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1 Introduction

In 3GPP RAN1 NR #88bis meeting [1], uplink control channel design was discussed and the followings were agreed:
· 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 demodulations are supported.

· FFS: Details on RS

· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:

· QPSK for UCI

· X1 to X2 PRBs can be configured to support various UCI payload sizes

· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 

· FFS: detailed PRB allocations and signaling of the configuration

· FFS: values of X1, X2

· DMRS overhead: down-select among the following options:

· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)

· Option 2: multiple values depending on, e.g. UCI payload size etc.
Based on the agreements, this contribution will discuss the design details of 1-symbol PUCCH for more than 2bits with FDM scheme. Firstly, the potential structure based on FDM scheme is analyzed. Then, based on simulation results, analysis of DMRS overhead will be given.
2 Discussion
2.1 Structure of FDM manner
For the structure of FDM manner, the detailed design should consider the DMRS overhead, occupied resource in frequency domain and mapping manner. 
For the DMRS overhead, potential candidates include 1/2, 1/3, 1/4 and 1/6, which is shown in Figure 1. Although high DMRS overhead will show better performance in channel estimation, it will also limit the gain of channel coding. The suitable value of DMRS overhead will balance the trade-off between these two things.
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               Figure 1. The candidates of DMRS overhead in one PRB

By these structures within one PRB, 1-symbol PUCCH can also extend to multiple PRBs in frequency domain with localized manner or distributed manner. For localized manner, 1-symbol PUCCH is mapped onto several contiguous PRBs, the contiguous PRBs is side by side, in the simulation, the localization of contiguous is the edge of bandwidth, which is shown in Figure 2. In case of distributed manner, the 1-symbol PUCH is separated into several parts, and each part is non-contiguous with few numbers of PRBs, which is shown in Figure 3. 
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Figure 2. The candidates of localized manner
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Figure 3. The candidates of distributed manner 

2.1.1 Link Level evaluation and comparison
According to the proposed structures, we will compare the performance with different DMRS overhead and frequency resources. The simulation assumptions can be found in Table 1 in the Appendix.
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(a) 2 PRBs with localized mapping                              (b) 2 PRBs with distributed mapping
Figure 4. The simulation results of 2PRB for different DMRS overhead
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                         (a) 4 PRBs with localized mapping                               (b) 4 PRBs with distributed mapping
Figure 5. The simulation results of 4PRB for different DMRS overhead

As shown in Figure 4 and Figure 5, regardless of mapping manner (localized and distributed) or frequency resource (2 PRBs or 4 PRBs), 1/3 DMRS overhead (black curve) with different UCI payload sizes (8bits and 12bits) outperform 1/2 & 1/6 DMRS overhead obviously, while compared to 1/4 DMRS overhead, 1/3 DMRS overhead showed the little gain only. In addition, to get the better performance of SFBC on distributed manner, each PRB should include even number of DMRS. Since the 1/3 DMRS overhead scheme includes 4 DMRSs in one PRB, while 1/4 DMRS overhead scheme includes 3 DMRSs in one PRB, 1/3 DMRS overhead should be applied for more than 2 bits case. So, the following proposal is given:
Proposal 1: 1-symbol PUCCH with more than 2 bits, 1/3 DMRS overhead should be applied.

Proposal2：Two DMRS groups (e.g. First group with 3th and 4th REs; Second group with 9th and 10th REs) are uniformly distributed over the whole RB.
3 Conclusion
Based on above discussions, the following proposal is given. 
Proposal 1: 1-symbol PUCCH with more than 2 bits, 1/3 DMRS overhead should be applied.

Proposal2：Two DMRS groups (e.g. First group with 3th and 4th REs; Second group with 9th and 10th REs) are uniformly distributed over the whole RB.
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Appendix
Table 1．Simulation Parameters 
	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	FFT size
	2048

	Number of subcarriers per PRB
	12

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Channel model
	TDL_C （300ns）

	Channel estimation
	ML

	Channel coding
	3~11bits RM code

>11bits Polar code

	UE velocity
	3 km/h

	Modulation
	QPSK

	DMRS overhead
	1/2 1/3 1/4 1/6

	TTI
	50000
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