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1. Introduction

In RAN1#80bis meeting[1],  a few candidates for new PUCCH format for HARQ-ACK feedback beyond 5 serving cells are discussed including multi-PRB PUCCH transmission, multi-resource PUCCH transmission, new PUCCH structure with reduced OCC, and new PUCCH structure without OCC. In this contribution, we summarize each new PUCCH format in terms of multiplexing capacity, PAPR, overhead, and so on. 
2. Candidates for new PUCCH format for HARQ-ACK feedback
2.1. Multiple-PRB PUCCH transmission
It can be considered to introduce PUCCH consisting of multiple PRB pairs as shown in Figure 1. For instance, if a single new PUCCH format occupies 2 PRB pairs instead of 1 PRB pair and has 2 DMRS symbols per slot, for PUCCH format 3, 96 coded bits can be mapped on 240 REs on PUCCH. 
When a new PUCCH format consists of multiple PRB pairs, some multiplexing methods can be considered in order to maximize the multiplexing gain between new PUCCH formats and/or legacy PUCCH formats (e.g. PUCCH format 3). For example, if the legacy PUCCH formats and the new PUCCH formats can be distinguished by applying the OCC in the DMRS region, the multiplexing capacity can be maximized. Or the cyclic shift for DMRS can be applied exclusively in the area where the legacy PUCCH formats and/or the new PUCCH formats are multiplexed. DMRS sequence for new PUCCH format in Figure 1 can be given as a single long sequence over the occupied PRB pairs for low PAPR. Since this approach is based on PUCCH format 3, multiplexing capacity per PRB pair can be derived by ratio of the multiplexing capacity of PUCCH format 3 (e.g. 5) over the number of PRBs for PUCCH transmission. 
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Figure 1: Example of multiple-PRB PUCCH transmission.

2.2. Multiple-resource PUCCH transmission
It can be considered to simultaneously transmit multiple PUCCH resources, each of which has different OCC index, cyclic shift value, and/or RB index for UCI feedback. For instance, if UE performs simultaneous transmission of three PUCCH format 3 resources for UCI feedback, 144 coded bits can be mapped on 360 REs on PUCCH. The PUCCH format in the form of multiple PUCCH resource is convenient to be able to take advantage of the existing PUCCH format and relevant signaling. However, it is unclear that multiple-resource PUCCH transmission guarantees acceptably low PAPR value. 

2.3. New structure with reduced-OCC
Similar to PUSCH, this approach would have one DMRS symbol per slot. Since the number of non-DMRS symbols is 6, the region for UCI mapping can be divided equally into 2 or 3 pieces in this structure each of which is the unit of the mapping of 24 bits of coded bits per slot. If OCC length is set to 3 per slot as shown in Figure 2(a), multiplexing capacity is 3 and the number of coded bits for error correcting code can be increased to 96 bits (i.e. 24 bits/OCC unit x 2 OCC units/slot x 2 slots = 96 bits). Or, if OCC length is set to 2 per slot as shown in Figure 2(b), multiplexing capacity is 2 and the number of coded bits for error correcting code can be increased to 144 bits (i.e. 24 bits/OCC unit x 3 OCC units/slot x 2 slots = 144 bits). According to [2], new PUCCH structure with reduced OCC can have acceptable HARQ-ACK performance compatible to multiple-PRB PUCCH transmission while this format would not be easy to multiplex with PUCCH format 3 since it is not based on PUCCH format 3 structure.
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Figure 2: Example of OCC/DMRS structure.
2.4. New structure without OCC
In this candidate, no OCC is exploited which can be regarded as if it has 6 OCC with length 1. Therefore, it will not be allowed to multiplex multiple UEs within the same PRB or PRB pairs. Instead, the different coded bit streams are mapped on each symbol. The frequency diversity can be obtained by distributing the coded bits derived from a single error correcting code into two slots located in different frequency position, or by duplicating the same coded bits into two slots. In the last meeting, some contributions including ours observed that this approach have the best HARQ-ACK performance. In other words, this new structure consisting of 1 PRB can accommodate high enough HARQ-ACK payload size. In contrast, if the HARQ-ACK payload size is small, PUCCH resource overhead can be considerably high. 
With consideration of multiplexing capacity, coexistence with legacy PUCCH format, and PAPR for UL transmission, multiple-PRB PUCCH transmission is preferable for HARQ-ACK feedback beyond 5 CC. It will be needed to further investigate the required number of PRB pairs according to the UCI size for the new PUCCH format based on the evaluation results.
Proposal 1: Multiple-PRB PUCCH transmission seems to be reasonable candidate for new PUCCH format in terms of simplicity, PAPR, multiplexing capacity, and coexistence with legacy PUCCH format. 

3. Maximum payload size determination
If UE is configured to aggregate 32 serving cells with MIMO operation, the number of raw HARQ-ACK feedback without any bundling scheme will be 64 bits for FDD and 256 bits for TDD except for UL-DL configuration 5, respectively. Basically, applying bundling scheme can cause DL throughput performance degradation due to the unnecessary retransmissions. In the legacy CA, HARQ-ACK feedback for FDD system does not apply any bundling scheme. In that point of view, it seems natural that maximum payload size for FDD system (or, system following FDD HARQ timing) is determined considering the case where any bundling scheme is not applied to HARQ-ACK feedback. 

