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1. Introduction
In RAN1#60, “A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N” was agreed. Several methods of ACK/NAK resource allocation for a UE on the single PUCCH carrier have been proposed for carrier aggregation in Rel-10 [1-7]. In this contribution, we present our views on ACK/NAK resource assignment for carrier aggregation with multiple configured DL CCs.
2. Discussion

Typically, either implicit or explicit ACK/NAK resource reservation can be applied. The choice between the implicit and explicit scheme largely depends on its corresponding PUCCH overhead. For example, if the amount of UEs is small in the system, explicit ACK/NAK resource assigned by higher layers is more efficient in terms of PUCCH overhead. On the other hand, if the number of UEs in the system is large, explicit resource allocation may lead to excessive PUCCH overhead. Considering that a Rel-8 system shall support hundreds of RRC_CONNECTED UEs while only a small number of them may be scheduled per subframe, an implicit mapping between PDCCH CCE index and ACK/NAK resources is adopted. 
In order to support Rel-8 UEs and maintain backward compatibility for each component carrier in a Rel-10 CA system, at least a system-specific one-to-one implicit PUCCH resource reservation for dynamic ACK/NAK shall be supported, as shown in Figure 1. For each UL CC, PUCCH format 1a/1b resources for the SIB2 linked DL CC are reserved. With such a linkage in Figure 1, implicit ACK/NAK resource does not exist in an UL CC for the non-SIB2 linked DL CCs. While it is possible to implicitly reserve dynamic ACK/NAK resources in an UL CC for multiple DL CCs, the amount of PUCCH overhead can easily be significant. Therefore, explicit dynamic ACK/NAK resource assignment shall be used in Rel-10 CA.
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Figure 1: A system-specific one-to-one DL/UL CC linkage for dynamic ACK/NAK resource reservation
For explicit ACK/NAK resource allocation for a CA UE, either MAC CE or RRC signaling can indicate the assigned CA ACK/NAK resources. It is noted that using MAC CE to indicate CA ACK/NAK resource is more likely to create ambiguity between eNB and UE, similar to the issue of ACK/NAK codebook size determination [1]. Thus, RRC signaling is more preferable for explicit CA ACK/NAK resource allocation. 

For explicit CA ACK/NAK resource allocation, it is the eNB’s implementation choice whether the same CA ACK/NAK resource is assigned to multiple UEs: 
· In case each CA UE is assigned with a unique CA ACK/NAK resource, no eNB scheduler restriction is enforced. On the other hand, the amount of PUCCH overhead is large for a system with many UEs configured with carrier aggregation. Hence, it is not preferable for eNB to always assign a unique CA ACK/NAK resource for each CA UE.
· In case multiple UEs are assigned with the same CA ACK/NAK resource, eNB scheduler restriction has to be applied. Figure 2 shows an example where three UEs are assigned with the same CA ACK/NAK resource. One example of eNB scheduler restriction is that it cannot schedule UE1 and UE2 both on multiple DL CCs, since they share the same CA ACK/NAK resource. Therefore, UE1 and UE2 have to be TDMed onto different subframes. Consequently, the number of schedulable subframes and data rate for UE1 (or UE2) is reduced, defeating the purpose of carrier aggregation. Hence, it is not preferable for eNB to configure multiple UEs with the same CA ACK/NAK resource.
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Figure 2: CA ACK/NAK resource allocation configured by higher layer signaling
The above two cases assumes higher layers only configure one CA ACK/NAK resources for each CA UE. In order to achieve a good tradeoff between CA ACK/NAK PUCCH overhead and eNB scheduler restriction, it is proposed that higher layer pre-configures multiple CA ACK/NAK resources for each CA UE, and PDCCH indicates one of the assigned CA ACK/NAK resources to be used in a particular UL subframe [1]. With such a scheme, it is possible to configure multiple UEs sharing the same set of multiple CA ACK/NAK resources, as shown in Figure 3. As long as eNB does not schedule more than 3 CA UEs in a subframe, there is no CA ACK/NAK resource collision, which almost eliminates the corresponding eNB scheduler restriction. It is further noted that in RAN1 #58bis it was agreed that “Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC”. It is reasonable to assume that only a small number of CA UEs are scheduled in one DL sub-frame, even if there can be many UEs configured with carrier aggregation in the system. 
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Figure 3: CA ACK/NAK resource allocation indicated by DL grant
Typically, even with many UEs configured with CA in a system, it is likely that only a small faction of them demands carrier aggregation in a certain time period. For UEs configured with CA but activated only on DL PCC, it is preferable for them to use the implicit PUCCH format 1a/1b ACK/NAK resources as in Figure 1, thus reducing the amount of CA ACK/NAK overhead. For the same reason, for a CA UE being scheduled only on one DL CC in a subframe, it is also preferable for them to use the implicit PUCCH format 1a/1b ACK/NAK resources. Hence, we propose that PDCCH shall be able to indicate to a CA UE that the implicit PUCCH format 1a/1b shall be used in a corresponding UL subframe. Upon such indication via PDCCH, the UE shall always use the implicit PUCCH format 1a/1b resource to transmit 1 or 2 ACK/NAK bits for FDD. 
3. Conclusions

In this contribution, we discuss ACK/NAK resource assignment with carrier aggregation. Considering that there can be many UEs configured with multiple DL CCs but only a rather small number of them are likely to be scheduled on multiple CCs in a sub-frame, simultaneously using RRC signaling and DL grant to indicate the ACK/NAK resource achieves efficient PUCCH resource utilization. Our current views are as following:
· Each UL CC shall reserve implicit PUCCH format 1a/1b ACK/NAK resources for the SIB2 linked DL CC. 
· A set of ACK/NAK resources are pre-configured for each UE configured with multiple DL CCs, and the ACK/NAK resource used in an UL subframe is indicated by the corresponding PDCCH.
· PDCCH can indicate the UE to use the implicit PUCCH format 1a/1b resource on the UL PCC.
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