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1 Introduction

In last RAN1#86bis meeting, there was a discussion on NR uplink control channel and the following agreements were made [1]:
Agreements:
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
This document will provide evaluation results of different multiplexing schemes between DMRS and UL control information (UCI) for NR PUCCH with short duration.

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 RMS delay spread.

Evaluation assumptions
NR PUCCH with short duration is considered and two different multiplexing schemes between DMRS and UCI payload are taken into account:

· Case I: one OFDM symbol with 15 kHz subcarrier spacing and FDM of DMRS and UCI payload are assumed.
· Case II: one OFDM symbol with 15 kHz subcarrier spacing and CDM of DMRS and UCI payload are assumed. 

UCI payload size is fixed to 1 bit and NR PUCCH resources are 72 tones for FDM and CDM. Both localized and distributed mappings are considered for each scheme. For distributed mapping, it is assumed that 12 tones within a PRB are contiguous and 6 PRBs are randomly distributed over 20 MHz system BW. Other evaluation parameters are given in Appendix.
[image: image1.png]10FDM symbol
with 15 kHz SCS

72 tones

1RE

@ :DMRS
O:ua

10FDM symbol
with 15 kHz SCS.

72 tones

1RE
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Figure 1: Illustration of multiplexing between DMRS and UCI in localized resource mapping
Evaluation results
Fig. 2 compares BLER performance of FDM (red color) and CDM (blue color) for different overheads (1/2, 1/4, and 1/6) in localized resource mapping. As an example of 1/2 overhead, in FDM case, 36 REs among 72 REs are used for DMRS transmission and thus DMRS overhead is 1/2 as shown in Fig. 1(a). On the other hand, in CDM case, 72 REs are used for DMRS transmission and 1-bit UCI is transmitted with length-12 OCC. CDM approach has more DMRS REs than FDM case. However, for the fair comparison, total transmission power of DMRSs in used FDM case is same as sum of the transmission power of DMRSs and OCCs in CDM. So, for an 1/2 overhead case, transmission power of DMRS tones and OCCs is same. It is observed from Fig. 2 that FDM provides better BLER performance than CDM in localized mapping assuming the amount of overhead is same for each scheme. 
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Figure 2: BLER performance comparison of FDM and CDM in localized resource mapping
Observation 1: For short NR PUCCH with small UCI payload (e.g., 1-bit), BLER performance of FDM is better than that of CDM in localized resource mapping.
Fig. 3 compares BLER performance of FDM (red color) and CDM (blue color) for different overheads (1/2, 1/4, and 1/6) in distributed resource mapping. It is observed that FDM and CDM can achieve same BLER performance in distributed mapping.

Observation 2: For short NR PUCCH with small UCI payload (e.g., 1-bit), BLER performance of FDM is identical to that of CDM in distributed mapping.
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Figure 3: BLER performance comparison of FDM and CDM in distributed resource mapping
3 Conclusion
This contribution have discussed BLER performance of different multiplexing schemes between DMRS and UCI payload for NR PUCCH with short duration and we have observed the following:
Observation 1: For short NR PUCCH with small UCI payload (e.g., 1-bit), BLER performance of FDM is better than that of CDM in localized resource mapping.
Observation 2: For short NR PUCCH with small UCI payload (e.g., 1-bit), BLER performance of FDM is identical to that of CDM in distributed resource mapping.
Based on our observations, we propose the following:

Proposal:  For NR PUCCH with short duration, DMRS and UCI payload should be FDMed. 
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Appendix: Evaluation Assumptions and Parameters
	Parameters
	FDM
	CDM
	TDM

	PUCCH resources
	1 symbol
72 tones (6 PRBs)
	1 symbol

72 tones (6 PRBs)
	2 symbols, 

36 tones/symbol (3 PRBs)

	UCI payload size
	1 bit

	Channel estimation
	MMSE

	FFT size
	2048
	2048
	1024

	CP length
	144∙TS 
	144∙TS 
	72∙TS

	Antenna Configuration
	1 TX – 2 RX (MRC combining)

	System BW
	20 MHz


1/3

