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Introduction
In RAN1#88bis meeting, the following agreements regarding the structure of 1-symbol short-PUCCH with more than 2 bits were achieved [1]:
Agreement:
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS
· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits

Support for DFT-S-OFDM as a low PAPR waveform for short PUCCH with more than 2 bits was extensively discussed in RAN1#88bis meeting but the decision was postponed to allow further evaluations by the companies. In this contribution, we compare the performance of the agreed OFDM based short PUCCH structure with the DFT-s-OFDM based short PUCCH structure (option 6) for UCI payload more than 2 bits. In our companion contribution, we provide our views regarding 1-symbol short-PUCCH for up to 2 bits [2] 

DFT-s-OFDM Short PUCCH Structure
The lack of frequency diversity gain for DFT-s-OFDM structure was raised by several companies in RAN1#88bis meeting. The proposed structure presented in this contribution provides frequency diversity gain similar to OFDM without any penalty in the PAPR. Figure 1 shows the candidate DFT-s-OFDM based structure for short PUCCH to carry more than 2 UCI bits, as well as the localized and distributed OFDM structures.
The DFT-s-OFDM structure shown in Figure 1 utilizes multiple DFTs to enable distributed mapping over the allocated PUCCH bandwidth. The encoded and QPSK modulated UCI symbols are split into two sequences. These sequences are TDMed with the DMRS and then mapped to half of the inputs of the DFT blocks. The lower half of the first DFT block and the upper half of the second DFT block stay unused to preserve the single carrier property and therefore keep the PAPR low. Note that in this method, the number of subcarriers utilized are two times more than the number of subcarriers used in OFDM. However, the unused inputs of the DFT blocks may be used by another user; so no reduction in user capacity would occur.
The PAPR plot in Figure 2 shows that the PAPR of the multi-DFT distributed PUCCH scheme based on DFT-s-OFDM is essentially equivalent to that of localized PUCCH. Needless to point out that the PAPR of both of these schemes are superior to that of OFDM based short PUCCH structure.
In the next section, we compare the BLER performance of these three schemes to show the potential frequency diversity gain which can be achieved using the multi-DFT distributed PUCCH structure.
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[bookmark: _Ref481669337]Figure 1 Structures of the compared PUCCH transmission techniques
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[bookmark: _Ref481669438]Figure 2 PAPR of the compared transmitter structures

Link level evaluation
In this section we illustrate the BLER performance of short PUCCH with three different structures for various dispersive channels: 1) Localized OFDM 2) Distributed OFDM 3) Distributed DFT-s-OFDM. The simulation parameters used for the evaluation are enlisted in Table 1 in the Appendix.
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[bookmark: _Ref481669893]Figure 3 BLER comparison of OFDM and DFT-s-OFDM (100ns channel)
Figure 3 illustrates that for a channel of 100 ns rms delay spread, the BLER of the distributed DFT-s-OFDM and distributed OFDM have similar BLER performance, which is better than the localized OFDM, due to the frequency diversity gain. When the delay spread is further increased, the gap between the localized OFDM and distributed DFT-s-OFDM closes. One reason for this is that as the channel provides more diversity due to the higher selectivity, the performance of OFDM improves. On the other hand, since the channel estimation for the DFT-s-OFDM scheme is done in time domain after the IDFT block at the receiver, higher delay spread channel reduces the channel estimation accuracy and also causes interference between the UCI and RS. However, with more advanced receivers, the performance of the distributed DFT-s-OFDM scheme can be further improved.
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Figure 4 BLER comparison of OFDM and DFT-s-OFDM (300ns channel)

Based on the above observations we make the following proposals:
Proposal 1: DFT-S-OFDM is supported for short PUCCH with more than 2 bits where RS and UCI are multiplexed in TDM manner pre-DFT.
Proposal 2: Support both localized and distributed mapping for short PUCCH with more than 2 bits
Conclusions
In this contribution, we compared the performance of the agreed OFDM based short PUCCH structure with the DFT-s-OFDM based short PUCCH structure (option 6) for UCI payload more than 2 bits. Based on the link-level evaluations we make the following proposals:
Proposal 1: DFT-S-OFDM is supported for short PUCCH with more than 2 bits where RS and UCI are multiplexed in TDM manner pre-DFT.
Proposal 2: Support both localized and distributed mapping for short PUCCH with more than 2 bits
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Appendix

Table 1 Simulation parameters
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	1

	Modulation
	QPSK

	Channel
	TDLA, 3 km/h

	Carrier bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel estimation method
	MMSE

	Channel coding
	LTE PUCCH format 3 channel encoder

	Number of information bits
	10

	Number of coded bits
	48

	Subcarrier spacing
	15 kHz

	Number of short PUCCH symbols
	1
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