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1 Introduction

In RAN1#88bis, design options for 2-symbol NR-PUCCH were agreed [1]: 
Agreements:
· 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.

In RAN1#89, the above design options were down-selected and the following were agreed [2]:

 Agreements:

· 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.
This contribution provides BLER performance of each option identified for 2-symbol short PUCCH with more than 2 bits using the TDL-C channel model with different RMS delay spread, e.g., 30ns, 300ns, and 1000ns. 
2 BLER Performance Comparison
Evaluation assumptions
6 PRBs and 20 bits of UCI payload size are assumed. Various DMRS ratios are evaluated, e.g., 1/2, 1/3, 1/4, and 1/6. It is assumed that DMRS tones are equally distributed in the frequency domain and the distance between two DMRS tones is same. Both cases with frequency hopping (FH) and without FH are evaluated. If FH is applied, each symbol is located towards the edges of the bandwidth as in LTE (20 MHz is assumed as the bandwidth).

There are two design options depending on UCI encoding methods; i) same UCI is repeated across the symbols using repetition of a 1-symbol PUCCH (referred to as 1-symbol repetition) and ii) UCI is encoded and the encoded UCI bits are distributed across the symbols (referred to as 2-symbol encoding). Other evaluation parameters are shown in Appendix A.
Evaluation results

Figure 1 compares the BLER of each option with different DMRS ratios for TDL-C with 30ns RMS delay spread. It is observed that for all cases, different UCI encoding methods do not give an impact to the BLERs. Also, the BLERs for different DMRS ratios are same (this is not captured here but it can be clearly seen in [3]).
Observation 1: In a channel environment with 30ns RMS delay spread, for all cases, different UCI encoding methods have same performance.
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Figure 1: BLER performance for TDL-C with 30 ns RMS delay spread
Figure 2 compares the BLER of each option with different DMRS ratios for TDL-C with 300ns RMS delay spread. Similar observations to Figure 1 apply for Figure 2, e.g., different UCI encoding methods have similar performance.
Observation 2: In a channel environment with 300ns RMS delay spread, for all cases, different UCI encoding methods have similar performance.
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Figure 2: BLER performance for TDL-C with 300 ns RMS delay spread
Figure 3 compares the BLER of each option with different DMRS ratios for TDL-C with 1000ns RMS delay spread. Different from Figure 1 and Figure 2, 2-symbol encoding has slightly better performance than 1-symbol repetition, especially for DMRS ratios of 1/2 and 1/3 (shown in Figure 3(a) and Figure 3(b), respectively). However, performance gap between different encoding methods is marginal.
Observation 3: In a channel environment with 1000ns RMS delay spread, for some cases, 2-symbol encoding has slightly better performance than 1-symbol repetition but there is no material performance gap between them.
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Figure 3: BLER performance for TDL-C with 1000 ns RMS delay spread
In conclusion, no material benefit is identified for 2-symbol encoding over 1-symbol repetition. An increase in the number of short-PUCCH format beyond the repetition structure of 1-symbol PUCCH over 2 symbols is unnecessary from both implementation considerations and performance considerations.
Proposal: For 2-symbol PUCCH with more than 2 bits, support symbol repetition as agreed for 2-symbol PUCCH with 1 or 2 bits.
3 Conclusion
This contribution have discussed BLERs of each design option for 2-symbol short PUCCH with more than 2 bits and we have observed the following:

Observation 1: In a channel environment with 30ns RMS delay spread, for all cases, different UCI encoding methods have same performance.
Observation 2: In a channel environment with 300ns RMS delay spread, for all cases, different UCI encoding methods have similar performance.
Observation 3: In a channel environment with 1000ns RMS delay spread, for some cases, 2-symbol encoding has slightly better performance than 1-symbol repetition but there is no material performance gap between them.

Based on the above observations, we have proposed the following:

Proposal: For 2-symbol PUCCH with more than 2 bits, support symbol repetition as already agreed for 2-symbol PUCCH with 1 or 2 bits.
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Appendix: Evaluation Parameters
	Parameters
	CP-OFDM

	PUCCH resources
	6 RBs (72 REs)

	UCI payload size
	20 bits

	Modulation
	QPSK

	Channel coding
	TBCC, rate = 1/3

	DMRS ratio
	1/2, 1/3, 1/4, and 1/6

	Channel estimation
	MMSE

	Subcarrier spacing
	15 kHz

	FFT size
	2048

	CP length
	144∙TS 

	Antenna Configuration
	1 Tx – 2 Rx (MRC)
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