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1 Introduction

From email discussion in RAN1 #90bis, the following were agreed [1]: 
Agreements:
Table 1: Parameters configured in PUCCH resource sets and their value ranges 
	 
	PUCCH
Format 1
	PUCCH
Format 3
	PUCCH
Format 4

	Number of symbols in a slot
	Configurability
	√
	√
	√

	
	Value range
	4 – 14

(FFS: special values for implicit derivation)
	4 – 14

(FFS: special values for implicit derivation)
	4 – 14

(FFS: special values for implicit derivation)

	Number of PRBs
	Configurability
	N.A.
	√
	N.A.

	
	Value range
	N.A.

(Default is 1)
	1 - 6, 8 - 10, 12, 15, 16
	N.A.

(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√

	
	Value range
	On/Off
	On/Off
	On/Off


 
This contribution discusses how many RBs are needed for guaranteeing a required SINR at a given number  of long PUCCH symbols in a slot, especially for PUCCH format 3.

It is noted that this contribution is revised from [2].
2 Performance Evaluation
Evaluation assumptions
· TDL-C channel model with different RMS delay spread, e.g., 30ns, 300ns, and 1000ns is considered.

· UCI payload size: 100, 200, and 300 bits.
· The number of symbols (L) is assumed to 4, 7 and 14 including DMRS symbols. DMRS is located in the middle of frequency hop as shown in Figure 1.
· In a given number of symbols, the number of RBs (N) can be variable, e.g., N ∈{1, 2, 4, 8, 16}.
· Frequency hopping is not applied.

· Target BLER is assumed to 1% and other evaluation parameters are shown in Appendix A.
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Figure 1: An illustration of PUCCH format 3 where L ∈ {4, 7, 14} and N ∈{1, 2, 4, 8, 16}
Evaluation results
Figure 2 shows the required SINR of PUCCH format 3 at 1% target BLER depending on different amount of resources for the TDL-C with 30ns and 300ns RMS delay spread. Blue colors are the results of 100bits UCI payload size, red colors are the results of 200bits UCI payload size, and green colors are the results of 300 bits UCI payload size. Each of them includes L = 4 (round), 7 (triangular), and 14 (square). Assuming that the required SINR is 4dB and UCI payload size is 100bits, 4RBs for L= 14, more than 6RBs for L = 7, and more than 10RBs for L = 4 are required (blue lines). Similar observations can apply for the channel with 300ns and 1000ns, except for less time/frequency resources are required as compared to 30ns RMS delay spread due to more frequency selectivity gain. The results for 1000ns are shown in Appendix B.
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(a) 30 ns RMS delay spread                                               (b) 300 ns RMS delay spread
Figure 2: Required SINRs for PUCCH format 3
Observation: In order to guarantee a target requirement at a given UCI payload size, the number of RBs for long PUCCH needs to be increased if a slot has smaller number of symbols.
3 Conclusion
This contribution has discussed how many number of RBs are needed for guaranteeing a required SINR at a given number of long PUCCH symbols in a slot and we have observed the following:

Observation: In order to guarantee the target requirement at a given UCI payload size, the number of RBs for long PUCCH needs to be increased if a slot has smaller number of symbols.
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Appendix A: Evaluation Parameters
	Parameters
	Values

	PUCCH resources
	Variable number of RBs (N): 1, 2, 4, 8, and 16
Variable number of symbols (L): 4, 7, and 14

	UCI payload size
	100, 200, and 300 bits 

	Channel coding
	TBCC, rate = 1/3

	Modulation
	QPSK

	DMRS
	DMRS is located in the middle of frequency-hop

	Channel estimation
	MMSE

	FFT size
	2048

	CP length
	144∙TS 

	Antenna Configuration
	1 Tx – 2 Rx (MRC)


Appendix B
The BLERs for the TDL-C with 1000ns RMS delay spread are provided.
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Figure 3: Required SINRs for PUCCH format 3: 1000 ns RMS delay spread
Table 1 shows effective coding rates for PUCCH format 3 when different numbers of symbols and of RBs are considered. Some coding rates marked with red color cannot be supported because it is not practical (very high coding rate).

Table 1: Coding rate of PUCCH format 3 with 100, 200, and 300 bits of UCI payload
	Number of RBs
(N)
	Number of UCI symbols 
(L – 2)
	Coding rate

	
	
	100 bits
	200 bits
	300 bits

	1
	2
	2.0833
	4.1667
	6.25

	
	5
	0.8333
	1.6667
	2.5

	
	12
	0.3472
	0.6944
	1.0417

	2
	2
	1.0417
	2.0833
	3.125

	
	5
	0.4167
	0.8333
	1.25

	
	12
	0.1736
	0.3472
	0.5208

	4
	2
	0.5208
	1.0417
	1.5625

	
	5
	0.2083
	0.4167
	0.625

	
	12
	0.0868
	0.1736
	0.2604

	8
	2
	0.2604
	0.5208
	0.7813

	
	5
	0.1042
	0.2083
	0.3125

	
	12
	0.0434
	0.0868
	0.1302

	16
	2
	0.1302
	0.2604
	0.3906

	
	5
	0.0521
	0.1042
	0.1563

	
	12
	0.0217
	0.0434
	0.0651
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