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1 Introduction

In RAN1#90, the following were agreed as a working assumption [1]: 

Working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· DMRS REs are evenly distributed within a PRB

· FFS: Shifted mapping

In RAN1 NR Ad-hoc#3 [2], the above working assumption was confirmed as the agreement and it was agreed further that DMRS REs are mapped on #1, #4, #7, #10 REs for a given RB. However, whether or not DMRS shift in frequency domain is supported in NR is still FFS. This contribution discusses remaining design aspects on 1-symbol PUCCH for UCI of more than 2 bits (referred to as PUCCH format 1).
2 Remaining Design Aspects
DMRS shift
LTE downlink supports a frequency shift of CRS to avoid the interference from neighboring cells. This interference avoidance in LTE was essential because LTE CRS has to be always transmitted across the entire system bandwidth. Unlike LTE CRS, however, it is rare that a same PUCCH format transmitted in the same resource is collided with ones transmitted from neighboring cells because PUCCH is not always transmitted. So, the benefit of a frequency shift for PUCCH DMRS is not obvious at the cost of implementation complexity and more test cases.

Proposal 1: DMRS shifted mapping is not supported for PUCCH format 1.
Number of PRBs for transmission of PUCCH format 1 
It was agreed in RAN1#90 that the number of PRBs for PUCCH format 1 is configurable. Remaining issue is how many PRBs are needed and the decision on this should be made considering that sufficiently low coding rate should be guaranteed depending on different UCI payload size while keeping reasonable signaling overhead. Based on the results shown in the Appendix, 6 dB can be the required SINR of PUCCH format 1. 
Proposal 2: For PUCCH format 1, the candidates of configurable PRBs are the following:
· For 1 bit ≤ UCI payload size ≤ 3 bits, 1 PRB
· For 4 bits ≤ UCI payload size ≤ 8 bits, 2 PRBs

· For 9 bits ≤ UCI payload size ≤ 16 bits, 4 PRBs

· For 17 bits ≤ UCI payload size ≤ X bits, 8 PRBs where X is FFS.
SR transmission on short PUCCH of UCI with more than 2 bits

It was agreed that 1-symbol PUCCH format 0 can transmit SR only, HARQ-ACK only or both HARQ-ACK and SR. Similar to LTE, 1-bit explicit SR can be multiplexed with other types of UCIs, e.g., ‘1’ is a positive SR and ‘0’ is a negative SR, for 1-symbol PUCCH format 1.

Proposal 3: For PUCCH format 1, 1-bit explicit SR is multiplexed with other UCIs.
3 Conclusion
This contribution has discussed remaining design aspects on 1-symbol PUCCH for UCI of more than 2 bits (PUCCH format 1) and we have proposed the following:
Proposal 1: DMRS shifted mapping is not supported for PUCCH format 1.
Proposal 2: For PUCCH format 1, the candidates of configurable PRBs are the following:

· For 1 bit ≤ UCI payload size ≤ 3 bits, 1 PRB
· For 4 bits ≤ UCI payload size ≤ 8 bits, 2 PRBs

· For 9 bits ≤ UCI payload size ≤ 16 bits, 4 PRBs

· For 17 bits ≤ UCI payload size ≤ X bits, 8 PRBs where X is FFS.
Proposal 3: For PUCCH format 1, 1-bit explicit SR is multiplexed with other UCIs.

Also, we have discussed the required SINRs for PUCCH format 1 and we have observed the following:
Observation: Assuming that 6 dB is the required SINR of PUCCH format 1, 2 PRBs for UCI of 4 and 8 bits, 4 PRBs for UCI of 12 and 16 bits, and 8 PRBs for UCI of 20, 24 and 28 bits are required.  
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Appendix: Evaluation on Number of PRBs

This section provides the required SNR at target BLER 1% for PUCCH format 1 depending on different numbers of RBs, using TDL-C channel model with different RMS delay spread, e.g., 30ns and 300ns.

Evaluation assumptions

4, 8, 12, 16, 20, 24, and 28 bits of UCI payload size are assumed. For the cases of 4 and 8 bits, LTE Reed Muller code is used and for the remaining cases, TBCC is used. DMRS REs are evenly distributed within a PRB. Other evaluation parameters are same as ones of Table 1 in the end of the Appendix.

Evaluation results

Figure 1 shows the required SINR at target BLER 1% for various number of PRBs. Assuming that 6 dB is the required SINR of PUCCH format 1, it is observed that for the cases of 4 and 8 bits, 2 PRBs are needed and for 12 and 16 bits, 4 PRBs are required. For the remaining cases, 8 PRBs are needed.
Observation: Assuming that 6 dB is the required SINR of PUCCH format 1, 2 PRBs for UCI of 4 and 8 bits, 4 PRBs for UCI of 12 and 16 bits, and 8 PRBs for UCI of 20, 24 and 28 bits are required.  
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(a) 30 ns RMS delay spread                                              (b) 300 ns RMS delay spread

Figure 1: Required SNR depending on different numbers of RBs
Table 1: Effective coding rates depending on different number of PRBs and UCI payload size

	PRBs
	UCI payload size [bits]: 3 – 11

	
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	0.1875
	0.25
	0.3125
	0.375
	0.4375
	0.5
	0.5625
	0.625
	0.6875

	2
	0.0938
	0.125
	0.1563
	0.1875
	0.2188
	0.25
	0.2813
	0.3125
	0.3438

	4
	0.0469
	0.0625
	0.0781
	0.0938
	0.1094
	0.125
	0.1406
	0.1563
	0.1719

	8
	0.0234
	0.0312
	0.0391
	0.0469
	0.0547
	0.0625
	0.0703
	0.0781
	0.0859


	PRBs
	UCI payload size [bits] 12 – 20

	
	12
	13
	14
	15
	16
	17
	18
	19
	20

	1
	0.75
	0.8125
	0.875
	0.9375
	1
	1.0625
	1.125
	1.1875
	1.25

	2
	0.375
	0.4063
	0.4375
	0.4688
	0.5
	0.5313
	0.5625
	0.5938
	0.625

	4
	0.1875
	0.2031
	0.2188
	0.2344
	0.25
	0.2656
	0.2813
	0.2969
	0.3125

	8
	0.0938
	0.1016
	0.1094
	0.1172
	0.125
	0.1328
	0.1406
	0.1484
	0.1563


	PRBs
	UCI payload size [bits]: 21 – 29

	
	21
	22
	23
	24
	25
	26
	27
	28
	29

	1
	1.3125
	1.375
	1.4375
	1.5
	1.5625
	1.625
	1.6875
	1.75
	1.8125

	2
	0.6563
	0.6875
	0.7188
	0.75
	0.7813
	0.8125
	0.8438
	0.875
	0.9063

	4
	0.3281
	0.3438
	0.3594
	0.375
	0.3906
	0.4063
	0.4219
	0.4375
	0.4531

	8
	0.1641
	0.1719
	0.1797
	0.1875
	0.1953
	0.2031
	0.2109
	0.2188
	0.2266
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