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1. Introduction

In RAN1 #88bis meeting [1], following agreements were made for UL control channel in NR.
	Agreement:
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.

· FFS: Details on RS
· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits
Agreements:

· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:

· QPSK for UCI

· X1 to X2 PRBs can be configured to support various UCI payload sizes

· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 

· FFS: detailed PRB allocations and signaling of the configuration

· FFS: values of X1, X2

· DMRS overhead: down-select among the following options:

· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)

· Option 2: multiple values depending on, e.g. UCI payload size etc.


In this contribution, we discuss and provide our views on the design of short duration UL control channel (denoted as “NR-PUCCH” hereafter) when NR-PUCCH has 1-symbol duration and support more than 2 UCI bits.
2. Discussion
2.1. 1-symbol NR-PUCCH structure for more than 2 UCI bits
In RAN1 88bis meeting [1], it was agreed that PUCCH structure with RS/UCI multiplexing in FDM manner (Option 1) is supported at least for 1-symbol NR-PUCCH with more than 2 bits. Compared to Option 1, Option 6 can be used when low PAPR based transmission is necessary for large (e.g. more than 2 bits) payload size. However, Option 6 could have demerits in the aspects of increase of CP overhead (e.g., CPOFDM + {CP + RS} + {CP + Data}) in addition to the conventional CP for entire OFDM symbol (CPOFDM). To reduce the CP overhead in the former case, it can be considered to copy the rear part of RS (RS-B in the figure) to the end of OFDM symbol as shown in Figure 1. Then, RS-B is also copied as the CP for entire OFDM symbol, and consequently, RS-B can be used for the CP for RS as well as the CP for entire OFDM symbol. For {Data + RS-B} part in Figure 1, the rear part of preceding RS, i.e., RB-B can be used as the CP for the {Data + RS-B} part. Receiver can perform channel estimation using RS part, and then perform channel equalization for the {Data + RS-B} part in frequency domain to separate Data and RS-B.
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Figure 1: Example of 1-symbol NR-PUCCH – Option 6
However, it would be reasonable to start with a single PUCCH structure at the beginning of NR system design. For example, if both of Option 1 and Option 6 are supported, multiplexing of different short PUCCH structures and/or allocation of short PUCCH resource may be complicated. In the future release, further PUCCH structures (including Option 6) can be discussed as needed.
Proposal #1: For 1-symbol NR-PUCCH with more than 2 bit UCI payload size, single structure based on Option 1 is supported in Rel-15 NR.
· Option 1: RS and UCI of one UE are multiplexed by FDM manner
2.2. Minimum PRB size and DM-RS type
Considering that 1-symbol NR-PUCCH with more than 2 bits UCI payload size may carry CSI as well as HARQ-ACK, the minimum PRB size (X1) for a NR-PUCCH is required to provide sufficient UCI coded bits for CSI reporting. Even though the details on CSI reporting are under discussion in NR MIMO, legacy PUCCH format in LTE can be referred for the determination of minimum PRB size (X1) by assuming that CSI reporting in NR would be enhanced compared to that in LTE. Regarding this, for example, X1 can be chosen to have UCI coded bits no less than 20 bits (referring PUCCH format 2). Specifically, assuming 1-symbol NR-PUCCH with FDMed RS/UCI has 1/3 RS density, X1 can be determined as 2 PRBs to have 32 coded bits (= 2 (QPSK) * 24 (total RE) * 2/3 (UCI ratio)) as shown in Figure 2.
Proposal #2: For 1-symbol NR-PUCCH with more than 2 bit UCI payload size, the minimum PRB size can be equal to or more than 2 PRBs (i.e., X1 ≥ 2).
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Figure 2: Example of minimum PRB for 1-symbol NR-PUCCH

