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Introduction
NR supports a variety of PUCCH formats, among others short PUCCH formats of 1 or 2 OFDM symbol duration. According to current agreements short PUCCH is located at the end of a slot interval, either at the end of a DL-heavy slot interval or at the end of an UL heavy/only slot interval. In case it occurs at the end of an UL heavy/only slot interval a UE may transmit both PUSCH and short PUCCH in the same slot interval. This contribution discusses transmission of PUSCH and short PUCCH in the same slot interval from the same UE. 
[bookmark: _Ref178064866][bookmark: _Toc455649131][bookmark: _Toc455649156][bookmark: _Toc455649182][bookmark: _Toc455649228][bookmark: _Toc455649250][bookmark: _Toc455649272][bookmark: _Toc455649132][bookmark: _Toc455649157][bookmark: _Toc455649183][bookmark: _Toc455649229][bookmark: _Toc455649251][bookmark: _Toc455649273][bookmark: _Toc455649133][bookmark: _Toc455649158][bookmark: _Toc455649184][bookmark: _Toc455649230][bookmark: _Toc455649252][bookmark: _Toc455649274][bookmark: _Toc455649134][bookmark: _Toc455649159][bookmark: _Toc455649185][bookmark: _Toc455649231][bookmark: _Toc455649253][bookmark: _Toc455649275][bookmark: _Toc455649135][bookmark: _Toc455649160][bookmark: _Toc455649186][bookmark: _Toc455649232][bookmark: _Toc455649254][bookmark: _Toc455649276][bookmark: _Toc455649136][bookmark: _Toc455649161][bookmark: _Toc455649187][bookmark: _Toc455649233][bookmark: _Toc455649255][bookmark: _Toc455649277][bookmark: _Toc455649137][bookmark: _Toc455649162][bookmark: _Toc455649188][bookmark: _Toc455649234][bookmark: _Toc455649256][bookmark: _Toc455649278][bookmark: _Toc455649138][bookmark: _Toc455649163][bookmark: _Toc455649189][bookmark: _Toc455649235][bookmark: _Toc455649257][bookmark: _Toc455649279][bookmark: _Toc455649139][bookmark: _Toc455649164][bookmark: _Toc455649190][bookmark: _Toc455649236][bookmark: _Toc455649258][bookmark: _Toc455649280][bookmark: _Toc455649140][bookmark: _Toc455649165][bookmark: _Toc455649191][bookmark: _Toc455649237][bookmark: _Toc455649259][bookmark: _Toc455649281][bookmark: _Toc455649141][bookmark: _Toc455649166][bookmark: _Toc455649192][bookmark: _Toc455649238][bookmark: _Toc455649260][bookmark: _Toc455649282][bookmark: _Toc462120460]Discussion
Figure 1 shows an UL only slot interval where a UE transmits PUSCH during the slot interval. In the last OFDM symbol the UE also transmits a 1-symbol short PUCCH.
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[bookmark: _Ref473809509]Figure 1	A UE simultaneous transmits PUSCH and short PUCCH in the last OFDM symbol of an UL only slot interval. 
The bandwidth allocation of PUSCH is typically dynamically scheduled. Exactly how resources for short PUCCH are determined is not yet decided, but is has been agreed to support at least explicit resource allocation where a UE is semi-statically configured with a pool of PUCCH resources and information in DCI dynamically selects one resource [1]. Because of these two different and independent resource allocation schemes for PUSCH and PUCCH it cannot be guaranteed that PUSCH and short PUCCH will always occur close to each other in frequency.
If PUSCH and short PUCCH are transmitted in the last symbol with a large frequency gap in-between them intermodulation products may occur that require large power backoff. Therefore, we propose in our companion contribution [2] to move long PUCCH adjacent/inside scheduled PUSCH resources if long PUCCH is transmitted simultaneously with PUSCH. This avoids any gap between PUSCH and long PUCCH and no power backoff related to this would be needed.
Moving short PUCCH inside PUSCH is shown in Figure 2. 
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[bookmark: _Ref473809640]Figure 2	Short PUCCH is moved inside PUSCH.
While this approach solves the problem related to intermodulation products it leaves other problems unsolved. PUSCH and short PUCCH are likely to be independently power controlled, i.e. there could be a large PSD different between PUSCH and PUCCH resource elements. Furthermore, it cannot be guaranteed that the power in the last OFDM symbol is the same as in previous OFDM symbols. 
If the UE output power changes the UE power amplifier can introduce a phase shift. This would imply that a channel estimate based on a DM-RS transmitted in an earlier symbol with different power is not valid for the last symbol with different power. The gNB would not have a valid channel estimate for PUSCH in the last symbol. To enable decoding of PUSCH in the last symbol a DM-RS would have to be inserted in the last symbol. This DM-RS in the last symbol would only be needed if a short PUCCH is transmitted and would not be transmitted otherwise. This can lead to error cases when a UE does not transmit the last DM-RS and short PUCCH (since it missed the corresponding downlink assignment): The gNB assumes a different PUSCH mapping than the UE which leads to a failed PUSCH decoding. 
Furthermore, for DFTS-OFDM-based PUSCH simultaneous transmission of PUSCH and PUCCH should be avoided to maintain low cubic metric. Therefore, we propose to stop PUSCH before transmitting short PUCCH, i.e. PUSCH and short PUCCH from the same UE are limited to TDM, see Figure 3.
Proposal: Multiplexing of PUSCH and short PUCCH in the same slot (of the same UE) is limited to TDM.
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[bookmark: _Ref481154879]Figure 3	TDM between PUSCH and short PUCCH
Above issues do not apply if PUSCH and short PUCCH are transmitted from different UEs. FDM multiplexing of PUSCH and short PUCCH from different UEs is supported.
Conclusion
In this contribution we discuss our view on simultaneous transmission of PUSCH and short PUCCH and propose:
Proposal: Multiplexing of PUSCH and short PUCCH in the same slot (of the same UE) is limited to TDM.
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