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1 Introduction

In 3GPP RAN1 NR Ad hoc meeting [1], uplink control channel design was discussed and the followings were agreed:
· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

Based on the previous agreements, UCI and RS are multiplexed in FDM manner is supported for PUCCH in one-symbol duration. This contribution will further discuss PUCCH design in one OFDM symbol duration, and provide the potential low PAPR solutions on how the RS and control RE multiplexed/transmitted in one symbol. In addition, the contribution will also discuss PUCCH design in 2-symbols duration for small to medium payload sizes.
2 Discussion
2.1 Low PAPR Design with FDM scheme
Compared to the CDM scheme (UCI and RS multiplexed in CDM manner) mentioned in [2], the supported UCI payload sizes of FDM scheme is more flexible. For the small to medium UCI payload size, such as period CSI reporting, FDM scheme is a better choice. A straightforward FDM scheme is that UCI and RS are multiplexed in one symbol with different ratio of RS and UCI, which is shown in Figure 1.
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Figure 1. FDM scheme without low PAPR 

But obviously, the single carrier property is broken in this transmission scheme, which makes low PAPR cannot be kept. And this can be verified by the following simulation results: the PAPR of FDM scheme without low PAPR is compared to the scheme of single channel with DFT-S-OFDM
, which is shown in Table 1. From the simulation results, it can be found that the loss of FDM scheme without low PAPR is about 1.6dB.  The detailed simulation assumptions can be found in the appendix Table 3.
Table 1. PAPR comparison of FDM scheme without low PAPR & single channel with DFT-S-OFDM
	
	single channel with DFT-S-OFDM
	FDM scheme without low PAPR

	PAPR
	7 dB
	8.6 dB


Low PAPR optimization of FDM scheme in one OFDM symbol may be challenging, but it is also attractive since the coverage of one symbol PUCCH can be enhanced to the best. In order to achieve this purpose, the following transmission scheme could be considered. 

Firstly, RS sequence and UCI should both keep low PAPR property: Zadoff-Chu sequences or computer generated sequences can be considered for RS sequence and DFT-S-OFDM transmission scheme or low PAPR sequence(s) are used for UCI. Then, multiplexed RS signal and UCI signal streams are separately mapped to multiple orthogonal frequency resources. In addition, in order to ensure TDM in time domain, repetition and phase rotation in frequency domain is implemented.
An example is shown in Figure 2(a) & 2(b), wherein sequence {qr}r=1,2,…,2K of the first multiplexed signal stream is constructed by the cyclically repetition of a K-length base sequence {ci}i=1,2,…,K. While for sequence {pr}r=1,2,…,2K of the second multiplexed signal stream. Besides, a cyclically repetition of a K-length base sequence {di}i=1,2,…,K, an additional phase rotation term (
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) is further imposed to each element, which is shown in Figure 2(b). 
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Figure 2. An illustration of comb like frequency division with repetition and phase rotation

After IFFT transformation, cyclical repetition will make signal stream 1&2 are both transformed into comb signal in time domain, then phase rotation on signal stream 2 will make signal stream 1&2 are interlaced with each other in time domain as shown in Figure 3. 
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Figure 3. Time domain signals of FDM scheme with low PAPR

Considering that each signal stream can keep low PAPR property, thereby, the interleaved transmission of multiple signal streams can still guarantee the low PAPR property. The performance evaluation of this FDM scheme with low PAPR is given in Table 2. From the simulation results, it can be seen that the PAPR of FDM scheme with low PAPR is better than the FDM scheme without low PAPR, and is similar to the PAPR of single channel with DFT-S-OFDM. The detailed simulation assumptions can be found in the appendix Table 3.
Table 2. PAPR comparison of single channel with DFT-S-OFDM, FDM scheme with & without low PAPR
	
	single channel
with DFT-S-OFDM
	FDM scheme
with low PAPR
	FDM scheme
without low PAPR

	PAPR
	7 dB
	7 dB
	8.6 dB


In addition, if different ratio of UCI and RS (e.g. 20%, 30%, 50%) need to be implemented, there is a possible solution: while the total transmission power of one OFDM symbol is not changed, power boosting on the UCI subcarriers can also achieve the same effect.

