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1 Introduction
The carrier aggregation was agreed as a baseline technology in LTE-Advanced (LTE-A) to support wider bandwidths up to 100MHz in both downlink and uplink [1]. Furthermore, RAN4 identified some LTE-A deployment scenarios and priorities for the feasibility study of LTE-A [2]. In the deployment scenario, carrier aggregation configurations such as transmission bandwidth, the number of LTE-A component carriers (CCs), bands for LTE-A CCs defined in a cell are summarized. As seen [2], contiguous as well as non-contiguous carrier aggregation is possible for efficient band utilization. And also, in addition to the symmetric DL/UL carrier aggregation, it will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the downlink and the uplink. 
Moreover, LTE-A can support the cross-carrier scheduling where PDCCH and PDSCH are transmitted in different CCs in the DL and/or PUSCH is transmitted in an UL CC which is not linked with the DL CC transmitting a UL grant. During RAN1 #58 meeting, the carrier indicator was agreed to support these cross-carrier scheduling.
In this contribution, we describe DL ACK/NACK transmission methods considering carrier aggregation and cross-carrier scheduling. (The related issues regarding UL ACK/NACK are described in our companion contribution [3].)
2 UL grant and DL ACK/NACK
Table 1 shows four cases for UL grant and DL A/N transmission schemes which are defined in terms of CC symmetry and cross-carrier scheduling. The asymmetric CC configuration is only focused on a DL heavy aggregation case. In addition, by the cross-carrier scheduling, a PUSCH can be transmitted in an UL CC which is not linked with the DL CC used for an UL grant transmission.
In each Figure in Table 1, a solid line between DL CC and UL CC means that the DL/UL CCs are linked together based on the default Tx-Rx separation of Rel-8, and a dotted line represents a possible candidate for the cross-scheduling in a UE(or cell)-specific CC configuration. 
2.1 UL grant transmission

Assuming DL heavy CC aggregation, a single UL grant transmission on only one DL CC among multiple DL CCs can provide benefits to DL resource overhead and UE blind decoding complexity [4]. With a UL grant transmission in a single DL CC, one issue point is how to pick one DL CC for the UL grant transmissions among multiple DL CCs. There are two options to choose one DL CC among multiple CCs.

· Option A: An UL grant can be transmitted on a DL CC linked with the corresponding UL CC used for PUSCH transmission. (no cross-carrier scheduling)
· Option B: An UL grant can be transmitted on any DL CC regardless of the DL/UL CC linkage. (cross-carrier scheduling)
These options can be considered for the DL CC selection method. The DL CC selection for a UL grant seems a scheduling issue and also related to the cross-carrier scheduling activation and UE-specific CC set, and more further decisions.

Table 1, UL grant and DL A/N transmission cases
	
	Symmetric CC aggregation
	Asymmetric CC aggregation (DL heavy)

	No cross-carrier scheduling support

(Option A)
	[Case 1]
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	[Case 2]
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	Cross-carrier scheduling support

(Option B)
	[Case 3]
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	[Case 4]
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2.2 DL ACK/NACK

In the LTE Rel-8 specification, the resources for DL A/N i.e., PHICH groups are pre-reserved in each DL CC depending on the number of DL RBs and its scaling parameters. Thus, same DL A/N information can be transmitted on multiple DL CCs for a PUSCH transmission for DL heavy aggregation case, but it causes inefficient DL resource utilization. In the DL heavy CC aggregation, one DL A/N for a PUSCH transmission transmitted on a single DL CC among multiple DL CCs linked with a UL CC seems beneficial similar to the UL grant transmission. 

The remaining issue is which DL CC should be used for a DL A/N transmission. This depends upon the existence of non-PHICH DL CCs and the selection scheme of DL CCs for a UL grant PDCCH transmission. Possible DL CC selection options are listed below, and also are illustrated in Table 1.
· Option 1: A DL A/N for a PUSCH is transmitted on the DL CC used for UL grant transmission 
· Option 2: A DL A/N for a PUSCH is transmitted on the DL CC which has default linkage with the UL CC (preferably, default Tx-Rx separation of Rel-8) used for the PUSCH transmission
From now, we describe details of each option considering possible four cases in Table 1. 
For cases 1 and 2 (no cross-scheduling cases), a DL CC used for an UL grant transmission and a DL CC linked with an UL CC used for PUSCH transmission is the same. Thus, the DL CC selection for DL A/N transmission always has the same result regardless of which option is used. 
For cases 3 and 4 (cross-scheduling cases), a DL CC used for an UL grant transmission and a DL CC linked with an UL CC used for PUSCH transmission can be different because of the cross-carrier scheduling. Thus, DL CC selection for PHICH is different for each option, and details are below.
With option 1;
For case 3, DL CC #1 is selected for a PHICH transmission of the cross-scheduled PUSCH #2. The PHICH collision between a non-cross-scheduled and a cross-scheduled PUSCH can occur since the PHICH resource mapping (lowest PRB index of PUSCH + DM-RS index) can collide the UL PUSCHs in different UL CCs. Since the usable DM-RS index can be used up by configuring MU-MIMO transmission, UL throughput loss can be expected if a smart scheduler avoid these PHICH collisions. Moreover, when non-PDCCH DL CCs are assumed, PHICHs corresponding to PUSCHs on multiple UL CCs can be crowded to one DL CC.
 For case 4, DL CC #2 is selected for a PHICH transmission of the cross-scheduled PUSCH #2. Compared to case 3, there is no PHICH collision between a non-cross-scheduled and a cross-scheduled PUSCHs since only one UL CC is configured as a UE-specific CC set. This is because non-cross-scheduling and cross-scheduling cases are completely separated depending on DL CCs transmitting a UL grant. However, if there are more UL CCs than depicted in Table 1 and the UL grants for multiple PUSCHs are transmitted on a DL CC, the same problems with case 3 can occur.
In both cases, each UE should probably monitor (receive) all active DL CCs even though UL grants and PHICHs for the UE are transmitted on only one DL CC. This is because PDSCH can be transmitted on any DL CC within the active DL CC set.
With option 2;

Each PHICH is transmitted on the DL CC which has default linkage with the UL CC (preferably, default Tx-Rx separation of Rel-8) used for the PUSCH transmission. Thus, even with cross-scheduling, the amount of PHICH resources, collision possibility of PHICH, and UL utilization (scheduling restriction) are the same as Rel-8. However, if LTE-A support carrier silencing or no-control CC, this option can not support PHICH transmission on those DL CCs.
3 Summary

In this contribution, we examined two options for PHICH transmission considering CC symmetry and cross-carrier scheduling, and described pros & cons of each option. Based on the investigation in section 2, we suggest that both options should be further studied at this stage. 
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