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1. Introduction

It was agreed in RAN1#58bis that one ACK/NACK for each DL CC transport block should be supported, but the exact method for ACK/NACK resource allocation is still FFS [1].  The issue of dynamic ACK/NACK resource reservation in carrier aggregation is a quite complicated one since it involves many design principles and considerations. Especially when there are UEs with asymmetric carrier aggregation (e.g. DL heavy) in the cell, the problem becomes even tougher. There are already many discussions [2]-[7] about this issue, and in this contribution, we provide our views. 
2. Alternative Schemes for ACK/NACK Resource Reservation
In this section, detailed discussions for several feasible schemes of dynamic ACK/NACK resource reservation in carrier aggregation are provided.
Alternative 1: Each UL CC reserves dynamic ACK/NACK resources for all DL CCs
As shown in Fig. 1, dynamic ACK/NACK resources of all DL CCs are reserved in every single UL CC to handle UEs with various carrier aggregation capabilities. This approach is straightforward and well compatible with the Rel-8 PUCCH resource reservation method. The eNB only needs to indicate the starting point of the ACK/NACK resources reserved for each DL CC. Also, there is no additional scheduling restriction with respect to different UE asymmetric aggregation levels. 
However, the main issue of this scheme is its extremely high overhead, which may impact the throughput of UL data transmission. The large region of reserved resources corresponding to all DL CCs is obviously a waste when there are not many DL heavy asymmetric UEs. Considering the efficiency of dynamic ACK/NACK resource reservation, it is not reasonable to have every UL CC reserve PUCCH resource for all DL CCs. And it is desirable to find other reservation schemes which will not unnecessarily waste frequency resources on UL CCs. 
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Fig. 1 Dynamic ACK/NACK Resource Reservation for Alternative 1
Alternative 2: Dynamic ACK/NACK resources for each DL CC is reserved only on the linked UL CC from a system perspective
It is proposed that system-specific DL/UL CC linkage [4] can improve the efficiency of dynamic ACK/NACK resource reservation, where each UL CC only reserves ACK/NACK resources for the linked DL CCs. Here in this alternative we assume such a system-specific DL/UL linkage is set up in advance as illustrated in Fig. 2.  To support UEs with asymmetric carrier aggregation, additional ACK/NACK resources for the unlinked CCs are semi-statically assigned in a UE specific way. 
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Fig. 2 Dynamic ACK/NACK Resource Reservation for Alternative 2
Depending on the ACK/NACK transmission scheme (e.g. bundling or multiplexing) and the number of aggregated DL component carriers, a proper number of ACK/NACK resources can be semi-statically assigned to each UE with DL heavy aggregation. Furthermore, different DL heavy UEs can be semi-statically assigned with the same set of ACK/NACK resources to further reduce the amount of ACK/NACK overhead. In this case, scheduler shall avoid any potential ACK/NACK resource collision. The main advantage of Alternative 2 is its low resource reservation overhead, which makes it suitable for the case where there are a small number of DL heavy UEs. Assuming the number of DL heavy asymmetric UEs is not large, it is preferable to support Alternative 2 in Rel-10.
Alternative 3: Dynamic ACK/NACK resources for the unlinked DL CCs are reserved in a configurable way.  
Similar to Alternative 2, each UL CC fully reserves dynamic ACK/NACK resources for its linked DL CCs from a system perspective. Instead of assigning semi-persistent resources for unlinked DL CCs, Alternative 3 allocates a configurable region of ACK/NACK resources for unlinked DL CCs when necessary, in order to support UEs with asymmetric carrier aggregation. 
In this configurable ACK/NACK resource region, dynamic ACK/NACK resources corresponding to different DL CCs can be reserved based on the Rel-8 principle, as illustrated in Fig. 3. The eNB needs to indicate the starting point of the ACK/NACK resources for reserved DL CC. ACK/NACK resource compression methods in the configurable region can be considered and optimized further.
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Fig. 3 Dynamic ACK/NACK Resource Reservation for Alternative 3
The main advantage of this scheme is that, from the UE perspective, the ACK/NACK resource reservation rule for each DL CC is largely the same as Rel-8, e.g. CCE to ACK/NACK linkage. On each UL CC, eNB shall inform the starting points of ACK/NACK resources for those DL CCs that it has reserved ACK/NACK for. And the overhead of dynamic resource reservation depends on the size of the configurable ACK/NACK resource region, which can be flexibly configured by the eNB according to the number of asymmetric UEs.  Alternative 3 is suitable for systems with a large number of asymmetric carrier aggregation UEs. Note that Alternative 1 is a special case of Alternative 3.
3. Conclusions

In this contribution, detailed ACK/NACK resource reservation schemes to support asymmetric carrier aggregation UEs are investigated. Based on our analysis, we propose that:

· Baseline: dynamic UL ACK/NACK is only reserved for the “system-specially” linked DL CC(s).
· To support UEs with DL heavy aggregation, the following approaches can be considered:
· For systems with a small number of DL heavy UEs, a set of ACK/NACK resources is semi-statically assigned to each DL heavy UE.
· For systems with a large number of DL heavy UEs, one or multiple UL CCs reserve dynamic ACK/NACK resources for multiple DL CCs. 
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