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A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. In this contribution, we discuss formats and resource allocation for DL HARQ-ACK transmission in UL to support up to 32 DL component carriers. 
Discussion
HARQ-ACK codebook size
In general, the exact relationship between the number of HARQ-ACK bits and the transmitted signals can be referred to as the encoding codebook of a CA PUCCH scheme. It is evident that the codebook needs to be synchronized between the UE and the eNB for the HARQ-ACK feedback signal to be correctly understood and processed on both sides. Basically, there are three different codebook adaptations:
· Codebook adapted to the number of detected (E)PDCCHs
· Codebook adapted to the number of activated CCs
· Codebook adapted to the number of configured CCs
The pros and cons of three mechanisms have been discussed in [2]. 
The first option is clearly problematic since the UE may miss detecting (E)PDCCHs from the eNB, which immediately leads to divergence of codebooks assumed by the two sides. HARQ operations and status can thus be corrupted rather frequently.
The second option provides improved stability and reliability over the first in the period between activation and de-activation of CCs. HARQ-ACK bit fields corresponding to CCs with no detected (E)PDCCHs are set to 0 (NAK) by the UE. The activation and de-activation of CC is performed via MAC control elements. Due to HARQ feedback errors in the (de)-activation message, this signalling is not very reliable. In addition, CCs can also be autonomously and hence unilaterally de-activated by the UE based on UE-side timers. Therefore, basing the codebook adaptation on the CC activation state could be error prone.
The third option is a slow codebook adaptation and seems to be less efficient and have worse link performance than first two options at first glance. However, it has been shown in [2] that it has similar link performance as the first option with smart eNB decoding based on the fact that eNB is aware of the scheduled and non-scheduled carriers. Therefore, it was agreed to be adopted in Rel-10.
With increased number of carriers to be supported in Rel-13, there is a discussion on the codebook adaptation for the new PUCCH format to support up to 32 DL carriers aggregation. One question raised is whether or not to reduce the number of HARQ-ACK feedback bits associated with non-scheduled and/or non-activated serving cells. In our view, the codebook adaptation should be considered together with the new PUCCH format solution. If multiple PUCCH format 3, i.e., using PUCCH format 3 on multiple PRBs and/or using PUCCH format 3 with multiple OCCs, is adopted as the new PUCCH format solution, applying fast codebook adaptation can adjust the PUCCH resources consumed by the UE dynamically and hence potentially better utilize PUCCH resources. But this approach is less robust than slow codebook adaptation as discussed above and multiple PUCCH format 3 can increase the Cubic Metric as discussed in our companion paper [3]. On the other hand, if the PUSCH-like design, i.e., reuse PUSCH structure for PUCCH transmission, is adopted as the new PUCCH format solution, it will occupy one or more PRBs without multiplexing capability. In this case, slow codebook adaptation can be utilized to achieve better robustness. The smart decoding at eNB can improve link performance when the HARQ-ACK feedback is based on the configured carriers. The only aspect to be considered is that the PUCCH capacity might be limited for some cases due to this approach. In summary, there is a trade-off between robustness and capacity when designing the new PUCCH format and codebook adaptation. In our view, robustness should be prioritized as otherwise HARQ operation could be corrupted and hence degrade system performance.
Proposal:
· The codebook adaptation should be considered together with the new PUCCH format solution because there is a trade-off between robustness and capacity.
· Robustness should be prioritized in the design.
Fallback operation
In Rel-10, a UE only scheduled on the DL component carrier associated with the UL component carrier used for PUCCH (i.e. PCell) has a according to Rel-8 rules a PUCCH resources reserved on this carrier, i.e. PUCCH format 3 and PUCCH format 1b with channel selection fallback to PUCCH format 1a/1b if PDSCH is only scheduled on PCell. 
In Rel-13, new PUCCH format will be introduced to support up to 32 carriers because PUCCH format 3 only supports up to 22 bits. In case a UE is scheduled on more than 5 DL component carriers, the new PUCCH format supporting larger payload size should be used. Similar fallback operation should be defined. Based on the same principle, when a UE is scheduled only on the PCell in DL, PUCCH resources should be reserved according to Rel-8 rules, i.e., new PUCCH format should fallback to PUCCH format 1a/1b if PDSCH is only scheduled on PCell. PUCCH resources refer here to resource blocks as well as time-domain covers and/or cyclic shifts (exact parameters depend on design details of the new PUCCH format). Similarly, to maintain the HARQ-ACK performance with PUCCH format 3, the new PUCCH format should be able to fallback to PUCCH format 3 under certain circumstances. For example, if a UE is scheduled on DL PCell and DL component carriers with carrier index 1-4, it should use the PUCCH resources reserved according to Rel-10 rules for PUCCH format 3.
Proposal:
· The new PUCCH format should fallback to PUCCH format 3 and PUCCH 1a/1b under certain circumstances.
Resource allocation for new PUCCH Format
In current mechanism, the PUCCH format 3 resource is determined according to higher layer configuration and a dynamic indication from the downlink assignment. In detail, the TPC field in the DCI format of the corresponding (E)PDCCH is used to determine the PUCCH resource values from one of the four resource values configured by higher layers. For FDD, the TPC field corresponds to the (E)PDCCH for the scheduled secondary serving cells. For TDD, the TPC field corresponds to the (E)PDCCH for the primary cell with DAI value in the PDCCH/EPDCCH larger than ‘1’. A UE shall assume that the same PUCCH resource values are transmitted in each DCI format of the corresponding (E)PDCCH assignments.
In Rel-13, the resource allocation for new PUCCH format should depend on the solution of new format. If multiple PUCCH format 3 is adopted, it is preferred to use the same mechanism for PUCCH resource allocation with minimum standards impact. If PUSCH-like design is adopted as the new PUCCH format, the resource allocation should be studied taking into consideration the co-existence and resource share with legacy PUCCH format, standard impact, signalling overhead and implementation complexity. 
Conclusion
In this contribution we discussed formats and resource allocation for DL HARQ-ACK transmission for CA enhancements. The above discussion is summarized with the following proposals:
Proposal:
· The codebook adaptation should be considered together with the new PUCCH format solution because there is a trade-off between robustness and capacity.
· Robustness should be prioritized in the design.
· The new PUCCH format should fallback to PUCCH format 3 and PUCCH 1a/1b under certain circumstances.
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