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1 Introduction
From RAN1#88bis to RAN1#90bis meeting, there have been several agreements on short PUCCH for UCI of up to 2bits as follows [1]-[5]:
	Agreements at 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.
Agreements at RAN1 #90:
· 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
Agreements at RAN1 #NR Ad-hoc#3:
· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used
· Aim to conclude one solution in the next meeting (e.g., # of sequences, potential resource selection, potential spatial bundling, etc.)
· Confirm the following working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· Note: option 4 is sequence selection
Agreements at RAN1 #90bis:
· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0) and long PUCCH for up to 2 bits
· For HARQ-ACK transmission using short PUCCH for up to 2 bits
· In case of 1-bit HARQ-ACK only: 
· The distance between the two cyclic shifts within a PRB is 6
· In case of 2-bit HARQ-ACK only
· The distance between any two adjacent cyclic shifts within a PRB is 3 
· In case of 1-bit HARQ-ACK & SR (positive or negative)
· FFS
· In case of 2-bit HARQ-ACK & SR (positive or negative)
· FFS
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2



In this contribution, we discuss sequence/resource selection to support multiplexing of HARQ-ACK and/or scheduling request under sequence based short PUCCH structure up to UCI 2bits. And we also discuss multiplexing of HARQ-ACK and/or SR and/or beam recovery request (BR) as considering that PUCCH is used as one of the channels for transmitting 1-bit beam recovery request
Discussion on Short PUCCH for UCI of up to 2 bits
Multiplexing of HARQ-ACK and/or Scheduling Request (SR)
As a SR design principle in NR as addressed in LS from RAN2[7], RAN2 decided to have a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR and RAN2 has not identified other use cases for which multi-bit SR is need with sufficient support. From the design perspective of PUCCH channel with SR, there are two approaches for multiplexing of HARQ-ACK and/or Scheduling request (SR) as follows: 
· [bookmark: _GoBack]Option 1: Separate PUCCH resource configuration for HARQ-ACK and SR as in LTE
· Option 2: Same PUCCH resource configuration for HARQ-ACK and SR
Similar to LTE, option 1 is to configure separate PUCCH PRB resource for HARQ-ACK and SR respectively. According to LTE principle, the UE selects PUCCH resource based channel selection when SR occurs in same slot with 1 or 2-bit HARQ-ACK by using short PUCCH (sequence based short PUCCH) with UCI up to 2bit. As a result, resource consumption can be increased due to the fact that eNB should allocate separate PUCCH resources for HARQ-ACK and SR. From the eNB’s perspective, according to SR configuration the eNB should decode two separate resources for HARQ-ACK and SR respectively due to the fact that eNB does not know whether the UE transmit SR or not.
However, option 2 is to configure same PUCCH PRB resource for HARQ-ACK and SR. And it is multiplexed with 4 or 8 different cyclic shift in case of 1 bit or 2 bits HARQ-ACK when SR occurs in same slot with HARQ-ACK. In the case of SR and 2 bits of HARQ-ACK, the reception performance of SR and HARQ-ACK may be deteriorated under a large delay spread due to unequal or insufficient spacing between different CSs, e.g., 8 CS values should be allocated under the maximum 12 cyclic shifts. As another method, for multiplexing HARQ-ACK(s) with SR, as used for CS separation in LTE SRS, it can be possible to use equal CS spacing with 8 CSs as the maximum number of cyclic shifts. And it results on more robust against a large delay spread as compared with total 12 CS spacing by providing more sufficient spacing for sequence based short PUCCH.
· Observation: 
· Separate PUCCH resource configuration for HARQ-ACK and SR as in LTE, PRB resource consumption can be increased due to the fact that eNB should allocate separate PUCCH PRB resources for HARQ-ACK and SR
· For same PUCCH resource configuration for HARQ-ACK and SR, the reception performance of SR and HARQ-ACK may be deteriorated under a large delay spread due to unequal and insufficient spacing between different CSs regarding allocation of 8 different CS values under the maximum 12 cyclic shifts.
· Proposal 1: For multiplexing HARQ-ACK(s) with SR, as used for CS separation in LTE SRS, it can be possible to use equal CS spacing with 8 CSs as the maximum number of cyclic shifts, which provides more sufficient spacing for sequence based short PUCCH. 

Multiplexing of HARQ-ACK and/or SR and/or Beam Recovery Request (BR)
According to the discussion of the beam recovery mechanism under the NR MIMO agenda, it has been agreed that the PUCCH can be used as one of the channels for transmitting the beam recovery request. Therefore, in addition to simultaneous transmission of HARQ-ACK and SR on the PUCCH, a PUCCH resource configuration method for transmitting a beam recovery request, e.g. separate PUCCH resource configuration or same PUCCH resource configuration for beam recovery request and HARQ-ACK and/or SR should be further discussed. And in case that simultaneous transmission of beam recovery request, HARQ-ACK and/or SR transmission are configured for a UE, the corresponding multiplexing method should be further discussed.
Basically, since the requirements for the SR transmission and the requirements for the BR transmission may differ, and also the SR may be configured with multiple SR configurations, it would be desirable that the PUCCH resource configuration for SR and the PUCCH resource configuration for BR should be separately configured. 
· Proposal 2: It would be desirable that the resource configuration for SR and for BR should be separately configured respectively. 
In case of simultaneous transmission of SR and BR in a same slot, similar to multiplexing for HARQ-ACK and SR in LTE, the UE may select PUCCH resource based channel selection when 1-bit BR occurs in same slot with SR by using short PUCCH (sequence based short PUCCH) with UCI up to 2bit.
In addition, when resource configuration for HARQ-ACK, SR and/or BR transmission occurs in the same slot in a given UE, it should be determined for the UE which PUCCH format is used. As an option-1, there may be a method of always transmitting in the FDM-based short PUCCH format in the case of the configuration irrespective of whether or not there is SR or BR to be transmitted. As another option-2, a method of allowing sequence-based short PUCCH transmission in the case of the corresponding configuration can be considered by transmitting different joint information on separate PUCCH resources for SR and BR.

2 Conclusion
In this contribution, we have discussed sequence/resource selection to support multiplexing of HARQ-ACK and/or SR under sequence based short PUCCH structure up to UCI 2bits and we have also discussed sequence design for sequence-based short PUCCH as well as inter-cell interference randomization among neighboring cells. Our view is summarized as follows:
· Observation: 
· Separate PUCCH resource configuration for HARQ-ACK and SR as in LTE, PRB resource consumption can be increased due to the fact that eNB should allocate separate PUCCH PRB resources for HARQ-ACK and SR
· For same PUCCH resource configuration for HARQ-ACK and SR, the reception performance of SR and HARQ-ACK may be deteriorated under a large delay spread due to unequal and insufficient spacing between different CSs regarding allocation of 8 different CS values under the maximum 12 cyclic shifts.
· Proposal 1: For multiplexing HARQ-ACK(s) with SR, as used for CS separation in LTE SRS, it can be possible to use equal CS spacing with 8 CSs as the maximum number of cyclic shifts, which provides more sufficient spacing for sequence based short PUCCH. 
· Proposal 2: It would be desirable that the resource configuration for SR and for BR should be separately configured respectively. 
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