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1 Introduction

In 3GPP RAN1 #88bis meeting & RAN1 NR Ad-Hoc#2 [1] [2], the following agreements were made for 1-symbol PUCCH with up to 2 bits:
RAN1#88b

· 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
RAN1 NR Ad-Hoc#2

· Working assumption:

· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

· No more short-PUCCH format is supported for short-PUCCH in the WID scope.
In this contribution, the details of sequence selection scheme (option 4) will be discussed. Firstly, sequence design for long PUCCH is discussed. Then, the contribution will discuss cyclic shift design for interference randomization. Finally, multiplexing scheme between scheduling request and short PUCCH with up to 2 bits will be studied. 
2 Discussion
2.1 Sequence design
In RAN1 NR Ad-Hoc#2 meeting, Sequence selection scheme (Option 4) has been agreed for short PUCCH with up to 2 bits. One main reason to select Option 4 as solution for short PUCCH with up to 2 bits is that Option 4 can keep the low PAPR/CM property of short PUCCH, which can enhance coverage of short PUCCH. So, low PAPR/CM is important metric for the sequence design of short PUCCH. As analysed in [3], PAPR of LTE’s 12-length Computer Generated Sequences (CGSs) are not good enough, so they should be not used for NR short PUCCH. In our opinion, sequence design for short PUCCH and long PUCCH both aim for low PAPR/CM, a unified design can be considered to reduce the standardization effort. In [3], the detail of new CGSs can be found.
Proposal 1: For short PUCCH with up to 2 bits, a new set of CGSs needs to be introduced.

2.2 Cyclic shift selection
Sequence selection scheme can be understood as M cyclic shifted versions of a low PAPR sequence in a RB is used to represent M messages. UE may have time-domain cyclic shifts {c, c+3, c+6, c+9} for two bits or cyclic shifts {c, c+6} for 1 bit. For the scheme, variable “c” is a UE specific CS offset, different UEs will use different value of “c” to multiplex in one RB; {0,3,6,9} are status specific CS offsets, which encode different information (ACK or NACK) of one UE, which can be explained as the following formula:
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What is more, the correspondence between status specific shift and ACK/NACK information are fixed, which can be found in Table 1.

Table 1. Example of cyclic shift for different UEs in one RB.
	One root sequence with different CS
	Status specific CS offset

	
	ACK
	NACK

	
	0
	6

	UE specific CS offset
	UE 1
	0
	0
	6

	
	UE 2
	1
	1
	7

	
	UE 3
	2
	2
	8

	
	UE 4
	3
	3
	9

	
	UE 5
	4
	4
	10

	
	UE 6
	5
	5
	11


The probability of correct detection of the data channel is typically around 90%, which means that the probability of “ACK sequence” transmission is 90%. If a UE misses DL assignment and do not transmit any sequence (DTX), gNB may misunderstand other transmitted “ACK sequence” as the UE’s “ACK sequence”, and the “DTX to ACK” performance will be degraded. 

For the example of Table 1, gNB schedules UE 2, UE 3 and UE 4 to receive PDSCH and require them transmitting acknowledgment at same slot. UE 2 and UE 4 both receive their PDSCHs successfully, then they will transmit CS 1 and CS 3 for ACK respectively. UE 3 misses the DL assignment, then it will not transmit any sequence (DTX). When gNB detects the acknowledgment of UE 3, the transmitted “CS 1” and “CS 3” may be erroneously detected as “CS 2”, implying a “DTX-to-ACK” error for UE 3.
To alleviate the degradation of DTX detection performance, we propose to randomize the correspondence between ACK/NACK information and status specific CS offset. This will reduce the occurrence of intra-cell UEs simultaneously transmitting sequences with consecutive cyclic shifts. An example can be found in the Table 2, for different slots, the correspondences are different. This can be implemented by the randomized correspondence between ACK/NACK information and status specific CS offset on each UE independently.
Table 2. Example of randomized correspondence between A/N & status specific CS offset.
	One root sequence with different CS
	Status specific CS offset

	
	ACK
	NACK

	
	0(6)
	6(0)

	UE specific CS offset
	Slot   n
	0
	0
	6

	
	Slot n+1
	1
	7
	1

	
	Slot n+2
	2
	2
	8


To show the performance gain of randomized correspondence, link level simulations have been performed. From Figure 1, we can find that randomized correspondence will supply about 0.8 dB gain.
Based on the previous analysis and simulation results, we can have the following proposal:
Proposal 2: For short PUCCH with up to 2 bits, for a UE, the status specific cyclic shifts offset of the PUCCH sequences should vary among different slots. 
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Figure 1. ACK/NACK detection performance as function of SNR. 
2.3 Multiplexing with scheduling request
In LTE, when PUCCH format 1a/1b multiplexing with scheduling request (SR) is used, UE will transmit SR by channel selection. First, gNB reserves same amount of PUCCH resources for SR as PUCCH resources for ACK/NACK. Then, if UE transmits positive SR, UE will transmit ACK/NACK on SR resource; if UE transmits negative SR, UE will transmit ACK/NACK on ACK/NACK resource.
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Figure 2. Short PUCCH with up to 2 bits multiplexing with SR reuses the LTE’s solution.
As shown in Figure 2, in NR, if short PUCCH with up to 2 bits multiplexing with SR reuses the LTE’s solution, to one UE, 4 (for 2 bits) or 2 (for 1 bit) PUCCH resource should be reserved for SR resource. Since the gNB cannot predict the UE behavior of SR transmission, the reserved SR resources have to be semi-statically configured and cannot be shared with PUSCH, no matter those UEs transmitting ACK/NACK or not. When the number of scheduled UEs (transmitting ACK/NACK) is small, such large reserved SR resource is a waste.
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Figure 3. The reserved SR resource is less than ACK/NACK resource.
To avoid the waste of over-reserved SR resource, we consider that the amount of semi-static reserved SR resources should be less than the amount of ACK/NACK resources. As shown in Figure 3, when short PUCCH with 2 bits ACK/NACK multiplexing with SR, 1 PUCCH resource is reserved for SR and 7 PUCCH resources are configured for ACK/NACK. Because the gNB is aware of the occupied ACK/NACK resource, the used ACK/NACK resource can be shared with PUSCH. If the number of scheduled UEs (transmitting ACK/NACK) is small, more ACK/NACK resource can be released for PUSCH channel.
Proposal 3: When short PUCCH with up to 2 bits is multiplexed with scheduling request, the amount of semi-static reserved scheduling request resource should be less than the amount of ACK/NACK resources.

3 Conclusion
Based on above discussions, the following proposals are given: 
Proposal 1: For short PUCCH with up to 2 bits, a new set of CGSs need to be introduced.

Proposal 2: For short PUCCH with up to 2 bits, for a UE, the status specific cyclic shifts offset of the PUCCH sequences should vary among different slots.
Proposal 3: When short PUCCH with up to 2 bits is multiplexed with scheduling request, the amount of semi-static reserved scheduling request resource should be less than the amount of ACK/NACK resources.
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Appendix
Table 3. Simulation parameters
	BW
	20 MHz

	SCS
	15 kHz

	UE speed
	3 km/h

	Channel model
	TDL_C

{300 ns}

	Numbers of UEs
	3

	Number of RB
	1 RB

	Payload size
	2 bits

	Tx * Rx
	1*2

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

ACK-miss detection probability ≤ 1%

DTX-to-ACK probability = 1%
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