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1 Introduction

In RAN1#88, 2-symbol PUCCH structure was discussed and the following were agreed [1]: 
Agreements:
· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.

· Option 2: RS and UCI are multiplexed by TDM manner.

· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
· Option 4: Sequence based design without RS only for small payload size case

· Option 5: Sequence based design with RS only for small payload size case

· Option 6: Pre-DFT multiplexing in one or both symbol(s)

· Combination of above options are not precluded

· RAN1 will definitely down select above options in the next meeting

In RAN1#88bis, there was no agreement on which option(s) should be down-selected among the above options identified in RAN1#88 but the following were agreed [2]: 
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.

It was agreed in RAN1#88bis that for 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one between Option 1 and Option 4 and at least for 1 or 2 bit(s) UCI payload size, there is no difference among Option 1-1, Option 1-2, and Option 2. So, it would be very natural to extend Option 1 or Option 4 identified for 1-symbol PUCCH design into 2-symbol PUCCH design at least for 1 or 2 bit(s) UCI payload size.
So, this contribution provides the BLERs of Option 1 and Option 4 for 2-symbol short PUCCH with 1 or 2 bits, using the TDL-C channel model with different RMS delay spread, e.g., 30ns, 300ns, and 1000ns.
2 Performance Comparison
Figure 1 illustrates Option 1 and Option 4 assuming 1 PRB and 50% DMRS overhead without frequency hopping (FH). If FH is applied, each symbol is located towards the edges of the bandwidth as in LTE (20 MHz is assumed as the bandwidth). Option 1 can be further divided into two sub-options depending on whether UCI is transmitted by using a repetition (Option 1a) or a sequence (Option 1b). In Option 1a, one BPSK or QPSK modulated symbol is repeated over the REs. In Option 1b, two orthogonal sequences are used for 1-bit UCI transmission and four orthogonal sequences are used for 2-bit UCI transmission.
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Figure 1: Illustration of each option assuming 1 PRB and 1/2 DMRS overhead without FH
Evaluation assumptions
The following were taken into account:

· DMRS overhead for both Option 1a and Option 1b is assumed to 50% and DMRS and UCI are interleaved alternatively in every RE as shown in Figure 1. 
· Options 1a and 1b have DMRS on each symbol and for the case without FH, both time and frequency-domains are used for channel estimation.
Evaluation results
Figure 2 compares the BLER of each option for the TDL-C with 30ns RMS delay spread. For the case of FH in Figure 2(a), Options 1a and 4 have similar performance. When FH is not applied, Option 1a outperforms Option 4 because Option 1a without FH benefits from better channel estimation as compared to the case with FH. Therefore, there is a tradeoff between the gain from better channel estimation and the gain from frequency diversity but without frequency domain selection of short-PUCCH resource, it is in favor of frequency diversity. From Figure 2(b), for 2-bit UCI payload, Option 4 outperforms other options irrespective of whether or not FH is applied. On the other hand, for both 1-bit and 2-bit cases, Option 1b has worst performance. 
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(a) 1-bit UCI payload                                                           (b) 2-bit UCI payload
Figure 2: BLER performance for TDL-C with 30 ns RMS delay spread
Observation 1: In a channel environment with 30ns RMS delay spread, 

· For 1-bit UCI payload, 
· Options 1a and 4 have similar performance for the case with frequency hopping.
· Option 1a provides the best performance for the case without frequency hopping.
· For 2-bit UCI payload, 
· Option 4 outperforms other options for both cases with frequency hopping and without frequency hopping.

· In all scenarios, Option 1b has the worst performance.
Figure 3 compares the BLER of each option for the TDL-C with 300ns RMS delay spread. Similar observations as in Figure 2 apply for Figure 3, except that Option 4 suffers from an error floor for 2-bit UCI payload, e.g., if SNR is higher than 10 dB (not clearly seen in Figure 3 but is evident in Figure 4). This can be problematic in case that UCI transmission needs to have high reliability as, for example, for URLLC.
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(a) 1-bit UCI payload                                                         (b) 2-bit UCI payload
Figure 3: BLER performance for TDL-C with 300 ns RMS delay spread
Observation 2: In a channel environment with 300ns RMS delay spread, 

· Similar to observation 1, except that for 2-bit UCI payload, Option 4 suffers from an error floor in high SNR range.
· In all scenarios, Option 1b has the worst performance.
Figure 4 compares the BLER of each option for the TDL-C with 1000ns RMS delay spread. Different from previous observations, it is shown from Figure 4(a) that for 1-bit UCI payload, Option 1a outperforms other options irrespective of applying FH. From Figure 4(b), for 2-bit UCI payload, Option 4 suffers from an error floor because an error caused by inaccurate channel estimation is more dominant than one caused by noise.
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(a) 1-bit UCI payload                                                          (b) 2-bit UCI payload
Figure 4: BLER performance for TDL-C with 1000 ns RMS delay spread
Observation 3: In a channel environment with 1000ns RMS delay spread, 

· For both 1-bit UCI payload and 2-bit UCI payload , 
· Option 1a outperforms others for both cases with frequency hopping and without frequency hopping.
· Option 4 suffers from an error floor for both cases with frequency hopping and without frequency hopping.

· In all scenarios, Option 1b has the worst performance.
In conclusion, the only option that provides a performance benefit at low SINRs and when a BLER target is not smaller than 0.1% is Option 4. However, an increase in the number of short-PUCCH format beyond the 1-symbol PUCCH structure is unnecessary from both implementation considerations and performance considerations. 

Proposal: For 2-symbol PUCCH with 1 or 2 bits, a repetition structure of 1-symbol PUCCH format is sufficient.
3 Conclusion
This contribution has discussed BLER of each option for 2-symbol PUCCH and we have observed the following:

Observation 1: In a channel environment with 30ns RMS delay spread, 

· For 1-bit UCI payload, 
· Options 1a and 4 have similar performance for the case with frequency hopping.
· Option 1a provides the best performance for the case without frequency hopping.
· For 2-bit UCI payload, 
· Option 4 outperforms other options for both cases with frequency hopping and without frequency hopping.

· In all scenarios, Option 1b has the worst performance.
Observation 2: In a channel environment with 300ns RMS delay spread, 

· Similar to observation 1, except that for 2-bit UCI payload, Option 4 suffers from an error floor in high SNR range.
· In all scenarios, Option 1b has the worst performance.
Observation 3: In a channel environment with 1000ns RMS delay spread, 

· For both 1-bit UCI payload and 2-bit UCI payload , 
· Option 1a outperforms others for both cases with frequency hopping and without frequency hopping.
· Option 4 suffers from an error floor for both cases with frequency hopping and without frequency hopping.

· In all scenarios, Option 1b has the worst performance.
Based on the above observations, the following is proposed.
Proposal: For 2-symbol PUCCH with 1 or 2 bits, a repetition structure of 1-symbol PUCCH format is sufficient.
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Appendix
Table 1: Evaluation parameters

	Parameters
	Values

	PUCCH resources
	1 RB (12 REs)

	UCI payload size
	1 or 2 bits

	DMRS overhead
	50%

	Channel estimation
	MMSE for Options 1a and 1b

	FFT size
	2048

	CP length
	144∙TS 

	Modulation
	BPSK for 1-bit UCI and QPSK for 2-bit UCI

	Antenna Configuration
	1 Tx – 2 Rx (MRC)
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