By the way, frequency diversity is also supported by the proposed FDM scheme: the original block and the repetition block can be mapped into two distributed frequency region respectively. When receiver demodulates the signals, the receiver can process channel estimation and frequency domain equalization (FDE) on each block independently. But, if the frequency diversity with distributed transmission is enabled, low PAPR performance will be degraded a bit. 
Based on the above discussions of FDM scheme with low PAPR, we have the following proposal:   

Proposal 1: Multiplexing of short duration UCI and its associated DMRS in one symbol should support low PAPR design.
Proposal 2: Through frequency repetition and phase rotation keeping low PAPR property of FDM scheme in one symbol PUCCH should be supported.
2.2 Low PAPR Design with Pre-DFT scheme
In the last meeting, Pre-DFT multiplexing of reference signal and data in one OFDM symbol with DFT-S-OFDM is proposed, which is used to keep the low PAPR property of 1-symbol PUCCH. As shown in Figure 4, UCI and RS are TDM in time domain. Going through N point DFT, M point extension and M point IFFT, the transmission signals will still keep the low PAPR in time domain.
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Figure 4. Pre-DFT multiplexing scheme

But, when receiver (gNB) completes signals reception and starts to demodulate the UCI information, an issue of channel estimation will come out: since the transmission signals will go through the multipath fading channel, the RS part of reception signals will be interfered by UCI part, which leads to an inaccurate channel estimation. By the previous analysis, although pre-DFT multiplexing scheme can keep the low PAPR property in one OFDM symbol, how to avoid interference on channel estimation needs to be studied. In addition, it should be noted that this transmission scheme is not consistent with the agreement of UCI and RS multiplexed in the given OFDM symbol in FDM manner, certainly it is not precluded also. However, the question is whether two different solutions for one-symbol PUCCH are needed especially taking potential standard efforts into account. 
Observation 1: Although pre-DFT multiplexing scheme can keep the low PAPR property in one OFDM symbol, how to avoid interference on channel estimation need to be studied.
2.3 2-symbols duration PUCCH with small to medium payload sizes  

Based on the agreement in the last meeting, a PUCCH in short-duration spanning 2-symbols duration of a slot was supported. For the design of PUCCH in 2-symbols duration, at least the following principles should be considered:
· Keep low PAPR property; 
· Support frequency diversity.
By these two principles, for small to medium payload sizes, reusing the FDM scheme of 1-symbol PUCCH structure should be considered. As shown in Figure 5(a), based on this structure reusing the above solution, frequency hopping in two symbols can be supported to get the frequency diversity gain. Or, if the gNB want to enhance the multiplexing capability among different UEs, disabling frequency hopping and enabling orthogonal code on each symbol can double the multiplexing capability, which is shown in Figure 5(b).

Another possible scheme is UCI and RS are multiplexed in TDM manner. But the drawback of this TDM scheme is obvious: it cannot support frequency hopping in these two adjacent OFDM symbols. So, when transmit UCI for small to medium payload sizes, we think 2-symbols duration PUCCH reusing FDM scheme of 1-symbol PUCCH structure supplies the sufficient flexibility between coverage enhancement and multiplexing ability, thus it should be supported.

Proposal 3: For 2-symbol PUCCH with small to medium payload sizes, reusing structure of FDM scheme of 1-symbol PUCCH should be supported.
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Figure 5. 2-symbol duration PUCCH reuse FDM scheme of 1-symbol PUCCH structure

3 Conclusion
In this contribution, one OFDM symbol PUCCH design is given. Based on above discussions, following observations and proposals are given. 
Observation 1: Although pre-DFT multiplexing scheme can keep the low PAPR property in one OFDM symbol, how to avoid interference on channel estimation need to be studied.
Proposal 1: Multiplexing of short duration UCI and its associated DMRS in one symbol should support low PAPR design.
Proposal 2: Through frequency repetition and phase rotation keeping low PAPR property of FDM scheme in one symbol PUCCH should be supported.
Proposal 3: For 2-symbol PUCCH with small to medium payload sizes, reusing structure of FDM scheme of 1-symbol PUCCH should be supported.
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Appendix
Table 3. Simulation parameters

	Parameter
	Value

	Scheme
	Single channel with DFT-S-OFDM
	FDM scheme without low PAPR
	FDM scheme with PAPR

	FFT size
	2048
	2048
	2048

	System bandwidth
	20MHz
	20MHz
	20MHz

	Subcarrier number
	12 REs
	12 REs
	48 REs

	Modulate scheme
	QPSK
	QPSK
	QPSK

	Iteration number
	100000
	100000
	100000


� This transmission scheme means UCI is modulated into one OFDM symbol with DFT-S-OFDM waveform
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