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1 Introduction

In RAN1#88 [1], following agreements were achieved for PUCCH in short-duration. 
Agreements:

· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.

· Option 2: RS and UCI are multiplexed by TDM manner.

· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
· Option 4: Sequence based design without RS only for small payload size case

· Option 5: Sequence based design with RS only for small payload size case

· Option 6: Pre-DFT multiplexing in one or both symbol(s)

· Combination of above options are not precluded

· RAN1 will definitely down select above options in the next meeting

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
In this contribution, some further considerations are discussed for sequence based design for PUCCH in short-duration. 
2 Discussion
The short duration PUCCH is introduced to support latency sensitive services. It is known that the coverage of the short duration PUCCH will be much less than that of the long duration PUCCH due to the reduced energy with reduced duration. To improve the coverage, the limited power is expected to be allocated to a small number of PRBs as did for LTE PUCCH, but RS and UCI multiplexing in FDM manner requires more PRBs so that sequences of both RS and UCI can be long enough to be orthogonal to other UEs’ RS and UCI. 

Sequence based design is believed to have a smaller PAPR together with DFT-S-OFDM waveform while RS and UCI multiplexing in FDM manner has to be supported with CP-OFDM waveform with a bigger PAPR value. Additionally, uncoherent detection of sequence based design is assumed simpler than the design with RS and UCI multiplexed in FDM manner. In summary, it is believed that sequence based design has a more robust performance in a coverage limited scenario.
Proposal 1: It is proposed to support sequence based design without RS for both 1-symbol PUCCH and 2-symbol PUCCH. 

The reliabilities of Nack and Ack are not necessarily same; a wrong Ack (Ack is received as Nack) only results in one unnecessary retransmission while a wrong Nack (Nack is received as Ack) will result in one packet loss so it is believed that Nack requires a higher reliability than Ack. Uncoherent detection with sequence based design enables such reliability tradeoff between Ack and Nack, for example a less reliable Ack can be traded with a more reliable Nack. This point could be very useful in the future to support extra reliable PUCCH of URLLC. 
The sequence based design can be further supported with one sequence for both Ack and Nack, i.e., Ack by transmission and Nack by no transmission or vice versa. For instance, a terminal can choose to transmit a pre-defined sequence if an Ack needs to be indicated otherwise nothing is transmitted. The gNB can obtain the Ack/Nack by detecting the sequence against a threshold. A set of simulation results can be found in our companion contribution [2]. It can help to reduce the number of required orthogonal sequences of short duration PUCCH and the overall interference level can be mitigated too. This second point could be more significant when Nack is indicated by transmission rather than Ack and considering the very low probability of Nack, most PUCCH transmissions can be avoided with overall interference level reduced dramatically. 
Proposal 2: It is proposed to support one sequence for one bit Ack/Nack which is indicated by whether a corresponding sequence is transmitted or not. 

It is assumed that 2-symbol PUCCH and 1-symbol PUCCH are not isolated in resource. For an available 2 symbols UL period, UEs with 1-symbol PUCCH and 2-symbol PUCCH can have overlapped time/frequency resource as shown in Figure 1. The gNB can do the scheduling based on each UE’s capability and the ongoing service type. UE3 below has a longer processing time than UE2, which might benefit URLLC services with a quick retransmission. UE processing capability can be considered in the 1-symbol PUCCH scheduling, high end terminals with more processing capacity can be scheduled in the 1st available symbol (highlighted in blue) and low end terminals with less processing capacity can be scheduled in the 2nd available symbol (highlighted in orange). All PUCCHs, 2-symbol or 1-symbol, are proposed to be orthogonal to each other on each OFDM symbol. 
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Figure 1 Multiplexing between 2-symbol PUCCH and 1-symbol PUCCH
Proposal 3: It is proposed to clarify that 2-symbol PUCCH and 1-symbol PUCCH are allowed to overlap each other on the same time/frequency resources. 
3 Conclusion
Sequence based design for both 2-symbol PUCCH and 1-symbol PUCCH is preferred for at least coverage limited scenario. It is understood that sequence based design is relatively easier to support enhancements in the future when URLLC is supported in NR phase II. 
Based on above discussions, we have the following proposals: 

Proposal 1: It is proposed to support sequence based design without RS for both 1-symbol PUCCH and 2-symbol PUCCH. 

Proposal 2: It is proposed to support one sequence for one bit Ack/Nack which is indicated by whether a corresponding sequence is transmitted or not. 

Proposal 3: It is proposed to clarify that 2-symbol PUCCH and 1-symbol PUCCH are allowed to overlap each other on the same time/frequency resources. 
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