant for UE1 on DL CC2.
Therefore, the rule that a CC for the PHICH reception is simply linked to the CC of the PDCCH transmission similar to release 8 complicates the eNB scheduler.

In order to simplify the eNB scheduler and (possibly) reduce the blind decoding of the LTE-Advanced UEs, the concept of anchor component carrier for UL grant looks effective. If the anchor carrier for the UEs which are configured to UE-specific asymmetric carrier aggregation is defined based on the linkage of UL CC and DL CC broadcasted by LTE-SIB2, and UEs decide the CCs for receiving ACK/NACK based on the CC where PDCCH was transmitted (actually, it is identical to the anchor CC), such possible collisions can be easily avoided. Otherwise, eNB scheduler should take possible collisions into account when they assign the resources for UEs.
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Figure 2 UE specific asymmetric carrier aggregation and PHICH linkage
3. Conclusion

In this contribution, we discuss the PHICH linkage for various asymmetric carrier aggregation configurations (cell and UE specific). Based on the discussion, we believe it is beneficial to retain the same component carrier linkage for LTE-Advanced UEs as for LTE UEs. 

Since the PHICH component carrier linkage for LTE UEs is implicitly defined by the DL component carrier on which the LTE-SIB2 is transmitted and on which the UE camps, a simple solution to define the PHICH component carrier linkage for the LTE-Advanced is as follows:
· Define an anchor DL component carrier as the DL component carrier where the LTE-SIB2 for indicating the UL component carrier is mapped
· Only the anchor DL component carrier is allowed to transmit UL PDCCH grants
· All LTE-Advanced UEs receive the PHICH on the component carrier where they received the PDCCH for UL grant (anchor DL component carrier)
Note that it is FFS whether a PDCCH is mapped within a component carrier or is mapped across multiple component carriers. In the latter case, an anchor carrier definition based on the PDCCH location may not work. In this case, the anchor carrier could e.g. be defined based on the component carrier where the UE shall receive the PHICH. 

The necessity for changing the anchor component carrier based on an eNB indication is for further discussion. 
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