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Introduction
In order to reduce latency and enhance throughput performance in small cells, short duration PUCCH has been introduced in NR. HARQ-ACK feedback, CSI/beam-related information feedback, scheduling request (SR) can be transmitted using short duration PUCCH. The following agreements on short duration PUCCH have been made [1],· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS
· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2
· DMRS overhead: down-select among the following options:
· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
· Option 2: multiple values depending on, e.g. UCI payload size etc.
· 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
· FFS following cases:
· If SR only
· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.


This contribution discusses multiplexing of UCIs in short duration PUCCH.

Discussion
Multiplexing Ack/Nack and CSI feedback information
As seen from above agreements in RAN1#88bis, OFDM is used for short duration PUCCH. Simultaneous transmission of Ack/Nack and CSI can use OFDM straightforwardly with their assigned resources. With regard to encoding, although joint coding may provide marginal gain due to larger payload, separate encoding enables more simple but flexible processing in UE and gNB, such as a consistent DTX detection manner for Ack/Nack with or without CSI together, and simple dropping of CSI in the case of power shortage.
Another issue on Ack/Nack multiplexing is how to deal with Ack/Nack for URLLC. Considering different requirements on latency and reliability, separate coding and subcarrier mapping between URLLC and eMBB is reasonable.

Observation 1: It is straightforward to have separate encoding and subcarrier mapping between Ack/Nack and CSI; or between Ack/Nack for URLLC and Ack/Nack for eMBB, for short duration PUCCH, considering the OFDM structure and different requirements on latency and reliability.

Multiplexing other UCI with SR
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Fig. 1: Joint transmission of SR and other UCI


When SR only transmission uses simple ON-Off keying, an efficient approach as shown in Fig.1 can be applied to multiplexing of SR and other UCI. When SR and other UCI need to be transmitted simultaneously, either partial or all the payload of the other UCI can be transmitted by using the SR resources. The gNB can figure out that SR is transmitted by means of detecting the signal in the SR resources. From transmission power and interference power perspective, this approach is more efficient compared to simple simultaneous transmission as described in section 2.1.
Multi-configuration or multi-bit SR has been proposed in RAN1#88bis and will be further discussed in RAN1#89 [2]. One main objective of this proposal is to notify the gNB whether the SR is for eMBB data or URLLC data. As SR for eMBB data can be delayed compared to SR for URLLC data, it may not be necessary to consider simultaneous transmission of both SRs. That means joint transmission methods for SR and other UCI in Fig. 1 can be applied to multi-configuration/bit SR as it is.
In case of simultaneous transmission of SR, Ack/Nack and CSI, which UCI between Ack/Nack and CSI should be transmitted by using SR resources need to be further studied.

Observation 2: Joint transmission of SR and other UCI can be effectively implemented by mapping some or all bits of other UCI on SR resource.

Proposal: NR supports the following scheme of UCI multiplexing in short duration PUCCH
· Separate encoding and subcarrier mapping between Ack/Nack and CSI
· Joint transmission of SR and other UCI in which some or all bits of other UCI are mapped on SR resource

Conclusions
This contribution discussed multiplexing of UCIs in short duration PUCCH. The observations and proposals are summarized as follows,

Observation 1: It is straightforward to have separate encoding and subcarrier mapping between Ack/Nack and CSI; or between Ack/Nack for URLLC and Ack/Nack for eMBB, for short duration PUCCH, considering the OFDM structure and different requirement on latency and reliability.
Observation 2: Joint transmission of SR and other UCI can be effectively implemented by mapping some or all bits of other UCI on SR resource.
Proposal: NR supports the following scheme of UCI multiplexing in short duration PUCCH,
· Separate encoding and subcarrier mapping between Ack/Nack and CSI
· Joint transmission of SR and other UCI in which some or all bits of other UCI are mapped on SR resource
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