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1 Introduction

In last RAN1#86bis meeting, there was a discussion on waveform for NR uplink and the following agreements were made [1]:
Agreement:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.
· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations
It was also discussed in last RAN1#86bis meeting whether to support different numerologies between data and control transmission and the following agreements were achieved [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
This document will provide evaluation results of NR PUCCHs with different subcarrier spacings and discuss the feasibility of using scaled numerology for NR PUCCH design.

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
NR PUCCH with short duration is considered as a baseline other than NR PUCCH with long duration and following two cases are taken into account:

· Scheme A: one OFDM symbol with 15 kHz subcarrier spacing
· Scheme B: two SC-FDM symbols with 30 kHz subcarrier spacing

Evaluation parameters for each scheme are given in Appendix.
Evaluation results
Fig. 1 shows BLER performance when same DMRS overhead is assumed for both schemes, i.e., in Scheme A, every 2 REs are used for DMRS transmission among 72 contiguous REs. On the other hand, in Scheme B, first SC-FDM symbol is entirely used for DMRS transmission (32 contiguous REs) and UCI payload is actually mapped onto the second SC-FDM symbol (remaining 32 contiguous REs). It is shown from Fig. 1(a) that Scheme A can provide slightly better performance than Scheme B, e.g., around 1 ~ 1.5 dB at 10-2 BLER. Performance gap between two schemes slightly increases as the delay spread increases. This implies that Scheme A with longer CP length is more robust than Scheme B with shorter CP length. However, it should be noted that Scheme B can benefit from back-off (around 2 dB gain as compared to Scheme A). So, if we consider this PRPR gain, then BLER performance of Scheme A may be less than or equal to Scheme B.
Observation 1: BLER performance of Scheme A will be less than or equal to Scheme B in case that same DMRS overhead is assumed for both schemes when back-off gain of Scheme B is taken into account.
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(a) Perfect channel estimation                                         (b) MMSE channel estimation

Figure 1: BLER performance comparison when same DMRS overhead ratio is assumed for both schemes (1/2)
Fig. 2 shows BLER performance when different DMRS overhead is assumed for each scheme, i.e., in Scheme A, every 6 REs are used for DMRS transmission while Scheme B takes first SC-FDM symbol as DMRS. It is shown in Fig. 2(b) that Scheme A can achieve better performance by 2 dB than Scheme B because less DMRS overhead in Scheme B allows to use lower coding rate. However, as we mentioned earlier, it should be noted that Scheme B can benefit from back-off (around 2 dB gain as compared to Scheme A) [2]. So, if we consider this back-off gain, then BLER performance of Scheme A may be slightly better than or equal to Scheme B.

Observation 2: BLER performance of Scheme A will be better than or equal to Scheme B in case that different DMRS overhead is assumed for each scheme when back-off gain of Scheme B is taken into account.
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Figure 2: BLER performance comparison when different DMRS overhead ratio is assumed for each scheme (Scheme A = 1/6, Scheme B = 1/2)
3 Conclusion
This contribution have discussed the feasibility of using scaled numerology for NR PUCCH design and we have observed the following:
Observation 1: BLER performance of Scheme A will be less than or equal to Scheme B in case that same DMRS overhead is assumed for both schemes when back-off gain of Scheme B is taken into account.

Observation 2: BLER performance of Scheme A will be better than or equal to Scheme B in case that different DMRS overhead is assumed for each scheme when back-off gain of Scheme B is taken into account.
Based on our observations, we propose the following:

Proposal:  Investigate scaled numerology for NR UL control channel further with consideration of DMRS overhead. 
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Appendix
Table 1: Evaluation assumptions and parameters
	Parameters
	Scheme A
	Scheme B

	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
	SISO
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