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1. Introduction
At the previous RAN1 meeting, following agreements were made [1]:
	Agreements at RAN1#88bis:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols. 
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

Agreements at RAN1#89:
· For 2-symbol NR-PUCCH:
· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits
· option 2 is not supported.
· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.

Agreements at RAN1#89:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation


In this contribution, we discuss design of FDM-based short-PUCCH for 2 symbols for UCI of more than 2 bits. Detailed evaluation comparison on possible PUCCH structure for UCI of more than 2 bits is found in our companion contribution [2].
2. Design for 2 symbols for UCI of more than 2 bits
For 2 symbols PUCCH with more than 2 bits, following options are still FFS
· Option 1: 2 symbols PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols. 
In this contribution, option 1-1 and option 1-2 is compared for FDM-based PUCCH with UCI of more than 2 bits by link-level evaluation. Figure 1 illustrates evaluated 2 options of FDM-based PUCCH for UCI of more than 2 bits. Performance comparison is severally done for UCI of medium payload (i.e. 3 ~ 11 bits) and UCI of large payload (i.e. 12 ~ bits).
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a) Option 1-1 (Rep.)                                                        b) Option 1-2 (Enc.)
Figure 1   2 symbols FDM-based PUCCH structure for UCI of more than 2 bits

2.1. For UCI of medium payload (3 ~ 11 bits)
In this subsection, FDM-based PUCCH for UCI of medium payload (3 ~ 11 bits) is evaluated by link-level simulation. Simulation parameters are listed in Table 1. LTE Reed-Muller coding is applied. The performance metric is BER. UCI of 2, 4 and 8 bits are encoded and rate-matched to fit with available REs per PUCCH. In order to evaluate on different coding rate, the number of PRBs is assumed to be 1, 2, and 3. The performance of option 1-1 (Rep.) and option 1-2 (Enc.) are compared. DMRS density of 1/3 and SCS of 15 kHz are assumed. At the receiver, ML detection is applied to demodulate the UCI. Antenna configuration of {1Tx, 2Rx (uncorrelated)} at 4GHz under EPA channel is assumed. 
Table 1 Simulation parameters
	Parameter
	Value

	Channel model
	EPA

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	SCS
	15 kHz

	PUCCH type
	FDM-based

	No. of UCI bits
	2, 4, 8, 10

	No. of PRBs
	1, 2, 4

	DMRS density
	1/3

	No. of symbols
	2 symbols w/ frequency hopping

	Antenna config.
	1 x 2 (uncorrelated)

	CP overhead
	6.6%

	UE speed
	3km/h

	Receiver
	MLD

	Encoding
	Reed-Muller

	Performance metric
	BER



Figure 2 shows BER of 2 symbols FDM-based PUCCH of option 1-1 (Rep.) and option 1-2 (Enc.). As can be seen from the results, for 1 PRB, option 1-2 (Enc.) outperforms option 1-1 (Rep.) as the number of UCI bits is larger. It is because the RM encoding gain can be effectively achieved for the case of relatively larger coding rate. On the other hand, for 2 and 4 PRBs, the BER performance of option 1-1 (Rep.) and option 1-2 (Enc.) are aligned. It is because RM encoded UCI bits are repeated for the rate-matching to fit with available REs per PUCCH when the PUCCH payload size is larger than 32 bits, which is equivalent to 2 PRBs with 1/3 DMRS density. 
From the result, it can be said that under the evaluated scenario, supporting option 1-2 (Enc.) has better performance than option 1-1 (Rep.).
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a) 1 PRB                                                                               b) 2 PRBs
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c) 4 PRBs
Figure 2   BER of 2 symbols FDM-based PUCCH of option 1-1 (Rep.) and option 1-2 (Enc.)

2.2. For UCI of large payload (12 ~ bits)
In this subsection, FDM-based PUCCH for UCI of large payload (12 ~ bits) is evaluated by link-level simulation. Simulation parameters are listed in Table 2. TBCC with 8-bit CRC is applied so that DTX-to-ACK and NACK-to-ACK performances can be sufficiently good without fine-tuning DTX threshold (assuming A-to-N error probability <= 1%, N-to-A error probability <= 0.1%, and D-to-A error probability <= 1%). We consider UCI of 12, 16, and 24 bits, and the encoded UCI bits are rate-matched to fit with available REs per PUCCH. 
The performance of option 1-1 (Rep.) and option 1-2 (Enc.) are compared. In order to evaluate on different coding rate, the number of PRBs is 3, and 4 are assumed. DMRS density of 1/3 and SCS of 15 kHz are assumed. At a receiver, MMSE channel estimation is applied to demodulate the UCI. Antenna configuration of {1Tx, 2Rx (uncorrelated)} at 4GHz under EPA channel is assumed. 
Table 2 Simulation parameters
	Parameter
	Value

	Channel model
	EPA

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	SCS
	15 kHz

	PUCCH type
	FDM-based

	No. of UCI bits
	12, 16, 24

	No. of PRBs
	3, 4

	DMRS density
	1/3

	No. of symbols
	2 symbols w/ frequency hopping

	Antenna config.
	1 x 2 (uncorrelated)

	CP overhead
	6.6%

	UE speed
	3km/h

	Channel est.
	Real (MMSE)

	Encoding
	TBCC with 8-bit CRC

	Target requirement
	ACK-to-NACK error probability <= 1%
NACK-to-ACK error probability <= 0.1%
DTX-to-ACK error probability <= 1%



Figure 3 shows ACK to NACK error rate of 2 symbols FDM-based PUCCH of option 1-1 (Rep.) and option 1-2 (Enc.). As can be seen from the results, for the case of 3 PRBs, the performance of option 1-2 (Enc.) outperforms option 1-1 (Rep.) especially when the number of UCI bits is large. It is because option 1-1 (Rep.) needs CRC attachment for each symbols, and the coding rate of option 1-2 (Enc.) is larger than option 1-1 (Rep.). On the other hand, for the case of 4 PRBs, the performance different between option 1-1 and option 1-2 is small. It is because the coding rate of 4 PRBs is too small and the difference of the coding rate between option 1-1 and option 1-2 is negligibly small.
From the result, it can be said that under the evaluated scenario, supporting option 1-2 (Enc.) has better performance than option 1-1 (Rep.).
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a) 3 PRBs                                                                                  b) 4 PRBs
Figure 3   ACK to NACK error rate of 2 symbols FDM-based PUCCH 
of option 1-1 (Rep.) and option 1-2 (Enc.)
As we discussed in this contribution, it can be said that supporting option 1-2 (Enc.) has better performance than option 1-1 (Rep.) for 2 symbols PUCCH for UCI of more than 2 bits.
Proposal 1:
· For 2 symbols PUCCH for UCI of more than 2 bits, following option should be supported
· Option 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols. 

3. Conclusion
In this contribution, we discussed FDM-based PUCCH for UCI of more than 2 bits. Based on the evaluation results, we propose the following:
Proposal 2:
· For 2 symbols PUCCH for UCI of more than 2 bits, following option should be supported
· Option 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols. 
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