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1 Introduction

In RAN1#86bis meeting, the following were agreed [1]: 
Agreements:
· NR should support both data and control with the same numerology

· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot

· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner

· Above may apply both slot and mini-slot
· Followings applies both DL and UL

· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission
· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity
In [2], BLER performance of two short NR-PUCCH designs was compared; one CP-OFDM symbol with 15 kHz SCS (subcarrier spacing) and two DFT-S-OFDM symbols with 30 kHz SCS. More specifically, the following were observed [2]:
· Assuming same DMRS overhead for both schemes, BLER performance of CP-OFDM outperforms DFT-S-OFDM by 1 ~ 1.5 dB at 10-2 BLER. 
· Assuming different DMRS overhead for each scheme, BLER performance CP-OFDM outperforms DFT-S-OFDM by 2 dB at 10-2 BLER.

The above evaluation results were performed with 1 Tx – 2 Rx antenna configuration. For UEs with multiple Tx antennas, a Tx diversity scheme can be considered for robust short PUCCH transmission. Even if Tx diversity scheme for NR has not been decided yet from MIMO discussions, SFBC and/or pre-coder cycling can be good candidates for short PUCCH transmission because having common transmission modes for PDCCH and PUCCH will reduce our standardization effort while achieving better performance.

So, in this document, further evaluation results will be provided, e.g. 2 Tx – 2 Rx antenna configuration with SFBC for performance comparison between one CP-OFDM symbol with 15 kHz SCS and two DFT-S-OFDM symbols with 30 kHz SCS.
2 Performance Comparison
In this section, we discuss evaluation assumptions for performance comparison and provide BLER performance results over CDL-C channel model with 300ns and 1000 ns RMS delay spread.

Evaluation assumptions
For SFBC with DFT-S-OFDM, following RE mappings are considered as shown in [3]:
· RE mapping I: as shown in Fig. 1(a), M-point DFT outputs are all mapped to the subcarriers of one antenna and the conjugates are all mapped to another antenna.
· RE mapping II: as shown in Fig. 1(b), two successive DFT-precoded symbols are mapped to two antennas and the two complex conjugates are mapped to two antennas.
· Localized RE mapping is taken into account for both SFBC RE mapping rules. Other evaluation parameters are shown in Appendix.
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Figure 1: SFBC and RE mappings for DFT-S-OFDM [3]
Evaluation results
Fig. 2 shows short PUCCH BLER performance of different RE mappings for DFT-S-OFDM with SFBC. It is shown from Fig.2 that two RE mappings have same performance for different size of UCI payloads (11 and 22 bits).
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Figure 2: BLER performance of different RE mappings for DFT-S-OFDM with SFBC

Observation 1: Different RE mappings for DFT-S-OFDM with SFBC have same BLER performance.

Fig. 3 shows BLER performance of short PUCCH for CP-OFDM with SFBC and DFT-S-OFDM with SFBC. It is observed that CP-OFDM slightly provides better performance than DFT-S-OFDM when DMRS overheads are same for both schemes. Performance gap between two schemes slightly increases when DMRS overhead of CP-OFDM decreases to 1/3 due to lower coding rate. However, less coding rate than 1/3 (e.g., 1/6) is not beneficial due to worse channel estimation accuracy. 
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Figure 3: BLER performance of short PUCCH: CP-OFDM with SFBC vs. DFT-S-OFDM with SFBC
Observation 2: Using CP-OFDM with SFBC is more beneficial than using DFT-S-OFDM with SFBC in terms of BLER performance.

Fig. 4 shows PAPR performance of CP-OFDM with SFBC and DFT-S-OFDM with SFBC. It is shown that for DFT-S-OFDM with RE mapping I, PAPR of antenna 1 is less than PAPR of antenna 2 and even PAPR of antenna 1 is same as single antenna case. This is because M-point DFT outputs are all mapped to the subcarriers of antenna 1 and the conjugates are all mapped to antenna 2. So, antenna 1 has better PAPR performance than antenna 2. On the other hand, DFT-S-OFDM with RE mapping II provides worse PAPR performance than DFT-S-OFDM with RE mapping I but still better performance than CP-OFDM. It should be noted that the number of subcarriers are different between CP-OFDM with SFBC (72 tones) and DFT-S-OFDM with SFBC (36 tones). So, PAPR performance of CP-OFDM with SFBC can slightly be worse than one of CP-OFDM with a single antenna (this result is not shown in Fig.4).
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Figure 4: CCDF of PAPR for short PUCCH: CP-OFDM with SFBC vs. DFT-S-OFDM with SFBC
Observation 3: Using DFT-S-OFDM with SFBC is more beneficial than using CP-OFDM with SFBC in terms of PAPR.
It was shown in [4] that DFT-S-OFDM can benefit from back-off (around 2 dB gain) as compared to CP-OFDM. However, it is noted that this gain is derived from the assumption of single antenna transmission. Moreover, if distributed mapping is considered to obtain frequency diversity e.g., clustered DFT-S-OFDM, it is expected that PAPR performance gap between CP-OFDM and DFT-S OFDM decreases, resulting in less back-off gap. So, back-off gain considering transmission diversity scheme to be introduced in NR should be studied further.
3 Conclusion
This contribution have discussed performance of short NR-PUCCH design and we have observed the following:
Observation 1: Different RE mappings for DFT-S-OFDM with SFBC have same BLER performance.

Observation 2: Using CP-OFDM with SFBC is more beneficial than using DFT-S-OFDM with SFBC in terms of BLER performance.

Observation 3: Using DFT-S-OFDM with SFBC is more beneficial than using CP-OFDM with SFBC in terms of PAPR performance.
Based on our observations, we propose the following:

Proposal:  Investigate scaled numerology for NR UL control channel further with consideration of transmission diversity scheme. 
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Appendix
Table 1: Evaluation parameters
	Parameters
	CP-OFDM
	DFT-S-OFDM

	PUCCH resources
	1 symbol, contiguous 72 REs
	2 symbols, contiguous 36 REs per symbol

	UCI payload size
	22 bits

	DMRS pattern
	FDM with data tones
	TDM with data tones

	DMRS overhead
	Variable (1/2, 1/6)
	Fixed to 1/2

	Channel estimation
	MMSE

	FFT size
	2048
	1024

	CP length
	144∙TS 
	72∙TS 

	Channel coding
	TBCC

	Modulation
	QPSK

	Antenna Configuration
	2 Tx (SFBC) – 2 Rx (MRC)
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