For the RS details of 1-symbol NR-PUCCH, different DM-RS type can be used according to the UL waveform applied to the NR-PUCCH. For example, CAZAC sequence (e.g., Zadoff-Chu sequence) can be used with cyclic shift (CS) value for DM-RS of DFS-s-OFDM based 1-symbol NR-PUCCH while Pseudo-random sequence (e.g., M-sequence, Gold sequence) can be used with orthogonal cover code (OCC) for DM-RS of CP-OFDM based 1-symbol NR-PUCCH. It should be noted that flexible DM-RS density according to UCI payload size would be beneficial as shown in [2], and it can be supported for both cases (i.e., DFS-s-OFDM and CP-OFDM).
Proposal #3: For 1-symbol NR-PUCCH with more than 2 bit UCI payload size, following combinations of DM-RS and waveform can be considered.
· DM-RS: CAZAC sequence / Waveform: DFT-s-OFDM
· DM-RS: Pseudo-random sequence / Waveform: CP-OFDM
2.3. Transmit diversity
Since reliability transmission of UCI is important, it might be natural to consider TxD scheme even for 1-symbol NR-PUCCH. Especially for 1-symbol NR-PUCCH structure where DM-RS and UCI are multiplexed in FDM manner, SFBC with frequency domain RE paring and/or DM-RS based precoder cycling can be considered as potential TxD schemes. SFBC can achieve full diversity gain but it may have restrictive RS/UCI mapping for the RE paring. On the other hand, precoder cycling can be simply specified and transparent to receiver but it cannot achieve full diversity gain. Moreover, TxD schemes applicable for any PUCCH structures such as small delay CDD and SORTD can also be considered. 
Proposal #4: For 1-symbol NR-PUCCH more than 2 bit UCI payload size, the following schemes are considered as candidate TxD schemes:
· SFBC / precoder cycling / small delay CDD / SORTD
2.4. REG based PUCCH construction
For 1-symbol NR-PUCCH, basic UL control resource unit can be set as one or multiple PRB(s) which corresponds to Resource Element Group (REG). One REG can be composed of consecutive REs, and one UL Control Channel Element (CCE) can consist of multiple REGs, and one UL control channel can be configured with one or multiple CCE(s). Based on the above, Uplink Control Information (UCI) can be mapped to multiple REGs, and the coded UCI bits mapped to each REG can be the same or different among the multiple REGs according to payload size of the UCI. In addition to the UCI size, UCI mapping type to multiple REGs in the above can also be selected according to UCI type (e.g. HARQ-ACK or CSI or SR), performance requirement for the UCI type, and UE multiplexing capacity. For example, if the UCI payload size is small, same coded bits can be repeatedly mapped to multiple REGs in order to construct a UL CCE. If the UCI payload size is large, different coded bits can be mapped across multiple REGs in order to construct a UL CCE. Moreover, the ratio of UCI REs and RS REs (per REG or CCE) can be differently configured according to the above aspects, e.g. UCI payload size, UCI type, performance requirement, and multiplexing capacity.
Proposal #5: Basic UL control resource unit can be defined for design of 1-symbol NR-PUCCH: (1) one REG can be composed of consecutive REs, (2) multiple REGs can consist of one CCE, (3) one UL control channel can be configured with one or multiple CCE(s).
Proposal #6: UCI can be mapped to multiple REGs belonging to one CCE, and the coded UCI bits mapped to each REG can be the same or different according to the UCI payload size, UCI type, performance requirement of the UCI type, and UE multiplexing capacity.
3. Conclusion
In this contribution, we discussed the design of 1-symbol NR-PUCCH for more than 2 UCI bits. The proposals of this contribution are summarized as follows.
Proposal #1: For 1-symbol NR-PUCCH with more than 2 bit UCI payload size, single structure based on Option 1 is supported in Rel-15 NR.
· Option 1: RS and UCI of one UE are multiplexed by FDM manner
Proposal #2: For 1-symbol NR-PUCCH with more than 2 bit UCI payload size, the minimum PRB size can be equal to or more than 2 PRBs (i.e., X1 ≥ 2).
Proposal #3: For 1-symbol NR-PUCCH with more than 2 bit UCI payload size, following combinations of DM-RS and waveform can be considered.
· DM-RS: CAZAC sequence / Waveform: DFT-s-OFDM
· DM-RS: Pseudo-random sequence / Waveform: CP-OFDM
Proposal #4: For 1-symbol NR-PUCCH more than 2 bit UCI payload size, the following schemes are considered as candidate TxD schemes:
· SFBC / precoder cycling / small delay CDD / SORTD
Proposal #5: Basic UL control resource unit can be defined for design of 1-symbol NR-PUCCH: (1) one REG can be composed of consecutive REs, (2) multiple REGs can consist of one CCE, (3) one UL control channel can be configured with one or multiple CCE(s).
Proposal #6: UCI can be mapped to multiple REGs belonging to one CCE, and the coded UCI bits mapped to each REG can be the same or different according to the UCI payload size, UCI type, performance requirement of the UCI type, and UE multiplexing capacity.
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