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Introduction
At the last RAN1 #88 meeting [1], it was decided that:
· 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
· 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

In this contribution, we give our view on short PUCCH format and RS/UCI multiplexing for short PUCCH format.

Waveform for PUCCH in short duration
Short PUCCH is intended to carry rather small payloads (1-2bits to tens of bits) in order to provide fast HARQ-ACK and CSI to support fast HARQ and link adaptation. Short PUCCH is a very flexible structure, allowing the UCI overhead in a slot to be adjusted according to the traffic conditions. Since short PUCCH is limited to 1 or 2 OFDM symbols, it encounters power limitation problems. Increasing the coverage of short PUCCH is an attractive feature, and thus low-PAPR should be one of the design criteria.
DFTsOFDM has already been agreed to be supported for long PUCCH transmission. For short PUCCH, especially with very low payloads (1-2 bits), sequence based designs have been shown to have advantages. Nevertheless, for medium payloads, waveform based transmission seems necessary. Supporting DFTsOFDM for short PUCCH transmission would allow a unified PUCCH design and avoid duplicating features.
Proposal 1: Support DFTsOFDM waveform for PUCCH in short duration.

RS/UCI multiplexing
For 1-symbol PUCCH, multiplexing RS and UCI within a single DFTsOFDM symbol in a PAPR conserving manner can be done by pre-DFT TDM multiplexing as depicted in Figure 1. For 2-symbol PUCCH, although multiplexing a full RS symbol with a full UCI DFTsOFDM symbol is the most straightforward manner, applying pre-DFT RS/UCI multiplexing in Figure 1 allows modulating the RS overhead and allowing a unified design with the 1-symbol PUCCH. 
The main concern when multiplexing RS and UCI at the DFT input is the mutual interference between the RS and UCI parts. This interference is twofold:
· Due to DFT precoding, interference between the RS and the UCI part occurs especially for symbols at the “border” of the RS/UCI junction 
· Due to multipath, the first samples of RS/ UCI part experience interference from the UCI/RS part respectively
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[bookmark: _Ref473910982]Figure 1 Pre-DFT PT-RS insertion for DFTsOFDM

Interference of UCI on RS part is more damaging, since it impacts channel estimation performance. Light interference from RS to UCI part can be tolerated and managed by the strong forward error coding without impact on the UCI decoding performance.
To limit the interference of UCI on RS due to DFT precoding, a simple solution is presented in Figure 2. RS and UCI can be separately processed by the DFTsOFDM modulator, and interference can be cancelled in the time domain after IDFT without any impact on the receiver. It is intuitive that the PAPR is not affected by this operation, as proven in Figure 3, where the CCDF of the instantaneous normalized power of the scheme in Figure 2 is evaluated. 
To limit the UCI on RS impact due to multipath, the CP insertion can be modified as depicted in Figure 3: CP can be created based on the end of the RS part and not on the end of the {UCI+RS} part. From the RS part perspective, this operation completely removes the MPI between RS and UCI, improving channel estimation performance. Due to strong FEC on the UCI part, the impact on UCI demodulation performance is negligible with respect to the case where the CP is inserted with respect to the end of symbol (UCI) part. With respect to {CP+RS}+{CP+UCI} solutions, the operation in Figure 3 does not increase the CP overhead and can be transparent to the receiver.
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[bookmark: _Ref477900497]Figure 2 Mitigating RS/UCI interference due to DFTsOFDM processing
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[bookmark: _Ref477959306]Figure 3 PAPR impact (CCDF of INP) of mitigating the RS/UCI interference due to DFTsOFDM processing (QPSK)
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[bookmark: _Ref477901352]Figure 4 Mitigating UCI on RS interference due to multipath

Observation: The mutual interference between the RS and UCI parts can be mitigated through simple solutions.
Proposal 2: Support pre-DFT RS/UCI multiplexing for both 1 and 2 symbols PUCCH in short duration.

Conclusion
[bookmark: _GoBack]Supporting DFTsOFDM for short PUCCH offers a unified low PAPR PUCCH design and avoids duplicating features. Pre-DFT RS/UCI multiplexing allows mixing RS and UCI in the same DFTsOFDM symbol without PAPR impact and leaving the possibility to modulate the RS and UCI overhead. The mutual interference between the RS and UCI parts can be mitigated through simple solutions, transparent to the receiver, and without the need of any supplementary overhead.

Proposal 1: Support DFTsOFDM waveform for PUCCH in short duration.
Proposal 2: Support pre-DFT RS/UCI multiplexing for both 1 and 2 symbols PUCCH in short duration.
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