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1 Introduction

In RAN1#90, the following were agreed [1]: 
Agreements:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· The number of PRBs that can be used for a PUCCH is configurable.

· Support contiguous and non-contiguous PRB allocation.

· If prioritization is necessary, contiguous PRB allocation is prioritized.

· The number of DM-RS REs per PRB is 4.

· DM-RS REs are at the fixed positions within a PRB.

· The sequences used for DM-RS are one of the following:

· Option 1: PN sequences as for PUSCH

· Option 2: LTE computer-generated/ZC sequence

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

This contribution is revised from [2] and 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 pattern

DMRS pattern design will be affected by several aspects such as the number of antenna ports, whether or not to support UE multiplexing on the same PRBs, and so on. 
Transmit antenna diversity (TxD) can be taken into account for PUCCH format 1 to improve the robustness of the short PUCCH transmission against multipath fading. It is shown in [3] that precoder cycling (PC) with single antenna port can achieve a spatial diversity sufficiently and it can be a good candidate as TxD for PUCCH format 1. So, supporting multiple antenna ports is not necessary for short PUCCH. In addition, our evaluation results in the Appendix A show that BLER performance of SFBC is not affected by DMRS pattern.

On the other hand, UE multiplexing on same PRBs will be limited or be infeasible in practice for short PUCCH with more than 2 bits. So, it would be desirable to not support UE multiplexing on the same PRBs for short PUCCH format 1. This implies that a frequency domain OCC is not needed. In this regard, it is optimal that DMRS subcarriers are equally distributed within the PRBs allocated for the short PUCCH.
Proposal 1: Confirm the working assumption, e.g., for PUCCH format 1, DMRS REs are evenly distributed within a RB.
DMRS sequence
It was agreed in RAN1 NR Ad-hoc#2 that both in DL and UL DMRS for CP-OFDM, only PN sequence is supported. Even if this agreement is intended for data channel, there is no reason to use other sequences like LTE CGS/ZC sequences rather than PN sequence. The intention of the proponents supporting LTE CGS/ZC sequences was to allow multiplexing of PUCCH format 1 and other PUCCH formats using LTE CGS/ZC sequences such as short PUCCH for UCI of 1 or 2 bits, DMRS of long PUCCH, and DMRS of PUSCH with DFT-S-OFDM. PUCCH format 1 supports reduced UL coverage because 1-symbol is used. If multiplexing of PUCCH format 1 with other PUCCH formats or PUSCH is allowed, then UL coverage of PUCCH format 1 is more reduced and it is not desirable.
Proposal 2: For PUCCH format 1, PN sequences as for PUSCH is supported only.

PRB allocation 
It was already agreed to support both contiguous and non-contiguous PRB allocations for PUCCH format 1 but we prefer to prioritize standardization of contiguous PRB allocation over one of non-contiguous PRB allocation. The reasons are the following: Firstly, IMD caused by non-contiguous PRB allocation, e.g., 9dB back-off at the worst case can be more critical than frequency diversity gain, e.g., 3dB that can be obtained from non-contiguous PRB allocation. So, it is doubtful how much actual gain can be obtained from non-contiguous PRB allocation. Secondly, there are many remaining issues on control channel design (e.g., long PUCCH structure) and UCI transmission (e.g., UCI piggyback on PUSCH). Non-contiguous PRB allocation is a kind of alternative scheme which is not essential to be standardized and more standardization efforts will be required for optimizing non-contiguous PRB allocation including an inter-leaver design.

Proposal 3: For PUCCH format 1, standardization of contiguous PRB allocation is prioritized over one of non-contiguous PRB allocation.

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 Appendix B, 6 dB can be the required SINR of PUCCH format 1. 
Proposal 4: For PUCCH format 1, 6 dB is the required SINR and 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 5: 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 and we have proposed the following:
Proposal 1: Confirm the working assumption, e.g., for PUCCH format 1, DMRS REs are evenly distributed within a RB.

Proposal 2: For PUCCH format 1, PN sequences as for PUSCH is supported only.

Proposal 3: For PUCCH format 1, standardization of contiguous PRB allocation is prioritized over one of non-contiguous PRB allocation.

Proposal 4: For PUCCH format 1, 6 dB is the required SINR and 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 5: For PUCCH format 1, 1-bit explicit SR is multiplexed with other UCIs.

Also, we have discussed the BLERs of 1-symbol NR-PUCCH for UCI of more than 2 bits and we have observed the following:
Observation 1: No material performance gap is identified for different DMRS patterns.

Observation 2: 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 A: Evaluation on DMRS pattern
This section provides the BLER of PUCCH format 1 depending on different DMRS patterns using TDL-C channel model with different RMS delay spread, e.g., 30ns and 300ns.

Evaluation assumptions
Three DMRS patterns are evaluated as the following:

· DMRS pattern 1: RE#1 and RE#7 are used for antenna port 1, and RE#4 and RE#10 are used for antenna port 2 as shown in Figure 1(a).
· DMRS pattern 2: RE#2 and RE#8 are used for antenna port 1, and RE#3 and RE#9 are used for antenna port 2 as shown in Figure 1(b).

· DMRS pattern 3: DMRS pattern is similar to DMRS pattern 2 but different from DMRS pattern 2, each antenna port uses all of 4 REs with half-power compared to each antenna port of DMRS patterns 1 and 2.
[image: image1.emf]
(a) DMRS pattern 1            (b) DMRS pattern 2

Figure 1: Different DMRS patterns
Contiguous 4-RB with 20 bits of UCI payload size is assumed. Other evaluation parameters are shown in the end of the Appendix A.

Evaluation results

Figure 2 compares the BLER of each DMRS option. It is observed from Figure 1 that no material performance gap is identified. 

Observation 1: No material performance gap is identified for different DMRS patterns.
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(a) 30 ns RMS delay spread                                              (b) 300 ns RMS delay spread

Figure 2: BLER performance for different DMRS patterns
Table 1: Evaluation parameters

	Parameters
	Values

	PUCCH resources
	Contiguous 4 RBs

	UCI payload size
	20 bits

	Modulation
	QPSK

	Channel coding
	TBCC, rate = 1/3

	DMRS ratio
	1/3

	Mobility
	3 km/h

	Channel estimation
	MMSE

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	FFT size
	2048

	CP length
	144∙TS 

	Antenna Configuration
	1 Tx – 2 Rx (MRC)


Appendix B: 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 Appendix A.

Evaluation results

Figure 3 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 2: 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 3: Required SNR depending on different numbers of RBs
Table 2: 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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