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1 Introduction
NR shall support transmission of uplink control information (UCI) using both short and long duration PUCCH formats. At the RAN1 #90 meeting [1] the following agreements were made for the 1-symbol short PUCCH format carrying up to 2 UCI bits:
Agreements:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.

· Further study 24 or 48 REs.

· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).

· Including comb-structure 
· For the sequence length of 12 REs,

· The supported number of base sequences is 30

· The number of cyclic shifts available for one base sequence is 12
In this contribution, we discuss the outstanding design aspects of the 1-symbol PUCCH format with 1 or 2 UCI bits.
2 Discussion
Sequence length 
A sequence-based transmission scheme shall be used for the 1-symbol PUCCH format for up to 2 UCI bits. At the last RAN1 meeting, it was agreed to support a sequence length of 12 REs, whereas other candidate lengths of 24 REs and 48 REs are for further study. 
Increasing the length of the sequence by using more PRBs, could improve the cross-correlation performance. But longer sequence also suffers from frequency selectivity of the channel. Apart from using up more resources, the coverage may also be reduced with increasing number of PRBs for the same transmit power. Therefore, the performance tradeoff between reduced coverage versus improved cross-correlation when employing longer sequences needs to be further evaluated. 
Observation: there are performance tradeoffs regarding the improved cross-correlation from longer sequences compared to the coverage loss for PUCCH transmission.
Sequence design for NR PUCCH formats
In previous meetings, new base sequences with length of 12 REs were proposed in [2], [3]. PUCCH base sequence design must consider the following design metrics, namely, PAPR/CM and cross-correlation between different base sequence groups. Proposed sequences should evaluate performance versus the LTE computer generated sequences (CGC) based on these metrics. 
A set of CGS sequences satisfying these performance metrics and comparing favorably with LTE CGS sequences is shown in Table 1. For the proposed CGS, the PAPR is less than 2.41 dB, while the cross-correlation is shown in Figure 1 and compared with other proposed CGS sequences in [2] and [3]. From the comparison of CM and cross-correlation with LTE CGS as shown in Figure 1 and Table 2, the proposed CGS in Table 1 can be considered for the NR base sequence.

Proposal 1: The set of CGS sequences shown in Table 1 should be considered for the NR base sequences.
Table 1: The new 30 CGS with CM/PAPR

	Sequence index
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	CM(dB)
	PAPR(dB)

	0
	-3，1，-3，1，-3，-3，3，3，-1，-1，1，1
	0.2432
	2.3349

	1
	-1，-3，-3，3，-3，3，-1，-3，-1，1，3，-3
	    0.2432
	2.3349

	2
	3，-1，3，-1，3，3，-1，-1，3，3，3，3
	    0.0089
	2.1494

	3
	-3，3，-1，-3，-1，-3，-3，3，-3，-1，1，3
	    0.2432
	2.3349

	4
	1，1，-1，-1，3，3，-3，-3，1，-3，1，-3
	    0.2432
	2.3349

	5
	1，-3，1，-3，1，1，3，3，-1，-1，-3，-3
	    0.2432
	2.3349

	6
	-1，-3，-1，1，-1，1，3，1，-1，1，-1，-3
	    0.3293
	2.4069

	7
	3，-1，1，-3，-3，1，-1，3，3，3，3，3
	    0.2432
	2.3349

	8
	-1，1，1，3，1，3，-1，1，-1，-3，3，1
	    0.2432
	2.3349

	9
	1，3，-1，1，-1，1，1，3，1，-1，-3，3
	    0.2432
	2.3349

	10
	-1，3，1，-3，-3，1，3，-1，-1，-1，-1，-1
	    0.2432
	2.3349

	11
	3，3，1，1，1，1，3，-3，1，-3，3，-1
	    0.4186
	2.3486

	12
	1，1，1，-3，-3，-3，1，-3，-3，1，-3，-3
	    0.3293
	2.4069

	13
	-1，1，3，-3，-1，-3，1，-1，1，-1，-1，-3
	    0.2432
	2.3349

	14
	3，3，1，1，1，3，-3，1，-3，1，-1，3
	    0.4186
	2.3486

	15
	1，-3，-3，-3，1，1，1，-3，1，1，-3，1
	    0.3293
	2.4069

	16
	-3，-1，3，-3，-1，1，1，1，-1，-3，1，-1
	    0.4186
	2.3486

	17
	3，1，1，-1，-3，3，-1，3，-3，-1，-1，1
	    0.4186
	2.3486

	18
	-3，3，-1，-3，3，1，1，1，3，-3，1，3
	    0.4186
	2.3486

	19
	1，-3，3，-1，3，-1，1，3，3，3，1，1
	    0.4186
	2.3486

	20
	-3，-3，-3，-3，-3，1，-1，3，3，-1，1，-3
	    0.2432
	2.3349

	21
	-3，-3，-3，-3，1，-3，1，1，-3，-3，1，1
	    0.3293
	2.4069

	22
	-3，-3，-1，-1，3，3，1，1，-3，1，-3，1
	    0.2432
	2.3349

	23
	-1，-1，-1，-1，-1，3，-3，1，1，-3，3，-1
	    0.2432
	2.3349

	24
	1，-3，-1，3，-1，3，1，-1，-1，-1，1，1
	    0.4186
	2.3486

	25
	1，3，-1，1，3，3，3，1，-1，-3，1，-1
	    0.4186
	2.3486

	26
	-3，-1，1，3，-3，3，3，1，3，1，-3，3
	    0.2432
	2.3349

	27
	1,  -3,  3,  -1,   3,  -3,  -1,  -1,  -1,  -1,  -3,    -3 
	    0.4186
	2.3486