Proposal 2: For FDD system, it should be supported that HARQ-ACK feedback without any bundling. FFS on applying spatial bundling for FDD HARQ-ACK feedback as an additional feature. 
For TDD system, on the other hand, if the number of HARQ-ACK feedback is too large (e.g. 256 bits), it can cause increase of PUCCH resource overhead and/or decrease of PUCCH coverage. Considering PUCCH overhead and coverage, as in legacy CA, applying spatial bundling to HARQ-ACK feedback can be considered as baseline in TDD (as a result, HARQ-ACK payload size can be reduced from 256 bits to 128 bits), and additional bundling (e.g. in time  domain) on top of spatial bundling can be employed for more reasonable PUCCH resource overhead and HARQ-ACK performance (as a result, HARQ-ACK payload size can be further reduced (e.g. to 64 bits)). Consequently, it can be considered to support at least 64 bits for HARQ-ACK payload in both FDD and TDD system. 
Proposal 3: For TDD system, applying spatial bundling for HARQ-ACK feedback can be considered as baseline and additional bundling (e.g. in time  domain) on top of spatial bundling can be employed, for reasonable PUCCH resource overhead and coverage. 
4. Coding scheme for HARQ-ACK feedback
Since legacy RM coding (including single RM with circular repetition or dual RM with truncation depending on UCI size) can be used to encode up to 22 bits UCI, it is necessary to investigate how to encode UCI (e.g. HARQ-ACK) when the UCI size is larger than 22 bits. Followings are candidates of error correction code for encoding large size HARQ-ACK. 

Option 1: Use multiple RM codes 

If legacy RM encoder with (32, A) table is reused for encoding large size HARQ-ACK payload, it is necessary to increase the number of RM encoder since one RM encoder can accommodate up to 11 bits. For example, if UCI (e.g. HARQ-ACK) size is 64 bits, it is needed to use at least 6 RM encoders for HARQ-ACK feedback. In this option, it is necessary to investigate following subsequent issues: (1) How many RM encoders are needed depending on UCI size, (2) How to partition input UCI and distribute partitioned bit sequence to each RM encoder, and/or (3) How to interleave output of each RM encoder for frequency diversity coming from slot hopping. 

Option 2: Adopting single TBCC

If single TBCC is applied for encoding HARQ-ACK with large payload size, it would relatively be simple in terms of input/output processing including partitioning and interleaving. Since the output size of TBCC would be different depending on the UCI size, it would be needed to investigate how to fit the output size of TBCC to RE portion for UCI mapping on PUCCH. For instance, if UCI size is 64 bits and the number of coded bits for UCI mapping on PUCCH is set to 144 bits and 1/3-code rate TBCC is used, it is necessary to reduce the output of TBCC which is 192 coded bits should be reduced to 144 bits by using truncation and/or puncturing. 

As mentioned earlier, since RM-based coding could have a number of variations, it can be considered for simplicity to adopt single TBCC as a coding scheme for HARQ-ACK feedback on PUCCH in Rel-13 CA. According to current specification, the code rate of TBCC is 1/3, therefore, TBCC has single input stream and three output stream. These output streams are concatenated each other after sub-block interleaver for each output stream. Unlike other channels using TBCC, since PUCCH performs slot-hopping for frequency diversity, the current output processing could be inefficient. In that point of view, it is necessary to further investigate proper combination of output processing (e.g. interleaving or concatenation). For example, it can be considered to distribute each output stream into two slots located in different frequency position for frequency diversity. 
Proposal 4: It can be considered to adopt single TBCC for encoding HARQ-ACK payload on new PUCCH format. 
Proposal 5: It is necessary to investigate proper combination of output processing (e.g. interleaving or concatenation) for new PUCCH format. 
5. Conclusion

This contribution discussed consideration point of HARQ-ACK feedback design for CA beyond 5 carriers in Rel-13. The followings are the proposals:
Proposal 1: Multiple-PRB PUCCH transmission seems to be reasonable candidate for new PUCCH format in terms of simplicity, PAPR, multiplexing capacity, and coexistence with legacy PUCCH format. 

Proposal 2: For FDD system, it should be supported that HARQ-ACK feedback without any bundling. FFS on applying spatial bundling for FDD HARQ-ACK feedback as an additional feature. 
Proposal 3: For TDD system, applying spatial bundling for HARQ-ACK feedback can be considered as baseline and additional bundling (e.g. in time  domain) on top of spatial bundling can be employed, for reasonable PUCCH resource overhead and coverage. 
Proposal 4: It can be considered to adopt single TBCC for encoding HARQ-ACK payload on new PUCCH format. 
Proposal 5: It is necessary to investigate proper combination of output processing (e.g. interleaving or concatenation) for new PUCCH format. 
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