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1. Introduction
In RAN1#60, it was agreed that “A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N”. The method for assigning PUCCH resource(s) for a UE on the above single UL carrier in case of carrier aggregation is still FFS. For a CA-capable UE configured with a single pair of UL/DL carriers, the CCE based implicit Rel-8 ACK/NAK resource derivation scheme can be reused. In this contribution, we focus on ACK/NAK resource assignment for carrier aggregation with multiple configured DL CCs.
2. Discussion

Rel-8 uses implicit method for dynamic ACK/NAK resource assignment. The number of ACK/NAK resources reserved by eNB in each UL subframe is equal to the number of PDCCH CCEs in the corresponding DL subframe(s). For Rel-10 carrier aggregation, UE will transmit multiple ACK/NAK(s) on one UL CC. If reusing the Rel-8 implicit method for assigning ACK/NAK resource without additional limitation, eNB has to reserve ACK/NAK resources corresponding to the total number of PDCCH CCEs in all DL CCs. Thus, the PUCCH overhead will become unacceptable. 

In order to support Rel-8 UEs and maintain backhaul compatibility, a system-specific one-to-one DL/UL CC linkage for dynamic ACK/NACK resource reservation is preferred, as shown in Figure 1. With such a linkage, implicit resource assignment cannot work for the non-primary DL CCs. Therefore, explicit or hybrid methods for dynamic ACK/NAK resource assignment shall be considered.
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Figure 1: A system-specific one-to-one DL/UL CC linkage for dynamic ACK/NACK resource reservation
2.1. Alternative methods for ACK/NACK resource assignment
In this section, explicit methods of dynamic ACK/NACK resource assignment with CA are provided.
Option 1: Always use the ACK/NAK resource(s) indicated by RRC. 

Dedicated ACK/NAK resource(s) can be semi-statically assigned to a carrier aggregated UE. The number of the assigned resources depends on the ACK/NACK transmission scheme and the size of UE DL CC set:

· For ACK/NACK bundling, one or two ACK/NACK bits need to be transmitted. Therefore, Rel-8 PUCCH format 1/1a/1b resource can be reused.

· For FDD, only one resource is needed.

· For TDD, to resolve the error case of miss-detection on the last PDCCH(s) as in Rel-8 [1], the number of assigned ACK/NAK resources shall equal to the maximal number of DL subframes associated with a single UL subframe for ACK/NACK transmission, as shown in Table 1.

Table 1: Number of assigned resources for TDD ACK/NACK bundling

	UL-DL

Configuration
	Number of assigned resources

	0
	1

	1
	2

	2
	4

	3
	3

	4
	4

	5
	TBD

	6
	1


· For channel selection, multiple ACK/NAK resources shall be assigned. To limit the amount of required ACK/NAK channels, it is preferable that channel selection shall at most support 5 ACK/NACK bits [2].

· For FDD, UE always feeds back N ACK/NAK bits, where N is the size of UE DL CC set. The number of assigned ACK/NAK resources depends to N, as shown in Table 2. The methods for channel selection with N =5 are discussed in [3].

Table 2: Number of assigned resources for channel selection

	N
	Number of assigned resources

	2
	2

	3
	3

	4
	4

	5
	8


· For TDD, UE always feeds back N ACK/NAK bits, and partial bundling shall be used, 
· If N is the size of UE DL CC set, cross subframe bundling is performed on each DL CC. The number of assigned resources depends to N, as shown in Table 2.
· If N is the number of DL subframes associated with a single UL subframe, cross carrier bundling is performed in each DL subframe. Rel-8 channel selection can be reused.

· For ACK/NACK multiplexing with PUCCH format 2 or the new PUCCH format [4][5], one resource is sufficient.

The advantage of this option is that there is no PDCCH scheduling restriction. In other words, the PDCCH can be sent on any of the activated DL CCs in the UE DL CC set. On the other hand, semi-statically assigning dynamic ACK/NACK resources on a UE specific basis may lead to significant overhead. Hence, Option 1 is suitable for the case where there are a small number of UEs configured with carrier aggregation in the cell.

Option 2: Always use the ACK/NAK resource(s) indicated by MAC CE [6].  

Dedicated ACK/NAK resource(s) can be assigned to the UE using the CC activation/deactivation MAC CE. The number of the assigned resources depends on the ACK/NACK transmission scheme and the number of activated DL CCs:

· For ACK/NACK bundling, Rel-8 PUCCH format 1/1a/1b resource can be reused. The amount of assigned resources is the same as Option 1.

· For FDD, one resource is sufficient.

· For TDD, the number of assigned resources is shown in Table 1.

· For channel selection, multiple resources shall be assigned.

· For FDD, UE always feeds back N ACK/NAK bits, where N is the number of activated DL CCs. The number of assigned resources depends on N, as shown in Table 2.
· For TDD, UE always feeds back N ACK/NAK bits, and partial bundling shall be used.
· If N is the number of activated DL CCs, cross subframe bundling is performed on each DL CC. The number of assigned resources depends to N, as shown in Table.2.
· If N is the number of DL subframes associated with a single UL subframe, cross carrier bundling is performed in each DL subframe. Rel-8 channel selection can be reused.

· For ACK/NACK multiplexing with PUCCH format 2 or the new PUCCH format [4][5], only one resource is needed.

Compared with Option 1, PDCCH can also be sent on any of the activated DL CCs in the UE DL CC set. In addition, the ACK/NAK resources can be more flexibly controlled by eNB, which leads to better ACK/NAK resource utilization. On the other hand, ambiguity on the ACK/NAK resources used by the UE may occur more frequently during reconfiguration of the ACK/NAK resources.
Option 3: Always use the ACK/NAK resource(s) indicated by DL grant. 

A set of ACK/NAK resources can be pre-configured by RRC and eNB shall use PDCCH to indicate one ACK/NAK resource within the set for a UE to transmit the ACK/NAK feedbacks in an UL subframe. In case multiple ACK/NAK resources are needed for the ACK/NAK transmission, multiple sets of ACK/NAK resources can be pre-configured by RRC and PDCCH indicates one set of ACK/NAK resources to use in an UL subframe. The number of pre-configured ACK/NAK resources by RRC shall not be less than Option 1.

The main advantage of this option is the ACK/NAK resource utilization efficiency. Multiple UEs can be pre-configured by RRC with the same set of ACK/NAK resources. eNB shall indicate different ACK/NAK resources to different UEs by PDCCH. In order to further improve the ACK/NAK resource efficiency, PDCCH can inform a UE to use the implicit ACK/NAK resource derived by the CCE index, if a UE’s UL primary CC has reserved dynamic ACK/NAK resources for the DL CC where the PDCCH is sent.

3. Conclusions

In this contribution, we discuss dynamic ACK/NAK resource assignment with carrier aggregation. Our current views are as following:

· With a single UE-specific PUCCH CC, 

· A system-specific one-to-one DL/UL CC linkage for dynamic ACK/NACK resource reservation shall be supported.
· Explicit or hybrid methods for dynamic ACK/NAK resource assignment shall be supported.
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