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1 Introduction
Supporting CA with up to 32 downlink CCs increases considerably the amount of HARQ-ACK bits that need to be transmitted in a single UL subframe. At the RAN1#81 meeting, it was agreed that: 

	· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits


Current PUCCH formats can support up to 22 bits of UCI payload. Hence, it was observed that one or more new PUCCH formats with increased UCI capacity need to be introduced in Rel-13 for UCI transmission. In [1], we evaluated the performance of two PUCCH format candidates based on PUCCH format 3 and the PUSCH structure. This contribution presents our views on other design aspects to efficiently support HARQ-ACK feedback on PUCCH for up to 32 DL CCs. 
2. Discussion 
2.1 PUCCH resource allocation
In Releases10-12, explicit and higher-layer configured resource allocation is used for multi-A/N resource allocation. In addition, ARI signalling served by the redundant TPC bits is used to dynamically select the PUCCH resource for PUCCH format 3.
In a typical CA scenario, it is expected that a relatively small percentage of UEs will be scheduled on more than 5 CCs in the same subframe. The hybrid RA mechanism has a clear benefit: It minimizes the UL overhead as dedicated PUCCH resource does not need to be reserved for each UE. Instead, it allows sharing the same PUCCH resource among multiple UEs and provides the eNB the necessary flexibility in managing ACK/NAK resources. This property is very attractive for the new PUCCH format due to the larger control overhead. Hybrid PUCCH resource allocation is therefore proposed as baseline. 
Proposal 1: ARI-based explicit resource allocation is the baseline scheme to select new PUCCH format resources configured by higher layers.

2.2 PUCCH format adaptation 
Currently, if no PDCCH corresponding to PDSCH on SCell is received and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used when PUCCH format 3 is configured. The same applies to channel selection in the case of PCell-only scheduling. In order to avoid excessive overhead and take into account the fact that the number of scheduled PDSCH transmissions can be quite different from the semi-static configured ones, it is important to support PUCCH format adaptation. 
Proposal 2: Dynamic adaptation of HARQ-ACK codebooks and dynamic selection of the PUCCH format are supported for CA beyond 5 CCs.  
One possible approach is that the UE adopts the HARQ-ACK payload and corresponding PUCCH format according to the number of received DL assignments. However, the PDCCH with the DL assignments might be missed. Therefore, the adoption of the PUCCH format according to the received DL assignments is ambiguous and would require testing of many different hypotheses at the eNB. To mitigate this problem, it could be considered to include additional signaling (e.g., one bit) in the DL grant or re-interpret the existing DCI format fields (e.g., the 2-bit ARI field) to support dynamic PUCCH format adaptation when signaling CA ACK/NACK on PUCCH. 
Proposal 3: Consider including additional signaling or re-interpreting the legacy field in the DL grant to support dynamic PUCCH format adaptation. 
2.3. On multiplexing HARQ-ACK with multi-CCs CSI on PUCCH
In RAN1#81bis, the following was agreed:

	Agreements: 

· For a PUCCH CG, at least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 
· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 


Given that the new PUCCH format supports up to 128 bits, it can be used to jointly transmit coded periodic CSI with HARQ-ACK. For FDD and some TDD configurations, up to 64 bits P-CSI can be readily multiplexed with ACK/NACK feedback within the capacity of the new PUCCH format, without noticeable degradation of the ACK/NAK performance. Thus, it is preferable to allow multi-CC ACK/NAK and CSI to be multiplexed onto the new PUCCH format  according to the following:
· If the total bit number <= 128 bits

· Multi-CC HARQ-ACK, SR (if present) and CSI are jointly coded with CSI appended last; 
· Otherwise, 

· Multi-CC HARQ-ACK and paritial CSIs are jointly coded up to 128 bits. FFS on how to select the serving cells or cell groups for CSI report. 
The CSI reports from different CCs or CC groups need to be ordered in some deterministic way so that the eNB and UE have the same understanding. Similar to how the A-CSI bits are ordered in PUSCH, the simplest way would be to order them in increasing order of the cell index or the cell-group index.
Proposal 4:  For a UE configured with the new PUCCH format 3 for HARQ-ACK transmission, HARQ-ACK and periodic CSI are jointly coded up to 128 bits in a subframe. 
3. Conclusions
In this contribution, we discussed several design aspects to efficiently support HARQ-ACK feedback on PUCCH for up to 32 DL CCs. Based on the discussion, we make the following proposals:
Proposal 1: ARI-based explicit resource allocation is the baseline scheme to select new PUCCH format resources configured by higher layers.

Proposal 2: Dynamic adaptation of HARQ-ACK codebooks and dynamic selection of the PUCCH format are supported for CA beyond 5 CCs.  
Proposal 3: Consider including additional signaling or re-interpreting the legacy field in the DL grant to support dynamic PUCCH format adaptation. 

Proposal 4:  For a UE configured with the new PUCCH format 3 for HARQ-ACK transmission, HARQ-ACK and periodic CSI are jointly coded up to 128 bits in a subframe. 
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