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1 Introduction
At the RAN1#80 meeting, UL control signaling for supporting CA with up to 32 CCs was discussed and it was concluded that RAN1 will work on several possible enhancement areas regarding the PUCCH and PUSCH feedback formats for the 36.300 CA deployment scenarios. This contribution provides our views focusing on enhancements to support HARQ-ACK feedback on PUCCH and PUSCH for up to 32 DL CCs. 
2. Discussion 
2.1 HARQ-ACK on PUCCH 
Several design candidates for increasing the PUCCH payload capacity have been proposed including PUCCH format 3 based or PUSCH based structure, as illustrated in FIG.1. The main difference between those two opitons exists in terms of the symbol number and placement of DMRS. Performance evaluation for those two schemes is provided in our companion paper [1]. In this contribution, we mainly focus on the rest of the key design aspects for HARQ-ACK on PUCCH, including maximum payload, channel coding and multiplexing capacity.
ACK/NACK payload size 
As in previous releases, full feedback (one A/N for each DL CC transport block) should be the baseline mode of operation whereas limited A/N transmission is considered only for power limitation and when the DL-reference UL/DL configuration is TDD UL/DL configuration 5. To support up to 32 DL CCs with up to two TBs on each CC in Rel-13, the theoretically required number of feedback bits will grow considerably compared to that of previous releases. 
As analyzed in [2], the maximum number of HARQ-ACK bits reported in a single subframe can be up to 638 bits (without spatial bundling) and 319 bits (with spatial bundling) assuming two codewords. This payload size is too excessive considering a target 0.1% NACK-to-ACK error probability and UL coverage. One way to reduce the HARQ-ACK payload is to limit the number of CCs the UE is configured with TDD UL/DL configuration 5. The maximum HARQ-ACK payload can be as high as 128 bits, assuming UL/DL configuration 2 or 4 as the DL-reference UL/DL configuration and using spatial bundling. 
Channel coding

Block codes become suboptimal compared to convolutional codes for payloads above 20-30 bits and the performance gap increases as the information payload increases. Considering the maximum HARQ-ACK payload could be higher than 22 bits and up to approximately 128 bits, convolutional codes should be used. More specficially, reusing the existing rate-1/3 tail-biting convolutional code scheme is preferable. Further, rate-matching to fit the amount of resources used for HARQ-ACK transmission should be also supported. 
Proposal 1: Tail-biting convolutional coding and rate matching are used by the new PUCCH format if it wil be introduced.
Multiplexing capacity 
A wide range of payload size (i.e., ranging from 22 to 128 bits) needs to be supported. As the actual HARQ-ACK payload can be considerably smaller than the maximum payload supported by the new PUCCH format, using a single PUCCH format with 1 PRB overhead for all cases of payload larger than 22 bits would lead to an inefficient usage of Carrier Aggregation PUCCH resources and, hence, is not attractive. The support of multiplexing multiple user multiplexing in one PRB to improve spectrum efficiency is therefore motivated. Such multiplexing can be easily achieved by means of variable-size spreading factor across PRBs [3]. The eNB can configure a UE with a specific spreading factor in a semi-static manner, e.g., based on the number of configured CCs, TDD UL/DL configurations and transmission modes, etc. 
Proposal 2: User multiplexing is supported by the new PUCCH format if it wil be introduced. 
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. This mechanism could be reused for the new PUCCH format to enable dynamic selection of resources from a set of PUCCH resources configured by higher layers. In order to minimize the control overhead, it makes sense to fall back to PUCCH format  1a or 1b if the UE only receives a DL PCC assignement as in previous releases. 
Proposal 3: ARI-based explicit resource allocation is the baseline scheme to select resources configured by higher layers. 
2.2. HARQ-ACK on PUSCH
In the current CA specification, the HARQ-ACK payload size on PUSCH is semi-statically determined based on the number of configured cells irrespective of the number of scheduled CCs in a given subframe. Configuration using RRC signaling is a rather slow process and a UE may be often configured with multiple CCs – even though only a portion of CCs is typically activated and used. Therefore, this design may result in significantly large HARQ-ACK payload size for Rel-13 CA [2]. In LAA, the probability of such cases to occur is likely to be higher than in previous CA releases due to the co-existence with other wireless systems (e.g., WiFi) on unlicensed spectrum.
Therefore, the requirement to remove the redundant HARQ-ACK bits associated with unscheduled CCs in Rel-13 CA is stronger than before. Clearly, the design should maintain a reliable HARQ-ACK payload size at the UE and eNB sides to avoid either increasing eNB implementation complexity or rendering the feedback useless. 

In Rel-8 TDD (and Rel-10 TDD), a DAI field is included in UL grants denoting the maximum total number of PDSCH transmissions and PDCCH indicating the DL SPS release within an HARQ-ACK bundling window. Additionally, a DAI field is included in DL grants for TDD UL/DL configurations 1-6, indicating the accumulative number of PDCCHs with assigned PDSCH transmissions and PDCCH indicating the DL SPS release within an HARQ bundling window.  
Following this Rel-8 design principle, a straightforward option to address the foreseen problem in Rel-13 is to extend the DAI concept from the time-domain (e.g., HARQ-ACK bundling window) to the CC-domain for Rel-13 CA in order to facilitate the determination of the ACK/NACK payload at the UE, thereby improving the PUSCH efficiency.   
Similar to Rel-8 TDD, the newly added DAI field can be used for the following purposes: 

1. DAI in UL grant - indicating the maximum total number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release in a given subframe (i.e., for FDD) or in a subframe within an HARQ-ACK bundling window (i.e., for TDD). 

2. DAI in DL grants - indicating the accumulative number of CCs with PDSCH transmissions and PDCCH indicating the DL SPS release in a given subframe (i.e., for FDD) or within an HARQ-ACK bundling window (i.e., for TDD).
One example for setting the DAI value in DL grants and UL grants is illustrated in FIG. 1 for FDD and TDD. A UE will utilize the corresponding DAI field to detect missing PDCCH grants and determine the correct number of A/N bits to feedback. In addition, UE maps each HARQ-ACK bit to a corresponding bit location according to the CC index and DAI values in the DL grant. The exact DAI encoding method (i.e., the number of bits of the DAI field) can be FFS to balance additional PDCCH overhead, error case handling and scheduling flexibility . 

Proposal 4: A new DAI field is introduced into the DCI formats for TDD/FDD with CA.  
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FIG. 1: An example of DAI value setting for FDD/TDD 


3. Conclusions
In this contribution, we discuss possible enhancements to support HARQ-ACK feedback on PUCCH and PUSCH in Rel-13 CA. Based on the discussion, we summarize our proposals in the following: 
Proposal 1: Tail-biting convolutional coding and rate matching are used by the new PUCCH format if it wil be introduced.

Proposal 2: User multiplexing is supported by the new PUCCH format if it wil be introduced. 

Proposal 3: ARI-based explicit resource allocation is the baseline scheme to select resources configured by higher layers. 
Proposal 4: A new DAI field is introduced into the DCI formats for TDD/FDD with CA.  
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