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1. Introduction

Some agreements on PUCCH design for carrier aggregation (CA) were reached at RAN1 #58bis. Specifically, for ACK/NACK transmission the following was agreed
· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for A/N resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 

· Consider performance and power control issues (CM, BER...) 

Based on the current agreement support for A/N resource allocation on only 1 CC (hereafter denoted as the anchor UL CC) is baseline, while transmission on multiple UL CCs is FFS. This contribution discusses the outstanding details for A/N resource allocation given the design consideration of the impact on existing specifications.

2. Discussion
An example CC configuration is shown in Figure 1 for multi-ACK transmission on a UE-specific UL CC, where, respectively, N and M DL and UL CCs are configured for one UE, and
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Figure 1 ACK/NACK transmission on anchor UL CC
For both symmetric/asymmetric CA scenarios, different resource allocation schemes can be envisaged.

2.1. PUCCH Format 1 based schemes
1) Rel8 CCE index-to-A/N resource mapping: One simple case is an extension of the Rel8 resource allocation rules. For cross-CC scheduling Rel-8 mapping rules can be directly applied. On the other hand, when multiple DL assignments are signaled by multiple PDCCHs transmitted on multiple DL CCs, PUCCH resource collision for the corresponding HARQ-ACKs must be avoided. A simple scheme is to apply a CC-specific offset to the CCE index-to-ACK rule to map each HARQ-ACK to a PUCCH resource in a CC-specific PUCCH region. Several other resource allocation schemes are proposed in [1].

2) Semi-static assignment: similarly to the semi-static signaling of A/N resources for SPS or A/N repetition in Rel-8 A/N, A/N resources can be semi-statically assigned to UEs configured for CA. This scheme works well when there are only a few UEs configured for CA especially if such UEs are configured for DL-heavy asymmetric CA. 

3) Channel selection: channel selection, similarly to Rel-8 TDD A/N multiplexing can be re-used. Since only 16 feedback states are supported in Rel-8, some extensions/modifications to the Rel-8 procedure are required to support CA in Rel-10. Specifically, while 4 feedback bits were required in Rel-8 TDD (assuming spatial bundling across codewords for MIMO transmission) at least 5 bits are required for 5 DL CCs in FDD. Extending to TDD systems, up to 20 feedback bits may be required and it was shown in [2] that up to 5 concurrent channels may be required to transmit HARQ-ACK for 5 DL CCs. There is also a corresponding increase in the number of channels that are reserved for the UE receiving multiple DL CCs. Similarly to semi-static assignment the overhead of this scheme limits it to only a few UEs supporting the maximum aggregation case. This is aligned with the current working assumption not to optimize PUCCH design by assuming a large number of UEs are simultaneously receiving multiple DL assignments.
Proposal: Consider reuse of channel selection for CA.

4) Bundling: reusing Rel-8 A/N bundling has limited advantages for spatial/temporal bundling within 1 CC because there is limited, if any, correlation between different CCs.
2.2. Reusing PUCCH format 2
The previous three schemes all require multi-channel (or multi-sequence) transmission. Secondly, resource reservation for channel selection grows with the number of DL CCs a UE is configured for. Finally, while it can be assumed that UEs configured for CA have good DL reception (i.e. not cell edge UEs), UL transmit power remains an issue when multi-channel transmission is enabled because of the resulting rise in the cubic metric (CM). 
It is possible to preserve single channel transmission by re-using PUCCH format 2 to jointly encode multiple A/Ns. There are some possible issues with re-using Format 2. For example, since Format 2 is limited to 13 information bits, it may be insufficient for some extreme CA cases. Therefore, for such extreme CA cases multi-sequence transmission is unavoidable although fewer sequences would be used when compared to the Format 1 based techniques enumerated above. However, further study is required to determine its performance for multi-ACK transmission.
Proposal: consider reuse of PUCCH Format 2 for multiple A/N transmission on the anchor UL CC.
2.3. Other Methods
Multi-antenna PUCCH transmission has also been proposed. While it certainly offers advantages such as transmit diversity gain, it is limited to multi-antenna UEs. Therefore, as a baseline, our preference is that initial Rel-10 PUCCH design should be agnostic to the number of transmit antennas at a UE. 
Semi-static assignment could also be used to reserve some PRBs for multi-ACK transmission [3]. This scheme is geared to a small number of UEs supporting simultaneous reception on multiple DL CCs. 
3. Conclusion

The issue of A/N resource reservation on one or more UL CCs has been studied in this contribution. Our preferences are

· Consider reuse of channel selection for CA 
· Consider reuse of PUCCH Format 2 for multiple A/N transmission on the anchor UL CC.
· As a baseline PUCCH design for Rel-10 should be agnostic to the support of multiple transmit antennas at the UE.
· Semi-static assignment of PRBs for multi-ACK transmission should be further studied.
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