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1. Introduction

In RAN1 #90 meeting [1], following agreements were made for short duration UL control channel in NR.
	Agreements:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.

· Further study 24 or 48 REs.

· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).

· Including comb-structure

· For the sequence length of 12 REs,

· The supported number of base sequences is 30

· The number of cyclic shifts available for one base sequence is 12


In this contribution, we discuss our views on the design of 1-symbol UL control channel in NR (denoted as “NR-PUCCH” hereafter) for up to 2 UCI bits.
2. Discussion
2.1. Sequence assignment for NR-PUCCH
During RAN1 #90 meeting [1], there was discussion on how to express 1 or 2 bit(s) UCI with sequence selection based 1-symbol NR-PUCCH. One suggestion from some companies is to express log2 (N) (e.g., N = 2 or 4) UCI bit(s) by selecting one of N cyclic shift values within a PRB where the difference between two adjacent cyclic shift values (i.e., denoted as “cyclic shift gap” hereafter) is fixed with the given UCI payload size (e.g., 12/N). However, considering that the minimum cyclic shift gap required to guarantee the orthogonality between two cyclic shift values would be different according to channel condition (e.g., delay spread), it would be more preferred to support flexible cyclic shift gap for better resource utilization. For example, if the required minimum cyclic shift gap for orthogonality is 2, the flexible cyclic shift gap (e.g., 2) can provide maximum 6 available cyclic shift values within a PRB while the above fixed cyclic shift gap (e.g., 3 or 6) which is unnecessarily larger than the required minimum cyclic shift gap may be able to provide at most 4 available cyclic shift values. Note that configurability on deltaPUCCH-Shift (e.g., 1, 2, 3) for PUCCH format 1/1a/1b is already supported in LTE system. Moreover, N cyclic shift values can be from multiple PRBs. For example, for N sequences, the first M sequences can be assigned in PRB index k and the other N-M sequences can be assigned in PRB index k+1. For signaling efficiency, cyclic shift values with multiple (consecutive) PRBs can be sequentially indexed (e.g., resource index = cyclic shift index (within a PRB) + 12*PRB index) and a starting resource index (e.g., i) and a gap (e.g., d) can be signaled for 1-symbol NR-PUCCH for up to 2 UCI bits. Then, NR-PUCCH can consist of N cyclic shifts corresponding to the resource indices {i, i + d, …, i + (N-1)d }.
Proposal #1: For 1-symbol NR-PUCCH for log2 (N) (e.g., 1 or 2) UCI bits, the following properties should be applied in order to assign N cyclic shift values for the UCI. 
· N cyclic shift values can be separated in code and/or frequency domain.
· Cyclic shift gap between two adjacent cyclic shift values is configurable.
2.2. Multiplexing with other UL sequence
For 1-symbol NR-PUCCH for up to 2 UCI bits, it was agreed in [1] to further study for multiplexing between sequence-based short-PUCCH and other UL sequences using CDM or FDM. In our perspective, it would be natural to support CDM between (sequence selection based) 1-symbol NR-PUCCH for up to 2 UCI bits and (sequence modulation based) long NR-PUCCH for up to 2 UCI bits since those two PUCCH formats could share a same sequence by using different cyclic shift on the sequence. Moreover, to support efficient utilization and flexible allocation of frequency resource for both of short NR-PUCCH and SRS, it could also be considered to support multiplexing of those two UL signals by (RE-level) FDM (e.g., IFDM) manner. For example, different transmission comb can be used for short NR-PUCCH and SRS. Therefore, the following two options should be considered for UL resource utilization efficiency [2]:
Proposal #2: For 1-symbol short-PUCCH for UCI of up to 2 bits, the following options should be considered for multiplexing of the short-PUCCH with other UL sequence(s):
· Option 1: CDM with long PUCCH for up to 2 UCI bits
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· Option 2: IFDM with SRS using comb structure
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2.3. Sequence group hopping
In LTE [3], total 510 (= 17*30) sequence group hopping patterns are supported for inter-cell interference randomization of (sequence based) PUCCH and UL RS such as PUSCH DM-RS and SRS among 504 cells as shown in the below.
	5.5.1.3
Group hopping

The sequence-group number 
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There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers. Sequence-group hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 

