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1 Introduction
In RAN1#88 and RAN1 NR Ad-Hoc June meetings [1][2], agreements on NR short PUCCH  for up to 2bits UCI were reached in RAN1#88 and RAN1 NR Ad-Hoc June meetings [1][2]. 
	Agreements:
· For 1-symbol PUCCH, consider following options
· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.

· Already agreed.

· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Information is delivered by which sequence/code is transmitted
· Sequence is mapped over contiguous or non-contiguous REs

· UCI sequence can be CDMed with DMRS sequence of other UEs

· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Information is delivered by which/what sequence/code is transmitted
· RS and UCI are multiplexed by CDM manner

· Option 6: Pre-DFT multiplexing of RS and UCI

· Consider for both small and large UCI payload size cases

· Possibility 1: {CP + Pilot} + {CP + Data} to avoid MPI b/w pilot and data

· Possibility 2: CP + {Pilot + Data} as current DFT-s-OFDM

· Other possibilities are not precluded
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting
Agreements:
· 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, we given our further considerations on one-symbol PUCCH based on sequence selection for up to 2 bits UCI.  Detail designs apply for sequence selection PUCCH are proposed to form robust short PUCCH 
2 Sequence selection PUCCH
In principle, sequence-based or sequence selection PUCCH was agreed as a working assumption. It is not concluded exact sequence, resource size and other parameter in the option. In several extreme cases, flat curves are observed for certain sequence design. It is believe that adversary results is under specific configuration of PUCCH, e.g. shorted sequence, extremely high delay spread and small resource. Those can be avoidable by allowing more flexible design of short PUCCH parameter.
In previous discussion on sequence selection PUCCH in sTTI and NR, it is generally assumed that all the sequences allocated to a UE are in one PRB. To ensure the distance of cyclic shifts for ACK and NACK, cyclic shifts {#i, #i+6} are assumed for 1-bit ACK/NACK {0, 1} respectively. Also, cyclic shifts {#j, #j+3, #j+6, #j+9} are used for 2bits ACK/NACK {00, 01, 11, 10}. Where i=0, 1 … 5 and j=0, 1, 2. Additionally, there could be 6 or 3 common tones to enable coherent detection at the receiver side. 
An error floor is found for 2bits ACK/NACK transmission when the four sequences {0, 3, 6, 9} are all mapped into one PRB, with SCS= 60 kHz and DS =1000ns. In Figure 1, the case is referred to as Alt1 of sequence based short PUCCH. 
Generally, each cyclic shift in a specific PRB actually corresponds to one unique PUCCH resource in higher layer. From the perspective transmitter, Option 4 is equivalent resource selection. The ACK/NACK information maps to different PUCCH resources, and each PUCCH resource corresponds to a specific cyclic shift in a specific PRB. Whether the cyclic shifts are in one or more PRBs depends on the PUCCH resources assigned to the UE. For example, it should allow a case that gNB allocates four PUCCH resources and they are corresponding to two cyclic shifts {#0, #6} in PRB#m and two cyclic shifts {#0, #6} in PRB#n to a UE for 2bits ACK/NACK transmission. In Figure 1, we refer to this case as Alt2 of sequence based short PUCCH. It will solve the error floor issue due to the longer distance of cyclic shifts in each PRB, which is similar as 1 bit case.
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Figure 1 Performance of sequence selection PUCCH based on different mapping rules
Observation 1: Error floor can be avoided by proper selection of resource. It is not desirable to have a fixed one PRB resource allocated for short PUCCH.  

Proposal 1: ACK/NACK bit state can be mapped to different PUCCH resources as higher layer configuration.  Each PUCCH resource corresponds to a specific cyclic shift in a specific PRB.

3 Multiplexing capacity of short PUCCH
Multiplexing capacity is also another aspect to be considered in the detail of sequence selection short PUCCH.  It was observed that relatively small numbers of sequences/users are able to be multiplexed in designated resources. 

For sequence selection PUCCH, two or four PUCCH resources are needed for 1 or 2 bits ACK/NACK transmission for each antenna. The multiplexing capacity is lower than the method based on DMRS. We should looking for higher capacity. For sequence based scheme, some of the states can be combined. That means they can use same resources/sequences. NACK transmission between different UEs could be the combined to compress resources/sequences. As shown in Table 1, we illustrate two UEs share the same NACK resources. The cyclic shift corresponds to combined NACK resource is CS#8. 25% PUCCH resource overhead will save by the method. If the distant is far enough, maximum 11 UEs with 1 bit ACK/NACK can be multiplexed in one PRB. Even without good distant between cyclic shifts, the multiplexing capacity can be increased comparing scheme without sharing. 
Table1 NACH sharing between 2 UEs
	UE1 
	UE2

	ACK
	NACK
	ACK
	NACK

	CS#0
	CS#8
	CS#4
	CS#8


There would be no ambiguity at gNB side by a smart detector. If one of the sharing UEs misses its PDCCH, gNB would detect a NACK if the other UE sends a NACK. It detects a DTX if the other UE sends an ACK. 
Figure 2 shows the performance of sequence selection PUCCH with or without NACK resource sharing for 2-UE case. For the case without NACK sharing, it can be found that about 2dB enhancement is needed to improve the probability of DTX to ACK from 1% to 0.1%. And the minimum required SNR of the design with NACK sharing is almost identical to the design without NACK sharing, when the probability of DTX to ACK is 0.1%. Both schemes show similar performance for 0.1% DTX to ACK. Note that, NACK sharing scheme can multiplex more UEs.
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Figure 2 Performance of sequence selection PUCCH w/ and w/o NACK resource sharing
Observation 2: The multiplexing capacity of sequence selection PUCCH can be further improved by the sharing of NACK resource between different UEs.  

Proposal 2: NACK resource sharing between different UEs should be considered and further investigated. 
4 Conclusion

In this contribution, we discussed the further detail of sequence based design for short PUCCH up to 2 bits. We consider the performance and multiplexing capacity in selection of resource and sequence. As a conclusion, we provide the following observations and proposals:
Observation 1: Error floor can be avoided by proper selection of resource. It is not desirable to have a fixed one PRB resource allocated for short PUCCH.  

Proposal 1: ACK/NACK bit state can be mapped to different PUCCH resources as higher layer configuration.  Each PUCCH resource corresponds to a specific cyclic shift in a specific PRB.

Observation 2: The multiplexing capacity of sequence selection PUCCH can be further improved by the sharing of NACK resource between different UEs.  

Proposal 2: NACK resource sharing between different UEs should be considered and further investigated. 
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Appendix

Table A Simulation parameters for link-level simulation 
	Parameter
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing 
	15Khz, 60Khz

	System bandwidth
	20 MHz

	Number of symbol
	1 symbol

	Number of PRB
	1 PRB

	Channel model
	TDL-C, Delay Spread(DS)=30ns, 1000ns.

	UE speed
	3km/h

	Antenna configuration
	1Tx(UE), 2 Rx(gNB)

	CP length
	Normal

	UCI bits 
	1,2

	Detection method
	Non-coherent detection

	Performance metrics
	For HARQ-ACK: ACK missed detection probability (1%), NACK-to-ACK error probability (0.1%); DTX-to-ACK probability (1% or 0.1%).
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