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1 Introduction

In 3GPP RAN1 #88bis meeting [1], the following agreements were made for 1-symbol PUCCH design:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR
In 3GPP RAN1 #89 meeting [2], the following agreements were made for 1-symbol PUCCH design:
· All proponents are recommended to have evaluations for 1-symbol NR-PUCCH until the next meeting

· Simulation assumptions for 1-symbol NR-PUCCH with 1 or 2 bit(s) UCI payload

· System bandwidth = 20Mhz

· Subcarrier spacing =  {15Khz, 60Khz}

· TDL-A or TDL-C channel with delay spread = {30nS, 300nS, 1000nS}

· # UE Tx =1, # eNB Rx =2

· # UCI bits = {1,2}

· Number of RB = {1 RB, 2 contiguous RBs, 2 dis-contiguous RBs} 

· Carrier frequency = 4Ghz

· Number of UEs = {1}

· For option 1: evaluate both UCI based on repetition coding and UCI with modulated sequence.  

· Practical channel estimation and ideal noise estimation

· Note: design target for 1-symbol PUCCH with 1 or 2 bits is a separate discussion.
· Design of 1-symbol short-PUCCH for UCI of 1 or 2 bits should consider tradeoff among PAPR, A-to-N, N-to-A, and DTX-to-ACK performances, and UE multiplexing capacity.
In this contribution, we will provide the performance evaluation of option 1 and option 4.
2 Discussion
Based on the agreements of 3GPP RAN1#89 meeting, the design for 1-symbol for up to 2 bits UCI should consider the trade-off among PAPR, A-to-N, N-to-A, and DTX-to-ACK performances, and UE multiplexing capacity. 
2.1 1 bit UCI for one RB
When we choose the same receiver algorithm, the performance of 1-symbol PUCCH for 1 bit UCI between option 1 and option 4 is exactly same since option 1 and option 4 are the same transmission scheme based on the analysis in [3], the simulation results are shown in Figure 1 and Figure 2. The simulation parameters are shown at Table 1 and Table 2 of the appendix. The performance for cases of 30ns delay spread are in Figure A1 and Figure A2 of the appendix. (The variation of NACK to ACK rate is due to relatively small number of slots in our simulation)
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Figure 1. The performance of 15 KHz SCS with one PRB
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Figure 2. The performance of 60 KHz SCS with one PRB
Observation 1: the performance of 1-symbol PUCCH with 1 bit UCI for option 1 and option 4 is same.
2.2 2 bits UCI for one RB with one UE 
2 bits UCI for 15 KHz SCS with 1PRB, the simulation results are shown in Figure 3. The performance of option 4 has less than 1dB gain compared with option 1 for one UE case although a single UE in a RB is not a conventional scenario.
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Figure3. The performance of 15 KHz SCS with 1PRB
Observation 2: for 15 KHz SCS for 2 bits UCI, the performance of option 4 has less than 1dB gain compared with option 1 for the case of single UE.
For 2 bits UCI for 60 KHz SCS with 1PRB, the simulation result is shown in Figure 4. The option 4 has better performance than option 1 in TDL-C 300ns for only one UE; however option 4 has worse performance when delay spread is 1000ns.  
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Figure4. The performance of 60 KHz SCS with one PRB 
Observation 3: for 60 KHz SCS for two UCI bits with 1000ns delay spread, option 4 has worse performance than option 1 for the case of single UE.

2.3 2 bits UCI for one RB with more than one UE 

Considering the overhead reduction of 1-symbol PUCCH up to 2 bits, UE multiplexing capacity is important for the performance analysis. This section will give the performance evaluation of more than one UE.
In case of more than one UE, DTX detection algorithm needs the noise/interference estimation to determine the value of the threshold. The noise/interference estimation should reflect the remaining interference after dispreading with orthogonal sequence from inter-UEs of intra-cell. The normal mean and variance algorithm is used for noise/interference estimation based on 4 signals from dispreading with 4 orthogonal sequences of length 3 per one PUCCH symbol. IDEAL channel estimation is assumed in the noise/interference estimation algorithm and an alpha filter is used to average the estimation value finally, the alpha value is 0.25. A relative threshold is given for all SNR cases to get the final threshold. 

We consider the 30KHz and 60KHz SCS which is conventionally used for short duration transmission scheme. For 2 bits UCI for 30 KHz SCS with 1PRB, the simulation result is shown in Figure 5. We can notice that the rates of DTX to ACK and ACK missing of option 4 are the bottleneck of the performance.
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Figure5. The performance of 30 KHz SCS 
Observation 4: for 30KHz SCS with 300ns delay spread, the performance of option 4 for two bits is worse than option 1 for the case of three UEs.
For 2 bits UCI for 60 KHz SCS, the simulation result is shown in Figure 6. We also noticed that the rates of DTX to ACK and ACK missing of option 4 are the bottleneck of the performance.
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Figure6. The performance of 60 KHz SCS 
Observation 5: for 60 KHz SCS with 150ns delay spread, the performance of option 4 for two bits is worse than option 1 for the case of three UEs .

