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1 Introduction

In the RAN #67 meeting, the work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was updated [1]. The WI aims for the first object to define support for PUCCH on SCell for Rel-12 CA configuration, and for the second object to enhance the CA capabilities of up to 32 component carriers (CC). In the RAN1 #80 meeting, there were considerable progresses for the first object and the remaining issues are further discussed in [2]. Meanwhile, some high level observations for possible enhancements to UL control signaling to PUCCH formats are listed below [3]: 
· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· PUCCH format selection including fallback operation

· Enhancements to PUCCH resource allocation/selection

As discussed in [4], new PUCCH format(s) should be introduced as the baseline to support UCI feedback for up to 32 DL CCs. Based on the new PUCCH format design, in this contribution, further issues related to HARQ-ACK codebook size determination and PUCCH format selection including fallback operation are discussed. HARQ-ACK codebook size determination and PUCCH format selection could have impact to the PUCCH resource allocation, which is discussed in the companion contribution [5]. 
2 Discussion on HARQ-ACK codebook size determination
HARQ-ACK codebook size of PUCCH format 3 is determined based on RRC configuration (transmission mode, bundling window size and number of carriers) in R10/11/12 CA. However, when considering up to 32 CCs CA in R13, the number of HARQ-ACK bits for activated or scheduled CCs may be significantly less than configuration CCs. For example, if 32 CCs are configured, a UE may be only activated or scheduled with a small number of CCs for a given TTI, e.g., 8 CCs. In order to simplify discussion, here assume one bit for one carrier, in this way, 24/32 of the codebook size needs zero padding. Moreover, in general case, 32 bits will need 4 times resources to 8 bits with the same code rate, which will obviously cause UL overhead if HARQ-ACK codebook size is always determined by the number of configured CCs. The issue is more serious when CA with a large number of CCs configurations is supported. The HARQ-ACK codebook size based on scheduled CC number can be considered. 

Proposal 1: The HARQ-ACK codebook size based on configured CC number should be revisited in R13 CA.
3 Discussion on fallback operation
A feature from Rel-10 is that a UE which is configured with PUCCH format 3 transmits with PUCCH format 1a/1b, if the UE is only scheduled on the PCell for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell. This feature can save UL overhead, optimize PUCCH resource utilization efficiency and also avoid ambiguity during RRC reconfiguration periods. A similar principle was adopted for TDD-FDD CA with an FDD PCell, such that PUCCH format 1a/1b is used when the corresponding subframes for HARQ-ACK feedback is of UL type on a TDD SCell. The issue for UL overhead and PUCCH resource utilization efficiency is even more serious in Rel-13 when a very large number of DL CCs are configured. 
In Rel-10, the first release for CA, one design principle is assuming that even if the number of UEs configured with CA is large, the number of simultaneously scheduled CA UEs is not a lot. Based on this principle, the ARI based explicit resource allocation for PUCCH format 3 is finalized for statistical multiplexing among CA configured UEs. Now this principle should also be valid for Rel-13 CA. That is to say, even if the number of UEs configured with a very large number of DL CCs (16 or even 32) is large, the number of UEs simultaneously scheduled with such the very large number of DL CCs is not a lot. However, the difference from that in Rel-10 CA may be that the number of such heavy-load configured UEs simultaneously scheduled with a moderate number of DL CCs (e.g., 5 to 10) could be not that small, considering the development of services with high data rate compared to that in Rel-10 CA. For example, a typical UE configured with 32 DL CCs is expected to be mostly scheduled on a few of its configured DL CCs, and only occasionally be simultaneously scheduled on all its configured DL CCs due to bursty buffer traffic. In this way, very large UL overhead is consumed if all the UEs configured with a very large number of DL CCs but only scheduled with a moderate number of DL CCs use the new PUCCH format targeting the large number of DL CCs for HARQ-ACK transmission.
Observation: Even if the number of UEs configured with a very large number of DL CCs (16 or even 32) is large, the number of UEs simultaneously scheduled with such the very large number of DL CCs is not a lot. However, the number of such heavy-load configured UEs simultaneously scheduled with a moderate number of DL CCs (e.g., 5 to 10) could be not that small in Rel-13 CA. 
Proposal 2: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 1a/1b when UE is only scheduled on Pcell for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell.

Proposal 3: A UE configured with new PUCCH format(s) may support fallback to PUCCH format 3 when the scheduled CC number is no more than 5 except of Pcell is only Pcell for FDD is scheduled for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell.
As stated in the WID [1], the specified solutions shall efficiently support any number of component carriers up to 32. This goal may require defining more than one PUCCH format, considering the corresponding overhead and supported UCI payload size. The number of configured DL CCs is mainly based on UE’s service load. For example, a heavy-load UE configured with 32 DL CCs may need to transmit 128 HARQ-ACK bits by using a new PUCCH format with larger UL overhead, while a medium-load UE configured with 10 DL CCs may need to transmit 40 HARQ-ACK bits by using a new PUCCH format with smaller UL overhead. Therefore, the new PUCCH format design needs to support a scalable number of HARQ-ACK bits, e.g., from 22 to 128 HARQ-ACK bits. It is highly desirable support the scalable number of Uplink Control Information (UCI) bits for the design of new PUCCH format(s). A potential solution to fit the principle is to use multi-PRB PUCCH format 3 [4]. 
Therefore, it is highly desirable that a UE configured with a large number of DL CCs could use a PUCCH format with different UL overhead (e.g., a multi-PRB PUCCH format 3 occupying different number of PRBs) according to the situations of the practically CA scheduling, e.g., the number of scheduled DL CCs. It can be FFS for how to perform the switch of different PRBs occupied by a PUCCH format and fallback operation. It may also be FFS whether switching can be made between different PUCCH formats, if several new PUCCH formats would be defined. 
Proposal 4: A UE configured with new PUCCH format(s) could perform the switch of different PRBs occupied by the new PUCCH format(s) according to the situations of the practically CA scheduling. FFS for the details. 
An example is illustrated in Figure 1 for PUCCH format multiplexing from different UEs. UEs configured with different number of DL CCs may use a multi-PRB PUCCH format 3 occupying different number of PRBs. Even for the same UE, the multi-PRB PUCCH format 3 with different number of PRBs is used when different number of DL CCs are scheduled. 
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Figure 1. Multiplexing of PUCCH format 3 with different number of PRBs for different UEs.
4 Conclusion

Based on the new PUCCH format design, in this contribution, further issues related to HARQ-ACK codebook size determination and PUCCH format selection including fallback operation are discussed.  Finally, the following observation and proposals are provided: 
Proposal 1: The HARQ-ACK codebook size based on configured CC number should be revisited in R13 CA.
Proposal 2: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 1a/1b when UE is only scheduled on Pcell for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell.

Proposal 3: A UE configured with new PUCCH format(s) may support fallback to PUCCH format 3 when the scheduled CC number is no more than 5 except of Pcell is only Pcell for FDD is scheduled for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell.
Proposal 4: A UE configured with new PUCCH format(s) could perform the switch of different PRBs occupied by the new PUCCH format(s) according to the situations of the practically CA scheduling. FFS for the details. 
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