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1. Introduction

It was agreed in RAN1#58bis that one ACK/NACK for each DL CC transport block shall be supported, while the exact rule for ACK/NACK resource allocation is still FFS [1].  The issue of dynamic ACK/NACK resource reservation in carrier aggregation involves many design principles and aspects, especially with UEs of asymmetric carrier aggregation capability (e.g. DL heavy). There are several discussions [2]-[8] on this issue. We provide our views in this contribution. 
2. Methods for ACK/NACK Resource Reservation
In this section, detailed approaches of dynamic ACK/NACK resource reservation in carrier aggregation are provided.
Method 1:  System-specific one-to-one DL/UL CC linkage for dynamic ACK/NACK resource reservation 
As shown in Figure 1, dynamic ACK/NACK resources of one DL CC are only reserved on a single UL CC liked with that DL CC in a system-specific way. Method 1 works well for UEs with 1 DL CC in the UE DL CC set and 1 linked UL CC in the UE UL CC set. Method 1 can be viewed as the baseline for dynamic ACK/NACK resource reservation in Rel-10.
For UEs with asymmetric carrier aggregation, if each DL CC only reserves dynamic ACK/NACK resources on a single UL CC, the PDCCH for a DL heavy UE can only be sent on the DL CCs for which the linked UL CCs are within the UE UL CC set. Therefore, in order to assign PDSCH transmission on any of the DL CCs within the UE DL CC set, cross carrier scheduling is needed. For instance, assuming a UE has DL CC 1 and DL CC2 in its DL CC set and can only transmit UL signals on UL CC 1, PDCCH used to schedule PDSCH on both DL CC1 and DL CC 2 shall be sent on DL CC 1, which results in PDCCH scheduling restrictions.
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Figure 1: Dynamic ACK/NACK Resource Reservation for Method 1

Method 2: Dynamic ACK/NACK resources of one DL CC are reserved on multiple UL CCs. 
Given the scheduling restrictions of Method 1 to support asymmetric UEs and its limitations in practical applications, Method 2 allows each DL CC to possibly reserve dynamic ACK/NACK resources on multiple UL CCs, as illustrated in Figure 2. In this scheme, dynamic ACK/NACK resources corresponding to different DL CCs can be reserved based on the Rel-8 principle, e.g. CCE to ACK/NACK linkage. The system information on each DL CC can indicate the starting point of the dynamic ACK/NACK resources on each of the UL CCs where dynamic ACK/NACK resource is reserved. Hence, Method 2 provides eNB the full flexibility in terms of dynamic ACK/NACK resource reservation. Which UL CCs and how many UL CCs shall reserve dynamic ACK/NACK resources for a DL CC shall be determined by the eNB, based on the number and capability of the asymmetric carrier aggregation UEs. Overall, Method 2 is preferable for systems with a large number of asymmetric carrier aggregation UEs.
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Figure 2: Dynamic ACK/NACK Resource Reservation for Method 2
Method 3: ACK/NACK resources for DL heavy asymmetric UEs are semi-statically assigned in a UE specific way
Assuming the number of DL heavy UEs is small in the system, the ACK/NAK resources for the DL heavy UEs can be semi-statically assigned in a UE specific way. With ACK/NAK multiplexing and carrier aggregation in Rel-10, the amount of ACK/NAK payload is expected to be larger than in Rel-8. Some new PUCCH format may be needed, as discussed in [9]. One example of Method 3 is for higher layers to configure the ACK/NAK resources of the new PUCCH format for the respective UE.
Note that combination of Method 1 and Method 3 seems to be a good approach for ACK/NAK resource reservation in Rel-10, with the assumption that the number of DL heavy UEs is small. Method 1 can be applied to symmetric UEs and Method 3 can be applied to asymmetric UEs. The main advantage of combining Method 3 with Method 1 is that there is no PDCCH scheduling restriction for DL heavy UEs, compared to using Method 1 alone. In other words, PDCCH for DL heavy UEs can be sent on any of the DL CCs in the UE DL CC set. On the other hand, semi-statically assigning dynamic ACK/NACK resources on a UE specific basis leads to significant overhead. Hence, Method 3 combined with Method 1 is only suitable for the case where a small number of DL heavy UEs exist in the cell. Method 3 can be combined with Method 2 to further improve the scheduling flexibility.
3. Conclusions

In this contribution, we discuss the following three methods for dynamic ACK/NACK resource reservation:
· Method 1: System-specific one-to-one DL/UL CC linkage for dynamic ACK/NACK resource reservation 
· Method 2: Dynamic ACK/NACK resources of one DL CC are reserved on multiple UL CCs
· Method 3: ACK/NACK resources for DL heavy asymmetric UEs are semi-statically assigned in a UE specific way
While Method 1 can be baseline, the combination of Method 1 and Method 3 needs to be supported in Rel-10, assuming the number of DL heavy UEs is small in the system. Method 2 can further improve the scheduling flexibility and support a large number of DL heavy UEs. Hence, it is proposed that RAN1 shall consider all three methods of ACK/NAK resource reservation in Rel-10.
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