2.4 Up to 2 bits UCI for two RBs

For one UCI bit for 15 KHz SCS with two PRBs, the simulation results are shown in Figure 7 and Figure 8. The aim is to compare the difference of performance between one PRB and two PRBs. As shown in Figure 7, the performance of two contiguous PRBs is about 3 dB better than 15KHz SCS with one PRB in term of SNR per RE, because the total transmitted power is increased 3 dB. Therefore the performance of 1 bit UCI for 15 KHz SCS with 2 contiguous PRBs is same as the performance of 1 bit UCI for 15 KHz SCS with 1 PRB in term of Eb/N0. As shown in Figure 8, the performance of 15 KHz SCS with two non-contiguous RBs is about 2dB better than the performance of 15 KHz SCS with two contiguous PRBs. Other cases are shown in Figure A3, A4 of the appendix. 
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Figure 7. The performance of 15 KHz SCS with two contiguous PRBs

[image: image13.png]BLER

' TDL-C 300ns 1hit 1UE

=8 option 1: ACKimiss
= option 1: NACKIoACK
== option 1: DTXt0ACK
—&— option 4: ACKimiss
*| —E— option 4: NACKtoACK
4: DTXtoACK

SNR



 [image: image14.png]BLER

" TDL-C 1000ns 1bit TUE

=8 option 1: ACKmiss
= option 1: NACKIoACK
== option 1: DTX0ACK
—E— aption 4: ACKmiss
*| —E— option 4: NACKtoACK
—E— option 4: DTX0ACK

SNR




Figure 8. The performance of 15 KHz SCS with two non-contiguous PRBs

Observation 6: for 1-symbol PUCCH with 1 bit UCI, the performance of two contiguous PRBs has no additional gain compared with one PRB per Eb/N0, the performance of two non-contiguous PRBs acquires the gain of transmission diversity.

3 Conclusion
For 1 symbol short PUCCH with up to 2 bits UCI, we have the following observations based on the simulation results.
Observation 1: the performance of 1-symbol PUCCH with 1 bit UCI for option 1 and option 4 is same.
Observation 2: for 15 KHz SCS for 2 bits UCI, the performance of option 4 has less than 1dB gain compared with option 1 for the case of single UE.
Observation 3: for 60 KHz SCS for two UCI bits with 1000ns delay spread, option 4 has worse performance than option 1 for the case of single UE.
Observation 4: for 30KHz SCS with 300ns delay spread, the performance of option 4 for two bits is worse than option 1 for the case of three UEs.
Observation 5: for 60 KHz SCS with 150ns delay spread, the performance of option 4 for two bits is worse than option 1 for the case of three UEs .

Observation 6: for 1-symbol PUCCH with 1 bit UCI, the performance of two contiguous PRBs has no additional gain compared with one PRB per Eb/N0, the performance of two non-contiguous PRBs acquires the gain of transmission diversity.
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Appendix
Table 1. Simulation assumption
	Parameters
	Value

	BW
	20MHz

	SCS
	15KHz, 30KHz, 60KHz

	UE speed
	3 km/h

	Channel model
	TDL_C
{30ns 300ns 1000ns}

	Numbers of UEs
	{1  2  3}

	Number of RB
	1PRB, 2 contiguous PRBs, 2non-contigouoous PRBs

	Payload size
	1 or 2

	Tx * Rx
	1*2

	Performance metric
	NACK-to-ACK error probability ≤ 0.1%

ACK-miss detection probability ≤ 1%

DTX-to-ACK probability ≤ 1%


Table 2. PUCCH resource given by the cyclic shift of the sequence used in option 4 or option 1 of 1-symbol PUCCH spanning over 1PRB or 2PRBs
	PUCCH format
	Number of ACK/NACK bits
	Number of users
	PUCCH resource given by Cyclic shift

	Option 4
	1-bit ACK/NACK
	1
	[0,6] (1PRB)
[0,12] (2PRBs)

	
	
	2
	[0,6] [2,8] (1PRB)
[0,12] [4,16] (2PRBs)

	
	
	3
	[0,6], [2,8], [4,10] (1PRB)
[0,12] [4,16] [8,20] (2PRBs)

	
	2-bits ACK/NACK
	1
	[0,3, 6, 9] (1PRB)
[0, 6,12,18] (2PRB)

	
	
	2
	[0,3, 6, 9], [1,4,7,10] (1PRB)
[0, 6,12,18] [2,8,14,20] (2PRB)

	
	
	3
	[0,3, 6, 9], [1,4,7,10], [2,5,8,11] (1PRB)
[0, 6,12,18] [2,8,14,20] [4,10,16,22](2PRB)

	Option 1
	1 or 2
	1
	[0] 

	
	
	2
	[0,3] (1 PRB)
[0,6]  (2 PRB)

	
	
	3
	[0,2,4]  (1PRB)
[0,4,8]  (2PRB)
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Figure A1. The performance of 15 KHz SCS with 1PRB
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        Figure A2. The performance of 60 KHz SCS with 1PRB
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Figure A3. The performance of 15 KHz SCS with two non-contiguous PRBs
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FigureA4. The performance of 15 KHz SCS with 2 contiguous PRB
