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Introduction
Regarding PUCCH with short duration, the following has been agreed: 
Agreements: [1]
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.


· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with	 SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

Agreements: [2]
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently


· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)

Agreements: [3]
· For PUCCH in short-duration,
· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.
· For a slot having short UL-part (i.e., DL-centric slot):


· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration


· For a given UCI payload, short-PUCCH is designed such that:
· UE multiplexing capacity can be less than that of long-PUCCH
· Performance including at least the following:
· Frequency-diversity
· Interference-diversity
· PAPR/CM and emission
· RS overhead
· Interference randomization should be enabled
· For more than 2 UCI bits, strive for scalable design with short-PUCCH

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

· 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:[5]
· 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.

· 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.


· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

In this contribution we discuss our view on the major remaining issues regarding the design of short PUCCH. More details on the design aspects are provided in our companion contributions [6][7][8].
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One of the important topics within the scope of UL control channel design for NR is the transmission of PUCCH within duration of one symbol carrying at least 1 or 2 to 10s of UCI bits.
The design of 1-symbol PUCCH was heavily discussed during the study item where various design options were proposed based on different criteria such as PAPR, coverage, multiplexing capacity and operating SNR. In RAN1#88, different proposed options were listed and it was agreed to narrow down the options as soon as possible. The discussion continued in the first meeting of the work item and an agreement could be made on the design options of 1-symbol PUCCH for 1-2 UCI bits where only two options among the 6 options above were considered to progress for the for the final selection. In our companion contribution [6] we investigated the two main candidates, i.e. 1-symbol PUCCH based on sequence selection or sequence modulation and compared them from the user multiplexing capacity and the operating SNR point of views. Our study concluded in the following main observations which led us to propose to adopt the sequence selection format for the short PUCCH design.
Observations:
· Considering only 1-2 ACK/NACK transmission or only-SR transmission on 1-symbol PUCCH, sequence selection and sequence modulation have comparable user multiplexing capacity.
· Sequence selection based 1-symbol PUCCH outperforms sequence modulation based 1-symbol PUCCH from the operating SNR perspective.

Proposals:
· Sequence selection is supported in NR for transmission of 1-2 UCI bits by 1-symbol PUCCH.

Clearly the sequence selection based 1-symbol is beneficial from coverage point of view, but other approaches should be considered to enable transmission of more bits on the 1-symbol PUCCH. The agreements made so far hint to the direction of FDM of control data and corresponding RS where the UCI bits can be encoded. However, few open issues such as RS density and the PRB allocation are left and needed to be resolved. In order to estimate a reasonable RS density, we have evaluated the performance of the 1-symbol PUCCH for a larger payload size assuming different DMRS density as well as PRB allocation and compared the corresponding operating SNR value needed to meet the requirements as shown in our companion contribution [7]. Based on the performance evaluation results considering different combination of the design parameters we could make the observations below and propose the following design parameters.
Observations:
· With contiguous PRB allocation, the (power-adjusted) operating SNR is improved by increasing the number of PRBs while that is not necessarily the case for non-contiguous PRB allocation.
· Gains in the (power-adjusted) operating SNR with non-contiguous allocation compared to contiguous allocation. 
· Utilizing DMRS overhead 1/3 provides an overall good performance.
Proposals:
· DMRS overhead of 1/3 can be assumed as the default value for 1-symbol PUCCH for more than 2 UCI bits.
· Non-contiguous PRB allocation is the baseline assumption for 1-symbol PUCCH for more than 2 UCI bits.
· Number of allocated PRBs for 1-symbol PUCCH for more than 2 UCI bits depends on the UCI size.

Finally, on the topic of 2-symbols PUCCH, we discussed in our companion contribution [8] that the main motivation for enabling 2-symbols PUCCH is to improve the coverage for the fast ACK/NACK. Therefore, the coverage and performance of 1-symbol PUCCH can be improved by extending the transmission to two symbols and still reduce the feedback delay for ACK/NACK considerably. In that sense the 2-symbols PUCCH can be considered as the extension of 1-symbol PUCCH. However, to harvest the offered frequency-diversity, encoded UCI must be mapped to both first and second OFDM symbol. These aspects were summarized in the following proposals.
Proposal:
· Frequency hopping is supported for 2-symbols NR-PUCCH.
· 2-symbols NR-PUCCH is composed of two consecutive 1-symbol NR-PUCCHs conveying the same UCI.
· For UCI bits more than 2 bits, the UCI is encoded and the encoded UCI bits are distributed across both symbols.
· For 1-2 bits UCI, same UCI is repeated across the two symbols.

Conclusion
In this contribution we discussed our view on the major remaining issues regarding the design of short PUCCH and proposed the following.
Proposals:
· Sequence selection is supported in NR for transmission of 1-2 UCI by 1-symbol PUCCH.

· DMRS overhead of 1/3 can be assumed as the default value for 1-symbol PUCCH for more than 2 UCI bits.
· Non-contiguous PRB allocation is the baseline assumption for 1-symbol PUCCH for more than 2 UCI bits.
· Number of allocated PRBs for 1-symbol PUCCH for more than 2 UCI bits depends on the UCI size.

· Frequency hopping is supported for 2-symbols NR-PUCCH.
· 2-symbols NR-PUCCH is composed of two consecutive 1-symbol NR-PUCCHs conveying the same UCI.
· For UCI bits more than 2 bits, the UCI is encoded and the encoded UCI bits are distributed across both symbols.

More details on the design aspects are provided in our companion contributions [6][7][8].
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