The group-hopping pattern 
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 may be different for PUSCH, PUCCH and SRS and is given by
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where the pseudo-random sequence 
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 is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame where 
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Similar to LTE, sequence group hopping can also be supported for (sequence based) NR-PUCCH including 1-symbol NR-PUCCH for up to 2 UCI bits and UL RS in NR. One simple solution is to extend the range of 
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 up to the number of cell IDs in NR (e.g., 1000). Then, there are 34 (= ceil(1000/30)) initial values for pseudo-random sequence and then 34 group hopping patterns and 30 sequence shift patterns can generate total 1020 sequence group hopping patterns.
However, since the number of slots in a radio frame can be different according to numerology (e.g., subcarrier spacing), it should be considered how to define the time period and time unit for sequence group hopping pattern. For example, if fixed time period (e.g., 10ms) and scalable time unit (e.g., 1 slot) are applied for sequence group hopping pattern regardless of numerology, 20-length (20 slots) sequence group hopping pattern is applied for 15kHz subcarrier spacing while 40-length (40 slots) sequence group hopping pattern is applied for 30 kHz subcarrier spacing. In general, time period (or time unit) can be fixed or scalable and the following options can be considered.
Proposal #3: Sequence group hopping pattern with the following options can be considered in NR.
· Option 1: Fixed time period (e.g., 10ms) / Fixed time unit (e.g., 0.5ms)
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· Option 2: Fixed time period (e.g., 10ms) / Scalable time unit (e.g., 1 slot)
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· Option 3: Scalable period (e.g., 20 slots ) / Scalable time unit (e.g., 1 slot)
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2.4. Simultaneous TX with SR
For 1-symbol NR-PUCCH for up to 2 UCI bits, it should be considered how to handle the case when HARQ-ACK and SR are simultaneously configured/scheduled in the same slot. One simple solution is to apply PUCCH resource selection as in LTE. For example, when HARQ-ACK and SR are simultaneously scheduled, two NR-PUCCH resource (e.g., total 8 sequences) can be reserved and one NR-PUCCH resource (e.g., 4 sequences) can be chosen according to SR state (e.g., positive SR or negative SR). Then, UE can select and transmit one sequence from the NR-PUCCH resource. For more efficient resource utilization, HARQ-ACK bits with positive SR can be bundled. Then, total 6 sequences (e.g., 2 sequences for positive SR and 4 sequences for negative SR) can be used for SR and HARQ-ACK transmission. As a more resource efficient solution, it can also be considered to support simultaneous transmission of HARQ-ACK and SR using multiple short PUCCHs multiplexed by TDM/FDM/CDM manner. Compared to the previous example, the total number of sequences can be reduced from 8 to 5 (e.g., 4 sequence for 2 bits HARQ-ACK and 1 sequence for SR). For the FDM or CDM case, however, it should be carefully considered whether to support simultaneous transmission of HARQ-ACK and SR since it can cause power limitation problem at UE side. Simply, dropping one of the two short NR-PUCCHs or combining (and transmitting) HARQ-ACK and SR on one of the two short NR-PUCCHs or short NR-PUCCH for more than 2 UCI bits can be considered in this case.

Proposal #4: For simultaneous transmission of N (= 1 or 2) bit(s) HARQ-ACK and SR in a same slot, the following options can be considered.
· Option 1: One NR-PUCCH resource (e.g., 2N sequences) among two NR-PUCCH resource (e.g., 2N+1 sequences) is selected for HARQ-ACK transmission according to SR state (e.g., positive SR or negative SR).
· Option 2: NR-PUCCH resource (e.g., 2N sequences) for HARQ-ACK and NR-PUCCH resource for SR (e.g., 1 sequence) are assigned by TDM/FDM/CDM manner and transmitted simultaneously in a same slot.
· Option 3: Short PUCCH for more than 2 UCI bits is used to transmit combined HARQ-ACK and SR.
3. Conclusion
In this contribution, we discussed the design of 1-symbol NR-PUCCH for up to 2 UCI bits. The proposals of this contribution are summarized as follows.
Proposal #1: For 1-symbol NR-PUCCH for log2 (N) (e.g., 1 or 2) UCI bits, the following properties should be applied in order to assign N cyclic shift values for the UCI. 
· N cyclic shift values can be separated in code and/or frequency domain.

· Cyclic shift gap between two adjacent cyclic shift values is configurable.

Proposal #2: For 1-symbol short-PUCCH for UCI of up to 2 bits, the following options should be considered for multiplexing of the short-PUCCH with other UL sequence(s):

· Option 1: CDM with long PUCCH for up to 2 UCI bits

· Option 2: IFDM with SRS using comb structure

Proposal #3: Sequence group hopping pattern with the following options can be considered in NR.
· Option 1: Fixed time period (e.g., 10ms) / Fixed time unit (e.g., 0.5ms)
· Option 2: Fixed time period (e.g., 10ms) / Scalable time unit (e.g., 1 slot)

· Option 3: Scalable period (e.g., 20 slots ) / Scalable time unit (e.g., 1 slot)
Proposal #4: For simultaneous transmission of N (= 1 or 2) bit(s) HARQ-ACK and SR in a same slot, the following options can be considered.

· Option 1: One NR-PUCCH resource (e.g., 2N sequences) among two NR-PUCCH resource (e.g., 2N+1 sequences) is selected for HARQ-ACK transmission according to SR state (e.g., positive SR or negative SR).

· Option 2: NR-PUCCH resource (e.g., 2N sequences) for HARQ-ACK and NR-PUCCH resource for SR (e.g., 1 sequence) are assigned by TDM/FDM/CDM manner and transmitted simultaneously in a same slot.

· Option 3: Short PUCCH for more than 2 UCI bits is used to transmit combined HARQ-ACK and SR.
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