	28
	-3，3，1，3，1，-1，1，3，1，3，-3，3
	    0.3293
	2.4069

	29
	-3，-3，-1，-1，-1，-3，3，-1，3，-1，1，-3
	    0.4186
	2.3486
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Figure 1: Cross-correlation performance
Table 2: The comparison of CM value

	
	Min CM
	Max CM
	Mean CM

	Table 1
	0.0089
	0.4186
	0.3082

	LTE
	0.2307
	1.0967
	0.7105


SR and HARQ-ACK transmission
The sequence-based short PUCCH format can be used to transmit SR-only or SR + 1 HARQ-ACK bit. A straightforward way for 1bit SR transmission is using OOK mechanism by semi-statically configuring a PUCCH resource (cyclic shift) for one UE to transmit positive SR (if negative, no transmission). The gNB can decide whether there is positive SR in SR instance by performing DTX detection on the SR resource.
When 1bit SR is transmitted with 1bit HARQ-ACK, it requires at least 3 sequences, where one sequence is determined from the semi-statically configured SR resource and the other two sequences are determined from the indicated HARQ-ACK resource. Table 3 describes the resource usage, where the sequence determined from the SR resource could be used for NACK/DTX + positive SR transmission, while the two sequences determined from the HARQ-ACK resource can be used for ACK+SR transmission. For negative SR+NACK/DTX, it is not configured with any resources and is not transmitted. 
Table 3: 1bit SR+ 1bit HARQ-ACK transmission

	UCI state
	Used sequence

	ACK + positive SR
	Sequence 1 determined from HARQ-ACK resource 

	ACK + negative SR
	Sequence 1 determined from HARQ-ACK resource

	NACK/DTX + positive SR
	Sequence determined from SR resource

	NACK/DTX + negative SR
	No transmission


Proposal 2: For 1bit SR with 1bit HARQ-ACK transmission, 3 sequences derived from the signaled HARQ-ACK resource and the configured SR resource as shown in Table 3 can be used for sequence based PUCCH transmission.

For the case of 1bit SR and 2bit HARQ-ACK transmission, it is still an open issue whether to use sequence based transmission or to consider it as a 3-bit UCI payload and employ the PUCCH format for more than 2 UCI bits (i.e. FDM of UCI and RS). 
For sequence based transmission of 2 HARQ-ACK + 1 SR, there are 23 – 1 = 7 states to be supported assuming that the (NACK/DTX, NACK/DTX, negative SR) state is not transmitted.  It is well known that for moderate to large channel delay spreads, at most 6 cyclic shifts can be used in a single PRB. This means that at least 1 PRB is dedicated in feedback occasions coinciding with SR occasions. 
On the other hand it was agreed that for more than 2bits UCI, FDM multiplexing of UCI and RS should be used with the assistance of channel coding. So, in this case, 1bit SR and 2bit HARQ-ACK are jointly coded using  RM code. Rather than OOK, negative SR is explicitly transmitted with joint coding. This solution has the advantage of unifying PUCCH transmission for 3 UCI bits.
A third option is to spatially bundle the HARQ-ACK bits corresponding to 2-CW transmission when the HARQ-ACK feedback coincides with an SR occasion. Thus, the same resource allocation procedure of Table 3 can be used for sequence based PUCCH format. 
Proposal 3: For 1bit SR with 2bits HARQ-ACK transmission, further consider between the following options

1. SR and HARQ-ACK are jointly encoded and frequency division multiplexed with RS.
2. Up to 3-bit sequence based transmission.
3 Conclusions
In this contribution we mainly discuss the remaining aspects for the short PUCCH with up to two bits payload. We have the following observation and proposals:
Observation: there are performance tradeoffs regarding the improved cross-correlation from longer sequences compared to the coverage loss for PUCCH transmission 
Proposal 1: The set of CGS sequences shown in Table 1 should be considered for the NR base sequences.
Proposal 2: For 1bit SR with 1bit HARQ-ACK transmission, 3 sequences derived from the signaled HARQ-ACK resource and the configured SR resource as shown below can be used for sequence based PUCCH transmission.
1bit SR+ 1bit HARQ-ACK transmission
	UCI state
	Used sequence

	ACK + positive SR
	Sequence 1 determined from HARQ-ACK resource 

	ACK + negative SR
	Sequence 1 determined from HARQ-ACK resource

	NACK/DTX + positive SR
	Sequence determined from SR resource

	NACK/DTX + negative SR
	No transmission


Proposal 3: For 1bit SR with 2bits HARQ-ACK transmission, further consider between the following options

1. SR and HARQ-ACK are jointly encoded and frequency division multiplexed with RS.
2. Up to 3-bit Sequence based transmission.
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